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PREFACE

The past few decades have seen a proliferation of organizations that rely heavily on
information technology. These organizations store their data in databases, and many
choose Oracle database management systems to access their data. The current Oracle
database version, Oracle 12¢, is a database management system that enables users to
create, manipulate, and retrieve data. The purpose of this textbook is to introduce
students to basic SQL. commands for interacting with Oracle 12¢ databases in a business
environment. In addition, concepts relating to objectives of the current Oracle
certification exams have been incorporated for students wanting to pursue certification.

The Intended Audience

This textbook has been designed for students in technical two-year or four-year programs
who need to learn how to interact with databases. Although having an understanding of
database design is preferable, an introductory chapter has been included to review the
basic concepts of E-R modeling and the normalization process.

Oracle Certification Program (OCP)

This textbook covers the objectives of SQL Fundamentals Exams available: 120-051 for
Oracle 118 and Exam 1Z0-061 for Oracle Database 12c. Most objectives for Exam 1Z0-
047, Oracle Database SQL Expert, are also covered. Any of these exams serve as the first
exam in the Oracle Application Development and Oracle Database Administrator Oracle
Certified Associate level certification tracks. Information about registering for these
exams, along with other reference material, is available at www.oracle.com.

The Approach

The concepts introduced in this textbook are discussed in the context of a hypothetical
real-world business: an online book retailer named JustLee Books. The company’s
business operation and the database structure are introduced and analyzed, and as
commands are introduced throughout the textbook, they’re modeled with examples using
the JustLee Books database. Using consistent examples of a hypothetical company helps
you learn the syntax of commands and how to use them in a real-world environment. In
addition, a script file that generates the database is available to give you hands-on practice
in re-creating examples and practicing variations of SQL commands to enhance your
understanding.

To explain what a database is and how it’s created, this textbook initially focuses
on creating tables and learning how to perform data manipulation operations. After
you're familiar with the database structure, the focus then turns to querying a database.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
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In Chapters 8 through 13, you learn how to retrieve data from the database, using the
many options of a SELECT statement, including row filtering, joins, functions, and
subqueries.

To reinforce the material, each chapter includes a chapter summary and, when
appropriate, a syntax guide for the commands covered in the chapter. In addition, each
chapter includes review questions and hands-on activities that test your knowledge and
challenge you to apply that knowledge to solving business problems. A running case study
that builds throughout the textbook provides a second real-world setting—a city jail
system—as another opportunity to work with databases.

New to This Edition

Topics added covering new Oracle 12¢ features include:

e Extended data types

e Invisible columns

e Default column values
e Specifying a value for NULL inserts
e Based on a sequence value

e Identity columns

e Left outer join enhancements

e CROSS APPLY join method

e Pattern matching for trend analyses

¢ Enhanced Top-N-Query features

In addition, coverage of subquery factoring or use of the WITH clause has been added
to Chapter 12.

Overview of This Book

The examples, assignments, and cases in this book help you achieve the following
objectives:

e Issue SQL commands that retrieve data based on criteria specified by
the user.

e Use SQL commands to join tables and retrieve data from joined tables.

e Perform calculations based on data stored in the database.

e Use functions to manipulate and aggregate data.

e Use subqueries to retrieve data based on unknown conditions.

e Create, modify, and drop database tables.

e  Manipulate data stored in database tables.

e Enforce business rules by using table constraints.

e Create users and assign the privileges users need to perform tasks.

The chapters’ contents build in complexity while reinforcing previous ideas. Chapter 1
introduces basic database management concepts, including database design. Chapter 2
shows how to retrieve data from a table. Chapter 3 explains how to create new database
tables. Chapter 4 addresses the use of constraints to enforce business rules and ensure the
integrity of table data. Chapter 5 explains adding data to a table, modifying existing data,
and deleting data. Chapter 6 shows how to use a sequence to generate numbers, create

Preface XV

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



indexes to speed up data retrieval, and create synonyms to provide aliases for tables.
Chapter 7 steps you through creating user accounts and roles and shows how to grant (and
revoke) privileges to these accounts and roles. Chapter 8 explains how to restrict rows
retrieved from a table, based on a given condition. Chapter 9 shows how to link tables with
common columns by using joins. Chapter 10 describes the single-row functions supported
by Oracle 12¢. Chapter 11 covers the usage of multiple-row functions to derive a single
value for a group of rows and explains how to restrict groups of rows. Chapter 12 covers
using subqueries to retrieve rows based on an unknown condition already stored in the
database. Chapter 13 explains using views to restrict access to data and reduce the
complexity of certain types of queries.

The appendixes support and reinforce chapter materials. Appendix A contains
printed versions of the initial table structure and data for the JustLee Books database used
throughout this textbook. Appendix B introduces the operation of the SQL*Plus and SQL
Developer client software tools. Appendix C lists Oracle resources for further study.
Appendix D introduces the SQL*Loader utility for importing data. Appendix E introduces
basic SQL statement tuning concepts. Appendix F identifies SQL differences in some
popular databases.

Features

To enhance your learning experience, each chapter in this textbook includes the following
elements:

¢ Chapter objectives: Each chapter begins with a list of the concepts to be
mastered by the chapter’s conclusion. This list gives you a quick overview of
chapter contents and serves as a useful study aid.

¢  Running case: A sustained example, the business operation of JustLee Books,
is the basis for introducing new commands and practicing the material
covered in each chapter.

e Methodology: As new commands are introduced in each chapter, the
command syntax is shown and then an example, using the JustLee Books
database, illustrates using the command in the context of business
operations. This methodology shows you not only how the command is used,
but also when and why it’s used. The script file used to create the database is
available so that you can work through the examples in this textbook,
engendering a hands-on environment in which you can reinforce your
knowledge of chapter material.

e  Tip: This feature, designated by the Tip icon, provides practical advice and
sometimes explains how a concept applies in the workplace.

¢ Note: These explanations, designated by the Note icon, offer more
information on performing operations with databases.

e Database Preparation: These notes, placed at the end-of-chapter
introductions, tell you which script from the student data files you should
run in preparation for chapter examples and activities.

e  Caution: This warning, designated by the Caution icon, points out database
operations that, if misused, could have devastating results.

¢  Chapter summaries: Each chapter’s text is followed by a summary of chapter
concepts. These summaries are a helpful recap of chapter contents.
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e  Syntax summaries: Beginning with Chapter 2, a Syntax Guide table is
included after each chapter summary to recap the command syntax covered
in the chapter.

e Review questions: End-of-chapter assessment begins with review questions
that reinforce the main ideas introduced in each chapter. These questions
ensure that you have mastered the concepts and understand the information
covered in the chapter.

¢ Multiple-choice questions: Each chapter contains multiple-choice
questions covering the material in the chapter. Oracle certification-type
questions are included to prepare you for the type of questions you
can expect on certification exams and measure your level of
understanding.

e Hands-on assignments: Along with conceptual explanations and
examples, each chapter includes hands-on assignments related to the
chapter’s contents. The purpose of these assignments is to give you
practical experience. In most cases, the assignments are based on the
JustLee Books database and build on the examples in the chapter.

e Advanced challenge: This section poses another problem about the JustLee
Books database for you to solve and is larger in scope than the hands-on
assignments.

e (ase studies: At the end of each chapter is a major case study, designed
to help you apply what you have learned to real-world situations. These
cases give you the opportunity to synthesize and evaluate information
independently, examine potential solutions, and make recommendations,
much as you would in an actual business situation. These cases uses a
database based on a city jail system.

Supplemental Materials

The following supplemental materials are available when this book is used in a classroom
setting. All teaching tools available with this book are provided to instructors on the
Cengage Learning Web site at www.cengagebrain.com.

¢ Electronic Instructor’s Manual: The Instructor’s Manual accompanying this
textbook includes the following items:
e  Additional instructional material to assist in class preparation, including
suggestions for lecture topics
e A sample syllabus
e When applicable, information about potential problems that can occur in
networked environments
e Cengage Learning Testing Powered by Cognero is a flexible, online system
that allows you to:
e author, edit, and manage test bank content from multiple Cengage
Learning solutions
e create multiple test versions in an instant
e deliver tests from your LMS, your classroom or wherever you want
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e PowerPoint presentations: Microsoft® PowerPoint slides are included for
each chapter. Instructors can use the slides in three ways: as teaching
aids during classroom presentations, as printed handouts for classroom
distribution, or as network-accessible resources for chapter review.
Instructors can add their own slides for additional topics introduced to
the class.

e Data files: The script files needed to create the JustLee Books and City
Jail databases are available on the Cengage Learning Web site at www
.cengagebrain.com.

e Solution files: Solutions to chapter examples, end-of-chapter review
questions and multiple-choice questions, hands-on assignments, and case
studies are available on the Cengage Learning Web site at www
.cengagebrain.com. The solutions are password protected.

¢  Figure files: Figure files allow instructors to create their own presentations
with figures from the textbook.
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READ THIS BEFORE YOU BEGIN

TOTHE USER

Data Files

To work through the examples and complete the projects in this book, you need to load
the data files created for this book. Your instructor will provide these data files, or you
can download them from the Cengage Learning Web site at www.cengagebrain.com and
then search for this book’s title. The data files are designed to supply the same data shown
in chapter examples, so you can have hands-on practice in re-creating the queries and
their output. The tables in the database can be reset if you encounter problems, such as
accidentally deleting data. Working through all examples is highly recommended to
reinforce your learning.

Starting with Chapter 2, database script instructions are given at the beginning of the
chapter, if applicable. These database script files are in the folder corresponding to the
chapter (Chapter 5, Chapter 10, and so forth) on www.cengagebrain.com and have
filenames such as JLDB_Build_#.sql (substituting the chapter number for the
# symbol). If the computer in your school lab—or your own computer—has Oracle 12¢
installed, you can work through the chapter examples and complete the hands-on
assignments and case projects. Many of the coding examples in this textbook can be
completed successfully with previous versions of Oracle (Oracle 10g or Oracle 119).

Connecting to Oracle

Most colleges will provide various options for accessing Oracle software to execute SQL
statements required in this text, typically via the internet and/or using college computer
labs. Contact your instructor first to identify the options available. If you choose to install
Oracle 12¢ on your own computer, visit www.oracle.com and go to the database
download area. The database software is freely available for learning purposes, however, it
is very important that you view the documentation for the software prior to downloading
and installing the software. Be sure to review the hardware and software requirements
prior to attempting the install. You will be asked to setup a free Oracle Technology
Network account before downloading. If you are new to Oracle, consult with your
instructor prior to installing Oracle database software for guidance. This text was tested
on Oracle Database 12c release 12.1.0.1.0.

When you install the Oracle software, you're prompted to change the password for
certain default administrative user accounts. Make sure you record the accounts’ names
and passwords because you might need to log in to the database with one of these
administrative accounts in later chapters. After you install Oracle, you're required to
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enter a username and password to access the software. One default username created
during installation is “scott.”

Also, note that you can’t use your own computer to work through chapter examples
and complete projects unless you have the data files. You can get these files from your
instructor, or you can download them from the Cengage Learning Web site at www
.cengagebrain.com and then search for this book’s title. When you download the data
files, they should be stored in a directory separate from any other files on your hard drive.
You need to remember the path or folder containing these files because each script
filename must be prefixed with its location before you run the script.

Visit Our Web Site

A supplemental chapter on formatting report output has been included in the book’s
online materials. Additional materials designed especially for this textbook might be
available on the Cengage Learning Web site. Go to www.cengagebrain.com periodically
and search this site for more details.

TOINSTRUCTORS

To complete examples and activities in this textbook, your students must have access to
the data files included on the Instructor Resources GD (or downloaded from www
.cengagebrain.com).

The data files consist of the JustLee Database folder and a folder for each chapter.
Many chapters require running a script; if so, these instructions are given in a note at the
beginning of the chapter. These scripts are in folders corresponding to the chapter
(Chapter 5, Chapter 10, and so forth) and have filenames such as JLDB_Build_#.sql
(substituting the chapter number for the # symbol). The initial database creation is done
at the beginning of Chapter 2 to create the JustLee Books database. Students should run
the scripts as instructed to have a copy of the tables stored in their schemas. You should
instruct your students on how to access and copy data files to their own computers. The
chapters and projects in this book were tested with Oracle 12¢ Standard Edition.

Cengage Learning Data Files

You are granted a license to copy data files to any computer or computer network used by
people who have purchased this book.

xx  Read This Before You Begin
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CHAPTER

OVERVIEW OF DATABASE
CONCEPTS

LEARNING OBJECTIVES

After completing this chapter, you will be able to do the following:

Define database terms
Identify the purpose of a database management system (DBMS)

Explain database design by using entity-relationship models and
normalization

Explain the purpose of a Structured Query Language (SQL)

Understand how this textbook’s topics are sequenced and how the two
sample databases are used

Identify the software used in this textbook
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INTRODUCTION

Imagine you're starting up an online book retail company. How will customer orders

be recorded? Will customers be able to search for products by name or keywords? Will you
be able to analyze sales information to track profits, determine product success, and target
marketing efforts to customers? Analyzing thousands of orders could take days without
using a database. A database simplifies these tasks because it’s a storage structure that
provides mechanisms for recording, manipulating, and retrieving data.

The database used throughout this textbook is based on the activities of a
hypothetical business, an online bookseller named JustLee Books. The company sells
books via the Internet to customers throughout the United States. When a new customer
places an order, he or she provides data such as name, billing and shipping addresses, and
items ordered. The company also uses a database for all books in inventory.

To access the data required for operating JustLee Books, management relies on a
DBMS. A database management system (DBMS) is used to create and maintain the
structure of a database, and then to enter, manipulate, and retrieve the data it stores.
Creating an efficient database design is the key to using a database effectively to support
an organization’s business operations.

This chapter introduces basic database terminology and discusses the process of
designing a database for JustLee Books.

DATABASE TERMINOLOGY

Whenever a customer opens an account with a company, certain data must be collected.
In many cases, the customer completes an online form that asks for the customer’s name,
address, and so on, as shown in Figure 1-1.

Customer Information
Name:

Street Address:

—» Record

City: —» Fields

State: Zip:

- File
Customer A

Customer B

Customer C

FIGURE 1-1  Collecting customer information

While collecting customer information, a series of characters is identified for each item.
A character is the basic unit of data, and it can be a letter, number, or special symbol.

Chapter 1
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A group of related characters (for example, the characters that make up a customer’s
name) is called a field. A field represents one attribute or characteristic (the name, for
instance) of the customer. A collection of fields about one customer (for example, name,
address, city, state, and zip code) is called a record. A group of records about the same
type of entity (such as customers or inventory items) is stored in a file. A collection of
interrelated files—such as those relating to customers, their purchases, and their
payments—is stored in a database.

These terms relate to the logical database design, but they are often used
interchangeably with the terminology for the physical database design. When creating the
physical database, a field is commonly referred to as a column, a record is called a row,
and a file is known as a table. A table is quite similar to a spreadsheet, in that it contains
columns and rows. Figure 1-2 shows a representation of these terms.

Databasge

CUSTOMERS
Last Nawe | FistName [ City  [State [ Zip [ Fhone
Jomes Pat Morfolk | VA 24553 | 9900050
Castor Ben Suffolk | VA 26544 | B83-5888
P Tables
BOOKS J
Record or row [ 5B Title Cogl | Fetall | Category

243172113 | Database 3140 [4595 Coraputey

Tl tation
1915762492 | Corstructing 20 [ 3750 | Computer

Computers

Column or field

FIGURE 1-2 Database terminology

DATABASE MANAGEMENT SYSTEM

As mentioned earlier, a database is housed in a DBMS, which provides the functionality to
create and work with a database. This functionality includes the following:

e Data storage: Manage the physical structure of the database.

e Security: Control user access and privileges.

®  Multiuser access: Manage concurrent data access.

e Backup: Enable recovery options for database failures.

*  Data access language: Provide a language that allows database access.
* Data integrity: Enable constraints or checks on data.

e Data dictionary: Maintain information about database structure.

Overview of Database Concepts
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a DATABASE DESIGN

To determine the most appropriate structure of fields, records, and files in a database,
developers go through a design process. The design and development of a system is
accomplished through a process that’s formally called the Systems Development Life
Cycle (SDLC) and consists of the following steps:

1. Systems investigation: Understanding the problem
2. Systems analysis: Understanding the solution to the previously identified
problem

w

Systems design: Defining the logical and physical components

Systems implementation: Creating the system

Systems integration and testing: Placing the system into operation for testing
Systems deployment: Placing the system into production

N oGk

Systems maintenance and review: Evaluating the implemented system

Although the SDLC is a methodology designed for any type of system an organization
needs, this chapter specifically addresses developing a DBMS. For the purposes of this
discussion, assume the problem identified is the need to collect and maintain data about
customers and their orders. The identified solution is to use a database to store all needed
data. The discussion that follows presents the steps for designing the database.

NOTE

A variety of SDLC models have been developed to address different development environments. The
steps presented here represent a traditional waterfall model. Other models, such as fountain and rapid
prototyping, involve a different series of steps.

To design a database, the requirements of the database—inputs, processes, and
outputs—must be identified first. Usually, the first question asked is, “What information, or
output, must come from this database?” or “What questions should this database be able to
answer?” By understanding the necessary output, the designer can then determine what
information should be stored in the database. For example, if the organization wants to
send birthday cards to its customers, the database must store each customer’s birth date.

After the requirements of a database have been identified, an entity-relationship (E-R)
model is usually drafted to better understand the data to be stored in the database. In an E-R
model, an entity is any person, place, or thing with characteristics or attributes that will be
included in the system. An E-R model is a diagram that identifies the entities (customers,
books, orders, and such) in the database, and it shows how the entities are related to one
another. It serves as the logical representation of the physical system to be built.

The next two sections explain the construction of an E-R model and the
normalization process used to determine appropriate entities for a database.

NOTE

An E-R model is also called an entity-relationship diagram (ERD).
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Entity-Relationship (E-R) Model

In an E-R model, an entity is usually represented as a square or rectangle. As shown in
Figure 1-3, a line depicts how an entity’s data relates to another entity. If the line
connecting two entities is solid, the relationship between the entities is mandatory.
However, if the relationship between two entities is optional, a dashed line is used.

Classrooms Divisions Instructars Classes Classes Students

One-to-one One-to-many Mamy-to-rmany

FIGURE 1-3  E-R model notation examples

As shown in Figure 1-3, the following types of relationships can exist between two
entities:

¢ One-to-one: In a one-to-one relationship, each occurrence of data in one
entity is represented by only one occurrence of data in the other entity.

For example, if each classroom is assigned to only one academic division, a
one-to-one relationship is created between the classroom and division
entities. This type of relationship is depicted in an E-R model as a simple
straight line.

®  One-to-many: In a one-to-many relationship, each occurrence of data in one
entity can be represented by many occurrences of the data in the other
entity. For example, a class has only one instructor, but an instructor might
teach many classes. A one-to-many relationship is represented by a straight
line with a crow’s foot at the “many” end.

e  Many-to-many: In a many-to-many relationship, data can have multiple
occurrences in both entities. For example, a class can consist of more than
one student, and a student can take more than one class. A straight line with
a crow’s foot at each end indicates a many-to-many relationship.

Figure 1-4 shows a simplified E-R model for the JustLee Books database used
throughout this textbook. A more thorough E-R model would include a list of attributes for
each entity.

NOTE

The notations in the sample E-R models in this chapter reflect only one way of diagramming entity
relationships. If you’re using a modeling software tool, you might encounter different notations to
represent relationships. For example, Microsoft products typically represent the many side of a
relationship with the infinity symbol (e). In addition, some modeling tools automatically add the common
fields or foreign key columns needed as relationships are defined.

Overview of Database Concepts
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Publisher

Customers Orders Books Author

-- 4

N
/
N
/

FIGURE 1-4  An E-R model for JustLee Books

The following relationships are defined in the E-R model in Figure 1-4:

e Customers can place multiple orders, but each order can be placed by only one
customer (one-to-many). The dashed line between Customers and Orders
means a customer can exist in the database without having a current order
stored in the ORDERS table. Therefore, this relationship is considered optional.

e An order can consist of more than one book, and a book can appear on more
than one order (many-to-many).

e A book can have more than one author, and an author can write more than
one book (many-to-many).

e A book can have only one publisher, but a publisher can publish more than
one book (one-to-many).

Although some E-R modeling approaches are more complex, the simplified notations
used in this chapter do point out the important relationships among entities, and using
them helps designers identify potential problems in table layouts. After examining the E-R
model in Figure 1-4, you should have noticed the two many-to-many relationships. Before
creating the database, all many-to-many relationships must be reduced to a set of one-
to-many relationships, as you learn in “Relating Tables in the Database” later in this
chapter.

Identifying entities and relationships in the database design process is important
because entities are usually represented as a table, and relationships can reveal whether
additional tables are needed in the database. If the problem arising from the many-
to-many relationship in the E-R model isn’t apparent to a designer at this point, it will
become clear during the normalization process.

Database Normalization

Many people unfamiliar with database design principles often ask, “Why not just put all the
data in one big table?” This single-table approach leads to problems of data redundancy
(duplication) and data anomalies (data inconsistencies). For example, review the order data
recorded in Table 1-1. The customer information is repeated for each order a customer
places (redundancy). Also, the city data in the last row is different from the first two rows.
Under these circumstances, it isn’t clear whether the last row actually represents a different
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customer, whether the previous customer had an address change, or whether the city
information is incorrect (data anomaly).

TABLE 1-1  Single-Table Approach Example

Last Name First Name City State Zip Order Date Order #
Jones Pat Norfolk VA 24553 3/22/2009 45720
Jones Pat Norfolk VA 24553 5/28/2009 48243
Jones Pat Suffolk VA 26544 9/05/2009 51932

To avoid these data issues, database normalization is used to create a design that
reduces or eliminates data redundancy and, therefore, avoids data anomalies. In general,
normalization helps database designers determine which attributes, or fields, belong to
each entity. In turn, this information helps determine which fields belong in each table.
Normalization is a multistage process that enables designers to take the raw data to be
collected about an entity and develop the data into a structured, normalized form that
reduces the risks associated with data redundancy. Data redundancy poses a special
problem in databases because storing the same data in different places can cause problems
when updates or changes to data are required.

Most novices have difficulty understanding the impact of storing unnormalized data—
data that hasn’t been designed by using a normalization process. Here’s an example.
Suppose you work for a large company and submit a change-of-address form to the Human
Resources (HR) Department. If all the data HR stores is normalized, a data entry clerk needs
to update only the EMPLOYEES master table with your new address.

However, if the data is not stored in a normalized format, the data entry clerk likely
needs to enter the change in each table containing your address—the EMPLOYEE
RECORD table, the HEALTIH INSURANCE table, the SICK LEAVE table, the ANNUAL TAX
INFORMATION table, and so on—even though all this data is stored in the same database.
As a result, if your mailing address is stored in several tables (or even duplicated in the
same table) and the data entry clerk fails to make the change in one table, you might get a
paycheck showing one address and, at the end of the year, have your W-2 form mailed to a
different address! Storing data in a normalized format means only one update is required
to reflect the new address, and it should always be the one that appears whenever your
mailing address is needed.

A portion of the database for JustLee Books is used in this section to step through the
normalization process—specifically, the books sold to customers. For each book, you need to
store its International Standard Book Number (ISBN), title, publication date, wholesale cost,
retail price, category (literature, self-help, and so forth), publisher name, contact person at the
publisher for reordering the book (and telephone number), and author or authors’ names.

Table 1-2 shows a sample of the data that must be maintained. For ease of illustration,
the publishers’ telephone numbers are eliminated, and the authors’ names use just the
first initial and last name. The first step in determining which data should be stored in
each table is identifying a primary key, which is a field that identifies each record
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