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Preface

Colin Johnson is a production supervisor for a small manufacturer in Seattle. Several years
ago, Colin wanted to build a database to keep track of components in product packages. At
the time, he was using a spreadsheet to perform this task, but he could not get the reports
he needed from the spreadsheet. Colin had heard about Microsoft Access, and he tried
o use it to solve his problem. After several days of frustration, he bought several popular
Microsoft Access books and attempted to leamn from them. Ultimately, he gave up and
hired a consultant who built an application that more or less met his needs. Over time,
Colin wanted to change his application, but he did not dare try.

Colin was a successful businessperson who was highly motivated 1o achieve his goals.
A seasoned Windows user, he had been able to teach himself how to use Microsoft Excel,
Microsoft PowerPoint, and a number of pruduclinn—nri:nt:d applicatiun pacl:.ag::. He was
flummoxed at his inability to use Microsoft Access to solve his problem. “I'm sure [ could
do it, but [ just don't have any more time to invest,” he thought. This story is espedally
remarkable because it has occurred tens of thousands of times over the past decade to many
other people.

Microsoft, Oracle, IBM, and other datsbase management system (DBEMS) vendors are
aware of such scenarios and have invested millions of dollars in creating better graphical
interfaces, hundreds of multi-panel wizards, and many sample applications. Unfortunately,
such efforts treat the symptoms and not the root of the problem. In fact, most users have no
clear idea what the wizards are doing on their behalf. As soon as these users require changes
to database structure or to components such as forms and queries, they drown in a sea
of complexity for which they are unprepared. With little understanding of the underlying
fundamentals, these users grab at any straw that appears to lead in the direction they want.
The consequence is poorly designed databases and applications that fail to meet the users’
requirements.

Why can people like Colin learn to use a word processor or a spreadshect product yet
fail when trying to learn to use a DBMS product? First, the underlying database conceprs
are unnatural to most people. Whereas everyone knows what paragraphs and margins are,
no one knows what a relation (also called a table) is. Second, it seems as though using a
DBEMS product ought to be easier than it is. “All I want to do is keep track of something.
Why is it 50 hard?” people ask. Without knowledge of the relational model, breaking a sales
invoice into five separate tables before storing the data is mystifving to business users.

This book is intended to help people like Colin understand, create, and use databases
in a DBMS product, whether they are individuals who found this book in a bookstore or
students using this book as their textbook in a class.

NEW TO THIS EDITION

Students and other readers of this book will benefit from new content and features in this
edition. These include the fn"ml."ing:

* The structure of the book has been reorganized to provide more emphasis on the
essential concepts of databases and their use, and on the newest developments

vil
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in Business Intelligence (BI) Systems, Cloud Computing, Big Data, and nonrelational
(NoS()L) databases. Much material prﬁri-m.uly found in online extensions has been
reintegrated into the book itself or reorganized into one of three online Extensions.

* Microsoft Oftice 2019, and particulady Microsoft Access 2019, is now the basic
software used in the book and is shown running on Microsoft Windows 10.!

* The sections in each chapter previously called “The Access Workbench™ have been
r:ur_g:aniz:d as 'ﬁ-’crrlr.ing with Microsoft Access.”™ and now mtegrate material on
using Microsoft Visio 2019 for data modeling and database design.

» DBMS software coverage has been updated to include MySOL Commumity
Server 8.0 and MySOL Workbench 8.0, MySOL is now the example DBMS used
throughout the book (instcad of Microsoft SQL Server), and all SQL output in the
book is shown as displayed in MySOL Workbench?

* Detailed coverage of MySOL is in the online Extension “Working with MySCQL,”
which now includes coverage equivalent o “Working with Microsoft Access.™ There
is a separate section of “Working with MySOL” for each chapter in the book, so that
work on MySQL can be done in conjunciion with the topics covered in the book.

* Support for Oracle and Microsoft SQJL Server is continued in the text of Chapter 3
and online Extension B (SQL and Advanced SQL) by indicating the major syntac-
tic differences and in the instructor solutions to those sections.

* The continuing discussion of SOQL in DBC <08 Appendix E, *Advanced SQIL,”
is retained as the online Extension “Advanced S0L.” The extension contains a
discussion of the SQL ALTER statement, SQL set operators (UNION, eic ),

SOL correlated subqueries, SOQL views, and SQL/Persistent Stored Modules
(SQL/PSM).

* A short introduction to physical database design and related considerations has
been added to C]:Lapt:r & (“Database Administration™), :alm:l;g with an :J{ampl-: of
using MyS0QL database security using roles.

* The NoSOL introduction in Chapter 7 has been expanded to include coverage of the
CAP theorem and a more detailed dﬁ:nptlm of document databases, using :mmplﬁ
from the ArangoDB NoS(L database management system. This description is contin-
ved and deepened in the Extension *Advanced Business Intelligence and Big Data.”

* Updated material on cloud computing, virtualization using containers, and the new
Hadoop processing moded is now in Chapter 7.

* Updated material for the former Appendices ], “Business Intelligence
Systems” and K, “Big Data,” is now available in the online Extension * Advanced
Business Intelligence and Big Data.” This material includes enhanced coverage
of NoSQL DBEMSs, with additional examples of NoSQL graph databases from
an actual system (ArangoDB) and an expansion of the NoSQL document
database coverage from Chapter 7 (again using ArangoDB). Some of the
database features of the Microsoft Azure doud platform are also covered in this
extension.

* The James River Jewelry project questions have been reintegrated into the book
chapters to make it casier to use this material when assigning projects.

* Videos demonstrating many tasks described in the *Working with Microsoft
Access” and "Working with MySQL” sections of the book will be available online
to users of the e-text version of the book.

'Microsoft recommends installing and using the 32-bir version of Microsoft Office 2019, even on 64-hbir
versions of the Microsoft Windows operating systern. We also recommend thar vou install and use the
52-hit version.

*While we siill like and use Microsoft SQL Server, it has simply become roo complex for use as our exam-
ple DBMS in Darabase Concepts. MySOIL is much easier to install and use when introducing students 1o
relational darabazed DEMS products in a concepis book like this one. We still use Microsoft S0L Server
as our example DBMS in our book Database Processing: Fundamentals, Design, and Implementartion,
15th ed. (Upper Saddle River, NJ: Pearson, 2019) where it is discussed in depth.
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THE NEED FOR ESSENTIAL CONCEPTS

With today's technology, it is impossible to utilize a DBMS successfully without first learn-
ing fundamental concepts. After vears of developing databases with business users, we
believe that the fuﬂuwing database concepts are essential:

Fundamentals of the relational model
Structured Qhuery Language (SCIL)
Data modcling

Database design

Diatabase administration

And because of the Increasing use of the Intermet, the World Wide Web, c::u‘m‘nml!.r
available analysis tools, and the emergence of the NoSQL movement, four more essential
concepts need to be added 1o the list:

* Data warchouse structures

* Business intelligence (BI) systems

* (loud computing and virtualization

» Nonrelational structured data storage (Big Data and NoSOJL systems)

Users like Colin—and students who will perform jobs similar to his—need not leamn
these topics to the same depth as future information systems professionals. Consequently,
this textbook presents only essential concepts—those that are necessary for users like Colin
who want to create and use small databases. Many of the discussions in this book are
rewritten and simplified explanations of topics that you will find fully discussed in David
M. Kroenke, David |. Auer, Scott L. Vandenberg, and Bobert €. Yoder's Dafabare
Processing: Fundamentals, Design, and fmpfe'mem‘m‘:hn-! However, in creating the material
for this text, we have endeavored to ensure that the discussions remain acourate and do not
mislead. Nothing here will need to be unlearned if students take more advanced database

COMITSes.

TEACHING CONCEPTS INDEPENDENT OF DEMS PRODUCTS

This book does not assume that students will use any particular DEMS product. The book
does illustrate database concepts with Microsoft Access and MyS0L Community Server so
that students can use these products as tools and actually try out the material, but all the
concepts are presented in a DBMS-agnostic manner. When students learn the material this
way, they come to understand that the fundamentals pertain to any database, from the
smallest Microsoft Access database to the largest MySOQL, Microsoft SOL Server, or Oracle
Database database. Moreover, this approach avoids a common pitfall When concepts and
products are taught ar the same time, students frequently confound concepts with product
features and functions. For example, consider referential integrity constraints, When they
are taught from a conceptual standpoint, students learn that there are times when the val-
ues of a column in one table must always be present as values of a column in a second rable.
Students also learn how this constraint arises in the context of relationship definition and
how either the DBEMS or the application must enforce this constraint. If taught in the con-
text of a DBMS—say, in the context of Microsoft Access—students will only leam that in
some cases you check a check box and in other cases you do not. The danger is that the
underlying concept will be lost in the product feature.

David M. Kroenke, David |, Auver, Sconr L. Vandenberg, and Fobert C. Yoder, Daishase Procestimg:
Furtdansenials, Design, and Implewsentation, 15th ed. (Upper Saddle River, NJ: Pearson, 2019).
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All this is not to say that a DBMS should not be used in this class. On the contrary, stu-
dents can best master these concepts by applying them using a commercial DBMS product.
This edition of the book was written to include enough basic information about Microsoft
Access and MySQL so that you can use these products in your class without the need for
a second book or other materials. Microsoft Access is covered in some depth because of
its popularity as a personal database and its inclusion in the Microsoft Office Professional
suite of applicalinn:. However, if you want to cover a parl:icular DEMS in d:ptl'l or use 4
DEBEMS product not discussed in the book, vou need to supplement this book with another
text or additional materials. Pearson provides a number of books for Microsoft Access and
other DBMS products, and many of them can be packaged with this text.

WORKING WITH MICROSOFT ACCESS

This new edition of the text renames “The Access Workbench™ to *Working with Microsoft
Access,” and continues to feature Microsoft Access as our introductory DBMS. Because
Microsoft Access is widely used in introductory database classes, we feel it is important to
include spccific information on using Microsoft Access. Eadch d'laptcr has an accompanying
section of “Working with Microsoft Access,” which illhustrates the chapter’s concepts and
techniques using Microsoft Access. The "Working with..." topics start with creating a data-
base and a single table in Chapter 1 and move through various topics, inishing with using
Microsoft Access (together with Microsoft Excel) to produce PivotTable OLAP reports in
Chaprer 7. We have also integrated the Microsoft Visio material formerly found in Appendix
(s into the book itself to demonstrate the use of Visio for creating data models as described
in Chapter 4. This material is not intended to provide comprehensive coverage of Microsolt
Aceess. but all the n:cssaq.’]':msil: Microsoft Access topics are covered so that your students
can leam to effectively build and use Microsoft Access databases.

WORKING WITH MYSQL

This new edition adds support for MySQL Community Server 8.0 at a level equivalent to
“Working with Microsoft Access.” This allows us to fully integrate an Enterprise dass DBEMS
into the text. This material is found in online Extension A, *Working with MySOL." Topics
include some previously found in Appendix C, in particular using the MySOL Workbench to
create database designs as discussed in Chapter 5. Because MySOL is an Enterprise class
DBMS widely used in introductory database classes, we feed it is important to incdude spedific
information on using MySOL. There is a section in *Working with MyS0OL" that aligns with
cach chapter in the book and with online Extension B, “Advanced SQL." While, like
“Working with Microsoft Access,” this material is not intended to provide comprehensive
coverage of MySOL, all of the necessary basic MySOL topics are covered.?

KEY TERMS, REVIEW QUESTIONS, EXERCISES, CASES, AND PROJECTS

Because it is important for students to apply the concepts they learn, each chapter concludes
with sets of key terms, review questions, exercises (including exercises tied to “Working
with Microsoft Access”), Case (luestion sets, and three projects that min throughout the
book. Students should know the meaning of cach of the key terms and be able to answer the
review questions if they have read and understood the chapter material. Each of the exer-

cises requires students to apply the chapter concepts to a small problem or task.

Mote that while we have increased our support of MyS0IL in this edition, we have dropped the material
on Microsoft SOL Server and Oracle XE formetly found in Appendices A and B, respectively. We still in-
clude some bagic discussion of Microsoft S0L Server and Oracle Datsbase XE in the resr, but if vou need
more complete coverage of either Microsoft SQL Server or Oracle Database, please see David M. Kroenke,
Dawid J. Aver, Seott L. Vandenberg, and Robert C. Yoder, Database Procesiing: Fundomentals, Design, and
Twmiplesnentation, 15th ed. (Upper Saddle Rives, N]: Pearson, 2019).
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The first of the projects, Garden Glory, concerns the development and use of a database
for a partnership that provides gardening and yard maintenance services to individuals and
organizations. The second project, James River Jewelry, addresses the need for a database
to support a frequent-buyer program for a retail store. The third project, The Queen Anne
Curiosity Shop, concerns the salss and inventory needs of a retail business. These three proj-
ects appear in all of the book’s chapters. In each instance, students are asked o apply the
project concepts from the chapter. Instructors will find more information on the use of these

projects in the instructor’s manual and can obtain databases and data from the password-
protected instructor’s portion of this book's Web site (www.pearsonhighered.com/kroenke).

SOFTWARE USED IN THE BOOK

Just as we have treated our discussions in a DBMS-agnostic way, whenever possible we
have selected software to be as operating system independent as possible. It is amazing how
much excellent software is available online. Many major DBMS vendors provide free ver-
sions of their premier products (for example, Microsoft's SQL Server Developer edition
and Express edition, Oracle Corporation’s Oracle Database Express Edition (Oracle
Database XE), and MyS0OL Community Server). In this text, we will be using Microsoft
Access 2019, Microsoft Exed 2019, and MySOL Community Edition 8.0

Ower the past 30-plus years, we have found the development of databases and database
applications to be an enjoyvable and rewarding activity: We believe that the number, size, and im-
portance of databases will increase in the future and that the Beld will achieve even greater promi-
nence. It i our hope that the concepts, knowledge, and technigues presented in this book will
help students to participate sucossstully in database projects now and for many years to come.

CHANGES FROM THE EIGHTH EDITION

This edition represents a restructuring of Database Concepts to reemphasize the basic con-
cepts of database systems and database development in today’s mobile environment. We have
streamlined the content and presentation to make it easier for instructors to cover the essen-
tials of database systems. We frame database topic discussions within today’s Internet- and
mobile applications—based networked environment and economy. Today, databases are no
longer isolated entities found somewhere in obscure server rooms, but rather are ubiquitows
parts of websites and tablet and smartphone apps. We are literally dependent upon darabases
in our lives, whether exchanging email messages, posting to our Facebook pages, or shopping
online. To this end, we have reintegrated material formerdy in several appendices badk into
the book itself, and reduced online material to three extensions:

* Online extension A—Working with MySOL. This extension provides detailed cov-
erage of MySQL Community Server 8.0 and the MySQL Workbench similar to the
coverage of Microsoft Access in the *Working with Microsoft Access” sections.

* Online extension B—Advanced SQL. This extension provides the same material to
supplement the SQL material in Chapter 3 that was previously found in Appendix
E. This material should meet the needs of those classes that want to go beyond ba-
sic SOL without the need for an additional texthoolk.

* Onlinc extension C—Advanced Business Intelligence and Big Data. This extension
provides coverage of how to use Bl, Big Data, Azure Cloud, and nonrelational da-
tabase tools so that you can have your students experience these tools in action.

BOOK OVERVIEW

This textbook consists of seven chapters and three online extensions (all of which are read-
ily available online at www.pearsonhighered.com/kroenke). Chapter 1 explains why data-
bases are used, what their components are, and how they are developed. Students will learn
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the purpose of databases and their applications as well as how databases differ from and
improve on lists in spreadsheets. Chapter 2 introduces the relational model and defines
basic relational terminology. It also introduces the fundamental ideas that underlie normal-
ization and describes the normalization process.

Chapter 3 presents fundamental SQL statements. Basic SOL statements for data debi-
nition are described, as are SOL SELECT and dara modification statements. No attempt
15 made to present advanced SO statements; nn]:.r the essential statements are described.
Online Extension B, “Advanced SQL,"” adds coverage of advanced SOQL topics, such as
the SOL ALTER TABLE statement, S0L set operators (eg., UNION), SOL views, and
SOL/Persistent Stored Modules (SOQL/PSM).

The next two chapters consider database design. Chapter 4 addresses data model-
ing using the entity-relationship (E-R) model. This chapter describes the need for data
modeling, introduces basic E-R terms and concepts, and presents a short case application
(Heather Sweeney Designs) of E-R modeling. Chapter 5 describes database design and
revisits normalization as a step in database design. The data model from the case example
in Chapter 4 is transformed into a relational design in Chapter 3.

In this edition, we continue o use the prescriptive procedure for normalizing relations
through the use of a four-step process. This approach not only makes the normalization task eas-
ier, it also makes normalization principles easier to understand. For instructors who want a bit
maore detail on normal forms, shont definitions of most nommal forms are included in Chapter 2.

The last two chapters consider database management and the uses of databases in ap-
plications. Chapter 6 provides an overview of database administration. The case example
database is built as a fu:nctiming database. and it serves as the :xampl: for a discussion of
the need for database administration. The chapter surveys concurrency control, security,
and backup and recovery techniques. Database administration is an important topic be-
cause it applies to all databases, even personal, single-user databases. In fact, in some ways
this topic is more important for those smaller databases because no professional database
administrator is present to ensure that critical tasks are performed.

ﬂhapt:r 7 discusses the emernging world of Eig Data and the MoSOL movement,
including under this umbrella business intelligence (BI) systems and the data warchouse
architectures that support them, which often involve ELE Diata and MoSQIL concepts.
Chapter 7 also provides a discussion of distributed databases, object-relational databases,
virtualization, and cloud computing as they relate to the continuing evolution of NoS(QL
systems and Big Data. Many details of Bl and NoSOQL systems can be found in online
Extension C, * Advanced Business Intelligence and Big Data. ™ More specifically, Chapter 7
discusses dimensional databases as an example of a data warchouse architecture, walking
through how to build a dimensional database for Heather Sweeney Designs and then using
it to produce a PivotTable online analytical processing (OLAP) report as an example of BI
reporting. This chapter also indudes a brief introduction to NoSCQ)L databases in general
and document databases in particular, using the ArangoDB NoSQL DBEMS.

Omnline Extension A introduces MySOL Community Server 8.0 and the MySOL Workbench.
There s a section to match cach chapter in the book and online Extension B, * Advanced SOL."
This allows students to gradually leam the capabilities of an Enterprise dass DEMS.

Omnline Extension B provides additional coverage of SQL topics to allow instructors 1o
teach advanced SOL topics without the need of an additional textbook. This indudes mate-
rial on SQL programming via SQL/Persistent Stored Modules (SQL/PSM).

Omnline Extension C describes some data analysis techniques, induding report systems,
data mining, market basket analysis, and decision trees. An introduction to XML and JSON
provides context for more details on document databases and other NoSOL database sys-
tems, using ArangoDB to illustrate both graph databases and more advanced features of
document databases. We present a case study of using Microsoft SQL Server Management
Studio to create an account and connect to Microsoft’s Azure cloud to migrate a SOQL data-
base from a personal computer to Azure. Lastly, we show how to areate switchboards in our
“Working with Microsoft Access” section.
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KEEPING CURRENT IN A RAPIDLY CHANGING WORLD

In order to keep Database Concepis up to date between editions, we post updates on the
book's Web site at www.pearsonhighered.com/kroenke as needed. Instructor resources
and student materials are also available on the site, so be sure to check it from time to time.
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art 1 introduces fundamental concepts and techniques of database
management. Chapter 1 explains database technology, discusses
why databases are used, and describes the components of a data-
base system. Chapter 2 introduces the relational model and defines key rela-
tional database terms. It also presents basic principles of relational database
design. Chapter 3 presents Structured Query Language (SQ4L), an interna-
tional standard for creating and processing relational databases.

After you have learned these fundamental database concepts, we will fo-
cus on database modeling, design, and implementation in Part 2. Finally, we
will discuss database management, data warehouses, business intelligence
(BI) systems, cloud computing, virtualization, Big Data, and nonrelational
“NoSQL" database management systems in Part 3.
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CHAPTER DBJECTIVES

m Understand the importance of databases in Internet m Learn the elements of a database
Web applications and mabile apps m Learn the purpose of a database management system
m Understand the nature and characteristics of databases (DEMS)
m Understand the potential problems with lists m lnderstand the functions of a database application
m Understand the reasons for using a database m Introduce Web database applications
m Understand how using related tables helps you avoid ® Introduce data warehouses and business infelligence
the problems of using lists (BI) systems
m HKnow the components of a database system m Introduce Big Data and cloud computing

nowledge of database technology increases in importance every
day. Databases are used everywhere: They are key components of
e-commerce and other Web-based applications. They lay at the heart
of organization-wide operational and decision support applications. Databases
are also used by thousands of work groups and millions of individuals. It is
estimated that there are more than 10 million active databases in the world
today.

The purpose of this book is to teach you the essential relational database
concepts, technology, and techniques that you need to begin a career as a
database developer. This book does not teach everything of importance in
relational database technology, but it will give you sufficient background to
be able to create your own personal databases and to participate as a mem-
ber of a team in the development of larger, more complicated databases.
You will also be able to ask the right guestions to learn more on your own.

This chapter discusses the importance of databases in the Internet world
and then introduces database processing concepts. We will investigate the
reasons for using a relational database. We begin by describing some of the
problems that can occur when using lists. Using a series of examples, we
illustrate how using sets of related tables helps you to avoid those prob-
lems. Mext, we describe the components of a database system and explain
the elements of a database, the purpose of a database management system
(DBMS), and the functions of a database application. Finally, we introduce
nonrelational databases.




4 Part1

Database Fundamentals

THE IMPORTANCE OF DATABASES IN THE INTERNET
AND MOBILE APP WORLD

Let’s stop for a moment and consider the incredible information technology available for
our use today.

The personal computer (PC) became widely available with the introduction of the
Apple Il in 1977 and the IBM Personal Computer (IBM PC) in 1981, PCs were net-
worked into Local Area Networks (LANs) using the Ethernet networking technology,
which was d:xw:iopcd at the Xerox Palo Alto Research Center [ Xerox Pﬁﬂﬂ}' in the 1:31'1}'
1970s and adopted as a national standard in 1983.

The Internet—the global computer network of networks—was created as the
Department of Defense Advanced Research Projects Agency Network (ARPANET) in
1969 and then grew and was used to connect all the LANs (and other types of networks).
The Internet became widely known and used when the World Wide Web® (or the Web,
or WWW) became easily accessible in 1993, Everyone got a computer software applica-
tion called a Web browser and starting frowsing Web sites. Online retail Web sites
such a5 Amazon.com (online since 1995) and "brick-and-mortar” stores with an online
presence such as Best Buy appeared, and people started extensively shopping online.

In the early 2000s, Web 2.0° Web sites started o appear—allowing users to add con-
tent to Web sites that had previously held static content. Web applications such as
Facebook, Wikipedia, and Twitter appeared and flourished.

In a parallel development, the mobile phone or cell phone was demonstrated and de-
veloped for commercial use in the 1970s. After decades of mobile phone and cell phone
network infrastructure development, the smartphone appeared. Apple brought out the
iPhone in 2007. Gmgl: created the Androad operating system, and the first Android-
based smartphone entered the market in 2008. Ten years later, in 2018 (as this is being
written), smartphones and tablet computers (tablets) are widely used, and thousands of
application programs known as apps are widely available and in daily use. Most Web
applications now have corresponding smartphone and tablet apps (you can *tweet” from
either your computer or your smartphone)!

The latest development is the Internet of Things (IoT),* where devices such as smart
speakers, smart home devices (smoke detectors and thermostats), and even appliances such
as n:['rj.gcratu-ts connect to the Intemet and are netoork acosssible In particular,
smart speakers such as the Amazon Echo series, Apple HomePod, the Google Home
series, and Harmon Kardon INVOKE enable users to interact by voice with network-
accessible apps via virtual assistants such as Amazon Alexa, Apple's Siri, Google Assistant,
and Microsoft Cortana.

What many people do not understand is that in today’s Web application, smartphone
app, and loT app environment, most of what they do depends upon databases.

We can define data as recorded facts and numbers. We can initially define a database
(e will give a better definition later in this cllaptr_r]' as the structure used to hold or store

"The mouse and the multi-window graphical user interface commonly used in computer operating systems
today were also developed st Xerox PARC. From there, they were adapted and popularized by Apple and
Microsaft. For more information, see the Wikipedia article PARC (company) (accessed June 2018) ar
hps:ffen wikipedia orgfwiki/PARC_(company).

The Woeld Wide Web and the first Web browser were created by Tim Berners-Lee in 1989 and 1990,
respectively. For more information, see the Wikipedia armicle Word Wide Web {accessed June 200180 ar
hirps:/fen wikipedia orgfwikiWorld_Wide_Web and the World Wide Web Consortium (W3(C) Web site
(accesed June 2018) ar hopa:/fawwwd org/Consortium/.

"Web 2.0 was originated by Darcy DilNucci in 1999 and introduced o the world ar kirge in 2004 by publisher
Tim (¥Reilly. See the Wikipedia aricle Web 2.0 (accessed June 2018) ar hps:/Ven wikipedia omg/wildMeb_210.
For more information, see the Wikipedia article Internet of Things (accessed June 20180 ar hrops./¥
en.wikipedin org/wikifTnrernet_of_things. The article states that there were 8.4 bilion network-capable
IoT devices in 2017, with an expected 30 billion 10T devices by 2020!
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that data. We process that data to provide imformation (which we also define in more detail
later in this chapter) for use in Web applications and smartphone apps.

Do you have a Facebook account? If so, all your posts, your comments, your
“likes,” and other data you provide to Facebook (such as photos) are stored in a
database. When your friend posts an item, it is initially stored in the database and then
displayed to you.

Do you have a Twitter account? If so, all your tweets are stored in a database.
When your friend tweets something, it is initially stored in the database and then
displayed to you.

Do you shop at Amazon.com? If so, how do you find what you are looking for? You
enter some words in a search text window on the Amazon home Web page (if you are using
a Web browser) and click the Go button. Amazon's computers then search Amazon’s data-
baves and return a formatted on-screen report of items that match what you searched for

The search process is illustrated in Figure 1-1, where we search the Peason Higher
Education Web site for books authored |:n Diavid Kroenlee. Fi.gu.r:: 1-1{a) shows the upper
portion of the Pearson Higher Education Web site home page. While many Web sites
lincluding Amazon.com, BEI, and Best Buy) have a text box for entering search kevwords
on the home page itself for immediate use, at the Pearson site we have to click on a Search
catalog button to access the search function on the Advanced Catalog Search page shown in
Figure 1-1ib). On this page, we enter the author name Kroerke in the Author text box, and
then click the Search button. The Pearson catalog database is searched, and the Web ap-
plication retums a Search Results page containing a listing of books authored by David
Kroenke, as shown in Figure 1-1ic).

The use of databases by Web applications and smartphone apps is illustrated in
Figure 1-2. In this figure, people have computers (desktop or notebook), smantphones, and
smart speakers, which are examples of devices used by people, who are referred to as users.

FIGURE 1-1

Searching a Database in a Web Browser

The Pearson Education Web
-w--mw-# i " —
¢ [ B i =

AW DT DT

@ Pearson Prok-17 fducation  Highe Education niusery B Professiona Aboug L Search O

The Search fext box and button

ia) The Pearson Higher Education Web 5ite Home Page

Courtessy of Pearson Education.

@ Pearson Pref-12 Education Higher Education furstry & Professl Kroenke] AL |

(b) Entering Author Name Kroenke as the Search Keyword
Courtesy of Pearson Education.
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(c) Books by Author Kroenke Found in the Database

g BTW 5

Seeing this process is much more effective than just reading about it. Take
a minute, open a Web browser, and go to Amazon.com (or any other online
retailer, such as Best Buy, L.L.Bean, or REIl). Search for something you are
interested in, and watch the database search results be displayed for you. You
just used a database.

g BTW

Even if you are simply shopping in a local grocery store (or a coffee shop or
pizzeria), you are interacting with databases. Businesses use Point of Sale (POS)
systems to record every purchase in a database, to monitor inventory, and, if you
have a sales promotion card from the store (the one you use to get those special
prices for “cardholders only™), to keep track of everything you buy for marketing
purposes. All the data POS systems gather is stored in, of course, a database.

Courtesy of Pearson Education.
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FIGURE 1-2

The Intermnet and Mobile Device World

Personal computer with
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On these devices are client applications (Web browsers, apps, virtual assistants) used by
pmpl: toy obtain services such as SI:HIE]Ii.I'.IE, hruwsing, online purchasing, and tweeting
over the Intemet or cell phone nerworks. These services are provided by server computers,
and these computers hold the databases containing the data needed by the cliem
applications.

This structure is known as client-server architecture, and it supports most of the Web
applications in use today. The simple fact is that without databases, we could not have the
ubiguitous Web applications and apps that are currently used by so many people.

WHY USE A DATABASE?

A darabase is used to help people keep track of things, and the most commonly used type
of database is the relatromal database, although nonrelational databases (which are used
EII:-I:I'.IEi'L"I:]'!." in online appli:ati-:ms such as Facebook and Twitter) are now also wid:i:.r used.
We will discuss the relational database modd in depth in Chapter 2, and nonrelational da-
tabases are discussed in Chapter 7. For now, vou just need to understand a few basic facts
about how a relational database helps people track things of interest to them.

You might wonder why we need a special term (and course) for such technology when
a simple list could serve the same purpose. Many people do keep track of things by using
lists, and sometimes such lists are valuable. In other cases, however, simple lists lead to data
inconsistencies and other problems.

In this section, we examine several different lists and show some of these problems. As
you will see, we can solve the problems by splitting lists into tables of data. Such tables are
the key components of a relational database. A majority of this text concerns the design of
such tables and techniques for manipulating the data they contain.
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WHAT ARE THE PROBLEMS WITH USING LISTS?

Figure 1-3 shows a simple list of student data, named the Student List,® stored in a spread-
sheet. The Student List is a very simple list, and for such a list a spreadshest works quite well.
Even if the list is long, you can sort it alphabetically by last name, first name, or email address
to find any entry you want. You can change the data values, add data for a new student, or
delete student data. With a list like the Student List in Figure 1-3, none of these actions is
problematic, and a database is unnecessary. Keeping this list in a spreadsheet is just fine.

Suppose, however, we change the Student List by adding adviser data, as shown in
Figure 1-4. You can still sort the new Student with Adviser List in a number of ways to find
an entry, but making changes to this list causes modification problems. Suppose, for
example, that you want to delete the data for the student Chip Marino. As shown in
Figun: 1-5. if vou delete the :ig]'lt]i row (the row numbered 8—this is al:tua]ly the seventh
row of data because of the column headers, but it s easier to refer to the row number
shown in the figure) you not only remove Chip Marine's data, you also remove the fact that
there is an adviser named Tran and that Professor Tran's email address is Ken Tran(@
ourcampus.edu.

Similarly, updating a value in this list can have unintended consequences. If, for exam-
ple, you change AdviserEmail in the Bfth row, you will have inconsistent data. After the
change, the fourth row indicates one email address for Professor Taing, and the fifth row
indicates a different email address for the same professor. Or is it the same professor?
From this list, we cannot tell if there is one Professor Taing with two inconsistent email
addresses or whether there are two professors named Taing with different email addresses.
By making this update, we add confusion and uncertainty to the list.

Finally, what do we do if we want to add data for a professor who has no advisees? For
example, Professor George Green has no advisees, but we still want to record his email
address. As shown in Figure 1-3, we must insert a row with incomplete values, called null
values, in the database field. In this case, the term wall value means a missing valoe, but
there are other meanings of the term mall palie that are used when working with databases.
We will discuss the problems of null values in detail in Chapter 2, where we will show that
null values are always problematic and that we want to avoid them whenever possible.

FIGURE 1-3 ") W . > — 1]
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FIGURE 1-4
The Student with Adviser List
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Mn order 1o easily identify and reference the lists being discussed, we capitalize the first lewer of each
word in the list names in this chapter. Similarly, we capitalize the names of the darabase rables associated
with the lists.
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MNow, what exactly happened in these rwo examples? We had a simple list with four
columns, added two more columns to it, and thereby created several problems. The
problem is not just that the list has six columns instead of four. Consider a different list that
has six columns: the Student with Residence List shown in Figure 1-6. This list has fve
columns, vet it suffers from none of the problems of the Student with Adviser List in
Figure 1-5.

In the Student with Besidence List in Figure 1-6, we can delete the data for student
Chip Marino and lose only data for that student. No unintended consequences occur.
Similarly, we can change the value of Residence for student Tzu Lai without introducing
any inconsistency. Finally, we can add data for student Garret Ingram and not have any
null values.

An essential difference exists between the Student with Adviser List in Figure 1-3
and the Student with Residence List in Figure 1-6. Looking at those two figures, can
vou determine the difference? The essential difference is that the Student with
Besidence List in Figure 1-6 is all about a simgle thing: All the data in that list concern
students. In contrast, the Student with Adviser List in Figure 1-5 is about fwe things:
Some of the data concern stwdents, and some of the data concern advisers. In general,
whenever a list has data about two or more different things, modification problems will
result.

To reinforce this idea, examine the Student with Adviser and Department List in
Figure 1-7. This list has data about three different things: stwdemts, advrsers, and
departmeents. As you can see in the figure, the problems with inserting, updating, and delet-
ing data just get worse. A change in the value of AdviserLastName, for example, might
necessitate a change in only AdviserEmail, or it might require a change in AdviserEmail,
Department, and AdminLastName. As vou can imagine, if this list is long—for example, if
the list has thousands of rows—and if several people process it, the list will be amess in a
very short time,

Modification Problems in the Student with Adviser List
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FIGURE 1-6
The Student with Residence List
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FIGURE 1-7

The Student with Adviser and Department List
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USING RELATIONAL DATABASE TABLES

The problems of using lists were first identified in the 19605, and a number of different
techniques were developed to solve them. Owver time, 2 methodology called the relational
model emerged as the leading solution, and today most commercial databases are still
based on the relational model. We examine the relational model in detail in Chapter 2.
Here, however, we introduce the basic ideas of the relational model by showing how it
solves the modification problems of lists.

Remember your cighth-grade English teacher? He or she said that a paragraph should
have a single theme. If you have a paragraph with more than one theme, you need to break
it up into two or more paragraphs, each with a simgle therre. That idea is the foundation of
the design of relational databases. A relational database contains a collection of separate
tables. A table holds data about one and only one theme in most drcumstances. If a table
has two or more themes, we break it up into two or more tables.

A Relational Design for the Student with Adviser List

The Student with Adviser List in Figures 14 and 1-5 has two themes: students and advisers,
If we put this data into a relational database, we place the student data in one table named
STUDENT and the adviser data in a second table named ADVISER.

A darabase usually has multiple tables, and each table contains data about a different
type of ﬂli.ng. For r_mmpl-l:, Figun:: 1-8 shows a database with two tables: The STUDENT
table holds data about students, and the ADVISER table holds data abour advisers.

A table has rows and columns, like those in a spreadsheet. Each row of a table has
data about a particular occurrence or instance of the thing of interest. For example,
each row of the STUDENT table has data about one of seven students: Andrews,
Brisbon, Fischer, Hwang, Lai, Marino, and Thompson. Similarly, each row of the
ADVISER table has data about a particular adviser. Because each row records the data
tor a specific instance, each row is also known as a record. Each column of a table stores

a characteristic common to all rows. For example, the first column of STUDENT stores

StudentNumber, the second column stores StudentLastName, and so forth. Columns
are also known as helds.
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FIGURE 1-8
The Adviser and Student Tables
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Arcress W19, Windows 10, Mecrosofl Corporation.

A table and a spreadsheet (also known as a worksheef) are very similar in that
you can think of both as having rows, columns, and cells. The details that
define a table as something different from a spreadsheet are discussed in
Chapter 2. For now, the main differences you see are that tables have column
names instead of identifying letters (for example, Name instead of A) and that
the rows are not necessarily numbered.

Although, in theory, you could switch the rows and columns by putting
instances in the columns and characteristics in the rows, this is never done.
Every database in this text and 99.999999 percent of all databases throughout
the world store instances in rows and characteristics in columns.

g BTW

In this book, table names appear in all capital, or uppercase, letters (STUDENT,
ADVISER). Column names have initial capitals {Phone, Address), and where
column names consist of more than one word, the initial letter of each word is
capitalized (LastName, AdviserEmail).

We still want to show which students have which advisers, however, so we leave
AdviserLastName in the STUDENT table. As shown in Figure 1-8, the valuss of
AdviserLastName now let us link rows in the two tables to each other.

Now consider possible modifications to these tables. As you saw in the last section,
three basic modification actions arc possible: insert, update, and delete. To evaluate a de-
sign, we need to consider cach of these three actions. As shown in Figure 1-9, we can insert,
updatl:. and delete in these tables with no modification FLTJIJI-I:I'I'!IE.
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FIGURE 1-9

Modifying the Adviser and Student Tables
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For example, we can insert the data for Professor Bill Yeats by just adding his data
to the ADVISER table. Mo student references Professor Yeats, but this is not a pm]:-
lem. Perhaps a student will have Professor Yeats as an adviser in the future. We can
also update data values without unintended consequences. The email address for
Professor Susan Taing can be changed to Sue. Taing®@ourcampus.edu, and no inconsis-
tent data will result because Professor Taing's email address is stored just once in the
ADVISER table. Finally, we can delete data without unintended consequences. For
example, if we delete the data for student Chip Marino from the STUDENT table, we

lose no adviser data.

A Relational Design for the Student with Adviser
and Department List

We can use a similar strategy to develop a relational database for the Student with Adviser
and Department List shown in Figure 1-7. This list has three themes: students, advisers, and
deparimenis. Accordingly, we create three tables, one for cach of these three themes, as
shown in Figure 1-10.

As illustrated in Figure 1-10, we can use AdviserLast™Name and Department to link the
tables. Also, as shown in this ligure, this set of tables does not have any modification prob-
lems. We can insert new data without creating null values, we can modify data without
creating inconsistencies, and we can delete data without unintended consequences. Notice
in particular that when we add a new row to DEPARTMENT, we can add rows in
ADVISER, if we want, and we can add rows in STUDENT for each of the new rows in
ADVISER, if we want. However, all these actions are independent. None of them leaves
the tables in an inconsistent state.

Similarly, when we modify an AdviserLastName in a row in STUDENT, we automati-
cally pick up the adviser's correct first name, email address, and department. If we change
AdviserLastName in the first row of STUDENT to Taing, it will be connected to the row in
ADVISER that has the correct AdviserFirstName, AdviserEmail, and Dcpa.rl:l:m:nt values.
If we want, we can also use the value of Department in ADVISER to obtain the correct
DEPARTMENT data. Finally, notice that we can delete the row for student Marino with-
out a problem.

As an aside, the design in Figure 1-10 has removed the problems that occur when
modifying a list, but it has also introduced a new problem, this time in the ADVISER rable.
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The Department, Adviser, and Student Tables
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Access 2018, Windows 10, Microsoft Corporation.

Specifically, what would happen if we deleted the fist row in ADVISER? Students
Andrews and Fischer would have an invalid value of AdviserLastName because Professor
Baker would no longer exist in the ADVISER table. To prevent this problem, we can de-
sign the database so that a deletion of a row is not allowed if other rows depend on it or we
can design it so that the dependent rows are deleted as well. Also, with the current table
design we can't have two or more advisers with the same last name! We are skipping way
ahead here, however, and we will discuss such issues in later chapters.

A Relational Design for Art Course Enroliments

To fix in your mind the ideas we have been examining, consider the Ant Course List in Figure
1-11, which is used by an ant school that offers art courses to the public. This list has modifica-
tion problems. For example, suppose we change the value of CourseDate in the first row. This
change might mean that the date for the coumse is changing, in which case the CourseDate
values should be changed in other rows as well. Altermnatively, this change could mean that a
new Advanced Pastels (Adv Pastels) course is being offered. Either is a possibility.

As with the previous examples, we can remove the problems and ambiguities by creat-
ing a separate table for each theme. However, in this case the themes are more difficult 1o
determine. Clearly, one of the themes is customer and another one is art cowrse. However, a
third theme exists that is more difficult to bring to light. The customer has paid a certain
amount toward a course. The amount paid is not a property of the customer because it var-
ies depending on which course the customer is taking. For example, customer Ariel
Johnson paid 3230 for the Advanced Pastels (Adv Pastels) course and $330 for the
Intermediate Pastels (Int Pastels) course. Similarly, the amount paid is not a propenty of the
course because it varies with which customer has taken the course. Therefore, the third
theme of this list must concern the errollment of a particular student in a particular class.



