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PREFACE
Data are valuable assets of the organization. Database is a key component of the
information systems in business. Database technology is critically important to
business. This book is designed for business students who study database technology
for data resource management.
The database management systems are powerful tools for constructing and
accessing databases. Currently, many user-friendly end-user oriented relational
database management systems are available on the commercial software market or are
accessible as open source software products. However, people often do not fully
realize the importance of understanding accurate concepts of database. In fact, a
poorly designed database or misuse of database management systems would do more
harm than good for the organization. The objective of this book is to help students
understand the precise concepts of database and develop practical skills of database
design, implementation, and application. Upon the completion of study of this book,
students should be able to build and to manage databases in a professional way. More
importantly, students should be able to develop their independent learning ability to
learn advanced features of database design, implementation, application, and
management.
IT has been the most innovative field in the modern era. Ironically, after it was
first introduced to the computational world longer than three decades ago, the
relational database model is still the most popular database model in the IT industry.
Although research into object-oriented database has been carrying on for many years,
the relational database model is still the main stream of databases in business. There is
no evidence that the relational database model will phase-out any soon.
There have been hundreds textbooks of database on the market. Given the long
history of database, many database textbooks were written decades ago and revised for
numerous times. The volumes of these database textbooks are usually huge since they
contain many secondary contents which might be useful decades ago but are no longer
essential to know, especially for business students. On the other hand, contemporary
topics, such as physical database design and database application for business
intelligence (e.g., OLAP) are lacking in these textbooks. Furthermore, some textbooks
are totally database management systems independent, but others seem to over-
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emphasize specific database management systems (e.g., Oracle or Microsoft Access).
This book maintains a good balance between the core concepts and secondary
concepts, and includes both basic knowledge of database and hands-on material for
Microsoft Access, a widely available end-user oriented relational database management
system.
In this book, a huge amount of material about database design,
implementation, and application is boiled down to a practically workable volume.
The book is self-contained. It includes ten chapters of fundamentals of database
technology, sufficient problem solving exercise questions for each chapter, answers to
the representative exercise questions, key learning objectives of each chapter, three
tutorials for projects of database technology applications or large assignments, and a
set of PPT slides handouts of the lectures.
The book is organized as follows. Chapter 1 provides an overview of database
systems. It highlights the key difference between data, information, and knowledge, as
well as the key concept of data redundancy. Chapter 2 introduces the important data
structure techniques that are commonly used in databases. Chapter 3 describes the
entity-relationship model which is a key element of the foundation of database design.
Chapter 4 discusses the relational database model. It ties the entity-relationship model
with the relational database model. Chapter 5 provides details of normalization
process which is another key element of the foundation of database design. Chapter 6
explains SQL, a standard database processing language. Chapter 7 discusses the
concept and major techniques of physical database design which is critical for largescale databases. Chapter 8 discusses the major database administration functions.
Chapter 9 discusses the key concept of distributed databases in the Internet
environment. Chapter 10 discusses the application of relational databases for business
intelligence in the data warehouse context. The book also contains a comprehensive
set of student study guides. Technical Guide A is a tutorial of database
implementation and application through the use of Microsoft Access. Technical
Guide B is a tutorial of data normalization process and ER diagram construction based
on data samples. Technical Guide C is a tutorial of OLAP using Microsoft Office.
Answers to selected exercise questions, review sheets for preparation for exams, and a
set of PPT slides handouts are attached at the end of the book.
Nowadays, students and young managers are the digital generation. They expect to
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learn more about information technologies to meet the challenge of the “Big Data
Problem” in business. The vast amount of data creates an increasing degree of needs
as well as pressure for managers to understand and to use information for their
business. We believe that the basic foundation of database technology and data
resources management is definitely needed for business students to become successful
business professionals.
In summary, this textbook is written for university students in all majors who study
database technology for data resource management in business.

Shouhong Wang, PhD
University of Massachusetts Dartmouth
Hai Wang, PhD
Saint Mary’s University
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CHAPTER 1. INTRODUCTION
1.1. Database Technology
Database technology includes theory and application methodologies for building
information systems that manage, access, and process data. Database technology is
critically important for business in many aspects.
● Database technology supports the database development for information systems.
The database design is parallel with the business process analysis and design for the
information system development.
● Database technology empowers organizations to manage data resources to meet the
challenges of the “Big Data Problem”. Big data are a collection of data sets that are
large and complex. The challenges include capture, preservation, storage, search,
sharing, transfer, analysis, and visualization. The major objective of big data analysis is
to derive information from analyses of separate but related large sets of data to
determine global trends. Generally, big data are characterized by three dimensions:
volume (amount of data), velocity (speed of data in and out), and variety (range of data
types and sources).
● Database technology enables the society and business organizations to develop
organizational knowledge and to sustain organizational learning.
1.2. Data Are Resource of the Organization
Data are valuable resource of the organization. Data can be used for the organization
in day-to-day operations as well as in developing competitive advantages. There are
many types of data in business. For the time being, no commonly accepted taxonomy
of data is available, but the following types of data can be readily observed in business
organizations.
• Master data (e.g., customers)
• Transaction data (e.g., sales)
• Historical data (e.g., credit history)
• Secondary data (e.g., industrial publication)
• Subjective data (e.g., end-user survey)
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Master data characterize the properties of stakeholders of the organization. They
are resident in the system permanently, and are usually used for the daily activities.
Transaction data record the transactions of business, and are usually temporary. They
might be kept in the system for a certain period for specific purposes such as auditing.
Historical data are chronicle records of useful facts. Secondary data are facts obtained
from outside sources. Subjective data are human opinions.
One of the critical issues of data resource management is data quality. Generally,
data quality is measured by many attributes of data, including accuracy, objectivity,
believability, reputation, access, security, relevancy, value-added, timeliness,
completeness, amount of data, interpretability, ease of understanding, concise
representation, and consistent representation. The ultimate objective of databases is to
provide quality data for the organization in these data quality attributes.
1.3. Data, Information, Knowledge
Although the distinction between data, information, and knowledge can never be
unambiguous, we must differentiate the three for this database course. For our
purpose, data are raw facts; information is a product of processed data in a given
context; and knowledge is human interpretation of the real world. While tacit
knowledge is in the human’s mind, explicit knowledge can be represented and stored
by computers in a form of information. For instance, sales figures are data which
record the facts of sales. “The total of sales” is information because it is not a raw fact,
but is a processed result of sales of all sales teams over a certain period. A proposition
such as “the low total of sales is a result of the slow economy” is knowledge, because it is not a
raw fact, nor an immediate product of processed data, but is a human perception and
judgment. Note that data, information, and knowledge are not interchangeable terms
in this book. In principle, a database stores data (not information, nor explicit
knowledge), and is able to process the stored data to generate information for the user
to develop knowledge. Certainly, a computer can always store information and explicit
knowledge, but not in the normal form of database. In fact, “information repository”
and “knowledge base” are ambiguous terms for less structured digitalized resources.
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1.4. Common Mistakes in Data Resource Management
Data is a valuable resource of the organization. However, many people do not know
much about the database technology. They use non-database tools, such as Excel
spreadsheet or Word document, to store and manipulate business data, or use poorly
designed databases for business processes. Eventually, the data are redundant,
inconsistent, inaccurate, and corrupted. The corrupted data storage is actually a
garbage can. The common mistakes in data resources management are discussed as
follows.

(1) No control of redundant data
People often keep redundant data for convenience. Redundant data could make the
data set inconsistent. We use an example to explain why redundant data are harmful.
Suppose the registrar’s office has two separate files that store student data: one is the
registered student roster, and the other is student grade roster, as shown in Figure 1.1.
You can find in Figure 1.1 that the fact “the student holding the student number 1432 is Ann
Riley” is stored in both spreadsheets in multiple places. Such a duplication occurrence
that repeats the same fact stored in the data system is called data redundancy.
Redundant data often make data access convenient, but can be harmful. For example,
if Ann Riley changes her name, then all her names stored in the system must be
changed altogether. However, practically, making changes to all redundant data is
difficult if the data set is huge. As a result of data redundancy, the entire data set can
eventually be corrupted.

(2) Violation of data integrity
Data integrity means consistency among the stored data. We use the example in
Figure 1.1 to explain the concept of data integrity and how data integrity can be
violated if there is no systematic means to maintain data integrity. In Figure 1.1, you
can find in the grade roster that Chris Smith received a grade in MKT211; however,
you can’t find Chris Smith in the student roster. In this example, the two rosters are
not consistent. Suppose we have a data integrity control procedure to enforce the
rules, say, “no student can receive a grade unless she/he has registered”, then such a
violation of data integrity can never happen.
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Figure 1.1. An Example of Mistakes in Data Resource Management

(3) Relying on human memory to store and to search needed data
The third common mistake in data resource management is the over-use of human
memory for data search. A human can remember what data are stored and where the
data are stored, but may forget what data have been stored and where these data are
stored at any time. If a piece of data is stored in an un-remembered place, it has
actually been lost. As a result of relying on human memory to store and to search
needed data, the entire data set eventually becomes disorganized.
To avoid the above common flaws in data resource management, database
technology must be applied.
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1.5. Control Data Redundancy
One of the major objectives of data resource management is to control data
redundancy. Data redundancy not only waste resources for data entry and updating,
but also causes data inconsistence and thus corrupts the database. For instance,
suppose a customer holding a certain customer number has filed her data in five store
branches of a retail company, and the customer changes her address. The system must
remember to change all addresses in the five branches. If only one address is changed
and others remain unchanged, then her addresses are no longer consistent in the data
system of the retail company. We will further discuss other problems caused by data
redundancy later in this book.
Data redundancy occurs when the same fact is stored in more than one place.
Note that this definition of data redundancy should not be read like “the same number
(or text) is stored in more than one place.” Let us examine the examples in Figure 1.2
to understand more about data redundancy. There are two cases in Figure 1.2, and
both show the storages of the customers’ data and purchase data. In case (a), the
customer’s data repeat in several places. The fact that “the customer holding the customer
number 123456 is Smith who lives in Westport Rd. with phone number 508999” is stored twice.
Hence, case (a) is a case of data redundancy. In case (b), the fact that “the customer
holding the customer number 123456 is Smith” is stored in the CUSTOMER table only
once. Thus, it does not have the data redundancy problem occurred in case (a). Take
a look at the PURCHASE table in case (b). The same customer number 123456 is
stored in the two places. Does data redundancy occur here? The answer is no,
because the same customer number 123456 represents the two different facts in the
two places; that is, the customer 123456 had two purchases. Take a look at both tables
in case (b). The same customer number 123456 is stored in both tables. Does data
redundancy occur here? The answer is no. In the CUSTOMER table, this number
represents the fact that “the customer holding the customer number 123456 is Smith.”
However, in the PURCHASE table, the customer number 123456 represents different
facts of purchases made by this customer.
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Figure 1.2. Control Data Redundancy

This example shows that a system can avoid data redundancy, as long as the data
are stored in an appropriate way. On the other hand, this example also shows the
potential difficulty of data integration when the data has no redundancy. For
instance, more likely, the user of the data prefers the integrated data as shown in case
(a) of Figure 1.2 to find all associated facts in just one table. In case (b), the user has to
search the two tables and merge them together every time she wants to obtain the
integrated data. If the organization has a huge number of tables, it is impossible for
human to perform such tedious jobs. This example explains why computerized
database systems are needed to achieve no-redundancy as well data integration for data
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resource management.
1.6. Database and Database System
Organizations use database systems to manage data efficiently and effectively in the
following aspects.
(1) Controlled data redundancy - All data files are integrated into a single logical
structure of database. In principle, any fact is recorded once.
(2) Data consistency - As a result of data redundancy control, data in database are
consistent.
(3) Data sharing - All authorized users in the organization share the data in the
database.
(4) Facilitate application development - A database system provides powerful abilities
to access the data in the database.
(5) Wide-ranging data management functions - Database management systems
provide integrity control, backup and recovery, and security and privacy control
functions.
Key terms of database system are explained as follows:
● Database (DB) - A database is a collection of data which is accessed by more than
one person and/or which is used for more than one purpose.
● Database management system (DBMS) - A database management system is a
collection of procedures, languages and programs which can be used to facilitate the
design, implementation, operation, and maintenance of the database system.
● Data model - The data model of a database is the logical structure of the data items
and their relationships.
● Database administration procedures - The formal policies and procedures for the
data resource management in the organization.
● Database system - A database system consists of the database, the DBMS, the
computer hardware, database administrator (DBA), and the database administration
procedures for the database.
The general architecture of a database system is illustrated in Figure 1.3.
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Figure 1.3. Database System
1.7. Database Management Systems
To create and manage a database, a database management system (DBMS) must
be used. A DBMS is a software system which can be used to facilitate the design,
implementation, operation, and maintenance of database systems. The key concepts
of DBMS and common functions of DBMS are discussed as follows. Note that an
individual DBMS has its own algorithms and procedures to support those functions at
its own sophistication level.

1.7.1. Support database construction and data access
A DBMS provides the interface between the user and the computer to allow the user
to create a database, to input data, to update the database, and to access the data.

1.7.2. Control data redundancy
In principle, there should be no data redundancy in a database. However, in a large
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database, no redundancy will result in poor performance (i.e., slow response). As
explained later, a large database might have controlled data redundancy. Such data
redundancy might be temporary and has a limited scale. One of the DBMS functions
is to ensure that the controlled data redundancy does not compromise the data
accuracy and integrity.
Data integrity means consistency; that is, there are no conflicting facts in the
database. Data accuracy and verifiability are exchangeable terms of data integrity.
A redundant data set often causes data modification anomaly and violates data
integrity. Chapter 5 will further explain data modification anomaly. The DBMS
eliminates the data redundancy and avoids the data modification anomaly.

1.7.3. Provide data integration
Data integration refers to the ability to tie together pieces of related data upon the
request from the user. For instance, the user might like to have all data about “the
courses John Smith has taken, the grades he has received from these courses, and the instructors of those
courses” in a single table instead of searching several tables. Usually, integrated data
contain data redundancy, and are not supposed to be stored in the database
permanently. One of the DBMS functions is to support data integration by assembling
the available data in the database for the user while controlling the data redundancy.

1.7.4. Maintain data independency
Data are processed by computer programs. On the other hand, the format of data and
the way in which the data are stored on the media (disks) are highly dependent on the
individual database. One of the DBMS functions is to ensure the data independency
so that any changes in the data storage within the database do not require changes in
the application computer programs.

1.7.5. Monitor and improve data retrieval performance
As will be explained later, performance in a large database is crucial for the success of
the information system, and must be taken into account for the physical database
design. The DBMS monitors the data retrieval performance and provides
information for the DBA for the database physical design. A good DBMS has the

19

Chapter 1. Introduction
capacity to support database physical design, or even automatically take actions to
improve the data retrieval performance. We will further discuss physical database
design in Chapter 7.

1.7.6. Control data security
Data security is an important issue of database. The DBMS acts as a security guard
for the database. The DBMS applies the authentication process to verify that only
registered legitimate users are allowed to access the database. It applies the
authorization process to determine whether the user is allowed to read, to change, or
to delete a specific piece of data.

1.7.7. Enforce business rules and maintain data integrity
Many business rules related to the data can be built-in the database through defining
cardinality, modality, data access security, etc. For instance, “one professor can have only
one office” is a business rule. If the DBA builds this business rule in the database
through the definition of the cardinality, the DBMS will not allow the database to have
a fact that is contradictory to this business rule, and maintains the data integrity.

1.7.8. Manage concurrency control
When multiple users access and update the same piece of data concurrently, the data
could become incorrect. This is caused by the time delays between the data access and
the data updating among the multiple users, which is known as the concurrency
problem. A sophisticated DBMS has advanced techniques and procedures, called
concurrency control protocols, to manage concurrency control to ensure the correct
and prompt data access and data updating by multiple users in the data sharing
environment.

1.7.9. Perform backup and recovery
Databases are vulnerable and could be damaged by fire, flood, earthquake, and other
human-made or natural disasters. A good DBMS is able to perform backup from
time to time automatically, and to provide instructions for recovery when the database
is damaged. We will further explain backup and recovery later in this book.
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1.7.10. Maintain data dictionary
A database has a data dictionary, as further explained later in Chapter 8. A data
dictionary contains data about the database. The DBMS maintains the data dictionary
for the data resource management.

1.7.11. Facilitate database restructuring
The business environment keeps changing, so does the database. A DBMS can
facilitate offloading, redefinition, reloading, conversion, etc. to accommodate the
changes.
1.8. Commonly Used DBMS for Relational Database
There are many commonly used DBMS for relational database in business.
(1) ORACLE is Oracle Corporation’s product. It first appeared around 1979, and was
one of the first relational DMBS in the IT industry. It has been widely used in
business since then.
(2) IBM DB2 (or DB2) is IBM’s product. It was also a pioneer of relational DBMS in
the early 1980s. DB2 is the first commercialized database product that uses SQL
(Structured Query Language) which was also developed by IBM.
(3) MySQL was released in 1995. Later, MySQL becomes open-source software under
the GNU General Public License (GPL). MySQL is a popular choice of database for
Web applications, because it is closely tied to the popularity of PHP, an open-source
server-side programming language.
(4) Microsoft SQL Server was Microsoft's entry to the enterprise-level database
market, competing against ORACLE and IBM DB2 in about 1989. It is a widely used
DBMS in many enterprises.
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