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Introduction

This book was born from a translation of a book originally written by Lex de Haan in Dutch. That book
was first published in 1993, and went through several revisions in its native Dutch before Lex decided to
produce an English version. Apress published that English version in 2005 under the title “Mastering
Oracle SQL and SQL*Plus”. The book has since earned respect as excellent, accurate, and concise
tutorial on Oracle’s implementation of SQL.

While SQL is a fairly stable language, there have been changes to Oracle’s implementation of it over
the years. The book you are holding now is a revision of Lex’s original, English-language work. The book
has been revised to cover new developments in Oracle SQL since 2005, especially those in Oracle
Database 11g Release 1 and Release 2. The book has also been given the title “Beginning Oracle SQL”.
The new title better positions the book in Apress’s line, better refects the content, fits better with
branding and marketing efforts, and marks the book as a foundational title that Apress intends to
continue revising and publishing in the long term.

About this Book

This is not a book about advanced SQL. It is not a book about the Oracle optimizer and diagnostic tools.
And it is nota book about relational calculus, predicate logic, or set theory. This book is a SQL primer. It
is meant to help you learn Oracle SQL by yourself. It is ideal for self-study, but it can also be used as a
guide for SQL workshops and instructor-led classroom training.

This is a practical book; therefore, you need access to an Oracle environment for hands-on
exercises. All the software that you need to install Oracle Database on either Windows or Linux for
learning purposes is available free of charge from the Oracle Technology Network (OTN). Begin your
journey with a visit to the OTN website at:

http://www.oracle.com/technology/index.html

From the OTN home page, you can navigate to product information, to documentation and manual
sets, and to free downloads that you can install on your own PC for learning purposes.

This edition of the book is current with Oracle Database 11g Release 2. However, Oracle SQL has
been reasonable stable over the years. All the examples should also run under Release 1. And most will
still run under Oracle Database 10g, under Oracle Database 9i, and even under Oracle Database 84, if
you're running software that old. Of course, as you go further back in release-time, you will find more
syntax that is not supported in each successively older release. Oracle Corporation does tend to add a
few new SQL features with each new release of their database product.

Oracle Corporation has shown great respect for SQL standards over the past decade. We agree with
supporting standards, and we follow the ANSI/ISO standard SQL syntax as much as possible in this
book. Only in cases of useful, Oracle-specific SQL extensions do we deviate from the international
standard. Therefore, most SQL examples given in this book are probably also valid for other database
maagement system (DBMS) implementations supporting the SQL language.
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SQL statements discussed in this book are explained with concrete examples. We focus on th emain
points, avoiding peripheral and arcane side-issues as much as possible. The examples are presented
clearly in a listing format, as in the example shown here in Listing I-1.

1. Listing I-1. A SQL SELECT Statement

SELECT ‘Hello world!’
FROM dual;

One difference between this edition and its predecessor is that we omit the “SQL>" prompt from
most of our examples. That prompt comes from SQL*Plus, the command-line interface that old-guard
database administrators and developers have used for years. We now omit SQL*Plus promts from all
examples that are not specific to SQL*Plus. We do that out of respect for the growing use of graphical
interfaces such as Oracle SQL Developer.

This book does not intend (nor pretend) to be complete; the SQL language is too voluminous and
the Oracle environment is much too complex. Oracle’s SQL referenc e manual, named Oracle SQL
Reference, comes in at just over 1500 pages for the Oracle Database 11g Release 2 edition. Moreover, the
current ISO SQL standard documentation has grown to a size that is simply not feasible anymore to print
on paper.

The main objective of this book is the combination of usability and affordability. The official Oracle
documentation offers detailed information in case you need it. Therefore, it is a good idea to have the
Oracle manuals available while working through the examples and exercises in this book. The Oracle
documentation is available online from the OTN website mentioned earlier in this introduction. You can
access that documentation in html from, or you can download PDF copies of selected manuals.

The focus of this book is using SQL for data retrieval. Data definition and data manipulation are
covered in less detail. Security, authorization, and database administration are mentioned only for the
sake of completeness in the “Overview of SQL” section of Chapter 2.

Throughout the book, we use a case consisting of seven tables. These seven tables contain
information about employees, departments, and courses. As Chris Date, a well-known guru in the
professional database world, said during one of his seminars, “There are only three databases:
employees and departments, orders and line items, and suppliers and shipments.”

The amount of data (i.e., the cardinality) in the case tables is deliberately kept low. This enables you
to check the results of your SQL commands manually, which is nice while you're learning to master the
SQL language. In general, checking your results manually is impossible in real information systems due
to the volume of data in such systems.

It is not the data volume or query response time that matters in this book. What’s important is the
database structure complexity and SQL statement correctness. After all, it does no good for a statement
to be fast, or to perform well, if all it does in the end is produce incorrect results. Accuracy first! That’s
true in many aspects of life, including in SQL.

About the Chapters of this Book

Chapter 1 provides a concise introduction to the theoretical background of information systems and
some popular database terminology, and then continues with a global overview of the Oracle software
and an introduction to the seven case tables. It is an important, foundational chapter that will help you
get the most from the rest of the book.

Chapter 2 starts with a high-level overview of the SQL language. We follow that with an introduction
to SQL*Plus and SQL Developer. The first — SQL*Plus - is a command-line tool that you can use to send a
SQL statement to the database and get results back. Many database administrators use SQL*Plus
routinely, and you can rely upon it to be present in any Oracle Database installation. SQL Developer is
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also a tool for testing and executing SQL. It comes with a graphical user interface, and it is a tool that has
gained much ground and momentum with developers.

Data definition is covered in two nonconsecutive chapters: Chapter 3 and Chapter 7. This is done to
allow you to start with SQL retrieval as soon as possible. Therefore, Chapter 3 covers only the most basic
data-definition concepts (tables, datatypes, and the data dictionary).

Retrieval is also spread over multiple chapters—four chapters, to be precise. Chapter 4 focuses on
the SELECT, WHERE, and ORDER BY clauses of the SELECT statement. The most important SQL functions are
covered in Chapter 5, which also covers null values and subqueries. In Chapter 8, we start accessing
multiple tables at the same time (joining tables) and aggregating query results; in other words, the FROM,
the GROUP BY, and the HAVING clauses get our attention in that chapter. To finish the coverage of data
retrieval with SQL, Chapter 9 revisits subqueries to show some more advanced subquery constructs.
That chapter also introduces windows and analytical functions, hierarchical queries, and flashback
features.

Chapter 6 discusses data manipulation with SQL. The commands INSERT, UPDATE, DELETE, and
MERGE are introduced. This chapter also pays attention to some topics related to data manipulation:
transaction processing, read consistency, and locking.

In Chapter 7, we revisit data definition, to drill down into constraints, indexes, sequences, and
performance. Synonyms are explained in the same chapter. Chapters 8 and 9 continue coverage of data
retrieval with SQL.

Chapter 10 introduces views. What are views, when should you use them, and what are their
restrictions? This chapter explores the possibilities of data manipulation via views, discusses views and
performance, and introduces materialized views.

Chapter 11 is about automation. SQL statements can be long, and sometimes you want to execute
several in succession. Chapter 11 shows you how to develop automated scripts that you can run via
SQL*Plus. Many, many Oracle databases are kept alive and healthy by automated SQL*Plus scripts
written by savvy database administrators.

Oracle is an object-relational database management system. Since Oracle Database 8, many object-
oriented features have been added to the SQL language. As an introduction to these features, Chapter 12
provides a high-level overview of user-defined datatypes, arrays, nested tables, and multiset operators.

Finally, the book ends with two appendixes. Appendix A at the end of this book provides a detailed
look into the example tables used in this book’s examples. Appendix B gives the exercise solutions.

About the Case Tables

Chapter 1 describes the case tables used in the book’s examples. Appendix A goes into even more detail,
should you want it. The book’s catalog page on the Apress.com website contains a link to a SQL*Plus
script that you can use to create and populate the example tables. The direct link to that page is:
http://apress.com/book/view/1430271970. When you get there, look on the left side of the page for a
section entitled “Book Resources”. You should find a “Source Code” link within that section. Click on
that link to download the script.
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CHAPTER 1

Relational Database Systems
and Oracle

The focus of this book is writing SQL in Oracle, which is a relational database management system. This
first chapter provides a brief introduction to relational database systems in general, followed by an
introduction to the Oracle software environment. The main objective of this chapter is to help you find
your way in the relational database jungle and to get acquainted with the most important database
terminology.

The first three sections discuss the main reasons for automating information systems using
databases, what needs to be done to design and build relational database systems, and the various
components of a relational database management system. The following sections go into more depth
about the theoretical foundation of relational database management systems.

This chapter also gives a brief overview of the Oracle software environment: the components of such
an environment, the characteristics of those components, and what can you do with those components.

The last section of this chapter introduces seven sample tables, which are used in the examples and
exercises throughout this book to help you develop your SQL skills. In order to be able to formulate and
execute the correct SQL statements, you'll need to understand the structures and relationships of these
tables.

This chapter does not cover any object-relational database features. Chapter 12 discusses the
various Oracle features in that area.

1.1 Information Needs and Information Systems

Organizations have business objectives. In order to realize those business objectives, many decisions
must be made on a daily basis. Typically, a lot of information is needed to make the right decisions;
however, this information is not always available in the appropriate format. Therefore, organizations
need formal systems that will allow them to produce the required information, in the right format, at the
right time. Such systems are called information systems. An information system is a simplified reflection
(a model) of the real world within the organization.

Information systems don’t necessarily need to be automated—the data might reside in card files,
cabinets, or other physical storage mechanisms. This data can be converted into the desired information
using certain procedures or actions. In general, there are two main reasons to automate information
systems:

¢ Complexity: The data structures or the data processing procedures become too
complicated.

¢  Volume: The volume of the data to be administered becomes too large.
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If an organization decides to automate an information system because of complexity or volume (or
both), it typically will need to use some database technology.
The main advantages of using database technology are the following:

e  Accessibility: Ad hoc data-retrieval functionality, data-entry and data-reporting
facilities, and concurrency handling in a multiuser environment

e Availability: Recovery facilities in case of system crashes and human errors
e Security: Data access control, privileges, and auditing
¢ Manageability: Utilities to efficiently manage large volumes of data

When specifying or modeling information needs, it is a good idea to maintain a clear separation
between information and application. In other words, we separate the following two aspects:

¢  What: The information content needed. This is the logicallevel.

e  How: The desired format of the information, the way that the results can be
derived from the data stored in the information system, the minimum
performance requirements, and so on. This is the physicallevel.

Database systems such as Oracle enable us to maintain this separation between the “what” and the
“how” aspects, allowing us to concentrate on the first one. This is because their implementation is based
on the relational model. The relational model is explained later in this chapter, in Sections 1.4 through
1.7.

1.2 Database Design

One of the problems with using traditional third-generation programming languages (such as COBOL,
Pascal, Fortran, and C) is the ongoing maintenance of existing code, because these languages don’t
separate the “what” and the “how” aspects of information needs. That’s why programmers using those
languages sometimes spend more than 75% of their precious time on maintenance of existing programs,
leaving little time for them to build new programs.

When using database technology, organizations usually need many database applications to
process the data residing in the database. These database applications are typically developed using
fourth- or fifth-generation application development environments, which significantly enhance
productivity by enabling users to develop database applications faster while producing applications with
lower maintenance costs. However, in order to be successful using these fourth- and fifth-generation
application development tools, developers must start thinking about the structure of their data first.

It is very important to spend enough time on designing the data model before you start coding your
applications. Data model mistakes discovered in a later stage, when the system is already in production,
are very difficult and expensive to fix.

Entities and Attributes

In a database, we store facts about certain objects. In database jargon, such objects are commonly
referred to as entities. For each entity, we are typically interested in a set of observable and relevant
properties, commonly referred to as attributes.
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When designing a data model for your information system, you begin with two questions:

1.
2.

Which entities are relevant for the information system?

Which attributes are relevant for each entity, and which values are allowed for

those attributes?

We’ll add a third question to this list before the end of this chapter, to make the list complete.

For example, consider a company in the information technology training business. Examples of
relevant entities for the information system of this company could be course attendee, classroom,
instructor, registration, confirmation, invoice, course, and so on. An example of a partial list of relevant
attributes for the entity ATTENDEE could be the following:

Registration number
Name

Address

City

Date of birth

Blood group

Age

Gender

For the COURSE entity, the attribute list could look as follows:

Title

Duration (in days)
Price

Frequency

Maximum number of attendees

Note There are many different terminology conventions for entities and attributes, such as objects, object types,
types, object occurrences, and so on. The terminology itself is not important, but once you have made a choice,
you should use it consistently.

Generic vs. Specific

The difference between generic versus specificis very important in database design. For example,

common words in natural languages such as book and course have both generic and specific meanings.
In spoken language, the precise meaning of these words is normally obvious from the context in which
they are used.
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When designing data models, you must be very careful about the distinction between generic and
specific meanings of the same word. For example, a course has a title and a duration (generic), while a
specific course offering has a location, a certain number of attendees, and an instructor. A specific book
on the shelf might have your name and purchase date on the cover page, and it might be full of your
personal annotations. A generic book has a title, an author, a publisher, and an ISBN code. This means
that you should be careful when using words like course and book for database entities, because they
could be confusing and suggest the wrong meaning.

Moreover, we must maintain a clear separation between an entity itself at the generic level and a
specific occurrence of that entity. Along the same lines, there is a difference between an entity attribute
(at the generic level) and a specific attribute value for a particular entity occurrence.

Redundancy

There are two types of data: base data and derivable data. Base data is data that cannot be derived in any
way from other data residing in the information system. It is crucial that base data is stored in the
database. Derivable data can be deduced (for example, with a formula) from other data. For example, if
we store both the age and the date of birth of each course attendee in our database, these two attributes
are mutually derivable—assuming that the current date is available at any moment.

Actually, every question issued against a database results in derived data. In other words, it is both
undesirable and impossible to store all derivable data in an information system. Storage of derivable
data is referred to as redundancy. Another way of defining redundancy is storage of the same data more
than once.

Sometimes, it makes sense to store redundant data in a database; for example, in cases where
response time is crucial and in cases where repeated computation or derivation of the desired data
would be too time-consuming. But typically, storage of redundant data in a database should be avoided.
First of all, it is a waste of storage capacity. However, that’s not the biggest problem, since gigabytes of
disk capacity can be bought for relatively low prices these days. The challenge with redundant data
storage lies in its ongoing maintenance.

With redundant data in your database, it is difficult to process data manipulation correctly under all
circumstances. In case something goes wrong, you could end up with an information system containing
internal contradictions. In other words, you would have inconsistent data. Therefore, redundancy in an
information system results in ongoing consistency problems.

When considering the storage of redundant data in an information system, it is important to
distinguish two types of information systems:

e Online transaction processing (OLTP) systems, which typically have continuous
data changes and high volume

e Decision support (DSS) systems, which are mainly, or even exclusively, used for
data retrieval and reporting, and are loaded or refreshed at certain frequencies
with data from OLTP systems

In DSS systems, it is common practice to store a lot of redundant data to improve system response
times. Retrieval of stored data is typically faster than data derivation, and the risk of inconsistency,
although present for load and update of data, is less likely because most DSS systems are often read-only
from the end user’s perspective.
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Consistency, Integrity, and Integrity Constraints

Obviously, consistency is a first requirement for any information system, ensuring that you can retrieve
reliable information from that system. In other words, you don’t want any contradictions in your
information system.

For example, suppose we derive the following information from our training business information
system:

e Attendee 6749 was born on February 13, 2093.
e The same attendee 6749 appears to have gender Z.
e There is another, different attendee with the same number 6749.

e We see a course registration for attendee 8462, but this number does not appear in
the administration records where we maintain a list of all persons.

In none of the above four cases is the consistency at stake; the information system is unambiguous
in its statements. Nevertheless, there is something wrong because these statements do not conform to
common sense.

This brings us to the second requirement for an information system: data integrity. We would
consider it more in accordance with our perception of reality if the following were true of our
information system:

e For any course attendee, the date of birth does not lie in the future.
¢ The gender attribute for any person has the value M or F.
e Every course attendee (or person in general) has a unique number.

¢  We have registration information only for existing attendees—that is, attendees
known to the information system.

These rules concerning database contents are called constraints. You should translate all your
business rules into formal integrity constraints. The third example—a unique number for each person—
is a primary key constraint, and it implements entity integrity. The fourth example—information for only
persons known to the system—is a foreign key constraint, implementing referential integrity. We will
revisit these concepts later in this chapter, in Section 1.5.

Constraints are often classified based on the lowest level at which they can be checked. The
following are four constraint types, each illustrated with an example:

e Attribute constraints: Checks attributes; for example, “Gender must be M or F.”

¢ Row constraints: Checks at the row level; for example, “For salesmen, commission
is a mandatory attribute.”

e Table constraints: Checks at the table level; for example, “Each employee has a
unique e-mail address.”

o Database constraints: Checks at the database level; for example, “Each employee
works for an existing department.”

In Chapter 7, we’ll revisit integrity constraints to see how you can formally specify them in the SQL
language.
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At the beginning of this section, you learned that information needs can be formalized by
identifying which entities are relevant for the information system, and then deciding which attributes
are relevant for each entity. Now we can add a third step to the information analysis list of steps to
produce a formal data model:

1. Which entities are relevant for the information system?
2. Which attributes are relevant for each entity?

3.  Which integrity constraints should be enforced by the system?

Data Modeling Approach, Methods, and Techniques

Designing appropriate data models is not a sinecure, and it is typically a task for IT specialists. On the
other hand, it is almost impossible to design data models without the active participation of the future
end users of the system. End users usually have the most expertise in their professional area, and they
are also involved in the final system acceptance tests.

Over the years, many methods have been developed to support the system development process
itself, to generate system documentation, to communicate with project participants, and to manage
projects to control time and costs. Traditional methods typically show a strict phasing of the
development process and a description of what needs to be done in which order. That’s why these
methods are also referred to as waterfall methods. Roughly formulated, these methods distinguish the
following four phases in the system development process:

1. Analysis: Describing the information needs and determining the information
system boundaries

2. Logical design: Getting answers to the three questions about entities,
attributes, and constraints, which were presented in the previous section

3. Physical design: Translating the logical design into a real database structure
4. Build phase: Building database applications

Within the development methods, you can use various techniques to support your activities. For
example, you can use diagram techniques to represent data models graphically. Some well-known
examples of such diagram techniques are Entity Relationship Modeling (ERM) and Unified Modeling
Language (UML) In the last section of this chapter, which introduces the sample tables used throughout
this book, you will see an ERM diagram that corresponds with those tables.

Another example of a well-known technique is normalization, which allows you to remove
redundancy from a database design by following some strict rules.

Prototypingis also a quite popular technique. Using prototyping, you produce “quick and dirty”
pieces of functionality to simulate parts of a system, with the intention of evoking reactions from the end
users. This might result in time-savings during the analysis phase of the development process, and more
important, better-quality results, thus increasing the probability of system acceptance at the end of the
development process.

Rapid application development (RAD) is also a well-known term associated with data modeling.
Instead of the waterfall approach described earlier, you employ an iterative approach.

Some methods and techniques are supported by corresponding computer programs, which are
referred to as computer-aided systems engineering (CASE) tools. Various vendors offer complete and
integral support for system development, from analysis to system generation, while others provide basic
support for database design even though their products are general-purpose drawing tools (Microsoft
Visio is an example).



