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Here, in one definitive volume, is all the information you
need to understand and use SQL and its implementations in
accordance with the established SQL99 standard. Whether
you want to learn database programming from scratch,
you'd like to sharpen your SQL skills, or you need to know
more about programming for a heterogeneous database
environment, this book provides the complete menu.
Tutorials and code examples in each chapter make it an
indispensable reference for every level of expertise.

e Understand the definition and characteristics of
relational databases and SQL'’s role within RDBMS

e Recognize vendor-specific implementation variations
among Oracle, IBM DB2 UDB, and MS SQL Server

e Create and modify RDBMS objects like tables, views,
indexes, synonyms, sequences, and schemas using
Data Definition Language (DDL)

e Comprehend Data Manipulation Language (DML) from
different vendors’ perspectives



e Master single-table select statements and multitable
gueries from the ground up

e Explore in-depth SQL functions, operators, and data
types for major RDBMS implementations

e Discover new SQL developments including XML, OLAP,
Web services, and object-oriented features

About the Authors

Alex Kriegel, MCP/MCSD, has worked for Pope & Talbot,
Inc., in Portland, Oregon, since 2001 as Senior
Programmer/Analyst; prior to that, he worked for Psion
Teklogix International, Inc., in the same capacity. He
received his B.S. in Physics of Metals from Polytechnic
Institute of Belarus in 1988, discovered PC programming in
1992, and has never looked back since. He is also the
author of Microsoft SQL Server 2000 Weekend Crash
Course (Wiley, 2001).

Boris M. Trukhnov, OCP, has been working as Senior
Technical Analyst/Oracle DBA for Pope & Talbot, Inc., in
Portland, Oregon, since 1998. His previous job titles include
Senior Programmer Analyst, Senior Software Developer,
and Senior Operations Analyst. He has been working with
SQL and relational databases since 1994. Boris holds a B.S.
in Computer Science from the University of Minnesota.






SQL Bible
Alex Kriegel and Boris M. Trukhnov

Published by

Wiley Publishing, Inc.
10475 Crosspoint Boulevard
Indianapolis, IN 46256
www.wiley.com

Copyright © 2003 by Wiley Publishing, Inc., Indianapolis, Indiana
Published simultaneously in Canada

Library of Congress Control Number: 2003101832

ISBN: 0-7645-2584-0

10987654321

1B/QU/QUIQT/IN

No part of this publication may be reproduced, stored in a
retrieval system or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording, scanning or
otherwise, except as permitted under Sections 107 or 108 of the
1976 United States Copyright Act, without either the prior written
permission of the Publisher, or authorization through payment of
the appropriate per-copy fee to the Copyright Clearance Center,
222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax
(978) 646-8700. Requests to the Publisher for permission should
be addressed to the Legal Department, Wiley Publishing, Inc.,
10475 Crosspoint Blvd., Indianapolis, IN 46256, (317) 572-3447,
fax (317) 572-4447, E-Mail: permcoordinator@wiley.com.

LIMIT OF LIABILITY/DISCLAIMER OF WARRANTY: WHILE
THE PUBLISHER AND AUTHOR HAVE USED THEIR BEST



http://www.wiley.com/
mailto:permcoordinator@wiley.com

EFFORTS IN PREPARING THIS BOOK, THEY MAKE NO
REPRESENTATIONS OR WARRANTIES WITH RESPECT TO
THE ACCURACY OR COMPLETENESS OF THE CONTENTS
OF THIS BOOK AND SPECIFICALLY DISCLAIM ANY IMPLIED
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE. NO WARRANTY MAY BE CREATED
OR EXTENDED BY SALES REPRESENTATIVES OR WRITTEN
SALES MATERIALS. THE ADVICE AND STRATEGIES
CONTAINED HEREIN MAY NOT BE SUITABLE FOR YOUR
SITUATION. YOU SHOULD CONSULT WITH A
PROFESSIONAL WHERE APPROPRIATE. NEITHER THE
PUBLISHER NOR AUTHOR SHALL BE LIABLE FOR ANY
LOSS OF PROFIT OR ANY OTHER COMMERCIAL
DAMAGES, INCLUDING BUT NOT LIMITED TO SPECIAL,
INCIDENTAL, CONSEQUENTIAL, OR OTHER DAMAGES.

For general information on our other products and services or to
obtain technical support, please contact our Customer Care
Department within the U.S. at (800) 762-2974, outside the U.S. at
(317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats.
Some content that appears in print may not be available in
electronic books.

Trademarks: Wiley, the Wiley Publishing logo and related trade
dress are trademarks or registered trademarks of Wiley
Publishing, Inc., in the United States and other countries, and
may not be used without written permission. IBM and DB2 are
trademarks of IBM Corporation in the United States, other
countries, or both. Windows is a trademark of Microsoft
Corporation in the United States, other countries, or both. All
other trademarks are the property of their respective owners.
Wiley Publishing, Inc., is not associated with any product or
vendor mentioned in this book.



is a trademark of Wiley Publishing, Inc.

WILEY

About the Authors

Alex Kriegel, MCP/MCSD, has worked for Pope & Talbot, Inc., in
Portland, Oregon, since 2001 as Senior Programmer/Analyst;
prior to that, he worked for Psion Teklogix International, Inc., in
the same capacity. He received his B.S. in Physics of Metals from
Polytechnic Institute of Belarus in 1988, discovered PC
programming in 1992, and has never looked back since. He is
also the author of Microsoft SQL Server 2000 Weekend Crash
Course (Wiley, 2001).

Boris M. Trukhnov, OCP, has been working as Senior Technical
Analyst/Oracle DBA for Pope & Talbot, Inc., in Portland, Oregon,
since 1998. His previous job titles include Senior Programmer
Analyst, Senior Software Developer, and Senior Operations
Analyst. He has been working with SQL and relational databases
since 1994. Boris holds a B.S. in Computer Science from the
University of Minnesota.

Credits

Acquisitions Editor:
Jim Minatel

Project Editor:
Eric Newman

Technical Editors:
Ken Slovak
Peter Maclntyre

Copy Editor:
Maarten Reilingh



Editorial Manager:
Mary Beth Wakefield

Vice President & Executive Group Publisher:
Richard Swadley

Vice President and Executive Publisher:
Bob Ipsen

Vice President and Publisher:
Joseph B. Wikert

Executive Editorial Director:
Mary Bednarek

Project Coordinator:
Regina Snyder

Graphics and Production Specialists:
Beth Brooks

Amanda Carter

Jennifer Click

Carrie Foster

Joyce Haughey

Kristin McMullan

Quality Control Technician:
Charles Spencer

Media Development Specialist:
Greg Stafford

Proofreading and Indexing:
TECHBOOKS Production Services

I dedicate this book to the future of my sons, Phillip and Michael.
— Alex



In loving memory of my mother. — Boris



Preface
This book is about Structured Query Language.

Known familiarly as SQL, it is the standard language of relational
databases and the lingua franca of the database world. It has
been around for more than 20 years and shows no signs of
aging. This is mostly because of numerous revisions: proprietary
inventions frequently introduced by database vendors are either
adopted into the standard, or become obsolete as the database
community moves on. The latest SQL standard was introduced in
1999, and even though ANSI/ISO SQL standards do exist, many
of these standards remain rather theoretical and differ
significantly from implementation to implementation.

That makes it difficult to find an SQL book "that has it all." One
author might be biased toward a particular vendor so that you
might get a decent Oracle or MS SQL Server book but not
necessarily a good SQL one; a single explanation of all SQL
ANSI/ISO standards alone would hardly be useful to anyone on a
practical level. We believe that only a combination of these two
approaches can produce a good result.

Note The RDBMS world is divided between people who
pronounce SQL as "ess-cue-ell" and those who
pronounce it as "sequel." This book holds the former as
the correct pronunciation, hence the usage "an SQL
keyword" rather than "a SQL keyword."

A comparison of modern database vendors shows

that Oracle, IBM DB2, and Microsoft SQL Server have and are
likely to continue to have the lion's share of the market. This does
not mean that other vendors are irrelevant. Some features they
offer can meet or even exceed those of the "big three" (as we call



them); they have their devoted customers, and they are going to
be around for years to come. But because we cannot possibly
cover each and every proprietary SQL extension, we decided to
concentrate on the "big three" and explain SQL features with an
emphasis on how they vary among Oracle, DB2, and MS SQL
Server and how they differ from the SQL99 standard.

Note Sybase Adaptive Server SQL syntax is similar to the
Microsoft SQL

Server's syntax in many respects, and most of this
book's MS SQL Server examples would also work with
the Sybase RDBMS.



Whom This Book Is For
This book

is for readers of all levels — from beginners to advanced users.
Our goal was to provide a comprehensive reference that would
help everyone who needs to communicate with relational
databases, especially in a heterogeneous environment.
Programmers and database administrators can find up-to-date
information on the SQL standard and the dialects employed by
most popular database products. Database users can gain a
deeper understanding of the behind-the-scenes processes and
help with their daily tasks regardless of which of the three major
RDBMS they are working with. Managers evaluating database
products will gain an insight into internals of RDBMS technology.
For managers who must plan for the RDBMS needs of their
organizations, this book also explains the role SQL is playing in
modern businesses and what is in store for SQL in the future.



How This Book Is Organized

The book contains seventeen chapters presented in six parts.
There are also twelve appendixes.

Part I: SQL Basic Concepts and Principles

The three chapters in Part | introduce you to SQL — the standard
language of relational databases. Chapter 1 describes the history
of the language and relational database systems (RDBMS), and
Chapters 2 and 3 provide a high-level overview of the major
principles upon which SQL is built, as well as an in-depth
discussion of SQL data types. We emphasize the differences
between the SQL standard and that of the three major RDBMS
implementations — Oracle 9/, IBM DB2 UDB 8.1, and Microsoft
SQL Server 2000.

Part ll: Creating and Modifying Database Objects

Part ll's two chapters continue with a thorough explanation of
database objects — tables, views, indices, sequences, and the
like. They include SQL syntax for creating, modifying, and
destroying database objects, again highlighting differences
between the standard and its specific implementations.

Part lll: Data Manipulation and Transaction Control

In Part Ill, Chapter 6 introduces you to Data Manipulation
Language (DML), which handles inserting, updating, and deleting
records in database tables. It also discusses in detail advanced
MERGE and TRUNCATE statements. Once again, we give special
consideration to differences among the Oracle, IBM, and
Microsoft RDBMS implementations. Chapter 7 explains sessions,
transactions, and locking mechanisms in a multiuser environment




from the point of the view of the SQL standard and compares it
with the actual implementations.

Part IV: Retrieving and Transforming Data

Part |V introduces one of the most important SQL statements —
SELECT — in Chapters 8 and 9. We proceed from simple single-
table queries to advanced multitable SELECT statements,
explaining the differences between vendor-specific
implementations. Chapter 10 is dedicated to the SQL functions. It
covers dozens of functions either mandated by the SQL standard
or supplied by RDBMS vendors. We cross-reference the most
common functions for all three major implementations. Chapter
11 discusses SQL operators, their implementation across the
RDBMS vendors, and their uses in different contexts.

Part V: Implementing Security Using System Catalogs

One cannot underestimate the importance of information security
in our increasingly interconnected world. Chapter 12 introduces
the key concepts of database security, including basic security
through SQL and advanced security incorporated by the vendors
into their respective products. Chapter 13 looks at the issue of
accessing metadata information in the RDBMS through SQL
standard—mandated INFORMATION_SCHEMA and system

catalogs.

Part VI: Beyond SQL: Procedural Programming and
Database Access Mechanisms

The chapters in Part VI deal with the topics that are not the
domain of SQL proper, such as procedural extensions (like
Oracle's PL/SQL and Microsoft's Transact SQL) for creating
stored procedures, functions, and triggers. Here you'll find a
comprehensive overview of both Embedded and Dynamic SQL



that delves into the complex topic of RDBMS access interfaces
(like ODBC, OLEDB, ADO.NET, and JDBC) with programming
examples in C, Visual Basic, Java, and C#. The |ast chapter is
dedicated to new developments taking place today in the SQL
world: XML integration, OLAP business intelligence, and object-
oriented features of RDBMS.

Appendixes

The appendixes provide "How-to" guides and reference material
too voluminous and dry for the main text.

= Appendix A describes the contents of the CD-ROMSs.

= Appendix B describes the ACME sample database
structure used in virtually every example in the book.

» Appendix C discusses the basics of relational database
design.

= Appendixes D, E, and E explain in detail how to install
RDBMS software, how to access the RDBMS of your
choice, and how to install the ACME sample database
(the full SQL scripts are included with the book's CD-
ROM).

» Appendix G lists more than 500 SQL functions for Oracle,
IBM DB2 UDB, and Microsoft SQL Server 2000, with a
brief description of the functionality of each.

= Appendix H provides the syntax reference for SQL for
quick lookup of needed statements.

» Appendix | is a list of all SQL reserved keywords that
should not be used in your programming as identifiers.

» Appendix J provides a comparison between the SQL99
standard and its actual implementation by the "big three"



vendors.

» Appendix K lists dozens of different RDBMS products that
you could use besides those developed by Oracle, IBM,
and Microsoft.

= Appendix L provides a brief introduction to the theory of
sets and discrete math, which will be helpful to you in
understanding the general principles that govern SQL.

CD-ROM

As noted previously, the book includes a CD-ROM. For detailed
information on its content, see Appendix A.



Conventions Used in This Book

All the programming code in this book, including SQL statements,
database object names, variable declarations, and so on,
appears in this fixed-width font.

Hierarchical menu choices are shown in the following way:
FileaSave, which in this example means to select File on a menu
bar, then choose Save from the submenu that appears.

Throughout the book you will also find the following icons, among
others:

Note Notes provide additional information on the topic at
hand.

Tip Tips show you ways of getting your work done faster or
more efficiently.

Caution A Caution provides additional information that you
should take into consideration.

Cross- Cross-References show where in another
References part of the book you can find related subject
matter.

What Is a Sidebar?

Sidebars present relevant but sometimes off-the-main-topic
information.
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Chapter 1: SQL and Relational Database
Management Systems (RDBMS)



Overview

Information may be the most valuable commodity in the modern
world. It can take many different forms — accounting and payroll
information, information about customers and orders, scientific
and statistical data, graphics—to mention just a few. We are
virtually swamped with data. And we cannot — or at least we'd
like to think about it this way — afford to lose it, but these days
we simply have too much data to keep storing it in file cabinets or
cardboard boxes. The need to safely store large collections of
persistent data, efficiently "slice and dice" it from different angles
by multiple users and update it easily when necessary is critical
for every enterprise. That need mandates the existence of
databases, which accomplish all the tasks listed above, and then
some. To put it simply, a database is just an organized collection
of information — with emphasis on organized.

A more specific definition often used as a synonym for "database”
Is database management system (DBMS). That term is wider
and, in addition to the stored information, includes some methods
to work with data and tools to maintain it.

Note DBMS can be defined as a collection of interrelated
data plus a set of programs to access, modify, and
maintain the data. More about DBMS later in this
chapter.

Desirable database characteristics

There are many ideas about what a database is and what it
should do. However, all modern databases should have at least
the following characteristics.

Sufficient capacity



A database's primary function is to store large amounts of
information. For example, an order management system for a
medium-sized company can easily grow into gigabytes of data;
the bigger the company, the more data it needs to store and rely
upon. A company that wants to keep historical (archival) data will
require even more storage space. The need for storage capacity
is growing rapidly, and databases provide for structured storage.

Adequate security

As was noted previously, enterprise data is valuable and must be
stored safely. That means protection of the stored data not only
from malicious or careless human activities, such as
unauthorized logins, accidental information
deletions/modifications, and so on, but also from hardware
failures and natural disasters.

Multiuser environment

It's also important to note that in order to be useful, the
information stored in a database must be accessible to many
users simultaneously at different levels of security, and, no matter
what, the data must stay consistent. For example, if two users try
to change the same piece of information at the same time, the
result can be unpredictable (e.g., data corruption), so situations
like that have to be handled appropriately by internal database
mechanisms. Also, certain groups of users may be allowed to
modify several pieces of information, browse other parts of it, and
be prevented from even viewing yet another part. (Some
company data can be strictly confidential with a very restricted
access.)

Effectiveness

Users need quick access to the data they want. It is very
important not only to be able to store data, but also to have



efficient algorithms to work with it. For example, it would be
unacceptable for users to have to scroll through each and every
record to find just one order among millions stored in the
database; the response to someone's querying the database
must be fast, preferably instantaneous.

Note As an analogy, suppose you wanted to find all the
occurrences of the word "object" in a book. You could
physically browse through the entire book page by page
until you reach the end. Or you could use the index and
determine that the word is used on pages 245, 246, and
348. This situation is comparable to using bad or good
programming algorithms.

Scalability

Databases must be flexible and easily adaptable to changing
business needs. That primarily means that the internal structure
of database objects should be easily modified with minimum
impact on other objects and processes; for example, to add a
field in a legacy database you would have to bring the whole
dataset offline, that is, make it inaccessible to users, modify it,
change and recompile related programs, and so on. We'll talk
more about that in the "Database Legacy" section of this chapter.

Another scalability aspect is that data typically lives longer than
the hardware and software used to access and manipulate it, so it
would not be very convenient to have to redesign the entire
database to accommodate the current "flavor-of-the-month"
development environment; for example, in case of a takeover or
when company management suddenly decides to switch
production environment from Java to C#.

User-friendliness



Databases are not just for programmers and technical personnel
(some would say not for programmers — period). Nontechnical
users constitute the majority of all database users nowadays.
Accountants, managers, salespeople, doctors and nurses,
librarians, scientists, technicians, customer service
representatives — for all these and many more people,
interaction with databases is an integral part of their work. That
means data must be easy to manipulate. Of course, most users
will access it through a graphical user interface with a predefined
set of screens and limited functionality, but ad-hoc database
gueries and reports become more and more popular, especially
among sophisticated, computer-literate users.

Note Consider this. An order management application has a
screen to view all orders and another window to browse
customers. It can also generate a number of reports,
including one to analyze orders grouped by customer.
But accountant Jerry is working on a report for his boss
and needs to find the ten customers with the highest
debt. He can request a new report from the IT
department, but it will take days (or even weeks)
because of bureaucratic routine, programmers'
busyness, or something else. The knowledge of SQL
can help Jerry to create his own ad-hoc query, get the
data, and finish his report.



Selecting Your Database Software

Every single DBMS on the market follows essentially the same
basic principles, there is a wide variety of database products on
the market, and it is very difficult for a person without solid
database background to make a decision on what would be the
right product to learn or use. The database market is chockfull of
different RDBMS: IBM DB2 UDB, Oracle, Microsoft SQL Server,
Sybase, Informix, PostgreSQL, to name just a few.

No two DBMS are exactly alike: There are relatively simple-to-
use systems, and there are some that require serious technical
expertise to install and operate on; some products are free, and
some others are fairly expensive — all in addition to a myriad of
some other little things like licensing, availability of expertise, and
so on. There is no single formula to help you in the DBMS
selection process but rather several aspects to consider while
making the choice. Here are the most common ones to start with.

Market share

According to a study by Gartner Dataquest, in 2001 the three
major DBMS implementations shared about 80 percent of the
database market. Oracle accounted for 32 percent, IBM DB2
about 31.6 percent, and Microsoft SQL Server 16.3 percent.
Informix (now part of IBM) ranked fourth with 3 percent, followed
by Sybase (2.6 percent); the rest of the market (14.4 percent) is
shared among dozens (or maybe hundreds) of small vendors and
nonrelational "dinosaurs." It's also worth noticing that the share of
the "top three" is constantly growing (at the expense of their
smaller competitors) — in 1997 the combined share of the "big
three" was less than 70 percent.

Total cost of ownership



The prices for the three major implementations are comparable
but could vary depending on included features, number of users,
and computer processors from under a thousand dollars for a
standard edition with a handful of licenses to hundreds of
thousands or even millions for enterprise editions with unlimited
user access. Many small database vendor implementations are
free. Skills are a different story. Database expertise is a costly
thing and usually is in short supply. On average, Oracle expertise
Is valued a little higher than comparable expertise for Microsoft
SQL Server or DB2. The total cost of ownership (TOC) analysis
released by vendors themselves tends to be biased, so use your
best judgment and do your homework before committing your
company to a particular vendor. Make no mistake about it: This is
a long-term commitment, as switching the database vendors
halfway into production is an extremely painful and costly
procedure.

Support and persistency

One may ask, why spend thousands of dollars on something that
can be substituted with a free product? The answer is quite
simple: For a majority of businesses the most important thing is
support. They pay money for company safety and shareholders'
peace of mind, in addition to all the bells and whistles that come
with an enterprise level product with a big name. (As the adage
goes: "No one was ever fired for buying IBM"....) First, they can
count on relatively prompt support by qualified specialists in case
something goes wrong. Second, the company management can
make a reasonable assumption that vendors like IBM, Microsoft,
or Oracle would still be around ten years from now. (Nobody can
guarantee that, of course, but their chances definitely look better
against the odds of their smaller competitors.) So, the less
expensive (and sometimes free) products by smaller database
vendors might be acceptable for small businesses, nonprofit
organizations, or noncritical projects, but very few serious



companies would even consider using them for, say, their payroll
or accounting systems.



Everything in Details: DBMS
Implementations

One book cannot possibly cover all existing database
implementations, and taking into consideration all these aspects,
we've decided to concentrate on "the big three": Oracle
Database, IBM DB2 UDB, and Microsoft SQL Server. These
implementations have many common characteristics: They are all
industrial-strength enterprise level relational databases (relational
database model and SQL standards are covered later in this
chapter), they use Structured Command Language (SQL)
standardized by the American National Standards Institute (ANSI)
and the International Organization for Standardization (ISO), and
all three are able to run on Windows operating system. Oracle
also is available on virtually any UNIX flavor, Linux, MVS, and
OpenVMS; DB2 UDB is running on UNIX/Linux, NUMA-Q, MVS,
0S/2, and AS/400.

Note ANSI is a private, nonprofit organization that
administers and coordinates the U.S. voluntary
standardization and conformity assessment system.
The Institute's mission is to enhance both the global
competitiveness of U.S. business and the U.S. quality of
life by promoting and facilitating voluntary consensus
standards and conformity assessment systems, and
safeguarding their integrity. ANSI was founded October
18, 1918 and is the official U.S. representative to the
International Organization for Standardization (ISO) and
some other international institutions.

The problem is, none of the databases mentioned earlier is 100
percent ANSI SQL compliant. (We'll talk about three levels of
conformance on the following pages; the feature compliance list
is given in Appendix J.) Each of these databases shares the
basic SQL syntax (though some diversity exists even there), but



the language operators, naming restrictions, internal functions,
datatypes (especially date and time related), and procedural
language extensions are implemented differently.

Cross- See Chapter 14 for more information on the
References  SQL procedural extensions.

Table 1-1 compares some data on maximum name lengths
supported by different database implementations.

Table 1-1: Maximum Name Length Restrictions for Some
of Database Objects

IBM MS SQL
DB2 Server ;)iracle
8.1 2000
Column name length 30 128 30
(characters)
Constraint name
length (characters) 18 128 >0
Index name length 128 128 30
(characters)
Number of table 255 1023 1000
columns

In an ideal world the standards would rule supreme, and SQL
would be freely shared among different implementations for the
benefit of humanity. Unfortunately, the reality looks somewhat
different. While it is possible to distill a standard SQL understood
by all database vendors' products, anything above some very
trivial tasks would be better, quicker accomplished with
implementation-specific features.



Real-Life Database Examples

To say that the databases are everywhere would be an
understatement. They virtually permeate our lives: Online stores,
health care providers, clubs, libraries, video stores, beauty
salons, travel agencies, phone companies, government agencies
like FBI, INS, IRS, and NASA — they all use databases. These
databases can be very different in their nature and usually have
to be specifically designed to cater to some special customer
needs. Here are some examples.

Note All relational databases can be divided into two main
categories according to their primary function — online
transaction processing (OLTP) and data warehouse
systems. OLTP typically has many users simultaneously
creating and updating individual records; in other words
it's volatile and computation-intensive. Data warehouse
Is a database designed for information processing and
analysis, with focus on planning for the future rather
than on day-to-day operations. The information in these
IS not going to change very often, which ensures the
information consistency (repeatable result) for the
users. In the real world most systems are hybrids of
these two, unless specifically designed as data
warehouse.

Order management system database

A typical database for a company that sells building materials
might be arranged as follows: The company must have at least
one customer. Each customer in the database is assigned one or
more addresses, one or more contact phones, and a default
salesperson who is the liaison between the customer and the
company. The company sells a variety of products. Each product
has a price, a description, and some other characteristics. Orders



can be placed for one or more product at a time. Each product
logically forms an order line. When an order is complete it can be
shipped and then invoiced. Invoice number and shipment number
are populated automatically in the database and can not be
changed by users. Each order has a status assigned to it:
COMPLETE, SHIPPED, INVOICED, and so on. The database also
contains specific shipment information (bill of lading number,
number of boxes shipped, dates, and so on). Usually one
shipment contains one order, but the database is designed in
such a way that one order can be distributed between more than
one shipment, as well as one shipment can contain more than
one order. Some constraints also exist in the database. For
example, some fields cannot be empty, and some other fields can
contain only certain types of information.

You already know that a database is a multiuser environment by
definition. It's a common practice to group users according to the
functions they perform and security levels they are entitled to.
The order management system described here could have three
different user groups: Sales department clerks' function is to enter
or modify order and customer information; shipping department
employees create and update shipment data; warehouse
supervisors handle products. In addition, all three user groups
view diverse database information under different angles, using
reports and ad-hoc queries.

We'll use this database, which we'll call ACME, throughout this
book for examples and exercises. ACME database is a simplified
version of a real production database. It has only 13 tables, and
the real one would easily have over a hundred.

Cross- See Appendix B (The ACME Sample

References Database) and Appendix F (Installing ACME
Database) for more detailed descriptions of
the database and installation instructions.



Health care provider database

A health provider company has multiple offices in many different
states. Many doctors work for the company, and each doctor
takes care of multiple patients. Some doctors just work in one
office, and others work in different offices on different days. The
database keeps information about each doctor, such as name,
address, contact phones, area of specialization, and so on. Each
patient can be assigned to one or more doctors. Specific patient
information is also kept in the database (name, address, phones,
health record number, date of birth, history of appointments,
prescriptions, blood tests, diagnoses, etc.). Customers can
schedule and cancel appointments and order prescription drugs
either over the phone or using the company Web site. Some
restrictions apply — for example, to see a specialist, the patient
needs an approval from his/her primary physician; to order a
prescription the patient should have at least one valid refill left,
and so on.

Now, what are the main database user groups? Patients should
be able to access the database using a Web browser to order
prescriptions and make appointments. This is all that patients
may do in the database. Doctors and nurses can browse
information about their patients, write and renew prescriptions,
schedule blood tests and X-Rays, and so on. Administrative staff
(receptionists, pharmacy assistants) can schedule appointments
for patients, fill prescriptions, and run specific reports.

Again, in real life this database would be far more complicated
and would have many more business rules, but our main goal
now is just to give a general idea what kind of information a
database could contain.

The health provider and order management system databases
are both examples of a typical hybrid database (though the
former is probably closer to an OLTP).



Scientific database

A database for genome research and related research areas in
molecular and cellular biology can be a good example of a
scientific database. It contains gene catalogs for completely
sequenced genomes and some partial genomes, genome maps
and organism information, and data about sequence similarities
among all known genes in all organisms in the database. It also
contains information on molecular interaction networks in the cell
and chemical compounds and reactions.

This database has just one user group — all researchers have
the same access to all the information. This is an example of a
data warehouse.

Nonprofit organization database

A database of an antique automobile club can be pretty simple.
Also, such an organization would not typically have too many
members, so the database is not going to be very large. You
need to store members' personal information such as address,
phone number, area of interest, and so on. The database might
also contain the information about the autos (brand, year, color,
condition, etc.). Autos are tied to their owners (members of the
club). Each member can have one or more vehicles, and a
vehicle can be owned by just one member.

The database would only have a few users — possibly, the
chairman of the club, an assistant, and a secretary.

The last two examples are not business-critical databases and
don't have to be implemented on expensive enterprise software.
The data still have to be kept safely and should not be lost, but in
case of, let's say, hardware failure it probably can wait a day or
two before the database is restored from a backup. So, the use of
a free database, like mySQL, PostgreSQL, or even nonrelational



Posgres is appropriate. Another good choice might be MS
Access, which is a part of Microsoft Office Tools; if you bought
MS Office just because you want to use Word and Excel, you
should be aware that you've got a free relational database as
well. (MS Access works well with up to 15 users.)



Database Legacy

Flat file, hierarchy, and network databases are usually referred as
legacy databases. They represent the ways people used to
organize information in prehistoric times — about 30 years ago.

Flat file databases

The flat file database was probably one of the earliest database
management systems. The idea behind flat file is a very simple
one: one single, mostly unstructured data file. It mirrors "ancient"
precomputer data storage systems: notebooks, grocery lists, and
so on. You could compare it to a desk drawer that holds virtually
everything — bill stubs, letters, small change. While requiring
very little effort to put information in, such a "design" becomes a
nightmare to get the information out, as you would have to scroll
through each and every record searching for the right one.
Putting relevant data into separate files and even organizing them
into tables (think of a file cabinet) alleviates the problem
somewhat but does not remove the major obstacles: data
redundancy (the same information might be stored more than
once in different files), slow processing speed ("'l know it was
there somewhere..."), error-prone storage and retrieval.
Moreover, it required intimate knowledge of the database
structure to work at all — it would be utterly useless to search for,
say, orders information in the expenses file.

Let's design a flat database system for an order entry system that
gathers information about customers, orders they've placed and
products the customers had ordered. If data is accumulated
sequentially, your file will contain information about customers,
then orders and products, then about some new customer, and
so on — all in the order the data is entered (Table 1-2). Just
imagine a task of extracting any meaningful information from this
mess, not to mention that a lot of the cells will remain empty.



(What would you fill Quantity column for the "Ace Hardware" or
Address column for "Nails" with?)

Table 1-2: Flat File Records Keeping

Name Type Address Price || Quantity
Nails Product n/a 100 2000
1234
Ace Customer Willow Ct n/a n/a

Hardware Seattle,

Washington
Cedar Product | n/a 2000 | 5000
planks

Dissatisfaction with these shortcomings stimulated development
in the area of data storage-and-retrieval systems.

Note Excel is often used to create flat file databases.

Hierarchical databases

The concept of a hierarchical database was around since the
1960s and — believe it or not — it is still in use. The hierarchical
model is fairly intuitive: As the name implies, it stores data in
hierarchical structure, similar to that of a family tree, organization
chart, or pyramid; some readers could visualize a computer file
system as it is presented through some graphical interface.

The most popular hierarchical database product is IBM's
Information Management System (IMS) that runs on mainframe
computers. First introduced in 1968, it is still around (after a
number of reincarnations), primarily because hierarchical
databases provide impressive raw speed performance for certain
types of queries.



It is based on "parent/child" paradigm in which each parent could
have many children but each child has one and only one parent.
You can visualize this structure as an upside down tree, starting

at the root (trunk) and branching out at many levels (Eigure 1-1).

ROOT

[CHILD 1ALEVEL 1] [CHILD 2AEVEL 1] [CHILD 30 EVEL 1]

[cHILD 1LEVEL 2] [cHILD 2 EvEL 2] [cHILD 1LEVEL 2] [CHILD 1A EVEL 2] Figure 1-1:
Hierarchical structure

Since the records in a child table are accessed through a
hierarchy of levels there could not be a record in it without a
corresponding pointer record in the parent table — all the way up
to the root. You could compare it to a file management system
(like a tree-view seen in the Microsoft Windows Explorer) — to
get access to a file within a directory one must first open the
folder that contains this file.

Let's improve upon the previously discussed flat file model.
Instead of dumping all the information into a single file you are
going to split it among three tables, each containing pertinent
information: business name and address for the CUSTOMER table;
product description, brand name, and price for the PRODUCT
table; and an ORDER_HEADER table to store the details of the
order.

In the hierarchical database model redundancy is greatly reduced
(compared with flat file database model): You store information
about customer, product, and so on once only. The table
ORDER_HEADER (Eigure 1-2) would contain pointers to the
customer and to the product this customer had ordered;
whenever you need to see what products any particular customer
purchased, you start with ORDER_HEADER table, find list of id(s)
for all the customers who placed orders and list of product id(s)


clbr://internal.invalid/book/fig01_01_0.jpg

for each customer; then, using CUSTOMER table you find the

customer name you are after, and using products id(s) list you get
the description of the products from the PRODUCT table.

ORDER_HEADER

N

CUSTOMER PRODUCT
Figure 1-2: Hierarchical database example

Everything works great as long as one is willing to put up with a
somewhat nonintuitive way of retrieving information. (No matter
what information is requested one always has to start with the
root, i.e., ORDER_HEADER table.) Should you need only
customers' names the hierarchical database would be blazingly
fast — going straight from a parent table to the child one. To get
any information from the hierarchical database a user has to have
an intimate knowledge of the database structure; and the
structure itself was extremely inflexible — if, for instance, you'd
decided that the customers must place an order through a third
party, you'd need to rewire all relationships because CUSTOMER
table would not be related to ORDER_HEADER table anymore, and
all your queries will have to be rewritten to include one more step
— finding the sales agent who sold this product, then finding
customers who bought it. It also makes obvious the fact that you
did not escape the redundancy problem — if you have a
customer who places an order through more than one sales
agent, you'll have to replicate all the information for each agent in
a number of customer tables.

But what happens if you need to add a customer that does not
have a placed order, or a product that no one yet ordered? You
cannot — your hierarchical database is incapable of storing
information in child tables without a parent table having a pointer
to it: by the very definition of hierarchy there should be neither a



product without an order, nor a customer without an order —
which obviously cannot be the case in the real world.

The hierarchical databases handle one-to-many relationship (see
Chapter 2 for definition) very well. However, in many cases you
will want to have the child be related to more than one parent:
Not only one product could be present in many orders, but one
order could contain many products. There is no answer (at least
not an easy one) within the domain of hierarchical databases.

Network databases

Attempts to solve the problems associated with hierarchical
databases produced the network database model. This model
has its origins in the Conference on Data Systems Languages
(CODASYL), an organization founded in 1957 by the U.S.
Department of Defense. CODASYL was responsible for
developing COBOL — one of the first widely popular
programming languages — and publishing the Network Database
standard in 1971 The most popular commercial implementation of
the network model was Adabas (long since converted to the
relational model).

The network model is very similar to the hierarchical one; it is
also based on the concept of parent/child relationship but
removes the restriction of one child having one and only one
parent. In the network database model a parent can have multiple
children, and a child can have multiple parents. This structure
could be visualized as several trees that share some branches. In
network database jargon these relationships came to be known
as sets.

In addition to the ability to handle a one-to-many relationship, the
network database can handle many-to-many relationships.

Cross- One-to-one, one-to-many, and many-to-many



References relationships are explained in Chapter 2.

Also, data access did not have to begin with the root; instead one
could traverse the database structure starting from any table and
navigating a related table in any direction (Eigure 1-3).

ORDER HEADER

CUSTOMER }——— SALESMAN | |
Figure 1-3: Network database example

PRODUCT |

In this example, to find out what products were sold to what
customers we still would have to start with ORDER_HEADER and
then proceed to CUSTOMER and PRODUCT — nothing new here.
But things greatly improve for the scenario when customers place
an order through more than one agent: no longer does one have
to go through agents to list customers of the specific product, and
no longer has one to start at the root in search of records.

While providing several advantages, network databases share
several problems with hierarchical databases. Both are very
inflexible, and changes in the structure (for example, a new table
to reflect changed business logic) require that the entire database
be rebuilt; also, set relationships and record structures must be
predefined.

The major disadvantage of both network and hierarchical
database was that they are programmers' domains. To answer
the simplest query, one had to create a program that navigated
database structure and produced an output; unlike SQL this
program was written in procedural, often proprietary, language
and required a great deal of knowledge — of both database
structure and underlying operating system. As a result, such
programs were not portable and took enormous (by today's
standards) amount of time to write.
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Relational Databases

The frustration with the inadequate capabilities of network and
hierarchical databases resulted in the invention of the relational
data model. The relational data model took the idea of the
network database some several steps further. Relational models
— just like hierarchical and network models — are based upon
tables and use parent/child relationships. (Though this
relationship was implemented through column values as opposed
to a low-level physical pointer defining the relationship; more on
that later in the chapter.)

Tables

A table is a basic building unit of the relational database. Itis a
fairly intuitive way of organizing data and has been around for
centuries. A table consists of rows and columns (called records
and fields in database jargon). Each table has a unique name in
the database (i.e., unique fully qualified name, the one that
includes schema or database name as a prefix).

Note The Dot (.) notation in a fully qualified name is
commonly used in the programming world to describe
hierarchy of the objects and their properties. This could
refer not only to the database objects but also to the
structures, user-defined types, and such. For example,
a table field in an MS SQL Server database could be
referred to as ACME.DBO.CUSTOMER. CUST_ID N
where ACME is a database name, DBO is the table
owner (Microsoft standard), CUSTOMER is the name of
the table, and CUST _ID_N is the column name in the
CUSTOMER table.

Cross- See Chapter 4 for more on table and other
References database object names.



Each field has a unique name within the table, and any table
must have at least one field. The number of fields per table is
usually limited, the actual limitation being dependent on a
particular implementation. Unlike legacy database structure,
records in a table are not stored or retrieved in any particular
order (although, records can be arranged in a particular order by
means of using clustered index — discussed in Chapter 4); the
task of sorting the record in relational databases systems
(RDBMS) is relegated to SQL.

A record thus is composed of a number of cells, where each cell
has a unique name and might contain some data. A table that
has no records is called an empty table.

Data within the field must be of the same type, for example, the
field AMOUNT contains only numbers, and field DESCRIPTION,
only words. The set of the data within one field is said to be
column's domain.

Note Early databases — relational or otherwise — were
designed to contain only text data; modern databases
store anything that could be converted into binary
format: pictures, movies, audio records, and so on.

The good relational design would make sure that such a record
describes an entity — another relational database term to be
discussed later in the book but worth mentioning here. To put it in
other words, the record should not contain irrelevant information:
CUSTOMER table deals with the customer information only, its
records should not contain information about, say, products that
this customer ordered.

Note The process of grouping the relevant data together,
eliminating redundancies along the way is called
normalization and will be discussed in Chapter 2. It is



not part of SQL per se, but it does impose limits on the
SQL query efficiency.

There is no theoretical limit on the number of rows a table could
have, though some implementations impose restrictions; also
there are (or at least ought to be) practical considerations to the
limits: data retrieval speed, amount of storage, and so on.

Relationships

Tables in RDBMS might or might not be related. As it was
mentioned before, RDBMS is built upon parent/child relationship
notion (hence the name — relational), but unlike"in legacy
databases (hierarchical, network) these relations are based solely
on the values in the table columns; these relationships are
meaningful in logical terms, not in low-level computer specific
pointers. Let's take the example of our fictitious order entry
database (the one that we will design, build, and use throughout
the book). The ORDER_HEADER table is related to CUSTOMER
table since both of these tables have a common set of values:
The field ORDHDR_CUSTID_FN (customer ID) in ORDER_HEADER
(and its values) corresponds to CUST_ID_N in CUSTOMER.
The field CUST_ID_N is said to be a primary key for the
CUSTOMER table and a foreign key for the ORDER_HEADER table
(under different name).

Primary key

The primary key holds more than one job in RDBMS. We've said
already that it is used to define a relationship; but its primary role
Is to uniquely identify each record in a table.

In the days of legacy databases, the records were always stored
in some predefined order; if such an order had to be broken
(because somebody had inserted records in a wrong order or



business rule was changed), then the whole table (and, most
likely, the whole database) had to be rebuilt. The RDBMS
abolishes fixed order for the records, but it still needs some
mechanism of identifying the records uniquely, and the primary
key, based on the idea of a field (or fields) that contains set
unique values, serves exactly this purpose.

By it is very nature, the primary key cannot be empty; this means
that in a table with defined primary key, the primary key fields
must contain data for each record.

Note Though it is not a requirement to have a primary key on
each and every table, it is considered to be a good
practice to have one; in fact, many RDBMS
implementations would warn you if you create a table
without defining a primary key. Some purists go even
further, specifying that the primary key should be
meaningless in the sense that they would use some
generated unique value (like EMPLOYEE_1ID) instead of,
say, Social Security numbers (despite that these are
unique as well).

A primary key could consist of one or more columns, i.e., though
some fields may contain duplicate values, their combination (set)
is unique through the entire table. A key that consists of several
columns is called a composite key.

Note In the world of RDBMS, only tables that have primary
keys can be related. Though the primary key is a
cornerstone for defining relation in RDBMS, the actual
implementations (especially early ones) have not
always provided a built-in support for this logical
concept. In practice, the task of enforcing uniqueness of
a chosen primary key was the responsibility of
programmers (requiring them to check for existing
values before inserting new records, for example).



Today all major relational database products have built-
in support for primary keys; on a very basic level this
means that the database does its own checking for
unique constraint violations and will raise an error
whenever an attempt to insert a duplicate record is
made.

Foreign key

Let's go back to our CUSTOMER and ORDER_HEADER tables. By
now you understand why the CUST_ID_N was designated as a
primary key — it has unique value, no customer can possibly
have more than one ID, and no ID could be assigned to more
than one customer. To track what customers placed which orders,
you need something that will provide a link between customers
and their orders.

Table ORDER_HEADER has its own primary key — ORDHDR_ID_N
which uniquely identifies orders; in addition to that it will have a
foreign key ORDHDR_CUSTID_FN field. The values in that field
correspond to the values in the CUST_ID_N primary key field for
the CUSTOMER table. Note that, unlike the primary key, the foreign
key is not required to be unique — one customer could place
several orders.

Now, by looking into ORDER_HEADER table you can find which
customers placed particular orders. The table ORDER_HEADER
became related to table CUSTOMER. It became easy to find a
customer based on orders, or find orders for a customer. You no
longer need to know database layout, order of the records in the
table, or master some low-level proprietary programming
language to query data; it's now possible to run ad-hoc queries
formulated in standard English-like language — the Structured
Query Language.



Invasion of RDBMS

In spite of the clear advantages of the relational database model,
it took some time for it to become workable. One of the main
reasons was the hardware. The logically clear and clean model
proved to be quite a task to implement, and even then it required
much more in terms of memory and processing power than
legacy databases.

The development of relational databases was driven by the need
of the medium to big businesses to gather, preserve, and analyze
data. In 1965, Gordon Moore, the cofounder of Intel, made his
famous observation that the number of transistors per square
inch on the integrated circuits (IC) doubles every year ever since
the IC were invented. Surprisingly, this rule still holds true. More
powerful machines made it feasible to implement and sell
RDBMS; cheap memory and powerful processors made them
fast; perpetually growing appetites for information made RDBMS
products a commodity, drastically cutting their price down. Today,
according to some estimates, less than 10 percent of the market
Is being held by the database legacy "dinosaurs" — mostly
because of significant investment made by their owners more
than 20 years ago. For better or for worse, relational database
systems have come to rule on planet Earth.



Object Database and Object-Relational
Database Models

The innovation did not stop here. At the end of the 1980s the
buzzword was object-oriented programming (OOP). Because of
very similar reasons (memory requirements, processing power)
as those preventing widespread adoption of RDBMS, object-
oriented programming did not take off until well into the 1990s.
OOP languages are based on the notion that a programming (or
business) problem could be modeled in terms of objects.

While the code of the program remained practically the same, the
way the code was organized changed dramatically; it also
changed the way programs were constructed, coded, and
executed. For programming applications that communicate with
the databases it would be only natural to store objects on an as-is
basis instead of disassembling them into text and putting them
back together when needed.

Modern RDBMS have the ability to store binary objects (e.g.,
pictures, sounds, etc.), in the case of OO databases, they need to
store conceptual objects: customer, order, and so on. The
emerging standard (SQL3) was designed to work with object-
oriented databases. There are several products on the market for
OODBS (object-oriented database systems) and OORDBMS
(object-oriented relational database systems) that offer object-
oriented features combined with reasonable performance, though
none of these meet with a widespread adoption — as yet.

While SQL itself is not an object-oriented language now, it might
as well be — in the future. Meanwhile, several vendors (Oracle,
IBM) supplied their flagship database products with capability to
use Java as procedural language that has some embedded SQL
statements.



The other development worth noticing is a wide adoption of
eXtensible Markup Language (XML). XML was developed as a
logical evolution of the plain static HyperText Markup Language
(HTML) used to generate Web pages. XML is discussed in the
final chapters of this book as it has not become a part of the SQL
standard yet, and is implemented through proprietary extensions
to the RDBMS. An XML document contains self-describing data
in a platform-independent industry-standard format that makes it
easy to transform into different types of documents, to search, or
to transfer across heterogeneous network.

Every major RDBMS release is either a new version of its product
or an add-in to the existing one to handle XML. The logical step in
this direction would be to create an XML native database, that is,
a database that stores data in XML format, without parsing XML
documents when storing the records nor reconstituting them from
text-based data for retrieval. In theory, that would speed up XML-
related database operation.



Brief History of SQL and SQL Standards

As we already know, prerelational databases did not have a set of commands
to work with data. Every database either had its own proprietary language or
used programs written in COBOL, C, and so on to manipulate records. Also,
the databases were virtually inflexible and did not allow any internal structure
changes without bringing them offline and rewriting tons of code. That worked
more or less effectively until the end of the 1960s, when most computer
applications were based strictly on batch processing (running from beginning to
end without user interaction).

Humble beginnings: RDBMS and SQL evolution

In the early 1970s, the growth of online applications (programs that require
user's interaction) triggered the demand for something more flexible. The
situations when an extra field was required for a particular record or a number
of subfields exceeded the maximum number in the file layout became more
and more common.

For example, imagine that CUSTOMER record set has two fixed-length fields,
ADDRESS1 (for billing address) and ADDRESS2 (for shipping address), and it
works for all customers for some period of time. But what if a customer, who
owns a hardware store, has bought another store, and now this record must
have more than one shipping address? And what if you have a new customer,
WILE ELECTRONICS INC., who owns ten stores? Now, you have two choices.
You can take the whole dataset offline, modify the layout, and
change/recompile all programs that work with it. But then, all other customers
that just have one store each will have nine unnecessary fields in their records
(Eigure 1-4). Also, nobody can guarantee that tomorrow some other customer
is not going to buy, say, 25 stores, and then you'll have to start over again.
Another choice would be to add ten identical records for Wile Electronics Inc.,
completely redundant except for the shipping address. The programs would
still have to be changed, because otherwise they may return incorrect results

(Eigure 1-5).

MAME BLLADDR SHIPADDR 1 [SHPADDR 2 [SRIPADDR N | SHIPADDR 10 |
TIES USA IR 125 LANRCA ST, | 444 FIvE 51

WILE ELECTRONICS IE [ 41 LONDGN AVE [z52 L 5T [ oRsT_] ww | Figure 1-4: Multiple columns to
resolve multiple addresses for CUSTOMER

MAGN
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NAME BILLADDR SHIPADDR

MAGNETICS LISA INC. 123 LAVACA ST 444 PINE 5T
WILE ELECTRONICS INC. 411 LONDON AVE 232 EEL ST
W ECTRONICS INC 411 LONDON AVE 454 DAK 5T,

CTROMICS INC 411 LONDON AV 456 WILLOW 51

W CTROMICS INC 411 LONDOM AV 678 MAFLE AVI
WILE ELECTRONICS INC 411 LOMDON AV 332 WALNUT 5T
WILE ELECTROKICS INC. 411 LOMDON AVE 531 DEER ST

WILE ELECTROMICS INC. 411 LONDOMN AVE B854 CEDAR AVE
WILE ELECTROMICS INC 411 LONDON AV 911 MYRTLE 5T,
WILE ELECTROMICS INC. 411 LONDON AV 177 SITHA AVE.
WILE ELECTRONICS INC 411 LOMDON AV 999 ELK AVE

Figure 1-5: Multiple records to resolve multiple addresses for CUSTOMER

So, as you can see, most problems are actually rooted in the structure of the
database, which usually consisted of just one file with records of a fixed length.
The solution is to spread data across several files and reassemble the required
data when needed. We already mentioned hierarchical and network database
models that definitely were attempts to move in this direction, but they still had
had too many shortcomings, so the relational model became the most popular
technique. The problem we just discussed would not be a problem at all in a
relational database, where CUSTOMER and ADDRESS are separate entities
(tables), tied by primary/foreign key relationship (Eigure 1-6). All we have to do
is to add as many ADDRESS records as we want with a foreign key that refers

to its parent (Eigure 1-7).

[cusTOMER [ADDRESS

cosr e | ]| ADDR_cUsTID_FN
ADDR_ADDRESS. S
ADDR_TYPE S
ADDR_CITY. S
ADDR_STATE S
[|ADDR_LIP S
ADDR_COUNTRY_S

Figure 1-6: Primary/Foreign Key relationship between tables

[ CUST_ID_N | CUST_NAME S |
[ WILE ELECTRONICS INC |

™,
ADDR_CLISTHR,FN ADDR_ADDRESS_S ADDR_TYPE S
S (A ]#11 5 LONDON AVE BILLING

T] 454 OAK ST SHIPFING
71| 678 MAPLE AVE. SHIFFING
T [ 599 ELK AVE.

T 1777 SITEA AVE
I

[

[

711317 MYRTLE 5T

7 || 865 CEDAR AVE

7 1|531 DEER ST

7|[ 232 WALNUT 51

7] (456 WILLOW ST. SHIFPING
W Tzaz EiL ST SHIFPING

Figure 1-7: Resolving the multiple customer addresses problem within
relational model

Note Our example might not look very convincing — it almost looks like
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that instead of adding new shipping addresses to CUSTOMER, we just
added the same records to a separate ADDRESS table. In fact, the
difference is huge. In a real-life legacy database, CUSTOMER file
would not have just NAME and ADDRESS fields, but rather it would
contain tons of other information: about orders, products, invoices,
shipments, etc. All that would be repeated every time you accessed
the database, even for something as simple as adding a new
shipping address.

Another advantage of the relational schema was a simplified logic for the
applications that worked with data. For example, let's assume the nonrelational
CUSTOMER dataset has fields for a maximum of five customer orders. (That
easily could be a couple fields per order, by the way.) If you want to display all
orders for a specific customer, a program will have to scroll through all these
fields, determine which ones are not empty, and display their contents. In the
relational case, all you need to do is to display all records in ORDER_HEADER
table that have the required customer number. All that made ad-hoc query
languages relatively easy to write and finally resulted in appearance of SQL.

The concept of a relational database and thus SQL was first introduced by Dr.
Edward Frank Codd, who worked for IBM as a researcher, in his paper "A
Relational Model of Data for Large Shared Data Banks" in 1970. In simple
words, his idea of a relational database model was based on data
independence from hardware and storage implementation and a
nonprocedural high-level computer language to access the data. The problem
was, IBM already had declared its own product, called IMS, as its sole strategic
database product; the company management was not convinced at all that
developing new commercial software based on relational schema was worth
the money and the effort. A new database product could also potentially hurt
the sales of IMS.

In spite of all that, a relational database prototype called System R was finally
introduced by IBM in the late 1970s, but it never became a commercial product
and was more of a scientific interest, unlike its language SQL (first known as
SEQUEL) that finally became the standard for all relational databases (after
years of evolution). Another relational product called Ingres was developed by
scientists in a government-funded program at the University of California,
Berkeley at about the same time, and also had its own nonprocedural
language, QUEL, similar to IBM's SQL.

But the first commercial relational database was neither System R nor Ingres.
Oracle Corporation released its first product in 1979, followed by IBM's
SQL/DS (1980/81) and DB2 (1982/83). The commercial version of Ingres also



became available in the early 1980s. Sybase Inc. released the first version of
its product in 1986, and in 1988 Microsoft introduced SQL Server. Many other
products by other companies were also released since then, but their share of
today's market is minimal.

A brief history of SQL standards

The relational database model was slowly but surely becoming the industry
standard in the late 1980s. The problem was, even though SQL became a
commonly recognized database language, the differences in major vendors'
implementations were growing, and some kind of standard became necessary.

Around 1978, the Committee on Data Systems and Language (CODASYL)
commissioned the development of a network data model as a prototype for any
future database implementations. This continued work started in the early
1970s with the Data Definition Language Committee (DDLC). By 1982, these
efforts culminated in the data definition language (DDL) and data manipulation
language (DML) standards proposal. They became standards four years later
— endorsed by an organization with an improbably long name, the American
National Standards Institute National Committee on Information Technology
Standards H2 Technical Committee on Database (ANSI NCITS H2 TCD).

NCITS H2 was given a mandate to standardize relational data model in 1982.
The project initially was based on IBM SQL/DS specifications, and for some
time followed closely IBM DB2 developments. In 1984, the standard was
redesigned to be more generic, to allow for more diversity among database
products vendors. After passing through all the bureaucratic loops it was
endorsed as an American National Standards Institute in 1986. The
International Standard Organization (ISO) adopted the standard in 1987. The
revised standard, commonly known as SQL89, was published two years later.

SQLS89 (SQL1)

SQL89 (or SQL1) is a rather worthless standard that was established by
encircling all RDBMS in existence in 1989. The major commercial vendors
could not (and still to certain degree cannot) agree upon implementation
details, so much of the SQL89 standard is intentionally left incomplete, and
numerous features are marked as implementer-defined.

SQL92 (SQL2)

Because of the aforesaid, the previous standard had been revised, and in 1992
the first solid SQL standard, SQL92 or SQL2, was published. ANSI took



SQL89 as a basis, but corrected several weaknesses in it, filled many gaps in
the old standard, and presented conceptual SQL features, which at that time
exceeded the capabilities of any existing RDBMS implementation. Also, the
SQL92 standard is over five times longer than its predecessor (about 600
pages more), and has three levels of conformance.

Entry-level conformance is basically improved SQL89. The differences were
insignificant — for example, circular views and correlated subqueries became
prohibited in SQL92

Intermediate-level conformance was a set of major improvements, including,
but not limited to, user naming of constraints; support for varying-length
characters and national character sets, case and cast expressions, built-in join
operators, and dynamic SQL; ability to alter tables, to set transactions, to use
subqueries in updatable views, and use set operators (UNION, EXCEPT,
INTERSECT) to combine multiple queries' results.

Full-level conformance included some truly advanced features, including
deferrable constraints, assertions, temporary local tables, privileges on
character sets and domains, and so on.

The conformance testing was performed by the U.S. Government Department
of Commerce's National Institute of Standards and Technology (NIST). The
vendors hurried to comply because a public law passed in the beginning of the
1990s required an RDBMS product to pass the tests in order to be considered
by a federal agency.

Note As of this writing, all major database vendors (Oracle, DB2, MS SQL
Server, and Sybase) meet only the first level of SQL92 conformance
in full. Each of the vendors has individual features that venture into
higher levels of conformance. The only vendor that claims its product
meets all three levels, or 100 percent SQL92 compliant, is a small
company called Ocelot Computer Services, Inc., and their RDBMS
implementation of the same name does not seem to be very popular.

In 1996, NIST dismantled the conformance testing program (citing "high costs"
as the reason behind the decision). Since then, the only verification of SQL
standards compliance comes from the RDBMS vendors themselves; this
understandably increased the number of vendor-specific features as well as
nonstandard implementation of the standard ones. By 2001, the original
number of RDBMS vendors belonging to the ANSI NCIT had shrunk from 18
(at the beginning of the 1990s) to just 7, though some new companies came
aboard.



Note The current members of the ANSI NCIT H2 Technical Committee on
Database are IBM, Oracle, Microsoft, NCR, Computer Associates,
Compaq, Pervasive, FileTek, and InterSystems.

SQL99 (SQL3)

SQL3 represents the next step in SQL standards development. The efforts to
define this standard began virtually at the same time when its predecessor —
SQL92 (SQL2) — was adopted. The new standard was developed under
guidance of both ANSI and ISO committees, and the change introduced into
the database world by SQL3 was as dramatic a shift from nonrelational to
relational database model; its sheer complexity is reflected in the number of
pages describing the standard — over 1,500 — comparing to 120 or so pages
for SQL89 and about 600 pages for SQL92. Some of the defined standards (for
example, stored procedures) existed as vendor-specific extensions, some of
them (like OOP) are completely new to SQL proper. SQL3 was released as an
ANSI/ISO draft standard in 1999; later the same year its status was changed to
a standard level.

Note We can draw a parallel between SQL ANSI/ISO standards and Latin.
These standards are good to know; they may help one to learn the
actual SQL implementations, but it is impossible (or almost
impossible) to write a real 100 percent ANSI SQL compliant
production script. The knowledge of Latin can help someone to learn
Spanish, Italian, or Portuguese, but people would hardly understand
you if you started speaking Latin on the streets of Madrid, Rome, or
Lisbon. The main difference is the general direction — Latin is an
ancestor of all the above (and many more) languages, and ANSI/ISO
SQL standards are rather a goal for all proprietary SQL flavors.

SQL3 extends traditional relational data models to incorporate objects and
complex data types within the relational tables, along with all supporting
mechanisms. It brings into SQL all the major OOP principles, namely
inheritance, encapsulation, and polymorphism, all of which are beyond the
scope of this book, in addition to "standard” SQL features defined in SQL92. It
provides seamless integration with the data consumer applications designed
and implemented in OO languages (SmallTalk, Eiffel, etc.).

There are several commercial implementations of OODBMS on the market as
well as OO extensions to existing commercial database products; not all of
them adhere to the standards and a number of proprietary "features" makes
them incompatible. For a time being OODBMS (OORDBMS) occupy an
insignificant portion of the database market, and the judgment is still out there.



While it is impossible to predict what model will emerge as a winner in the
future, it seems reasonable to assume that relational databases are here in for
a long haul and have not yet reached their potential; SQL as the language of
the RDBMS will keep its importance in the database world.



Summary

Databases penetrate virtually every branch of human activity, with
relational databases (RDBMS) becoming the de-facto standard.
Some legacy database models — hierarchical and network
databases — are still in use, but relational database model
(RDBM) holds the lion's share of the market.

The RDBM resolves some of the inherent problems of the legacy
databases, and — with the advent of faster hardware and support
from the industry heavyweights — became the staple of every
business enterprise. The new object-oriented databases
(OODMS) and object-oriented relational database systems
(OORDBMS) are evolving, though none has reached the level of
acceptance comparable with that of RDBMS.

Most of the existing applications on the market database use
SQL as the standard language. There are three (four, by some
counts, if SQL86 is included) standards: SQL89, SQL92, and
SQL99, with virtually every RDBMS product being at least
partially SQL92 compliant.



Chapter 2: Fundamental SQL Concepts
and Principles

Ever since SQL89 was adopted as the first SQL standard, SQL
aimed to be just that — the standardized, generic, nonprocedural
vendor independent language of relational databases. It did
succeed — to a certain extent.



Promises and Deliverables

Unlike many popular programming languages (C++, Java, Visual
Basic, C#, to mention just a few), SQL was designed to be
nonprocedural. That means that the features one takes for
granted in any other programming language — control flow
statements (IF. . .THEN), looping constructs (FOR.

.NEXT), and the like — were completely excluded.

SQL was designed for data storage, retrieval, and manipulation,
and as such it was tightly coupled with database management
systems (DBMS); it neither exists outside DBMS nor could it be
executed without. All one has to do is to submit a query to a
DBMS and receive results in some client program — either actual
data from the database or status results of a task (like
inserting/deleting records).

In contrast to programming-style variable manipulation, inserting,
updating, and retrieving data are set-based procedures. SQL
statements operate on datasets, and though an operation itself
might be lengthy, it does not really have any flow. From the
programmer's point of view, a SQL program is just one statement,
no matter how long, that executes as a whole, or not at all.

Note To overcome problems introduced with SQL procedural
deficiency, database vendors came up with procedural
extensions of their own: PL/SQL for Oracle Transact-
SQL for Microsoft SQL Server, SQL PL for IBM DB2
UDB; the latest developments allow for using high-level
language like Java or Visual Basic inside RDBMS.
These are gradually making their way into the SQL99
standard (SQL/JRT).

Use of SQL is intertwined with the paradigm of client/server
computing — long before this became a buzzword of the day. A



client was supposed to know how to connect to a server, request
data, and represent it for a user in some, usually graphical,
format; a server is supposed to understand clients' request and
return data — in addition to managing this data internally for best
performance and providing safe storage and security services.

The complexity of low-level implementation — how the SQL
statements are translated into machine language and executed
— is hidden behind concise statements like SELECT, INSERT, or
UPDATE, and the task of translating them into actual machine
commands is left with the RDBMS.

This opened a whole can of worms; not only had RDBMS
vendors chosen to implement different pieces of the SQL
standard, but also in some cases those pieces were implemented
differently. Vendor specific extensions — which often provided a
base for the next iteration of SQL standard — complicated the
matter even more.

As you learned in Chapter 1, the ANSI SQL standard (SQL89)
instituted three levels of conformance for every database product
aspiring to be ANSI compliant. SQL3 (SQL99) introduced two
levels of conformance: Core SQL99 and Enhanced SQL99. Every
major RDBMS is at least first (core) conformance-level compliant.

Nevertheless, SQL could hardly be considered portable; it is
rather adaptable. There are quite a few points left up to the
vendors to implement:

» Semantic and syntactic differences.

= Opening database for processing. The interfaces of
ODBC, CLI, OLEDB, and others are not part of any SQL
standard.

= Dynamic and Embedded SQL implementations might
differ from vendor to vendor.



= Collating order. How results of a sorted query are
presented; this depends on whether ASCII or EBCDIC
characters are used. (Though the UNICODE standard
alleviates this problem.)

» Different data types extensions.

» Differences in database catalog tables. Because this is
mentioned at the full conformance level standard only;
vendors working in the core level have no incentive to
abandon their own proprietary structures.

ANSI/ISO Standard Documents

The following documents constitute the main body of
ANSI/ISO standards:

= ANSI/IISO/IEC 9075-1:1999. Information technology —
Database languages — SQL — Part 1. Framework
(SQL/Framework)

= ANSI/IISO/IEC 9075-1:1999/Amd 1:2001. On-Line
Analytical Processing (SQL/OLAP)

= ANSI/ISO/IEC 9075-2:1999. Information technology —
Database languages — SQL — Part 2: Foundation
(SQL/Foundation)

= ANSI/ISOI/IEC 9075-2:1999/Amd 1:2001. On-Line
Analytical Processing (SQL/OLAP)

= ANSI/IISOI/IEC 9075-3:1999. Information technology —
Database languages — SQL — Part 3: Call-Level
Interface (SQL/CLI)

= ANSI/ISO/IEC 9075-4:1999. Information technology —
Database languages — SQL — Part 4: Persistent



Stored Modules (SQL/PSM)

ANSI/ISOIIEC 9075-5:1999. Information technology —
Database languages — SQL — Part 5: Host Language
Bindings (SQL/Bindings)

ANSI/ISO/IEC 9075-5:1999/Amd 1:2001. On-Line
Analytical Processing (SQL/OLAP)

ANSI/ISOIIEC 9075-9:2001. Information technology —
Database languages — SQL — Part 9: Management
of External Data (SQL/MED)

ANSI/ISO/IEC 9075-10:2000. Information technology
— Database languages — SQL — Part 10: Object
Language Bindings (SQL/OLB)

ANSI/ISOIIEC 9075-13:2002. Information technology
— Database languages — SQL — Part 13: SQL
Routines and Types Using the Java TM Programming
Language (SQL/JRT)

ANSI/ISOIIEC 9579:2000. Information technology —
Remote database access for SQL with security
enhancement

ANSI/ISO/IEC 13249-1:2000. Information technology
— Database languages — SQL multimedia and
application packages — Part 1: Framework

ANSI/ISO/IEC 13249-2:2000. Information technology
— Database languages — SQL multimedia and
application packages — Part 2: Full-Text

ANSI/ISOIIEC 13249-3:1999. Information technology--
Database languages — SQL Multimedia and
Application Packages — Part 3: Spatial



= ANSI/ISO/IEC 13249-5:2001. Information technology
— Database languages — SQL multimedia and
application packages — Part 5: Still Image

These documents are available for a fee on the Web at
www.is0.0rg and www.ansi.org.

Table 2-1 introduces the key SQL99 features areas that have
been added to the previous SQL89, SQL92 standards. The more
detailed and complete list of all major SQL99 features and
compliance among major RDBMS vendors is given in Appendix
J.

Table 2-1: Key SQL99 Areas

Features Description

The specification defining access to the
Call level database through a set of routines that
interface (CLI) could be called by a client application
(ODBC, JDBC, etc.).

Information A set of database views to access
schema metadata for a particular database.
ROLES A security paradigm defining ability to

fine-tune security privileges while

Security rouping them into logically relevant
Enhancements grouping 9 y
groups.
: Refers to the nested relationship
Recursion

needed to model hierarchical structures.



http://www.iso.org/
http://www.ansi.org/

Features

Description

An ability to add granularity to the
transactional operation where a

Savepoint transaction could be rolled back not to
the beginning but to a certain named
step.

SQL Data

types: BLOB,

CLOB, New data types to accommodate

BOOLEAN, REF, | complexity of modern computing. (See

ARRAY, ROW, Chapter 3 for in-depth discussion.)

User Defined
types

SQL
Multimedia
data types: Full
Text, Still
Image, Spatial

New data formats developed for
multimedia

Defines extensions to Database
Language SQL to support management

SQL/MED of external data through the use of
foreign tables and datalink data types.
The domain ruled by proprietary

soL procedural extensions like Oracle's

Programming PL/SQL or Microsoft Transact-SQL;
defines standard programming Control-

Language

Of-Flow constructs
(IF...THEN. . .ELSE), looping, etc.




Features Description

Defining action taken automatically in
: response to some predefined event;

Triggers : . L
new standard fine-grained basic trigger
functionality.

Management

facilities for

Conn_ectlons, Infrastructure supporting for centralized

Sessions, L :

: or distributed processing.

Transactions,

and

Dkagnostics

SQL is a living language; it continues to grow and adapt to ever-
changing demands. Despite the market pressures to standardize
features and data exchange between the databases, vendors
prefer to lock their customers into a specific RDBMS package by
getting them hooked on some convenient nonstandard features
that, while sometimes significantly improving performance, make
it hard, expensive, or altogether impossible to port SQL routines
to a different RDBMS.

Every vendor is encouraged to submit papers with new ideas and
ANSI/ISO committees are reviewing these on an ongoing basis,
which eventually would lead to yet another SQL standard in the
future. The SQL of tomorrow might not turn out to be how we
imagine it to ourselves today. Some of the emerging standards
include XML (eXtensible Markup Language) and OLAP (On-Line
Analytical Processing).

Cross- XML and OLAP are discussed in Chapter 17.
References

Note DB2 boasts being a major contributor to the current



SQL99 standard, IBM being the number-one submitter
of accepted papers for SQL99 for every single year from
1993 to 1999.



SQL: The First Look

Throughout this book we are going to use the ACME order
management database of a fictitious hardware store. For full a
description of this database as well as detailed instructions on
how to install it on the RDBMS of your choice (as long as you
choose Oracle 9i, Microsoft SQL Server 2000, or IBM DB2 UDB
8.1) please refer to Appendixes B and F, respectively. The
whirlwind tour of SQL for this chapter will be using ACME tables
exclusively. We've tried to create as generic as possible syntax
that would be acceptable for every RDBMS discussed in the
book.

Database example

As far as SQL is concerned the database starts with the CREATE
statement. It is used to create all the objects that comprise a
database: tables, indices, constraints, and so on. We look into
creating, altering, and destroying database objects in Chapters 4
and 5.

You start with a CREATE TABLE statement. The syntax is virtually
identical across all three databases: name of the column and its
data type, which defines what kind of information it will hold in the
future.

CREATE TABLE status (
status_id_n INT, status_code_s
CHAR(2), status_desc_s VARCHAR(30) )

This statement executed against an RDBMS will create a
structure — an empty table, with columns of the specified data
types: status id, status code, and description.

Cross- Data types are discussed in Chapter 3.
References



The procedure may be repeated as many times for as many
tables you wish to add to your database. The relationships
between these tables will be defined through constraints. To keep
this introduction simple none of the constraints (or default values)
are specified here.

Cross- Constraints are discussed in Chapter 4.
References

To dispose of a table (or many other objects in the RDBMS) one
would issue a DROP statement:

DROP TABLE
status

Note In real life, referential integrity constraints may prevent
you from dropping the table outright; in the Chapter 1
we talked about what makes a database relational, in
context of database integrity. You may need to disable
constraints or cascade them. More about referential
integrity and constraints is in Chapters 4 and 5.

A database is more than just a collection of the tables; there are
many more objects as well as associated processes and
structures that work together to keep and serve data; for now we
can afford a more simplistic view.

Getting the data in and out

Once the tables are created, you probably would want to
populate them with some data — after all, that's what databases
are for. The SQL defines four basic statements, which are fairly
self-explanatory, to query and manipulate data inside the
database tables (Table 2-2). The exact uses of these statements
will be discussed in depth in Chapters 6 through 9.



Table 2-2: Four Basic SQL Statements

SQL
Statement Purpose
INSERT Adds new data to the table

Updates data — i.e., changes existing
UPDATE values — in the database table
SELECT Retrieves data from database table
DELETE Removes data from the table

Note Later in the book you will learn of data definition
language (DDL) (Chapters 4 and 5), data manipulation
language (DML) (Chapter 6), data query language
(DQL) (Chapters 8 and 9), and data control language
(DCL) (Chapter 12). These are parts of SQL proper.

To add new status for the table created in the previous example
one would use the following statement:

INSERT INTO status (STATUS_ID_N,
STATUS_CODE_S, STATUS_DESC_S)
VALUES (8,'70', 'INVOICED')

This statement could be entered directly through RDBMS access
utility (Appendix E); in that case the database usually would
acknowledge insertion with a message, or would generate an
error message if the insertion failed for some reason.

Note The values for STATUS _CODE_S and STATUS_DESC_S

are enclosed in single quotes because these columns
are of character data type. STATUS_ID_N is of numeric

data type and does not need quotes.



If you need to change some existing data (e.g., an acquisition
status code might be changed while other related data elsewhere
remains the same) you would use an UPDATE statement. Again,
the syntax is completely portable across the three RDBMS
products used in the book — Oracle 9/ Database Server, IBM
DB2 UDB 8.1, and Microsoft SQL Server 2000.

UPDATE status SET status_desc_s
= 'APPROVED' WHERE status_id n
= 8

You update on a column basis, listing all the columns you want to
update with the values you want to change,; if every column in the
record needs to be updated, they all must be listed with
corresponding values.

UPDATE status SET status_desc_s
= 'APPROVED', status_code_s =
'90' WHERE status_id_n = 8

The UPDATE statement has a WHERE clause to limit the number of
updated rows to exactly one customer whose ID is 8; if omitted
from the query, the result would be that the existing value will be
replaced with a new one for each and every customer.

The same applies to deleting data. If you need to completely
remove a particular customer record from your database, then
you might issue the following command:

DELETE status WHERE status_id n
= 8

Omitting the WHERE clause could be disastrous as all records in
the table will be blown away; usually databases have some built-
in mechanisms for recovering deleted data, which does not mean
that you should not pay attention to what you're doing with the
data.



The basic SELECT statement retrieves the data from a table or a

view. You need to specify the columns you wish to be included in
the resultset.

Note View is a virtual table that is being populated at the very
moment it is queried. Views are discussed in detail in
Chapter 4.

The following script selects CUSTOMER_NAME, ORDER_NUMBER
and TOTAL_PRICE columns from the V_CUSTOMER_TOTALS
view:

SELECT

customer_name, order_number,
total_price FROM v_customer_totals customer_name

order_number total_price -----

WILE BESS COMPANY 523720
7511.00 WILE BESS COMPANY 523721 8390.00 WILE
BESS

COMPANY 523722 6608.00 WILE
BESS

COMPANY 523723 11144.00 WILE
ELECTROMUSICAL INC. 523726 6608.00 WILE

ELECTROMUSICAL INC. 523727
6608.00 WILE ELECTROMUSICAL INC. 523728

6608.00

Slice and dice: Same data, different angle

There is always more than one way to look at data. SQL provides
you with the means to manipulate data while retrieving it. You can
arrange the data in ascending or descending order by virtually
any column in the table; you can perform calculations while
retrieving the data; you can impose some restrictions on what



data should be displayed. Here are just a few examples of these
capabilities.

Basic SELECT query returns a resultset based on the selection
criteria you've specified. What if one would like to see, for
instance, net sales figures, with state and federal taxes
subtracted? You could perform fairly complex calculations within
the query itself. This example is based on the view
V_CUSTOMER_TOTALS, which contains columns
CUSTOMER_NAME, ORDER_NUMBER, and TOTAL_PRICE.

Assuming tax at 8.5%, the query might look like follows:

SELECT customer_name,
order_number, (total_price-
(total_price * 0.085)) net_sale FROM
v_customer_totals
customer_name order_number net_sale ------------

WILE BESS COMPANY 523720 68/72.56 WILE BESS
COMPANY
523721 7676.85 WILE BESS
COMPANY 523722 6046.32 WILE BESS COMPANY 523723
10196.76 WILE ELECTROMUSICAL
INC. 523726 6046.32 WILE ELECTROMUSICAL INC.
523727 6046.32 WILE
ELECTROMUSICAL INC. 523728 6046.32

Note By default, every column in the returned results has it is
own name, in cases of calculated columns like the one
in the example above, RDBMS will use the whole string
(SALE_AMOUNT - (SALE_AMOUNT * 0.085) as the
name. For readability, you may substitute this unwieldy
string for something more descriptive using alias — in
our case NET_SALE.



The results returned by the query include calculated values; in
other words, the original data from the table has been
transformed. SQL also provides several useful functions that
could be used in the query to manipulate data as it is being
extracted.

Cross- Chapter 10 gives an in-depth description of all

References  popular functions and their uses across three
RDBMS vendors (IBM, Microsoft, and
Oracle); Appendix G lists virtually all SQL
functions.

With SQL, you have full control over how data is displayed: you
could order it by any column — alphabetically or numerically.
Let's say that you want the list of your companies and sales
arranged according to the amount of sales for each customer's
order.

SELECT

customer_name, order_number,
(total_price-(total_price * 0.085)) net_sale
FROM

v_customer_totals ORDER BY
net_sale customer_name order_number net_sale
----------------- WILE ELECTROMUSICAL INC.

523726 6046.32 WILE
ELECTROMUSICAL INC. 523727 6046.32 WILE
ELECTROMUSICAL INC.

523728 6046.32 WILE BESS
COMPANY 523722 6046.32 WILE BESS COMPANY 523720

6872.56 WILE BESS COMPANY
523721 7676.85 WILE BESS COMPANY 523723

10196.76

Now you want to see the customers with the most sales at the top
of the list; use DESC maodifier (stands for descending); default



order is ascending.

SELECT
customer_name, order_number,
(total_price-(total_price * 0.085)) net_sale
FROM
v_customer_totals ORDER BY
net_sale DESC customer_name order_number
net_sale
————————————————— WILE BESS COMPANY 523723
10196.76 WILE BESS COMPANY
523721 7676.85 WILE BESS COMPANY 523720 6872.56
WILE
BESS COMPANY 523722 6046.32
WILE ELECTROMUSICAL INC. 523726 6046.32 WILE
ELECTROMUSICAL INC. 523727
6046.32 WILE ELECTROMUSICAL INC. 523728
6046.32

Aggregation

Using SQL, you could transform your data while retrieving it. For
instance, you need to know the total sum of the sales. Let's
assume your database contains the V_CUSTOMER_TOTALS view
with the information for all the sales you've had up to date; now
you need to sum it up.

To find out your total for all orders across all products, you would
use the SQL built-in SUM function; it will simply add up all the
amounts it finds in the TOTAL_PRICE column of the view.

SELECT SUM(total_price)
net_sale_total FROM
v_custome_totals net_sale_total --------------
457000.40



To find out the average size of the orders, you would run this
guery, using AVG aggregate function on the TOTAL_PRICE
column:
SELECT AVG(total_price)

net_sale_average FROM
v_custome_totals net_sale_average --------------

8960.792156

In the real life you would want even further limit the query by
requesting the average sales for a particular customer or date
range.

Using other predicates like GROUP_BY and HAVING, one could
sum NET_SALE by customer, or date, or product, and so on;
grouping allows for aggregating within a group.

We used these samples just to give you a sense of what could be
accomplished using SQL and RDBMS.

Cross- See Chapter 10 for more on SQL functions,
References including aggregate functions.

Data security

SQL provides a number of built-in mechanisms for data security.
It is fine-grained, though granularity greatly depends on the
particular implementation. Essentially, it comes down to granting
access on the object level: ability to connect and view a particular
table or set of tables, execute particular command (e.g., ability to
view data — execute SELECT statement, while lacking privileges
to INSERT new data).

Privileges



Assuming that there is a user JOHN_DOE defined in the database,
to grant a permission to this user, the following SQL statement
could be used:

GRANT SELECT ON
v_custome_totals TO
john_doe

To grant SELECT and UPDATE simultaneously one could use this
syntax:

GRANT SELECT, UPDATE ON
v_custome_totals TO
john_doe

To revoke this privilege:

REVOKE SELECT ON
v_custome_totals FROM
john_doe

Here is the syntax to quickly revoke all privilege from JOHN_DOE:

REVOKE ALL ON
v_custome_totals FROM
john_doe

Views

One of the common mechanisms for implementing security is
using views. A view is a way to limit the data accessible to a user.
You may think of a view as a virtual table: It could join columns
from several tables in the database, limit the number of columns
available for viewing, and so on. It does not contain any data but
fetches it on demand whenever a SELECT statement is executed
against it. For most practical purposes, selecting from a view is
identical to selecting from a table.



For example, the view V_CUSTOMER_TOTALS collects information
from the CUSTOMER, ORDER_HEADER, ORDER_LINE, and
PRODUCT tables, while summing and grouping some data along
the way.

Cross- To see the full SQL syntax for creating view

References V_CUSTOMER_TOTALS, please refer to
Appendix B.

Cross- Some views limit access to underlying data

References (e.g., no UPDATE or INSERT statements

could be executed). Views are discussed in
Chapter 4.

There is much more to the security than discussed here; for
example, all three RDBMS discussed in this book implement role-
based security, where individual users are assigned to a
particular role (e.g., accountants) and all the privileges are
granted to the role.

Cross- For a comprehensive discussion of the SQL
References  security features, see Chapter 12.

Accessing data from a client application

A wide range of client applications is being used to access
RDBMS data. They all use SQL to do that in two radically
different ways.

Embedded SQL allows users to create programs that can access
RDBMS through SQL statements embedded in an ANSI/ISO
standard host programming language such as C or COBOL. That
means that you program an application in the standard
programming language and switch to SQL only where there is a
need to use a database. Usually vendors provide special
development tools to create such applications.



Dynamic SQL is all the embedded SQL is and then some more.
The major difference is that dynamic SQL is not blended into
some programming language, but is rather built on the fly
dynamically and passed to RDBMS as a simple text. This allows
for flexibility that embedded SQL cannot possibly have: there is
no need in hard-coded tables names or column names, or even
database name — it all could be changed.

Cross- Embedded and dynamic SQL are discussed
References in Chapter 15.

New developments

The SQL99 standard also reflected a concept that had been
evolving for quite some time — online analytical processing
(OLAP). It was neither a new nor an obscure concept. The OLAP
council was established in 1995, and most of the analysis was
done manually since then. It soared in popularity with the advent
of data warehousing — another database-related concept.

OLAP is about making sense out of data: analyzing complex
trends, viewing the data under a variety of different angles; it
transforms raw data into a multidimensional view, crafted to the
user's perspective. OLAP queries could answer more intelligent
guestions than plain SQL, asking, for example, "what would be
the effects of burger sales if prices of beef rise by 10 cents a
pound?" These kinds of problems were usually solved with
custom-made proprietary applications; SQL99 introduced built-in
support for it. OLAP products complement the RDBMS, and all
three major vendors (IBM, Oracle, and Microsoft) support it with
some proprietary extensions. There are over 30 vendors on the
market supplying RDBMS-based OLAP solutions.

Another relatively new feature supported by SQL is eXtensible
Markup Language (XML). XML is all about data exchange. It is
often called a self-describing format as it represents data in



hierarchical structure, which, coupled with eXtensible Stylesheet
Language (XSL), provides for visual representation via a browser
or serves as a data format exchange between several parties.

Because it is an open standard that is not locked in by one
particular vendor, it will be eventually supported by all vendors,
enabling truly universal data interoperability. One of the major
strengths of XML is that it could be transferred using HTTP
protocol — the very protocol of the Internet — thus making any
proprietary networks obsolete; it could be encrypted for better
security or sent over the Secure Socket Layer (SSL). This
versatility comes at a price — XML is inherently slower than
compiled code, being a text that needs to be parsed and
interpreted each time.



Any Platform, Any Time

SQL is different from standard programming languages such as
C, Visual Basic, Java because it cannot be used to create stand-
alone applications. It does not exist outside some database
engine that is capable of translating its statements into machine
language and execute. SQL does not have all the programming
constructs that are the staples of other languages: for example,
conditional logic, loops, and use of variables.

While these deficiencies are being alleviated, first with the
introduction of procedural extensions, and then adding object-
oriented features to SQL, it was never meant to be just another
multipurpose programming language. This "weakness" is the key
to SQL ubiquity — since it is dependent on RDBMS to execute, it
is the first truly platform-independent language.

Every program is created by typing in some commands in plain
ASCII. These commands are then compiled into binary machine
code executable files for most of the programming languages.
The problem with this approach is that for each and every
platform the program has to be recompiled using the platform-
specific compiler, e.g., a program compiled for Microsoft Windows
would not work on UNIX, and vice versa. The solution proposed
by Java still requires its platform-agnostic byte-code to be
executed on platform-specific Java Virtual Machine (JVM).

An SQL query is created in very much the same way as the rest
of the programs — by typing in SQL keywords; but here the
similarity ends. The SQL program could be stored as a simple
ASCII file that could be copied on UNIX, Windows, Mac OS,
Linux, and so on — without any changes. Moreover, it could be
opened, modified, and saved in any of these operating systems
with some standard editing tools; there is no need to take into
consideration any platform-specific features. As long as SQL
remains a script, it is easily transferable between different



platforms (but not between different RDBMSY)); in a sense, the
RDBMS works like a JVM. Even when SQL becomes part of a
host language (e.g., embedded in a C program), it is still only
text. It behaves in exactly the same way as HTML, which is just a
collection of ASCII characters until it is fed into some Web
browser to be executed. In case of SQL, its statements need to
be sent to an RDBMS to be translated into executable machine
codes; all it needs is a platform-specific database engine
implementation.

One of the truly platform-independent features of SQL are basic
data types: no matter whether you execute your SQL on UNIX or
Windows (32-bit or 64-bit OS), the size and the structure of the
reserved storage blocks will be exactly the same. INTEGER data
type will always be 4 bytes and DOUBLE data type will occupy 8
bytes no matter what (proprietary data types might behave
differently, depending on implementation). It may sound like an
obvious thing, but this is not the case with all other programming
languages. For C programming language INTEGER is 4 bytes on
a 32-bit OS and 8 bytes on a 64-bit OS. (Of course, this also
might depend on particular C compiler.) More about data types in
Chapter 3.

In a sense, SQL shares the idea of platform independence with
the Java programming language: just as Java Virtual Machine
translates Java byte-code into platform-specific machine code,
RDBMS executes platform-independent SQL code, translating it
into OS machine-specific code. Because of this, an SQL program
written using Notepad on Windows could be run by an Oracle
RDBMS installed on UNIX or Linux.

Note Oracle 9i database (different editions) is available for
Sun SPARC Solaris, HP-UX, Compaq TRU64 UNIX,
IBM OS/390 (MVS), Compaq Alpha Open VMS,
Microsoft Windows (NT4.0/2000/XP and 95/98/Me),
Linux(Intel), and IBM AlX.



IBM DB2 UDB 8.1 software (different editions) could be
installed on IBM OS/2, Microsoft Windows
(NT4.0/2000/XP and 95/98), Linux, IBM AlX, HP-UX,
Sun Solaris, NUMA-Q, and SGI IRIX.

Microsoft SQL Server 2000 (different editions) is
available for Microsoft Windows 2000 Server, Windows
2000 Advanced Server, Windows 2000 Datacenter
Server, Windows XP (both Professional and Home
Edition), Windows 2000 Professional, Windows NT
(SP5 or later), Windows Millennium (Me), and Windows
98; Microsoft SQL Server CE also is available for
Windows CE.

It was noted before, that there are numerous differences between
dialects of SQL: a query written for SQL Server 2000, for
example, might not execute on IBM DB2 UDB, and vise versa.
But a query that runs on Oracle installed on Windows would
require no changes to be executed on Oracle installed on Linux
or UNIX. That, in turn, means that as long as one uses SQL
features and keywords that are common across all three
databases, exactly the same query could run — unchanged! —
by any of these RDBMS.

There are virtually dozens of RDBMS products out there running
on every imaginable platform (OS): Sybase, Ingres, Informix,
Empress, MySQL, mSQL, PostgreSQL, LEAP RDBMS,
FirstBase, Ocelot, Progress, Typhoon, SQL/DS, Daffodil DB,
Compag Non-Stop SQL/MX & SQL/MP, Linter RDBMS SQL,
Interbase, UniVerse, GNU SQL Server — to name just a few, and
new developments continue to sprout.

Note It is worth noticing that, although the overwhelming
majority of RDBMS vendors choose to have their
product ANSI-compliant, there are small segments of



the market that run proprietary databases that use
sometimes proprietary, non-SQL, language.

Of course, each of these RDBMS sports its own SQL dialect, but
the good news is that majority of these are SQL standard-
compliant. Basic SQL statements in every implementation require
either no changes or very few changes to be executed on any of
them; you could easily adapt your knowledge of SQL to any of
these systems.



Summary

SQL is not just another programming language, it is a database
language designed specifically to retrieve and manipulate data.

There is an SQL standard that is generally supported by all the
major RDBMS vendors; though one must pay close attention to
the dialect used by any particular RDBMS, SQL is nevertheless
lingua franca of the database world.

Using SQL, you can create (and destroy) a number of database
objects, insert, select, update or delete data.

There are two different types of SQL used in the client
applications — embedded SQL and dynamic SQL — and each
has its own use.

OLAP is relatively new to SQL. Part of the rapidly evolving field of
business intelligence, OLAP facilitates analyzing data for
business support information.

XML has emerged as a standard data exchange format, with
pledged support by virtually every vendor in the field. Some of the
RDBMS products (and all three major RDBMS vendors chosen
for this book) are coming up with a native support for XML — an
open standard for structuring and describing data. It is becoming
the de-facto data exchange standard for the industry, especially
over the Internet.



Chapter 3: SQL Data Types



Overview

Previously we defined database as an organized collection of
information. Not only does that mean that data have to be
organized according to a company's business rules, but also the
database organization should reflect the nature of the
information. Databases can store dollar amounts, quantities,
names, date and time values, binary files, and more. These can
be further classified by type, which reflects the "nature” of the
data: numbers, characters, dates, etc.

Note Data type is a characteristic of a database table column
that determines what kind of data it can hold.

One can ask: why do we need data types at all? Wouldn't it be
easier simply have one uniform data type and store everything,
let's say, in the form of character strings?

There are many reasons why we don't do that. Some of them are
historical. For example, when relational databases were born in
the late twentieth century, hard disk space and memory storage
were at premium, so the idea was to store everything as
efficiently as possible. Already existing programming languages
had some built-in rules for how to store different types of data.
For example, any English character (plus special characters and
digits) could be represented using its ASCII equivalent and the
necessary storage for it was one byte (more about ASCII later in
this chapter). Numbers are traditionally stored in the form of
binary strings (native to computer architecture). To represent a
number from negative 32,768 to positive 32,767, two bytes (or

sixteen bits) of storage are sufficient (216). But if we used ASCII
characters to represent numbers, we would need six bytes to
store any integer greater than 9,999 (five bytes for digits, and one
for the plus or minus sign), five bytes for whole numbers greater



than 999 (four bytes for digits, one byte for the sign), and so on.
Now imagine — if we have a million of records, we could save
four million bytes (about 4M). Sounds like almost nothing today,
but back in the 1970s that was incredibly large storage space.
The principle of effectiveness is still in place, of course, but now
we are talking different scales.

Note One byte consists of eight bits. Each bit is a binary
number that can either be 0 or 1. All information is
stored in memory or on the hard disk in form of ones
and zeroes, representing the only two states computers
understand: zero means no signal, and one indicates
the presence of the signal.

Another reason is logical consistency. Every data type has its
own rules, sort order, relations with other data types, implicit
conversion rules, and so on. It is definitely easier to work with
sets of like values, say dates, rather than with a mixture of dates,
numbers, and character strings. Try comparing library shelves
where all materials are sorted and classified (fiction is in one
room, kids' literature in another, audio books in their special area,
videotapes somewhere else) with a pile of chaotically mixed
books, tapes, white papers, and CDs and think what would you
prefer for finding information.

And the last thing to mention — some modern data types
(particularly movie files) are too large and too complicated to
store them in a traditional way. Now we are going to discuss
existing SQL data types in more details.



No Strings Attached

Generally all strings could be divided into character strings (to store plain text) and
binary strings which contain either machine code (computer programs) or special
binary instructions for other programs.

Character strings

A character string can be defined simply as a sequence of bytes. The length of the
string is the number of bytes in the sequence. A string of zero length is called an
empty string. It can be an equivalent to NULL (special concept introduced at the end
of this chapter) or not, depending on implementation. SQL99 specifically
differentiates between empty strings and nulls.

All strings in SQL can be of fixed length or varying length. The difference is quite
simple, but sometimes not very easy to understand for people with no technical
background, so let us explain it in some greater detail.

Fixed-length character strings

If you define string to be of a fixed length, the system preallocates the desired
number of bytes in memory and/or computer hard disk. It does not matter if the
actual value to be stored in that string is exactly that many bytes, twice smaller, or
just one character long — it is still going to occupy the whole allocated space
(unused bytes will be padded with blank characters), so all strings will have exactly
the same length. For example, imagine you defined a column DATABASE as having
a character field of length 13, and now we want to store three strings in that column:
ORACLE, UDB2, and MS SQL SERVER. Figure 3-1 illustrates the results of that
operation. Note that all strings are exactly 13 bytes long.

0 [ A C L E biank | biank | blank | biank | blank | bank | bliank
u 1] B 2 blank | biank | blank | biank | blank | ank | blank | blank | biank

v s wands oo Jeends e T v [0 i ] Figure 3-1: Fixed-length character string
storage

Character strings of varying length

If you define DATABASE column as a varying-length string with maximum 13
characters to store, the picture will be different. The actual memory or disk space
required to hold our values is allocated dynamically. As a result, all three strings will
be of different length and will require different numbers of bytes to hold them. String
ORACLE occupies 6 bytes, DB2 UDB — 4 bytes and MS SQL SERVER takes
maximum allowed 13 bytes. (See Figure 3-2.)
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Figure 3-2: Varying-length character string storage

Here is the general platform-independent recommendation: use a fixed-length data
type when your values are expected to be of the same size, and a varying-length
one for values when size is expected to vary considerably. In the example above it
rather looks logical to use the varying-length strings, but if we need a column to
store, say, gender in form M or F, a fixed-length string is more appropriate.

National character strings

Even though English is a very popular language, it is not the only language on
Earth. And in spite of the fact that practically all major software companies reside in
the United States, the market dictates its own rules. For example, Oracle is a very
popular database vendor around the world with customers in China, India, Korea,
Germany, France, Israel, Russia, Saudi Arabia, and many other countries.

Note Oracle has customers in 145 countries. But would that be the case if the
English language was the only option customers were able to use? Most
likely, the answer is "no." Customers have to be able to store and use
information in their native language — otherwise they would rather use
some less-efficient and/or more expensive DBMS vendor who provides
that option.

Now we have a little bit of a problem. So far we've used terms "character" and
"byte" as synonyms. Byte is a computer term for a unit of information storage that
consists of 8 bits. Each bit can either be 1 or 0 and the combination of 8 bits allows

us to store 256 (28) distinct values (or 256 different characters represented by
numbers from 0 to 255). That looks like a lot, but ... not actually. We need separate
holders for uppercase and lowercase letters, punctuation marks, digits, math
symbols, and so on. That barely leaves space for distinct characters used in other
languages that employ the Latin alphabet. And what about the ones which don't?
There are about 3,000 different languages in the world, dead and living, in addition
to constructed languages like J.R.R. Tolkien's Quenya, Sindanin, or Entish, and
most of them have their own distinct alphabets!

Note ASCII (American Standard Code for Information Interchange) was
published in 1968 as a standard of ANSI. It uses the aforementioned 256
holders to store different characters, and it remains a useful standard to
this day.

The solution seems to be rather intuitive — use two bytes per character instead of

one. That allows 65,535 (216) distinct combinations, which is enough to store all
existing characters from every major language on Earth.
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SQL has two data types to store strings in national characters — national character
string and national character string of varying length — that behave in exactly same
way as previously described character string and character string of varying length
correspondingly, but use the two-byte Unicode standard. So, if you declared your
DATABASE column as a national character field of size 13, it would still hold 13
characters, but would reserve 2 bytes for each letter, for a total of 26 bytes. The
difference is, now it can hold the names from previous examples spelled in
practically any language, for example, in Russian. Figure 3-3 illustrates that.
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Figure 3-3: Fixed-length Unicode character storage

Figure 3-4 shows same concept for national characters of varying length.
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Figure 3-4: Varying-length Unicode character storage

Introducing Unicode

The ultimate successor to ASCII is Unicode. It is a standard double-byte
character set that assigns a unique number to every single character, so all of
them can be represented in one character set. To speak in database terminology,
the Unicode character number serves as a primary key to index virtually all the
world's characters. (Another good example of database use!) The Unicode
standard has been adopted by such industry leaders as Apple, HP, IBM,
Microsoft, Oracle, SAP, Sun, Sybase, Unisys, and many others. Unicode is
required by modern standards such as XML, Java, JavaScript, CORBA, WML,
HTML, and is the official way to implement ISO standard 10646. It is supported in
many operating systems, all modern browsers, major RDBMS vendors, and
many other products. The emergence of the Unicode standard and the
availability of tools supporting it are among the most significant recent global
software technology trends.

Note In Russian Oracle is spelled with only five characters rather than six in
English, so only five memory (or hard disk) holders are occupied, but now
each holder is two bytes long.

Let's talk about SQL99 standards and implementation specifics for all types of
character strings. These are summarized in Table 3-1.
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Table 3-1: Major Vendor Implementations Character String Data Types

<char_set_name>

SQL99 Oracle 9i DB2 UDB 8.1 I\sn:RSv%LR 2000
CHAR[ACTER]
n
CHAR[ACTER] [(n)] CHAR[ACTGR] CHAR[ACTER]
[(n)] CHAR[ACTER] [(n)] [(n)]
VARYING(n
CHAR[ACTER] VARCHAREn; CHAR[ACTER] CHAR[ACTER]
VARYING(n) OR VARCHAR2 (n) VARCHAR(N) VARYING[(n)]
VARYING(n) LONG VARCHAR(n) VARCHAR[ (n)]
CLOB
NATIONAL
?Tﬁ?%?ﬁ:ER] NATIONAL NATIONAL
NCHAR[(n)] OR ??ﬁ?gACTER] GRAPHIC[(n)] ET??%ACTER]
CHARACTER[ (n)]
CHARACTER SET NCHARL(n)] NCHAR[(n)]
<char_set_name>
NATIONAL
CHAR[ACTER] NATIONAL
NATIONAL
xQEZ;NG(n)(DR 3:2$£ﬁ2{%ﬁ§] VARGRAPHIC(n) ||CHAR[ACTER]
LONG VARYING(n)
VARYING(n) OR NCHAR
CHARACTER VARYING(n) VARGRAPHIC(n) | NCHAR
VARYING(n) NvARCHAR2(n) | PBCLOB(N) NVARCHARL () ]
CHARACTER SET NCLOB

SQL99

SQL99 has two major character sets: CHARACTER and CHARACTER VARYING. In
addition, there are also NATIONAL CHARACTER and NATIONAL CHARACTER

VARYING.

CHARACTER can also be abbreviated with CHAR. The size can optionally be
specified in the form CHARACTER(n). For example, CHARACTER(15) can hold
character strings up to 15 characters long. If size is omitted, the default is 1. An
error occurs if one tries to store a string that is bigger than the size declared.




CHARACTER VARYING can be abbreviated with CHAR VARYING or VARCHAR. You
have to specify the maximum size for strings to be stored, for example, CHARACTER
VARYING(15) holds 15-character strings, or smaller.

NATIONAL CHARACTER (NATIONAL CHAR, NCHAR, CHARACTER CHARACTER SET
<char_set_name>) specifies the default data type for the country of
implementation. This is a fixed-length character string data type.

NATIONAL CHARACTER VARYING (NATIONAL CHAR VARYING, NCHAR VARYING,
CHARACTER VARYING CHARACTER SET < char_set_name>, CHAR VARYING
CHARACTER SET < char_set_name>) is a varying-length country-specific
character string data type.

CLOB is a new SQL99 data type to store large nondatabase-structured text objects
of varying size and complexity, such as employees' resumes, collections of papers,
books, and other similar data.

Oracle 9i
Oracle is fully compliant with SQL99 standards for character strings.

= CHAR is used for fixed-length strings. The default length for a CHAR column
is 1 byte with a maximum of 2,000 bytes.

= VARCHAR?2 is an Oracle data type to store varying-length character strings.
It does not have the default length, so you have to specify a value from 1 to
4,000 (maximum number of bytes for VARCHAR?2).

= NCHAR and NVARCHAR?2 are used to store fixed-length and varying-length
national character strings. Beginning with Oracle9i, they were redefined to
be Unicode-only data types and can hold up to 2,000 and 4,000 characters
(not bytes!) correspondingly. That means if you declare a column to be
CHAR(100) it will allocate 100 bytes per column, but NCHAR(100)
Unicode-based column requires 200 bytes.

Note The VARCHAR data type in Oracle is currently a synonym to
VARCHARZ2. If you declare a column as VARCHAR(30), it will be
converted it to VARCHAR2 (30) automatically. Oracle does not
recommend the use of VARCHAR as a data type, but rather
recommends VARCHAR? instead because keyword VARCHAR may
be later used in some different way.

= CLOB and NCLOB can store up to four gigabytes of data in Oracle. Both
fixed-length and variable-length character sets are supported. CLOB uses



the CHAR database character set, and NCLOB stores Unicode data using the
national character set.

LONG is an old Oracle data type to store variable-length character strings
containing up to two gigabytes. It is similar to VARCHAR2, but has many
limitations. For example, you cannot use LONG in the WHERE clause of a
SELECT statement (discussed in Chapter 8), a table can't have more than
one LONG column, it can't be indexed, and so on. Oracle strongly
recommends to discontinue the use of the LONG data type and use CLOB
instead.

Note Oracle has synonyms for SQL99 compatibility. For example, you
can use CHARACTER(100) rather than CHAR(100) or
CHARACTER VARYING rather than VARCHAR?2 to attain the same
results. See Table 3-1 for more details.

DB2 UDB 8.1

DB2 has following character string data types:

CHARACTER is compliant with SQL99 standards. The maximum length is
254 characters. The default length is 1.

VARCHAR is used for varying-length strings and has a maximum of 32,672
characters.

LONG VARCHAR is virtually same as VARCHAR, but can hold larger values
(up to 32,700) and can't be limited to a certain number of characters.

CLOB types are SQL99 compliant varying-length strings of up to two
gigabytes. An optional maximum length can be supplied in kilobytes (K|k),
megabytes (M|m), or gigabytes (G|g). For example, CLOB (10M) would
allow maximum of 10,048,576 characters.

GRAPHIC is a rough DB2 equivalent to NATIONAL CHARACTER. Itis a
double-byte data type, which may range from 1 to 127 characters. If the
length specification is omitted, a length of 1 is assumed.

VARGRAPHIC is a varying-length double-byte character string data type,
comparable to SQL99 NATIONAL CHARACTER VARYING. The range is from
1to 16,336.

LONG VARGRAPHIC is similar to VARGRAPHIC with a maximum length of
16,350. It does not have an optional length limit to be supplied by user.



= DBCLOB is a double-byte equivalent to CLOB. Maximum storage is one
gigabyte of character data. DBCLOB accepts a maximum length in the same
way as CLOB.

Note GRAPHIC, VARGRAPHIC, and DBCLOB data types are not
supported in the Personal Edition of DB2 supplied with your book.

See Table 3-1 for more information.
MS SQL Server 2000
The following character string data types are supported by MS SQL Server:

= CHAR and VARCHAR are used for fixed-length and variable-length character
data correspondingly. The maximum length is 8,000 characters. Unlike
Oracle, you don't have to specify length for VARCHAR — it defaults to 1 like
CHAR.

= TEXT is similar to VARCHAR, but can hold much larger values. Its maximum
length is two gigabytes or 231 _1 (2,147,483,647) characters.

= NCHAR and NVARCHAR, and NTEXT are Unicode equivalents to CHAR,
VARCHAR, and TEXT. NCHAR and NVARCHAR can hold up to 4,000

characters; NTEXT is much larger — one gigabyte or 230 _1
(1,073,741,823) characters.

For SQL99 compatibility synonyms see Table 3-1. If one data type has more than
one name (or synonym) the most widely used name is given in italics.

Character string literals

The terms literal and constant refer to a fixed data value, for instance

'"Frozen Margarita' 'ALEX'
'2003/08/07' '10101101'

are all character literals. Character literals are enclosed in single quotes. To
represent one single quotation mark within a literal, you can enter two single
guotation marks: '‘O"Neil’

Character literals are surprisingly consistent between all our three major vendors,
with only slight variations. For example, MS SQL Server allows double quotes for
character literals instead of single ones if the option QUOTED_IDENTIFIER is set
off for a connection. To represent a national character set literal, it has to be
preceded by capital letter N (DB2 understands G in addition to N): N'Jack Smith'
N'Boris M. Trukhnov' N'123 OAK ST.'



Text entered using this notation is translated into the national character set.
Binary strings

A binary string is a sequence of bytes in the same way that a character string is, but
unlike character strings that usually contain information in the form of text, a binary
string is used to hold nontraditional data such as images, audio and video files,
program executables, and so on. Binary strings may be used for purposes similar to
those of character strings (e.g., to store documents in MS Word format), but the two
data types are not compatible; the difference being like text and a photo of the
same text. Binary string data types are summarized in Table 3-2.

Table 3-2: Binary String Data Types

SQL99 Oracle 9i SD?Z UDB | ms sQL SERVER 2000

BIT BINARY[(n)]

BIT VARYING ||RAW(n) VARBINARY[(n)]
LONG RAW

BLOB BLOB BLOB(n) IMAGE

Character vs. Special Files

It might sound a little bit confusing — why plain text documents can be stored as
character strings, and a Word document has to be treated as a binary string. The
thing is, a Word file is a text document from user's point of view, but from
computer storage perspective it is not. In addition to plain text characters it
contains many special signs and instructions that only MS Word software can
interpret. The same is true for any other special files — bitmaps, spreadsheets,
audio and video files, and so forth. You can think of it in this way: a special file
(e.g., of the DOC, XLS, BMP, or AVI type) is like a tape for VCR, whereas a
program (MS Word, Excel, Paint, QuickTime Player) is like a VCR. You have to
have a VCR to play a tape, and it has to be the right VCR — if you try to play a
standard US VHS tape in NTSC format on a European video recorder (PAL
format), it's not going to work. You might see some blinking on your screen, you
will hear some noise, but you will definitely not be able to watch the movie. Just
try to open a Word file with, say, Notepad and you will see what we are talking
about.



SQL99

SQL99 has following data types to store binary strings: BIT, BIT VARYING, and
BLOB.

= BIT is a fixed-length binary string somewhat similar to CHAR. If you declare
a column to be BIT(100), 100 bytes will be allocated in memory/disk, and
if the object you store is just 60 bytes, it's still going to occupy all 100 bytes.

= BIT VARYING is similar to VARCHAR — even if you specify BIT
VARYING(100) to be the data type lasting the previous example, it will only
take 60 bytes to store the object.

= BLOB is a binary equivalent to CLOB.
Oracle 9i

Oracle doesn't have an equivalent to SQL99 BIT, but has two data types that
correspond to BIT VARYING — RAW and LONG RAW. BLOB data type is also

supported.

= RAW can hold a maximum of 2,000 bytes. The size has to be specified.

= LONG RAW can accumulate up to two gigabytes of data. This data type is
obsolete, and Oracle strongly recommends converting it to BLOB.

= BLOB can store up to four gigabytes of binary data in Oracle.

DB2 UDB 8.1

The only data type for binary strings in DB2 is BLOB, which can be up to 2 gigabytes
long.

MS SQL Server 2000

MS SQL Server has three different data types for binary strings: BINARY,
VARBINARY, and IMAGE.

= BINARY is a fixed-length data type to store binary data. The size can be
specified from 1 to 8,000; the actual storage volume is size + 4 bytes.

= VARBINARY can hold variable-length binary data. The size is from 1 through
8,000. Storage size is the actual length of the data entered + 4 bytes. The
data entered can be 0 bytes in length.

= IMAGE is a variable-length binary data type that can hold from 0 through
2,147,483,647 bytes (two gigabytes) of data.



Binary string literals

MS SQL Server allows literals for binary string fields (BINARY, VARBINARY, IMAGE)
either in the form of hexadecimal numbers prefixed with ©x or as binary strings. The
value has to be unquoted:

OXAE
0101016001016601106

MS SQL Server implicitly converts these literals into appropriate binary format.
Oracle and DB2 don't have binary string literals; the values have to be converted
into proper format using special functions (see Chapter 10).

Note Literals are barely needed for large objects that can store gigabytes of
data. In most cases LOBs are not manipulated by traditional SQL
statements, but rather accessed by special programs and interfaces that
know how to handle such objects without reading them directly into
memory.



In Numbers Strength

All numeric data could generally be divided into two categories: exact numbers and approximate

numbers.

Exact numbers

Exact numbers can either be whole integers (numeric primary keys, quantities, such as number of
items ordered, age) or have decimal points (prices, weights, percentages). Numbers can be
positive and negative and have precision and scale. Precision determines the maximum total
number of decimal digits that can be stored (both to the left and to the right of the decimal point).
Scale specifies the maximum number of decimals allowed. Exact numeric data types are

summarized in Table 3-3.

Table 3-3: Exact Numeric Data Types

SQL99 Oracle 9i DB2 UDB 8.1 ZMO%(?QLSERVER
INT[EGER] NUMBER (38) INT[EGER] INT[EGER]
BIGINT BIGINT
SMALLINT SMALLINT SMALLINT SMALLINT
NUMBER(38) TINYINT

NUMERIC[ (p[,s])]

OR DEC[IMAL] NUMERIC[(p[,s])]

NUMERIC[(p[,s])]

NUMERIC[(p[,s])]

[(p[,s])]
DEC[IMAL] DEC[IMAL] DEC[IMAL]
[(p[,s])] [(p[,s])] [(p[,s])]
NUMBER[ (p[,s]) MONEY
SMALLMONEY
SQL99

SQL99 specifies the following data types for exact numbers: INTEGER, SMALLINT, NUMERIC,
DECIMAL (as well as some synonyms found in Table 3-3).

= INTEGER represents countable numbers; its precision is implementation-specific.

= SMALLINT is virtually same as INTEGER, but maximum precision can be smaller than that

for INTEGER.

= NUMERIC data type supports storage of numbers with specific decimal component as well
as whole numbers. Optional scale specifies the number of decimal locations supported.

= DECIMAL is very similar to NUMERIC. The only difference is the precision (but not the
scale) used by a vendor-specific implementation can be greater than that used in

declaration.

Oracle 9i




Oracle has one data type, NUMBER, to represent all numeric data and numerous synonyms for it to
comply with SQL99 (see Table 3-3). INTEGER and SMALLINT will translate into NUMBER(38) ;
NUMERIC and DECIMAL will be substituted with NUMBER. The NUMBER data type stores zero,
positive, and negative fixed and floating-point numbers with magnitudes between 1.0 * 10~130 ang

9.9...9 * 10125 with 38 digits of precision. The space is allocated dynamically, so Oracle claims
having one numeric data type for all numeric data won't hurt performance.

DB2 UDB 8.1
DB2 has four data types for exact numbers: INTEGER, SMALLINT, BIGINT, and DOUBLE.

= INTEGER is a four-byte integer with a precision of 10 digits. It can store values from
negative 231 (2,147,483,648) to positive 231 — 1 (2,147,483,647).

Precision and Scale for NUMERIC and DECIMAL Datatypes
NUMERIC and DECIMAL values' scale and precision often cause confusion. Please
remember, precision specifies the maximum number of ALL digits allowed for a value.
For example, if a hypothetic table has these columns
columnl NUMERIC(10, 4)
column2 NUMERIC(10,2) column3
NUMERIC(10,0)

then the maximum number you can store in columnl is 999,999.9999; column2 can hold
values up to 99,999,999.99 inclusive; and column3 is good enough for 9,999,999,999.
To determine the maximum number of figures before the decimal point, subtract scale
from precision. If you try to insert a value with more figures before the decimal point than
column allows, you will get an error, but values with more decimal points than specified
will simply be rounded. For example, 999,999.9999 inserted into column2 (or column3)
will be rounded to 1,000,000, but an attempt to set columnl to 99,999,999.99 would fail.

= SMALLINT is reserved for smaller size integers. The storage size is two bytes, and the
range is from negative 215 (32,768) to positive 215_ (32,767).

= BIGINT is an eight-byte integer with precision of 19 digits. It ranges from negative 263 1
(9,223,372,036,854,775,808) to positive 263 (9,223,372,036,854,775,807).

= DECIMAL data type (corresponds to NUMERIC) is designated for decimal numbers with an
implicit decimal point. The maximum precision is 31 digits, and the range is from negative

2314110 positive 231_1.
MS SQL Server 2000

MS SQL Server has more numeric data types for exact numeric data than Oracle and DB2. In
addition to INT, BIGINT, SMALLINT, and TINYINT it also offers MONEY and SMALLMONEY.

= INT (or INTEGER) is to store whole numbers from negative 23110 positive 231 _ 1.1t
occupies four bytes.



» BIGINT is to store large integers from negative 263 through positive 263 _ 1. The storage
size is eight bytes. BIGINT is intended for special cases where INTEGER range is"not
sufficient.

= SMALLINT is for smaller integers ranging from negative 2150 positive 2151

= TINYINT is convenient for small nonnegative integers from 0 through 255. It only takes
one byte to store such number.

» DECIMAL is compliant with SQL99 standards. NUMERIC is a synonym to DECIMAL. (See

Table 3.3 for other synonyms.) Valid values are in the range from negative 1038 +1 through
positive 1038 — 1.

= MONEY is a special eight-byte MS SQL Server data type to represent monetary and
currency values. The range is from negative 922,337,203,685,477.5808 to positive
922,337,203,685,477.5807 with accuracy to a ten-thousandth.

= SMALLMONEY is another monetary data type designated for smaller amounts. It is four

bytes long and can store values from negative 214,748.3648 to positive 214,748.3647 with
the same accuracy as MONEY.

Note Why have special data types for monetary values? One good reason is
consistency. Probably all accountants know how much trouble so-called rounding
errors can cause. For example, one column for dollar amounts is declared as
NUMERIC(12, 2) and another is NUMERIC (14, 4). If we operate large sums,
discrepancies can easily reach hundreds and even thousands of dollars. From
another point of view, many different data types for virtually the same entities can
cause confusion, so Oracle has its reasons for allowing only one data type for all
numeric data. We'll let you decide which approach has more validity.

Literals for exact numbers

Literals for exact numbers are represented by string of numbers optionally preceded by plus or
minus signs with an optional decimal part for NUMERIC and DECIMAL data types separated by a
dot (.): 123 -33.45 +334.488

Oracle optionally allows enclosing literals in single quotes: '123' '-677.34'

Note MS SQL Server has literal formats for MONEY and SMALLMONEY data types represented

as strings of numbers with an optional decimal point optionally prefixed with a currency
symbol:

$12
$542023.14

Selecting Correct Data Types

The incorrect use of data types is quite typical for inexperienced database developers and can
result in serious problems.

For example, defining a money-related field as a FLOAT or NUMERIC(12,1) causes rounding
errors. (Accountants are just going to hate you!) Insufficient precision for a primary key column



(say, ORDHDR_ID_N NUMBER(5) in an ORDER_HEADER table) will work for a while, but after
inserting a certain number of records (99,999 in our case), you will not be able to insert new
rows anymore — the next value for the primary key (100,000) won't fit NUMBER(5) precision.

The last example is easily fixable — the precision of a numeric column can easily be adjusted
(more details in the next chapter). That is one of the benefits of a relational database over the
old legacy systems. But still, it might take some time to figure out what causes the problem and
fix it, and if your database is, for example, a large 24/7 order management system, your users
are not going to be happy with the delay.

Approximate numbers

Approximate numbers are numbers that cannot be represented with absolute precision (or don't
have a precise value). Approximate numeric data types are summarized in Table 3-4.

Table 3-4: Approximate Numeric Data Types

SQL99 Oracle 9i DB2 UDB 8.1 MS SQL SERVER 2000
FLOAT

FLOAT[(p)] NUMBEg(p)] FLOAT[(p)] |FLOAT[(p)]
REAL

REAL NUMBER REAL REAL
DOUBLE

DOUBLE DOUBLE

PRECISION ;Eﬁgézlow [PRECISION] DOUBLE PRECISION

Note A classic example is number p, which is usually approximated to 3.14. The number was
known in ancient Babylon and Egypt some 4,500 years ago and has been a matter of
interest for mathematicians from Archimedes to modern scientists. As of today,

206,158,430,208 (3 * 236) decimal digits of p have been calculated. It would take
approximately forty million pages, or fifty thousand volumes to store it in written form!

SQL99

SQL99 specifies the following data types for approximate numbers: FLOAT, REAL, and DOUBLE
PRECISION.

= FLOAT is to store floating-point numbers with precision optionally specified by user.
» REAL is similar to FLOAT, but its precision is fixed.
= DOUBLE PRECISION is virtually the same as REAL, but with a greater precision.

Oracle 9i

As we already know, Oracle has one numeric data type, NUMBER, for both exact and approximate
numbers. Another supported data type is FLOAT, which is mostly used to represent binary
precision. The maximum decimal precision for FLOAT is 38; maximum binary precision is 126.



Note In addition to positive precision, Oracle allows negative precision as well. For example, if
you have a column specified as NUMBER(10, —2), all inserted values will be implicitly
rounded to the second significant digit. For example, 6,345,454,454.673 will be stored as
6,345,454,500

DB2 UDB 8.1

DB2 has REAL single-precision data type as well as DOUBLE double-precision data type for
approximate numbers. FLOAT is a synonym to DOUBLE.

= REAL is a four-byte long approximation of a real number. The range is from negative
3.402E + 38 to negative 1.175E — 37 or from positive 1.175E — 37 to 3.402E + 38. It also
includes 0.

= DOUBLE requires eight bytes of storage and is much more precise than REAL. The number
can be zero or can range from —1.79769E + 308 to —2.225E — 307, or from 2.225E - 307 to
1.79769E + 308.

MS SQL Server 2000

MS SQL Server has one data type for floating-point numbers — FLOAT. It also has a number of
synonyms for SQL99 compliance (Table 3-4).

FLOAT data type can hold the same range of real numbers as DOUBLE in DB2. The actual storage
size can be either four or eight bytes.

Literals for approximate numbers

In addition to literals for exact numbers you can specify a real number as two numbers separated
by upper- or lowercase character E (scientific notation). Both numbers may include plus or minus;
the first number may also include a decimal point: +1.23E2 -3.345e1 -3.44488E+002

The value of the constant is the product of the first number and the power of 10 specified by the
second number.



Once Upon a Time: Date and Time Data Types

Handling dates and times is probably one of the most complicated and
inconsistent topics in SQL. According to our personal experiences,
operations with dates often cause confusion and even frustration not only
among database users, but in the developers' community, too.

Introduction to complex data types

One of the problems is dates are not actually what they look like. So far we
were talking only about simple data types that store one value per row.
Date and time data types hold a number of elements (year, day, month,
hour, etc.). In programming, such data types are called complex and are
often represented as structures. When returned as a database query
result, date and time fields appear like strings, but in fact they rather are
parts of structures, similar to ones in the example below. (We don't use any
specific programming language in this example, but rather some kind of
pseudocode.)

STRUCTURE DATE { YEAR
DECIMAL(4,0), MONTH DECIMAL(2,0), DAY
DECIMAL(2,0) }

STRUCTURE TIME { HOUR
DECIMAL(2,0), MINUTE DECIMAL(2,0),
SECOND DECIMAL(5,2) }

STRUCTURE DATETIME { YEAR

DECIMAL(4,0), MONTH DECIMAL(2,0), DAY
DECIMAL(2,0), HOUR DECIMAL(2,0), MINUTE

DECIMAL(2,0), SECOND DECIMAL(5,2) }

The displayed value just formats and concatenates the fields of this
structure. For example, for the YYYY/DD/MM format, the pseudocode may
look like this:

CONCAT (CAST (DATETIME.YEAR,

STRING), '/', CAST(DATETIME.DAY,
STRING), '/', CAST(DATETIME.MONTH,

STRING))

Note The Dot (.) notation used in the above example is explained in
Chapter 1.



These structures should also have some methods to handle situations
when users want to display dates and times in different formats, for
example to display time on the 12- or 24-hour scale, show day of week for
a certain date, display century, convert it into a different time zone, and so
on.

We'll talk more about complex data types later in this chapter.
Date and time implementations
As we've mentioned before, date and time data types are mandated by

SQL99 and handled by different RDBMS implementations quite in a
different way. Date and time data types are summarized in Table 3-5.

Table 3-5: Date and Time Data Types

) DB2 UDB MS SQL
SQL99 Oracle 9i 3.1 SERVER 2000
DATETIME
PATE DATE DATE SMALLDATETIME
TIME [WITH DATETIME
TIME ZONE] DATE TIME SMALLDATETIME
DATE
I&TiﬁTT/}MMPE[(p)] TIMESTAMP TIMESTAMP DATETIME
ZONE] [WITH [ LOCAL] SMALLDATETIME
TIME ZONE]
INTERVAL DAY
TO SECOND
INTERVAL INTERVAL
YEAR TO
MONTH

SQL99

SQL99 supports DATE, TIME, TIMESTAMP, TIME WITH TIME ZONE, and
TIMESTAMP WITH TIME ZONE data types.



» DATE data type is a structure that consists of three elements: year,
month, and day. The year is a four-digit number that allows values
from 0000 through 9999; the month is a two-digit element with
values from 01 through 12; and the day is another two-digit figure
with range from 01 through 31. SQL99 does not have any strict
rules on how to implement DATE internally, so vendors can make

their own decisions. One vendor could choose something similar to
the structures above; others could implement characters, numbers
with different scale, and so on.

= TIME consists of hour, minute, and second components. The hour
Is @ number from 00 to 23, the minute is a two-digit number from
00 to 59, and the second is either another integer from 00 to 61 or
a decimal number with scale of 5 and precision of 3 that can hold
values from 00.000 to 61.999.

Note The range of values for seconds greater than 59 is to
handle the representation of leap seconds, occasionally
added to Earth's time. None of our three major vendors
has that feature implemented.

= TIMESTAMP is a combination of DATE and TIME data types and
includes year, month, day, hour, minute, and second.

» TIME WITH TIME ZONE is basically an improvement to the TIME
data type. It stores time zone information in addition to standard
TIME elements.

= TIMESTAMP WITH TIME ZONE is an extension to the TIMESTAMP
with information on time zone.

Oracle 9/

Oracle has DATE, TIMESTAMP, TIMESTAMP WITH TIME ZONE, and
TIMESTAMP WITH LOCAL TIME ZONE data types.

» DATE is a slightly confusing data type, because in spite of its name
it stores both date and time information and rather corresponds to
SQL99 TIMESTAMP. In addition to standard SQL99 TIMESTAMP
fields (year, month, date, hour, minute, and second), it also
includes century.



» TIMESTAMP data type is practically same as DATE, but you can
specify an optional precision for the number of digits in the
fractional part of seconds. The valid values are numbers from 0 to
9 with the default of 6.

» TIMESTAMP WITH TIME ZONE data type speaks for itself. The only
difference from TIMESTAMP is a time zone displacement included
in its value, which is the difference in hours and minutes between

local time and Coordinated Universal Time (UTC), also known as
Greenwich Mean Time (GMT).

= TIMESTAMP WITH LOCAL TIME ZONE data type is another
variation of TIMESTAMP (or TIMESTAMP WITH TIME ZONE). The
difference is that it is normalized to the database time zone and the
displacement value is not stored with it, but when users query the
column, the result is returned in user's local session time zone.

Understanding TIMESTAMP WITH LOCAL TIME ZONE Data
Type
This example will help you to understand the difference between
TIMESTAMP and TIMESTAMP WITH LOCAL TIME ZONE data

types.

Imagine ACME expanded, and it now has its offices all around
the world. John is a head of Sales department located in Seattle,
WA, and needs to see all new invoices created yesterday at
each location. (We assume each location has its own database,
and the databases can communicate to each other.) The
problem is, one of the offices is in New York, another one is in
Amsterdam, yet another is located in Bangkok, and so on; of
course, each location is in its own time zone. But as far as John
Is concerned, he wants to see all new orders created whatever
is considered to be yesterday in Seattle, in other words,
according to the Pacific Standard Time (PST). Each of the
mentioned offices belongs to a different time zone, without even
mentioning the Daylight Savings. So, 08/31/2003 6:00 PM in
Seattle is equivalent to 08/31/2003 9:00 PM in New York,
09/01/2003 3:00 AM in Amsterdam, and 09/01/2003 8:00 AM in



Bangkok. That means not only different days, but even different
months!

If the data type of ORDER_HEADER .ORDHDR_INVOICEDATE_D
column is TIMESTAMP, John would need a report that
programmatically translates all the different locations' invoice
dates into PST.

Life would definitely be easier if we declared
ORDHDR_INVOICEDATE_D as a TIMESTAMP WITH LOCAL TIME

ZONE — then each time John queries a remote database from

Seattle the result is returned in his session's time, that is,
invoices created in Bangkok at 8 AM on September 1 (Thailand
local time) will appear as belonging to August 31 Pacific
Standard Time.

= INTERVAL YEAR TO MONTH data type stores a period of time using
year and month fields.

= INTERVAL DAY TO SECOND data type can store a period of time in
days, hours, minutes, and seconds.

Caution The Oracle format value for minutes is MI, not MM like

most other databases. So, be aware that if you want
specify a time format it should look like HH:MI:SS, not
HH:MM:SS. MM in Oracle stands for months.

DB2 UDB 8.1

DB2 has three standard SQL99 date and time data types — DATE, TIME,
and TIMESTAMP.

» DATE consists of year, month, and day. The range of the year part
is 0001 to 9999; month can be from 1 to 12; and the day part
ranges from 1 to 28, 29, 30, or 31, depending on the month. DATE
in DB2 is stored internally as a string of four bytes. Each byte
represents two decimal digits. The first two bytes are for the year,
the third is reserved for the month, and the fourth one holds day



value. The length of a DATE column is 10 bytes to fit character
string representation in literals.

= TIME data type is represented internally as a string of three bytes

— one byte for hours, one for minutes, and one for seconds. Hour
ranges from 0 to 24 (if value is 24, minutes and seconds will be all
zeroes). Minute and second components have to be from 0
through 59. The length of a TIME column in DB2 is 8 bytes to allow

the appropriate length for a character string representation.

= TIMESTAMP data type is a combination of DATE and TIME
elements plus a microsecond component. The internal
representation is a string of ten bytes (four DATE bytes, three TIME
bytes, and additional three bytes for microseconds). The length of
a TIMESTAMP column is 26 bytes.

MS SQL Server 2000

MS SQL Server has two date and time data types, DATETIME and
SMALLDATETIME that both represent the combination of date and time
values, but have different ranges.

» DATETIME can store values from 01/01/1753 to 12/31/9999 with
accuracy of 0.00333 seconds. It is stored internally as an eight-
byte string. The first four bytes represent the number of days
before (or after) 01/01/1900, which is the system reference date.
The second four bytes store time in milliseconds passed since
midnight.

» SMALLDATETIME can hold dates from January 1, 1900 to June 6,
2079, with accuracy to the minute. The internal storage for that
data type is four bytes. Again, the first portion (two bytes) stores
the number of days after the system reference date (01/01/1900),
and the second portion stores time (in minutes after midnight).

Date and time literals

Date and time literals are implementation-specific and vary significantly
among different vendors.

Oracle 9i



Oracle lets you specify DATE values as literals if they match special
database initialization parameter NLS_DATE_FORMAT, which defaults to
DD-MON-YY. (Oracle initialization parameters are usually handled by DBA

and are not covered in this book.) You can also use SQL99 literal standard
(YYYY-MM-DD) with a DATE prefix, or convert literals into string using the

Oracle function TO_DATE (covered in Chapter 10). The three following
statements are valid date literals examples. (SHIPMENT_ARRIVDATE_D is
a DATE field in Oracle ACME database.)

UPDATE shipment SET

shipment_arrivdate_d
'03-SEP-02' WHERE shipment_id_n = 30661;

UPDATE shipment SET

shipment_arrivdate_d
DATE '2003-09-02' WHERE shipment_id_n = 30661;

UPDATE

shipment SET
shipment_arrivdate_d = TO_DATE('September, 02 2003',
"Month, DD

YYYY') WHERE
shipment_id_n = 30661;

But these are illegal:
UPDATE shipment SET

shipment_arrivdate_d
'"YYYY-MM-DD' WHERE shipment_id_n = 30661;

UPDATE shipment SET

shipment_arrivdate_d
'03-SEP-02 23:12:45' WHERE shipment_id_n =
30661;

TIMESTAMP and TIMESTAMP WITH TIME ZONE data types also accept the
DD-MON-YY format for literals (with optional TIME part); in addition, you can
specify literals with a TIMESTAMP prefix:

TIMESTAMP '1997-01-31
09:26:50.124" TIMESTAMP



'1997-01-31 09:26:56.66 +02:00' TIMESTAMP '1999-04-15
8:00:00 -8:00'
TIMESTAMP '1999-04-15 8:00:00 US/Pacific' TIMESTAMP
'1999-10-29
01:30:00 US/Pacific
PDT'

The first of these lines is for TIMESTAMP data type, and the other four are
for TIMESTAMP WITH TIME ZONE.

Note TIMESTAMP WITH LOCAL TIME ZONE data type does not have
any literals associated with it.

Oracle gives you a great deal of flexibility when specifying interval values
as literals. Reference Table 3-6 for examples.

Table 3-6: Interval Literals in Oracle

INTERVAL LITERAL INTERPRETATION

INTERVAL '23-5"' YEAR

TO MONTH Interval of 23 years and 5 months
INTERVAL '67"' YEAR(3) Interval of 67 years and O months
INTERVAL '500'

MONTH(3) Interval of 500 months

Interval of 4 years (maps to
INTERVAL '7-0' YEAR TO MONTH)

Maps to INTERVAL '6-2' YEAR TO

INTERVAL '7' YEAR

INTERVAL '74"' MONTH MONTH and indicates 6 years and
2 months

INTERVAL '7 6:15"' DAY Interval of 7 days, 6 hours and 15

TO MINUTE minutes

INTERVAL '40' DAY Interval of 40 days

INTERVAL '11:20"' HOUR

T0 MINUTE Interval of 11 hours and 20 minutes




INTERVAL LITERAL INTERPRETATION

INTERVAL '10:22'

MINUTE TO SECOND Interval of 10 minutes 22 seconds

INTERVAL '25' HOUR Interval of 25 hours
INTERVAL '40' MINUTE Interval of 40 seconds
DB2 UDB 8.1

The following formats for DATE literals are recognized: YYYY-MM-DD
(ANSI/ISO), MM/DD/YYYY (IBM US), and DD.MM. YYYY (IBM Europe).

So, these three statements are legal:
UPDATE shipment SET

shipment_arrivdate_d
'2003-09-02' WHERE shipment_id_n = 30661

UPDATE shipment SET

shipment_arrivdate_d
'09/02/2003"' WHERE shipment_id_n = 30661

UPDATE shipment SET
shipment_arrivdate_d =

'02.09.2003' WHERE shipment_id_n = 30661

But this one is not:
UPDATE shipment SET

shipment_arrivdate_d
'02-SEP-2003' WHERE shipment_id_n =
30661

The valid TIME literal formats are: HH.MM.SS (ANSI/ISO and IBM Europe),
HH:MM AM|PM (IBM USA), and HH:MM: SS (Japanese Industrial Standard).
Also, trailing blanks may be included, and a leading zero may be omitted
from the hour part of the time; seconds may be omitted entirely:

'12.23.56' '23:15 AM'
'8:45"



The valid string formats for TIMESTAMP literals are YYYY -MM-DD-
HH.MM.SS.NNNNNN and YYYY-MM-DD HH:MM:SS.NNNNNN:

UPDATE shipment SET
shipment_createdate_d
'2003-10-12-23.34.29' WHERE shipment_id_n = 30661

UPDATE shipment SET
shipment_createdate_d
'2003-10-12 23:34:29.345678' WHERE shipment_id_n =
30661

MS SQL Server

MS SQL Server is probably the friendliest RDBMS in terms of handling
date and time. It recognizes the date and time literals enclosed in single
qguotation marks in many different formats. For example:

"August 15, 2003' '15

August, 2003' '15-AUG-
2003' '15 Aug, 2003' '030815' '2003/08/15' '08/15/03'

'14:30:24"' '04:24 PM'
'15 August, 2003 23:00' '15-AUG-2003

22:45:34.345"

All these (and many other) formats are valid for both DATETIME and
SMALLDATETIME.



Object and User-Defined Data Types

You are already familiar with the concept of complex data types
(date and time), but their complexity is hidden from the users.
Now, we are going to talk about some complex data types that do
require more user involvement. Understanding these data types
requires some background in object-oriented programming and
design.

SQL99

In general, SQL99 defines two new groups of complex data
types: Abstract types (ADT) and collections.

ADT

ADT provides means to explicitly define a structural type within
the larger context of the database structure. It is a series of
attribute names paired with system data types plus optional
methods to manipulate those properties. ADT can virtually be
anything one can imagine and describe by the means of the
language — a car, a person, an invoice.

Note We already mentioned in Chapter 1 that object-oriented
design and principles are very popular today. All modern
computer languages (Java, C#, VB.NET) are strictly
based on those principles. Nevertheless, we would like
to remind you that object-oriented databases are hardly
mainstream; their market share is marginal at best, and
their future existence is still questionable. Major
database vendors seem to prefer embedding some
object-oriented features into their existing RDBMS
engines (OORDBMS approach). We are not going to list
all pros and contrast once again, but in our opinion the
major advantage of traditional relational databases is



they are based on strong mathematical and theoretical
platforms and time-proven standards.

Collections
Collections can be of reference type, set type, and list type.
Reference type

Reference type is a special type through which an instance of
another type can be referenced. The reference values are read-
only and unique in database system catalog.

Set and list types

These types extend a field's capabilities by storing a collection of
homogeneous data. For instance, we could make a good use of
array data type for a phone number field.

Note Until recently, phone numbers didn't cause database
programmers and designers any troubles. It was
conventional for a person to have only one home
number and a work number. The situation has
dramatically changed in recent years. Cell phones are
now as popular as TVs, VCRs, and watches. Many
people even have more than one cell phone! That is not
such a big deal for a correctly designed relational
database — we simply can store phone numbers in a
separate table with pointers to their parent. But using an
array data type would be another elegant solution in this
situation.

Sets and lists can consist of built-in data types (for example,
array of strings), abstract data types, reference data types, or
named row data types. The only difference between the two
collection types is that the list has to be ordered.



Oracle 9/

Oracle supports ADT in the form of object types. Collections are
supported as nested tables, varying arrays, and ref types.

Objects

Objects in Oracle can either simply describe an entity or have
some methods (functions) to manipulate it in addition to that. We
can create an object in Oracle using this syntax:

CREATE TYPE addr_type AS OBJECT

( street VARCHAR(30), city
VARCHAR(30), state CHAR(2), zip VARCHAR(10),
country

VARCHAR(30) type CHAR(1));

We can now create table CUST1 with address field of type
ADDR_TYPE:

CREATE TABLE custl ( id NUMBER,
name VARCHAR(30), address
addr_type);

Figure 3-5 is the illustration of what we've just created, assuming
some records have been populated. Now we can access the
attributes of address field using dot notation:

Figure 3-5: Table with

column declared as an object type
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address.street address.city
address.state address.zip
address.country address.type

Not much benefit so far — basically we just store multiple
address fields in one column — but we'll take advantage of our
new custom type in later examples.

Nested tables

A nested table in Oracle corresponds to SQL99 set type. It can
be defined as a table that is a column of another table with
unlimited number of rows. The actual data for a nested table is
physically stored in another table, but from a user's viewpoint it
looks like an integral part of the main table.

For example, we have a parent-child relationship between tables
CUST2 and ADDRESS and want to eliminate it using a nested
column instead. Assuming we already have ADDR_TYPE created,
what we do next is

CREATE TYPE addr_type_tab AS
TABLE OF addr_type

This creates a new user-defined type ADDR_TYPE_TAB of nested
table type. Now, we can create the actual table CUST2 so that
each row may contain a table of addresses:
CREATE TABLE cust2 ( id NUMBER,
name VARCHAR(30), address
addr_type_tab) NESTED TABLE address STORE AS
addr_storage;

The last line of code specifies the name of the storage table
where the rows of all the values of the nested table reside. Figure
3-6 shows how addresses for CUST2 are stored in a nested table.



Figure 3-6: Nested tables in Oracle
Varying arrays

VARRAY data type is very similar to NESTED TABLE. The main
difference is that VARRAY has to be ordered. Also, you have to
specify the maximum number of elements for VARRAY and don't
have to indicate the name for the storage:

CREATE TYPE addr_type_varray AS
VARRAY (50) OF addr_type;

create table cust3 ( id NUMBER,
name VARCHAR(30), address
addr_type_varray);

DB2 UDB 8.1

DB2 supports user-defined structured types, reference types, and
user-defined distinct types.

User-defined types

User-defined types are very similar to Oracle's object types. This
example shows how to create an address structure:

CREATE TYPE addr_type AS (

street VARCHAR(30),
city VARCHAR(30), state CHAR(2), zip
VARCHAR(10), country

VARCHAR(30) type
CHAR(1)) MODE DB2SQL
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Now we can create a table that uses the new user-defined data
type ADDR_TYPE:

CREATE TABLE custl ( id
INTEGER, name
VARCHAR(30), address addr_type)

Reference types

Reference types are used to define references to a row in
another table (or user-structured type). The references are similar
to referential integrity constraints but do not enforce relationships
between the tables:

CREATE TABLE cust2 ( id
INTEGER, name
VARCHAR(30), address REF(addr_type))

The address column of the CUST2 table references the user-
defined ADDR_TYPE.

Distinct types

Distinct types are defined using existing data types and have the
same features of the built-in type. For example, we can create a
new data type usd for U.S. dollars:

CREATE DISTINCT TYPE usd AS
DECIMAL(12,2) WITH
COMPARISONS

Now we can use it throughout the whole database in a way
similar to the way MS SQL Server uses its MONEY data type. For

example, we can create tables with column of a type USD:

CREATE TABLE employee ( id
INTEGER, same
VARCHAR(30), salary USD);



Other Data Types

We covered all the major SQL data types in detail. Now let's
briefly describe a couple more that either are not implemented by
any of the major vendors or are implemented in such a way that
the data type name would not match SQL99 standards.

BOOLEAN

SQL99 has a special BOOLEAN data type with a range that
includes only two values: TRUE and FALSE. Oracle, DB2, and
Microsoft SQL Server don't have a BOOLEAN data type. (Or, to be

more precise, DB2 has it, but for internal use only, i.e., you
cannot declare a column of type BOOLEAN.) But the BOOLEAN

data type can be easily simulated, for example by using a user-
defined data type of type VARCHAR that only allows FALSE and

TRUE for its values.

This example illustrates how to do it in MS SQL Server:
CREATE RULE bool _rule AS @list

in ('TRUE', 'FALSE')
sp_addtype BOOLEAN, 'VARCHAR(5)', 'NULL'
sp_bindrule

'"bool_rule', 'BOOLEAN'

Now you can use it just as another data type in your instance of
MS SQL Server.

ROWID

ROWID is a special Oracle data type to store unique addresses for
each row in the database. Tables can be created with ROWID
columns, but that's not recommended.

UROWID



UROWID is similar to ROWID but used for index-organized tables.

BFILE

BFILE Oracle data type enables read-only access to binary files
stored outside the Oracle database.

DATALINK

DATALINK is an DB2 data type to manage large objects in the

form of external files. The files can reside in a file system on the
same server or on a remote server. Internal database functions
are used to manipulate DATALINK columns.

BIT

BIT data type in MS SQL Server stores a bit of data (0 or 1) and
does not correspond to previously described SQL99 BIT. The

literal value for bit is a single character from its range optionally
enclosed into single quotes.

Tip MS SQL Server BIT data type is yet another way to
simulate SQL99 BOOLEAN data type. 1 corresponds to
TRUE and 0 denotes FALSE.

TIMESTAMP

TIMESTAMP data type in MS SQL Server is not the same as
TIMESTAMP SQL99 data type. You can only have one column per
table of type TIMESTAMP. It exposes automatically generated
binary numbers (unique within a database) and is basically used
to uniquely identify a database row in a manner similar to (but not
identical to) Oracle's ROWID and primarily serves version control
purposes. The main difference between TIMESTAMP and ROWID
is that the value of a TIMESTAMP column gets updated every time



the row is changed, whereas Oracle's ROWID is assigned to a row
for as long as the row exists.

Microsoft is planning to replace this data type with a
ROWVERSION data type in future releases for SQL99 compliance.
Currently ROWVERSION is a synonym to TIMESTAMP.

The storage size of TIMESTAMP data type is 8 bytes; it is
semantically identical to binary(8).

Tip Another related concept in MS SQL Server (and DB2
UDB) is an identity column. It is not a data type, but rather
a special numeric column property that requires the
column to contain system-generated sequential values
that uniquely identify each row within table. More about
identity columns is in Chapter 4.



NULL

NULL is a special database concept to represent the absence of

value. It is neither a zero nor an empty string, but a special
character that can be substituted for any data type. Nulls are
usually used when the value is unknown or meaningless. NULL

columns can later be updated with some real data.

For example, when a new employee is hired, he/she might
neither yet have the phone number nor be assigned to a
department. In such situation the NULL values are appropriate for

PHONE and DEPARTMENT columns.

Another situation is when a value is nonapplicable; like STATE
field in a European address. It can also be set to NULL.

The NULL value requires special handling and has to be dealt
with carefully. In fact, any operator that involves NULL as an
operand also returns NULL.

Caution NULL can cause you serious troubles if not used
properly. For example, imagine you have two
columns in your table and you want to calculate the
difference between them. If one of your columns has
NULL values, the result of your calculation is
undefined (NULL), i.e., 100 — 0 = 100, but 100 —
NULL = NULL. That means you have to use special
mechanisms (discussed in Chapters 10 and 11) to
handle this and similar situations.




Summary

While it may not be apparent at the first look, the data types are
there to safeguard us and make our life easier. This chapter
describes and categorizes all existing data types (character and
binary strings, precise and approximate numbers, dates and time,
user-defined and object types, as well as few others that don't fit
well any of the above) and analyzes variations between vendor
implementations and SQL99 standards.

It is very important to know what data types are available in each
implementation and to understand the correspondence between
them and SQL99 standards.

You also need to consider ramifications of using a particular data
type to store a particular kind of data.

Each of the three RDBMS vendors discussed in this book has its
own proprietary extensions — in addition to SQL99 standard
mandated data types.

The concept of NULL is introduced in this chapter. While not

defining a data type, this concept is crucial for understanding how
data is created, retrieved, and compared.
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Overview

By definition, a database is a collection of objects and processes
that manage these objects. Before you can start doing anything
with a database, you (or somebody else) has to design it and
then create its objects. The database design is a separate
(though related to) SQL topic; we give a crash course in RDBMS
design basics in Appendix C. This chapter is about creating
objects in a relational database.

Cross- To be able to create database objects you

References  must have sufficient (implementation specific)
security privileges. See Chapter 12 for
detailed discussion of SQL security.




Tables

Tables are the central and the most important objects in any
relational database. The primary purpose of any database is to hold
data that is logically stored in tables.

One of the relational database design principles is that each table
holds information about one specific type of thing, or entity. For
example, a CUSTOMER table would contain data about customers
only, not about the products they ordered, invoices issued to them,
or salesmen who placed orders for them. The ACME database
doesn't even have customers' addresses and phone numbers
because those are separate entities represented by ADDRESS and
PHONE tables respectively.

Rows (sometimes also called records) are horizontal slices of data;
each row contains data about one entity item. A row from the
CUSTOMER table contains information about one single customer, a

row from the ORDER_HEADER, about one single order, and so on.

The vertical cuts of table data are called columns. A column holds a
particular type of information for all entity records. The
CUST_NAME_S column in the CUSTOMER table encloses all
customers' names; ORDHDR_INVOICENBR_N in ORDER_HEADER
contains all invoice numbers.

Note While for the sake of simplicity it is possible to visualize
tables as rows and columns sequentially stored
somewhere on your hard disk, such a picture does not
reflect the actual state of things. First, tables are not
sequential, and second, they are not necessarily on your
disk. (For example, Oracle keeps all new and modified
rows, committed and uncommitted, in memory until a
special database event occurs that synchronizes the
memory contents with what's on the hard disk.) This is
something to consider for a database administrator; as a
user (and even as a programmer) it remains to your



advantage to use this simple visualization and to
concentrate on the table creation process.

CREATE TABLE statement

Even though we can make some generalizations about the database
table creation process, internal table implementations and CREATE
TABLE statement clauses differ from vendor to vendor significantly.
For example, Oracle's CREATE TABLE syntax diagram is about
fifteen pages long; DB2's takes roughly seven pages; MS SQL
Server has the shortest definition — only one-and-a-half pages.

We are going to concentrate on the most common clauses as
described in the SQL99 standards with emphasis on vendor
implementation differences.

SQL99 syntax

SQL99 offers the following CREATE TABLE syntax:

CREATE [{GLOBAL | LOCAL}

TEMPORARY] TABLE
<table_name> (

<co lumn_name>
[<domain_name> | <datatype>

[<sizel>[,<size2>] ]
[<column_constraint>, ...] [DEFAULT

<default_value>] [COLLATE
<collation_name>], ...

[<table_constraints>] [ON
COMMIT {DELETE | PRESERVE} ROWS]

)

Oracle 9/ syntax

In Oracle 9/, you can create three different types of tables: relational
tables, object tables, and XML type tables. The latter two are out of



scope of this book; the simplified CREATE TABLE syntax for
relational tables is shown below:

CREATE [GLOBAL TEMPORARY]

TABLE [<schema>.]
<table_name> ( <column_name>

<datatype> [<sizel>[,
<size2>]] [DEFAULT

<default_value>]
[<column_constraint>,...], ...

[<table_constraint>, ...]
[<physical_properties>] ) [ON COMMIT

{DELETE | PRESERVE} ROWS];

DB2 UDB 8.1 syntax

In DB2 UDB 8.1, you can create tables using this syntax (some
complex clauses are omitted):

CREATE TABLE

[<schema>. ]<table_name> (
<column_name> <datatype>

[<sizel>[,<size2>]]
[<column_constraint>,...] [[WITH] DEFAULT

[<default_value>] |
GENERATED {ALWAYS | BY DEFAULT } AS IDENTITY

[<identity_clause>] ], ...
[<table_constraint>,...] | [[LIKE

<table_name> [{INCLUDING
| EXCLUDING} {[COLUMN] DEFAULTS | IDENTITY} ] ]

| [AS <select_statement>
[ {DEFINITION ONLY | DATA INITIALLY DEFERRED

REFRESH DEFERRED |
IMMEDIATE } ] ] ] [<tablespace_options>]

)
MS SQL 2000 syntax

Here is MS SQL Server 2000 syntax:



CREATE TABLE
[ [<database_name>. ]
<owner>. ] [#|##]<table_name> (
<column_name> <datatype>
[<sizel>[,<size2>]] [COLLATE
<collation_name>]
[ [DEFAULT <default_value>] | [IDENTITY [
([<seed>, <increment>])

[NOT FOR REPLICATION] ] ]
[<column_constraint>,...], ...

[<table_constraint>, ...]
[ON <filegroup>] [TEXTIMAGE_ON

<filegroup>] )

Permanent and temporary tables

Database tables can be permanent or temporary, based upon the
lifespan of table data.

Usually you want tables to be permanent, meaning that inserted
data stays there until somebody explicitly deletes table rows. In
some less common situations, you may want the table data to
disappear as soon as one commits changes in other tables or logs
off. Typically, that may be the case when you are issuing SQL
statements from other programs (embedded SQL) or using
procedural SQL extensions, such as PL/SQL (Oracle) or Transact
SQL (MS SQL Server) to perform complex tasks. For example, you
might want a program to select columns from dozens of different
tables, apply formulas to perform calculations on them, store the
intermediate results in a temporary table, and then update another
group of tables based on those results.

Temporary tables in SQL99

SQL99 mandates two types of temporary tables: LOCAL and
GLOBAL. The difference is in their data visibility. Even though the
data in a temporary table is visible only within the session (or



transaction) that populated it, GLOBAL tables can be accessed by
any program or module within the session; thus, a stored procedure
sp_1 can create the global temporary table TEMP_TABLE1; another
stored procedure sp_2 can populate it with data, and then other
stored procedures sp_3, sp_4, and sp_5 can use the data in their
processing as long as all five stored procedures are started from the
same session.

Unlike temporary table data, the temporary table's definition is
permanent; so, if user A creates a temporary table B, populates it
with data, and logs off, when s/he logs back the next day (or next
year), the table is still there, but it is empty.

Cross- A session is one or more transactions during the

References interval from when a user logs into the database
until s/he logs off. A transaction can be defined
as a logical unit of work that consists of SQL
statement(s) that usually change data (update,
insert, or delete rows); at the end of a
transaction all changes are either saved in the
database using the COMMIT statement or
discarded (rolled back). More about sessions,
transactions, and COMMIT and ROLLBACK
statements in Chapter 7

Temporary tables in Oracle 9i

You can create GLOBAL TEMPORARY tables in Oracle; LOCAL
TEMPORARY tables are not yet implemented. The idea of a GLOBAL
TEMPORARY table is slightly different from that described in the

SQL99 concept. The table definition is visible to all sessions, but the
data in a temporary table is only visible to the session that populated
the data:

CREATE GLOBAL TEMPORARY

TABLE
tmp_customer_order_totals ( customer_name
VARCHAR2(30), customer_total



NUMBER ) ON COMMIT
DELETE ROWS,

In other words, user John might have created the
TMP_CUSTOMER_ORDER_TOTALS table a year ago; users Mary,
Susan, and Kyle are using the table concurrently (assuming they
have appropriate privileges), but from their point of view it's like each
of them was using his or her own temporary table; see Figures 4-1,
4-2, and 4-3.

CUSTOMER_NAME CUSTOMER_TOTAL
WILE ELECTROMUSICAL INC, 19824
WILE ELECTRONICS INC. 286728 Figure 4_1- Mary's rows In the

TMP_CUSTOMER_ORDER_TOTALS temporary table

CUSTOMER_NAME CUSTOMER_TOTAL
WILE ELECTROMATIC INC 30956.2
WILE SEAL CORP. 100771.8

Figure 4-2: Susan's rows in the
TMP_CUSTOMER_ORDER_TOTALS temporary table

CUSTOMER_NAME CUSTOMER_TOTAL
WILE BESS COMPANY 276775.6

Figure 4-3: Kyle's rows in the TMP_CUSTOMER_ORDER_TOTALS
temporary table

Temporary tables in DB2 UDB 8.1

Temporary tables cannot be created in DB2 UDB 8.1 with CREATE
TABLE; you can instead declare a temporary table for current
session with the DECLARE GLOBAL TEMPORARY TABLE statement.

The declared temporary table cannot be shared with other sessions;
when a session is terminated, rows and the table definition are both

dropped.
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The syntax of the DECLARE GLOBAL TEMPORARY TABLE statement
is similar to DB2's CREATE TABLE statement; here is an example:

DECLARE GLOBAL TEMPORARY

TABLE
tmp_customer_order_totals ( customer_name
VARCHAR(30), customer_total

DECIMAL(12,2) ) ON
COMMIT PRESERVE ROWS NOT LOGGED

Note One important thing to mention here is that if you try this
statement on your sample database, it will fail with an error
saying that the user does not have a large enough
temporary tablespace. We explain the concept of
tablespace later in this chapter.

Temporary tables in MS SQL Server 2000

The MS SQL Server syntax used to create a temporary table is not
consistent with SQL99 standards. To create a local temporary table,
you prefix it with the pound sign (#); the double pound sign (##)
indicates a global temporary table.

Local temporary tables are visible only to the current session; both the
table data and table definition are deleted when the user logs off
(comparable to DB2 temporary tables created with the DECLARE
GLOBAL TEMPORARY TABLE statement):

CREATE TABLE

#tmp_customer_order_totals ( customer_name
VARCHAR(30), customer_total MONEY

)

Global temporary tables are visible to all users; they are destroyed after
every user who was referencing the table disconnects from the SQL
Server: CREATE TABLE ##tmp_customer_order_totals (
customer_name VARCHAR(30), customer_total MONEY )



Column definitions

The table has to have one or more column definitions, which consist of
the column name and the data type.

SQL99

According to SQL99, a domain can be used for a column instead of a
data type. (Domains are covered later in this chapter.)

Note Oracle 9/, DB2 UDB 8.1, and MS SQL Server 2000 are
reasonably consistent in their column definition clauses; the
only difference is each implementation uses its own data
types. For instance, this Oracle column definition:
customer_name VARCHARZ2(30) customer_total NUMBER

Would have to be replaced in MS SQL Server with:
customer_name VARCHAR(30) customer_total MONEY

None of the above vendors allows domains in column
definitions. (As a mattrer of fact, they don't have domains at
all.)

Column constraints

Each column can have one or more column constraints. SQL99
specifies the following column constraints:

= NOT NULL means that the NULL values are not permitted in the
column.

= UNIQUE means all values in the column must be distinct values;
NULLs are permitted.

= PRIMARY KEY specifies that all column values must be unique
and the column can't contain NULLs. In other words, it's a
combination of the above two constraints.



» REFERENCES means the column is a foreign key to the
referenced table.

m CHECK verifies that the column values obey certain rules; for

example, only positive numbers are permitted, or only a certain
set of strings is valid.

All three implementations have all the above constraints and handle
them in similar ways. You can either name constraints accordingly with
your database naming conventions, or don't specify constraint names at
all. In the latter case, RDBMS will generate default names. The
following examples illustrate the use of column constraints (Oracle or
MS SQL Server):

CREATE

TABLE salesman (
salesman_id_n INT CONSTRAINT pk_salesmanprim PRIMARY

KEY, salesman_code_s VARCHAR
(2) CONSTRAINT uk_salescode

UNIQUE, salesman_name_s
VARCHAR (50) NOT NULL,

salesman_status_s CHAR (1)
CONSTRAINT chk_salesstatus

CHECK (salesman_status_s 1in

('N','Y)) )

CREATE TABLE address (
addr_id_n INT CONSTRAINT pk_addrprimary

PRIMARY KEY, addr_custid_fn
INT, addr_salesmanid_fn INT

CONSTRAINT fk_addr_salesman
REFERENCES salesman (salesman_id_n),

addr_address_s VARCHAR(60),
addr_type_s VARCHAR(8) CONSTRAINT

chk_addr_type CHECK
(addr_type_s IN ('BILLING',

'SHIPPING')), addr_city_s
VARCHAR(18) CONSTRAINT

nn_addr_city NOT NULL,



addr_state_s CHAR(2), addr_zip_s
VARCHAR(10) NOT NULL,
addr_country_s CHAR(3) )

You would need to make a couple of modifications for this statement to
run in DB2:

salesman_id_n INT CONSTRAINT pk_salesmanprim PRIMARY
KEY NOT

NULL salesman_code_s VARCHAR
(2) CONSTRAINT uk_salescode UNIQUE

NOT NULL addr_id_n INT
CONSTRAINT pk_addrprimary PRIMARY

KEY NOT NULL

Note Oracle and MS SQL Server implicitly create NOT NULL
constraints on all primary keys and unique columns, but DB2
does not, so you have to specify both NOT NULL and
PRIMARY KEY constraints on a primary key column of a DB2
table or an error will be generated.

Column default values

Each column can optionally be given a default value (in range of its
data type). In this case, if an INSERT statement omits the column, the
default value will automatically be populated:

CREATE TABLE product (

prod_id_n INTEGER NOT NULL,
prod_price_n DECIMAL(10,2), prod_num_s VARCHAR(10),

prod_description_s
VARCHAR(44) NOT NULL,

prod_status_s CHAR(1)
DEFAULT 'Y', prod_brand_s VARCHAR(20) NOT

NULL, prod_pltwid_n
DECIMAL(5,2) NOT NULL, prod_pltlen_n DECIMAL(5,2) NOT
NULL,

prod_netwght_n
DECIMAL(10,3), prod_shipweight_n DECIMAL(10,3) )



INSERT INTO

product ( prod_id_n,
prod_price_n, prod_num_s, prod_description_s,

prod_brand_s, prod_pltwid_n,
prod_pltlen_n, prod_netwght_n, prod_shipweight_n )

VALUES (990, 18.24, '990',
'SPRUCE LUMBER 30X40X50', 'SPRUCE LUMBER', 4, 6,

21.22577, 24.22577 ) SELECT
prod_id_n, prod_price_n, prod_status_s FROM product

PROD_ID_N PROD_PRICE_N
PROD_STATUS_S --------- -=-----ommm oo e oo oo - -
990

18.24 Y

This example will work with all our "big three" databases.

Column collating sequence

Character string columns can optionally have a collating sequence;
thus, you can specify nondefault character precedence order.

Out of our three database vendors only MS SQL Server allows
collations as a part of the column definition. The collation name
specifies the collation for the column of a character string data type; you
can use both MS SQL Server and MS Windows predefined collations.
For example, if you want all customer names in the ACME database to
be handled according to French collation rules, you can modify the
CUSTOMER table:

CREATE
TABLE customer ( cust_id_n
INT NOT NULL, cust_paytermsid_fn INT,
cust_salesmanid_fn INT,
cust_status_s VARCHAR(1) DEFAULT 'Y' NOT NULL,
cust_name_s VARCHAR(50)
COLLATE FRENCH_CI_AI NOT NULL,
cust_alias_s VARCHAR(15),



cust_credhold_s VARCHAR(1) DEFAULT 'Y' NOT NULL
)

Note CI in the above collation definition stands for CASE
INSENSITIVE, and AT means ACCENT INSENSITIVE; to

use a case-sensitive, accent sensitive collation, use
FRENCH_CS_AS instead. See MS SQL Server and MS

Windows documentation for full lists and descriptions of the
available collations.

Table constraints

Table constraints are similar to column constraints; the main difference
is that table constraints can be used not only on individual columns, but
also on column lists. The valid table constraints are listed here:

= UNIQUE. Similar to the column constraint, but can ensure
uniqueness of the combination of two or more columns.

» PRIMARY KEY. The combination of values in constrained
column(s) must be unique; NULL values are not allowed.

= FOREIGN KEY. Specifies a column or group of columns in the

table vhat references a column (or group of columns) in the
referenced table.

= CHECK. Defines a predicate that refers values in one or more
tables; similar to the column CHECK constraint.

The following example illustrates the use of table constraints:

CREATE

TABLE order_header (
ordhdr_id_n INTEGER NOT NULL, ordhdr_payterms_fn
INTEGER,

ordhdr_statusid_fn INTEGER,
ordhdr_custid_fn INTEGER, ordhdr_salesmanid_fn

INTEGER, ordhdr_nbr_s



VARCHAR(30) NOT NULL, ordhdr_invoicenbr_n

INTEGER, ordhdr_orderdate_d
DATETIME, ordhdr_invoicedate_d DATETIME,

ordhdr_canceldate_d
DATETIME, ordhdr_credithold_s CHAR(1),

ordhdr_readytoinvoice_s
CHAR(1) DEFAULT 'N', ordhdr_notes_s VARCHAR(60),

ordhdr_createdby_s
VARCHAR(10), ordhdr_createdate_d DATETIME,

CONSTRAINT chk_ordhdr_ready
CHECK

(ordhdr_readytoinvoice_s IN
('N', 'Y')), CONSTRAINT

chk_ordhdr_credh CHECK
(ordhdr_credithold_s IN ('N',

'Y')), CONSTRAINT
pk_ordhdrprim PRIMARY KEY

(ordhdr_id_n), CONSTRAINT
idx_ordhdr_ordnbr UNIQUE

(ordhdr_nbr_s) ) CREATE
TABLE shipment ( shipment_id_n INTEGER NOT

NULL, shipment_bolnum_s
VARCHAR(6), shipment_shipdate_d DATETIME,

shipment_arrivdate_d
DATETIME, shipment_totalcases_n INTEGER,

shipment_trailernbr_s
VARCHAR(12), shipment_shpmntfrght_n DECIMAL(12,2),

shipment_frtterms_s
VARCHAR(3), shipment_createdby_s VARCHAR(10),

shipment_createdate_d
DATETIME, CONSTRAINT chk_shipfrtterms

CHECK (shipment_frtterms_s
IN ('coL', 'PPD')),

CONSTRAINT pk_shipmentrprim
PRIMARY KEY (shipment_id _n) )

CREATE TABLE order_shipment
( ordship_ordhdr_id_fn INTEGER NOT NULL,



ordship_shipment_id_fn
INTEGER NOT NULL, CONSTRAINT pk_ordhdrship

PRIMARY KEY
(ordship_ordhdr_id_fn,

ordship_shipment_id_fn),
CONSTRAINT fk_ordsh_ord FOREIGN

KEY (ordship_ordhdr_id_fn)
REFERENCES

order_header(ordhdr_id_n) )

This example is for MS SQL Server syntax; to make it work in Oracle 9i
or DB2 UDB 8.1, modify the DATETIME data type for columns
ORDHDR_ORDERDATE_D, ORDHDR_INVOICEDATE_D,
ORDHDR_CANCELDATE_D, ORDHDR_CREATEDATE_D,
SHIPMENT_SHIPDATE_D, SHIPMENT_ARRIVDATE_D, and
SHIPMENT_CREATEDATE_D to be of a valid data type for the particular
implementation (DATE or TIMESTAMP).

Referential integrity constraints optional clauses

SQL99 assumes an optional clause on the creation of FOREIGN KEY
and REFERENCES constraints that specifies what happens to a row if

that row has a referential relationship and the referenced row is deleted
from the parent table or changes are made to the referenced table. The
syntax is as follows:

[ON DELETE {NO ACTION |
CASCADE | SET NULL}]
[ON UPDATE {NO ACTION | CASCADE | SET NULL | SET
DEFAULT}]

NO ACTION is the default behavior and means an error will be
generated if one tries to delete the row (or update the primary key
value) referenced by other table(s).

CASCADE assumes that the same changes will automatically be done to
the foreign key as were made to the parent; thus, if the parent row is
deleted, all child rows that referenced it will also be deleted; if the



parent's primary key is updated, all child rows' foreign keys that
reference it will also be updated with the same value.

SET NULL means if the parent row was deleted or its primary key was
changed, all child tables' referencing foreign key values will be set to
NULL.

SET DEFAULT is very similar to SET NULL, but the child tables' columns
are set to their default values rather than to NULLS. This assumes that
column default values exist.

All our three vendors implemented the above SQL99 standard to
certain degree.

Oracle 9i does not have the ON UPDATE clause; the ON DELETE clause
syntax is: [ON DELETE { NO ACTION | CASCADE | SET NULL }]

DB2 UDB 8.1 has an additional optional RESTRICT that in most cases
behaves like NO ACTION: [ON DELETE {NO ACTION | RESTRICT |
CASCADE | SET NULL}] [ON UPDATE {NO ACTION | RESTRICT}]

MS SQL Server 2000 has two options — NO ACTION and CASCADE for
both ON DELETE and ON UPDATE clauses: [ON DELETE {NO ACTION |
CASCADE}] [ON UPDATE {NO ACTION | CASCADE}]

The default is NO ACTION for all three implementations.

The following examples illustrate the difference between NO ACTION
and CASCADE using Oracle 9i syntax.

Listing_4-1 uses previously created SALESMAN and ADDRESS tables
with default (NO ACTION) option on the referential integrity constraint
FK_ADDR_SALESMAN.

Listing 4-1: Default (NO ACTION) option




SQL> INSERT INTO

salesman 2 ( 3
salesman_id_n, 4 salesman_code_s, 5 salesman_name_s,
6

salesman_status_s 7
) 8 VALUES 9 ( 10 23, 11 '02', 12 'FAIRFIELD BUGS

ASSOCIATION', 13
'Y' 14 ); 1 row created. SQL> INSERT INTO address 2 (
3

addr_id_n, 4
addr_custid_fn, 5 addr_salesmanid_fn, 6
addr_address_s, 7

addr_type_s, 8
addr_city_s, 9 addr_state_s, 10 addr_zip_s, 11
addr_country_s 12

) 13 VALUES 14 ( 15
49, 16 NULL, 17 23, 18 '223 E FLAGLER ST.', 19 NULL,
20

'"MIAMI', 21 'FL',
22 '33131', 23 '"USA' 24

); 1 row created.
SQL> commit; Commit complete. SQL> DELETE FROM

salesman; DELETE
FROM salesman * ERROR at line 1: ORA-02292: integrity

constraint
(TEMP.FK_ADDR_SALESMAN) violated - child record

found

Listing_4-2 — with CASCADE option on the referential integrity constraint
FK_ADDR_SALESMAN:

Listing 4-2: CASCADE option



SQL> drop table

ADDRESS; Table
dropped. SQL> CREATE TABLE address 2 ( 3 addr_id_n
INT

CONSTRAINT
pk_addrprimary PRIMARY KEY, 4 addr_custid_fn INT, 5

addr_salesmanid_fn
INT CONSTRAINT fk_addr_salesman 6 REFERENCES salesman

(salesman_id_n) 7
ON DELETE CASCADE, 8 addr_address_s VARCHAR(60), 9

addr_type_s
VARCHAR(8) CONSTRAINT chk_addr_type CHECK 10
(addr_type_s IN

('BILLING',
"SHIPPING')), 11 addr_city_s VARCHAR(18) CONSTRAINT
nn_addr_city

NOT NULL, 12
addr_state_s CHAR(2), 13 addr_zip_s VARCHAR(10) NOT
NULL, 14

addr_country_s
CHAR(3) 15 ); Table created. SQL> INSERT INTO address
2 (3

addr_id_n, 4
addr_custid_fn, 5 addr_salesmanid_fn, 6
addr_address_s, 7

addr_type_s, 8
addr_city_s, 9 addr_state_s, 10 addr_zip_s, 11
addr_country_s 12

) 13 VALUES 14 ( 15
49, 16 NULL, 17 23, 18 '223 E FLAGLER ST.', 19 NULL,
20

'"MIAMI', 21 'FL',
22 '33131', 23 'USA' 24 ); 1 row created. SQL>
COMMIT;

Commit complete.
SQL> SELECT * FROM ADDRESS; ADDR_ID_N ADDR_CUSTID_FN

ADDR_SALESMANID_FN



49 23 223 E FLAGLER ST. SQL> DELETE FROM salesman; 1
row

deleted. SQL>
SELECT * FROM address; no rows selected

Deferrable constraints

SQL99 standards say that constraints can be either DEFERRABLE or
NOT DEFERRABLE (default). A NOT DEFERRABLE constraint is checked
after each DDL statement; DEFERRABLE constraints can either be
checked immediately after every INSERT, DELETE, or UPDATE
(INITIALLY IMMEDIATE) or at the end of the transaction (INITIALLY
DEFERRED).

That feature can be especially helpful when data loads are performed
with no particular order; that allows you to load data into child table(s)
first, then into parent table(s). Another use would be loading data that
does not comply with a CHECK constraint and then updating it

appropriately.

The only vendor out of our "big three" who provides deferrable
constraints is Oracle 9i. The syntax is

[[NOT] DEFERRABLE
[INITIALLY {IMMEDIATE
| DEFERRED}]]

or

[[INITIALLY {IMMEDIATE |
DEFERRED}] [NOT]
DEFERRABLE ]

Tip Like any other programming language, SQL allows you to add



comments to your code. A line in SQL code is treated as a
comment (i.e., RDBMS does not try to compile and execute it) if
it is prefixed with a double dash (- -). Yet another way to

"comment out" text (which is usually used for multiline
comments) is to enclose it into /* */.

Listing_4-3 illustrates the use of deferrable constraints.

Listing 4-3: Using deferrable constraints

-- Create SALESMAN table

with NOT DEFERRABLE
CHECK constraint -- chk_salesstatus on
salesman_status_s

column SQL> DROP
TABLE salesman; Table dropped. SQL> CREATE TABLE

salesman 2 ( 3
salesman_id_n NUMBER NOT NULL, 4 salesman_code_s
VARCHAR2(2) NOT

NULL, 5
salesman_name_s VARCHAR2(50) NOT NULL, 6
salesman_status_s CHAR(1)

DEFAULT 'Y', 7
CONSTRAINT chk_salesstatus CHECK (salesman_status_s
in ('N',

'Y')), 8 CONSTRAINT
pk_salesmanprim PRIMARY KEY (salesman_id_n) 9 );
Table

created. -- Now,
try to insert a row with salesman_status_s = 'A' SQL>

INSERT INTO
salesman 2 ( 3

salesman_id_n, 4
salesman_code_s, 5 salesman_name_s, 6
salesman_status_s 7 ) 8

VALUES 9 ( 10 23,



11 'e2', 12 'FAIRFIELD BUGS ASSOCIATION', 13

'A'" 14 ); /* The
result is a constraint violation error (constraint

is checked
immediately). */ INSERT INTO SALESMAN * ERROR at line
1: ORA-02290.:

check constraint
(TEST.CHK_SALESSTATUS) violated -- Drop SALESMAN
table and

re-create it with
DEFERRABLE CHECK constraint SQL> DROP

TABLE salesman;
Table dropped. SQL> CREATE TABLE salesman 2 ( 3

salesman_id_n
NUMBER NOT NULL, 4 salesman_code_s VARCHAR2(2) NOT
NULL, 5

salesman_name_s
VARCHAR2(50) NOT NULL, 6 salesman_status_s CHAR(1)
DEFAULT 'Y',

7 CONSTRAINT
chk_salesstatus CHECK (salesman_status_s in ('N',

'Y'))

8 DEFERRABLE
INITIALLY DEFERRED, 9 CONSTRAINT pk_salesmanprim

PRIMARY KEY
(salesman_id_n) 10 ); Table created. -- Try to insert
the same row

again - works this
time SQL> INSERT INTO salesman 2 ( 3 salesman_id_n, 4

salesman_code_s, 5
salesman_name_s, 6 salesman_status_s 7 ) 8 VALUES 9

(

10 23, 11 'e2', 12
'"FAIRFIELD BUGS ASSOCIATION', 13 'A' 14 ); 1 row
created. --

Try to commit
changes SQL> COMMIT; -- Error occurs - the constraint



is

checked at the end
of the transaction. COMMIT * ERROR at line 1: ORA-
02091:

transaction rolled
back ORA-02290: check constraint
(TEST.CHK_SALESSTATUS)

violated -- Trying
to insert again SQL> INSERT INTO salesman 2 ( 3

salesman_id_n, 4
salesman_code_s, 5 salesman_name_s, 6
salesman_status_s 7 ) 8

VALUES 9 ( 10 23,
11 '02', 12 'FAIRFIELD BUGS ASSOCIATION', 13 'A' 14
); 1 row

created. -- Now
update it with an appropriate value ('Y') SQL> UPDATE

salesman 2 SET
salesman_status_s = 'Y' 3 WHERE salesman_status_s =
"A'; 1 row

updated. -- COMMIT
works this time. SQL> COMMIT;

Commit complete.

Using INITIALLY DEFERRED Constraints

The INITIALLY DEFERRED constraint status is usually used for
special cases (data loads, conversions, etc.); when used in everyday
database operations, the deferred constraints can be confusing and
even harmful.

For example, imagine someone issued a couple dozen DML
statements and then tries to commit their changes, but the commit



fails because the very first INSERT statement violates an
INITIALLY DEFERRED constraint. The transaction will be rolled
back, so the user would have to retype all the statements. If the
constraint were checked after each statement, the user would have
known to correct data before going any further.

The solution is simple: only use INITIALLY DEFERRED constraint
status for special needs and change it to INITIALLY IMMEDIATE
whenever the deferred functionality is no longer desirable. (You can
always change it back and forth if your constraint was created as
DEFERRABLE.) We'll learn more about that in Chapter 5.

ON COMMIT clause

This clause can be used for temporary tables only. It specifies if the
table rows are implicitly deleted at the end of a transaction or preserved
until the session ends, so consequent transactions can use the
temporary table data.

The clause can be used within Oracle's CREATE TABLE statgment or
DB2's DECLARE TABLE. See the previous examples in the section
about temporary tables.

Physical properties clause

Now, it's a little bit of a simplification, but generally data is physically
stored on a database server's hard disk(s). The precise definition is
beyond the scope of a book about SQL, but we are going to cover the
very basics to help you better understand the creation of the database
objects.

The implementations use quite diverse approaches, but the idea is the
same: to be able to separate different database objects by type and,
ideally, to put them on separate physical disks to speed up database
operations. For example, all table data would live on Disk1, all table



indexes on Disk2, and all LOBs would be placed on Disk3. The
importance of such an approach varies from vendor to vendor; many
other factors, like database size, workload, server quality, and so on
can also play their role.

This book assumes the ACME sample database will be used primarily
for educational purposes. We don't expect you to use a real big server
with multiple disks, so the physical storage has rather theoretical
significance for now.

Oracle 9i

Oracle uses tablespaces (logical database structure explained later in
this chapter). You can specify separate tablespaces for table data, table
indexes, and table LOBs:

CREATE

TABLE phone (
phone_id_n NUMBER CONSTRAINT pk_phonerimary PRIMARY
KEY

USING INDEX
TABLESPACE INDEXO1,

phone_custid_fn
NUMBER, phone_salesmanid_fn NUMBER, phone_phonenum_s

VARCHAR2 (20),
phone_type_s VARCHAR2(20), CONSTRAINT chk_phone_type
CHECK

(phone_type_s IN
("PHONE', 'FAX')) ) TABLESPACE DATAO1

This example assumes the existence of tablespaces DATAO1, where
the table data will reside, and INDEXQ1, to store the index for the
primary key.

DB2 UDB 8.1

DB2 also uses tablespaces much as Oracle does. You can specify
separate tablespaces for table data, indexes, and large objects:



CREATE TABLE phone (

phone_id_n INTEGER
NOT NULL, phone_custid_fn INTEGER,
phone_salesmanid_fn

INTEGER,
phone_phonenum_s VARCHAR(20), phone_type_s
VARCHAR(20), CONSTRAINT

chk_phone_type CHECK
(phone_type_s IN ('PHONE', 'FAX')), CONSTRAINT

pk_phonerimary
PRIMARY KEY (phone_id_n) ) IN

USERDATAO1

The system-managed tablespace USERDATAQ1 presumably exists.

We'll show how to create it at the end of the chapter in the section
about tablespaces.

Index Organized Tables and Other Physical Properties

The ability to specify where data is physically stored on the server is
just one of many options you can specify when creating a database
table. For example, you can specify how much space will be left for
updates when a row is inserted, regulate the physical table growth,
slice the table based on certain conditions (either horizontally or
vertically), place the different partitions on separate physical devices,
and so on.

Oracle also allows you to create index-organized tables. An index-
organized table is a special type of table in which the table rows are
maintained in an index built on the primary key. In other words, unlike
regular tables in which rows are stored in no particular order, the
rows of an index-organized table are always sorted by the primary
key field. The access to such tables based on primary key is
therefore much faster, but the DML statements can be considerably
slower. For example, to insert a row into an index-organized table, an
RDBMS has to re-sort and rebuild the whole physical table structure.



This syntax creates an index-organized table named ORDER_LINE:

CREATE TABLE ORDER_LINE (

ORDLINE_ID_N
NUMBER NOT NULL, ORDLINE_ORDHDRID_FN NUMBER NOT
NULL,

ORDLINE_PRODID_FN
NUMBER, ORDLINE_ORDQTY_N NUMBER, ORDLINE_SHIPQTY_N
NUMBER,

ORDLINE_CREATEDATE_D DATE, ORDLINE_CREATEDBY_S
VARCHAR2(10), CONSTRAINT

PK_ORDLINEPRIM
PRIMARY KEY (ORDLINE_ID_N) ) ORGANIZATION INDEX

4

MS SQL Server implements a similar concept in clustered indexes,
which are explained later in this chapter.

MS SQL Server 2000

Instead of tablespaces, MS SQL Server employs filegroups. Again, the
idea is very similar; the difference is mostly in the syntax:
CREATE TABLE phone (

phone_id_n INTEGER
NOT NULL, phone_custid_fn INTEGER,
phone_salesmanid_fn

INTEGER,
phone_phonenum_s VARCHAR(20), phone_type_s
VARCHAR(20), CONSTRAINT

chk_phone_type CHECK
(phone_type_s IN ('PHONE', 'FAX')), CONSTRAINT

pk_phonerimary
PRIMARY KEY (phone_id_n) ON INDEX01 )

ON DATAO1



In this example, we have presumed the existence of previously created
filegroups DATAO1 and INDEXO1. MS SQL filegroups are covered in
more detail later in this chapter.

Identity clause

Sometimes in your database, you want to generate unique sequential
values, for example for a primary key column, for order or invoice
numbers, customer IDs, and so on. We already mentioned the concept
of identity columns in Chapter 3; now we are going to cover it in greater
detail.

Oracle 9i

Oracle does not have identity columns; it uses special database objects
called sequences instead. You can simply create a table with a numeric
field to be populated; at the moment of table creation the RDBMS does
not need to know that, for example, you intend to populate the

PAYTERMS_ID_N field of the PAYMENT_TERMS table using a sequence:

CREATE TABLE payment_terms

( payterms_id_n
NUMBER NOT NULL, payterms_code_s VARCHAR(6),
payterms_desc_s

VARCHAR(60),
payterms_discpct_n NUMBER, payterms_daystopay_N
NUMBER, CONSTRAINT

pk_payterms PRIMARY
KEY (payterms_id_n) )

More about sequences can be found in the CREATE SEQUENCE section
that follows in this chapter as well as in the ALTER SEQUENCE, and
DROP SEQUENCE sections of Chapter 5.

DB2 UDB 8.1

Identity properties for a column can be specified instead of the default
clause. You can specify the starting value, the increment, the minimum
and maximum values, whether the sequence should cycle around when



it reaches the maximum value or whether it should stop, and the
number of values cached in memory:

CREATE

TABLE payment_terms (
payterms_id_n INTEGER NOT NULL GENERATED ALWAYS

AS IDENTITY (START
WITH 1, INCREMENT BY 1, CACHE

5), payterms_code_s
VARCHAR(6), payterms_desc_s VARCHAR(60),

payterms_discpct_n
DECIMAL(5,2), payterms_daystopay_N INTEGER,
CONSTRAINT

pk_payterms PRIMARY
KEY (payterms_id_n) )

The default number of values to cache is 20; you can specify NO CACHE
if you don't want to cache values.

MS SQL Server 2000

An identity column is created in a very similar way with slightly different
syntax:

CREATE

TABLE payment_terms (
-- The first 1 means '"start with"; the second stands
for

"increment by"
payterms_id_n INT NOT NULL IDENTITY (1,1),

payterms_code_s
VARCHAR(6), payterms_desc_s VARCHAR(60),
payterms_discpct_n

DECIMAL(5,2),
payterms_daystopay_n INT, CONSTRAINT pk_payterms
PRIMARY KEY

(payterms_id_n) )

The caching option is not available in MS SQL Server.



Creating new table as a copy of another table

Sometimes it's very useful to be able to create a table as a copy of
another table. You can "clone" an existing table by creating its exact
copy (with or without data) in all "big three" databases with slightly
different syntax.

Oracle 9i

The statement below creates a temporary table that is a copy of the
PAYMENT_TERMS table (including all rows):

CREATE GLOBAL TEMPORARY
TABLE payment_terms2
AS (SELECT * FROM payment_terms);

The proper use of the SELECT statement enables you to create a table
that only contains certain columns and/or rows from the target table:

CREATE

TABLE customer (
cust_id_n NUMBER NOT NULL, cust_paytermsid_fn NUMBER,

cust_salesmanid_fn
NUMBER, cust_status_s VARCHAR2(1) DEFAULT 'Y' NOT
NULL,

cust_name_s
VARCHAR2(50) NOT NULL, cust_alias_s VARCHAR2(15),
cust_credhold_s

VARCHAR2(1) DEFAULT
"Y' NOT NULL, CONSTRAINT chk_cust_status CHECK

(cust_status_s IN
("N', 'Y')), CONSTRAINT chk_cust_credhold CHECK

(cust_credhold_s IN
('N', '"Y"'")), CONSTRAINT pk_custprimary PRIMARY KEY

(cust_id_n) ); CREATE
TABLE phone ( phone_id_n NUMBER NOT NULL,
phone_custid_fn

NUMBER,
phone_salesmanid_fn NUMBER, phone_phonenum_s



VARCHAR2(20), phone_type_s

VARCHAR2(20),
CONSTRAINT chk_phone_type CHECK (phone_type_s IN
('PHONE',

"FAX')), CONSTRAINT
pk_phonerimary PRIMARY KEY (phone_id_n) ); CREATE
TABLE

customer_phone AS (
SELECT cust_name_s, phone_phonenum_s FROM customer,
phone

WHERE cust_id_n =
phone_custid_fn );

To create an empty table in Oracle, deliberately use a FALSE condition
in the WHERE clause:
/* We

know that all primary
keys in ACME database are positive integers so we
know

that PAYTERMS_ID N <
® condition always evaluates to "FALSE" */ CREATE

GLOBAL TEMPORARY
TABLE payment_terms3 AS (SELECT * FROM payment_terms
WHERE

PAYTERMS_ID_N < 0);

Cross- See more about TRUE and FALSE conditions in
References  Appendix L.

DB2 UDB 8.1

Either one of two statements below will create a copy of the
PAYMENT_TERMS table in DB2 UDB: CREATE TABLE payment_terms2

AS (SELECT * FROM payment_terms) DEFINITION ONLY

CREATE TABLE payment_terms2
LIKE payment_terms



The first syntax (DB2 considers it a special case of a summary table —
see the sidebar "Creating Summary Tables") is more flexible because it
allows you to create tables based on a subset of the original table
columns or even on a multitable query:

CREATE

TABLE customer (
cust_id_n NUMBER NOT NULL, cust_paytermsid_fn NUMBER,

cust_salesmanid_fn
NUMBER, cust_status_s VARCHAR2(1) DEFAULT 'Y' NOT
NULL,

cust_name_s
VARCHAR2(50) NOT NULL, cust_alias_s VARCHAR2(15),
cust_credhold_s

VARCHAR2(1) DEFAULT
"Y' NOT NULL, CONSTRAINT chk_cust_status CHECK

(cust_status_s IN
("N', 'Y')), CONSTRAINT chk_cust_credhold CHECK

(cust_credhold_s IN
('N', '"Y"'")), CONSTRAINT pk_custprimary PRIMARY KEY

(cust_id_n) ) CREATE
TABLE phone ( phone_id_n NUMBER NOT NULL,
phone_custid_fn

NUMBER,
phone_salesmanid_fn NUMBER, phone_phonenum_s
VARCHAR2(20), phone_type_s

VARCHAR2(20),
CONSTRAINT chk_phone_type CHECK (phone_type_s IN
('PHONE',

"FAX')), CONSTRAINT
pk_phonerimary PRIMARY KEY (phone_id_n) ) CREATE
TABLE

customer_phone AS (
SELECT cust_name_s, phone_phonenum_s FROM customer,
phone

WHERE cust_id_n =
phone_custid_fn ) DEFINITION ONLY -- required

c lause



The foregoing statement creates an empty CUSTOMER_PHONE table
with two columns, CUST_NAME_S and PHONE_PHONENUM_S, with the
same data types as the corresponding columns in the underlying tables;
you could have achieved the same result using this syntax:

CREATE TABLE customer_phone
AS ( cust_name_s
VARCHAR(50) NOT NULL, phone_phonenum_s VARCHAR(20)

)

The advantage of CREATE TABLE ... LIKE syntax is that it can

optionally create a copy of table with all column defaults and/or identity
columns.

Tip The CREATE TABLE . .. AS and CREATE TABLE ... LIKE

syntaxes both create empty tables in DB2. The data can be
populated by using the INSERT INTO ... SELECT FROM

statement discussed in later chapters.

MS SQL Server 2000

In MS SQL Server, you can create a copy of the PAYMENT_TERMS table
using this syntax:

SELECT * INTO
#PAYMENT_TERMS2 FROM
PAYMENT_TERMS

Note This syntax creates a MS SQL local temporary table; if the
pound sign were omitted, PAYMENT_TERMS2 would be
created as a permanent table.

Tip You can use the same trick (a deliberately "FALSE" condition)
as in Oracle to create an empty table in MS SQL Server.

Creating Summary Tables



Some RDBMS tables can be very large, so querying them can take a
long time. Even when all appropriate indexes are in place and the
database is properly tuned, some queries still have to perform full
table scans, in which each and every record is searched for specific
values, to return the desired results. That is especially true when you
want a query to retrieve records summarized with a GROUP BY clause

using aggregate functions.

The concept of summary tables introduced in DB2 allows you to
maintain a summary of table (or multiple tables) data in another
table, refreshing it every time when the underlying table(s) data
changes. The most interesting fact about DB2 summary tables is that
not only users can query them to obtain results faster, but the
RDBMS optimizer can also use them to execute users' queries that
indirectly request information already summarized in the summary
tables.

Keep in mind that this only works well on tables that are more or less
static; if the source tables change frequently (i.e., many DDL
statements run against them), the overhead may become too big and
the overall performance may actually degrade.

You can have two types of summary tables in DB2. Tables created
with the REFRESH DEFERRED clause can be refreshed on demand

with the REFRESH TABLE table_name statement; if the REFRESH
IMMEDIATE clause was used, the summary table will delete and
reinsert rows automatically every time the table(s) used in its WHERE
clause change. In both cases, you have to use the REFRESH TABLE

. Statement at least once on a summary table before you (or the
optimizer) can start using it.

Summary tables are subject to many limitations. For example, you
cannot use ORDER BY, outer joins, or nondeterministic functions in
the select_statement; you must have GROUP BY clause and
COUNT (*) column; all columns must be named, and so on. See
DB2 UDB documentation for all rules and restrictions.



Here is an example of the table ORDERLINE_SUMMARY that
summarizes ordered and shipped product quantities by order on
demand:

CREATE TABLE

order line_summary
AS ( SELECT ordline_ordhdrid_fn,
SUM(ordline_ordgty_n) AS

ord_qty_summary,
SUM(ordline_shipqty_n) AS ship_qty_summary, COUNT
(*) AS

rowcount FROM
order_1line GROUP BY ordline_ordhdrid_fn ) DATA
INITIALLY DEFERRED

REFRESH DEFERRED

Oracle provides similar capabilities by using MATERIALIZED VIEWS
discussed latter in this chapter.




Indexes

Index is another database physical structure that occupies disk
space in a way similar to that of a table. The main difference is
that indexes are hidden from users and are not mentioned in any
DML statements, even though they are often used behind the
scene.

Assume our PHONE table created previously in this chapter has
been populated with records. Assume you issue the following
qguery: SELECT * FROM phone WHERE PHONE_CUSTID FN =
152

The RDBMS first checks if the index exists on the condition
column (PHONE_CUSTID_FN). If the answer is yes, the index is
used to determine the physical location of the corresponding rows
(i.e., the two rows with PHONE_CUSTID_FN = 152). If no index is
found on the column, the whole table is scanned to find rows with
appropriate values.

A database index is similar to an index at the end of a book — it
stores pointers to the physical row locations on the disk in the
same way a book's index points to the page numbers for the
appropriate topics. From another viewpoint, it is similar to a
database table with two or more columns: one for the row's
physical address, and the rest for the indexed table columns. In
other words, index tells the RDBMS where to look for a specific
table row (or a group of rows) on the disk as illustrated on Figure
4-4.
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As you can see, the table column and the index have the same
set of values; the main difference is that in the index, these
values are sorted, so it takes much less time to find what you
need.

In most databases indexes are implemented as B-Tree indexes,
that is, they use the so called B-Tree algorithm that minimizes the
number of times the hard disk must be accessed to locate a
desired record, thereby speeding up the process. Because a disk
drive has mechanical parts, which read and write data far more
slowly than purely electronic media, it takes thousands of times
longer to access a data element from a hard disk as compared
with accessing it from RAM.
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B-Trees save time by using nodes with many branches (called
children). The simplest version of a B-Tree is called a binary tree
because each node has only two children. Figure 4-5 illustrates a
search for the value 100 using a binary tree. The algorithm is very
simple. Starting at the top, if the top node value is less than what
you are looking for, move to the left; if it's greater than 100, go to
the right, until the value is found.
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Figure 4-5: B-Tree example

Indexes can be created to be either unique or nonunique. Unique
indexes are implicitly created on columns for which a PRIMARY
KEY or a UNIQUE constraint is specified. Duplicate values are not

permitted. Nonunique indexes can be created on any column or
combination of columns without any regard to duplicates.

Indexes can be created on one column or on multiple columns.
The latter can be useful if the columns are often used together in
WHERE clauses. For example, if some frequently used query looks
for a certain customer's orders created on a certain date, you
may create a nonunique index on the ORDHDR_CUSTID_FN and
ORDHDR_CREATEDATE_D columns of the ORDER_HEADER table.

SQL99 does not specify any standards for indexes (or even
require their existence at all), but practically all database vendors
provide mechanisms to create indexes, because without them
any production database would be unbearably slow.


clbr://internal.invalid/book/fig04_05_0.jpg

There is no universal rule on when to create indexes, but some
general recommendations can be given.

It usually does not make much sense to create indexes
on small tables — they can degrade performance rather
than improve it. If the table is only, say, 50 rows long, it
might be faster to scan it than to use the B-Tree
algorithm.

On large tables, indexes should be created only if the
queries that involve indexed column(s) retrieve a small
percentage of rows (usually under 15 percent).

Indexes are usually helpful on columns used in table
joins. (Primary keys and unique columns are indexed by
default; it is often not such a bad idea to index foreign key
columns also.)

Indexes slow down DML operations that involve indexed
columns — for example, if you update a value on such
column, the index column has also to be updated; and if
you insert a row, the corresponding index(es) may have
to be re-sorted. So if a table is likely to be subjected to
frequent updates, inserts, and/or deletes, it is
recommended to have fewer indexes.

CREATE INDEX statement

The CREATE INDEX statement differs slightly for different
implementations. The somewhat simplified syntax is below.

Oracle 9i
CREATE [UNIQUE | BITMAP]

INDEX [<schema>. ]

<index_name> ON

[<schema>. ]<table_name>



({<column> |
<column_expression> }
[ASC | DESC],...)

[<physical_parameters>];

This statement creates a unique index on the IDX_CUST_NAME
on the CUST_NAME_S column of the CUSTOMER table with column

values stored in descending order: CREATE UNIQUE INDEX
idx_cust_name ON CUSTOMER(cust_name_s DESC)

Function-based indexes

Oracle 9i also lets you create so-called function-based indexes

where instead of a column you can specify a column expression
(a deterministic function). For example, you know that customers
often query the CUSTOMER table using the LOWER function in the

WHERE clause: ... WHERE LOWER(cust_name_s) = 'boswell
designs corp.' ...

In this situation, a function-based index might make sense:
CREATE UNIQUE INDEX idx_cust_name ON
CUSTOMER(LOWER(cust_name_s))

Bitmap indexes

The BITMAP keyword indicates that an index is to be created with
a bitmap for each distinct key rather than indexing each row.
Oracle recommends creating bitmap indexes on columns with low
cardinality, that is, columns such as hypothetical GENDER and

MARITAL_STATUS columns that would likely have few distinct
values.

In the ACME database, order status can be a goof candidate for
a bitmap index because there are only four possible statuses for
an order (COMPLETE, INVOICED, SHIPPED, and CANCELLED).

The example below creates bitmap index IDX_ORDHDR_STATUS



on the ORDHDR_STATUSID_FN column of the ORDER_HEADER

table: CREATE BITMAP INDEX idx_ordhdr_status ON
order_header (ordhdr_statusid_fn)

Note Function-based and bitmap indexes are available in
Oracle Enterprise Edition only, so you will get an error if
you try to execute the foregoing statement on the
Personal or Standard versions.

Physical storage clause

As we mentioned before, you can specify separate tablespaces
for table data and table indexes (and it does make sense from the
database performance point of view). The syntax is the same as
for CREATE TABLE (the example below assumes tablespace

INDEXO1 exists in your database):

CREATE UNIQUE INDEX
idx_cust_name ON
CUSTOMER(cust_name_s) TABLESPACE INDEX01

DB2 UDB 8.1

Here is the simplified DB2 syntax to create an index:
CREATE [UNIQUE] INDEX

[<schema>. ]<index_name>
ON [<schema>.]<table_name>

(<column_name> [ASC |
DESC], ...)

This statement creates unique index IDX_CUST_NAME_ALS on
CUST_NAME_S and CUST_ALIAS_S columns of CUSTOMER table
with column values stored in default (ascending) order:

CREATE UNIQUE INDEX

idx_cust_name_als ON
CUSTOMER(cust_name_s, cust_alias_s)



Clustered Indexes

MS SQL Server allows you to create clustered indexes by
specifying CLUSTERED keyword. (See the CREATE INDEX
syntax described previously.)

The concept is very similar to one with index-organized tables
in Oracle — the actual table rows are with the index and the
physical order of rows is the same as their indexed order; that
IS, the rows are re-sorted every time a new one is inserted (or
deleted). Only one clustered index is allowed on a table (or
view) at a time; thus, you can create a clustered index on a
column, drop it later, and create a clustered index on another
column, but you can't create two clustered indexes on the
same table simultaneously as data in the table can only be
physically organized in one order.

These statements create the table SALESMAN and unique
clustered index on its SALESMAN_CODE_S column.

CREATE TABLE SALESMAN (

SALESMAN_ID_N
INTEGER NOT NULL, SALESMAN_CODE_S VARCHAR(2)
NOT NULL,

SALESMAN_NAME_S VARCHAR(50) NOT NULL,
SALESMAN_STATUS_S CHAR(1) DEFAULT 'Y',
CONSTRAINT
CHK_SALESSTATUS CHECK (SALESMAN_STATUS_S in
('N', 'Y')) ) CREATE
UNIQUE
CLUSTERED INDEX idx_sales_code ON SALESMAN

(salesman_code_s)



The default for a CREATE INDEX statement is NONCLUSTERED

except for indexes on the primary key columns that are
automatically created with CLUSTERED.

Note You cannot specify a physical location for the index in a
CREATE INDEX statement in DB2; all indexes for a table

will be created either in the default tablespace or in a
tablespace specified in the CREATE TABLE or ALTER

TABLE INDEX IN clause.

MS SQL Server 2000

To create an index in MS SQL Server, use this syntax:

CREATE
[UNIQUE] [CLUSTERED |
NONCLUSTERED] INDEX <index_name> ON
<table_name> |
<view_name> ( column [ ASC | DESC ],...) [ON
filegroup]

The syntax is very similar to DB2. You can specify a filegroup to
create the index on. This statement creates the unique index
IDX_CUST_NAME_ALS on the CUST_NAME_S and
CUST_ALIAS_S columns of the CUSTOMER table physically
stored on filegroup INDEXO1 (assuming it exists):

CREATE UNIQUE INDEX
idx_cust_name_als ON
CUSTOMER(cust_name_s, cust_alias_s) ON
INDEXO1

Tip In MS SQL Server you can create indexes on views. The
view definition must be deterministic and schema bound.






Views

The most common view definition describes it as a virtual table.
Database users can select rows and columns from a view, join it
with other views and tables, limit, sort, group the query results,
and so on. Actually, in most cases, users wouldn't even know if
they were selecting values from a view or from a table. The main
difference is that, unlike tables, views do not take physical disk
space. View definitions are stored in RDBMS as compiled queries
that dynamically populate data to be used as virtual tables for
users' requests.

The details are implementation-specific — RDBMS can create a
temporary table behind the scene, populate it with actual rows,
and use it to return results from a user's query. The database
engine may also combine a user's query with an internal view
definition (which is, as you already know, also a query) and
execute the resulting query to return data, and so on — from a
user's viewpoint, it does not matter at all.

Views are used in many different ways. For example, they can
combine data from multiple tables in a more user-friendly form or
enforce security rules by making available for users certain
horizontal or vertical slices of data (more about security in
Chapter 12). In this chapter, you'll learn how to create different
types of views.

CREATE VIEW statement

This section explains the CREATE VIEW statement for different
RDBMS implementations.

SQL99

Here is the SQL99 syntax for a CREATE VIEW statement:



CREATE VIEW <view_name>

[ (<column_name>, ...)]
AS <select_statement> [WITH [CASCADED |

LOCAL] CHECK OPTION]

Column names

The column_name list is optional in most cases — if it's skipped,
the view columns will be named based on the column names in
the SELECT statement; it becomes mandatory though if at least
one of the following conditions is true:

= Any two columns would otherwise have the same name
(ambiguity problem).

= Any column contains a computed value (including
concatenated strings) and the column is not aliased.

SELECT statement and updatable views

The select_statement can be virtually any valid SELECT
statement with some minimal restrictions. For example, the
ORDER BY clause cannot be included in view definition, but
GROUP BY can be used instead; the view definition cannot be
circular; thus, view cannot be referenced in its own
select_statement clause, and so on.

Views can be updatable or not updatable. If a view is updatable,
that means you can use its name in DML statements to actually
update, insert, and delete the underlying table's rows. A view can
be updatable only if all these rules hold:

= The select_statement does not contain any table
joins; that is, the view is based on one and only one table
or view. (In the latter case, the underlying view must also
be updatable.)



» All underlying table's mandatory (NOT NULL) columns are
present in the view definition.

= The underlying query does not contain set operations like
UNION, EXCEPT, or INTERSECT; the DISTINCT keyword
Is also not allowed.

= No aggregate functions or expressions can be specified
in the select_statement clause.

= The underlying query cannot have a GROUP BY clause.

Cross- The SELECT statement is covered in
References  detail in Chapters 8 and 9.

View constraints

SQL99 does not allow creating explicit constraints on views, but
the CHECK OPTION can be viewed as some kind of a constraint.
This clause can only be specified for updatable views and
prohibits you from using DML statements on any underlying
table's rows that are not visible through the view. The CASCADED
option (default) means that if a view is based on another view(s),
the underlying view(s) are also checked. The LOCAL keyword
would only enforce checking at the level of the view created with
this option.

Oracle 9/

Oracle has the following syntax to create a view:

CREATE [OR
REPLACE] [FORCE] VIEW
[<schema>. ]<view_name> [ (<column_name>
<column_constrnt>, ...
[<view_level_constrnt>])] AS

<select_statement>



[WITH {[READ ONLY | CHECK OPTION [<constrnt
name>]]}];

Note The OR REPLACE clause (often used when creating
many Oracle objects — stored procedures, functions,
packages, etc.) basically tells RDBMS to drop the view
if it already exists, and then re-create it with the new
syntax. This is a very practical feature, but it has to be
used with care — if you already have a view with the
exact same name, Oracle will just replace the old object
definition with the new one without giving you any
warning.

The pseudocode for CREATE OR REPLACE view_name is:

IF EXISTS (view_name) THEN
DROP VIEW view_name

CREATE VIEW view_name view_definition ... END
IF

For example, this statement creates view V_CUSTOMER_STATUS

if it does not exist, or replaces the old definition for
V_CUSTOMER_STATUS if it is present.

CREATE OR REPLACE VIEW

v_customer_status (
name, status ) AS SELECT cust_name_s,
cust_status_s FROM

customer;

The view columns are
Name Null? Type

STATUS
NOT NULL VARCHAR2(1)



In the latter case, you would get an error if the OR REPLACE
clause is skipped:

CREATE VIEW v_customer_status

( name, status ) AS
SELECT cust_name_s, cust_status_s FROM customer;
ORA-00955:

name 1s already used by
an existing object

The column names / constraints clause is optional:

CREATE OR REPLACE VIEW
v_customer_status AS
SELECT cust_name_s, cust_status_s FROM
customer;

Note that in this case Oracle gives view columns the same
names as in underlying table:

Name Null? Type

e e CUST_NAME_S NOT NULL
VARCHAR2(50)

CUST_STATUS_S NOT NULL VARCHAR2(1)

Note Oracle 9/ allows you to specify integrity constraints on
the view column or view as a whole, but does not
enforce those constraints, so they are declarative only.

The WITH READ ONLY clause makes the view nonupdatable even
if it satisfies all conditions for updatable views listed previously:

CREATE OR REPLACE VIEW
v_phone_number (
phone_id, phone_number ) AS SELECT phone_id_n,
phone_phonenum_s FROM
phone WHERE phone_type_s = 'PHONE' WITH READ



ONLY;

UPDATE v_phone_number SET

phone_number = NULL
WHERE phone_id = 1; ORA-01733: virtual column
not allowed

here

The WITH CHECK option is basically the same as described for
SQL99 except CASCADE/LOCAL keywords are not available (the
default behavior is always CASCADE):

CREATE OR REPLACE VIEW

v_fax_number ( fax_id,
fax_number ) AS SELECT phone_id_n,
phone_phonenum_s FROM

phone WHERE
phone_type_s = 'FAX' WITH CHECK OPTION;

DB2 UDB 8.1

To create a view in DB2, use this syntax:

CREATE VIEW

[<schema>. ]<view_name>
[ (<column_name>, ...)] AS

{<select_statement> |
<values_statement>} [WITH [CASCADED | LOCAL]

CHECK OPTION]

The only clause in DB2's CREATE VIEW statement that does not

look familiar from the SQL99 standards point of view is the
values_statement, which allows for creating a view that does
not refer to an actual table, but rather contains its own list of
values:

CREATE
VIEW v_exchange_rate (



currency_name, exchange_rate, converted_price )
AS

VALUES ('Canadian
Dollars', CAST (0.6331458594 AS DECIMAL(20,10)),
NULL),

('Euro', CAST
(0.9761179317 AS DECIMAL(20,10)), NULL),
('Japanese Yen', CAST

(0.0083339039 AS
DECIMAL(20,10)), NULL)

db2 => SELECT * FROM
v_exchange_rate
CURRENCY_NAME EXCHANGE_RATE CONVERTED_PRICE ----

——————— Canadian Dollars 0.6331458594 0 Euro
0.9761179317 © Japanese
Yen 0.0083339039 0 3 record(s)
selected.

Note DB2 does not perform implicit data type conversion, so
we have to use functions CAST and INTEGER in the
foregoing example. More about conversion functions in
Chapter 10.

The view created in the foregoing example can be used in a way
similar to how temporary tables are used — for example, the
CONVERTED_PRICE column can be populated dynamically based
on data from other tables or views.

MS SQL Server 2000

MS SQL 2000 syntax is

CREATE VIEW
[ [<database_name>. ]



<owner>. ]<view_name>
[ (<column_name>, ...)]
[WITH {ENCRYPTION | SCHEMABINDING |
VIEW_METADATA, ...}] AS
select_statement [WITH CHECK OPTION]

MS SQL provides some additional options with the CREATE VIEW
statement.

The WITH ENCRYPTION clause gives you the ability to encrypt
the system table columns containing the text of the CREATE VIEW

statement. The feature can be used, for example, to hide
proprietary code:

CREATE VIEW v_phone_number (

phone_id, phone_number
) WITH ENCRYPTION AS SELECT phone_id_n,
phone_phonenum_s

FROM phone WHERE
phone_type_s = 'PHONE' WITH CHECK OPTION

The WITH SCHEMABINDING clause binds the view to the schema
(more about schemas later in this chapter):

CREATE VIEW

dbo.v_phone_number (
phone_id, phone_number ) WITH SCHEMABINDING AS
SELECT

phone_id_n,
phone_phonenum_s FROM dbo.phone WHERE
phone_type_s =

"PHONE'

The WITH VIEW_METADATA clause specifies that SQL Server
returns to the calling application that uses OLE DB, ODBC, or
DBLIB information about the view rather than about underlying
tables.



Cross- OLE DB, ODBC, DBLIB programming
References interfaces (API) are covered in more detail in
Chapter 16.

Creating complex views

We already mentioned that you can create a view based on
practically any SELECT statement (with some insignificant
limitations). The SELECT statement itself is one of the most
difficult SQL topics and will be covered in detail in later chapters.
Examples below are to illustrate the main concepts used when
creating a complex view.

Simulating OR REPLACE Clause in MS SQL Server

We mentioned before that Oracle's OR REPLACE clause can be

a very useful feature. MS SQL Server does not have it, but it
can easily be simulated using this syntax:

IF EXISTS ( SELECT

table_name FROM
information_schema.views WHERE table_name =
'V_CUSTOMER_STATUS'

) DROP VIEW
V_CUSTOMER_STATUS GO CREATE VIEW
v_customer_status ( name, status )

AS SELECT
cust_name_s, cust_status_s FROM customer

This example uses the MS SQL Server built-in procedural
language Transact SQL that is widely used by MS SQL Server
developers but is not a part of standard SQL (which is
nonprocedural by definition).



Another option (for all "big three" databases) is to use ALTER
VIEW statement described in Chapter 5.

Join view with GROUP BY clause and aggregate
function

V_CUSTOMER_TOTALS displays the total calculated order price
grouped by the CUSTOMER_NAME and then by ORDER_NUMBER
fields:

CREATE

VIEW v_customer_totals
( customer_name, order_number, total_price ) AS
( SELECT

customer.cust_name_s,
order_header.ordhdr_nbr_s,
sum(product.prod_price_n *

order_line.ordline_ordgty_n) FROM customer,
order_header, order_line,

product WHERE
customer.cust_id_n =
order_header.ordhdr_custid_fn AND

order_header.ordhdr_id _n =
order_line.ordline_ordhdrid_fn AND
product.prod_id_n

order_line.ordline_prodid_fn AND
order_1line.ordline_ordqty_n IS NOT NULL

GROUP BY
customer.cust_name_s, order_header.ordhdr_nbr_s

)



View based on another view example

The V_CUSTOMER_TOTALS_OVER_15000 view displays the
same data as its underlying view V_CUSTOMER_TOTALS but only
for orders with a total price over $15,000:

CREATE VIEW

v_customer_totals_over_15000 AS SELECT * FROM
v_customer_totals WHERE
total_price > 15000

View with UNION example

The V_CONTACT_LIST view displays the combined list of

customers and salesmen with their phone numbers and contact
types (customer or salesman):

CREATE VIEW v_contact_list (

name, phone_number,
contact_type ) AS SELECT cust_name_s,
phone_phonenum_s,

'customer' FROM
customer, phone WHERE cust_id_n =
phone_custid_fn AND

phone_type_s = 'PHONE'
UNION SELECT salesman_name_s, phone_phonenum_s,

'salesperson' FROM
salesman, phone WHERE salesman_id_n =
phone_salesmanid_fn

AND phone_type_s =
"PHONE"

Cross- UNION is one of the set operators used to
References  combine the results of two or more SQL
queries. The theoretical aspect of the set



operators is covered in detail in Appendix L;
the practical part is discussed in Chapter 7.

View with subquery

V_WILE_BESS_ORDERS displays orders for customer WILE BESS
COMPANY:

CREATE VIEW

v_wile_bess_orders (
order_number, order_date ) AS SELECT
ordhdr_nbr_s,

ordhdr_orderdate_d FROM
order_header WHERE ordhdr_custid_fn IN ( SELECT

cust_id_n FROM customer
WHERE cust_name_s = 'WILE BESS COMPANY'

)

The foregoing examples will work in all our three RDBMS. Some
of the SELECT statements used to create the views will be

covered in Chapters 8 and 9.




Aliases and Synonyms

Different databases are organized in quite different ways. Even the
word database itself has completely different meanings in different
RDBMS implementations. For example, an Oracle database is a totally
self-contained and independent entity with its own set of users, tables,
indexes, and other objects invisible to other databases. Each Oracle
database user can have his/her own tables, views, indexes, and so on.
(In Oracle terms USER and SCHEMA are often used as synonyms which
adds confusion.) To access objects that belong to another user (or are
within another schema), you have to be granted appropriate
permissions (see Chapter 12) and you also have to use fully qualified
names (schema_name.object_name). For example, if USER1 wants
to select records from SHIPMENT table that belongs to USER3, the
query would look like this: SELECT * FROM USER3.SHIPMENT,

Assuming SHIPMENT always means USER3.SHIPMENT for USER1,
typing fully qualified name makes queries longer and less readable.

Note The synonyms are especially important when users who don't
own objects need to access the database using an application
with embedded SQL (discussed in Chapter 15). The
programming effort to make such applications work properly
without synonyms would increase tremendously.

Figure 4-6 illustrates Oracle's database organization.

DATABASE

USER1 LISER? LISER3 LISERn
CUSTOMER ORDER SHIPMENT EMPLOYEE
[ADDRESS PRODUCT VIEWT SALARY
[ PHON VIEW1 VIEW2 PAYROLL
VIEW VIEW? VIEW3 VACATION

Figure 4-6: Database
organization in Oracle

The Oracle RDBMS lets you to create synonyms to deal with the
problem. A synonym is a name that translates into another name
whenever it is referenced. In other words, we can say that a synonym is
an alternative name for a database object. You can create the synonym
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SHIPMENT for USER3.SHIPMENT and use it any time you need to
access the USER3.SHIPMENT table.

DB2 UDB organization is quite similar; a database object that is simply
a different name for another database object is called ALIAS.

The structure of MS SQL Server is different. There can be many
databases within a single SQL Server. Users (or logins) are created on
the server level and can have access to many databases while the
database objects belong to a single owner (usually called dbo). See
Eigure 4-7.

SOL SERVER
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LSERT USER? |usER3 |- DR

USER DATABASES

DATABASET DATABASE? DATABASES DATABASER
custoMer | [ompee CHIPMENT [EMPLOYE
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SYSTEM DATABASES

MASTER MODEL TEMPDR
SYSTABLEY SYSTABLEY SYSTABLEY
SYSTABLEZ SYSTABLE? SYSTABLE?
SYSVIEWI SYSWIEW SYSVIEWT

Figure 4-7: Database organization in MS SQL Server
SQL99
Synonyms and aliases are not a part of SQL99 standards.
Oracle 9/ CREATE SYNONYM statement
The syntax for the CREATE SYNONYM statement is CREATE [PUBLIC]

SYNONYM [<schema>.]J<synonym_name> FOR [<schema>.]
<object_name>[@<dblink>];
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Public versus private synonyms

In Oracle, you can create public synonyms accessible to all database
users or private ones visible only to their owners. Use keyword PUBLIC

if you want to create a public synonym or skip it otherwise. (Keyword
PRIVATE is invalid.)

Types of objects you can create synonyms for

You can create synonyms for the following Oracle objects: table, view,
sequence, stored procedure, function, package, materialized view, and
Java class schema object. You can also create a synonym for another
synonym.

Creating synonyms for remote database objects

You can create synonyms for objects located in remote databases
assuming a database link exists for those databases. More about
database links later in this chapter.

CREATE SYNONYM examples

The following example creates the public synonym SHIPMENT for a
hypothetical table USER3.SHIPMENT: CREATE PUBLIC SYNONYM
shipment FOR user3.shipment;

The next statement illustrates the creation of private synonym EMP for a
USERN.EMPLOYEE table in USER2 schema: CREATE SYNONYM
user2.emp FOR usern.employee;

Note that you could skip USER2 if the above statement was issued by
USER2 him/herself; it is mandatory though if the synonym EMP is being
created by, say, the database administrator for USER2.

Note Even though synonyms can be very useful, they also can
cause lots of confusion. The most typical situation is when a
user has objects in his/her schema with exactly the same
names as public or private synonyms. Oracle tries to resolve
names looking in the users' schema first, and if the name is
found, RDBMS assumes that's the one to use. So, if there are



views USER1.VIEW1 and USER2.VIEW1 in the database, and
there is also public synonym VIEW1 for USER2.VIEW1 that is
supposed to be used in all user queries, USER1 might have
serious program errors (if the columns of his/her VIEW1 are
different from USER2.VIEW1). Or, which is sometimes even
worse because it's more difficult to notice, incorrect results (if
the column definitions are identical, but the views use different
underlying tables or join them in a different way).

Tip In Oracle you can create synonyms for nonexistent objects; if
the objects are created later they can be referred using those
synonyms. You can also create synonyms for objects you don't
have privileges to access, but doing so will not give you an
access to those objects.

DB2 UDB 8.1 CREATE ALIAS/ISYNONYM statement

You can use either the CREATE SYNONYM or the CREATE ALIAS
statement. Aliases can be created for tables, views, or other aliases.
The syntax is CREATE {ALIAS | SYNONYM} <alias_name> FOR
<object_name>

In DB2, you cannot create an alias with a name identical to one of a
table, view, or another alias that already exists in the current database.
That resolves the problem described in the previous section about
Oracle's synonyms, but makes using aliases in DB2 less flexible.

Here are examples that create aliases in DB2:

CREATE ALIAS shipmt FOR
user3.shipment

CREATE ALIAS emp FOR
usern.employee

Note that the following statement returns an error (assuming you are
using objects shown in Eigure 4-6) because the table named SHIPMENT
exists in schema USER3: CREATE PUBLIC SYNONYM SHIPMENT
FOR USER3.SHIPMENT;



Like Oracle, DB2 allows you to create synonyms for objects that do not
yet exist, though a warning will be issued.

MS SQL Server 2000

MS SQL Server does not let you create aliases or synonyms. This
limitation is justified by its database structure (Figure 4-7).



Schemas

A schema is a logical database object holder. SQL99 defines a
schema as a named group of related objects. Creating schemas
can be useful when objects have circular references, that is,
when we need to create two tables each with a foreign key
referencing the other table. Different implementations treat
schemas in slightly different ways.

CREATE SCHEMA statement

The CREATE SCHEMA statement has different meanings in
SQL99, Oracle, DB2, and MS SQL Server.

SQL99

SQL99 states that the CREATE SCHEMA statement creates a
group of objects that somehow logically relate to each other; the
group has a name that is called schema name. Also, you can
grant privileges on these objects within the CREATE SCHEMA
statement. The syntax is CREATE SCHEMA {<schema_name> |
AUTHORIZATION <authorization_id> | <schema_name>
AUTHORIZATION <authorizat_id> }
<create_object_statement>,... <grant_privilege statement>,...

The schema creator usually owns the objects within the schema
unless otherwise specified by using a different
authorization_id.

Objects that can be created as a part of a schema include tables,
views, domains, assertions, character sets, collations, and
translations; you can grant any valid privileges within the
grant_privilege_statement clause.

Note Creation of domains, assertions, character sets,
collations, and translations are not valid operations in all



our three major databases even though they are all part
of SQL99 standards.

Cross- The GRANT PRIVILEGE statement is covered
References in Chapter 12 (SQL and RDBMS Security).

Oracle 9/

We already mentioned that in Oracle terminology the word
schema is almost identical to user. You still can use the CREATE

SCHEMA statement in Oracle, but the only use for that operation
would be to create multiple objects in a single transaction.

Note The CREATE SCHEMA statement does not actually

create a schema in Oracle. The schema is automatically
created when you create a user (see Chapter 12).

The syntax for CREATE SCHEMA is CREATE SCHEMA

AUTHORIZATION <schema=your_user_name>
<create_object_statement>,... <grant_privilege_ statement>,... ;

The schema name must be the same as your Oracle user ID,
otherwise the statement will fail. The valid objects to create
include tables and views; you can grant any valid object
privileges on them to anybody. The following example creates
two tables in hypothetical schema ACMETEST (i.e., we assume
that the statement is run by user ACMETEST that does not exist in

the ACME test database) and gives permissions on them to user
ACME:

CREATE

SCHEMA AUTHORIZATION
ACMETEST CREATE TABLE address ( addr_id_n INT
CONSTRAINT

pk_addrprimary PRIMARY
KEY, addr_custid_fn INT, addr_salesmanid_fn INT



CONSTRAINT
fk_addr_salesman REFERENCES salesman
(salesman_id_n) ON DELETE

CASCADE, addr_address_s
VARCHAR2(60), addr_type_s VARCHAR2(8) CONSTRAINT

chk_addr_type CHECK
(addr_type_s IN ('BILLING', 'SHIPPING')),
addr_city_s

VARCHAR2(18) CONSTRAINT
nn_addr_city NOT NULL, addr_state_s CHAR(2),
addr_zip_s

VARCHAR2(10) NOT NULL,
addr_country_s CHAR(3) ) CREATE TABLE salesman (

salesman_id_n INT
CONSTRAINT pk_salesmanprim PRIMARY KEY,
salesman_code_s

VARCHAR2 (2) CONSTRAINT
uk_salescode UNIQUE, salesman_name_s VARCHAR2
(50) NOT

NULL, salesman_status_s
CHAR (1) CONSTRAINT chk_salesstatus CHECK

(salesman_status_s in
('N', 'Y')) ) GRANT ALL ON salesman TO ACME
GRANT ALL ON

address TO ACME ;

Note The first CREATE TABLE statement will fail if you didn't

create the two tables as a part of one transaction
because it refers to the nonexistent SALESMAN table

(constraint FK_ADDR_SALESMAN).

Note If any statement within CREATE SCHEMA fails, all other
statements are also ignored.

DB2 UDB 8.1



The DB2 CREATE SCHEMA statement seems to be closer to
SQL99 standards. The syntax is

CREATE

SCHEMA {<schema_name> |
AUTHORIZATION <authorization_id> |

<schema_name>
AUTHORIZATION <authorization_id> }

<create_object_statement>, ...

<grant_privilege_statement>, ...

The valid objects to create within the
create_object_statement clause are tables, views, and
indexes. The owner of the schema is either authorization_id
or (if not specified) the user who issued the CREATE SCHEMA
statement:

CREATE

SCHEMA ACMETEST
AUTHORIZATION ACMETEST CREATE TABLE address (
addr_id_n INT NOT

NULL CONSTRAINT
pk_addrprimary PRIMARY KEY, addr_custid_fn INT,

addr_salesmanid_fn INT
CONSTRAINT fk_addr_salesman REFERENCES salesman

(salesman_id_n) " ON
DELETE CASCADE, addr_address_s VARCHAR(60),
addr_type_s

VARCHAR(8) CONSTRAINT
chk_addr_type CHECK (addr_type_s IN ('BILLING',

'SHIPPING')),
addr_city_s VARCHAR(18) CONSTRAINT nn_addr_city
NOT NULL,

addr_state_s CHAR(2),
addr_zip_s VARCHAR(10) NOT NULL, addr_country_s



CHAR(3) )

CREATE TABLE salesman (
salesman_id_n INT NOT NULL CONSTRAINT
pk_salesmanprim

PRIMARY KEY,
salesman_code_s VARCHAR (2) NOT NULL CONSTRAINT
uk_salescode

UNIQUE, salesman_name_s
VARCHAR (50) NOT NULL, salesman_status_s CHAR
(1)

CONSTRAINT
chk_salesstatus CHECK (salesman_status_s in
('N', 'Y')) ) GRANT ALL

ON salesman TO ACME
GRANT ALL ON address TO ACME

MS SQL Server 2000

MS SQL Server provides this syntax to create a schema:

CREATE SCHEMA AUTHORIZATION
<owner>
<create_object_statement>, ...

<grant_privilege_statement>, ...

The owner must have a valid security account in the database. The
statement below assumes the existence of account ACMETEST:

CREATE

SCHEMA AUTHORIZATION
ACMETEST CREATE TABLE address ( addr_id_n INT
CONSTRAINT

pk_addrprimary PRIMARY
KEY, addr_custid_fn INT, addr_salesmanid_fn INT

CONSTRAINT
fk_addr_salesman REFERENCES salesman



(salesman_id_n) ON DELETE

CASCADE, addr_address_s
VARCHAR(60), addr_type_s VARCHAR(8) CONSTRAINT

chk_addr_type CHECK
(addr_type_s IN ('BILLING', 'SHIPPING')),
addr_city_s

VARCHAR(18) CONSTRAINT
nn_addr_city NOT NULL, addr_state_s CHAR(2),
addr_zip_s

VARCHAR(10) NOT NULL,
addr_country_s CHAR(3) ) CREATE TABLE salesman (

salesman_id_n INT
CONSTRAINT pk_salesmanprim PRIMARY KEY,
salesman_code_s

VARCHAR (2) not null
CONSTRAINT uk_salescode UNIQUE, salesman_name_s
VARCHAR

(50) NOT NULL,
salesman_status_s CHAR (1) CONSTRAINT
chk_salesstatus CHECK

(salesman_status_s in
('N', 'Y')) ) GRANT ALL ON salesman TO ACME GRANT
ALL ON

ADDRESS TO ACME



Other SQL99 and Implementation-Specific
Objects

By now you probably realize that SQL standards exist more in
theory than in real life. SQL99 defines many objects that are
implemented in none of our three major databases. In its turn,
every vendor has its own unique set of database object types not
used in other RDBMS implementations and/or not described in
SQL99 standards.

Domains (SQL99)

A domain is a database object that can be used as an alternative
to a data type when defining table columns. In addition to a data
type, it can optionally specify a default value, a collation, and a
set of constraints. The syntax is CREATE DOMAIN
<domain_name> [AS] <datatype> [DEFAULT <default_value>]
[<constraint_definition>,...] [COLLATE <collation_name>]

As we mentioned before, domains are not implemented by
Oracle, DB2, or MS SQL Server, though they all have some kind
of functionality to achieve similar goals. (For example, CREATE
DISTINCT TYPE in DB2, CREATE RULE in MS SQL Server, and
so on. See examples in Chapter 3.)

Note Domains are implemented in Sybase, PostgreSQL,
InterBase, Borland, and some other RDBMS vendors.

Tablespaces and filegroups

We already mentioned tablespaces while discussing the process
of creating tables and indexes. The concept of tablespace is not
particularly intuitive — it's a logical structure for physical storage.
In other words, tablespace is something you refer in your SQL

code when you want to specify a physical location of a database



object. Tablespace can consist of one or more datafiles — special
system files where table, index, or any other physical data is
stored in binary form. One datafile can only belong to one
tablespace. Figure 4-8 shows the relationship between
tablespace and datafile.

TABLESFALCES DATAFILES

ful2ioradatalacme/datall.dof

DATAM < fuhHoradatalacmeal'datal? dof

X oradatalacmaldata0? dof

[N0B0 <) e oraiavscnainsodt o

W ful/oradata/acmellobl.dbf . . .
o | T [ Figure 4-8: Relationship
between tablespace and datafile (one-to-

many).

When users create tables in, say, the DATAO1 tablespace, they
have no control over which datafile this table's rows will physically
reside: data01, data02, data03, or spread across all three of
them. RDBMS will manage that by itself. (Actually, in most cases,
users do not need to specify even the tablespace; objects are
created in their default tablespaces, i.e., tablespaces assigned to
them by the database administrator.)

Note Note that datafiles are binary files, you can't edit them
manually or open them to see table data. Only the
RDBMS "knows" their internal proprietary structure and
can work with those files.

Oracle 9/

Tablespaces in Oracle are created using the CREATE
TABLESPACE command. The simplified syntax is


clbr://internal.invalid/book/fig04_08_0.jpg

CREATE TABLESPACE
<tablespace_name>
DATAFILE <file_path_and_name> SIZE
<size>[K|M] [REUSE]
[<default_storage_clause>]

SIZE is an integer concatenated with letter K (for kilobytes) or M
(for megabytes). The default storage specifies the default
physical characteristics for objects created in this particular
tablespace.

Note Creating tablespaces in Oracle is not a simple task and
is usually handled by the database administrator. They
have many optional clauses that are beyond the scope
of this book.

The following example creates tablespace DATAO1 with one
datafile of size one megabyte (assuming standard Oracle9i
installation on Windows):

CREATE TABLESPACE DATAO01

DATAFILE
'C:\oracle\ora92\oradata\acme\data®l1.dbf' SIZE
1M;

Oracle creates file data@1.dbf in directory
C:\oracle\ora92\oradata\acme formatted in Oracle blocks.
You will get an error if the file already exists unless the REUSE
clause is specified. Now you can try the example from the
beginning of this chapter that creates table PHONE in tablespace
DATAO1.

DB2 UDB 8.1

The CREATE TABLESPACE statement in DB2 is also fairly
complex and is normally used by DBA only. The basic syntax is



CREATE

[REGULAR | LONG]
TABLESPACE <tablespace_name> MANAGED BY [SYSTEM
|

DATABASE] USING

([FILE | DEVICE]
<file_or_device_name> [<size> K|M|G], ...)

[<storage_clause>]

The REGULAR clause is the default; you would only create LONG
tablespace to store LOB objects.

Note System-managed tablespace requires less
maintenance than database-managed tablespace.
Database-managed tablespace in its turn gives more
flexibility to an experienced DBA. You cannot use FILE
| DEVICE or specify size when creating a system-
managed tablespace.

The following code creates regular system-managed tablespace
USERDATAQ1 in directory C: \DB2\DATAO1 (assuming the default

installation):
CREATE TABLESPACE USERDATAO1

MANAGED BY SYSTEM USING
('C:\DB2\DATAO01")

MS SQL Server 2000

There is no such thing as tablespace in MS SQL Server, but you
can create filegroups and add files to them, which is exactly the
same concept as using tablespaces in Oracle and DB2. This is
simply different terminology and slightly different syntax: you
actually use the ALTER DATABASE statement to add filegroups

and/or files to a database.



Here is the syntax: ALTER DATABASE ADD FILEGROUP
<filegroup_name>

ALTER DATABASE ADD FILE (

NAME =
<logical_file_name> [, FILENAME =
<os_file_name>] [, SIZE =

<size> KB|MB|GB|TG] [,
<other_physical_parameters>]), ... [ TO

FILEGROUP
<filegroup_name> ]

As you can see, the idea is not much different from what you
already learned: MS SQL Server filegroup is a logical structure,
just like tablespace in Oracle and DB2, and a file is an element of
physical storage.

Few minor variations to mention here: you can create logical
names that are different from their physical OS names; size can
be indicated in terabytes in addition to kilobytes, megabytes, and
gigabytes, and so on. The following code creates filegroup
DATAO1 and then adds a file with logical name DATA0101 to it of
size 1M:

ALTER

DATABASE acme ADD
FILEGROUP DATAG1 GO ALTER DATABASE acme ADD FILE
( NAME =

DATA0101, FILENAME
='C:\Program Files\Microsoft SQL

Server\MSSQL\Data\data0101.ndf', SIZE = 1MB ) TO

FILEGROUP
DATAO1

Sequences



A sequence is a database object with functionality similar to that of
identity (discussed previously in this chapter). The main difference is
that identity is tied to a table column, and sequence is totally
independent from other database objects; thus, multiple users can
generate unique numeric values from a sequence and use them for
different purposes. The most typical use is to generate primary key
values for a table (or for multiple tables).

Note You can use one sequence to generate primary keys for
two or more tables. If you employ the concept of
meaningless primary keys, then you don't really care that
out of integers from 1 to 10 numbers 1, 2, and 5 will be
used to populate primary keys in TABLE1; 3, 7, and 10 will
be used for TABLE2; 4, 6, and 8 will become primary key
values for TABLE3, and 9 is not used at all as illustrated on
Figure 4-9. Still, a more typical approach would be to
create a separate sequence for each table's primary key.

SEQUENCE TABLED

1 PE | Cl..

TABLE3

TABLEZ? il

PR | Cl..

Figure 4-9: Using sequence-generated numbers to
populate primary keys in multiple tables

In general, a sequence is more flexible than an identity column
because it is an independent database object, whereas an identity
column is a part of a table definition. For example, sequences can be
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much more convenient than identity columns when used in a
procedural program (C, Java, COBOL, etc.) that populates records
for parent/child tables.

Sequences in Oracle 9i

The syntax to create a sequence in Oracle is

CREATE SEQUENCE

[<schema>. ]
<sequence_name> [START WITH <start_value>]

[ INCREMENT BY
<increment_value>] [MAXVALUE <max_value> |

NOMAXVALUE] [MINVALUE
<min_value> | NOMINVALUE] [CYCLE | NOCYCLE ]
[ CACHE

<value> | NOCACHE] [ORDER
| NOORDER]

As you probably noticed, most clauses in the CREATE SEQUENCE
statement are optional. If you just want to create a sequence that
starts with 1 and generates sequential values (2, 3, 4,...) all the way

until it reaches the largest possible integer in Oracle (1027), this
statement will do: CREATE SEQUENCE my_sequencel,

If you need something more complicated, here is what you can do:
Creating ascending and descending sequences

You can create a sequence that starts with a certain value (START
WITH clause) and then each next sequence value gets populated
according to the value specified in the INCREMENT BY clause. To

create a descending sequence, use a negative increment. You would
also have to specify the maximum and the minimum sequence
values:



CREATE SEQUENCE

my_sequence2 START
WITH 500 INCREMENT BY -10 MAXVALUE 500 MINVALUE

0;

Creating cycling sequences

In the previous example, my_sequence?2 will generate values 500,
490, 480, 470,...0. After that, you will get an error saying that your
sequence goes below the MINVALUE and cannot be instantiated.
What you can do is to create a sequence that cycles; that is, after it
reaches its maximum (or minimum in the case with a descending
sequence), it will simply start over. In the next example sequence,
my_sequence3 will restart with 500 again after reaching its
minimum value:

CREATE SEQUENCE

my_sequence3 START
WITH 1000 INCREMENT BY -10 MAXVALUE 1000 MINVALUE
0]

CYCLE;

It's often difficult to understand the difference between START WITH
and MINVALUE (or MAXVALUE for descending sequences) clauses.
Actually, the difference is only important for cycling sequences. For
example, you may want your sequence to start with 100 and then
when it reaches its maximum value (for example, 10,000) start over
again, but this time not with 100, but rather with 10. In this case, you
specify 100 for the START WITH clause and 10 for the MINVALUE
clause:
CREATE SEQUENCE

my_sequence4 START

WITH 100 INCREMENT BY 1 MINVALUE 10 MAXVALUE 10000
CYCLE;

Caching sequence values



By default, Oracle caches 20 consecutive sequence values in
memory for faster access. You can override the default behavior
either by specifying a different number of values to cache (10, 100,
1000, or whatever you prefer) or by using the NOCACHE clause that
guarantees you sequential values every time you generate values
using the sequence. Otherwise the values in memory would be
wiped out if, for example, the davabase has been restarted.

Tip For sequences that cycle, the number of values to cache
must be less than the number of values in the cycle.

Guaranteeing the order of sequence values

You may want to guarantee that sequence numbers are generated in
order (for example, if you are using them as timestamps) by
specifying an ORDER clause. The default is NOORDER.

Note Oracle does not have identity columns, so sequences are
the only option to generate sequential numbers.

Accessing sequences in Oracle

You can generate new sequence values by using
SEQUENCE_NAME . NEXTVAL in your SQL code. To access the

current sequence value (i.e., the last generated sequence number)
use SEQUENCE_NAME . CURRVAL.:

SQL> SELECT

my_sequence4.NEXTVAL 2 FROM dual; NEXTVAL --------
-- 102 SQL> SELECT

my_sequence4.CURRVAL 2 FROM dual; CURRVAL --------
-- 102 SQL> SELECT

my_sequence4.CURRVAL 2 FROM dual; CURRVAL --------
-- 102



Cross- The example above uses a dummy table DUAL

References that is used in Oracle to select values from
"nothing." For more information, see Chapter 10.

Note To be able to access CURRVAL, you have to generate the
seguence value at least once during the current session, or
an error will be generated. In a sense, DB2's PREVVAL
name is more accurate — you are actually accessing the
previously generated value.

DB2 UDB 8.1

The syntax to create a sequence in DB2 is

CREATE SEQUENCE

<sequence_name> [AS
SMALLINT | INTEGER | BIGINT | DECIMAL ] [START
WITH

<start_value>] [INCREMENT
BY <increment_value>] [MAXVALUE

<max_value> | NOMAXVALUE]
[MINVALUE <min_value> | NOMINVALUE]

[CYCLE | NOCYCLE] [CACHE
<value> | NOCACHE] [ORDER |

NOORDER]

As you can see, it's almost identical to the Oracle syntax; all
examples from the previous section would work in DB2. There are a
couple of minor differences:

= You can specify the data type you want the sequence values
to be populated of — it's mainly the precision metter. The
default is INTEGER; if you specify DECIMAL data type, the
scale must be zero. Oracle always assumes the NUMBER
data type.



= |[n DB2, you can create static sequences that would always
populate the same value (it's very difficult to imagine why
you would need something like that) either by specifying
INCREMENT BY 0 or by using same values for MINVALUE
and MAXVALUE. Oracle requires that INCREMENT TO be a
positive or a negative integer, zero is not permitted,;
MAXVALUE must be greater than MINVALUE.

Accessing sequences in DB2

You can retrieve either current or previous sequence value using the
NEXTVAL and PREVVAL keywords. NEXTVAL is not different from
NEXTVAL in Oracle; PREVVAL is an equivalent to Oracle's CURRVAL.
The access to the sequence values is slightly different:

db2 => SELECT NEXTVAL

FOR my_sequence4
AS NETVAL \ db2 (cont.) FROM SYSIBM.SYSDUMMY1
NEXTVAL

----------- 102 1
record(s) selected. db2 => SELECT PREVVAL FOR

my_sequence4 AS
PREVVAL \ db2 (cont.) FROM SYSIBM.SYSDUMMY1
PREVWAL -----------

102 1 record(s)
selected. db2 => SELECT PREVVAL FOR my_sequence4
AS PREVVAL

\ db2 (cont.) FROM

SYSIBM.SYSDUMMY1 PREVVAL ----------- 102 1
record(s)
selected.
Cross- The SYSIBM.SYSDUMMY1 table in DB2 is an

References  equivalent to Oracle's DUAL. See Chapter 10 for
more details.




Materialized views (Oracle 9i)

A MATERIALIZED VIEW is yet another Oracle object that contains
data and occupies physical space. The name is a bit confusing —
you already know that a view is just a compiled query, but the
materialized views are more like tables — they have actual rows with
data that could be updated dynamically. The closest analogy is
summary tables in DB2; although in addition to data aggregation
materialized views can be used in many different ways (data
warehousing, data replication, and more). In addition to that,
materialized views have fewer limitations than DB2 summary tables
— most select statements that work with the CREATE VIEW
statement can be used to create a materialized view.

The CREATE MATERIALIZED VIEW syntax is quite complex; most

clauses are of the database administrator's concern only and require
special database security privileges most users don't have. For
example, the CREATE MATERIALIZED VIEW privilege allows users

to create materialized views; QUERY REWRITE permits users to

create materialized views used in query rewrites by optimizer, and so
on.

Tip QUERY REWRITE transforms a SQL statement expressed in

terms of tables or views into a statement accessing one or
more materialized views that are defined on the detail tables.
This feature can significantly improve database performance
when used properly.

The following examples illustrate a few possible uses for
materialized views.

Materialized view refreshed on demand

Materialized view VRM_ORDERLINE_SUMMARY is analogous to the
DB2 ORDERLINE_SUMMARY summary table we talked about earlier



in the chapter. It summarizes ordered and shipped product quantities
by order on demand:

CREATE MATERIALIZED VIEW
vrm_orderline_summary
BUILD IMMEDIATE REFRESH FAST ON DEMAND AS ( SELECT
ordline_ordhdrid_fn,
SUM(ordline_ordqgty_n) AS ord_gty_summary,
SUM(ordline_shipqty_n) AS
ship_qty_summary, COUNT (*) AS rowcount FROM
order_1line GROUP BY
ordline_ordhdrid_fn );

Materialized view refreshed periodically with no user
interaction

Materialized view VRM_CONTACT_LIST uses the same
select_statement as V_CONTACT_LIST view. The snapshot of

records is taken at the moment of the materialized view creation and
is refreshed daily at 6 AM:

CREATE MATERIALIZED VIEW

TEST2 REFRESH START WITH
SYSDATE NEXT (TRUNC(SYSDATE + 1)) + 6/24 AS SELECT

cust_name_s,
phone_phonenum_s, 'CUSTOMER' CONTACT FROM
customer, phone WHERE

cust_id_n =
phone_custid_fn AND phone_type_s = 'PHONE' UNION
SELECT

salesman_name_s,
phone_phonenum_s, 'SALESPERSON' FROM salesman,
phone WHERE

salesman_id_n =
phone_salesmanid_fn AND phone_type_s = 'PHONE';

Cross- The statement NEXT (TRUNC(SYSDATE + 1))



References + 6/24 in the previous statement adds one day
to SYSDATE, truncates the result to get "12 AM
tomorrow," and adds 6 hours to it which gives us
6 AM of the following day. More information
about the TRUNCATE function and date
arithmetic is in Chapter 10.

This materialized view can be used in situations when the use of a
regular view is inappropriate, for example, when underlying tables
are too large and data retrieval becomes too slow; or when tables
used in the select_statement physically reside on a remote
database and must be transferred over a network; a materialized
view can refresh data during off-load time.

Note The previous examples assume you have the CREATE
MATERIALIZED VIEW privilege granted to you by a

database administrator with the following statement:
GRANT CREATE [ANY] MATERIALIZED VIEW TO
user_name;

More about privileges in Chapter 12.

Database links (Oracle 9i)

A database link is an object in the local database that enables you to
access remote database objects. The remote database does not
have to be an Oracle database — you can directly connect to DB2,
MS SQL Server, Sybase, or any other RDBMS that supports ODBC
or OLE DB protocols. You can refer to a remote table or view in a
SQL statement by appending @<db1ink> to the table or view name
(where <dblink> is the name of a previously created database
link).

CREATE DATABASE LINK statement

The syntax for CREATE DATABASE LINK is



CREATE [SHARED] [PUBLIC]

DATABASE LINK <dblink>
CONNECT TO {[CURRENT_USER | <user_name>

IDENTIFIED BY <password>]
} USING

'<connect_string>"';

The SHARED keyword specifies that a single network connection can
be used by multiple users; PUBLIC means the database link is
available to all users, not only to its creator. CURRENT_USER can be

specified if the remote database user and password are identical to
those of whoever is using the database link; otherwise, remote user
name and password have to be specified.

The connect_string parameter must be a valid service name.

(See Oracle's Net Services Administrator's Guide for setting service
names.) It has to be enclosed by single quotes.

The following command creates database link named DBL_SALES
assuming you have a valid service name SALES and pointing to a
database where user SALES_MANAGER exists:

CREATE DATABASE LINK
dbl_sales CONNECT TO
sales_manager IDENTIFIED BY sales123 USING
'SALES';

Note Both DB2 and MS SQL Server also allow you to connect to
remote databases. DB2 uses NICKNAMES, and MS SQL
Server features Linked Servers and Remote Servers. See
vendor-specific documentation for details.



CREATE Statement Cross-Reference

Table 4-1 provides the full list of all objects you can create in the

"big three" databases as well as SQL99 CREATE statement

standards. Some of the statements were covered in this chapter;
some others will be covered later in this book. For example, we'll
talk about CREATE USER, CREATE ROLE, and CREATE PROFILE

statements in Chapter 12.

Table 4-1: Valid CREATE Statements Cross-Reference

Statement

SQL99

Oracle
9i

DB2
ubDB
8.1

MS
SQL
Server
2000

CREATE ALIAS

CREATE
ASSERTION

CREATE
BUFFERPOOL

CREATE
CHARACTER SET

CREATE
CLUSTER

CREATE
COLLATION

CREATE
CONTEXT

CREATE
CONTROLFILE




Statement

SQL99

Oracle
9i

DB2
UDB
8.1

MS
SQL
Server
2000

CREATE
DATABASE

CREATE
DATABASE LINK

CREATE
DEFAULT

CREATE
DIMENSION

CREATE
DIRECTORY

CREATE
DISTINCT TYPE

CREATE DOMAIN

CREATE EVENT
MONITOR

CREATE
FUNCTION

CREATE
FUNCTION
MAPPING

CREATE INDEX

CREATE INDEX
EXTENSION




Statement

SQL99

Oracle
9i

DB2
ubDB
8.1

MS
SQL
Server
2000

CREATE
INDEXTYPE

CREATE JAVA

CREATE
LIBRARY

CREATE
MATERIALIZED
VIEW

CREATE
MATERIALIZED
VIEW LOG

CREATE METHOD

CREATE
NICKNAME

CREATE
NODEGROUP

CREATE
OPERATOR

CREATE
OUTLINE

Statement

SQL99

Oracle
9i

DB2
ubDB
8.1

MS
SQL
Server
2000




MS

DB2
Statement SQL99 O_racle UDB SQL
9i 8.1 Server
) 2000
CREATE . N
PACKAGE “ “
CREATE

PACKAGE BODY

CREATE PFILE

CREATE
PROCEDURE

CREATE
PROFILE

CREATE ROLE

CREATE
ROLLBACK
SEGMENT

CREATE RULE

CREATE SCHEMA

CREATE
SEQUENCE

CREATE SERVER

CREATE SPFILE

CREATE
STATISTICS




MS

DB2
Statement SQL99 O_racle UDB SQL
9i 8.1 Server
) 2000
CREATE )
SYNONYM u

CREATE TABLE

CREATE
TABLESPACE

CREATE
TEMPORARY
TABLESPACE

CREATE
TRANSFORM

CREATE
TRANSLATION

CREATE
TRIGGER

CREATE TYPE

CREATE TYPE
BODY

CREATE TYPE
MAPPING

CREATE USER

CREATE USER
MAPPING




MS

DB2
Statement SQL99 O_racle UDB SQL
9i 8.1 Server
) 2000
CREATE VIEW i i i i
CREATE i
WRAPPER 4

Many CREATE statements are for database administrators use
only, so you will not find their detailed explanation in the book;
refer to vendor-specific documentation for more information.




Summary

One of the definitions of a database is "a collection of objects and
processes for their manipulation.” In a relational database, the
objects are created through either standard SQL99 or vendor-
specific SQL. The CREATE <object> syntax can be very
complicated and usually belongs to the database administrator's
domain; nevertheless, understanding how database objects are
created is important.

The most important objects introduced in this chapter include
table, index, view, materialized view, synonym, schema, and
seqguence. This list by all means does not cover all objects that
could be created within RDBMS using SQL.

The central and most important database object is table — a
logical concept of a data holder implemented in a database file
structure. Tables can be temporary or permanent, according their
life span within an RDBMS. Even such a basic concept can be
implemented differently by the different vendors. Most differences
occur in the context of the CREATE syntax employed in temporary
tables, whereas the syntaxes used in permanent tables tend to
adhere more closely to the SQL standard.

Indexes are not part of the SQL standard specification and are
hidden from users. The purpose of an index is to speed up data
retrieval from a table. A view differs from a table by being
populated with data on demand from its base tables (with the
exception of materialized views); views are defined by an SQL
SELECT query and are dependent on the tables this query
specifies. Views are used for many reasons, explained in the
chapter.

Synonyms are used to facilitate database object referencing by
replacing long, fully qualified names with easy-to-use names.



Some other database objects mentioned in the chapter are
domains, tablespaces, filegroups, and constraints.

Each vendor has chosen to implement a different subset of
database objects in its RDBMS software; some of these objects
are not part of the standard SQL, and some of the higher-level
standard-mandated objects are not implemented. Syntax for
creating these objects also differs among the vendors and should
be checked against vendors' documentation.



Chapter 5: Altering and Destroying RDBMS
Objects



Overview

Objects created within a database are not cast in stone. The
ability to easily change database objects gives an RDBMS a big
advantage over nonrelctional models because flexibility is built
into the relational database concept. This includes the ability to
create, modify, and destroy database objects. Needless to say, all
our three major vendors provide this ability so as to incur minimal
impact on other database entities.

Note Examples in this chapter assume incremental buildup of
the ACME database started in Chapter 4. Constraints
implemented in the database scripts included with the
CD-ROM may prevent some of the statements from
successful execution.



Tables

You already know that the table is the central RDBMS object. In a
perfect world you would never have to change anything in a
table's structure after it was created. In real life though you need
to modify table definitions quite often. Changing business rules
are usually the main reason; incorrect initial design is also not
uncommon, especially in test environments. The whole idea
behind the ALTER TABLE statement is to make the table
definition changes as fast and as painless as possible. The DROP
TABLE statement is used to remove a table (both its data and
definition) from the database.

ALTER TABLE statement

We are now going to explain how ALTER TABLE is implemented
by different vendors.

SQL99

The SQL99 ALTER TABLE syntax is:

ALTER TABLE <table_name>
{[ADD [COLUMN] <column_definition>] |

[ALTER [COLUMN] <column_name> {SET DEFAULT
<default> | DROP DEFAULT}] |

[DROP [COLUMN] <column_name> RESTRICT |
CASCADE] |

[ADD <table_constraint>] |

[DROP CONSTRAINT <constraint_name> RESTRICT |
CASCADE]

+s

Basically this code defines the syntax for adding or deleting a
table column or a default value for a column as well as for
dropping a table constraint.



Oracle 9/

The ALTER TABLE statement has even more options in Oracle
than CREATE TABLE does. The following syntax lists only the
ones most important in the context of this book: ALTER TABLE
[<qualifier>.]<table_name> {[<change_physical attributes>] |
[ADD <column_name> <datatype> [<sizel>[,<size2>]] [DEFAULT
<default_value>] [<column_constraint>,...] ]..., | [MODIFY
<column_name> <datatype> [<sizel>[,<size2>]] | [DEFAULT
<default_value>] [NULL | NOT NULL]]..., | [DROP {COLUMN
<column_name> | (<column_name>,...)} [CASCADE
CONSTRAINTS] ] | [MODIFY CONSTRAINT <constraint_name>
<constraint_state>] | [ADD {PRIMARY KEY (<column_name>,...)
| UNIQUE (<column_name>,...) | CONSTRAINT
<constraint_name> <constraint_definition>} ] | [DROP
{PRIMARY KEY | UNIQUE (<column_name>,...) | CONSTRAINT
<contraint_name> [CASCADE] } ] | [DISABLE | ENABLE
{PRIMARY KEY | UNIQUE (<column_name>,...) | CONSTRAINT
<constraint name> | ALL TRIGGERS } ] | [RENAME TO
<new_table name>] }

Changing physical attributes

Many different physical attributes of a table can be changed in
Oracle using the ALTER TABLE statement. For example, it would
be very easy to fix once you realized that your table was created
in a wrong tablespace. The following example assumes the
existence of tablespace DATAO1: ALTER TABLE SALESMAN
MOVE TABLESPACE DATAO01;

Note In our sample ACME database, all objects were created
without explicitly specifying a tablespace. Also, user
ACME was created without specifying a default
tablespace. That means all tables and indexes are
created in SYSTEM tablespace by default, which is
absolutely unacceptable in a production database. You



now know how to correct it using the ALTER TABLE
statement.

See the Oracle documentation for more information on changing
table physical attributes.

Adding columns

Often you will need to add a column to an existing table. For
example, our ACME database can easily handle situations when
a customer has more than one phone number. But now imagine
we have a new set of business rules saying that if a customer or
a salesman has more than one phone, we need a way to know
which number is primary and what kind of phone it is (business,
mobile, home, etc.). So, we want to add two new columns to
PHONE: PHONE_PRIMARY_S with a default value of Y and
PHONE_CATEGORY_S. We also want to specify the range of valid
values for PHONE_PRIMARY_S (Y and N). The task is quite simple
to implement: ALTER TABLE PHONE ADD
PHONE_PRIMARY_S CHAR(1) DEFAULT 'Y' CHECK
(PHONE_PRIMARY_S IN ('Y', 'N')) ADD PHONE_CATEGORY_S
CHAR(15);

As you can see from this example, Oracle allows you to use one
ALTER TABLE statement to add multiple columns at the same

time. You can drop multiple columns within one ALTER TABLE
statement as well.

Tip If you add a column with a default value to an existing
table, each row in the new column is automatically
updated with the value specified for DEFAULT.

Modifying existing columns

You can modify columns in a couple of different ways. You can
change the column's data type; increase or decrease the size of



a CHARACTER or a RAW column (or precision of a NUMERIC

column). You can also specify a new default for an existing
column and/or add a NOT NULL constraint to it.

As usual, certain restrictions apply. You can decrease the size or
precision of a column only if it's empty, that is, if it contains all
NULLs. (You can decrease the size and precision with no
limitations though.) You also can't add NOT NULL constraint to a
column that contains NULLs. (Again, you can do it the other way
around.) You can change a column's data type to a compatible
data type only (for example, CHAR can be changed to VARCHAR)
if the column is not empty; no limitations exist for empty columns.

Note Only the NOT NULL constraint can be added to a table
column using the MODIFY clause of the ALTER TABLE
statement. All other constraints can be added, dropped,
modified, and disabled using ADD, DROP, DISABLE,
ENABLE, and MODIFY CONSTRAINT clauses.

Here are some examples. The column PHONE_CATEGORY_S that
we added to PHONE table in our recent example is CHAR(15).
We are aware that the CHAR data type is best used when we
know exactly how many characters will be stored in the column;
otherwise VARCHAR?2 is a better choice. Also, we decided to
increase the maximum column size to 20 characters because we
might want to store larger strings there; but for now we want the
default string BUSINESS to be populated in this column for all
new rows. We also decided we don't want any NULL values in the
PHONE_ PRIMARY_S column.

The following statement successfully accomplishes this task:
ALTER TABLE PHONE MODIFY PHONE_PRIMARY_S CHAR(1)
NOT NULL MODIFY PHONE_CATEGORY_S VARCHAR2(20)
DEFAULT 'BUSINESS;



Note This statement works because when we added
PHONE_PRIMARY_S column we also specified the

default value of Y, so it does not contain any NULL
values. Unlike ALTER TABLE ... ADD the above ALTER
TABLE ... MODIFY statement does not populate
default values for existing columns.

Removing table columns

Now imagine the business rules have changed again, and the
columns you added and modified in previous examples are no
longer needed. The following statement removes
PHONE_PRIMARY_S and PHONE_CATEGORY_S columns from
PHONE table: ALTER TABLE PHONE DROP
(PHONE_PRIMARY_S, PHONE_CATEGORY_YS);

Note When you drop a column all indexes and/or constraints
associated with the column (if any) are also dropped. If
the column to be dropped is a parent key of a nontarget
column or if a check constraint references both the
target and nontarget columns, CASCADE CONSTRAINTS

must be specified, or Oracle generates an error.

Modifying constraints

The MODIFY CONSTRAINT clause enables you to change the
existing column or table constraints' status of INITIALLY
IMMEDIATE to INITIALLY DEFERRED assuming the constraints
were created with keyword DEFERRABLE. Assuming Chapter 4

examples, it would probably make sense to issue the following
command after the data load is complete: ALTER TABLE
SALESMAN MODIFY CONSTRAINT chk_salesstatus INITIALLY
IMMEDIATE;

The constraint behavior is now indistinguishable from one of a
nondeferrable constraint; that is, the constraint is checked after



each DDL statement. When you want to perform another data
load, the following statement changes the constraint's behavior
again: ALTER TABLE SALESMAN MODIFY CONSTRAINT
chk_salesstatus INITIALLY DEFERRED;

Creating new constraints

As with new columns, you might need to create new constraints
on the existing table. The situations are usually similar to those
when you might need new table columns — for example, when
implementing new business rules or amending bad initial designs.
For example, you might have realized the salesman's code in the
SALESMAN table must be unique. The following statement
accomplishes the task: ALTER TABLE salesman ADD
CONSTRAINT uk_salesmancode UNIQUE (salesman_code_s);

And here are examples of implementing referential integrity
constraints on tables created in Chapter 4: ALTER TABLE
customer ADD CONSTRAINT fk_cust_payterms FOREIGN KEY
(cust_paytermsid_fn) REFERENCES payment_terms
(payterms_id_n);

ALTER TABLE customer ADD CONSTRAINT
fk_cust_salesman

FOREIGN KEY (cust_salesmanid_fn)

REFERENCES salesman (salesman_id_n);

ALTER TABLE order_line ADD CONSTRAINT
fk_ordline_ordhdr

FOREIGN KEY (ordline_ordhdrid_fn)
REFERENCES order_header (ordhdr_id_n);

ALTER TABLE order_line ADD CONSTRAINT
fk_ordline_product

FOREIGN KEY (ordline_prodid_fn)
REFERENCES product (prod_id_n);

Cross- For the full list of ACME tables, indexes, and



References constraints, refer to Appendix B.

Removing constraints

ALTER TABLE enables you to remove column or table
constraints. For example, to remove the unique constraint you
just created, use ALTER TABLE SALESMAN DROP
CONSTRAINT uk_salesmancode;

Disabling and enabling constraints

In some situations you might want to be able to defer constraint's
action: ALTER TABLE SALESMAN DISABLE CONSTRAINT
chk_salesstatus; Some data load action here... ALTER TABLE
SALESMAN ENABLE CONSTRAINT chk_salesstatus;

Note As you already know, you can disable/enable
constraints only if your table was created with
DEFERRABLE constraints. Otherwise you would have to
drop and re-create constraints or do some other
workarounds described in Chapter 4.

Tip You can also enable or disable all triggers (special
database objects discussed in Chapter 14) associated
with the specified table using ENABLE | DISABLE ALL

TRIGGERS clause.

Renaming a table

You can change the name of a table using a RENAME TO clause.
For example, if you (or your boss) decided that name SALESMAN
is not politically correct, you can change it to SALESPERSON
using this command: ALTER TABLE SALESMAN RENAME TO
SALESPERSON;

Please keep in mind that any programs (including your PL/SQL
procedures, functions, packages, and triggers that refer the



renamed table) will no longer be valid after this change. You
would have to find and change all references to the SALESMAN

table in your code and recompile the programs.

So, you've found out that's too much of an effort, so you decided
to change the name back. No problem: ALTER TABLE
SALESPERSON RENAME TO SALESMAN;

DB2 UDB 8.1

The DB2 ALTER TABLE statement allows you to add columns to
a table, add or drop constraints, change the length of a column
(VARCHAR only), modify identity column properties and summary
table options, alter physical attributes, and more. The syntax
(simplified for the purpose of this book) is:

ALTER TABLE [<qualifier>.]<table_name>
[ADD COLUMN <column_definition>], ... |
[ALTER COLUMN [SET DATATYPE VARCHAR
<newlength_gt_existinglength>] |
[<identity_column_options>]

11
[ADD CONSTRAINT <constraint_definition>] |
[DROP {PRIMARY KEY |

[FOREIGN KEY | UNIQUE | CHECK |
CONSTRAINT] <constraint_name>

}
11

[<physical_options>] |
[SET SUMMARY AS {DEFINITION ONLY |
<summary_table_definition>}]

Adding new columns to a table

The statement below adds two new columns to PHONE: ALTER
TABLE PHONE ADD PHONE_PRIMARY_S CHAR(1) DEFAULT



'Y' CHECK (PHONE_PRIMARY_S IN ('Y, 'N')) ADD
PHONE_CATEGORY_S CHAR(15);

Increasing VARCHAR column size

DB2 has very limited options for modifying existing columns.
Virtually all you can do is to increase the size of an existing
VARCHAR column: ALTER TABLE CUSTOMER ALTER COLUMN
CUST_ALIAS_S SET DATA TYPE VARCHAR (20)

The statement above increases the size of CUST_ALIAS S from
VARCHAR(15) to VARCHAR(20).

Note DB2 would not let you decrease the size of a VARCHAR

column as well as altering the size of any other data
type columns or changing a column data type.

Modifying identity column options

You can modify the options for an existing identity column.
Assuming you've created the table PAYMENT_TERMS with
PAYTERMS_ID_N as an identity column (see Chapter 4), the
following statement alters the identity column option in such a
way so it would cycle starting with 100 after the maximum value
of 500 is reached: ALTER TABLE payment_terms ALTER
COLUMN payterms_id_n SET CYCLE SET MAXVALUE 500
RESTART WITH 100

Note This statement would fail if PAYTERMS_ID_N column
was not created as an identity column.

Creating nhew constraints on an existing table

You can add PRIMARY KEY, UNIQUE, CHECK or referential
integrity constraints using the ALTER TABLE statement. Some
examples follow:



ALTER TABLE salesman
ADD CONSTRAINT uk_salesmancode UNIQUE
(salesman_code_s)

ALTER TABLE customer ADD CONSTRAINT
fk_cust_payterms

FOREIGN KEY (cust_paytermsid_fn)
REFERENCES payment_terms (payterms_id_n)

ALTER TABLE customer ADD CONSTRAINT
fk_cust_salesman

FOREIGN KEY (cust_salesmanid_fn)
REFERENCES salesman (salesman_id_n)

ALTER TABLE order_line ADD CONSTRAINT
fk_ordline_ordhdr

FOREIGN KEY (ordline_ordhdrid_fn)
REFERENCES order_header (ordhdr_id_n)

ALTER TABLE order_1line ADD CONSTRAINT
fk_ordline_product

FOREIGN KEY (ordline_prodid_fn)
REFERENCES product (prod_id_n)

Removing constraints

The ALTER TABLE ... DROP CONSTRAINT statement deletes an

existing constraint. For example, to remove the unique constraint
you've just created, use ALTER TABLE SALESMAN DROP
CONSTRAINT uk_salesmancode;

Altering summary table options

You can alter summary table options; for example, assuming we
created ORDERLINE_SUMMARY table (Chapter 4), this statement

changes it from INITIALLY DEFERRED REFRESH DEFERRED to
DEFINITION ONLY: ALTER TABLE orderline_summary SET
SUMMARY AS DEFINITION ONLY;



MS SQL Server 2000

MS SQL Server allows you to change a data type and collation
sequence for existing columns, add new and drop existing
columns, add or drop constraints, and disable or enable table
triggers: ALTER TABLE [<qualifier>.]<table _name> ( [ALTER
COLUMN <column_name> <new_datatype> [<sizel>[,<size2>] ]
[COLLATE <collation_name>] | [ADD <new_column_definition>
[<column_constraint>,...]] | [DROP COLUMN <column_name>,.. ]
[ADD <table constraint>,...] | [DROP CONSTRAINT
<constraint_name>] | {ENABLE | DISABLE} TRIGGER {ALL |
<trigger_name>,...}])

Cross- Triggers are explained in Chapter 14.
References

Adding new columns to a table

You can add new columns to a table using the same syntax for
column definitions as in MS SQL Server's CREATE TABLE
statement. Collation sequences, defaults, identity properties, and
constraints can also be specified. The statement below adds two
new columns to PHONE: ALTER TABLE PHONE ADD
PHONE_PRIMARY_S CHAR(1) DEFAULT "Y' CONSTRAINT
chk_phoneprim CHECK (PHONE_PRIMARY_S IN ('Y", 'N"),
PHONE_CATEGORY_S CHAR(15)

Modifying existing columns

The rules of modifying existing columns in MS SQL Server are
different from what either Oracle or DB2 would allow you to do.
For example, you cannot change the data type of a column on
which a constraint is based or give it a default value. You also are
unable to alter columns with TEXT, NTEXT, IMAGE, or
TIMESTAMP data types. Some more restrictions apply; see

vendor's documentation for details.



Unlike in Oracle, you can decrease the size of a nonempty
column as long as all existing data fits the new size. For example,
MS SQL Server would let you decrease the size of the
PHONE_TYPE_S column from VARCHAR(20) to VARCHAR(10) or
even VARCHAR(5) because the longest string stored in this
column PHONE is only five characters long: ALTER TABLE
PHONE ALTER COLUMN PHONE_TYPE_S VARCHAR(5)

However, the RDBMS returns an error if you try to decrease the
column size to maximum four characters: ALTER TABLE PHONE
ALTER COLUMN PHONE_TYPE_S VARCHAR(4) Server: Msg
8152, Level 16, State 9, Line 1 String or binary data would be
truncated. The statement has been terminated.

MS SQL Server behaves similarly with numeric columns. You can
decrease the scale, but only down to the size of the biggest
column value. The following statement changes the data type of
the ORDLINE_ORDQTY_N column from INTEGER to
NUMERIC(3): ALTER TABLE ORDER_LINE ALTER COLUMN
ORDLINE_ORDQTY_N NUMERIC(3)

But changing it to NUMERIC(2) is not going to work because the
largest current value in this column happens to be 700 in our
ACME database: ALTER TABLE ORDER_LINE ALTER COLUMN
ORDLINE_ORDQTY_N NUMERIC(2) Server: Msg 8115, Level
16, State 8, Line 1 Arithmetic overflow error converting numeric to
data type numeric. The statement has been terminated.

Removing table columns

Removing table columns in MS SQL Server is more restrictive
than in Oracle. For example, a column cannot be dropped if it is
used in an index or in a constraint; associated with a default; or
bound to a rule. The statement below fails because the column
PHONE_PRIMARY_S is used in check constraint CHK_PHONEPRIM

and is also associated with a default:



ALTER TABLE PHONE
DROP COLUMN PHONE_PRIMARY_S, PHONE_CATEGORY_S

Server: Msg 5074, Level 16, State 1, Line 1
The object 'DF__PHONE__PHONE_PRI__3BOBC30C' is
dependent on column 'PHONE_PRIMARY_S'.

Server: Msg 5074, Level 16, State 1, Line 1
The object 'chk_phoneprim' is dependent on
column 'PHONE_PRIMARY_S'.

Server: Msg 4922, Level 16, State 1, Line 1
ALTER TABLE DROP COLUMN PHONE_PRIMARY_S failed
because one or

more objects access this column.

The following statement nonetheless succeeds because the
PHONE_CATEGORY_S column alone is not the subject for any of
the previous limitations: ALTER TABLE PHONE DROP COLUMN
PHONE_CATEGORY_S

Creating and removing constraints

The syntax to create new constraints or remove existing
constraints in MS SQL Server is no different from one in Oracle's
and DB2: ALTER TABLE salesman ADD CONSTRAINT
uk_salesmancode UNIQUE (salesman_code_s); ALTER TABLE
SALESMAN DROP CONSTRAINT uk_salesmancode;

DROP TABLE statement

Because tables occupy physical space, for the sake of efficiency it is
important to be able to get rid of them as soon as they are no longer
needed. The DROP TABLE statement works pretty much the same
way in all "big three" databases. It releases the physical storage for
the deleted table as well as for any indexes on its columns. The
definitions for the table, its related indexes, integrity constraints, and
triggers are removed from the database data dictionary. All views



become invalid and have to be either changed to delete all
references to the removed table or manually deleted from the
database.

Caution DROP TABLE is a part of DDL and is therefore

irreversible. Specifically, it is committed to the database
immediately without possibility of a rollback. Use it with
extreme care.

Following is the syntax for the DROP TABLE statement.

Oracle 9i

DROP TABLE [<qualifier>.]<table_name> [CASCADE
CONSTRAINTS];

The optional CASCADE CONSTRAINTS clause lets you drop a table

with enforced referential integrity constraints; the constraints will also
be dropped. If the clause is omitted and such referential integrity
constraints exist, Oracle generates an error and the table would not
be dropped:

SQL> DROP TABLE CUSTOMER;
DROP TABLE CUSTOMER
*

ERROR at line 1:
ORA-02449: unique/primary keys in table referenced
by foreign keys

The problem is that CUSTOMER table is referenced by ADDRESS,
PHONE, and ORDER_HEADER tables (constraints FK_ADDR_CUST,
FK_PHONE_CUST, and FK_ORDHDR_CUSTOMER). To drop CUSTOMER
table and the above constraints you could use this SQL statement:



SQL> DROP TABLE customer CASCADE CONSTRAINTS; Table
dropped.

DB2 UDB 8.1

DROP TABLE [<qualifier>.]<table_name>

In addition to all objects listed here (indexes, constraints, and
triggers), all summary tables referencing the table to be removed are
also dropped as well as all related referential integrity constraints:
db2 => DROP TABLE customer DB20000I The SQL command
completed successfully.

This unforgiving behavior could spell a disaster resulting in
unintentional loss of data, so be especially cautious when working
with the DROP TABLE statement in DB2.

MS SQL Server 2000

DROP TABLE [<qualifier>.]<table_name>

Unlike Oracle, MS SQL Server would not let you drop a table in
which a primary key is referenced by any foreign key. To drop the
table CUSTOMER you would have to drop the referential integrity
constraints FK_ADDR_CUST, FK_PHONE_CUST, and
FK_ORDHDR_CUSTOMER first:

1> DROP TABLE CUSTOMER
2> GO
Msg 3726, Level 16, State 1, Server PD-TS-TEST1,



Line 1

Could not drop object 'CUSTOMER' because it is
referenced by a FOREIGN KEY
constraint.

1> ALTER TABLE address

2> DROP CONSTRAINT fk_addr_cust

3> ALTER TABLE phone

4> DROP CONSTRAINT fk_phone_cust

5> ALTER TABLE order_header

6> DROP CONSTRAINT FK_ORDHDR_CUSTOMER
7> GO

1> DROP TABLE CUSTOMER

2> GO

1>



Indexes

As we already know, indexes are invisible for most database
users, so in most cases they would not need to change indexes.
Also, you can always drop and re-create an index rather than
modify it. Out of our three database vendors only Oracle provides
the ALTER INDEX statement to change the physical definition of

an index. The DROP INDEX statement is used to remove indexes;
it's available in all three databases.

Note As discussed in Chapter 4, indexes are not part of
SQL99.

ALTER INDEX statement in Oracle 9i

As usual, we are not going to concentrate on details of the ALTER
INDEX statement and will rather refer you to Oracle

documentation for more information, and we'll illustrate only a
couple of clauses that might be interesting for us in the course of
this book:

ALTER INDEX <index_name>
{[RENAME TO <new_name>] |
[REBUILD TABLESPACE <tablespace_name>]

3
Renaming indexes

The RENAME clause can be useful if your indexes were created
with system-generated names (that is, if you did not name them
specifically on object creation). For instance, suppose you
created table SALESMAN with the following statement:

CREATE TABLE salesman

(
salesman_id_n NUMBER PRIMARY



KEY,

salesman_code_s VARCHAR2(2) UNIQUE,

salesman_name_s VARCHAR2 (50) NOT
NULL,

salesman_status_s CHAR(1) DEFAULT
1 Y 1 ,

CONSTRAINT chk_salesstatus CHECK
(salesman_status_s in ('N', 'Y'))

)

Oracle will automatically create indexes on both the
SALESMAN_ID_N and SALESMAN_CODE_S columns (remember,
indexes are always created on primary key or unique columns),
but the names will be rather nondescriptive; something like
SYS_C003521 and SYS_C003522. If your database has some
kind of naming conventions similar to those described in
Appendix B (which is not a bad idea), you might want to change
the names of the indexes to something more descriptive later:

ALTER INDEX SYS_C003521
RENAME TO IDX_SALESMAN_ID;

ALTER INDEX SYS_C003522
RENAME TO IDX_SALESMAN_CODE;

Rebuilding indexes into a different tablespace

Another frequent mistake while creating Oracle indexes is to
create them in a wrong tablespace. This happens even more
often than with tables because Oracle does not provide a default
index tablespace option. Specifically, regardless if a user has an
assigned default data tablespace (DATAQ1 for example), all
physical objects (including indexes) are created in this tablespace
by default if otherwise was not specified. That is not always the
desirable behavior, especially in a production environment where
data and index tablespaces are usually located on separate



physical devices (hard disks); creating indexes in wrong
tablespaces can significantly degrade performance.

The ALTER INDEX command can be used to fix the problem:

ALTER INDEX IDX_SALESMAN_ID
REBUILD TABLESPACE INDEXO1;

ALTER INDEX IDX_SALESMAN_CODE
REBUILD TABLESPACE INDEXO1;

Note This example assumes the existence of the tablespace
INDEXO1.

DROP INDEX statement

Similar to the DROP TABLE statement, DROP INDEX releases the

allocated space and removes the index definition from the
database information schema. You cannot drop indexes created
to implement PRIMARY KEY or UNIQUE constraints using DROP

TABLE; ALTER TABLE ... DROP CONSTRAINT statement would
have to be used instead.

Cross- The database information schema is
References  discussed in Chapter 13.

Oracle 9/

The syntax is
DROP INDEX [<qualifier>.]<index_name>;

The first statement returns an error because PK_ORDHDRPRIM is
the primary key on table ORDER_HEADER, but the second one
works just fine:

SQL> DROP INDEX pk_ordhdrprim;
DROP INDEX pk_ordhdrprim



*

ERROR at line 1:
ORA-02429: cannot drop index used for
enforcement of unique/primary key

SQL> DROP INDEX 1idx_phone_cust;

Index dropped.

When an index is dropped, all objects dependent on the
underlying table are invalidated.

DB2 UDB 8.1

Use the same syntax as in Oracle:
DROP INDEX [<qualifier>.]<index_name>

Assume you want to drop index IDX_PHONE_CUST on
PHONE_CUSTID_FN column of the PHONE table:

DROP INDEX idx_phone_cust

DB2 invalidates packages that have dependency on the dropped
index.

MS SQL Server

You have to specify both the table name in which the indexed
column is located and the index name:

DROP INDEX <table_name>.<index_name> [,...]

For example
DROP INDEX phone.idx_phone_cust

Tip You can drop multiple indexes within one DROP INDEX
statement. The names must be comma-separated.



Views

Views can be changed or dropped using the ALTER VIEW and
DROP VIEW statements correspondingly.

ALTER VIEW statement

Oracle 9/, DB2 UDB, and MS SQL Server all have an ALTER
VIEW statement, but its syntax and functionality is quite different.

Oracle 9/

The two main uses of ALTER VIEW in Oracle are either to

recompile a view invalidated because of underlying table(s) DDL
changes or to add, modify, or drop view constraints. The syntax is

ALTER VIEW [<qualifier>.]<view_name>
{[COMPILE] |
[ADD CONSTRAINT <view_constraint_definition>] |
[MODIFY CONSTRAINT <constraint_name>] |
[DROP {CONSTRAINT <constraint_name> | PRIMARY
KEY}]

+s

For example, you might want to recompile view V_FAX_NUMBER
because its underlying table (PHONE) has been modified:

ALTER VIEW v_fax_number
COMPILE,;

Tip You don't actually have to recompile Oracle views
invalidated when their underlying tables have been
changed. The invalidated view will be automatically
recompiled when referred by SQL code; the main reason
to recompile views manually is for performance
improvement.



The next example adds the UNIQUE constraint to the view
V_CONTACT_LIST:

ALTER VIEW v_contact_list

ADD CONSTRAINT vpk_contactlist UNIQUE (name,
phone_number)

DISABLE;

To drop this constraint, issue the following statements:

ALTER VIEW v_contact_list
DROP CONSTRAINT vpk_contactlist;

Note Oracle's ALTER VIEW statement cannot alter the view
definition; if you need to add or drop view columns,
change data types or the underlying query, etc., you
have to use CREATE OR REPLACE VIEW statement (or,

alternatively, use DROP VIEW and CREATE VIEW
statements).

DB2 UDB 8.1

DB2 allows you to use the ALTER VIEW statement to alter a

reference type column to add a scope. The functionality is an
advanced topic and is not covered in this book.

MS SQL Server 2000

The ALTER VIEW in MS SQL Server enables you to change view
columns, underlying select statements, and other view options
without affecting dependent database objects or changing
permissions (which would be different had you used DROP VIEW
and CREATE VIEW statements). The syntax is practically the
same as for CREATE VIEW:

ALTER VIEW [<qualifier>.]<view_name>
[ (<column_name>, ...)]



[WITH {ENCRYPTION|SCHEMABINDING |VIEW_METADATA}]
AS <select_statement>
[WITH CHECK OPTION]

Cross- See Chapter 4 examples for CREATE VIEW.
References

Note SQL99 does not specify any rules for altering views.

DROP VIEW statement

DROP VIEW statement removes view definition from the system
catalog. The dependent objects become invalid.

Oracle 9/

The syntax is
DROP VIEW view_name [CASCADE CONSTRAINTS];

For example
DROP VIEW v_phone_number;

The optional CASCADE CONSTRAINTS clause removes all

referential integrity constraints that refer to primary and unique
keys in the view to be dropped. See Oracle's DROP TABLE

statement described previously.

DB2 UDB 8.1

DB2 uses syntax as follows:
DROP VIEW [<qualifier>.]<view_name>

MS SQL Server



You can drop multiple views using the MS SQL Server DROP
VIEW statement:

DROP VIEW <view_name> [,...]

The following statement drops three views (V_PHONE_NUMBER,
V_CUSTOMER_TOTALS, and V_WILE_BESS_ORDERS) at once:

1> DROP VIEW v_phone_number, v_customer_totals,
v_wile_bess_orders

2> Go

1>



Aliases and Synonyms

You cannot modify aliases or synonyms in Oracle and DB2. If the
definition of a synonym (alias) must be changed, you can drop
and re-create it using DROP SYNONYM (ALIAS) and CREATE

SYNONYM (ALIAS).
Oracle 9/

The syntax to destroy an Oracle synonym is
DROP [PUBLIC] SYNONYM <synonym_name>;

You must use the PUBLIC keyword if the synonym you are going

to remove was created as a public synonym. Assuming the
examples from Chapter 4,

DROP PUBLIC SYNONYM SHIPMENT,

Oracle does not invalidate any objects that the dropped synonym
was referring to except for materialized views.

DB2 UDB 8.1

The syntax to remove an alias in DB2 is
DROP {ALIAS | SYNONYM} <alias_name>

For example
DROP ALIAS SHIPMT

All tables, views, and triggers that reference the dropped alias
become inoperative.



Schemas

None of our "big three" vendors has syntax to change a schema,;
only DB2 allows you to drop schema. Here is the syntax to do
this:

DROP SCHEMA <schema_name> RESTRICT

The schema must be empty (i.e., no objects can be defined in it)
for the schema to be deleted from the database. The following
statement would fail unless you dropped the

ACMETEST . ADDRESS and ACMETEST . SALESMAN tables

(assuming examples from Chapter 4):

DROP SCHEMA acmetest RESTRICT

The object type "SCHEMA" cannot be dropped
because

there is an object "ACMETEST.ADDRESS" of type
"TABLE" which depends

on it. SQLSTATE=42893

DROP TABLE ACMETEST.ADDRESS
DB200O0OI The SQL command completed
successfully.

DROP TABLE ACMETEST.SALESMAN
DB200O0OI The SQL command completed
successfully.

DROP SCHEMA acmetest RESTRICT
DB200O0OI The SQL command completed
successfully.



Other Implementation-Specific Objects

In this section you'll learn how to change and destroy some
implementation-specific objects discussed in Chapter 4.

Tablespaces

Both Oracle and DB2 allow you to change or remove existing
tablespaces.

ALTER TABLESPACE statement
Several options are available to modify an existing tablespace.
Oracle 9i

The most common action on a tablespace is to add a new file to
an existing tablespace:

ALTER TABLESPACE <tablespace_name>
ADD DATAFILE <file_path_and_name> SIZE size K|M;

The following command adds a new data file,
C:\oracle\ora92\oradatalacme\data®l1.dbf ,of size 1

megabyte to tablespace DATAO1:

ALTER TABLESPACE DATAO1
ADD DATAFILE
C:\oracle\ora92\oradatalacme\data@l.dbf SIZE 1M;

Note Many more options are available with the ALTER
TABLESPACE statement in Oracle, but they are mostly

for database administrators' use and are not covered in
this book.

DB2 UDB 8.1



Similar to Oracle, the ALTER TABLESPACE statement in DB2 is
primarily for DBAs. For example, you can add a container to a
tablespace created with the MANAGED BY DATABASE option or
increase its size.

Note You already know from Chapter 4 that MS SQL Server
2000 uses filegroups in a way similar to how Oracle and
DB2 use tablespaces. The ALTER DATABASE ... ADD

FILE command is covered in Chapter 4.

DROP TABLESPACE statement

Again, usually only database administrators have the necessary
privileges to drop existing tablespaces. Please keep in mind that
dropping a tablespace drops all objects defined in the tablespace;
proceed with caution.

Oracle 9/

In Oracle you can specify several options with the DROP
TABLESPACE statement:

DROP TABLESPACE <tablespace_name>
[INCLUDING CONTENTS [AND DATAFILES]]
[ CASCADE CONSTRAINTS];

If you want to drop a tablespace that contains objects, you would
have to specify INCLUDING CONTENTS or Oracle generates an
error. By default the actual operating files are not deleted; you
have to specify an AND DATAFILES clause unless you want to
remove them manually. Specify CASCADE CONSTRAINTS to drop
all referential integrity constraints from tables outside tablespace
that refer to primary and unique keys of tables inside tablespace.

Note If the tablespace is Oracle-managed, you don't need the
AND DATAFILES clause; the OS files will be deleted



automatically.

DB2 UDB 8.1

The syntax for DB2 is
DROP TABLESPACE[S] <tablespace_name>, ...

You can delete multiple tablespaces within one DROP
TABLESPACE statement. All OS files for the tablespace(s)
managed by the system will be removed; containers created by
users are not deleted.

Sequences

Sequences can be modified or dropped both in Oracle and DB2;
as you know from Chapter 4, MS SQL Server has no sequence
objects.

ALTER SEQUENCE statement

Almost all options for sequences that you can use with the
CREATE SEQUENCE statement (Chapter 4) can also be used with

ALTER SEQUENCE.

Oracle 9/

You can change the increment, minimum, and maximum values,
cached numbers, and behavior of an existing sequence. Only the
future sequence numbers are affected. The only clause you
cannot modify for existing sequences is START WITH.

ALTER SEQUENCE [<qualifier>.]<sequence_name>
[ INCREMENT BY <increment_value>]

[MAXVALUE <max_value> | NOMAXVALUE]
[MINVALUE <min_value> | NOMINVALUE]

[CYCLE | NOCYCLE ]



[CACHE <value> | NOCACHE]
[ORDER | NOORDER]

The following statement changes MY_SEQUENCE4 in such a way
that it no longer has a maximum value and does not cycle:

CREATE SEQUENCE my_sequence4
INCREMENT BY 1

NOMAXVALUE

NOCYCLE;

DB2 UDB 8.1

DB2 allows you to restart the sequence, to change its increment
(for future values only), to set or eliminate the minimum or
maximum values, to change the number of cached values, and
more:

ALTER SEQUENCE <sequence_name>
[RESTART WITH <start_value>]

[ INCREMENT BY <increment_value>]
[MAXVALUE <max_value> | NOMAXVALUE]
[MINVALUE <min_value> | NOMINVALUE]
[CYCLE | NOCYCLE ]

[CACHE <value> | NOCACHE]

[ORDER | NOORDER]

For example

CREATE SEQUENCE my_sequence4
RESTART WITH 1

INCREMENT BY 1

NOMAXVALUE

NOCYCLE;

DROP SEQUENCE statement

Sequences can be dropped with the DROP SEQUENCE statement.



Oracle 9/

DROP SEQUENCE [<qualifier>.]<seqguence_name>;

No dependencies exist (i.e., no database objects would prevent a
sequence from being dropped; also, no objects would be
invalidated). The statement below removes sequence
MY_SEQUENCE1:

DROP SEQUENCE <my_sequencel>;

DB2 UDB 8.1

DROP SEQUENCE <sequence_name> RESTRICT --
restrict is a required keyword

You cannot drop a sequence used in a trigger. This example is an
equivalent to Oracle's syntax from the previous example:

DROP SEQUENCE my_sequencel RESTRICT



ALTER and DROP Statements Cross-
Reference

Table 5-1 provides the full list of all objects you can change in the
"big three" databases using ALTER statement.

Table 5-1: Valid ALTER Statements Cross-Reference

Oracle DB2 I\SIIC?L
Statement SQL99 : UDB
9i Server

8.1 2000

ALTER
BUFFERPOOL

ALTER CLUSTER a

ALTER
DATABASE

ALTER
DIMENSION

ALTER DOMAIN a

ALTER
FUNCTION

ALTER INDEX i}

ALTER
INDEXTYPE

ALTER JAVA u

ALTER
MATERIALIZED u
VIEW




Statement

SQL99

Oracle
9i

DB2
UDB
8.1

MS
SQL
Server
2000

ALTER
MATERIALIZED
VIEW LOG

ALTER
NICKNAME

ALTER
NODEGROUP

ALTER OUTLINE

ALTER PACKAGE

ALTER
PROCEDURE

ALTER PROFILE

ALTER
RESOURCE COST

ALTER ROLE

ALTER
ROLLBACK
SEGMENT

ALTER
SEQUENCE

ALTER SERVER

ALTER SESSION




MS

DB2
Statement SQL99 O_racle UDB SQL
9i 8.1 Server
) 2000
ALTER SPFILE il

ALTER SYNONYM

ALTER SYSTEM

ALTER TABLE

ALTER
TABLESPACE

ALTER
TRANSLATION

ALTER TRIGGER

ALTER TYPE

ALTER USER

ALTER USER
MAPPING

ALTER VIEW

i

i

i

ii

Table 5-2 provides the full list of all objects you can remove using
a DROP statement.

Table 5-2: Valid DROP Statements Cross-Reference

Statement

SQL99

Oracle
9i

DB2
ubDB
8.1

MS
SQL
Server
2000




Statement

SQL99

Oracle
9i

DB2
ubDB
8.1

MS
SQL
Server
2000

DROP ALIAS

DROP
ASSERTION

DROP
BUFFERPOOL

DROP
CHARACTER SET

DROP CLUSTER

DROP
COLLATION

DROP CONTEXT

DROP DATABASE

DROP DATABASE
LINK

DROP DEFAULT

DROP
DIMENSION

DROP
DIRECTORY

DROP DISTINCT
TYPE

DROP DOMAIN




MS

DB2
Statement SQL99 C)_racle UDB SQL
9i 8.1 Server
) 2000
DROP EVENT )
MONITOR “

DROP FUNCTION

DROP FUNCTION
MAPPING

DROP INDEX

DROP INDEX
EXTENSION

DROP
INDEXTYPE

DROP JAVA

DROP LIBRARY

DROP
MATERIALIZED
VIEW

DROP
MATERIALIZED
VIEW LOG

DROP METHOD

DROP NICKNAME

DROP
NODEGROUP




Statement

SQL99

Oracle
9i

DB2
ubDB
8.1

MS
SQL
Server
2000

DROP OPERATOR

DROP OUTLINE

DROP PACKAGE

DROP
PROCEDURE

DROP PROFILE

DROP ROLE

DROP ROLLBACK
SEGMENT

DROP RULE

DROP SCHEMA

DROP SEQUENCE

DROP SERVER

DROP
STATISTICS

DROP SYNONYM

DROP TABLE

i

Statement

SQL99

Oracle
9i

DB2
uDB
8.1

MS
SQL
Server
2000




Statement

SQL99

Oracle
9i

DB2
ubDB
8.1

MS
SQL
Server
2000

DROP
TABLESPACE

DROP TABLE
HIERARCHY

DROP
TRANSFORM

DROP
TRANSLATION

DROP TRIGGER

DROP TYPE

DROP TYPE
BODY

DROP TYPE
MAPPING

DROP USER

DROP USER
MAPPING

DROP VIEW

DROP VIEW
HIERARCHY

DROP WRAPPER




Summary

Every object in a database has a lifespan. Objects can be
created, modified, and destroyed. In the RDBMS world this is
achieved through SQL statements that don't always comply with
the SQL standards. Some vendors provide more functionality and
control than others, and compliance levels vary greatly among
them. Virtually every object that could be created within a
database could be altered or destroyed.

In most cases the ability to modify database objects is optional,
that is, you can always use a set of alternative statements (like
DROP and CREATE) to achieve the same results.

The ability to remove database objects is also very important. It
releases space for physical objects that are no longer in use and
can also be used to change objects that cannot be altered (by
dropping and re-creating them).
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(DML)



Overview

Chapters 4 and 5 discussed an important part of SQL called the
data definition language (DDL) that enables you to create, alter,
and destroy various database objects. We emphasized the fact
that tables are the most important database objects because they
store data, and data is what databases are all about. This chapter
deals with the data manipulation language (DML) that allows you
to add data to the database, modify it as necessary, and destroy
it when it is no longer needed.

"Classical" DML consists of three statements: INSERT, UPDATE,
and DELETE. Oracle 9/ introduces yet another DML statement,
MERGE, that combines the functionality of INSERT and UPDATE.

Note Examples in this chapter assume incremental buildup of
the ACME database started in Chapter 4 and Chapter
5. Constraints implemented in the database scripts
included with the CD-ROM may prevent some of the
statements from successful execution.




INSERT: Populating Tables with Data

As you know, tables in a relational database denote entities — or
at least they should. For example, each row in the CUSTOMER
table holds information about a specific customer; a row in
ORDER_HEADER represents a definite order, and so on. Usually,
the appearance of a new "real-life" entity calls for inserting a new
row. For example, you would need a new row in CUSTOMER table

if ACME, Inc. obtained a new customer; you need to insert a row
into ORDER_HEADER table when a customer makes an order; a

new row has to be added to the PRODUCT table if ACME starts
selling a new product, and so on.

The INSERT statement is used to add rows to a table, either

directly or through an updateable view. The syntax differs slightly
among SQL99, Oracle 9/, DB2 UDB 8.1, and MS SQL Server
2000, but it is possible to come up with some kind of a generic
INSERT syntax that works with all our "big three" databases:

INSERT INTO <table_or_view_name> [(<column_name>,...)] {
{VALUES (<literal> | <expression> | NULL | DEFAULT,...)} |
{<select_statement>} }

We are going to concentrate on the generic INSERT functionality

first, and then describe some of its SQL99 and vendor-specific
only features.

Common INSERT statement clauses

One would typically insert values into one table at a time within
one INSERT statement. (Oracle 9/ allows you to perform

multitable inserts, but that is rather advanced functionality not
covered in this book.) The name of the table is provided in the
table_or_view_name clause. (An updateable view name can

be given instead of a table name.) The column_name clause is
optional; it determines the order in which column values of the



row to be inserted are populated. It also allows you to skip values
for columns you don't want to populate at that particular moment;
such columns would either have NULL values or would be
populated with column defaults specified with a CREATE (ALTER)
TABLE statement.

Caution You cannot skip any NOT NULL columns in your
co Llumn_name clause; otherwise the RDBMS will
give you an error.

The values to insert can either be specified using the VALUES
clause or the resulting set from the select_statement clause
(also called subquery). In the first case, usually only one row is
inserted (exception is DB2 where you can specify multiple
VALUES clauses within one INSERT statement; more about that
in this chapter's section about DB2); in the second case, the
RDBMS inserts as many rows as were returned by the
select_statement — it can be zero, one, ten, or one
thousand.

You have to list values for all table columns in the VALUES clause
in the exact same order they are specified in the table definition if
the column_name list was omitted.

Cross- Obtaining information about the internal
References  structure of database objects is discussed in
Chapter 13.

If the column_name list is present, you have to specify a
corresponding value for each column listed.

Note If the select_statement clause was used rather than
the VALUES clause, its resulting set has to be organized
either in table definition order (if column_1list is not
specified) or in column_1list order.



Inserting values for specified columns

The situation when you want to insert a row with NULL values for
certain columns is not unusual. As you know, NULL is used when
value is unknown or nonapplicable. For example, suppose you
know ACME starts selling a new product SPRUCE LUMBER 30
x40 x50, but certain properties of this product (price and weight)
are still unknown. We can add a record to the PRODUCT table
using the following INSERT statement: INSERT INTO product (
prod_id_n, prod_num_s, prod_description_s, prod_status_s,
prod_brand_s, prod_pltwid_n, prod_pltlen_n) VALUES ( 990,
'990', 'SPRUCE LUMBER 30X40X50', 'N', 'SPRUCE LUMBER’,
4,6)

The following two statements insert two records into the
PAYMENT_TERMS table (we'll use them later in our examples):
INSERT INTO payment_terms ( payterms_id_n,
payterms_code_s, payterms_desc_s, payterms_discpct_n,
payterms_daystopay n ) VALUES ( 27, 'N21531', '2% 15 NET
30", 0.02, 31)

INSERT INTO payment_terms
(
payterms_id_n,
payterms_code_s,
payterms_desc_s,
payterms_discpct_n,
payterms_daystopay_n
)
VALUES
(
28,
'N21530"',
'2% 15 NET 30',
0.02,



30
)

If any of skipped columns has a default value, RDBMS uses this
value rather than NULL: INSERT INTO salesman (
salesman_id_n, salesman_code_s, salesman_name_s ) VALUES
(23,'02", 'FAIRFIELD BUGS ASSOCIATION")

Because the SALESMAN_STATUS_S column of the SALESMAN
table has the default value of Y, the inserted row looks like that:

SELECT *
FROM salesman
WHERE salesman_code_s = '02'

SALESMAN_ID_N SALESMAN_CODE_S SALESMAN_NAME_S
SALESMAN_STATUS_S

23 02 FAIRFIELD BUGS
ASSOCIATION Y

Here is another example using the CUSTOMER table: INSERT
INTO customer ( cust_id_n, cust_paytermsid_fn,
cust_salesmanid_fn, cust name_s, cust_alias_s,
cust_credhold_s) VALUES ( 1, 27, 24, 'WILE SEAL CORP.,
'MNGA71396', 'Y")

Since the CUST_STATUS_S field has the default value of Y, the

value for the column gets populated implicitly: SELECT
cust_status s FROM customer WHERE cust_alias_s =
'MNGA71396' CUST_STATUS_S ------------ Y

Inserting values for all columns

Assuming you have all the necessary values and want to
populate all columns by the time you are ready to insert a row,



you have a choice. You can either still list all column names with
corresponding values, or the co Llumn_name clause can be
completely skipped. The two statements below produce identical
results: INSERT INTO product ( prod_id_n, prod_price_n,

prod _num_s, prod_description_s, prod_status_s, prod_brand_s,
prod_pltwid_n, prod_pltlen_n, prod_netwght_n,
prod_shipweight n) VALUES (1880, 33.28, '1880', 'STEEL
NAILS 6™, "Y', 'STEEL NAILS', 5, 4, 38.39148, 42.39148)

INSERT INTO product
VALUES

(

1880,

33.28,

'1880 ",

'"STEEL NAILS 6''''"',
IYI ,

'"STEEL NAILS',

S5,

4,

38.39148,

42.39148

)

Note that the latter syntax requires values to be in exact order to
match the column list.

Tip Even though the second syntax is faster to type, the first
one is easier to understand and maintain, so it makes
more sense to use column names in your production
code.

Inserting NULL and default values explicitly

In the examples above we insert literals; when a column name is
skipped, the column is populated with NULL or with the column

default value implicitly. But sometimes you may want to explicitly



insert a NULL value into a column or make the RDBMS use the
column's default value. That can be accomplished by using
keywords NULL or DEFAULT, correspondingly. The statement
below populates NULL in the PROD_PRICE_N column of the
newly inserted row: INSERT INTO product ( prod_id_n,
prod_price_n, prod_num_s, prod_description_s, prod_status_s,
prod_brand_s, prod_pltwid n, prod_pltlen_n, prod_netwght _n,
prod_shipweight_n) VALUES ( 5786, NULL, '5786', 'CRATING
MATERIAL 12X48X72','Y', 'CRATING MATERIAL', 5, 6,
20.37674, 23.37674 )

Here is another statement that inserts a row into the
ORDER_HEADER table, explicitly populating multiple columns with
nulls: INSERT INTO order_header VALUES ( 30670, 28, NULL,
1, 24,'523783', NULL, NULL, NULL, NULL, 'N', 'Y', NULL, 'RR’,
NULL )

Later, the NULL fields (for invoice number, notes, multiple dates,
etc.) can be populated with the actual data using the UPDATE
statement.

This statement creates a record in the SALESMAN table explicitly
specifying to use a default value for the SALESMAN_STATUS_S

column: INSERT INTO salesman VALUES ( 24, '03', 'AMERICA
GONZALES LIMITED', DEFAULT )

Inserting values selected from other tables

A typical (but not the only) situation when you may want to insert
values selected from other tables is when archiving on a periodic
basis. For example, a table that holds shipments for a large
company can grow dramatically over long periods. Assume a
company that has a business rule stating it usually does not need
any information about shipments that are older than 180 days on
a regular basis, but still may need the old shipment data
occasionally for special cases like auditing, etc. To improve



performance, we can create the table SHIPMENT_ARCHIVE with
exactly the same columns as in SHIPMENT (see Chapter 4 for
details), and then, say once a month, insert into
SHIPMENT_ARCHIVE all rows from SHIPMENT that are older than
180 days. The old records can then be removed from the
SHIPMENT table using the DELETE statement (discussed later in
this chapter). This statement archives shipment records older
than 180 days using Oracle syntax:

INSERT INTO shipment_archive

SELECT *

FROM shipment

WHERE TRUNC(shipment_createdate_d) <
TRUNC(SYSDATE) - 180;

Note DB2 UDB and MS SQL Server have their own methods
and functions to work with dates. See Chapter 10 for
details.

Archiving Based on Complex Business Rules

The business rules set could be much more complicated than
the one described in our archiving example; for instance, you
may want to archive certain order information that is older than
90 days and is logically stored in two tables, ORDER_HEADER
and ORDER_LINE. Assuming you need to archive order
number, order date, customer id, product id, and shipped
guantity, you create the archive table with appropriate columns
first and then use the INSERT statement with a subquery to
archive data (subqueries are discussed in Chapter 8):
CREATE TABLE order_archive AS (SELECT ordhdr_nbr_s,
ordhdr_orderdate_d, ordhdr_custid_fn, ordline_prodid_fn,
ordline_shipqgty_n FROM order_header JOIN order_line ON
ordhdr_id_n = ordline_ordhdrid_fn) DEFINITION ONLY
INSERT INTO order_archive SELECT ordhdr_nbr_s,



ordhdr_orderdate_d, ordhdr_custid_fn, ordline_prodid_fn,
ordline_shipqty n FROM order_header JOIN order_line ON
ordhdr_id_n = ordline_ordhdrid_fn WHERE
ordhdr_createdate_d < (CURRENT DATE - 90 DAYS)

This example is using DB2 syntax to create table
ORDER_ARCHIVE that is slightly different from the other two
RDBMS,; please refer to Chapter 4 on how to create a table
based on columns from other tables.

INSERT statement and integrity constraints

Inserting rows into a table obeys certain rules and restrictions.
For example, all column values have to be of same or at least
compatible data types and sizes with corresponding column
definitions. There are some implementation-specific variations —
for example, Oracle performs implicit conversions whenever
possible (from character string data types to numeric, from dates
to strings, etc.), and in DB2 you always have to explicitly convert
values to a compatible data type — but in general there is no
RDBMS that would allow you to insert a customer name into a
numeric or date column. An error will be generated and the whole
row (or even multiple rows) is rejected.

Caution The problem with "one bad row" while performing a
subquery-based insert is quite typical (and is usually
guite annoying). Just imagine the situation where
you have to select ten thousand rows, twenty
columns in each, from multiple tables and insert the
result into your destination table. Just one value in
one row can cause the whole insert to fail if the
value is bigger than the column definition allows. For
example, if your destination table column is



NUMERIC(5), an attempt to insert into this column
any value greater than 99,999 will fail — as well as
the whole INSERT statement that might have been

running for a couple of hours before it did. The
conclusion is simple: Be careful when designing your
INSERT statements.

A similar problem happens when you try to insert a value that
violates an integrity constraint. You cannot insert NULL values

into NOT NULL columns; duplicate values will be rejected for
UNIQUE and PRIMARY KEY columns, and so on. For example,
the following statement would fail because of the CHECK

constraint violation: INSERT INTO salesman ( salesman_id_n,
salesman_code_s, salesman_name_s, salesman_status_s)
VALUES ( 26, '07', 'ELMERSON INDUSTRIES
INCORPORATED', 'A")

The check constraint on SALESMAN_STATUS_S says the only two
valid values for this column are Y and N, and we are trying to
insert A. Simply change it to Y to make this statement work.

RDBMS error messages

Each vendor has its own specific set of error messages for
certain events. The wording is different; what is common
though — all our "big three" vendors mention the name of the
violated constraint.

Oracle ORA-02290: check constraint
(ACME.CHK_SALESSTATUS) violated
DB2

SQLO545N The requested operation is not
allowed because



a row does not satisfy the check constraint
"ACME . SALESMAN.CHK_SALESSTATUS".

MS SQL Server INSERT statement conflicted with COLUMN
CHECK constraint 'CHK_SALESSTATUS..

It is much easier to identify and fix a problem fast if the
constraint name is descriptive, that is, if it tells you right away
which column in what table caused the problem.

INSERT statement vendor-related specifics

The generic INSERT statement syntax given at the beginning of
this chapter includes the most important clauses common for our
"big three" RDBMS as well as for SQL99 syntax. In this section,
we will talk about some vendor-specific differences.

SQL99

The main difference between our generic syntax and one used as
SQL99 standard is that SQL99 has an additional DEFAULT

VALUES clause: INSERT INTO <table _or_view_name>

[(<column_name>,...)] { {VALUES (<literal> | <expression> |
NULL,...)} | {<select_statement>} | {DEFAULT VALUES}}

The DEFAULT VALUES clause is explained in the "MS SOQL
Server" section of this chapter.

Note Abstract Data Types (ADT)-related clauses are
intentionally excluded from the syntax above; abstract
data types are discussed in Chapter 17.

Oracle 9/



The INSERT statement in Oracle has many optional clauses. For
example, it can return rows and store them in predeclared
variables. (UPDATE and DELETE also have this functionality.)
Also, you can perform multitable inserts (i.e., insert values
derived from the returned rows into multiple tables within one
insert statement) that can also be conditional — for example,
rows that satisfy conditionl are inserted into TABLEL; rows that
suit condition2 go to TABLEZ2, and so on. And you can use
seqguences in your INSERT statements, work with partitioned
tables, and more.

Note Tables (and indexes) in Oracle can be partitioned. A
partitioned table consists of a number of parts called
partitions, all of which have the same logical attributes.
For example, all partitions in a table share the same
column and constraint definitions, but may reside on
different logical and/or physical devices. Partitioning is
usually done by a DBA for performance improvement;
see Oracle technical documentation for details.

Most of the options listed above are advanced and vendor-
specific and therefore are out of the scope of this book. Using
sequences in the INSERT statement, however, is quite typical for
Oracle (primarily for populating the primary keys or other unique
values).

The following example illustrates inserting a row into an ADDRESS
table using sequence SEQ_ADDR: CREATE SEQUENCE
seq_addr; INSERT INTO address (addr_id_n, addr_custid_fn,
addr_salesmanid_fn, addr_address_s, addr_type_s, addr_city_s,
addr_state_s, addr_zip_s, addr_country s ) VALUES (

SEQ ADDR.NEXTVAL, NULL, 23, '223 E FLAGLER ST.", NULL,
'MIAMI', 'FL', '33131', 'USA");

Cross- Sequences are discussed in Chapters 4 and
References 5.




DB2 UDB 8.1

The main difference between DB2's INSERT and our generic
syntax is the ability to insert multiple rows within a single VALUES
clause of the INSERT statement. The following statement inserts
four rows into STATUS table at once: INSERT INTO status (
status_id_n, status_code_s, status_desc_s ) VALUES ( 2, '20/,
'COMPLETE"), ( 6, '60", 'SHIPPED"), ( 8, '70", 'INVOICED"), ( 9,
‘80", 'CANCELLED)

You can also use sequences in your INSERT statements (using

syntax slightly different than in Oracle): CREATE SEQUENCE
seq_addr INSERT INTO address ( addr_id_n, addr_custid_fn,
addr_salesmanid_fn, addr_address_s, addr_type_s, addr_city_s,
addr_state_s, addr_zip_s, addr_country_s ) VALUES ( NEXTVAL
FOR SEQ_ADDR, NULL, 23, '223 E FLAGLER ST.', NULL,
'‘MIAMI', 'FL', '33131", 'USA")

The last thing to mention is identity columns (discussed in
Chapter 4). When a row is inserted into a table that has an
identity column, DB2 generates a value for the identity column.
This value is always generated for a GENERATED ALWAYS identity

column — in fact, if you explicitly try to insert a value (other than
DEFAULT) into such column, an error will be generated. For a
GENERATED BY DEFAULT column, DB2 generates a value only if
it is not explicitly specified with a VALUES clause or with a
subquery.

MS SQL Server 2000

In addition to the generic INSERT syntax clauses, MS SQL
Server allows you to use the DEFAULT VALUES clause and to
manipulate with identity columns.

The DEFAULT VALUES clause can be used to insert into a table
with each column having a value that can be used when no



explicit value is specified (DEFAULT, IDENTITY, NULL OR
TIMESTAMP). In other words, the DEFAULT VALUES option is
used to add rows without supplying explicit values: 1> CREATE
TABLE defaults 2> ( 3> c1 int identity, 4> c2 varchar(30)
DEFAULT (‘column default'), 5> c3 timestamp, 6> c4 int NULL 7>
) 8> 9> INSERT INTO defaults 10> DEFAULT VALUES 11> 12>
SELECT * 13> FROM defaults 14> 15> GO (1 row affected) c1
C2 C3 C4 ---====mmm= mmmmmmmmcemoe meeeeceeeeeeeee ceemeeeeeeae 1 column
default 0x00000000000002A9 NULL (1 row affected)

Trying to explicitly insert values into an identity column generates
an error unless you override the identity property of the column
using Transact-SQL syntax (see below). In addition, you have to
use the column_name list in your INSERT statement.

The following example illustrates this concept using the
PAYMENT_TERMS table created with PAYTERMS_ID_N as an

identity column (see Chapter 4):

-- Trying to insert with IDENTITY_INSERT option
off fails

1> INSERT INTO payment_terms

2> (

3> payterms_id_n,

4> payterms_code_s,

5> payterms_desc_s,

6> payterms_discpct_n,

7> payterms_daystopay_n

8> )

9> VALUES

10> (

11> 26,

12> 'N30',
13> 'NET 30',
14> 0,

15> 30



16> )
17> GO

Msg 544, Level 16, State 1, Server PD-TS-TEST1,
Line 1

Cannot insert explicit value for identity column
in table

"payment_terms' when IDENTITY_INSERT is set to
OFF.

-- Set IDENTITY_INSERT option on; insert
succeeds.

1> SET IDENTITY_INSERT payment_terms ON
2> GO

1> INSERT INTO payment_terms
2> (

3> payterms_id_n,

4> payterms_code_s,

5> payterms_desc_s,

6> payterms_discpct_n,

7> payterms_daystopay_n

8> )

9> VALUES

10> (

11> 26,

12> 'N30',
13> 'NET 30',
14> 0,

15> 30

16> )

17> GO

(1 row affected)



UPDATE: Modifying Table Data

The UPDATE statement serves the purpose of modifying existing database
information. We can emphasize two general situations when we need to change
data.

Somevimes when you insert rows into a table, you don't know all information yet
(that's where NULL values come in handy); later on, when the information
becomes available, you can update the appropriate row(s). For example, you
may want to create a new customer before you know who the customer's
salesperson is going to be, or generate a new order line entry with an unknown
shipped quantity. (There is no way to know what this quantity is before the order
is actually shipped.) Another case when you may need to change database
information is when you have to reflect some changes in the "real world." For
example, a customer could cancel an order, so you would have to change the
order status from COMPLETE to CANCELLED; a customer might accumulate
"bad debt," so you would want to put his credit on hold. (In the ACME database
that would mean to change CUST_CREDHOLD_S field to Y.) The UPDATE
statement is used to modify table data; again, as with the INSERT statement
discussed earlier, either directly or through an updateable view. Here is the
generic syntax for our "big three" databases: UPDATE <table_or_view_name>
SET {<column_name> = <literal> | <expression> |
(<single_row_select_statement>) | NULL | DEFAULT,...} [WHERE <predicate>]

The UPDATE statement allows you to update one table at a time. Other than
that, it provides great flexibility on what set of values you are updating. You
could update single or multiple columns of a single row or multiple rows, or
(though it is rarely employed) you could update each and every column of all
table rows. The granularity is determined by different clauses of the UPDATE
statement.

Note The situation when no rows were updated because there were no
rows in the table that satisfied the WHERE clause condition is not
considered an error by RDBMS. The same stands for the DELETE
statement (discussed in the next section). When no rows satisfy the
WHERE clause, no rows are updated and no error is generated.

We are now going to discuss the most common clauses of the generic UPDATE.

Common UPDATE statement clauses



The name of the table (or an updateable view) to be updated is provided in the
table_or_view_name clause.

In the SET clause, you specify the name of the column to update and the new
value to be assigned to it. You can specify multiple corresponding column/value
pairs separated by commas. The assignment values could themselves be the
same as in the VALUES clause of the INSERT statement (i.e., literals,
expressions, nulls, defaults, etc.).

The WHERE clause sets your "horizontal” limits — if in the SET clause you
specified what columns to update, now you have to define a condition upon
which some rows need to be updated.

Dangers of the WHERE Clause

The WHERE clause is very important and has to be handled with care. If you
accidentally skipped it or based it on an incorrect assumption, it could update
all rows in your table with the same value, and that's usually not what you
want. For example, you might want to change the price from $33.28 to
$34.76 for product 1880 (STEEL NAILS 6"). You start thinking — well, may
be something like the following will do: UPDATE product SET prod_price_n =
34.76

But if you forgot about the WHERE clause, the result would be rather
disastrous — all products in the ACME database now cost $34.76! The
correct syntax to use would be: UPDATE product SET prod_price_n = 34.76
WHERE prod_num_s ='1880'

Note that even if you remembered about the WHERE clause but just made a
typo, e.g., > instead of =, the result is not much better — all products with
product numbers greater than '1880' will be erroneously updated.

Updating a single column of a single row

One of the most common update situations is when you need to modify just one
column of a single row. Assigning a salesperson to a recently created customer,
canceling an order, changing a product price — these are all examples of such
a procedure. The following example assigns a price to product 990 that we



previously created when we discussed INSERT in this chapter: UPDATE
product SET prod_price_n = 18.24 WHERE prod_id_n =990

Tip Using primary key or column(s) with UNIQUE constraint in the UPDATE
statement's WHERE clause ensures you are only updating one row
uniquely identified by the value in the column.

Updating multiple columns

Sometimes you might want to update more than one column within one UPDATE
statement. For example, imagine the manufacturer has changed the packaging
for its product 990, so the dimensions are now 5 x7 instead of 4 x6. This update
statement synchronizes the database information with the real-world change:
UPDATE product SET prod_pltwid_n =5, prod_pltlen_n =7 WHERE prod_id_n
=990

Updating a column in all rows

Even though updating all table rows is not very typical (and often undesirable),
sometimes you might want to perform such an operation. Giving all employees
a 5 percent raise, inactivating all customers, setting all column values to NULL
— these are a few common examples. As you could have noticed, the keyword
here is "all." In other words, we would only want to omit the WHERE clause
intentionally if we wanted to update each and every single row in the target
table.

The UPDATE statement below increases all product prices by 10 percent
(ACME, Inc. struggles with the increased operation costs): UPDATE product
SET prod_price_n =prod_price_ n* 1.1

Cross- Using operators in SQL queries is explained in Chapter 11.
References

Updating column using a single-row subquery

You can use the result of a SELECT statement (subquery) as an assignment
value in an UPDATE statement. The main thing to remember is that your
subquery must return no more than one row. (If no rows are returned, the NULL
value will be assigned to the target column.) Also, according to SQL99
standards, only one expression can be specified in the select list.

Note Oracle and DB2 allow you to specify multiple values in the select list of
a single row subquery; the details are given later in this chapter.



You can concatenate two or more columns or perform math operations on them,
but you can not list multiple columns separated with commas. Thus, SET
my_col = (SELECT coll +col2 ...) isvalid, but SET my_col = (SELECT
coll, col2...) isnot.

Deriving the assignment value from another value

There are many situations when using a subquery as an assignment value is
beneficial. For example, you want to change the payment terms for order 30670
to be N21531 in the ACME database. The problem is, in our relational database
we do not store the actual value N21531 in an ORDER_HEADER table column;
instead, we use the foreign key, which is a meaningless integer, from the
PAYMENT_TERMS table. Using a subquery helps us to accomplish the task:
UPDATE order_header SET ordhdr_payterms_fn = (SELECT payterms_id_n
FROM payment_terms WHERE payterms_code_s ='N21531") WHERE
ordhdr_id_n = 30670

Figure 6-1 illustrates the above example.

ORDER_HEADER P MENT_TERMS
ORDHDE_ID_N | ORDHDRE_PAYTERMS_FN PAYTERMS_ID_N | PAYTERMS_CODE_S

30670 ? 71 Na15T1

Figure 6-1: Using data from other
table as an assignment value The statement above has
two WHERE clauses, but don't be confused: the first one belongs to the
SELECT statement — as indicated by the surrounding parentheses, limiting
the resulting set to one value — the primary key for the row where the value
of payterms_code_s column is equal to N21531; the second WHERE
clause belongs to the UPDATE statement and ensures that only one row of
ORDER_HEADER with ordhdr_id_n equal to 30670 is updated.

Update with correlated subquery

The previous example was relatively straightforward — you derived the value
you needed for the update from another given value. But sometimes conditions
are more complicated. For example, imagine that ACME's business rules have
changed and no longer allow orders to have payment terms different from the
default payment terms of a customer who placed the order. You can relate (join)
a table from the UPDATE clause with tables specified in the assignment
subquery — that pretty much overrides the "single-row" rule because the
assignment will be done on a row-by-row basis: UPDATE order_header SET
ordhdr_payterms_fn = (SELECT payterms_id_n FROM payment_terms,
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customer WHERE payterms_id_n = cust_paytermsid_fn AND ordhdr_custid_fn
= cust_id_n)

The very last line of this syntax joins the ORDHDR_CUSTID_FN field of the
ORDER_HEADER table (UPDATE statement) with the CUST_ID_N table of the
CUSTOMER table (nested subquery); in other words, the customer id field is the
link between the UPDATE statement and the subquery that correlates them.

Note You don't have to use table aliasing here because of the special
notation rules you used when the ACME database was created. Each
column is already prefixed with its table name abbreviation, so there
are no ambiguous column names.

Cross- More discussion about table aliasing can be found in
References  Chapters 8 and 9.

For each row in ORDER_HEADER you must find the corresponding value in the

resulting set of the subquery and use it as an assignment value. The concept is
illustrated in Figure 6-2.

ORDER_HEADER
ORDHDE_ID_N | ORDHDE_CUSTID_FN  JORDHDR_PAYTERMS_FN

30618 132 s
30619 132
20620 ]

CUSTOMER PAYMENT_TERMS
CUST_ID_N | CUST_PAYTERMSID_FN PAYTERMS_ID_N | PAYTERMS_CODE_S

42 27 N2153
157 i LH M120

Figure 6-2: Updating multiple rows using correlated subquery

Note This syntax uses "old" join notation, which is recognized by all our "big
three" databases. We used it here because in our opinion it better
illustrates the correlated query concept. The SQL99-compliant
equivalent syntax would be:

UPDATE order_header
SET ordhdr_payterms_fn =
(SELECT payterms_id_n
FROM payment_terms
JOIN customer
ON payterms_id_n = cust_paytermsid_fn
JOIN order_header
ON ordhdr_custid_fn = cust_id_n)
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The main differences between the "old" and the "new" join syntaxes are
discussed in Chapter 9.

Note Subqueries can also be used in the WHERE clause of the UPDATE
statement in a similar way to the WHERE clause of the SELECT

statement. We are going to discuss subqueries in general and
correlated subqueries in particular in Chapter 8.

UPDATE statement and integrity constraints

Updating table rows obeys rules and restrictions similar to ones with INSERT
statement. All column values have to be of the same or compatible data types
and sizes with corresponding column definitions and no integrity constraints
should be violated. There is a slight difference in behavior with the referential
integrity constraints — when constraint is specified with ON UPDATE CASCADE
or ON UPDATE SET NULL, RDBMS successfully performs an update of the target
table; child tables' columns are also updated with the corresponding values.

Cross- Constraints are discussed in Chapter 4.
References

Vendor-specific UPDATE statement details

Like the INSERT statement, UPDATE also has some vendor-specific features.
This section briefly discusses the most important ones.

Oracle 9/ and DB2 8.1

The main thing that differs between Oracle and DB2's UPDATE syntax and that
of our generic one is the option to specify values enclosed into the brackets and
separated with commas in the SET clause and specify multiple corresponding

assignment values for them. The syntax is SET (coll, col2,... colN) = (valuel,
value2,... valueN)

The advantage of this syntax is in ability to use a multicolumn subquery instead
of the list of values: SET (coll, col2,... colN) = (SELECT valuel, value2,...
valueN FROM...)

The subquery still has to return no more than one row.

Cross- Subqueries are explained in Chapter 8.
References



MS SQL Server 2000

The UPDATE statement has an optional FROM clause in MS SQL Server. It
specifies the table(s) to be used to provide the criteria for the update operation
and can be used in a very similar way to the previously discussed correlated
guery. The following example performs virtually the same task as the correlated
guery from the previous section; the only difference is that when you use the
former syntax, each and every row of ORDER_HEADER is updated
unconditionally, whereas MS SQL Server syntax excludes columns with nulls
unless the OUTER JOIN was used (more about joins in Chapter 9): UPDATE
order_header SET ordhdr_payterms_fn = payterms_id_n FROM
payment_terms JOIN customer ON payterms_id_n = cust_paytermsid_fn JOIN
order_header ON ordhdr_custid fn = cust_id _n




DELETE: Removing Data from Table

Believe it or not, there is such a thing as too much data. Since
computerized databases were introduced, humankind had
accumulated pentabytes of data. We are drowning in it, and
DELETE provides a way to get rid of the information that is no
longer needed. Deleting database rows is usually necessary
when the entity these rows correspond to becomes irrelevant or
completely disappears from the real world. For example, an
employee quits, a customer does not make orders any more, or
shipment information is no longer needed.

Note Quite often the entity information is not removed from
the database right away. When an employee quits, the
HR department still keeps the historical information
about this employee; when a customer is inactive for a
long time, it is sometimes more logical to "inactivate”
him rather than delete — in the relational database
deleting a customer usually involves much more than
just removing one CUSTOMER table record — it would
normally have referential integrity constraints from other
tables, the other tables in their order would be
referenced by more tables, and so on. There is a way to
simplify the process by using the ON DELETE CASCADE
clause, but that's not always exactly what you want.
Even when you don't need, say, information for a certain
customer any more, you still may want to be able to
access the data about orders and invoices for this
customer, and so on.

You may also want to delete rows when they were inserted by
mistake — for example, an order was taken twice, or a duplicate
customer record was created. Situations like those are not
atypical at all, especially for large companies where dozens of
clerks take orders and create new customers.



Tip Good database design can help to reduce the number of
human errors. For example, putting unique constraint on
the customer name field could help in preventing
duplicate customers (not completely foolproof, though,
because RDBMS would still treat "ACME, INC." and
"ACME INC." as two distinct strings).

The DELETE statement removes rows from a single table (either

directly or through an updateable view). The generalized syntax
is DELETE FROM <table_or_view_name> WHERE <predicate>

Note The FROM keyword is optional in Oracle and MS SQL

Server but is required for DB2 syntax and compliant
with SQL99 standards.

DELETE removes rows from one table at a time. You can delete
one or many rows using a single DELETE statement; when no
rows in the table satisfy the condition specified in the WHERE
clause, no rows are deleted, and no error message is generated.

Common DELETE statement clauses

The DELETE statement is probably the simplest out of all DML
statements. All you need to specify is the table you want to
remove rows from and (optionally) upon what criteria the rows are
to be deleted. The syntax simplicity should not mislead you —
DELETE statements can be quite complicated and require
caution. If the WHERE clause is omitted or malformed, valuable
information could be deleted from the target table. Quite often the
results are not exactly what you wanted, and the data restoration
process could be painful and time consuming.

The statement below deletes a salesman record from the
SALESMAN table: DELETE FROM salesman WHERE

salesman_code s ='02'



This statement deletes all records from PHONE table: DELETE
FROM phone

DELETE statement and integrity constraints

The DELETE statement is not as restrictive as INSERT and
UPDATE in terms of integrity constraints. PRIMARY KEY, UNIQUE,
NOT NULL, or CHECK constraints would not prevent you from
deleting a row. The referential integrity constraints are a different
story — you would not be able to delete a row that contains a
column referenced by another column unless the referential
integrity constraint has the ON DELETE CASCADE option (SQL99
standard implemented by all "big three" RDBMS vendors). In that
case DELETE would succeed; all rows in any tables that
referenced the constrained column would also be deleted. This
behavior can be extremely dangerous, especially in combination
with a badly constructed WHERE clause, so it is considered to be a
good practice to use ON DELETE CASCADE with care. Imagine the
situation where you have a table CUSTOMER referenced by a table
ORDER, which is its order referenced by a table SHIPMENT. If ON
CASCADE DELETE is used in both relationships, when you delete
a customer record, all related order and shipment records are
also gone. Just imagine what would happen if you also skipped
the WHERE clause! Figure 6-3 illustrates this example.

[HELETE FROM cusiomer

CUSTOMER ORDER
TTIETT: T

' Figure 6-3: Deleting
from table referenced by ON DELETE CASCADE

constraints Another (slightly less dangerous)
referential constraint option is ON DELETE SET NULL (SQL99
standard implemented by Oracle and DB2). No records from
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the referencing tables will be deleted, but the values for the
foreign key columns will be set to nulls as illustrated in Figure
6-4.

[HELETE FROM cusiomer

CUSTOMER ORDER SHIPMENT
T T Al B T =T 1 FR CHaP D 00 EK

.1 B | MAKE

Figure 6-4: Deleting from table referenced by ON DELETE
SET NULL constraints If a referential
integrity constraint exists on a column with default (NO
ACTION) options, and the column is referenced, the
DELETE would fail. The error messages vary between
different vendors. The example below is for Oracle: SQL>
DELETE FROM CUSTOMER; DELETE FROM
CUSTOMER * ERROR at line 1. ORA-02292: integrity
constraint(ACME.FK_ORDHDR_CUSTOMER) violated —
child record found

Using subqueries in DELETE statement WHERE
clause

Similarly to UPDATE statement, in addition to comparison
operators, literals, and expressions, the WHERE clause in
DELETE statements can contain a subquery to allow the
selection of rows to be deleted based on data from other
tables. The idea is very similar to one explained in section
about the SET clause of the insert value — using a subquery
you derive value(s) based on some known value(s). For
example, you want to delete all orders for customer WILE
SEAL CORP., but we don't know the value of its primary key
(which is a foreign key in the ORDER_HEADER). You can
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accomplish the task using the appropriate subquery in the
WHERE clause:

DELETE FROM order_header
WHERE ordhdr_custid_fn =
(SELECT cust_id_n
FROM customer
WHERE cust_name_s =
'"WILE SEAL CORP.'")

Tip Correlated subqueries can also be used with the
DELETE statement in a way similar to one discussed in

the UPDATE section.

Vendor-specific DELETE statement clauses

The vendor-specific DELETE statement variations are rather
insignificant. The brief explanation follows.

Oracle 9i

The only significant difference between Oracle and generic
DELETE syntax is that the FROM keyword is optional and can be

skipped.
MS SQL Server 2000

MS SQL Server recognizes our generic syntax that uses a
subquery in the WHERE clause; in addition, it provides its own
proprietary syntax using the FROM clause with different meaning.
This is the equivalent to our "standard" syntax to delete all orders
for WILE SEAL CORP.: DELETE order_header FROM

order_header JOIN customer ON ordhdr_custid_fn = cust_id_n
WHERE cust_name_s = '"WILE SEAL CORP!'



Other SQL Statements to Manipulate Data

Two more vendor-specific SQL statements to manipulate table
data are MERGE and TRUNCATE

MERGE statement

Oracle 9i introduces the MERGE statement that could be thought
of as a combination of INSERT and UPDATE. MERGE inserts a row
if it does not yet exist and updates specified columns based on
given criteria if the target row has previously been inserted. The
syntax for the statement is MERGE INTO [<qualifier>.]
<table_namel> USING [<qualifier>.]<table_name2> ON
(<condition>) WHEN MATCHED THEN UPDATE SET {<column>
= {<expression> | DEFAULT},...} WHEN NOT MATCHED THEN
INSERT [(<column>,...)] VALUES (<expression> | DEFAULT,...);

The statement could be practical in many different situations; for
example, imagine ACME, INC. has a central database and a local
database for each warehouse. Each location has its own
LOCAL_PRODUCT table that structurally is a copy of the PRODUCT
table: CREATE TABLE LOCAL_PRODUCT ( PROD_ID N
NUMBER NOT NULL, PROD_PRICE_N NUMBER,
PROD_NUM_S VARCHAR?Z2 (10), PROD_DESCRIPTION_S
VARCHARZ2 (44) NOT NULL, PROD_STATUS_S CHAR (1)
DEFAULT 'Y', PROD_BRAND_S VARCHAR?Z2 (20) NOT NULL,
PROD_PLTWID_N NUMBER NOT NULL, PROD_PLTLEN_N
NUMBER NOT NULL, PROD_NETWGHT_N NUMBER,
PROD_SHIPWEIGHT _N NUMBER, CONSTRAINT
CHK_LPRODSTATUS CHECK (PROD_STATUS _Sin ('N', 'Y"),
CONSTRAINT PK_LPRODUCTPRIM PRIMARY KEY (

PROD _ID_N));

You can use the MERGE statement to synchronize the contents of
LOCAL_PRODUCT with data in PRODUCT. Most likely you don't



have to synchronize all columns because some of them are
static, i.e., data in these fields changes rarely, if ever. Assuming
the values that could change are price, active status,"packaging
dimensions, and shipping weight your MERGE statement would be
MERGE INTO local_product Ip USING product p ON
(Ip.prod_id_n =p.prod_id_n) WHEN MATCHED THEN UPDATE
SET Ip.prod_price_n = p.prod_price_n, Ip.prod_status_s =
p.prod_status_s, Ip.prod_pltwid_n = p.prod_pltwid_n,
Ip.prod_pltlen_n = p.prod_pltlen_n, Ip.prod_shipweight_n =
p.prod_shipweight n WHEN NOT MATCHED THEN INSERT
VALUES (p.prod_id_n, p.prod_price_n, p.prod_num_s,
p.prod_description_s, p.prod_status_s, p.prod_brand_s,
p.prod_pltwid_n, p.prod_pltlen_n, p.prod_netwght n,
p.prod_shipweight _n)

Now, when you run this statement for the first time when
LOCAL_PRODUCT is empty, all rows from PRODUCT will be

inserted into your local table. If scheduled to run on a permanent
basis (for example, every hour) the MERGE statement will trace all

possible changes in the PRODUCT table and will either update
existing rows of LOCAL_PRODUCT appropriately or insert new
rows.

TRUNCATE statement

In addition to the standard DML statements described in this
chapter, Oracle and MS SQL Server also introduce a TRUNCATE

statement that is functionally identical to DELETE without a
WHERE clause — it removes all rows from the target table. The
difference is that TRUNCATE is much faster and uses fewer
system resources than DELETE. The main limitation of TRUNCATE

is that you cannot use it on a table referenced by an enabled
FOREIGN KEY constraint.

Tip Sometimes dropping referential integrity constraints,



truncating table, and then re-creating constraints is still
more efficient than using DELETE; also in Oracle you can
disable and then re-enable constraints (see Chapter 5).

The syntax for TRUNCATE is simple: TRUNCATE TABLE
<table _name>

This example illustrates the use of TRUNCATE statement using
Oracle:

-- TRUNCATE fails because PRODUCT is referenced
-- by foreign key FK_ORDLINE_PRODUCT

SQL> TRUNCATE TABLE PRODUCT,

TRUNCATE TABLE PRODUCT

*

ERROR at line 1:

ORA-02266: unique/primary keys in table
referenced by enabled foreign keys

-- Disable the constraint and try again

SQL> ALTER TABLE ORDER_LINE DISABLE CONSTRAINT
FK_ORDLINE_PRODUCT,

Table altered.

SQL> TRUNCATE TABLE PRODUCT,

Table truncated.

-- Re-enable the constraint

SQL> ALTER TABLE ORDER_LINE ENABLE CONSTRAINT
FK_ORDLINE_PRODUCT,

Table altered.

Note DB2 does not have TRUNCATE statement in its syntax.



Differences between Oracle and MS SQL Server
TRUNCATE statements

The main difference is that in Oracle TRUNCATE is irreversible; in
other words, you cannot undo it using the ROLLBACK statement.
Moreover, Oracle treats TRUNCATE as a DDL statement, which
means TRUNCATE, like any other DDL statement in Oracle,
always ends transactions performing implicit COMMIT. That
means if you issued five INSERT statements, ten updates, and
three deletes on some tables, and then performed TRUNCATE for
a yet another table within a single transaction, all your changes
will be committed right away and the transaction will be ended.

Cross- Transactional control terms and commands
References such as session, transaction, COMMIT, and

ROLLBACK are covered in detail in Chapter 7.

MS SQL Server's transactional control differs from Oracle's one
significantly, so the TRUNCATE behavior is also different. It is
reversible by ROLLBACK statement within explicitly started
transaction and does not perform the implicit COMMIT.



Summary

The three classical DML statements are INSERT, UPDATE, and
DELETE.

RDBMS data is dynamic by definition because it represents real-
world entities that often change. When a new entity emerges that
is relevant to your database, you create new row(s) of data in one
or more tables that represent this entity using an INSERT
statement. When an entity already exists in the database
changes in real world, you modify database information about this
entity using an UPDATE statement. When an entity is no longer
relevant to your database or disappears from the real world
completely, you remove information about it from your database
using a DELETE statement.

DML statements have different granularity. The smallest unit you
can INSERT or DELETE is one row; UPDATE can perform
changes on a singe column of a single row. Even though you
might say you are deleting values from a column or inserting
values into a column, you would actually use an UPDATE
statement to set the column values to nulls or to certain values,
correspondingly.

It is critical to understand the importance of the WHERE clause of
UPDATE and DELETE statements. When the WHERE clause is
omitted, all target table rows are affected (modified or removed).

Some vendors have additional statements that perform similar
functions to the classical DML statements. In this chapter, we
described Oracle 9/'s MERGE statement that combines the
functionality of INSERT and UPDATE statements. The TRUNCATE
statement supported by Oracle and MS SQL Server was also
discussed; it works in a way like the DELETE statement without a
WHERE clause.



Chapter 7: Sessions, Transactions, and
Locks



Overview

In an ideal world, a database is accessed by one and only one
user, changes are made and saved in a proper order, and
malicious intrusion is an unheard of concept. Unfortunately, it
doesn't happen like that in the real world. Frequently data must
be shared; it might come from different sources, sometimes at
unusual times; and rarely, if ever, would a database server be
accessed by one user at a time.

Relational databases were designed to work in a multiuser
environment. When more than one user accesses the same set
of data, a completely different set of problems appears: What
data should be visible for the users? Which modification should
take the precedence? What is the guarantee that the data
changes will not be lost during execution of a lengthy database
procedure? The answer to these and many other problems
comes in terms of sessions, transactions, and locks.

The transaction is a solution to potential data consistency
problems (discussed in detail later in the chapter), while locks
deal with data concurrency problems. The session represents the
context in which — along with some other things — transactions
and locks take place.



Sessions

Whatever happens in terms of communication between an
RDBMS server and a user accessing it happens in the context of
a session. In a multiuser environment, one of the primary
concerns is data integrity. When a client application establishes a
connection to an RDBMS server, it is said that it opens a session.
The session becomes this application's private communication
channel. The user of the application may change some
preferences within the session (for example, default language or
default date format); these settings would affect only the session
environment and remain valid only for the duration of the session.
The details of the implementation and default behavior of the
sessions might differ among the RDBMS, but these basic
principles always remain the same.

By now, you ought to be acquainted with at least one of the tools
provided by Oracle, IBM, or Microsoft to access their respective
databases. Each RDBMS package is a resource intensive piece
of software, and in general it is recommended not to install all of
them onto the same machine. Once you've installed your RDBMS
of choice, you could run multiple instances of Oracle's SQL Plus
to access Oracle 9/ RDBMS, Microsoft's OSQL (if you've selected
MS SQL Server 2000), or IBM's Command Line Processor for
IBM DB2 UDB from the same computer where your RDBMS is
installed, and each instance will open its own session, which
would be isolated from every other session established to the
RDBMS server.

The SQL standard specifies a number of parameters that could
be set in a session (listed in Table 7-1). None of these are
implemented directly by the RDBMS, though some elements
made it into proprietary syntax, ditching the letter, preserving the
spirit.

Table 7-1: SQL Standard SET Statements




SQL Statement

Description

SET CONNECTION

If more than one connection is

opened by a user to an RDBMS,
this statement allows that user to
switch between the connections.

SET CATALOG

This statement defines the default
catalog for the session.

SET CONSTRAINTS
MODE

Changes the constraints mode
between DEFERRED, and

IMMEDIATE.

SET DESCRIPTOR

Stores values in the descriptor
area.

Defines the default character set for

SET NAMES

the SQL statements.

Sets the schema to be used as a
SET SCHEMA default qualifier for all unqualified

objects.

SET SESSION
AUTHORIZATION

Sets the authorization ID for the
session, no other IDs can be used.

Sets the default time zone for the

SET TIME ZONE ,
session.

In Oracle, a user must have a system privilege CREATE SESSION
in order to establish a database connection. Initially, all the
default parameter values for the session are loaded from a
special Oracle configuration file; the file could be modified only by
a database administrator, or someone who has the necessary
privileges. Once the connection is established (a session is
created), a user can alter the session according to his/her
preferences and job requirements.



Cross- See Chapter 12 for more information on
References privileges.

The session parameters in Oracle can be modified using an
ALTER SESSION statement. The syntax of the statement is
relatively complicated and usually belongs to advanced database
topics. Even the parameters that can be changed with this
statement are somewhat irrelevant to SQL programming, like
DB_BLOCK_CHECKING, HASH_JOIN_ENABLED, or
MAX_DUMP_FILE_SIZE. These statements deal more with

RDBMS administration and optimization, and belong to an
advanced Oracle book.

Tip We recommend Oracle Administration and Management
by Michael Ault (Wiley, 2002).

Here we are going to demonstrate the concept of altering the
session to suit your particular needs using one of the parameters
NLS_DATE_FORMAT.

You can use this parameter to alter date format returned by your
SQL query, as it specifies the default date format returned by the
TO_CHAR and TO_DATE functions.

Cross- Read more about NLS_DATE_FORMAT in
References  Chapter 10.

SQL> SELECT TO_CHAR(SYSDATE)
nls_date FROM dual; NLS_DATE ---
-------------- 06 - 10 - 03

The format in which the output of the TO_CHAR function appears
is determined by the initialization parameter NLS_DATE_FORMAT,

which is the default for each new session. After the session is
altered, the format of the displayed date is changed:



SQL> ALTER SESSION SET
NLS_DATE_FORMAT = 'DD-MON-YYYY
HH24:MI:SS'; Session altered. SQL > SELECT
TO_CHAR(SYSDATE) nls_date FROM
dual; NLS_DATE

OCT-2003 10:33:44

Setting SQL*Plus Session Parameters

Oracle's command-line utility SQL*Plus has its own
parameters that can be set within the session initiated through
it. These parameters affect the way data is fetched,
manipulated, and displayed — in the SQL*Plus utility. The
following is a short list of some options that could be SET in

SQL *plus.

SET Option Description

This command sets up default
behavior for the pending data

AUTO [ COMMIT : o
{ON |[OFF | ] changes in the database. Setting it to

OFF (default value) requires users to
IMMEDIATE}

commit changes manually, issuing the
COMMIT statement.

This option sets up the maximum
number of the characters that
[LIN]JESIZE n SQL*Plus can display on one line;
range is from 1 to a system-
dependent maximum.

This option sets up the text you'd like
NULL <text> to be displayed when data containing
NULL is returned.




SET Option Description

Sets up the maximum number of lines
[PAGES]IZE n per page for displaying the results of
a query.

This command determines how the
output data is displayed: ON enables
[WRA]P (WRA) a returned row that is longer than the
{N | OFF} current setting to be wrapped to the
next line, OFF truncates it to the size
of the line.

All these options (and many more, not listed here) could be
SET within the SQL*Plus environment using the standard
syntax:

SET <option>
[<value>]

The options set up during the session are usually lost once the
session is ended. You can save these custom options into a
script file, that later could be conveniently loaded into
SQL*Plus to restore your custom session environment.

To view all parameters set for any given session, the SHOW
ALL command is used:

SQL> show

all appinfo is ON and set to
"SQL*Plus" arraysize 15 autocommit OFF
autoprint

OFF autorecovery OFF
autotrace OFF blockterminator "." (hex 2e)
btitle OFF and

is the first few characters
of the next SELECT statement cmdsep OFF colsep



compatibility version NATIVE
concat "." (hex 2e) copycommit 0
under line

"-" (hex 2d) USER is "ACME"
verify ON wrap : lines will be

wrapped

There are many more parameters than are shown here. Refer
to the Oracle documentation for more information.

The changes made with an ALTER SESSION statement are valid

for the duration of the session. To make changes permanent, the
ALTER SYSTEM statement should be used.

Cross- You may also control privileges afforded to
References the session by issuing a SET ROLE statement.
Refer to Chapter 12 for more information.

IBM DB2 UDB provides surprisingly little control for the user over
the session environment. It lists the keyword SESSION as

reserved for future use, alongside with SESSION_USER.

The closest it comes to providing session control is with the SET
PASSTHRU statement, which opens and closes a session for
submitting SQL data directly to the database. Also, a global
temporary table created during the session may be qualified with
the SESSION component as a schema. (It is used to prevent
ambiguity in accessing the table, when the temporary table name
is the same as some persistent table, and in some other just as
obscure cases.)



Microsoft SQL Server 2000 has a number of statements that you
can specify to alter the current session (some of them are shown
in Table 7-2 and Table 7-3). These statements are not part of
SQL standard, being rather part of the Transact-SQL dialect.
They can be grouped in several categories: statements that affect
date and time settings, query execution statements, statistics
statements, locking and transaction statements, SQL-92 settings
statements, and — the all-time favorite — miscellaneous settings.

Table 7-2: Microsoft SQL Server 2000 SQL-92 Settings

SET Statement Description

Specifies that all the defaults
used for the duration of the
SET ANSI_DEFAULTS session should be these of
{ON | OFF} ANSI defaults. This option is
provided for compatibility with
SQL Server 6.5 or later

Specifies whether columns
could contain NULL value by

default. If set to ON, the new

columns created would allow
NULL values (unless NOT NULL

SET is specified); otherwise it would
ANSI_NULL_DFLT_OFF | raise an error. It has no effect
{ON | OFF} on the columns explicitly set

for NULL. It is used to override
default nullability of new
columns when the ANSI null
default option for the database
IS TRUE.




SET Statement

Description

SET
ANSI_NULL_DFLT_ON
{ON | OFF}

Essentially, the same as the
statement above, with one
exception: it is used to override
default nullability of new
columns when the ANSI null
default option for the database
is FALSE.

SET ANSI_NULLS {ON
| OFF}

Specifies the SQL-92
compliant behavior when
comparing values using
operators EQUAL (=) and NOT

EQUAL (< >).

SET ANSI_PADDING
{ON | OFF}

Specifies how the values that
are shorter than the column
size for CHAR, VARCHAR,
BINARY, and VARBINARY data
types are displayed.

SET ANSI_WARNINGS
{ON | OFF}

Specifies whether a warning
should be issued when any of
the following conditions occur:
presence of NULL values in the
columns evaluated in the
aggregate functions (like SUM,
AVG,COUNT, etc.); divide-by-
zero and arithmetic overflow
errors generate an error
message and the statement
rolls back when this option is
set to ON; specifying OFF
would cause a NULL value to
be returned in the case.




Table 7-3: Microsoft SQL Server 2000 SET Statements

SET Statement

Description

SET DATEFORMAT {<format>
| @<format ID>}

Specifies the order of
the date parts for
DATETIME and

SMALLDATETIME input.

SET
CONCAT_NULL_YIELDS_NULL
{ON | OFF}

Specifies what would be
the result of
concatenation of the
column values (or
expressions) should any
or both of them contain
NULL.

SET LANGUAGE {
<language> | @<language
ID>}

Specifies the default
language for the
session. This setting
affects the datetime
format, and system
messages returned by
SQL Server.

SET NOCOUNT {ON | OFF}

SQL Server usually
returns a message
indicating how many
rows were affected by
any given statement.
Issuing this command
would stop this
message.




SET Statement Description

Specifies the severity of
an error that results in
loss of precision; if set
to OFF the rounding
generates no error;
SET NUMERIC_ROUNDABORT when it is set to ON,
{ON | OFF} then an error will be
generated and no
results returned.
Depending on some
other settings, a NULL
might be returned.

If this statement is used,
Microsoft SQL Server
stops processing a

SET ROWCOUNT <integer> query after the required
number of rows
(specified in the SET

statement) is returned.

While detailed discussion of these settings and their implications

are well beyond the scope of our SQL topic, nevertheless, we are
going to discuss some of the most important statements and how
they may affect your SQL statements executed against Microsoft
SQL Server 2000.

Here is an example of how setting ANSI_NULLS affects the
output in the current session. The SQL-92 standard mandates
that the comparison operations involving NULL always evaluate to
FALSE. The following statement is supposed to bring all the
records from the PHONE table of the ACME database when the
PHONE_SALESMANID_FN filed is not NULL.



1> SET ANSI_NULLS ON 2> GO

1> SELECT phone_phonenum_s 2>
FROM phone 3> WHERE phone_salesmanid_fn

<> NULL 4> GO PHONE_PHONENUM_S -
——————————————————— (0 row(s)

affected)

The query returns zero records in spite of the fact that there are
supposed to be 12 records satisfying this criterion. Setting the
ANSI_NULLS OFF changes the situation (valid in Microsoft SQL
Server only; neither Oracle nor IBM DB2 UDB supports this
feature):

1> SET ANSI_NULLS OFF 2> GO

1> SELECT phone_phonenum_s 2>
FROM phone 3> WHERE phone_salesmanid_fn

<> NULL 4> GO PHONE_PHONENUM_S -
------------------- (305) 555-8502

(626) 555-4435 (717) 555-5479
(718) 555-7879 (718) 555-5091 (814) 555-0324

(305) 555-8501 (626) 555-4434
(717) 555-5478 (718) 555-7878 (718) 555-5091

(814) 555-0323 (12 row(s)
affected)

Note This situation could be completely avoided if the IS
NULL syntax is used. The query

SELECT phone_phonenum_s FROM
phone WHERE
phone_salesmanid_fn IS NULL

would return correct results in all three RDBMS. Since
NULL is not a specific value, it has to be treated
differently. Neither Oracle 9/ nor IBM DB2 UDB have
such a setting as ANSI_NULLS. Refer to Chapter 3 for
more information about NULL.



It is possible to specify multiple options with ON or OFF settings,
using one SET statement. For example, the following statement
will set two options at the same time.

1> SET NOCOUNT, ANSI_DEFAULTS
ON 2> GO

To check the options set for your session, use the following
statement. It returns all the active options that have been set for
this particular session within which you execute this statement

1> DBCC

USEROPTIONS Set Option Value ---

textsize 64512 language
us_english dateformat mdy datefirst 7
gquoted_identifier

SET arithabort SET
ansi_null_dflt_on SET ansi_defaults SET

ansi_warnings SET ansi_padding
SET ansi_nulls SET concat_null_yields_null SET

(12 row(s) affected) DBCC
execution completed. If DBCC printed error
messages,

contact your system
administrator.

The DataBase Console Command (DBCC) package is a toolbox
of all the DBA utilities, with some options accessible to a user.
There are over 60 DBCC commands that handle various aspects
of SQL Server configuration, administration, status checking, and
SO on.

Note If the SET statement is set in the stored procedure, it is
valid within the session for the duration of the stored
procedure execution, and reverts to its previous value
once the execution stops. When using Dynamic SQL



(see Chapter 15), the SET statement affects only the

batch it is specified in; subsequent statements will not
be affected by this setting.

Some other SET statements pertaining to transactions and locks
will be discussed in the corresponding paragraphs of this chapter.

When a client terminates a session — either voluntarily or
abnormally — all values set for various session parameters
disappear. In addition, for all pending transactions, an implicit
commit will be issued in the case of voluntary termination or
rolled back when the session has terminated abnormally. The
session can be killed or disconnected by a DBA; syntax for the
statements vary among RDBMS.

Orphaned Sessions

Orphaned sessions occur when a client application terminates
abruptly without the ability to terminate its open session to
RDBMS server. Usually, it is the responsibility of the operating
system to detect that the client exited, and notify the server. (In
some implementations, the server would query the client
whether it is still present after some period of inactivity.)
Certain situations, however, might prevent a proper client exit
(e.g., sudden network failure). If the session was active (i.e.,
RDBMS was processing some command at the time), it will
detect the absence of the client automatically and terminate
the session. However, if the session was inactive, waiting for
command from the client, such a session remains valid for the
server.

Such sessions consume system resources and should be
cleaned up. Usually it is done automatically after a certain
interval configured for the server; or these sessions may be

resolved manually by the DBA.
|






Transactions

A transaction is one of the mechanisms provided within SQL to
enforce database integrity and maintain data consistency. The
details of implementation differ among the RDBMS vendors,
though the SQL92/99 spirit is generally preserved.

What is a transaction?

A transaction complements the concept of the session with
additional granularity — it divides every operation that occurs
within the session into logical units of work. In this way, database
operations — those involving data and structure modifications —
are performed step-by-step and can be rolled back at any time, or
committed if every step is successful. The idea of the transaction
Is to provide a mechanism for ensuring that a multistep operation
is performed as a single unit. If any of the steps involved in a
transaction fails, the whole transaction is rolled back. If all steps
have been completed successfully, the transaction can be either
committed (to save all the changes into a database) or rolled
back to undo all the changes.

The SQL standard defined transactions from the very beginning
and enhanced the concept during subsequent iterations.
According to the standard, a transaction is started automatically
by RDBMS and continues until COMMIT or ROLLBACK statements

are issued; the details were left for the vendors to implement.
A transaction must pass the ACID test:
= Atomicity. Either all the changes are made or none.

= Consistency. All the data involved into an operation must
be left in a consistent state upon completion or rollback of
the transaction; database integrity cannot be
compromised.



» |solation. One transaction should not be aware of the
modifications made to the data by any other transaction
unless it was committed to the database. Different
isolation levels can be set to modify this default behavior.

= Durability. The results of a transaction that has been
successfully committed to the database remain there.

One of the classic real-life example of a transaction involves an
ATM (bank machine) withdrawal operation. Suppose you need
$20 and you decide to withdraw this money from the nearest
bank machine; you put in your bank card (User ID) and enter your
PIN (personal identification number) to initiate the session. Once
the bank confirms your identity, you are allowed to proceed; you
ask for a money withdrawal operation in the amount of $20.
That's where the transaction begins. There are several operations
involved: the machine needs to check your account to verify that
you have enough money to cover the transaction, subtract the
money from your account, and release the money to you. If any
of these steps (and some others, depending on the given bank
policies) fails, the transaction must be aborted, and everything
must revert to a state where it was before the transaction even
began.

Explicit and Implicit Transactions

An implicit transaction has been chosen as the default in
SQL92/99 standard. Whenever certain statements (of DDL
and DML type) are executed within a session, they start (or
continue) a transaction. A transaction is terminated by issuing
either a COMMIT statement or a ROLLBACK statement.

An explicit transaction is started by the client application with a
BEGIN TRANSACTION statement and is terminated in a

manner similar to the implicit transaction protocol. This is a



Microsoft SQL Server 2000—only feature, which is the default
setting. Microsoft SQL Server 2000 provides a statement SET
IMPLICIT_TRANSACTIONS {ON | OFF} to configure the
default behavior of the transaction. When the option is ON, the
SQL Server automatically starts a transaction when one of the
following statements is specified: ALTER TABLE, CREATE,
DELETE, DROP, FETCH, GRANT, INSERT, OPEN, REVOKE,
SELECT, TRUNCATE TABLE and UPDATE. The transaction
must be explicitly committed or rolled back, though; a new
transaction is started once any of the listed statements gets
executed. Turning the IMPLICIT_TRANSACTIONS option OFF
returns the transaction to its default autocommit transaction
mode.

While not required by the SQL standard, in every RDBMS
implementation COMMIT is issued implicitly before and after
any DDL statement.

This means that you cannot get your cash, unless it was
subtracted from your balance; the bank cannot subtract the
money from your balance unless you have enough money to
cover the transaction and you actually received your cash.

The transaction model, as it is defined in the ANSI/ISO standard,
utilizes the implicit start of a transaction, with an explicit COMMIT,
in the case of successful execution of all transactions logical
units, or an explicit ROLLBACK, when the noncommitted changes
need to be rolled back (e.g., when program terminates
abnormally). Most vendors follow this model, while some —
Microsoft SQL Server 2000 is one example — allow for explicit
start of a transaction.



Transactions COMMIT and ROLLBACK

The COMMIT statement ends the current transaction and makes

all changes made to the data during transaction permanent. The
syntax is virtually identical for all three RDBMS vendors, as well
as for the SQL99 standard, and is very straightforward: COMMIT
[WORK]

The keyword WORK is not required, though it might be added for
clarity; a simple COMMIT is usually all that is required.

Oracle 9/ syntax looks like follows

COMMIT [WORK] [COMMENT
(<text>)] [FORCE (<text>),
[<int>]] ;

Here the COMMENT clause enables you to specify a comment (up
to 255 bytes long) that is recorded for every pending transaction
and can be viewed through DBA2_PC_PENDING dictionary view
(see Chapter 13 for more information on system catalogs). The
FORCE clause allows you to commit an in-doubt distributed (see
more about distributed transactions later in the chapter)
transaction manually; it commits only a named transaction and
has no effect on all other transactions.

The IBM DB2 UDB syntax is identical to the standard. In IBM
terminology, transaction is a unit of work (UOW). No authorization
IS required to issue the statement; all locks held by the
transaction are released. Named transactions are not supported.

The following syntax will work both for Oracle 9/ and IBM BDF2
UDB: UPDATE customer SET cust_status s = 'N'; COMMIT,;

Microsoft SQL Server 2000 does support the SQL99 standard
syntax — in addition to its own. The Microsoft syntax allows for



committing named transaction whereas the standard one does
not.

COMMIT [ TRAN [ SACTION ]
[<transaction name>]]

As you can see, only COMMIT is required, everything else is
optional, and the keywords can be shortened (i.e., TRAN instead
of TRANSACTION). Alternatively COMMIT WORK can be used.

The following example illustrates the COMMIT statement using
Microsoft SQL Server 2000 explicit transactions mode.

BEGIN TRAN SELECT * FROM
customer UPDATE customer SET
cust_status_s = 'N' COMMIT TRAN

No changes are taking place until the last COMMIT is executed.
Only Microsoft requires a BEGIN TRANSACTION statement to
start an explicit transaction; in both Oracle and DB2 UDB,

transaction are always started implicitly for every DML or DDL
statement.

Nested Transactions

Named transactions are especially handy for nested
transactions. This concept is not implemented by either Oracle
or IBM DB2UDB. The idea is to have a transaction within a
transaction within a transaction — ad infinitum. At any time you
can check the total number of pending transactions using the
@@TRANSCOUNT unary function. Nested transactions in
Microsoft SQL Server 2000 are introduced for readability
purposes only; committing an internal transaction does not
really commit anything, only the outermost COMMIT actually
commits the changes; all other commits just decrement the



transaction counter. Here is an example illustrating the
concept:

BEGIN

TRANSACTION transl --
the transaction counter @@TRANSCOUNT = 1
INSERT INTO

<table> VALUES
<values> BEGIN TRANSACTION trans2 -- the
transaction

counter @@TRANSCOUNT
= 2 INSERT INTO <table> VALUES <values> BEGIN

TRANSACTION trans3 --
the transaction counter @@TRANSCOUNT = 3
INSERT INTO

<table> VALUES
<values> COMMIT TRANSACTION trans3 -- Nothing

committed at this
point but the transaction -- counter 1is
decremented by 1;

@@TRANSACOUNT = 2
COMMIT TRANSACTION trans2 -- Nothing committed
at this point

but the transaction
counter -- 1s decremented by 1; @@TRANSACOUNT
= 1 COMMIT

TRANSACTION transl --
All INSERTs are committed to the database --
the

transaction counter
1s decremented by 1; @@TRANSACOUNT =0

In this case, three transactions were initiated to insert three
records into a table; only the very last COMMIT actually made the

changes to the table.




When COMMIT is executed, SQL Server must start a transaction
either implicitly or explicitly for another COMMIT to execute

successfully; if no transaction is started, issuing this command
will result in an error:

Server: Msg
3902, Level 16, State 1, Line
1 The COMMIT TRANSACTION request has no
corresponding BEGIN
TRANSACTION.

Neither Oracle nor DB2 UDB will complain, no matter how many
times you execute COMMIT.

When changes made to the data in the databases need to be
"undone" the ROLLBACK should be used. It may be issued

anytime before the last COMMIT and results in automatic rollback
of all changes made since the controlling transaction had started.

The syntax is identical in all RDBMS and SQL99 standards (see
Table 7-4), save for using named transactions in Microsoft SQL
Server 2000 and some Oracle-specific optional clauses. The
following statement will attempt to update column
CUST_STATUS_S in the CUSTOMER table of the ACME database,
but all changes will be rolled back: UPDATE customer SET
cust_status_s = 'N' ROLLBACK WORK

Table 7-4: Vendor-Specific ROLLBACK Statements

RDBMS ROLLBACK Syntax
ROLLBACK [WORK] [TO SAVEPOINT
Oracle 9i <savepoint name>] | [FORCE
<text>]




RDBMS ROLLBACK Syntax

ROLLBACK [WORK] [TO SAVEPOINT

IBM DB2 UDB :
<savepoint name>]

ROLLBACK [ TRAN[SACTION]]
[<transaction name>]
[<savepoint name>]

Microsoft SQL
Server 2000

As with a COMMIT statement, all the locks are released if the
ROLLBACK command is issued.

The Oracle 9/ WORK clause is optional and the TO SAVEPOINT
clause is explained later in this chapter; the FORCE clause
pertains to distributed transactions, acting very much the same as
in the COMMIT transaction case; Microsoft SQL Server has an
optional transaction name clause.

Note Because certain statements (like DDL) automatically
issue a COMMIT before and after, every change to data

that happened prior to the DDL statement would be
committed as well.

Here is an example that is valid for all three RDBMS (assuming
the IMPLICIT_TRANSACTIONS option is set to ON in Microsoft
SQL Server 2000):

UPDATE customer SET
cust_status_s = 'N' WHERE

cust _id n = 1 DELETE customer
WHERE cust id n = 1 ROLLBACK
WORK

Neither UPDATE nor DELETE will be committed to the database, as
the whole transaction is rolled back.



Usually, a transaction consists of more than one SQL statement that
you may want to either COMMIT or ROLLBACK. To add granularity to
the transaction processing, the SAVEPOINT concept was introduced.
It allows you to specify a named point within the transaction, usually
after the last successful statement, and, if any error occurs after that,
roll all the changes back not to the beginning of the transaction but to
that particular SAVEPOINT. An explicit (or implicit, like the one issued
after a DDL statement) COMMIT releases all SAVEPOINTSs declared
within a transaction.

Oracle 9/ has the most straightforward syntax for the SAVEPOINT:
SAVEPOINT <savepoint name>;

Here is an example of using the SAVEPOINTSs in Oracle:

UPDATE customer SET
cust_status_s = 'N' WHERE
cust_id_n = 1; SAVEPOINT first_upadate; DELETE
customer WHERE cust_id_n = 2;
SAVEPOINT first_delete; DELETE customer WHERE
cust_id_n = 10; ROLLBACK
first_update; COMMIT;

In the example above, only UPDATE gets committed to the database,
all DELETEs are rolled back, and the SAVEPOINT first_delete s
erased.

The savepoint name must be unique within the current transaction; if
a new savepoint uses the same name, the previous savepoint is
destroyed.

Here is the IBM DB2 UDB syntax for SAVEPOINT:

SAVEPOINT <savepoint name

> [UNIQUE] [ON ROLLBACK RETAIN
CURSORS] [ON ROLLBACK RETAIN

LOCKS]



Several optional clauses can be specified with the standard
SAVEPOINT statement. The UNIQUE clause indicates that the
session does not intend to reuse the name, rendering it therefore
unique; if this statement is omitted and the same name is used later
in the transaction, the previous SAVEPOINT with that name will be
destroyed and a new one created.

The ON ROLLBACK RETAIN CURSORS clause specifies what the
system will do with implicit or explicit cursors opened after the
SAVEPOINT statement in the case of a rollback; the last clause —
ON ROLLBACK RETAIN LOCKS — changes the default behavior that
instructs RDBMS not to release locks acquired after the SAVEPOINT
statement.

Cross- See Chapter 14 for more information on explicit

References cursors. Both IBM and Oracle employ a concept
of an implicit cursor — a special structure for
manipulating data, when virtually every select
statement opens one. The discussion of implicit
cursors is beyond the scope of this book.

DB2 UDB also has RELEASE SAVEPOINT statement that destroys all
the SAVEPONTS created after that named savepoint.

Microsoft SQL Server 2000 has the most unorthodox syntax, when it
comes to establishing the SAVEPOINTS.

SAVE TRAN[SACTION]
<savepoint name>

When rolling back to a specific SAVEPOINT, all data changes
become undone, but all the locks are held until COMMIT or full
ROLLBACK commands are issued. The SAVE TRAN [SACTION]
statement is not supported in distributed transactions.



Here is an example illustrating use of the SAVE TRANSACTION
statement in Microsoft SQL Server 2000:

BEGIN TRANSACTION transl UPDATE

customer SET cust_status_s = 'N'
WHERE

cust_id n = 1 SAVE TRANSACTION
cust_1 UPDATE customer SET cust_status_s = 'N'

WHERE cust_id n = 2 ROLLBACK
TRANSACTION cust_1 COMMIT

TRANSACTION

Distributed Transactions

Transactions that involve more than one database are referred to
as distributed transactions. Such transactions are by their very
nature complex and require advanced skills and knowledge.

In Oracle 9/, a distributed query uses dblinks to qualify the object,
and there are several restrictions for such transactions. The
RDBMS server manages these transactions and ensures data
consistency; a special ADVISE statement issued within the
session determines whether the transaction needs to be rolled
back or committed whenever its status is set in doubt by the
database.

IBM DB2 UDB labels distributed transactions as DUOW (Distributed

Unit Of Work) and uses the Database Manager to coordinate
distributed transactions.

In Microsoft SQL Server 2000, the task of managing the
distributed transactions belongs with MSDTC (Microsoft
Distributed Transaction Coordinator). (Other transaction
managers complying to the X/Open XA specification could be



employed instead.) The transaction can be explicitly started with
the BEGIN DISTRIBUTED TRANS[ACTION] statement.

A distributed transaction must minimize the risk of data loss in
case of a network failure. The two-phase commit protocol is
employed in distributed transactions, and while details of the
implementation are different between the vendors, they generally
follow the same phases.

= Prepare Phase. When the transaction manager receives
a COMMIT request, it communicates it to all resource

managers involved in the transaction, and they prepare to
do a COMMIT

= Commit Phase. In this phase, they actually issue COMMIT
and report to the coordinator; when all COMMITs are

successful, the coordinator sends notification to the client
application. If any of the resource managers fails to notify

the coordinator, a ROLLBACK command is issued to all
resource managers. To perform a ROLLBACK after a
COMMIT is executed, log files are normally used.

This code begins a named transaction TRANS1, updates field
CUST_STATUS_S for the customer whose ID is 1, then creates a
SAVEPOINT with the name CUST_1. It then proceeds to update
another customer's status, and then it rolls back the changes made
for customer 2 by rolling back the transaction to the savepoint. The
transaction is finally committed, and only the first update actually
takes place.

Transaction isolation levels



There are different transaction isolation levels. Isolation levels refer
to the ability of the transaction to see the world (data) outside its own
scope, i.e., data modified by any other transaction. The SQL99
standard isolation levels are listed in Table 7-5.

Table 7-5: SQL99 Transaction Isolation Levels

Isolation Level Description

This level is the lowest of all isolation
READ levels, permitting dirty reads (i.e., able to
UNCOMMITED see uncommitted data). No locks are
Issued, none honored.

This level specifies that shared locks will
be held while data is being read. No dirty

READ reads (containing uncommitted data) are
COMMITED permitted; though phantom reads (when
row number changes between the reads)
may occur.
No changes will be allowed for the data
REPEATABLE selected by a query (locked for updates,
READ deletes, etc.), but phantom rows may
appear.

The highest level of transaction isolation;
places a lock for the whole dataset; no
modifications from outside are allowed
until the end of the transaction.

SERIALIZABLE

Oracle 9/ has two transaction isolation levels — SERIALIZABLE and
READ COMMITED. The SET TRANSACTION syntax for Oracle can be
complicated:

SET TRANSACTION [READ ONLY] |
[READ WRITE] [ISOLATION LEVEL
[SERIALIZABLE | READ COMMITTED]] [USE ROLLBACK



SEGMENT <segment name>] [NAME
<transaction name>]

As you can see, the statement can be used to set many parameters,
though it cannot be done all at once. To set a transaction as READ

ONLY, the following statement could be used:

SET TRANSACTION READ ONLY NAME
"transl'; SELECT * FROM CUSTOMER
; COMMIT,;

After the transaction was set as READ ONLY, you cannot modify any
data within this transaction either with UPDATE or INSERT
statements.

Oracle is the only one among the "big three" RDBMS that provides
for READ ONLY mode of a transaction. In full compliance with the

SQL99 standard, this clause sets the transaction for read-only mode,
and an error is generated if an attempt to change data is made. It
establishes statement-level behavior, which becomes the default for
the session.

There is some terminology confusion in how DB2 UDB defines
transaction isolation levels. What SQL99 specifies as
SERIALIZABLE, it names REPEATABLE READ (RR), which is the

highest isolation level in DB2 UDB.

SQL99 REPEATABLE READ becomes READ STABILITY (RS), and a
new level — CURSOR STABILITY —is introduced.

The last one, CURSOR STABILITY (CS), is the default for IBM DB2
UDB and resembles the READ COMMITTED level of the SQL99

standard. Essentially, it guarantees that a row of data will remain
unchanged.

The UNCOMMITED READ (UR) level is the same as it is defined by the
standard: no locks are acquired, so dirty reads are possible.



DB2 UDB also has NO COMMIT (NC) as the isolation level, which is
not supported by its mainframe big brother DB2.

When establishing connection from within an application, the
isolation level can be specified using PREP or BIND API directives,
from the command-line processor the following statement may be
used:

db2 => CHANGE ISOLATION TO
UR DB200OOI The CHANGE ISOLATION
command completed successfully

Tip You cannot change isolation levels while connected to DB2
UDB; the isolation level is specified before the connection is
established. Use the TERMINATE command to disconnect

from the DB2 UDB database.

Microsoft SQL Server 2000 supports all four levels of isolation. The
isolation level is set for the whole session, not just a single
transaction. To specify a level within the session, the following
statement is used:

SET TRANSACTION ISOLATION LEVEL
<level>

Here is an example, illustrating the importance of the transaction
isolation level to manipulate consistent data using Microsoft SQL
Server 2000. (The example, with minor modifications, is applicable to
Oracle and DB2 UDB as well.) This example performs an update,
selects the updated value, and then rolls back the transaction (OSQL
interface, see Appendix E for more information):

1> SELECT cust_status_s

2> FROM customer 3> WHERE
cust_id n = 1 4> GO cust_status_s

------------- N (1 row affected)
1> SET TRANSACTION ISOLATION LEVEL READ

COMMITTED 2> GO 1> BEGIN TRAN



TRAN1 2> UPDATE customer 3> SET

cust_status_s = 'Y' 4> WHERE
cust_id_n =1 5> GO (1 row affected) 1>

SELECT cust_status_s 2> FROM
customer 3> WHERE cust_id_n = 1 4> GO

cust_status_s ------------- Y (1
row affected) 1> ROLLBACK TRAN TRAN1 2>

GO 1> SELECT cust_status_s 2>
FROM customer 3> WHERE

cust_id_n =1 4> GO
cust_status_s ------------- N (1 row

affected)

The transaction TRANS1 updates the field CUST_STATUS_S,
changing it from Y to N, and then issues a SELECT statement that

shows the changed data. The transaction isolation level for the
session is READ COMMITED, so only changes committed to the
database are supposed to be selected. Since the SELECT was
issued within the same transaction, it will be able to see
uncommitted changes made by this transaction update. The data
changes will be visible to other transactions that attempt to select it
within the sessions with transaction isolation level set to READ

UNCOMMITED; but they are invisible for transactions with other
levels of isolation — if they were issued prior to the ROLLBACK
TRANSACTION statement. The example also shows that the data,
after the transaction was rolled back, remain unchanged.



Understanding Locks

Concurrency is one of the major concerns in a multiuser
environment. When multiple sessions write or read data to and
from shared resources, a database might loose its integrity. To
prevent this from happening, every RDBMS worth its salt
implements a concurrency control mechanisms. In the case of
RDBMS servers, the concurrency is managed through various
locking mechanisms. All three leading RDBMS vendors have
implemented sophisticated mechanisms for concurrency
management.

Oracle has probably the most evolved and complex locking
schema. It follows the rule that reading and writing processes
cannot block each other, even if working on the same (or a close)
set of data. Each session receives a read-consistent image of the
data. Thus, even if some other process has begun modifying data
in the set but did not commit the changes, every subsequent
session will be able to read the data just as it was before; once
the changes are committed in the first session, every other
session is able to see it. The locks are acquired only when the
changes are being committed to the database. Oracle
automatically selects the least-restrictive lock. User can choose
to manually lock a resource (a table, for example). In this case,
other users still might be able to access the data, depending on
the type of lock deployed.

IBM DB2 UDB and Microsoft SQL Server 2000 both employ locks
that can enable a reader to block a writer and vice versa. The
problem of concurrent access to the data is somewhat alleviated
by the granularity of the locking — table, page, row, and so on.
There are locks acquired by read-only queries, DDL statements,
DML queries, and so on. There are different lock types for each
scenario, which we're going to discuss in more detail.



Most of the time, a user does not have to worry about locking, as
RDBMS automatically select the most appropriate lock (or locks)
for a particular operation; only if this programmed logic fails
should you attempt to specify the locks manually, using the SQL
statements.

Locking modes

There are two broad categories of concurrency — optimistic and
pessimistic. The names are self-explanatory. Transactions with
optimistic concurrency work on the assumption that resource
conflicts — when more than one transaction works on the same
set of data — are unlikely (though possible). Optimistic
transactions check for potential conflicts when committing
changes to a database and conflicts are resolved by resubmitting
data. Pessimistic transactions expect conflicts from the very
beginning and lock all resources they intend to use. Usually
RDBMS employ both optimistic and pessimistic transactions, and
users can instruct their transactions to use either.

Note Locking granularity has a significant effect on system
performance. Row-level locking increases concurrency
(i.e., does not block other transactions from accessing a
table) but usually incurs overhead costs of
administration. A full table lock is much less expensive
in terms of system resources but comes at the price of
concurrency. This is something to keep in mind when
designing database applications.

Locks are used to implement pessimistic transactions, and each
RDBMS has its own levels of locking, though there are some
similarities. In general, there are either share locks or exclusive
locks, which refer to the way a resource (e.g., a table) is being
used.



In Oracle, when a client process accesses a resource, it can
explicitly lock the resource using one of the lock types specified in
Table 7-6. Such a lock overrides any automatic lock settings.

Table 7-6: Oracle 9i Lock Modes

Lock Mode Description

Allows a SELECT query on the locked
table, all other operations (i.e., UPDATE,

EXCLUSIVE _
DELETE, etc.) are prohibited to other
transactions.

SHARE Allows concurrent queries, but updates

are prohibited for all transactions.

Allows concurrent access to the table,
but no other users can acquire an
ROW SHARE exclusive lock on the table. Also, the
SHARE UPDATE mode is provided for

backward compatibility.

Is essentially the same as ROW SHARE

ROW but al ts locki in SHARE
EXCLUSIVE ut also prevents locking in

mode.
SHARE ROW LI‘IJCKS (tjhg VchOIettr?bl? quen(te.s are
EXCLUSIVE allowed but no other transaction can

acquire any lock on the table.

For example, the following statement locks table CUSTOMER of
the ACME database in exclusive mode:

LOCK TABLE customer IN
EXCLUSIVE MODE;

The transaction that issues this statement will attempt to lock the
table for its exclusive use, subject to the restrictions specified in



Table 7-6. If any other process keeps a lock on the table, the
transaction will be put in a queue, and the lock will be acquired in
priority received. The lock will be in place for the duration of the
transaction (i.e., until COMMIT is executed). A deadlock situation
might occur (see next paragraph) if the transaction that already
holds a lock on the table attempts to acquire a lock on a resource
that the second transaction has a lock on. The clause NOWAIT
instructs a transaction to move on if a table it tries to lock is
already locked.

LOCK TABLE customer IN
EXCLUSIVE MODE NOWAIT,

If the lock command is issued for a view, Oracle will attempt to
lock the base tables for the view. Certain types of operations
require locking. Oracle will allow you to perform DDL operations
on a table only if that table can be locked. (It is possible to use
this statement to lock some other types of objects in Oracle, e.g.,
dblink).

Note Oracle allows specifying a special clause in CREATE
and ALTER TABLE statements that either allows or
disallows locking for the table. Disabling locking for the
table effectively prevents any DDL operation against
such a table.

Oracle provides several hints for performance optimization; some
of these would affect the locking used by Oracle. The hints, while
being very important for Oracle database tuning and optimization,
are beyond the scope of this book; please refer to the vendor's
documentation for more information.

In IBM DB2 UDB, the custom locking control is somewhat similar
to that in Oracle, though less granular. A user can specify two
modes of table locking — SHARE or EXCLUSIVE. For example:



db2=>LOCK TABLE customer IN

EXCLUSIVE MODE DB2000GOI The
SQL command completed

successfully.

The SHARE mode prevents any other transaction from executing
any type of operation on the locked table, except for a read-only
SELECT; also, no other transaction can acquire a lock to that
table The EXCLUSIVE mode prevents any operation on the table,
including read-only operations.

The lock is held for the duration of the transaction and is released
once a COMMIT statement is issued. Except for these two modes,
the locking for operations in DB2 UDB databases is governed by
isolation levels set for the transactions (described earlier in the
chapter).

All other locks are at the discretion of the RDBMS. Default locking
Is row-level, and a lock may escalate to a table-level lock (there is
no page-level locking in DB2 UDB); the lock escalation may be
avoided using the LOCK TABLE statement from above. The
escalation thresholds are configurable by the DBA through a
number of parameters (i.e., maxlocks, locksize, etc.).

Microsoft SQL Server 2000 provides several lock options to be
specified for the transactions (Table 7-7). These represent
categories of locks that further could be divided by specific lock
HINTS, some of which are presented in Table 7-8.

Table 7-7: Microsoft SQL Server 2000 Lock Modes

Lock Mode | Description

SHARED This type of lock is used for read-only
(S) operations.




Lock Mode

Description

UPDATE This lock is used whenever the data is

(U) updated.

EXCLUSIVE | Prevents all other transactions from

(X) performing UPDATE, DELETE or INSERT.
This is used to establish a hierarchy of
locking: intent, shared intent, exclusive,
and shared with intent exclusive. An intent
lock indicates that SQL Server wants to
acquire a shared or exclusive lock on some

INTENT : .
resources down in the hierarchy (e.qg., table
— page — row); at the very least the intent
lock prevents any transactions from
acquiring an exclusive lock on the
resource.

SCHEMA This Io_ck t_ype Is used when a DDL
operation is performed.

BULK o

UPDATE Thkgse I(lncks are used when bulk copying is

(BU) taking place.

Table 7-8: Microsoft SQL Server 2000 Locking Hints

Locking

Hint Description
This hint issued in a SELECT statement
specifies that no shared locks should be used
NOLOCK and no exclusive locks should be honored:

this means that the SELECT statement could
potentially read uncommitted transactions
(dirty reads).




Locking

Hint Description

Instructs SQL Server to use UPDATE locking
(as opposed to shared locks) while reading
data; makes sure that data has not changed if
an UPDATE statement follows next.

UPDLOCK

Places an exclusive lock until the end of a
transaction on all data affected by the
transaction. Additional levels of granularity
can be specified with this lock.

XLOCK

Specifically instructs SQL Server to use row-
ROWLOCK |/ level locks (as opposed to page and table-
level).

The lock mode is either selected by the SQL Server itself, or
based on the type of operation performed. To manually specify
the locking mode, one should use the table-level locking hints
that fall into one of the categories listed in Table 7-7. These
locking hints override the transaction isolation level and should be
used judiciously. The hints in the Table 7-8 provide just a
sampling of what is available, and the list is by no means
complete.

For example, to specify row-level locking for the transaction in a
SELECT statement, the following syntax may be used:

SELECT * FROM customer WITH
(ROWLOCK)

There is a penalty to pay for the high granularity — it degrades
performance as SQL Server allocates more resources for row-
level locking operations.

Note In addition to the visual interface of the Enterprise



manager, Microsoft SQL Server provides stored
procedure sp_locks, which return information about all
active locks on the system; sufficient privilege-levels are
required.

SQL Server deploys different locks at its own discretion based on
cost decisions: the default is a row-level lock, which may escalate
to a page-level lock, and in turn to a table-level lock, when a
transaction exceeds its escalation threshold. This parameter is
not configurable and is determined by SQL Server itself in each
situation.

Dealing with deadlocks

The classic deadlock situation arises when two (or more)
sessions are waiting to acquire a lock on a shared resource, and
none of them can proceed because a second session also has a
lock on some other resource that is required by the first session.
Imagine a situation, in which Session 1 holds resource A, while
trying to access resource B; at the same time Session 2 holds
resource B while trying to access resource A.

Usually RDBMS resolves situations like this automatically by
killing one of the processes and rolling back all the changes it
may have made.

Oracle implements a sophisticated mechanism enforcing the rule
“reader and writer processes cannot block each other." The idea
behind this rule is to present each process with a consistent
image of data without noncommitted changes. Nevertheless,
deadlocks do occur in Oracle and usually are resolved by the
RDBMS itself; in some rare cases, manual resolution — choosing
the deadlock "victim" process — is required. The most common
deadlock types are ORA-00060 (en queue deadlocks) and ORA-
04020 (library cache deadlocks). It is possible to specify the
NOWAIT clause or set up session timeouts to avoid deadlocks,



some other techniques involve explicit locking and use of the
isolation levels within the transaction. A deadlock may also be
resolved manually through Oracle's interfaces.

IBM DB2 runs a background process, called Deadlock Detector,
to find and resolve the deadlock situation. The session chosen as
a deadlock victim is rolled back, and a special error is generated
(SQLCODE-901, SQLSTATE 40001). The read-only process is a
prime candidate for the deadlock victim, and beyond that, DB2
employs "least cost" criteria to select the session to be killed. If
deadlocks ever become a problem, IBM recommends using
system monitoring tools to collect information about the deadlock
situations and either optimize the system or redesign any
applications involved.

Microsoft SQL Server 2000 employs a proprietary algorithm for
detecting deadlocks and resolves them in a way similar to that
implemented by Oracle or DB2 UDB: deadlocks are resolved
automatically or manually through the Enterprise Manager
Console. It is possible to volunteer a session to become a
deadlock victim by setting the DEADLOCK_PRIORITY parameter
within that session (see paragraph about sessions earlier in the
chapter).

SET DEADLOCK_PRIORITY LOW

Another way of dealing with the situation would be setting
LOCK_TIMEOUT for the session. Setting the timeout means that
the session will hold the resource under the lock no longer than a
specified interval. Once the time set for locking expires, SQL
Server returns an error and the transaction is rolled back. The
resolution of the situation will be similar to that for every other
RDBMS: handle the situation in which an error indicating a
deadlock situation is returned (Error 1205 for SQL Server,
SQLSTATE 40001) by re-running the transaction, redesigning the



application to decrease or eliminate the deadlock possibility, and
SO on.



Summary

All communications with RDBMS happen within the context of a
session. When a session between a client program and RDBMS
is established, it possesses certain default properties that
determine its behavior. Some of these can be changed for the
duration of the session, and the database administrator can
change the defaults. Some parameters may be changed through
use of SQL statements; some are client-dependent and must be
set in the client's environment.

The next level of granularity is transactions — when one or more
SQL statements comprise a single logical unit of work. Within the
session, an SQL statement runs as a transaction — by the SQL
standard definition. RDBMS implementations may treat it
differently, some starting an implicit transaction by default, and
some requiring explicit statements to begin a transaction.
Transactions must satisfy certain criteria (the so-called ACID test)
to comply with these standards, but these details are usually
taken care of by the RDBMS itself.

Transactions accessing shared resources must implement some
concurrency control. One of a transaction's properties is its
isolation level established for the transaction. The isolation level
regulates what this transaction may access, and what data it is
allowed to "see."

There are four isolation levels defined by the SQL standard and
some RDBMS (Microsoft SQL Server 2000 and IBM DB2 UDB)
have implemented all of them, while some (Oracle 9i being one
example) have implemented only two.

Some RDBMS implement intricate locking systems to address
the concurrency issue, though locks are not part of the SQL
standard. The locks might be of different types; they can be
specified within the SQL statement itself, or they may be



specified properties of the session. A deadlock situation may
occur in a high-volume of transactions or improperly designed
systems. Deadlocks may be resolved automatically by the
RDBMS or manually by database administrators.
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Chapter 8: Understanding SELECT
Statement



Overview

This chapter covers selecting data from the RDBMS tables using
the SELECT statement. As the name implies it deals with
selecting data from the RDBMS objects — tables or views —
either to be presented to the users, or for some internal purpose.
This is the only statement of the data query language (DQL)

group.

The use of this statement within a SELECT query is relatively
simple, but the SELECT statement rarely executes without
clauses, and that's where the fun begins. The select query
clauses are probably the most confusing in the SQL and have to
be dealt with accordingly. This chapter introduces the topic,
covering use of subqueries, compound operators, and aggregate
function clauses.



Single Table SELECT Statement Syntax

Here is the generic SELECT statement, as it is defined by the
SQL99 standard, for selecting data from a single table. The query
includes the SELECT command, followed by the list of identifiers
(table or view columns); then comes the mandatory FROM clause
that contains names of the tables, from which these columns are
selected. The rest of the clause is optional, used to increase
selectiveness of the query, as well as add some ordering
capabilities. All of these pieces make up the complete SELECT
statement.

SELECT [DISTINCT] [<qualifier>.]<column_name> |
*
|
<expression>
[AS <column_alias>], ...
FROM <table_or_view_name> |
<inline_view>
[[AS] <table_alias>]
[WHERE <predicate>]
[GROUP BY [<qualifier>.]<column_name>, ...
[HAVING <predicate>]
]
[ORDER_BY <column_name> |
<column_number>
[ASC | DESC], ...

1;

Of course, the statements that you would run against the three
leading RDBMS do differ, both in syntax and usage.



SELECT Clause: What Do We Select?

In the relational databases the SELECT statement selects values in the
columns, literal values, or expressions. The returned values themselves
could be of any valid data types. These values can be displayed in the client
application, or written into a file, used in the intermediate calculations, or
entered into database tables.

Prior in this chapter, we've mentioned that the FROM clause of the SELECT
statement is mandatory, whereas all other clauses are optional. This still
holds true for the SQL99 standard, though the rules are somewhat more
relaxed with the vendor-specific implementations.

Single-column select

You can select as many or as few columns as you wish from a table (or a
view) for which you have SELECT privileges (see Chapter 12 on SQL
security). The following example selects only a customer name (column
CUST_NAME_S from the table CUSTOMER in the ACME database).

SELECT cust_name_s

FROM customer
CUST_NAME_S

DLH INDUSTRIES

FAIR AND SONS AIR CONDTNG
KILBURN GLASS INDUSTRIES
BOSWELL DESIGNS CORP.
WILE ELECTROMATIC INC.
FABRITEK INC.

DALCOMP INC.

INTEGRATED POWER DESIGNS
GUARDIAN MANUFACTURING INC.
WILE BESS COMPANY

The return result is a set of the CUST_NAME_S column values from all rows
in the CUSTOMER table. The values in the set are not ordered in any way; it
Is possible to order the returned values though; see later in the chapter for
information on ordering data in the resultset (section on GROUP BY
clause).



The syntax is identical across all three RDBMS products as well as for the
SQL99 standard.

Multicolumn SELECT

A single column SELECT, while useful, is certainly not the limit of the SQL
capabilities. It's very likely that you'll be selecting more than one column at a
time in your queries.

Selecting several columns

The following query selects three columns at the same time from the same
CUSTOMER table in the ACME database:

SELECT cust_id_n,
cust_status_s,
cust_name_s

FROM customer

CUST_ID_N C CUST_NAME_S

51 Y DLH INDUSTRIES

5 Y FAIR AND SONS AIR CONDTNG
12 Y KILBURN GLASS INDUSTRIES
61 Y BOSWELL DESIGNS CORP.

55 Y WILE ELECTROMATIC INC.

6 Y FABRITEK INC.

16 Y DALCOMP INC.

89 Y INTEGRATED POWER DESIGNS
85 Y GUARDIAN MANUFACTURING INC.
152 Y WILE BESS COMPANY

As in the case with a single column SELECT, the result returned is a set of
values, with a distinction that it is rather a set of sets — one set for each
column mentioned in the SELECT statement. The sequence in which these
sets appear directly corresponds to the sequence in which the column
names were mentioned in the SELECT clause.

Note It is possible to select a column more than once within a single
guery. The result will simply be duplicate sets of values.



The syntax is identical across all three RDBMS products as well as for the
SQL99 standard.

Selecting all columns

Selecting all columns in the table could be achieved by listing every single
column from the table in the SELECT clause of the query, or using the
convenient shortcut — asterisk (*) — provided by the SQL99 standard and
implemented by virtually every RDBMS on the planet.

SELECT *
FROM status

STATUS_ID_N ST STATUS_DESC_S
6 60 SHIPPED
2 20 COMPLETE
8 70 INVOICED
9 80 CANCELLED

As with any multirow query, the returned result comprises the sets of the
selected values of all rows for each column. The sequence in which
columns appear in the resultset is exactly the same as in the underlying
table (view).

Selecting all columns plus an extra column

In a relatively rare case where you need to select all the columns from the
table and a duplicate of a column(s), you may do so in all three RDBMS, but
this is where vendor's implementations differ from the SQL99 standard as
well as from each other.

Oracle and DB2 require the asterisk to be prefixed by a table name or a
table alias (the order in which asterisk is listed in relation to other columns is
not important):

SQL> SELECT status.*, status_desc_s
2 FROM status;

STATUS_ID_N ST STATUS_DESC_S
STATUS_DESC_S

6 60 SHIPPED SHIPPED



2 20 COMPLETE COMPLETE
8 70 INVOICED INVOICED
9 80 CANCELLED CANCELLED

4 rows selected.

This full name qualification is not required in MS SQL Server:
1> SELECT *, status_desc_s FROM status
2> GO
STATUS_ID_N STATUS_CODE_S STATUS_DESC_S STATUS_DESC_S

2 20 COMPLETE COMPLETE
6 60 SHIPPED SHIPPED

8 70 INVOICED INVOICED
9 80 CANCELLED CANCELLED

(4 rows affected)

This may seem a superfluous feature, but imagine a situation when you
need to see all 200 rows in the table and wish to change the default
sequence in which the columns appear in the final resultset. You have an
option to list all the columns in the desired order (i.e., typing in all the
columns in the SELECT clause of your query) or to do it the easier way at
the expense of having a duplicate set of values — but in the place where
you would rather see it. Of course, you may combine all/any rows in the
table into a single resultset more than once.

Selecting distinct values

As you become more selective in terms of what data is expected to be
returned by a query, the need may arise to eliminate duplicates. The SQL99
standard provides an easy and elegant way to eliminate any duplicate
values from the final resultset.

The table PAYMENT_TERMS in the ACME database contains data about

discounts, in terms of percentages, given to customers. While the
particulars of each discount might differ, it is quite conceivable that the
actual percentage might be the same.

The following example selects all the rows for the PAYTERMS_DISCPCT_N
column from that table:



SELECT payterms_discpct_n
FROM payment_terms
PAYTERMS_DISCPCT_N

(11 rows affected)

As you can see, there are quite a few duplicates among these 11 records.
the goal is to find out what are the percentage rates used within the
company, the DISTINCT keyword might be used.

SELECT DISTINCT payterms_discpct_n
FROM payment_terms
PAYTERMS_DISCPCT_N

2 rows selected.

Now, all the duplicate values have been eliminated and the resultset
contains only two distinct values.

It is important to understand that DISTINCT refers to the entire row, not just

a single column; if DISTINCT precedes multiple columns the entire set —

row values in all columns — needs to be distinct. Here is an example run in

MS SQL Server 2000 (applicable to Oracle and DB2 UDB as well):

SELECT DISTINCT payterms_discpct_n,
payterms_code_s

FROM payment_terms

PAYTERMS_DISCPCT_N PAYTERMS_CODE_S



00 N120
00 N15

00 N20

00 N30

00 N45

0]0) NGO

00 NOO
.02 CADV
.02 N21530
.02 N21531

(11 row(s) affected)

By adding the PAYTERMS_CODE_S column to PAYTERMS_DISCPCT_N,
we've made the pair of the columns to be distinct. As a result, duplicate
values in a single column are allowed as long as the pair of the values is
distinct.

Using literals, functions, and calculated columns

Columns are not the only things that you can select in the relational
database world, and the SELECT statement does not always involve a table.
Selecting columns from a table is a very straightforward concept, much
more so than selecting expressions and literals.

When a value we are after does not exist up to the moment we call it,
because it is returned by a function, or being calculated on the fly, you still
need to SELECT from somewhere. This "somewhere" could be any table
existing within the database and to which you have select privilege (see
Chapter 12 for more information on the privileges), but it would be rather
inconvenient, and hard to maintain, as the user must know what tables are
present in the database, and change the query every time the table in use is
dropped or renamed; besides, if you SELECT a literal or an expression from
an actual table, the resultset will have as many rows as there are in the
table.

Oracle supports the SQL99 standards to the extent of providing a special
table, DUAL, when there is no physical object (view or table) to select from.
Suppose you need to find out a system time of your Oracle database; the



RDBMS provides you with a function SYSDATE (more about the functions in
Chapter 10), which returns this information. While not being SQL99
standard compliant, this function is a legitimate Oracle 9/ SQL dialect
statement and must be treated as such. Since all queries must start with
SELECT, you would start with it, but the information is not stored anywhere

in the database — it is generated dynamically at the request's moment.
That's where the table DUAL comes in handy — you can "select" virtually

anything from this table.
SQL> SELECT SYSDATE FROM dual;

SYSDATE

21-0CT-03

The DUAL table itself has only one column (not without irony named DUMMY)
and one row containing value X.

Note The DUAL table was introduced by Chuck Weiss of Oracle as an

underlying object in the Oracle Data Dictionary. It was never meant
to be seen by itself, but rather to be used in some complex JOIN

operations (discussed Chapter 9); it logically fits the SELECT
notion as it implies that the FROM clause is to be used with each
statement.

For selecting noncolumn values, DB2 UDB 8.1 has essentially the same
concept — table SYSDUMMY1, located in the SYSIBM system schema. This
table has a single column called IBMREQD, and a single row containing
value Y. The following example demonstrates using this table for calculating
the sum of two numbers:

db2=> SELECT (5+5) FROM sysibm.sysdummyl

1 record(s) selected.

The sum of these numbers is not stored anywhere, but it has to be selected
following the SQL99 standard rules. This becomes more important, when



SQL functions (Chapter 10) are used in the procedural language (like
PL/SQL or Transact-SQL).

Microsoft SQL Server 2000 actually allows you to forgo the FROM clause
altogether in the situation like this. Here is an example:

SELECT (5+5) num_sum
num_sum

The "dummy" tables, as well as ability to select from nothing, is not a part of
the SQL standard, but rather manifests of vendors' ingenuity in customers'
satisfaction quest.

In the most recent example we've used alias NUM_SUM as the name for the
non-existent column. This is alias — a standard feature, supported by all
three RDBMS vendors as well as mandated by the SQL standard. The idea
behind alias is very simple — giving columns selected in the SQL query
more descriptive names as they appear in the final result set. Every single
SELECT example in this book could be rewritten with the column names
substituted by aliases. For instance, the example from above that selects a
distinct value of the PAYTERMS_DISCPCT_N, could be written as follows

SELECT DISTINCT payterms_discpct_n AS discount_percent
FROM payment_terms
discount_percent

The new name, while not being shorter, is significantly more descriptive for
the user, just as the column name is more informative for the programmer
(as it tells what data type the column contains — N — for NUMERIC). The
use of the 'AS' operator is optional, and the syntax (either with or without
'‘AS") is valid in all three databases.

The aliasing becomes even more useful when literals and expressions are
selected. An example of selecting an expression (5 + 5) was given
previously in the chapter; here is the SELECT statement involving literals:

SELECT cust_name_s,

100 AS NUMERIC_CONSTANT,
"ABC' AS STRING_CONSTANT



FROM customer

CUST_NAME_S NUMERIC_CONSTANT
STRING_CONSTANT

WILE SEAL CORP. 100 ABC
WILE ELECTRONICS INC. 100 ABC
WILE ELECTROMUSICAL INC. 100 ABC
WILE ELECTROMATIC INC. 100 ABC
WILE BESS COMPANY 100 ABC
MAGNETOMETRIC DEVICES INC. 100 ABC
MAGNETICS USA INC. 100 ABC
BURNETTE WILLIAM CORP. 100 ABC
BOSWELL DESIGNS CORP. 100 ABC

37 record(s) selected.

In the default behaviour, if no alias is specified for the constructed column —
be it a literal, expression, or a function — Oracle will use the literal itself or
an expression in the place of the alias; IBM DB2 UDB will number the
columns starting with 1; and Microsoft SQL Server simply leaves the name
blank.

Literals can be a part of a "standard" SELECT query, where they are listed
together with the column names, as in the example above.

Aliasing is very convenient when a resulting value combines different
sources — a column, a function, an expression, or a literal. Here is an
example in Oracle and DB2 UDB syntax that concatenates product ID
(column PROD_ID_N) from the PRODUCT table of the ACME database with
an empty space and product brand (column PROD_BRAND_N) into a single
value:

SELECT CAST(prod_id_n AS CHAR(5)) || " " || prod_brand_s
AS ID_AND_BRAND
FROM product

ID_AND_BRAND

990 SPRUCE LUMBER



1880 STEEL NAILS

2871 STOOL CAPS

3045 STOOL CAPS

4000 HAND RAILS ROUNDS
4055 GAZEBOS

4761 BAR RAILS

4906 BAR RAILS

4964 BASES

5786 CRATING MATERIAL

10 record(s) selected.

Cross- Concatenation operators and functions are covered in
References detail in Chapters 11 and 10, respectively.

To run this query in MS SQL Server, replace the concatenation (| |)
operator to a plus (+) operator.

Cross- See Chapter 11 for more about operators.
References

As a part of the SELECT statement, the functions or expressions could be

used for insert or update purposes. Imagine that you would like to keep
track of every insert and update with a date/time stamp, using a SELECT

guery as an input (see INSERT and UPDATE statements in Chapter 6); the
following Oracle 9i syntax provides this functionality using SYSDATE and
USER functions. (See Chapter 10 for equivalent DB2 UDB and Microsoft
SQL Server 2000 syntax.)

SELECT salesman_code_s,
salesman_name_s,

sysdate,

user
FROM salesman;
SA SALESMAN_NAME_S SYSDATE USER
02 FAIRFIELD BUGS ASSOCIATION 15-0CT-03ACME
03 AMERICA GONZALES LIMITED 15-0CT-03 ACME
@4 HUNTER COMPONENTS 15-0CT-03 ACME

©7 ELMERSON INDUSTRIES INCORPORATED 15-0CT-03 ACME



09 SAM KRISTEL INC 15-0CT-03 ACME
10 HENERY INCORPORATED 15-0CT-03 ACME

6 rows selected.

Using subqueries in a SELECT clause

The concept of a subquery is simple — it is a query within a query that
supplies necessary values for the first query. A SELECT query could have
an embedded subquery as a way to retrieve unknown values, and the
nesting level (how many subqueries you could have within each other) is
limited only by the RDBMS capability.

To illustrate the concept, some preliminary work is required (since the
required table is not within the ACME database). Let's say that in full
accordance with database design guidelines you have created a table that
contains state tax amounts for each state, as well as each state's full name
and two-letter postal abbreviation.

First you need to create a table:
CREATE TABLE sales_tax
(
stax_id_n INTEGER NOT NULL,
stax_amt_n DECIMAL(6,3),
stax_state_s CHAR(2),
CONSTRAINT pk_sales_tax PRIMARY KEY (stax_id_n )

)

The next step is to insert some meaningful data into your new table.
INSERT INTO sales_tax
(

stax_id_n,

stax_amt_n,

stax_state_s

)
VALUES (1, 8.5, 'WA')

When you wish to produce a report that would contain a product ID and
price, and the amount of tax applied to unit of the product in the state of
Washington, the following query would be useful:



SELECT prod_num_s,
prod_price_n,
(SELECT stax_amt_n

FROM sales_tax

WHERE stax_state_s

prod_price_n *

(SELECT stax_amt_n

FROM sales_tax

WHERE stax_state_s
FROM product

'WA') AS TAX_RATE,

'WA')/100 AS SALES_TAX

prod_num_s prod_price_n TAX_RATE SALES_TAX

990 18.32 8.500 1.557200000
1880 34.09 8.500 2.897650000
2871 26.92 8.500 2.288200000
3045 15.98 8.500 1.358300000
4000 11.84 8.500 1.006400000
4055 16.09 8.500 1.367650000
4761 23.20 8.500 1.972000000
4906 27.10 8.500 2.303500000
4964 23.20 8.500 1.972000000
5786 17.98 8.500 1.528300000

(10 row(s) affected)

This example uses the state abbreviation (WA) as a parameter to find the
amount of the applicable state tax and calculates the necessary values on
the fly using subquery to extract this value from the SALES_TAX table; note
that the data retrieval is conducted for each and every row in the resulting
set.



FROM Clause: Select from What?

The FROM clause is mandatory for every SELECT statement —
with the exception of the MS SQL Server case discussed earlier
in this chapter. The database objects you should be able to select
from are tables and views. These come in many flavors —
temporary tables, inline views, materialized views, to name just a
few — but the truth is that there is nothing else in the RDBMS
world to select from.

Selecting from tables and views

We've used tables and views as "selectable from" objects in the
examples given earlier in this chapter (and all previous chapters).
In fact, the only truly selectable object in RDBMS is a table, while
view is a query that is based on some table (or tables). Unlike a
table, view, by definition, does not contain data but rather collects
it from the base tables whenever a SELECT query is executed
against the view.

Note Oracle also sports the concept of a materialized view.
The regular view is based on some query that extracts
data from the underlying tables; this query executes the
very moment as the SELECT statement is executed
against the view. To speed up the selection process, it is
possible to create a materialized view that actually
contains a snapshot of the data it's supposed to fetch.
Such a view does not differ much from a table. The
thing to remember here is that the data in a materialized
view might not be up-to-date, and needs refreshing to
ensure it.

Using aliases in a FROM clause



It is possible to alias the table names listed in the FROM clause of
a SELECT query to shorten notation and make it more visual by
prefixing the columns in a different clause with the table alias.
Here is an example of selecting three columns from a STATUS
table in the ACME database where the table is aliased with s:

SELECT status_id_n, s.status_code_s, s.status_desc_s FROM
status s

The columns in the SELECT clause may or may not be prefixed
with the table's alias (or table name); moreover, the columns
themselves could be aliased for readability purposes, replacing
somewhat cryptic column names with more meaningful ones (see
paragraph earlier in this chapter). If such prefixes are used, they
follow <object>.<property> notation, shown in the example
above.

While not being very useful in the case of a single table selection,
it simplifies queries when more than one table is involved, and
helps to remove confusion should two or more tables have
identically named columns. Please refer to Chap-ter 9 for more
information on multitable queries.

Note Using alias for the tables in the FROM clause of the
SELECT query is not the same as CREATE ALIAS
statement, described in Chapter 4. The latter creates a
database object that subsequently could be used to
refer to the object (not necessarily a table) by some
other, usually more convenient way. The alias in the
SELECT query serves somewhat the same purpose —
shortening the calling notation — but is radically
different because it only refers to a table (or view) and
exists only for the time the query is running, and
disappears afterward.



There are certain rules on using the aliases in the other clauses
that comprise the SELECT query. The table that was aliased in
the FROM clause could be referred to by this alias throughout the
whole query: SELECT, WHERE, GROUP BY, ORDER BY, and so on.
Though it is possible to use column names in these clauses
without qualifying them by the table name (or alias), it is
recommended to use aliases (if specified) to prevent ambiguity.

Using subqueries in a FROM clause (inline views)

We have discussed the VIEW database object in Chapter 4 and
Chapter 5. Here we are going to introduce so-called inline views.
Unlike the VIEW object, the inline views do not exist outside the
guery that contains them, and may or may not have a proper
name for themselves. Consider the following statement that
selects customer's ID, name, and status from an inline view
CUST: SELECT cust.id, cust. cust_name_s, cust.active FROM
(SELECT cust_id_n AS id, cust_status_s AS active,
cust_name_s, cust_alias_s AS alias, cust_credhold_s AS hold
FROM customer) cust ID CUST_NAME_S ACTIVE ----------- ---—--
--------------------------- 51 DLH INDUSTRIES Y 5 FAIR AND SONS
AIR CONDTNG Y 12 KILBURN GLASS INDUSTRIES Y 61
BOSWELL DESIGNS CORP. Y 55 WILE ELECTROMATIC INC.
Y 6 FABRITEK INC. Y ... 16 DALCOMP INC. Y 89 INTEGRATED
POWER DESIGNS Y 85 GUARDIAN MANUFACTURING INC. Y
152 WILE BESS COMPANY Y 37 record(s) selected.

Note that the outer SELECT clause refers to the columns
selected from the inline view by their alias — because of the way
these columns are exposed to it; replacing CUST . ID with CUST.

CUST_ID_N would generate an Invalid column name error,

since that is not the name that outer query could reference. At the
same time, the column CUST_NAME_S could be used the way it is

mentioned in the subquery because it was not aliased.



WHERE Clause: Setting Horizontal Limits

While selecting everything a table or view could contain might be of value for some operations,
most of the time you will be looking for specific information — a person with a particular phone
number, data falling into a certain date range, and so on. The table might contain several
million rows, and you simply have no time to search for the information all by yourself. The SQL
WHERE clause provides a mechanism for setting horizontal limits; specifically, it allows you to
limit the number of rows in resultsets returned by a query through specifying some condition or
set of conditions. Depending on what conditions you have specified with your query, there
might be zero, one, or more records (rows) returned. The search criteria specified in the WHERE
clause evaluate to TRUE or FALSE, and all the rules of Boolean algebra are fully applicable
there.

Cross- See Appendix L for information on Boolean algebra.
References

Using comparison operators

To specify conditions in the WHERE clause, SQL employs a number of operators. These are
discussed in detail in Chapter 11. Here, we are going to touch them only briefly.

Consider the following query run against the ACME database in Microsoft SQL Server (the
syntax and results would be identical in all "big three" databases). It returns some information
about a particular customer, uniquely identified by the customer ID field CUST_ID_N. The
uniqueness of the customer ID (not that of the address record) value is enforced by the primary
key constraint as well as a UNIQUE constraint placed onto the column in the table CUSTOMER.
(There could be only one customer associated with any given ID.)

SELECT cust_id_n,
cust_name_s,
cust_status_s

FROM customer

WHERE cust_id_n =7

CUST_ID_N CUST_NAME_S CUST_STATUS_S

7 WILE ELECTRONICS INC. Y

(1 row(s) affected)
You were able to pinpoint the record because only one record satisfied your condition.

Now, nothing prevents a customer from having one or more addresses, which is illustrated by
the following query requesting all address records for a customer with a customer ID equal to
7
SELECT addr_address_s,

addr_city_s,

addr_state_s,

addr_zip_s
FROM address
WHERE addr_custid_fn = 7



addr_address_s addr_city_s addr_state_s addr_zip_s

411 S LONDON AVE EGG HARBOR CITY NJ 08215
232 EEL ST. EGG HARBOR CITY NJ 08215
454 OAK ST. EGG HARBOR CITY NJ 08215
456 WILLOW ST. EGG HARBOR CITY NJ 08215
678 MAPLE AVE. EGG HARBOR CITY NJ 08215
865 CEDAR AVE. EGG HARBOR CITY NJ 08215
911 MYRTLE ST. EGG HARBOR CITY NJ 08215
777 SITKA AVE. EGG HARBOR CITY NJ 08215
999 ELK AVE. EGG HARBOR CITY NJ 08215

(11 row(s) affected)

This query yields 11 records, containing all the addresses under which customer number 7
conducts its business.

Comparison operators could also determine a range of values. When you want to know what
products in your database are selling for more than $20, use the following query:

SELECT prod_description_s,
prod_price_n

FROM product

WHERE  prod_price_n > 20

PROD_DESCRIPTION_S PROD_PRICE_N
STEEL NAILS 6'' 33.28
STOOL CAPS 5'' 26.82
BAR RAILS 24X48X128 23.10
BAR RAILS 30X45X60 27.00
BASES 30X45X60 23.10

(5 rows affected)

This query returns information for all products whose price is over $20.
Compound operators: Using AND and OR

There could be more than one criterion specified with the query. For example, you may want to
retrieve all the phone salespersons in your company that are not assigned to a customer. In the
table, there are phone numbers and fax numbers; to eliminate the latter, the following query
could be used:

SQL> SELECT phone_salesmanid_fn,
phone_phonenum_s,
phone_type_s

FROM phone

WHERE phone_custid_fn IS NULL

AND phone_type_s = 'PHONE'



PHONE_SALESMANID_FN PHONE_PHONENUM_S PHONE_TYPE_S

23 (305) 555-8502 PHONE
24 (626) 555-4435 PHONE
25 (717) 555-5479 PHONE
26 (718) 555-7879 PHONE
27 (718) 555-5091 PHONE
28 (814) 555-0324 PHONE

6 record(s) selected.

Only records where column PHONE_CUSTID_FN contains NULL and the type of the numbers is
PHONE made it to the final resultset.

The records could be selected using the OR compound operator. In the following example, only
records for the orders that were placed by customer 63 or that have an order ID equal to 30661
are taken into consideration.

SELECT ordhdr_id_n,
ordhdr_custid_fn

FROM order_header

WHERE ordhdr_id_n = 30661

OR ordhdr_custid_fn = 63

ORDHDR_ID_N ORDHDR_CUSTID_FN

30613 63
30614 63
30615 63
30661 1

4 records(s) selected.

This provides you with the functionality to specify disparate selection criteria: the customer ID
of the customer who had placed order 30661 is not 7, nevertheless it is present on the list of
the records because you've specified that you are interested in the orders placed by customer
63 OR the order #30661, regardless of the customer ID. Using AND in this case would yield no
results since order 30661 was not placed by customer 7, and no record satisfying both criteria
at the same time would be found.

Using the BETWEEN operator

While it is possible to use a combination of => (greater than or equal to) and <= (less than or
equal to) operators to achieve exactly the same results, the BETWEEN operator provides a more
convenient (and often more efficient) way for selecting a range of values.
SELECT prod_description_s,

prod_price_n
FROM product
WHERE prod_price_n BETWEEN 23.10 AND 30



PROD_DESCRIPTION_S PROD_PRICE_N

STOOL CAPS 5'' 26.82
BAR RAILS 24X48X128 23.10
BAR RAILS 30X45X60 27.00
BASES 30X45X60 23.10

4 record(s) selected.

Note that the range of the values is inclusive, that is, the values used in specifying the range

are included into the final resultset. This behavior is number-specific, if other database types

(e.g., characters, dates, etc.) are used for criteria, results might differ. The operator could be

used with virtually any data type: dates, characters, numbers, and so on. (See Chapter 11 for
more information.)

Using the IN operator: Set membership test

When there is more than one exact criterion for the WHERE clause, and these criteria do not fit
any range of values, you may use an OR statement. Consider the following query:

SELECT cust_name_s,
cust_credhold_s

FROM customer

WHERE cust_alias_s '"MNGA71396"' OR
cust_alias_s '"MNGA71398"' OR
cust_alias_s = 'MNGA71400'

CUST_NAME_S CUST_CREDHOLD_S
WILE SEAL CORP. Y
MAGNETICS USA INC. N
MAGNETOMETRIC DEVICES INC. N

3 record(s) selected.

Any records that correspond to either of the three specified criteria make it into the final
resultset. The same result is easier achieved using an IN operator:

SELECT cust_name_s,
cust_credhold_s
FROM customer
WHERE cust_alias_s IN
('MNGA71396', 'MNGA71398', 'MNGA71400')

CUST_NAME_S CUST_CREDHOLD_S
WILE SEAL CORP. Y
MAGNETICS USA INC. N
MAGNETOMETRIC DEVICES INC. N

3 record(s) selected.



The IN operator makes your life easier by replacing numerous OR statements and speeding up
the query execution along the way. All values specified within an IN operator must be of the
same data type as they refer to one column.

The NOT operator

The NOT operator negates results of the operator by making it perform a search for the results
exactly opposite to those specified. Any of the operators and queries discussed to this point
could have produced opposite results if NOT was used. The following example returns all the
results that do not match the specified criteria — having the name with the second letter I, third
L, and fourth E; only records that do not have such a sequence starting from the second
position within the company name are selected:

SQL> SELECT cust_name_s
FROM customer
WHERE cust_name_s NOT LIKE '_ILE%'

cust_name_s

MAGNETICS USA INC.
MAGNETOMETRIC DEVICES INC.
FAIR PARK GARDENS

FAIR AND SONS AIR CONDTNG

KILBURN GLASS INDUSTRIES
CARLTONBATES COMPANY
DABAH BROS INC.

INSULECTRO INC.
INTEGRATED POWER DESIGNS
EASTERN SATELLITE COMPANY

32 record(s) selected

Using the IS NULL operator: Special test for NULLS

We have mentioned before that relational databases are using a special value to signify the
absence of the data in the database table column — NULL. Since this value does not comply
with the rules that all the other values follow (e.g., comparison, operations, etc.), they cannot
be detected with the equation/comparison operator =; i.e., the syntax WHERE <co lumn_name>
= NULL, while being technically valid in Oracle or DB2 UDB (and valid in Microsoft SQL Server
2000 under certain circumstances), would never yield any data because the equation will
always evaluate to FALSE.

The test for NULL is performed with the IS keyword, as in the example below, which retrieves
information about salesmen that have customers without a PHONE_CUSTID_FN number.

SELECT phone_salesmanid_fn,
phone_phonenum_s,
phone_type_s

FROM phone

WHERE phone_custid_fn IS NULL



PHONE_SALESMANID_FN PHONE_PHONENUM_S PHONE_TYPE_S

23 (305) 555-8502 PHONE
24 (626) 555-4435 PHONE
25 (717) 555-5479 PHONE
26 (718) 555-7879 PHONE
27 (718) 555-5091 PHONE
28 (814) 555-0324 PHONE
23 (305) 555-8501 FAX
24 (626) 555-4434 FAX
25 (717) 555-5478 FAX
26 (718) 555-7878 FAX
27 (718) 555-5091 FAX
28 (814) 555-0323 FAX

12 record(s) selected.

Note In Microsoft SQL Server 2000 Transact-SQL, a NULL is never equal to another NULL
unless you specifically instruct SQL Server to do so by issuing command SET
ANSI_NULLS OFF; setting this parameter OFF within the session would allow you to
compare a NULL value with another NULL value, setting it back ON (default) brings
back the SQL99 standard behavior.

Just as easily, you may test for the absence of the NULL value in the specified column using
the NOT operator. The IS NULL test returns FALSE or TRUE, depending on whether the value in
the column is or is not a NULL. The syntax follows that of the English language: you cannot use
NOT IS NULL (produces error), but IS NOT NULL yields the desired results. The following query
produces the records for the salesmen whose customers do have phones (therefore the value
in the field PHONE_CUSTID_FN is NOT a NULL):

SELECT phone_custid_fn,
phone_phonenum_s,
phone_type_s

FROM phone

WHERE phone_custid_fn IS NOT NULL

PHONE_CUSTID_FN PHONE_PHONENUM_S PHONE_TYPE_S

1 (909) 555-9957 PHONE
1 (909) 555-9956 FAX
2 (501) 555-5702 PHONE
2 (501) 555-5701 FAX

152 (541) 555-8979 PHONE

152 (541) 555-8978 FAX

74 records

Using subqueries in a WHERE clause



As in the SELECT clause, the subqueries could be used with the WHERE clause to provide
missing values (or a set of values). For example, you cannot find information from the
ORDER_HEADER table using a customer's name only, because the ORDER_HEADER table
contains customer IDs, not the names; thus, the customer ID could be found in the table
CUSTOMER using the customer name as a criterion, and then used to select values from the
ORDER_HEADER table:

SELECT ordhdr_nbr_s,
ordhdr_orderdate_d
FROM order_header
WHERE ordhdr_custid_fn =
(SELECT cust_id_n
FROM customer
WHERE cust_name_s = 'WILE ELECTRONICS INC.')

ordhdr_nbr_s ordhdr_orderdate_d

523733 2002-08-15 00:00:00.000
523734 2002-08-15 00:00:00.000
523735 2002-08-15 00:00:00.000

(3 row(s) affected)

The subquery executes first, thus providing the outer query with a set of values to select from.
In this case, a single matching value is expected. If for some reason the subquery returns more
than one row (and therefore more than one value could match the ORDHDR_CUSTID field), an
error will be generated.

Any of the operators discussed earlier in this chapter could be used with the subqueries,
though one has to pay attention to the kind of data required by them: the IN operator would
accept a range of values, while LIKE requires a single value to function. For example, the
following query uses the IN operator for several values returned by the subquery:

SELECT phone_phonenum_s,
phone_type_s
FROM phone
WHERE phone_salesmanid_fn IN
(SELECT salesman_id_n
FROM salesman
WHERE salesman_code_s BETWEEN '07' and '10')

PHONE_PHONENUM_S PHONE_TYPE_S
(718) 555-7879 PHONE

(718) 555-5091 PHONE

(814) 555-0324 PHONE

(718) 555-7878 FAX

(718) 555-5091 FAX

(814) 555-0323 FAX

6 record(s) selected.



When the subquery returns a set of possible values, and the outer query employs some
operator that compares them, how would this query distinguish between these values? SQL
introduces two operators ANY and ALL to accomplish this distinction.

There is a view in the ACME database that contains order totals for a single company — WILE
BESS COMPANY. The view was created to illustrate the usage of these two operators.
Consider the following query:

SELECT v_total.customer_name,
v_total.total_price

FROM v_customer_totals v_total

WHERE v_total.total_price >

ANY (SELECT vctw.total_price
FROM v_customer_totals_wilebess)
ORDER BY total_price ASC

CUSTOMER_NAME TOTAL_PRICE
WILE ELECTROMATIC INC. 7511.00
WILE BESS COMPANY 7511.00
WILE ELECTROMATIC INC. 7799.20
WILE BESS COMPANY 8390.00
WILE BESS COMPANY 8390.00
WILE SEAL CORP. 15456.80
WILE ELECTRONICS INC. 15456.80

29 rows selected.

It is looking for orders with a total greater than ANY order by WILE BESS COMPANY (i.e.,
greater than any amount present in the set returned by the subquery). That means that records
selected by the outer query should be greater than any of the values — effectively meaning
that they should be greater than the smallest of the values returned by the subquery (which is
6608.00). The resultset was sorted in ascending order to help you visualize the situation. Here
is a query that would produce identical results:
SELECT v_total.customer_name,
v_total.total_price
FROM v_customer_totals v_total
WHERE v_total.total_price >
(SELECT MIN(vctw.total_price)
FROM v_customer_totals_wilebess)
ORDER BY total_price ASC);

The subquery here returns a single value — the minimal TOTAL_PRICE, which could be
compared with a single value from the outer query.

Deploying the ALL operator brings up completely different records. It will instruct the outer
query to select records whose TOTAL_PRICE is greater than all the values — meaning greater
than the greatest value returned by the subquery. The results are arranged in ascending order,
to underscore the point that the lowest TOTAL_PRICE column from the view
V_CUSTOMER_TOTAL value returned by the outer query is bigger than the greatest:



SELECT v_total.customer_name,
v_total.total_price
FROM v_customer_totals v_total
WHERE v_total.total_price >
ALL (SELECT vctw.total_price
FROM v_customer_totals_wilebess vctw)
ORDER BY total_price DESC

CUSTOMER_NAME TOTAL_PRICE
WILE ELECTRONICS INC. 15456.8
WILE SEAL CORP. 15456.8

2 rows selected.

The same results could be achieved employing MAX function in the subquery, which ensures
that only a single value (i.e., 15402 . 20) would be returned for comparison purposes:

SELECT customer_name,
total_price
FROM v_customer_totals
WHERE  total_price > (SELECT MAX(total_price)
FROM v_customer_totals_wilebess)
ORDER BY total_price DESC;

Nested subqueries

The subquery could host a subquery in its turn. This is called nested subqueries. There is no
theoretical limit on the nesting level — i.e., how many times there could be a query within a
guery — though some vendors limit it. Subquery is an expensive way (in computer resources
terms) to find out information and should be used judiciously.

For example, to find all customers that ever ordered a product called CRATING MATERIAL
12X48X72, you could use the following query:

SELECT cust_name_s,
cust_alias_s
FROM customer
WHERE cust_id_n 1IN
(SELECT ordhdr_custid_fn
FROM order_header
WHERE ordhdr_id_n in
(SELECT ordline_ordhdrid_fn
FROM order_line
WHERE ordline_prodid_fn =
(SELECT prod_id_n
FROM product
WHERE prod_description_s = 'CRATING MATERIAL 12X48X72'

)
)

)
CUST_NAME_S CUST_ALIAS_S



WILE ELECTROMATIC INC. ECEL71460
WILE BESS COMPANY BSSE71641

2 rows selected.

The first query to be executed would be that with the highest nesting level — three in this case,
then the second, then the first, and finally, when all necessary information is gathered, the main
query would be executed.

There are also special cases of subquery called correlated subquery. The difference in regular
and correlated subqueries is that the values from the outer subquery (host query) can be used

as a parameter in the inner subquery. The correlated subqueries will be explained further in the
chapter, in the section dealing with combining resultsets of the queries — namely, dealing with

INTERSECT and MINUS keywords.



GROUP BY and HAVING Clauses:
Summarizing Results

Grouping records in the resultset based on some criteria could
provide a valuable insight into data that has accumulated in the
table. For example, you would like to see the final resultset of
your orders (where there could be one or more order items per
order) not in the random order they were entered in, but rather in
groups of items that belong to the same order:

SELECT ordline_ordhdrid_fn,
ordline_ordqgty_n AS QTY_PER_ITEM

FROM order_1line

GROUP BY ordline_ordhdrid_fn,
ordline_ordqty_n;

ordline_ordhdrid_fn QTY_PER_ITEM

30607 90

30607 500
30608 275
30608 340
30609 560
30666 560
30667 560
30668 12

30668 90

30669 120
30669 480
30670 126
30670 450

97 records selected.



Note the repeating values (groups) in the
ORDLINE_ORDHDRID_FN field, representing the order header ID
for which there could be one or more order items and for which
there are different quantities. This information might become
more concise with the use of aggregate functions that could sum
the quantity for the order or calculate the average, and so on (see
the example in this paragraph using SUM function).

Note All columns specified in a SELECT clause list, with the
exception of aggregate columns (these used as an
argument for an aggregate function), must be listed in
the GROUP BY clause as well.

The GROUP BY clause is mostly (but not always) used in
conjunction with aggregate functions, which are introduced in
Chapter 10. The aggregate functions return a single value as a
result of an operation conducted on a set of values. The set is
grouped to provide a series of sets for use with the aggregate
functions.

Table 10-7 in Chapter 10 lists five aggregate functions alongside
their descriptions and particulars of implementation across all
three RDBMS. For examples of the specific function usage,
please refer to Chapter 10; here we're going to discuss the
concept of aggregation and how it refers to the GROUP BY clause
within a SELECT query.

To calculate the total sum of an ordered quantity for all orders
(and one order could have one or more items) in the table
ORDER_LINE you could use the SUM aggregate function:

SELECT

SUM(ordline_ordgty_n) AS
TOT_QTY_PER_ORDER
FROM order_1line;



TOT_QTY_PER_ORDER

1 record selected.

The single value that summed up all ordered quantities for all the
records in the table was returned. While useful, this information
could be more valuable if the ordered quantity is summed up per
order — you would know how many items were ordered in each
and every order. Here is the query that accomplishes this task:

SELECT ordline_ordhdrid_fn,
SUM(ordline_ordgty_n) AS

TOT_QTY_PER_ORDER

FROM order_1line

GROUP BY ordline_ordhdrid_fn

ORDLINE_ORDHDRID_FN TOT_QTY_PER_ORDER

30607 590
30608 615
30609 560
30669 600
30670 720

51 rows selected.

Here we have much more detailed information, as the quantities
were grouped by order and then summed up for each order,
producing a single value for each order (as opposed to producing
it for a whole resultset).

Here is an example of another aggregate function
AVG,
which calculates the average of the values. In



this case, you are

going to calculate the average quantity per

order.

SELECT ordline_ordhdrid_fn,
AVG(ordline_ordgty_n) AS

AVG_QTY_PER_ORDER

FROM order_1line

GROUP BY ordline_ordhdrid_fn

ORDLINE_ORDHDRID_FN AVG_QTY_PER_ORDER

30607 295
30608 307.5
30609 560
30669 300
30670 180

51 rows selected.

Note For order #30608, the average quantity is 307.5 in
Oracle, but MS SQL Server and DB2 would round the
value to 307 because the field is of INTEGER data type,

whereas Oracle uses the NUMBER data type able to

accommodate decimals. Refer to Chapter 3 for more
information on data types.

The HAVING clause used exclusively with the GROUP BY clause

provides a means of additional selectivity. Imagine that you need
to select not all records in your GROUP BY query but only those

that would have their grouped value greater than 750. Adding
additional criterion to the WHERE clause would not help, as the

value by which we could limit the records is calculated using
GROUP BY and is unavailable outside it before the query has

completed execution. The HAVING clause used within the GROUP
BY clause allows us to add this additional criterion to the results



of the GROUP BY operation. For example, to display orders with a
total quantity greater than 750, the following query could be used:

SELECT ordline_ordhdrid_fn,
SUM(ordline_ordgty_n)

TOT_QTY_PER_ORDER

FROM order_1line

GROUP BY ordline_ordhdrid_fn

HAVING SUM(ordline_ordqty_n) > 750

ORDLINE_ORDHDRID_FN TOT_QTY_PER_ORDER

2 records selected.

As you can see, only 2 records among 51 from the previous
guery had satisfied this additional restriction.

We could have used a column ORDLINE_ORDHDRID_FN, without
the SUM aggregate function in the HAVING clause to restrict the
returned records by some other criteria, but we cannot use just
any column from the SELECT clause: It also has to be listed in the
GROUP BY clause to be used with HAVING. Here is a query
example that sums up order quantities grouped by order header
ID only if they fall into a specified list of orders:

SELECT ordline_ordhdrid_fn,
SUM(ordline_ordqty_n) TOT_QTY_PER_ORDER

FROM order_1line

GROUP BY ordline_ordhdrid_fn

HAVING ordline_ordhdrid_fn IN

(30607, 30608, 30611, 30622)

ordline_ordhdrid_fn TOT_QTY_PER_ORDER



30607
30608
30611
30622

590
615
625
7126

4 records selected.

Note While GROUP BY would consider the null values in the

columns by which the grouping is performed a valid
group, this is not the way the NULLSs are treated by the
aggregate functions. Aggregate functions simply
exclude the NULL records — they will not make it to the
final result. See Chapter 10 for more information.




ORDER BY Clause: Sorting Query Output

The query returns results matching the criteria unsorted — i.e., in
the order they've been found in the table. To produce sorted
output — alphabetically or numerically — you would use an
ORDER BY clause. The functionality of this clause is identical

across all "big-three" databases.

The following query sorts the output by the customer name
alphabetically in ascending order:

SQL> SELECT cust_name_s,
cust_alias_s,
cust_status_s

FROM customer

ORDER BY cust_name_s;

cust_name_s cust_alias_s
cust _status_s

BOSWELL DESIGNS CORP. BWS071471
;URNETTE WILLTIAM CORP. BNRU71477
gARLTONBATES COMPANY CLRA71445
gHGO SWITCHBOARD INC. COGH71478
gOFFMAN DOUGLAS CFFO071482
Y

WILE.ELECTRONICS INC. ISCC71419
LILE SEAL CORP. MNGA71396

Y



37 rows selected.

The results could be sorted in either ascending or descending
order. To sort in descending order, you must specify keyword
DESC after the column name; to sort in ascending order you may

use ASC keyword (or omit it altogether, as it is done in the above
guery, since ascending is the default sorting order).

The column used in the ORDER BY clause does not have to
appear in the SELECT clause, though it must be present in the
table:

SELECT cust_name_s,
cust_alias_s

FROM customer

ORDER BY cust_status_s

In this query, results are sorted by CUST_STATUS_S — a column
that is not among those selected for display.

It is possible to sort by more than one column at the same time,
though results might not be as obvious. The precedence of the
columns in the ORDER BY clause is of importance here: First
results are sorted by the values of the first column, then — within
the order established by the first column — the results will be
sorted by the second column values.

It is even possible to specify different orders — ascending or
descending for the different columns listed in the ORDER BY

clause. The following example orders the records from the
PRODUCT table first by the price in ascending order, then by the

net weight — in descending order for each price value:
SELECT prod_id_n,

prod_price_n,

prod_netwght_n



FROM product
ORDER BY prod_price_n ASC,
prod_netwght_n DESC

PROD_ID_N prod_price_n prod_netwght_n

4000 11.80 15.194
990 18.24 21.226
4964 23.10 18.480
4761 23.10 10.032
2871 26.82 34.552
4906 27.00 22.000
1880 33.28 38.391

10 rows selected

Among the results returned by the query (which are sorted by the
price in ascending order) there are two products (PROD_ID_N =

4964 and PROD_ID_N = 4761) that happen to have an identical
price — $23.10. You can see that the values of the column
PROD_NETWGHT_N for these products IDs are sorted in

descending order.

Note If any of the column values contain NULLS, they would
appear last on the ascending list, as NULLs by definition

have ASCII number greater than any printable
character.

Both Oracle and Microsoft SQL Server 2000 allow using ordinal
numbers in the ORDER BY clause — i.e., instead of the column
name you may use a number referring to the order in which this
column appears in the SELECT part of the query. Following these
rules, the above query could be rewritten as



SELECT prod_id_n,
prod_price_n,
prod_netwght_n

FROM product
ORDER BY 2 ASC,
3 DESC

When ordinals are used instead of the column names in the
ORDER BY clause, all these columns must appear in the SELECT
statement (compare with the previous paragraph).

The ORDER BY clause is commonly used in conjunction with the
GROUP BY expression, and the ordering could be performed by a

computed column. The next query demonstrates this; it also uses
a computed aliased AVG value for sorting purposes:

SELECT ordline_ordhdrid_fn,
AVG(ordline_ordqty_n) AS

AVG_QTY_PER_ORDER

FROM order_1line

GROUP BY ordline_ordhdrid_fn

ORDER BY AVG_QTY_PER_ORDER DESC

ORDLINE_ORDHDRID_FN AVG_QTY_PER_ORDER

30610 700
30619 700
30650 700
30668 157.8
30622 145.2
30662 145.2

51 rows selected.

Note The GROUP BY and ORDER BY clauses have certain
similarities in both syntax and usage. They both are



dealing with the ordering of data, and sometimes it is
possible to use a GROUP BY clause in place of an
ORDER BY clause. (That might be useful; for example, in
the view creation process when the ORDER BY clause is
illegal.) However, GROUP BY used for this purpose would
have some disadvantages: You must list all
nonaggregate columns listed in the SELECT clause in
the GROUP BY clause, and you cannot use numbers to
designate columns.



Combining the Results of Multiple Queries

It is possible to produce a single result combining the results of
two or more queries. The combined resultset might be a simple
aggregation of all records from the queries; or some operation
related to the theory of sets (see Appendix L) could be performed
before the final resultset was returned.

The SQL99 standard supports UNION, INTERSECT, and EXCEPT
clauses that could be used to combine the results of two or more
gueries.

UNION

The following query returns all the records containing some
information about customers that do not yet have an assigned
salesman:

SELECT phone_custid_fn OWNER_ID,
'"CUSTOMER PHONE' PHONE_TYPE,
phone_phonenum_s

FROM phone

WHERE phone_type_s = 'PHONE'

AND phone_salesmanid_fn IS NULL
OWNER_ID PHONE_TYPE phone_phonenum_s
o1 CUSTOMER PHONE (817) 555-5524
5 CUSTOMER PHONE (847) 555-2924
12 CUSTOMER PHONE (508) 555-5224
61 CUSTOMER PHONE (541) 555-3091
16 CUSTOMER PHONE (201) 555-9302
89 CUSTOMER PHONE (908) 555-3779
85 CUSTOMER PHONE (281) 555-2835

152 CUSTOMER PHONE (541) 555-8979



37 records selected

This query returns a total of 37 records. Now, assume that you
also would like to include in the resultset the list of salesmen's
phones who do not have a customer assigned to them yet. Here
is the query to find these salesmen; it returns six records:

SELECT phone_salesmanid_fn,
'SALESMAN PHONE',
phone_phonenum_s

FROM phone
WHERE phone_type_s = 'PHONE'
AND phone_custid_fn IS NULL

phone_salesmanid_fn
phone_phonenum_s

23 SALESMAN PHONE (305) 555-
8502
24 SALESMAN PHONE (626) 555-
4435
25 SALESMAN PHONE (717) 555-
5479
26 SALESMAN PHONE (718) 555-
7879
27 SALESMAN PHONE (718) 555-
5091
28 SALESMAN PHONE (814) 555-
0324

6 records selected

To combine these records into a single resultset, you would use
the UNION statement:



SELECT phone_custid_fn OWNER_ID,
'"CUSTOMER PHONE' PHONE_TYPE,
phone_phonenum_s

FROM phone

WHERE phone_type_s = 'PHONE'

AND phone_salesmanid_fn IS NULL

UNION

SELECT phone_salesmanid_fn,
'SALESMAN PHONE',
phone_phonenum_s

FROM phone

WHERE phone_type_s = 'PHONE'

AND phone_custid_fn IS NULL

ORDER BY 2, 1

OWNER_ID PHONE_TYPE PHONE_PHONENUM_S
1 CUSTOMER PHONE (909) 555-9957
2 CUSTOMER PHONE (501) 555-5702
3 CUSTOMER PHONE (520) 555-5513
4 CUSTOMER PHONE (802) 555-2091
26 SALESMAN PHONE (718) 555-7879
27 SALESMAN PHONE (718) 555-5091
28 SALESMAN PHONE (814) 555-0324

43 rows selected.

Now you have a full list that includes all records from the query
about customers, combined with the results brought by the query
about salesmen. You may visualize this as two resultsets glued
together. All queries in an SQL statement containing a UNION

operator must have an equal number of expressions in their lists.
In addition, these expressions (which could be columns, literals,
results of functions, etc.) must be of compatible data types: For
example, if the expression evaluates to a character string in one



guery, it cannot be a number in the second query that is joined to
the first by the UNION operator.

The results of UNION could be ordered (as we can see in the
UNION query above) but the ORDER BY clause could be used only

with the final resultset — that is, it can refer to the result of the
UNION, not to particular queries used in it.

If the queries potentially could bring duplicate records, you may
want to filter the duplicates, or, conversely, make sure that they
all are present. By default, the UNION operator excludes duplicate
records; specifying UNION ALL makes sure that your final
resultset has all the records returned by all the queries
participating in the UNION.

Here is a simple query returning status code and description from
the STATUS table of the ACME database:

SELECT status_code_s,
status_desc_s
FROM status

ST STATUS_DESC_S
60 SHIPPED

20 COMPLETE

/0 INVOICED

80 CANCELLED

4 rows selected.

You can use exactly the same query to produce a resultset
containing the duplicate rows, and combine the resultsets
together using UNION:

SELECT status_code_s,
status_desc_s



FROM status

UNION

SELECT status_code_s,
status_desc_s

FROM status

ST STATUS_DESC_S
20 COMPLETE

60 SHIPPED

70 INVOICED

80 CANCELLED

4 rows selected.

As you can see, the duplicates (i.e., the record where each
corresponding column matched in both queries) were excluded,
and the final record count is still 4, which is what you could have
gotten from the one query only. This behaviour is in full
compliance with the Set Theory. Running the same queries
combined with the UNION ALL operator (which overrides this
behaviour) returns all records from both queries, no duplicates
are excluded:

SELECT status_code_s,
status_desc_s

FROM status

UNION ALL

SELECT status_code_s,
status_desc_s

FROM status

ST STATUS_DESC_S

60 SHIPPED
20 COMPLETE



70 INVOICED
80 CANCELLED
60 SHIPPED
20 COMPLETE
70 INVOICED
80 CANCELLED

8 records selected.

Note The ALL keyword in the UNION operator brings the
business world into our discussion: UNION ALL does
not comply with set theory, where Idempotent Law A U A
= A (see Appendix L) simply states that union of a set
with itself is the same union. It is more intuitive from a
business point of view to expect all records from
constituent queries combined in the final resultset.

INTERSECT

The INTERSECT operator is used to evaluate results returned by
two queries but includes only the records produced by the first
guery that have matching ones in the second. This operator is
implemented in Oracle and IBM DB2 UDB but not in Microsoft
SQL Server 2000, which uses EXISTS operator for this purpose.

Consider the query that selects customer IDs (field CUST_ID_N)
from the CUSTOMER table of the ACME database and intersects

them with results returned by a second query, producing a
resultset of customer's IDs who placed an order:

SELECT cust_id_n

FROM customer
INTERSECT

SELECT ordhdr_custid_fn
FROM order_header



CUST_ID_N

55
63
152

5 records selected

The same results are achievable in a variety of ways. Here is an
example, using a subquery and an IN operator:

SELECT cust_id_n

FROM  customer

WHERE cust_id_n IN
(SELECT ordhdr_custid_fn
FROM order_header)

CUST_ID_N

55
63
152

5 records selected

MS SQL Server does not have INTERSECT, offering the EXISTS

operator instead. The following query could be rewritten in SQL
Sever syntax using this operator and a correlated query:

SELECT cust_id_n
FROM customer
WHERE EXISTS
(SELECT ordhdr_custid_fn



FROM order_header
WHERE ordhdr_custid_fn = cust_id_n)

55
63
152
(5 row(s) affected)

Note The EXISTS keyword is common for all our "big three"
databases, so this query would work for all of them.

While INTERSECT could be replaced with a combination of other
SQL methods, it contributes to the clarity of the SQL code and
speeds up its execution because it is more optimized than a
subquery.

EXCEPT (MINUS)

When combining the results of two or more queries into a single
resultset, you may want to exclude some records from the first
guery based on what was returned by the second. This keyword
is implemented in IBM DB2 UDB only, whereas Oracle uses the
MINUS keyword and Microsoft SQL Server 2000 uses EXISTS for
the same purpose. The operation's functionality directly follows
the rules of set theory, covered in Appendix L.

Consider the following two queries; both select some information
about a customer. Here is the resultset returned by the first query:

SELECT cust _id n
FROM customer



37 rows selected

The first query returns 37 rows. And here are the results of the
second query:

SELECT ordhdr_custid fn
FROM order_header

ordhdr_custid_fn

\l

152

(51 row(s) affected)



The EXCEPT result will be all the records from the first minus
those returned by the second.

SELECT cust_id_n

FROM customer

MINUS

SELECT ordhdr_custid_fn
FROM order_header;

cust_id n

2
3

(32 row(s) affected)

And the MINUS operation brings 32 records. Five of the records
from the second query were excepted from the records returned
by the first query. We've shortened the output of all three queries
to fit the page, but you may run the query yourself on the RDBMS
of your choice; with any luck the results would match these
described in the paragraph.

Oracle's name for this operator is MINUS, while DB2 UDB retains
the SQL99 standard — EXCEPT.

The DB2 UDB syntax for this query would be identical save for
the use of the EXCEPT operator:



SELECT cust_id_n

FROM customer

EXCEPT

SELECT ordhdr_custid_fn
FROM order_header

Microsoft SQL Server 2000 offers the NOT EXISTS operator
instead; surprisingly this syntax, while not part of the SQL99
standard, is common to all "big-three" databases. To get the
results with the NOT EXISTS operator you need to use a
correlated subquery. A correlated subquery differs from a regular
subquery in that it accepts a parameter from the outer query as a
criterion in the WHERE clause:

SELECT cust_name_s,
cust_alias_s,
cust_status_s
FROM customer cust
WHERE NOT EXISTS (SELECT *
FROM order_header
WHERE ordhdr_custid_fn =
cust.cust_id_n)

cust _name_s cust_alias_s
cust _status_s

MAGNETICS USA INC.
MNGA71398 Y
MAGNETOMETRIC DEVICES INC.
MNGA71400 Y
FAIR PARK GARDENS
NULL Y
FAIR AND SONS AIR CONDTNG
FRIA71406 Y



INSULECTRO INC.

TUSN71521 Y
INTEGRATED POWER DESIGNS
TETN71523 Y

EASTERN SATELLITE COMPANY
ETSA71626 Y

(32 row(s) affected)

In this case, we used the CUST_ID_N field of the CUSTOMER
table as a criterion for the subquery to limit the number of the
potential records. If there is a record for a customer ID
(ORDHDR_CUSTID_FN = CUST.CUST_ID_N) in the
ORDER_HEADER table, the record will be excluded from the outer
guery final resultset; only records for customers that have not
placed orders will be returned.



Summary

The SELECT statement is arguably the most important statement
in the whole Structured Query Language. It is the only statement
of the data query language (DQL) and provides the means for
extracting data.

This chapter introduces the important concepts of a single table
SELECT query and all its component clauses — SELECT, FROM,

and WHERE.

The query only extracts data and modifies the extract, it never
modifies the data in the underlying tables. The operations on the
resultsets generally follow the rules of the mathematical set
theory, the basic knowledge of which is beneficial for
understanding the results.

The queries could be combined into a single resultset using the
UNION, INTERSECT, or EXCEPT operations. Some of these

results are implemented differently by different RDBMS vendors.

Subqueries can be used as a part of a general SELECT query

and can be nested in order to dynamically retrieve information
that is difficult or impossible to obtain otherwise.



Chapter 9: Multitable Queries



Overview

In the previous chapter we introduced the simple, or single-table
guery. However, you can hardly find a relational database with
just one table — that contradicts the whole idea of RDBMS and
normalization rules. To achieve meaningful results you usually
have to retrieve information from multiple tables within a single
query. All RDBMS allow you to join data from two or more tables
based on a common column (or multiple columns), i.e., when this
column(s) appears in both tables — under the same or a different
name; for example (having ACME database in mind),
ORDER_HEADER table could be joined with CUSTOMER using the

ORDHDR_CUSTID FN and CUST_ID N columns.

Note The rule above is only enforced logically; for example,
nothing prevents you from joining two tables based on
unrelated columns (for example, ORDER_HEADER and
PRODUCT using ORDHDR_ID_N and PROD_ID_N
correspondingly), but the result of such a join would be
completely meaningless nonsense.

All joins can generally be divided into two large groups — inner
joins and outer joins.



Inner Joins

In this section we'll be talking about inner joins, which only return rows with matching values from
both joined tables excluding all other rows.

Two syntaxes for inner joins

There are two different syntaxes for table joins in SQL, one introduced in 1992 by the SQL standards
committee, and the "old" one, used before this date but which still persists. The new standard syntax
began to take a foothold in the late 1990s with introduction of Microsoft SQL Server 7.0, IBM DB2
UDB 7.1, and eventually Oracle joining the club with its 9i version, which supports the standard
"new" SQL syntax in addition to the old one.

SQL99

SQL99 defines syntax that uses FROM clause of the SELECT statement to join tables: ... FROM
<table1> [INNER | NATURAL | CROSS] JOIN <table2> [ON <condition>] | [USING
<column_name>,..],... ...

The actual examples are given later in this chapter; for now let's clarify what all the optional clauses
stand for.

Inner join options
With an inner join, you have these options:

» Keyword INNER is optional; it could be used for clarity to distinguish between inner and outer
joins.

= Keyword NATURAL is used to specify a natural join between two tables, i.e., join them by
column(s) with identical names. You cannot invoke either the ON or USING clause along with
the NATURAL keyword. Out of all our "big three" RDBMS, it is available only in Oracle 9i. The
natural join is discussed in more detail later in this chapter.

= Keyword CROSS is used to produce a cross join, as discussed later in this chapter. The
keyword is valid for Oracle 9i and MS SQL Server 2000 syntax but is not recognized by DB2
UDB 8.1.

ON and USING clauses

The ON clause is to specify the join condition (equijoin or nonequijoin, explained later in the chapter);
all our "big three" databases have it in their syntax.

When you are specifying an equijoin of columns that have the same name in both tables, a USING
clause can indicate the column(s) to be used. You can use this clause only if the join columns in both
tables have the same name. The USING clause could be used when the NATURAL join would not
work properly, i.e., tables have more identically named columns than you would actually want to use
in your join. For example, if hypothetical tables A and B have common fields CUST_ID, PROD_1ID,
and ORDER_ID, but you only want to join them by CUST_ID and PROD_ID, you could specify ...
FROM A JOIN B USING (CUST_ID, PROD_ID) ...

Note The column names in USING clause should not be qualified by table names.

The USING clause is only supported by Oracle 9i out of our three vendors, but the same results
could easily be achieved with ON clause: ... FROM A JOIN B ON A.CUST_ID = B.CUST_ID AND



A.PROD_ID = B.PROD_ID ...

Old syntax

The other syntax, which is commonly used by virtually everyone (Oracle only recognized the
"standard" syntax starting version 9i, and Microsoft SQL Server introduced it in version 7.0),
performs joins in the WHERE clause: ... WHERE [<qualifier>.]J<column_name> <join_condition>
[<qualifier>.]J<column_name> [AND [<qualifier>].<column_name> <join_condition> [<qualifier>.]
<column_name>],... ...

The join_condition can be the "equal” sign ('=") for equijoin or "not equal,” "greater than," "less
than," "greater than or equal,” or "less than or equal” signs (<>, >, <, >=, <=) for non-equijoin. The
explanation of terms "equijoin" and non-equijoin” follows.

Equijoin

Equijoin, which is the most popular type of table join, uses exact matching between two columns. For
example, in the ACME database the CUSTOMER table does not contain any information about
customer phone numbers; the PHONE table has the field PHONE_CUSTID_FN, which is the foreign
key to CUSTOMER table. To display information from both tables, use equijoin as shown in Figure 9-1.

CUSTOMER PHONE

foust idn] - [hone,custid_fnphone,phononum 5[ phono,typo 5|
1 1 (909) 304-9957 F i
2 1

]
[
]

CUSTOMER JOIN PHOME ON CUST_ID_N = PHONE_CUSTID_FN
cust_id_n |cust_name s phone_phenonism_s | phone_type. s

ONS AR £

) (47
FAIR A SOMS AIRCO. . . (B4}

v Figure 9-1: Simple inner join

SQL99 standard syntax

The SQL99-compliant syntax to produce the output shown on the bottom of Figure 9-1 is given
here: SELECT cust_id_n, cust_name_s, phone_phonenum_s, phone_type s FROM customer
JOIN phone ON cust_id_n = phone_custid_fn

Natural join

Natural join is a special case of equijoin performed by RDBMS on the following assumption:
"Always join tables using a column (or multiple columns) if they share the same name(s)." In other
words, you don't have to specify the columns explicitly in the ON subclause of the SELECT
statement's FROM clause. The ON subclause is omitted completely.

Note The idea of natural join contradicts the quasi-"Hungarian" notation concept (see
Appendix B). In the ACME database, every column is prefixed with its abbreviated table
name, so every column name in the database is unique and as such the natural join
cannot be used at all. There are different opinions on whether the primary and the
foreign keys should share the same name. The possibility to perform natural joins seems
to be the only advantage in this case (and only if you are using Oracle), so in our ACME
database we decided to use the notation consistently.


clbr://internal.invalid/book/fig09_01_0.jpg

Cross- The naming conventions for the ACME database are described in Appendix B.
References

The natural join can make the query writing process easier, but only assuming the database
structure and the query itself are simple enough; otherwise undesirable joins and incorrect query
output could result.

Fully Qualified Column Names

If two or more tables share one or more column names referenced in your query, you must
prefix column names with either names of tables or with table aliases; otherwise the RDBMS
will not be able to resolve the ambiguity and an error message will be generated.

It is considered to be a good practice to qualify column references explicitly; however, as we
mentioned before, in our ACME sample database each and every column name is unique (i.e.,
is already fully qualified, in a way), which makes the use of the fully qualified names
unnecessary. The following example illustrates the use of the qualified names with the same
query as in the previous example: SELECT customer.cust_id_n, customer.cust_name_s,
phone.phone_phonenum_s, phone.phone_type_s FROM customer JOIN phone ON
customer.cust_id_n = phone.phone_custid_fn

We'll use the fully qualified names randomly in our further examples.

Old syntax

The old syntax joins tables in the WHERE clause of the SELECT statement. The syntax has its
defenders and opponents. The main argument against it is that the WHERE clause should not mix
joins and predicates — its only purpose should be setting the "vertical" limits on the produced
resultset. The major point for it is that in queries that join dozens of tables the old syntax is more
readable. Another big point is code legacy, especially for Oracle where the standard syntax was not
available until version 9i. It is your choice which syntax to use (we would suggest the SQL99-
compliant one for all new developments), but it is definitely not a bad idea to be familiar with both.

The following statement is the equivalent to one given in the previous section; the old syntax being
the only difference: SELECT c.cust_id_n, c.cust_name_s, p.phone_phonenum_s FROM customer c,
phone p WHERE c.cust_id_n = p.phone_custid_fn

Nonequijoin

Sometimes you need to join tables based on criteria other than equality. While the most typical use of
equijoin deals with primary/foreign key relationships, that is not usually the case with nonequijoins —
such a join would usually populate the resulting set in a way that does not make much sense at all.
For example, if you replace the = (equals) operator in the query from the last section with <> (not
equal), the resulting query will return every possible combination of customers and phone numbers
except the ones that actually represent the valid customer/phone listings (Eigure 9-2); in other words,
the result will be somehow similar to the Cartesian product (CROSS JOIN) discussed later in this
chapter.




CUSTOMER JOIN PHONE ON CUST_ID_N <> PHONE_CUSTID_FN

cust_id_n | cust_name_s phone_phonenum_s | phone_type_s
1 WILE SEAL CORP. | (817) 236-5524 PHONE
1 WILE SEAL CORP. | (847) 885-2924 PHONE
1 WILE SEAL CORP. | (508) 761-5224 PHONE
1 WILE SEAL CORP._ [(541) 994-3051 PHONE
1 WILE SEAL CORF. | (541) 336-3246 PHONE
1 WILE SEAL CORP. | (305) 822-8802 PHONE
1 WILE SEAL CORP. | [160) 355-2335 PHONE
1 WILE SEAL CORP, | (619) 424-6635 PHONE
1 WILE SEAL CORP. | (847) 885-2823 FAX

1 WILE SEAL CORP. | (508) 761-5223 FAX

1 WILE SEAL CORP. | (541) 994-3091 FAX

1 WILE SEAL CORP. | (541) 336-3245 FAX

1 WILE SEAL CORP. | (3 -BB01 FAX

1 WILE SEAL CORP._ |({760) 355-2334 FAX

1 WILE SEAL CORP. | (619) 424-6634 FAX
152 WILE BESS COMPA | (847} 885-2824 PHONE
152 WILE BESS COMPA, | (508) 761-5224 FPHONE
152 WILE BESS COMPA | (541) 994-3091 PHONE
152 WILE BESS COMPA | (541) 336-3246 PHONE
152 WILE BESS COMPA | (305) 8228802 PHONE
152 WILE BESS COMPA | (760) 335-2335 PHONE

Figure 9-2: Primary/foreign key nonequijoin In some situations though,
nonequijoins appear to be quite useful. For example, imagine ACME, INC. has the following set of
business rules. There is no discount for orders under $10,000; a 2 percent discount is given to all
orders with total amount between $10,000 and $14,999; the orders with a total amount between
$15,000 and $19,999 receive a 3 percent discount; and, finally, the orders that are $20,000 or
more are eligible for a 4 percent discount.

One of the ways to implement such business rules is to have a table that stores minimum and
maximum order amount along with the corresponding discount percentage as shown in Figure 9-
3.

DISCOUNT
DISC_MINAMOUNT_N | DISC_MAXAMOUNT_N | DISC_PCT
0 5339 1]
10000 14999 2
15000 19999 3
?[l[w 1 (O0O0O000 4

Figure 9-3: The contents of DISCOUNT table

Tip It is always a good practice to store values that potentially could change (for example, the
discount for orders over $20,000 might change from 4 to 3.5 percent) in a RDBMS table
rather than to hardcode them in the application. Should business rules change, you only
need to update the table value(s) — which is fast and painless in comparison with
changing the application code, recompiling the application, and so on.

In the following example, the nonequijoin between view V_CUSTOMER_TOTALS (that displays the
dollar amount totals per order calculated using the order line amounts) and table DISCOUNT is
shown. The query calculates the appropriate discount for each dollar amount (TOTAL_DISCOUNT)

by multiplying the order total amount by the appropriate percent discount found based on the rules
described above.

SQL99 standard syntax

SELECT ct.order_number,

ct.total_price,

ct.total_price * d.disc_pct / 100 AS total_discount
FROM v_customer_totals ct

JOIN
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discount d
ON ct.total_price > d.disc_minamount_n

AND
ct.total_price < d.disc_maxamount_n
ORDER_NUMBER TOTAL_PRICE TOTAL_DISCOUNT
523774 6608 (0]
523778 6608 (0]
523777 10010 200.2
523737 10010 200.2
523730 10915.8 218.316
523781 15402.2 462.066
523741 15402.2 462.066
523775 15456.8 463.704
523735 15456.8 463.704

51 rows selected.

Old syntax

SELECT order_number,
total_price,
total_price * disc_pct / 100 AS total_discount
FROM v_customer_totals ct,
discount d
WHERE ct.total_price > d.disc_minamount_n
AND ct.total_price < d.disc_maxamount_n

Note Tables can be joined by more than one column. In this example we join the
V_CUSTOMER_TOTALS column TOTAL_PRICE with both the DISC_MINAMOUNT_N and
DISC_MAXAMOUNT_N columns of the DISCOUNT table to find the appropriate discount
percentage for the specified range. Another typical example of multicolumn joins is when
you have to join composite primary/foreign keys.

Self-join

The idea of self-join is probably one of the most unintuitive SQL concepts. Even though it sounds
very simple — a table is joined with itself rather than with another table — sometimes it causes lots
of confusion.

One important thing to understand here is that despite the fact that you are joining the table with
itself, you are still dealing with two instances of the same table, or with two identical tables rather
than with just one table, so the self-join should be considered as a special case of the multitable join.

Note The understanding of the difference between a table and its instance is also very important.
Two table instances could be thought of as the table data loaded twice into two different



memory locations completely separate from each other.

Imagine if ACME, INC. decided to implement some kind of multilevel marketing. It starts selling
products to resellers, who in their turn either sell the products to a lower-level reseller or directly to a
customer. That means any of ACME's customers now could be a reseller (the one who buys and
resells products) or a supplier (the one whom products are bought from), or both. The relationship
has been implemented in the RESELLER table. ACME, INC. has NULL in the
RESELLER_SUPPLIER_ID column because it's on the top of the tree and so it does not have a
supplier. Everybody else has another entity's (from the RESELLER table) primary key in this field.

Figure 9-4 illustrates this concept as well as the idea of multiple table instances.

RESELLER R

RESELLERTABLE STRUCTURE

(FIRST INSTANCE)

1

RESELLER_ID_N

RESELLER_NAME S

RESELLER_SUPPLIER_ID

1

ACME, INC

HULL

MAGNETICS USA INC.

MAGNETOMETRIC DEVICE. .

FAIR PARK GARDENS

FAIR AND SONS AIRCO. .

FABRITEK INC.

WILE ELECTRONICS INC.

INTEREX LISA

JUDCO MANUFACTURING INC.

10

ELECTRO BASS INC.

1
?
2
2
3
3
4
5

RESELLER S

(SECOND INSTANCE)

RESELLER_ID_N

RESELLER_NAME_S

RESELLER_SUPFLIER_ID

1

ACME, INC

MULL

MAGNETICS USA INC.

MAGNETOMETRIC DEVICE. ..

FAIR PARK GARDENS

FAIR AND SONS AIRCO. .

FABRITEK INC.,

WILE ELECTRONICS INC.

INTEREX LISA

9

JUDCO MANUFACTURING INC.

an | = [we [ |ma]rafra[=]=

10

ELECTRO BASS INC

Figure 9-4: Self-join

SQL99 standard syntax

The following query uses self-join to retrieve the reseller id and name along with its supplier id and
name (for each entity in RESELLER table) using SQL99-compliant syntax:

SELECT

FROM
ON

RES_ID

r.reseller_id_n

AS

r.reseller_name_s AS

s.reseller_id_n

AS

s.reseller_name_s AS
reseller r JOIN reseller s
r.reseller_supplier_id = s.reseller_id_n

RES_NAME

2 MAGNETICS USA INC.

3 MAGNETOMETRIC DEVICES INC.

4 FAIR PARK GARDENS

5 FAIR AND SONS AIR CONDTNG

6 FABRITEK INC.

res_id,
res_name,
sup_id,
sup_name

SUP_ID SUP_NAME

ACME, INC
ACME, INC
MAGNETICS
MAGNETICS
MAGNETICS

USA INC.
USA INC.
USA INC.
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7 WILE ELECTRONICS INC.

8 INTEREX USA

9 JUDCO MANUFACTURING INC.
10 ELECTRO BASS INC.

MAGNETOMETRIC DEVICES INC.
MAGNETOMETRIC DEVICES INC.
FAIR PARK GARDENS

FAIR AND SONS AIR CONDTNG

g b ww

(9 rows affected)

The information is to be interpreted this way: ACME, INC. sells directly to MAGNETICS USA INC.
and MAGNETOMETRIC DEVICES INC. MAGNETOMETRIC DEVICES INC. buys products from
ACME, INC. and sells them to WILE ELECTRONICS INC. and INTEREX USA, and so on.

Old syntax

The following statement is the old syntax equivalent of the same query: SELECT r.reseller_id_n AS
res_id, r.reseller_name_s AS res_name, s.reseller_id_n AS sup_id, s.reseller_name_s AS
sup_name FROM reseller r, reseller s WHERE r.reseller_supplier_id = s.reseller_id_n

Cross join (Cartesian product)

Cross join, or the Cartesian product of two tables, can be defined as another (rather virtual) table that
consists of all possible pairs of rows from the two source tables. Returning to our customer phone
example in the nonequijoin section of this chapter, the cross join of the CUSTOMER and PHONE tables
returns results very similar to what we've got on Figure 8-2 except it would also return the valid
customer/phone combinations, excluded from the previously mentioned nonequijoin.

SQL99 standard syntax

This query will return all possible combinations of customer names and phone numbers by
performing cross join of CUSTOMER and PHONE tables:

SELECT cust_name_s,
phone_phonenum_s
FROM customer CROSS JOIN

phone
CUST_NAME_S PHONE_PHONENUM_S
DLH INDUSTRIES (817) 555-5524
FAIR AND SONS AIR CONDTNG (817) 555-5524
KILBURN GLASS INDUSTRIES (817) 555-5524
BOSWELL DESIGNS CORP. (817) 555-5524
WILE ELECTROMATIC INC. (817) 555-5524
FABRITEK INC. (817) 555-5524
DLH INDUSTRIES (847) 555-2924
FAIR AND SONS AIR CONDTNG (847) 555-2924
KILBURN GLASS INDUSTRIES (847) 555-2924
BOSWELL DESIGNS CORP. (847) 555-2924
WILE ELECTROMATIC INC. (847) 555-2924
FABRITEK INC. (847) 555-2924
DLH INDUSTRIES (814) 555-0323
FAIR AND SONS AIR CONDTNG (814) 555-0323
KILBURN GLASS INDUSTRIES (814) 555-0323

BOSWELL DESIGNS CORP. (814) 555-0323



WILE ELECTROMATIC INC. (814) 555-0323
FABRITEK INC. (814) 555-0323

3182 rows selected.

Old syntax

The old syntax for cross join simply omits the WHERE clause in a multitable join: SELECT
cust_name_s, phone_phonenum_s FROM customer, phone

Cross join could be a very costly operation, especially when it happens as the result of a human error
and involves large tables with hundreds of thousands or even millions of rows. Since the resulting set
of a Cartesian product is every possible combination of all rows in both tables, if the first table is, say,
one hundred thousand rows and the second one is two hundred thousand rows, the query returns
twenty billion rows (100,000 * 200,000 = 20,000,000,000) — quite enough to cause considerable
database server slowdown that would affect all users that are currently logged on.

Thus, the Cartesian product should be handled with care, especially because it is not something that
a typical SQL user uses a lot. Cross joins can be useful to generate test data or in educational
purposes (for example, to demonstrate the idea that all equijoins and nonequijoins are simply a
subset of a cross join that meets certain conditions), but one would hardly need, say, all possible
combinations of customer names and phone numbers. In most real-life situations a Cartesian
product is simply the result of a human error that would have to be fixed by the DBA (probably by
killing the user's session; more on the sessions in Chapter 7).

Joining more than two tables

In a relational database quite often you need to retrieve data from many tables simultaneously within
a single query to get all necessary information. Thus, in real life a multitable query could easily mean
a dozen-table query or even a hundred-table query. Probably 90 percent of the SQL programming art
is the talent to properly join multiple tables based on the knowledge of the internal database objects’
structure plus the ability to apply this knowledge.

The concept is simple. The result of joining two tables could be considered as a new virtual table,
which, in its turn, could be joined with the next table in the query, producing yet another virtual table,
and so on. For example, if you needed to know what customers ordered which products, your query
would have to join four tables: CUSTOMER, ORDER_HEADER, ORDER_LINE, and PRODUCT:

SELECT DISTINCT customer.cust_name_s,
product.prod_description_s

FROM customer

JOIN order_header

ON customer.cust_id_n =
order_header.ordhdr_custid_fn

JOIN order_1line

ON order_header.ordhdr_id_n =
order_line.ordline_ordhdrid_fn

JOIN product

ON product.prod_id_n =

order_line.ordline_prodid_fn

You could envision this query as a sequence of joins. First, join CUSTOMER and ORDER_HEADER
using the appropriate columns; then join the resulting set of rows with the ORDER_LINE table; and,
finally, join your result with the PRODUCT table as illustrated in Figure 9-5.



Figure 9-5: Four tables join Also note that even though you might not need any
columns either from ORDER_HEADER or from ORDER_LINE tables, you have to use them in your
guery joins because there is no direct relationship between the CUSTOMER and PRODUCT tables.

Number of joins

One important rule to remember is that there should be at least (n — 1) joins in an n-table query,
thus, at least two joins for a three-table query, at least three joins for query that involves four
tables, and so on. The words "at least" are important — there could be more than (n — 1) joins in a
nonequijoin query or in a query that joins tables using composite primary/foreign keys, but if your
multitable query has less than (n — 1) joins, the result will be a Cartesian product.

Note The most common (and the most dangerous) type of a cross join happens in queries that
involve more than two tables. In that situation you don't even have to omit the WHERE
clause — it would be sulfficient to simply skip a join between two tables out of a dozen.
Also, the more tables are joined within a single query, the bigger the resulting set could
be — the Cartesian product of five tables, with only one hundred rows each, produces
ten billion rows.

SQL99 standard syntax

The query in the previous example uses SQL99-compliant syntax. The query that follows also
uses SQL99-compliant syntax to join the CUSTOMER, ORDER_HEADER, and STATUS tables and
return customer name, order number, and order status:

SELECT cust_name_s,
ordhdr_nbr_s,
status_desc_s
FROM customer
JOIN
order_header
ON cust_id_n = ordhdr_custid_fn
JOIN
status
ON status_id_n = ordhdr_statusid_fn

CUST_NAME_S ORDHDR_NBR_S STATUS_DESC_S
WILE BESS COMPANY 523731 COMPLETE
WILE BESS COMPANY 523732 COMPLETE
WILE ELECTRONICS INC. 523733 COMPLETE
WILE ELECTRONICS INC. 523734 COMPLETE
WILE ELECTRONICS INC. 523735 COMPLETE
WILE BESS COMPANY 523736 COMPLETE

WILE BESS COMPANY 523738 CANCELLED
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WILE BESS COMPANY 523742 CANCELLED
WILE BESS COMPANY 523743 CANCELLED

51 rows selected.

Old syntax

Here is the old syntax equivalent of the previous query: SELECT cust_name_s, ordhdr_nbr_s,
status_desc_s FROM customer, order_header, status WHERE cust_id_n = ordhdr_custid_fn AND
status_id_n = ordhdr_statusid_fn



Outer Joins: Joining Tables on Columns Containing NULL Values

You probably noticed in the RESELLER table presented earlier in this chapter that the query returns
all table records except one for ACME, INC. This is because the ACME, INC. record in the
RESELLER table has NULL in the RESELLER_SUPPLIER_ID column, so an RDBMS cannot find the
corresponding value in the table you are trying to join (in this case, the other instance of RESELLER
table). As the result, the query returns nine rows even though the table contains ten records. That's
just the way the standard (inner) join works. Sometimes, however, you want a query to return all rows
from table A and the corresponding rows from table B — if they exist. That's where you use outer
joins.

Two syntaxes for outer joins

Like inner joins, the outer joins also have two different syntaxes.
SQL99

The SQL99-compliant syntax indicates outer join in the FROM clause of the SELECT statement:

FROM <tablel>
{LEFT | RIGHT | FULL [OUTER]} | UNION JOIN
<table2>
[ON <condition>] | [USING <column_name>,...], ...

The syntax is generally supported by all our three RDBMS vendors. The exceptions are the USING
clause that is implemented only by Oracle and the UNION clause (discussed later in this chapter) that
is not a part of any of the "big three" databases syntax.

Old syntax

The old syntax uses the WHERE clause and is different for Oracle and MS SQL Server. (DB2 does not
have any "old" syntax for outer joins at all; it was using the SQL99-compliant syntax from the very
beginning. In fact, the latter syntax has originated from DB2 standards.)

Oracle 9i

The old right or left outer join syntax is denoted by the plus operator (+) placed after the name of the
table with no matching rows on the corresponding side of the = sign. The full outer join can be only
specified with the SQL99-compliant syntax. The old Oracle syntax for right and left outer joins is
shown below:

Syntax for right outer join

WHERE [<qualifier>.]<column_name> =
[<qualifier>.]<column_name> (+)

[AND [<qualifier>.]<column_name> =
[<qualifier>.]<column_name> (+)

1,...



Syntax for left outer join

WHERE [<qualifier>.]<column_name> (+)
[<qualifier>.]<column_name>

[AND [<qualifier>.]<column_name> (+)
[<qualifier>.]<column_name>

[ -
-~

MS SQL Server 2000

The right or left outer join is denoted by the asterisk (*) placed on the appropriate (right or left) side
of the equals sign (=). The full outer join is unavailable in the old syntax. The following old syntax
could be used in MS SQL Server for right and left outer joins:

Syntax for right outer join

WHERE [<qualifier>.]<column_name> =*
[<qualifier>.]<column_name>

[AND [<qualifier>.]<column_name> =*
[<qualifier>.]<column_name>

[ -
-~

Syntax for left outer join

WHERE [<qualifier>.]<column_name> *=
[<qualifier>.]<column_name>

[AND [<qualifier>.]<column_name> *=
[<qualifier>.]<column_name>

R —
-~

Left outer join

In fact, the term "left outer join" is just a convention used by SQL programmers. You can achieve
identical results using left or right outer joins as we will demonstrate later in this chapter. The whole
idea behind an outer join is to retrieve all rows from table A (left) or table B (right), even though there
are no matching columns in the counterpart table, so the join column(s) is NULL. A left (or right) outer
join also returns nulls for all unmatched columns from the joined table (for rows with NULL join
columns only).



SQL99 standard syntax

The following query illustrates how to produce the resulting set containing all ten rows from
RESELLER table using SQL99-compliant left outer join:

SELECT r.reseller_id_n AS res_id,
r.reseller_name_s AS res_name,
s.reseller_id_n AS sup_id,
s.reseller_name_s AS sup_name

FROM reseller r

LEFT OUTER JOIN
reseller s

ON r.reseller_supplier_id = s.reseller_id_n

RES_ID RES_NAME SUP_ID SUP_NAME
1 ACME, INC. NULL  NULL
2 MAGNETICS USA INC. 1 ACME, INC
3 MAGNETOMETRIC DEVICES INC. 1 ACME, INC
4 FAIR PARK GARDENS 2 MAGNETICS USA INC.
5 FAIR AND SONS AIR CONDTNG 2 MAGNETICS USA INC.
6 FABRITEK INC. 2 MAGNETICS USA INC.
7 WILE ELECTRONICS INC. 3 MAGNETOMETRIC DEVICES INC.
8 INTEREX USA 3 MAGNETOMETRIC DEVICES INC.
9 JUDCO MANUFACTURING INC. 4 FAIR PARK GARDENS
10 ELECTRO BASS INC. 5 FAIR AND SONS AIR CONDTNG

(10 rows affected)

One more example. Assume we need to retrieve customer name and all order numbers for customer
152. The following (inner) join will do:

SELECT cust_name_s,
ordhdr_nbr_s
FROM customer
JOIN
order_header
ON cust_id_n = ordhdr_custid_fn
WHERE cust_id_n = 152

CUST_NAME_S ORDHDR_NBR_S

WILE BESS COMPANY 523731
WILE BESS COMPANY 523732

31 rows selected.

Now we need very similar results except that we also want corresponding payment terms for each
order. We assume we could simply modify our query by joining PAYMENT_TERMS table to it:

SELECT cust_name_s,
ordhdr_nbr_s,
payterms_desc_s

FROM customer



JOIN
order_header
ON cust_id_n = ordhdr_custid_fn
JOIN
payment_terms
ON payterms_id_n = ordhdr_payterms_fn
WHERE cust_id_n = 152;

CUST_NAME_S ORDHDR_NBR_S PAYTERMS_DESC_S

WILE BESS COMPANY 523732 2% 15 NET 30

30 rows selected.

To our surprise, the query now returns thirty rows instead of thirty one. The reason is order 523731
for WILE BESS COMPANY has NULL in the ORDHDR_PAYTERMS_FN column, so the row is
completely excluded from the resultset if we use inner join. The solution is to use outer join:

SELECT cust_name_s,
ordhdr_nbr_s,
payterms_desc_s
FROM customer
JOIN
order_header
ON cust_id_n = ordhdr_custid_fn
LEFT OUTER JOIN
payment_terms
ON payterms_id_n = ordhdr_payterms_fn
WHERE cust_id_n = 152;

CUST_NAME_S ORDHDR_NBR_S PAYTERMS_DESC_S
WILE BESS COMPANY 523731 NULL
WILE BESS COMPANY 523732 2% 15 NET 30

31 rows selected.

Old syntax
The old syntax for outer joins varies from vendor to vendor.
Oracle 9i

Oracle did not become compliant with SQL99 syntax for outer joins until version 9i. If you use an
earlier version of Oracle, an outer join would be announced by the plus sign enclosed by
parentheses, (+), placed after the table name that does not have matching rows. The query
producing results identical to the previous example would be as follows:
SELECT cust_name_s,

ordhdr_nbr_s,

payterms_desc_s
FROM customer,



order_header,

payment_terms
WHERE cust_id_n = ordhdr_custid_fn
AND ordhdr_payterms_fn = payterms_id_n (+)
AND cust_id_n = 152

The confusion is compounded by the fact that in Oracle the join is usually called a "right outer join" —
because the (+) sign is on the right side of the = sign.

DB2 UDB 8.1
DB2 uses only the standard SQL99 syntax for left outer join.
MS SQL Server 2000

The old MS SQL Server syntax for left outer join is to put an asterisk on the left side of the equals
sign in the WHERE clause. The left outer join that produces results identical to those with SQL99
syntax is

SELECT cust_name_s,
ordhdr_nbr_s,
payterms_desc_s
FROM customer,
order_header,
payment_terms
WHERE cust_id_n = ordhdr_custid_fn
AND ordhdr_payterms_fn *= payterms_id_n
AND cust_id_n = 152

Right outer join

As we mentioned before, the only difference between left and right outer joins is the order in which
the tables are joined in the query. To demonstrate that we'll use queries that produce exactly same
output as in the previous section.

SQL99 standard syntax

As you can see, the resulting set of the inner join of ORDER_HEADER and CUSTOMER is on the right-
hand side from the PAYMENT_TERMS table:

SELECT cust_name_s,
ordhdr_nbr_s,
payterms_desc_s
FROM payment_terms
RIGHT OUTER JOIN
order_header
ON payterms_id_n = ordhdr_payterms_fn

JOIN
customer
ON cust_id_n = ordhdr_custid_fn
WHERE cust_id_n = 152
CUST_NAME_S ORDHDR_NBR_S

WILE BESS COMPANY 523731



WILE BESS COMPANY 523732

31 rows selected.

Old syntax

We already explained the old syntax for left outer join in previous section; the syntax for right outer
join is very similar.

Oracle 9i

As we mentioned in the section about left outer join, the old definition of left and right outer joins in
Oracle is vague. The equivalent to the above query using the old syntax is

SELECT cust_name_s,
ordhdr_nbr_s,
payterms_desc_s
FROM customer,
order_header,
payment_terms
WHERE cust_id_n = ordhdr_custid_fn
AND payterms_id_n (+) = ordhdr_payterms_fn
AND cust_id_n = 152

The (+) sign has moved to the left along with the column name from the PAYMENT_TERMS table
(PAYTERMS_ID_N) that does not have matching rows. The output is identical to what all other
“"identical" queries produce; this type of join is called "left outer join" in Oracle.

Note Many Oracle users are confused by the "new" SQL99 outer join syntax. The problem is,
they used to call an outer join "left" or "right" depending on what side of the equals sign, =,
the outer join sign, (+), was located. The "new" syntax takes a different approach — the
term "left" or "right" identifies the relational position of the table from which you want to
retrieve all rows, no matter if the other table that participates in the join operation has
matching rows or not.

DB2 UDB 8.1
DB2 uses only the standard SQL99 syntax for right outer join.
MS SQL Server 2000

The old MS SQL Server syntax for right outer join is to put an asterisk on the right side of the equal
sign in the WHERE clause. The right outer join that produces results identical to ones from SQL99
syntax is

SELECT cust_name_s,
ordhdr_nbr_s,
payterms_desc_s
FROM customer,
order_header,
payment_terms
WHERE cust_id_n = ordhdr_custid_fn
AND payterms_id_n =* ordhdr_payterms_fn
AND cust_id_n = 152



Full outer join

Full outer join is the combination of left and right outer join. It returns all rows from both "left" and
"right" tables, no matter if the counterpart table has matching rows or not. For example, in the ACME
database there are some customers that did not place any orders yet — as well as some orders with
no customers assigned to them.

Note An order without a customer may sound unusual, but think of a situation in which
customers A and B make very similar orders on a weekly basis. Customer service
personnel create a few "barebones" orders when they have spare time and leave the
customer number field blank (as well as some other fields), so when a customer actually
calls to place the order, it takes less time to process the request.

The query that retrieves all customers without orders as well as all orders with no customer assigned
to them is shown below:

SELECT customer.cust_name_s,
order_header.ordhdr_nbr_s
FROM customer
FULL OUTER JOIN
order_header
ON customer.cust_id_n = order_header.ordhdr_custid_fn

CUST_NAME_S ORDHDR_NBR_S
WILE SEAL CORP. 523774
WILE SEAL CORP. 523775
WILE SEAL CORP. 523776
WILE SEAL CORP. 523777
WILE SEAL CORP. 523778
WILE BESS COMPANY 523730
NULL 523727
NULL 523728
MAGNETICS USA INC. NULL

MAGNETOMETRIC DEVICES INC. NULL

FAIR PARK GARDENS NULL

83 record(s) selected.

The above syntax is SQL99-compliant and is the only one available for full outer join in all our "big
three" databases. It would be logical to suggest something like (+) = (+) for Oracle and *=* for MS
SQL Server, but these are not valid.

Union join

The UNION join (not to be confused with the UNION operator) could be thought of as the opposite of
an inner join — its resulting set only includes those rows from both joined tables for which no
matches were found; the columns from the table without matching rows are populated with nulls.

Cross- Applying set theory basics, covered in Appendix L, you could say that A UNION
References



JOIN B = (A FULL OUTER JOIN B) DIFFERENCE (A INNER JOIN B).



Joins Involving Inline Views

As we already mentioned in this chapter, a query that involves
table joins could be quite complicated. You can join tables with
other tables, views, or any other RDBMS-specific objects you can
select rows from to produce the resulting set.

Another type of object that can participate in a join is an inline
view (which simply is a nested query in the FROM clause).

Note An inline view could be useful to produce a resulting set
that is used in only one single query as an alternative to
creating a regular view. Unlike regular views, inline view
definitions do not exist in the database information
schema and require no maintenance at all. You could
consider using inline views in your queries if you know
for sure you (or somebody else) are not going to use its
results anywhere else.

The query below returns phone numbers for salesmen who have
associated customers with more than five orders using inline
guery results in SQL99 standard join. The inline view counts the
number of orders per customer, limits the result with only those
who have more than five orders, and returns the salesmen id's for
those customers. The results are then joined with SALESMAN
table to get the appropriate salesmen names; the resulting set in
its order is joined with PHONE table to retrieve the salesmen

phone numbers:

SELECT s.salesman_name_s,
p.phone_phonenum_s
FROM salesman s
JOIN
(SELECT  cust_id_n,
cust_salesmanid_fn,
COUNT(ordhdr_nbr_s) cnt



FROM customer
JOIN
order_header
ON cust_id_n = ordhdr_custid_fn
GROUP BY cust_id_n,
cust_salesmanid_fn
HAVING COUNT(ordhdr_nbr_s) > 5) c

ON s.salesman_id_n =
c.cust_salesmanid_fn

JOIN phone p

ON p.phone_salesmanid_fn =
s.salesman_id_n
WHERE p.phone_type_s = 'PHONE'
SALESMAN_NAME_S PHONE_PHONENUM_S
HUNTER COMPONENTS (717) 555-5479
HENERY INCORPORATED (814) 555-0324

2 record(s) selected.

Note that in this example you have joins in both the main query
and the nested query (inline view); the joins in the inline view are
performed first and the resulting set is later used in the main

query.



Multitable Joins with Correlated Queries

One important rule to remember is never to combine the new
syntax with the old one within a single query. First, such syntax
may not work properly, and also it would definitely look confusing.

However, if you need to create a correlated query, the SQL99
syntax simply will not work, so the general recommendation is to
either use the old syntax or replace correlated query with
something else.

The following statement uses a correlated query to retrieve all
customer names and phone numbers for customers who have
orders:

SELECT
DISTINCT c.cust_name_s,
p.phone_phonenum_s
FROM customer c,
phone p
WHERE c.cust_id_n = p.phone_custid_fn
AND EXISTS (SELECT *
FROM order_header oh
WHERE oh.ordhdr_custid_fn =
c.cust_id_n)

AND p.phone_type_s = 'PHONE'
CUST_NAME_S PHONE_PHONENUM_S
WILE BESS COMPANY (541) 555-8979
WILE ELECTROMATIC INC. (541) 555-3246
WILE ELECTROMUSICAL INC. (503) 555-0502
WILE ELECTRONICS INC. (609) 555-4091
WILE SEAL CORP. (909) 555-9957

5 record(s) selected.



The equivalent query that does not involve correlated queries is
SELECT
DISTINCT c.cust_name_s,

p.phone_phonenum_s

FROM customer c
JOIN
order_header oh
ON c.cust_id_n = oh.ordhdr_custid_fn
JOIN
phone p
ON c.cust_id_n = p.phone_custid_fn

WHERE p.phone_type_s = 'PHONE'

As you can see, it is usually possible to avoid correlated queries
in a SELECT statement; UPDATE and DELETE statements could
be trickier, especially in Oracle and DB2. (MS SQL has a special
FROM clause in UPDATE and DELETE statements as described in
Chapter 6.)



Improving Efficiency of Multitable Queries

Each RDBMS has its own algorithms to translate an SQL query into a set of binary instructions that
could be further interpreted by the RDBMS engine to create the execution plan for the query. This
plan indicates the order in which tables are joined, the WHERE clause conditions that are applied,
whether the indexes are used, and so on.

The order of joins and WHERE clause conditions can seriously affect query performance. For
example, assume a goal to join tables CUSTOMER and ORDER_HEADER and then get all orders for
customer FAIR PARK GARDENS only. It is obvious that the operation will take less time if we limit
the row set from the CUSTOMER table first (WHERE customer .cust_name_s = 'FAIR PARK
GARDENS ') and then perform the join of the resulting set with the ORDER_HEADER table, because in
that case you only perform the join for one row. Also, indexes on both CUST_NAME_S and the
columns participating in the join operation could be useful.

Cross- See Chapter 4 for index creation recommendations.
References

All modern RDBMS have special mechanisms called optimizers that create execution plans for
gueries based on certain information accumulated in the information schema. That — in theory —
makes complex query writing rules (that are different for all vendors and are beyond the scope of this
book) obsolete. SQL developers no longer have to specify tables and columns in a certain order in
FROM and WHERE clauses of the SELECT statement to achieve acceptable query performance — the
optimizer will do the job.

The words "in theory" were not used here by accident. Sometimes (usually for complex queries that
join large number of tables) optimizers simply cannot find the "optimal” way to parse a query. In
situations like that, you can give the query a hint, using a predefined vendor-specific set of keywords
that overrides the optimizer's algorithm and perform actions in the order specified by the
programmer. In general, hints can tell RDBMS which tables to join first, whether or not to use an
index or to perform full table scan, and so on.

Note Hints are instructions in the SQL code that direct the RDBMS optimizer to use specific
methods when creating the execution plan.

You know from Chapter 4 that you would not always benefit from using indexes. For example, the
STATUS table is very small, so the full table scan does a better job. The following syntax overrides
the index on the STATUS_ID_N column and forces the optimizer to perform the full table scan (using
Oracle syntax):
SELECT /*+ FULL(status)*/ status_id_n,

status_code_s,

status_desc_s
FROM status



Summary

The multitable query is the bread and butter of every RDBMS
operation. It combines data in a variety of ways into a single
resultset, sometimes incorporating convoluted business logic.

Joining tables is one of the most important concepts to learn in
the entire SQL world, and should not be taken lightly.

There are several different types of joins, which could be divided
into two broad categories — inner join and outer join. The
conditions on which tables could be joined fall into either equijoin
or nonequijoin, depending on how columns that are used to join
the tables are compared (equal, greater, less than, etc.).

The tables are not the only objects that could be joined in the
guery. Other objects can be views, or even inline views. A rich
arsenal of the SQL language — operators, functions, subqueries
— can be used to produce a join query resultset.

To improve database performance when running queries
involving complex JOIN statements, a system of hints can be
employed. The hints are strictly RDBMS implementation-specific,
and are not part of the SQL standard.



Chapter 10: SQL Functions



Overview

SQL functions exist to make your life easier when you need to manipulate data
retrieved from a table. While SQL query, which is composed of the statements, is busy
retrieving some data for you, the functions used within that query are validating,
converting, calculating, getting the system information, and much more.

Think of the SQL functions as tools designed to accomplish a single well-defined task,
for example, calculating square root or converting lowercase letters into uppercase.
You invoke a function within SQL query by name (usually a single keyword). Some
functions accept arguments and some do not, but what differentiates a function from
every other executable module in RDBMS is that it always returns value.

While SQL itself is not a procedural language — that is, it lacks procedural features
such as flow control structures and loops — using functions allows you, to a certain
extent, to alleviate problems stemming from this deficiency.

All functions could be divided into two broad categories: deterministic functions and
nondeterministic functions. Deterministic functions always return the same result if you
pass into the same arguments; nondeterministic functions might return different
results, even if they are called with exactly the same arguments. For example function
ABS, which returns the absolute value of a number passed to it as an argument, is a
deterministic function — no matter how many times you call it with, say argument, -5,
it will always return 5 as a result. For example, the Microsoft SQL Server function
GETDATE () — when it accepts no arguments and returns only the current date and
time on the RDBMS server — is an example of a nondeterministic function: each time
you call it a new date and time is returned, even if the difference is one second.

Some RDBMS restrict use of the nondeterministic function in database objects such
as INDEX or VIEW. For example, the MS SQL Server disallows use of such functions
for indexed computed columns and indexed views; the IBM DB2 UDB does not allow
nondeterministic functions in the join condition expression, and you cannot use these
function in Oracle's function-based index.

Note Virtually every database vendor provides procedural extensions for use with
their database products. Oracle has built-in PL/SQL, Microsoft uses its own
dialect of Transact-SQL, and DB2 UDB uses IBM SQL (which is similar to
Transact-SQL). Unlike SQL, these procedural extensions allow for creating
full-fledged programs within their respective host environments. User-defined
custom functions are usually created using one of their procedural
languages.

The list of SQL functions available for use within a particular RDBMS implementation
grows with every new release, and some vendors are allowing users to define their
own custom functions to perform nonstandard tasks. In this chapter we provide only a



short list of the most helpful functions and their uses. Differences between vendor-
specific implementations are highlighted.

Note The portability problem with using functions in a query is the possibility that
the query might not run properly with competitors' products. Some functions
are identical in name and usage, some have only a different name, and
some exist only within a particular RDBMS implementation.

Not all of these functions (some would say most of them are not) are part of the SQL
standard — be it SQL89 (SQL1), SQL92 (SQL2), or even SQL99 (SQL3). In fact, all of
these standards specify only a handful of functions as a requirement for conformance
to a specific level (entry, intermediate, or full). The old saying that you cannot program
a standard still keeps true. The list of the functions specified in the SQL2 standard is

given in Table 10-1.

Table 10-1: Standard SQL2 Functions

SQL Function

Description

BIT_LENGTH (expression)

Returns the length of the expression, usually
string, in bits.

CAST (value AS data type)

Converts supplied value from one data type
into another compatible data type.

CHAR_LENGTH (expression)

Returns the length of the expression, usually
string, in characters.

CONVERT (expression USING
conversion)

Returns string converted according to the
rules specified in the conversion parameter.

CURRENT_DATE

Returns current date of the system.

CURRENT_TIME (precision)

Returns current time of the system, of the
specified precision.

CURRENT_TIMESTAMP
(precision)

Returns current time and the current date of
the system, of the specified precision.

EXTRACT (part FROM
expression)

Extracts specified named part of the
expression.

LOWER (expression)

Converts character string from uppercase (or
mixed case) into lowercase letters.

OCTET_LENGTH (expression)

Returns the length of the expression in bytes
(each byte containing 8 bits).

POSITION (char expression
IN source)

Returns position of the char expression in the
source.




SQL Function Description

SUBSTRING (string Returns the string part of a string expression,
expression, start, length) from the start position up to specified length.

TRANSLATE (string
expression USING
translation rule)

Returns string translated into another string
according to specified rules.

TRIM(LEADING | TRAILING | | Returns string from a string expression where
BOTH char expression FROM leading, trailing, or both char expression
string expression) characters are removed.

Converts character string from lowercase (or
mixed case) into uppercase letters.

UPPER (expression)

Cross- For obvious reasons, it would be very beneficial to have a clear

References  picture of what functions are available in the most popular RDBMS
as well as mapping of those functions between different
implementations. In Appendix D, we've attempted to provide list of
all functions, their respective mapping to each other, and brief
explanations for the "big three" — Oracle 9/, IBM DB2 UDB 8.1,
and Microsoft SQL Server 2000.

Every vendor has its own classifications of the functions supported in its database
product. IBM groups its DB2 UDB functions into column functions, scalar functions,
row functions and table functions; whereas Oracle uses terms like single-row
functions, aggregate functions, analytic functions, and object-reference functions; and
Microsoft sports the most detailed classifications of configuration functions, cursor,
date and time, mathematical functions, aggregate functions, metadata, security, string,
system functions, and system statistical functions, as well as text and image functions,
and rowset functions.

Note IBM makes a distinction between SYSIBM and SYSFUN schema functions;
they differ in the way they handle data; for example, sometimes one is
handling numeric input while the other handling character input. Consider it
an IBM implementation of function overloading where a different task is
expected of a function based on the argument data types passed into the
function.

This chapter concentrates on the functions that could be used in any implementation
context, leaving out many proprietary extensions. The XML-related functions are
discussed in Chapter 17, security functions are in Chapter 12, and metadata functions
are in Chapter 13.

All the examples, unless otherwise stated, use the ACME database. You could run
them directly against this database installed in the RDBMS of your choice.



Cross-
References

Refer to Appendix F on instructions for installing ACME database,
and Appendix E for how to start a command line or visual interface
for the RDBMS of your choice.

Numeric functions

We grouped some functions into numeric functions because they are operating with
numbers — both input and output parameters are usually numeric: INTEGER,
DECIMAL, and so on. The list of most common numeric functions is given in Table 10-
2.

Table 10-2: Numeric Functions

. IBM DB2 MS SQL . .

Oracle 9i UDB 8.1 Server 2000 Description

ABS (n) ABSs (n) ABS (n) Returns absolute value of
a number n.
Returns smallest integer

CEIL[ING )

CEIL (n) (n) [ ] CEILING (n) | thatis greater than or
equal to n.

EXP () EXP (n) EXP () Returns exponential
value of n.
Returns the largest

FLOOR (n) FLOOR (n) FLOOR (n) integer less than or equal
to n.
Returns remainder of n

MOD. MOD. % ..

OD.(n,m) OD.(n,m) Operator % divided by m.

POWER. POWER. POWER. Returns value of m raised

(m,n) (m,n) (m,n) into nth power.
Returns a random

N/A RAND.. (n) RAND.. (n) number between 0 and 1.
Returns number n

ROUND(n, ROUND (n, ROUND (n,m, | ounded tom decimal

[m]) [m]) [07) places. For MS SQL
Server, the last argument
— zero — is a default.
Returns -1, if nis a
negative number, 1 ifitis

SIGN(n SIGN(n SIGN(n "

(n) (n) (n) a positive number, and 0

if the number is zero.




. IBM DB2 MS SQL L
Oracle 9i UDB 8.1 Server 2000 Description
Returns n truncated to m
decimal places. For MS
TRUNC (n, TRUNC[ATE] |ROUND (n,m, | SQL Server, when the
[m]) (n, [m]) <>0) last argument has a value
! other than zero, the result
of the function is
truncation.
Cross- See Chapter 3 for more information on data types.
References
CEIL

By definition, function CEIL returns the /east integer of the argument passed; that
means that the function rounds the values up. The syntax and usage are identical for
all three databases.

The argument could be a number or a column value; the output is shown underneath
the query:
SELECT CEILING (prod_price_n)

ceil_price, prod_price_n FROM product;
ceil_price prod_price_n ------------

------------ 19 18.24 34 33.28 27
26.82

The FLOOR function acts in a very similar fashion, rounding down. The syntax is
identical across all three databases:

SELECT FLOOR (prod_price_n)
floor_price, prod_price_n FROM
product; floor_price prod_price.n ------------

26.82

Tip The command line interface is different in all three implementations. Oracle
uses SQL*Plus, Microsoft uses the OSQL utility, and IBM the command line
processor. To execute an SQL command (after connection is established),
type the command into the window of the utility (DOS window on the Windows
platform, command prompt on UNIX/LINUX), and press Enter for DB2 UDB or
type in a semicolon (;) and Enter for Oracle, or type GO and press Enter for
the MS SQL Server. Each of these interfaces is customizable, and you could
"teach," for instance, the MS SQL Server to accept a semicolon in lieu of GO

statement.



ROUND

One might wonder how that is different from the TRUNC function. This function rounds
a number to a specific length or precision, and works almost identically in all three
RDBMS implementations.

In the following example, all the values of the PROD_PRICE_N column from the table
PRODUCT are rounded to 1 decimal digit of precision:

SELECT ROUND(prod_price_n,1)
round_price, prod_price_n FROM
product; round_price prod_price_n ------------

26.80 26.82

Since our query requested precision 2, the numbers were rounded up and down —
depending on the number itself: 33.28 was rounded to 33.30, and 18.24 was rounded
to 18.20.

Note The Microsoft SQL Server's version of the ROUND function behaves
somewhat differently than its equivalents in Oracle and DB2 UDB — it has a
third optional argument (function) that by default is 0. When this argument is
omitted or explicitly set to 0, the result is rounding — exactly as seen in the
foregoing example; when the value is other than 0, the result will be
truncated.

The second integer argument could be negative to round numbers on the left of the
decimal point, the integral part of the number:
SELECT ROUND (prod_price_n,1)
round_price_right, ROUND
(prod_price_n, -1) round_price_left, prod_price_n FROM
product; round_price_right
round_price_left prod_price.n -----------------

20.00 18.32 34.10 30.00 34.09 26.90 30.00
26.92 16.00 20.00 15.98

Here, specifying -1 as the second argument of the - function, we are getting the result
of a rounded value for the digits on the left side of the decimal point.

TRUNC

Function TRUNC returns its argument truncated to the number of decimal places
specified with the second argument. The example shown applies to Oracle and IBM
DB2 UDB; the MS SQL Server uses the ROUND function to truncate:

SELECT TRUNC(prod_price_n, 1)
trunc_price, prod_price_n FROM



product; trunc_price product_price_n
------------------------ 18.2 18.24
33.2 33.28 26.8 26.82

There is a special case where function TRUNC is used to truncate dates in Oracle. It
produces the midnight value for the date argument, that is, it truncates off all the
hours, minutes, and seconds:

SELECT SYSDATE,

TRUNC(SYSDATE) truncated FROM dual;
SYSDATE TRUNCATED ----------mmmmmmmam -

---------------------- 9/22/2003
10:53:36 AM 9/22/2003 00:00:00

AM

RAND

The RAND function is used to generate some random numbers at runtime. The syntax
and usage are almost identical for DB2 UDB and the MS SQL Server 2000. (There is
no analog function in Oracle, although it could be emulated through use of PL/SQL
packages.) It accepts an optional seed argument (integer) and would produce a
random float number in the range between 1 and 0 (inclusive).

The MS SQL Server 2000 syntax is:
SELECT RAND(1) random_number

random_number ---------------------
0.71359199321292355

The DB2 UDB Syntax produces analogous results in somewhat different format:

SELECT RAND(5) FROM
sysibm.sysdummyl random_number -------

+1.64799951170385E-03

There are some nuances to RAND function usage: called several times within a
session with the same seed value, it will produce exactly the same output. To get
different pseudo-random numbers you need to specify different seed values, or use
different sessions.

Getting Random Numbers in a Different Range

What do you do when random numbers of a range different from 0 to 1 are
required? In this case you could multiply the output of the - function by the range
factor, and then TRUNCATE or ROUND the result. Here is an example of producing
a set of pseudo-random values in the range of 0 to 10000 in MS SQL Server 2000
syntax:



SELECT ROUND( (RAND(15)*
10000),0) from_zero_to_10000
from_zero_to_10000 --------------------------

Encapsulating this functionality in a custom-made function would be the most
rational solution. All three vendors provide the ability to create user-defined
functions in their RDBMS software.

SIGN

The SIGN function works exactly the same way in all three implementations. It is used
to determine the sign of the numeric expression argument: if the number is positive,
then the function returns 1; if the number is negative (the result will be -1, if the
argument is zero), then 0 is returned. In our example all 1s were returned since the
price is expressed in positive numbers:
SELECT SIGN (prod_price_n)

sign_price, prod_price_n FROM product;
sign_price prod_price_n ------------

------------ 118.24 1 33.28 1 26.82

You could use just a literal number in place of the value from a table's column. Since
all implementations use SELECT as the keyword to execute a function, you need
something to select from.

Note The DUAL table was introduced by Chuck Weiss of Oracle as an underlying
object in the Oracle Data Dictionary. It was never meant to be seen by itself,
but rather to be used in some complex JOIN operations (discussed in
Chapter 9); it logically fits the SELECT notion as it implies that the FROM
clause is to be used with each statement.

String functions

String functions are grouped together because they perform some operations
specifically pertaining to strings characters — that is, manipulation of the strings:
changing the letter case, changing alignment, finding ASCII codes, and so on. Usually,
but not always the output of such functions is a string. Some of the most common
string functions are listed in Table 10-3.

Table 10-3: String Functions

IBM DB2 MS SQL Server
UDB 8.1 2000

ORACLE 9i Description




. IBM DB2 MS SQL Server L
ORACLE 9i UDB 8.1 2000 Description
Returns ASCII
ASCIT (string) ASC_:II ASCIT (string) code of the first
(string) character of a
string.
CHR CHAR (number) Returns character
HR (number
CHR (number) (number) NCHAR (number) for the ASCII code.
CONCAT CONCAT Returns result of
(string1, (string1, operator '+' concatenation of
string2) string2) two strings.
LOCATE Returns position of
INSTR (string, (string1, CHARINDEX an occurrence of a
substring, start || string2, n) (stringl,string2, n) substring within the
position, POSSTR PATINDEX string.
occurrence) (string1, (<pattern>, <string>) | The POSSTR test is
string2, n) case sensitive.
Returns n number
SUBSTR (1,n) | -EFT LEFT (string, n) of characters
(string, n) starting from the
left.
LENGTH LENGTH . Returns number of
(string) (string) LEN (string) characters in a
9 9 string.
Returns number of
LENGTHB LENGTH DATALENGTH bytes in the

(expression)

(expression)

(expression)

expression, which
could be any data

type.

Converts all

LOWER (string) L?WER tgxgg g:zgi characters in a
(string) g string to lowercase.
REPEAT
LPAD (char REPLICATE (char Returns string1
. expression, L padded from the
(string1,n, integer) expression, integer) left with string2 n
string 2) SPACE SPACE(integer) times.

(integer)




IBM DB2

MS SQL Server

ORACLE 9i UDB 8.1 2000 Description
Returns string with
LTRIM (string, LTRIM LTRIM (string) leading blank
set) (string) characters
removed.
REPLACE REPLACE Replaces all
(string1, (string1, REPLACE (stringl, occurrences of
string2, string2, string2, string3) string1 within
string3) string3) string2 with string3.
' PACE (integer ) )
S':ir:]ngzl),n, (integer) SPACE (integer) left with string2 n
9 times.
Returns string
LPAD/RPAD REPEAT REPLICATE (string, consisting of the
combination (string, n) n) argument repeated
n times.
Returns string with
RTRIM (string, RTRIM RTRIM (string) trailing blank
set) (string) characters
removed.
TO_CHAR CHAR Converts argument

(expression)

(expression)

STR (expression)

expression into a
character string.

Returns a part of a
string starting from

SUBSTR SUBSTR SUBSTRING (string, th h tor f
. . n'"! character for
string, n, m string, n, m n, m
( 9 ) ( g ) ) the length of m
characters.
TRANSLATE Replaces all
(string1 occurrences of
: ' string1 within
TRANSLATE str!ngz, STUFF (<char_ string2 translated
(stringd, string3) expressionl>, into string3
Stringz’ INSERT <start>, <Iength>, Functions STUFF
string3) (works <char_expression1>) and INSERT
similar to .
STUFF) add/replace strings

within strings.




. IBM DB2 MS SQL Server L
ORACLE 9i UDB 8.1 2000 Description
LTRIM Trims leading or
. LTRIM (RTRIM .
TRIM (string) (RTRIM strin ( trailing spaces off
(string)) (string)) the string, or both.
UPPER Converts all
. (string) . characters
UPPER (string) UCASE UPPER (string) of a string into
(string) uppercase.
Cross- Refer to Appendix G for a comprehensive list of vendor-specific

References functions.

String functions are arguably the most widely used and the most confusing of the SQL
functions. Here we are giving the examples of some we are using daily.

CONCAT

The CONCAT function simply concatenates two strings. This function could be replaced
with an operator — + for SQL Server, and | | for Oracle and DB2 UDB.

Note You could use output of one function to be an input for another — this is not
RDBMS- or even SQL-specific; it is a general programming concept.

Here is a concatenation example in Oracle 9/ syntax:

SELECT CONCAT( '$',

TO_CHAR(prod_price_n)) display_price
FROM product;

display_price ------------------------
------- $18.24 $33.28

$26.82

For DB2 UDB the syntax will be:

SELECT '$' ||

CHAR(prod_price_n) display_price FROM
product; display_price -------------

$00000018.24 $00000033.28 $00000026.82

Note That CHAR function converts numeric data into a fixed-length string, and the
final result will be padded with zeroes from the left. The number of zeroes
depends on the numeric data type converted. You could use additional
formatting/conversion functions to produce results identical to these
produced by Oracle or the MS SQL Server.



Here is an equivalent MS SQL Server 2000 syntax:

SELECT '$' +
CONVERT (varchar, prod_price_n)
display_price FROM product;

Note We used conversion functions CHAR, TO_CHAR, and CONVERT to convert a
numeric expression into a string data type to combine two different types.
Some implementations would implicitly convert compatible data types; some
require explicit conversion to take place. It is usually a good idea not to rely
on implicit conversions but rather explicitly convert the values. There is more
on conversion later in this chapter.

CHARINDEX, INSTR, LOCATE, and POSSTR

SQL is a language specifically designed to handle information. As such it has a rich
toolset for manipulating strings and characters. The three functions INSTR, LOCATE,
and CHARINDEX are used to determine the position of a specific character (or
combination of characters) within a string; based on this information, you can slice and
dice text information in a number of ways.

For example, to locate the position of the end of the first word, use a blank space to
separate the words in the description (assuming that every value in the column
PROD_DESCRIPTION_S would have at least one blank space).

In MS SQL Server 2000 syntax, the blank space is indicated as ' '. You can use
ASCII code 32 to specify blank space — CHAR (32). The following two statements are
equivalent and produce identical results:

SELECT CHARINDEX(' ',

prod_description_s, 1) FROM product;
SELECT CHARINDEX(CHAR(32),

prod_description_s, 1) char_position
FROM product; char_position -------------

76 6 658446 8 (10 row(s)
affected)

Oracle's INSTR function syntax is slightly different — Oracle allows you to specify
occurrence of the string within a string — first, second, and so on. Most of the
arguments are optional.

This query, executed in Oracle 9i SQL*Plus, looks for a second occurrence of the
blank space within the string:

SELECT

INSTR(PROD_DESCRIPTION_S,
CHAR(32),1,2) char_position FROM product;



The following query executed in IBM DB2 UDB produces a result identical to that
shown for MS SQL Server: it finds the first occurrence of a blank space in the string
(both starting char and occurrence are optional arguments, if omitted defaults to 1):

SELECT LOCATE('
', PROD_DESCRIPTION_S) char_position
FROM product;

To use IBM DB2 UDB function POSSTR you would need to change order of
arguments:

SELECT
POSSTR(PROD_DESCRIPTION_S, ' ')
char_position FROM product;

The results of the both queries will be identical, and match that produced for MS SQL
Server.

Note Optional arguments are the arguments that have some predefined default
value that is assumed if the argument is missing from the list. Since the
order of arguments is fixed, you must enter all the arguments prior to the one
that you decided to specify; in the foregoing example, once you've specified
occurrence value (fourth argument) you no longer can omit starting position
(third argument).

SUBSTR and SUBSTRING

The SUBSTR (SUBSTRING on MS SQL Server) function returns part of an argument
string, which is designated by starting position and required character length. Here is a
guery example using the function to return only the first three characters of the column
prod_description_s value:

SELECT
SUBSTR(prod_description_s,1,3) FROM
product;

The third argument, specifying the required length, is optional for Oracle and DB2
UDB, and is mandatory for MS SQL Server's SUBSTRING function. If the third
argument is omitted, the function would return all characters after the starting position
in Oracle and DB2 UDB; for SQL Server to simulate this behavior, use an LEN /
LENGTH function (see later in the chapter) to determine the total length of the string, or
a number large enough to exceed any possible length of the string (no greater than
8000). For example, in the SQL Server this query would return all characters in the
column prod_description_s, beginning from the second character:

SELECT

SUBSTRING(prod_description_s, 2,
LEN(prod_description_s)) FROM

product;



Let's make our output slightly more complex. Say a user wants results to be mangled
in a special way to produce an output that combines product number, product price,
and product description in the format <first word of product description>
<pound sign><product_number><pound sign><dollar sign><
product_price> for some company application. This could be done in a number of
ways, one of which is the following query below (in MS SQL Server syntax):

SELECT

LEFT(prod_description_s,
CHARINDEX(CHAR(32), prod_description_s, 1)-1) + '#'+

prod_num_s + '#' + '$' +
CONVERT (VARCHAR, prod_price_n) display FROM product;

display -----------=--------------
SPRUCE#990#%$18.24 STEEL#1880#%$33.28

STOOL#2871#$26.82 STOOL#3045#$15.92
HAND#4000#$11.80

In Oracle this result can be produced with this query:

SELECT

SUBSTR(prod_description_s,1
INSTR(CHAR(32), prod_description_s, 1,1)-1) || '#'

|| prod_num_s []| "#' || "$' []
TO_CHAR(prod_price_n)display FROM product;

display -------------------------

SPRUCE#990#$18 .24 STEEL#1880#%$33.28
STOOL#2871#$26.82 STOOL#3045#$15.92
HAND#4000#$11.80

IBM DB2 UDB uses the POSSTR (or LOCATE) function in place of Oracle's INSTR
function, and function CHR to produce a blank character from ASCII code 32 and
converts number to string with the CHAR function (instead of Oracle's TO_CHAR):

SELECT

SUBSTR(prod_description_s,1
POSSTR(prod_description_s, CHR(32))-1) || '#' ||

prod_num_s || '#' || '$"' ||
CHAR(prod_price_n) display FROM product; display
SPRUCE#990#%$18 .24 STEEL#1880#%$33.28

STOOL#2871#$26.82 STOOL#3045#$15.92
HAND#4000#$11.80

While this query might look a bit scary, there is nothing mysterious about it. The
CHARINDEX / INSTR / POSSTR functions find the position of blank space — CHAR(32)
— and subtract 1 from that number so a blank space is not included in the final result.
We use the position value as input for the function LEFT, specifying from which
position it should return the characters (column PROD_ DESCRIPTION_S) to the left



(Oracle and DB2 UDB use the SUBSTR function; MS SQL Server uses SUBSTRING —
which, in a sense, is a more generic version of its own LEFT/RIGHT functions); the
rest is a simple concatenation of characters, discussed previously.

Note You may have noticed that we did not use the available function LEFT in
DB2 UDB,; this is because this function works differently from the similarly
named function in the MS SQL Server. In the IBM DB2 UDB database,
function LEFT returns a string consisting of the leftmost expression2 bytes in

expressionl.

Also, function LOCATE has a third optional argument with which to specify
what character the search should start from. (POSSTR always starts at the
first character.)

LENGTH

The function LENGTH (LEN for MS SQL Server) returns a number of characters (not a
number of bytes! — see Chapter 3 for more details) in the argument. If an argument is
not of a character type, it will be implicitly converted into string, and its length will be
returned. Oracle also provides a number of variations of the function:

SELECT
LENGTH(prod_description_s)
length_of_string FROM product;

To return a number of bytes in the expression, use LENGTHB and DATALENGTH for
Oracle and SQL Server, respectively. IBM and Oracle also overload their LENGTH
functions — the same function could return length in characters or bytes, depending
upon the data type of the argument. These functions do not convert argument into
string, but rather give the internal storage size for the data type as it is defined in the
RDBMS. For example, the query

SELECT LENGTHB(SYSDATE) FROM
dual;

returns 9 for Oracle (internal storage for current system date). The MS SQL Server
equivalent expression

SELECT
DATALENGTH (GETDATE())

reports that 8 bytes are used to store system date. IBM UDB2, for example, uses 4
bytes for date storage and 10 bytes for timestamp:
SELECT LENGTH(CURRENT DATE)

date_length, LENGTH(CURENT TIMESTAMP)

timestamp_length FROM sysibm.sysdummyl
date_length timestamp_length ---------
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Cross- For more information on data types and their internal storage, see
References  Chapter 3.

LOWER and UPPER

The functions LOWER and UPPER are the rare examples of functions mandated by the
SQL92/99 standard and implemented across all three RDBMS without modifications.
These functions are simple and intuitive to use. They convert string expressions into

lowercase or uppercase, respectively:

SELECT

UPPER(prod_description_s) upper_case,
LOWER(prod_description_s) lower_case FROM

product; upper_case lower_case -------

SPRUCE LUMBER 30X40X50 spruce lumber
30x40x50 STEEL NAILS

6'"' steel nails 6'' STOOL CAPS 5''
stool caps 5''

IBM DB2 UDB also contains additional versions of the functions LCASE and UCASE,
most probably due to being in business for a long time — you certainly accumulate
some baggage after being on the market for over 30 years.

TO_CHAR, CHAR, and STR

These functions fall into the broader range of Conversion Functions, which are
discussed later in this chapter. They are used to convert one data type into character
data type, for example, a number into a string or date/time data into a string (this might
be needed to produce a report that accepts character data only). In addition, these
functions allow you to format output when used to convert, for instance, date and time
data types.

The usage examples are shown in the CONCAT function above. Since this function
accepts only strings, it is necessary to convert all the numbers into strings to avoid an
error in IBM DB2 UDB; Oracle 9i implicitly converts all concatenated values into
strings.

Microsoft function STR differs from Oracle's TO_CHAR and IBM's CHAR in that it
accepts only numeric input — no date/time or even string. It has optional arguments
that specify total length of the result (including decimal point) as well as number
decimal places. For example, the following query converts a float number 123.35 (two
decimal places) into a string (MS SQL Server 2000 syntax):



SELECT STR(123.35) result
result ---------- 123

Since both optional arguments — total length (default 10) and precision (default 0) —
were omitted, the result is truncation. The following query takes into account that the
expected result should be 7 characters long and have 3 decimal places (specifying 2
decimal places — less than is present — would result in rounding the final output):
SELECT STR(123.235,7,3)

result result ------- 123.235

REPLACE

The REPLACE function found in IBM DB2 UDB, Oracle, and MS SQL Server returns a
string (CHAR data type); every occurrence of an expression2 is replaced with
expression3, for example:
SELECT

REPLACE( 'aabbaabbaa', 'aa', 'bb') FROM

dual; result ------------
bbbbbbbbbb

This query returns a '‘bbbbbbbbbb’ string since every occurrence of 'aa’ is replaced
with 'bb’. To run this query against SQL Server, just remove the FROM clause.

REPLICATE and REPEAT

To replicate a character or sequence of characters you may use the REPLICATE and
REPEAT functions. These functions pertain to IBM DB2 UDB and the Microsoft SQL
Server; in Oracle similar functionality is achieved with a combination of functions
LPAD/RPAD. It is a fairly intuitive to use this function because the DB2 UDB syntax
produces a string where a word repeat is replicated three times (note the absence of a
blank space separator between the words):

SELECT REPEAT('repeat', 3)
example FROM SYSIBM.SYSDUMMY1 example

repeatrepeatrepeat

There is a limit to the total length of the resulting string imposed by the argument's
data type — the maximum number of replications must not exceed the upper range of
integer values for the system (for 32-bit machines, up to 2,147,483,647). The results
from MS SQL Server would be identical with the following syntax:

SELECT REPLICATE('repeat',3)
example example ----------------------
-------- repeatrepeatrepeat

Here is an example of using the RPAD function to replicate a string:



SELECT

RPAD( 'repeat', LENGTH( 'repeat')*3, 'repeat') example FROM dual;
example

repeatpepeatrepeat

The second argument of the function specifies the total length of the resulting string,
and the function LENGTH is used to generically determine the length of the initial
string. Multiplying it by three specifies that the string is to be repeated three times.

TRANSLATE

This is a smart version of the REPLACE function. It uses pattern matching to find and
replace characters within a string; the following query replaces all numbers (from 0
through 9) with 0, and all letters — except K — with an asterisk (*); the letter K is
replaced with X:

SELECT
TRANSLATE( ' 2KRW229',
'0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZ',

'0000000EOQ* ¥ * X HAFHAI I xAF A I AAFxAF*T) translate_example FROM
DUAL;

translate_example --------------------
---------- OX**000

This function is useful for security purposes: inside the SQL code you can use the
exact values (say, credit card numbers), but the produced output is obfuscated. Here
is a credit card example, which replaces all numbers with asterisks:

SELECT TRANSLATE( '4526 43567
6091 1506', '0123456789',
PrxFxdkxkxxx1) visa_card_number FROM dual;

visa_card_number ---------------------
kkkk kkkkik *khkkik K*khk*%x

The usage is identical in Oracle and DB2 UDB, while the SQL Server does not have a
built-in function to do this; its function STUFF removes a specified number of
characters at a specific point, and stuffs in another specified string of characters. The
first argument is the string itself, the second specifies at what character to start, the
third argument tells the function how many characters to remove (0 or greater), and
the fourth — the last — argument specifies what characters to insert at this point. In
this example an insertion of the bbb string is made at the third character in the
argument string, replacing this character in the process:
SELECT STUFF('aaaaaaaaa', 3,

1, 'bbb') result result -----------
aabbbaaaaaa



One could use the STUFF function (in conjunction with some other SQL functions) to
duplicate Oracle and DB2 UDB functionality by creating customized, user-defined
functions. (The creation of user-defined functions, which are mentioned at the end of
this chapter, is beyond scope of this book.)

TRIM, LTRIM, and RTRIM

Although it might not be apparent, blank spaces could be a major concern. Usually,
blank spaces are not shown in the user interface when typing in some character value,
and that could easily cause mistakes. RDBMS requires absolute precision — the
string 'user' and the string ‘user ' (with a trailing blank space) are never the same.

These functions act similarly in all three RDBMS: they remove leading and/or trailing
characters from a string expression. The main difference is that Oracle 9/ supports
more of the SQL standard syntax (TRIM in addition to LTRIM and RTRIM), and allows
for trimming characters other than blank spaces; while IBM DB2 UDB and the
Microsoft SQL Server use this function for blank spaces only.

Consider the following example, which works in IBM UDB2:

SELECT LENGTH(LTRIM('

three_blanks')) ltrimmed, LENGTH('
three_blanks') with_leading_blanks FROM

sysibm.sysdummyl ltrimmed
with_leading_blanks ----------- -------------------

A similar script in the MS SQL Server produces identical results:
SELECT LEN(LTRIM('
three_blanks')) ltrimmed, LEN('

three_blanks')
with_leading_blanks

To achieve the same results in Oracle 9i, use either the LTRIM function or the TRIM
function. The LTRIM example looks almost identical to IBM DB2 UDB (just replace
sysibm.sysdummy1 with dual), and therefore is omitted:
SELECT LENGTH(TRIM(LEADING

FROM ' three_blanks')) ltrimmed,
LENGTH(' three_blanks') with_leading_blanks

FROM dual; ltrimmed
with_leading_blanks ----------- ------------------- 12

@code last w/ rule Char:15

Note that blank spaces are default for the TRIM function. To use this function to trim
characters other than blank spaces from a string expression, the following syntax
could be used. For example, to remove the letter M from both the beginning (leading)
and end (trailing) of the string value M&M or IBM:



SELECT TRIM(BOTH 'M' FROM

'"M&M or IBM') trimmed FROM dual;

trimmed ----------- &M or

The argument specifying what letter is to be removed is always case-sensitive.

Date and time functions

The functions grouped in Table 10-4 deal with date and time; they accept a wide range
of parameter data types and produce output strings (characters), date/times, and

numbers.

Table 10-4: Date and Time Functions

. IBM DB2 MS SQL .
ORACLE 9i UDB 8.1 Server 2000 Description
Returns date
DATEADD plus n months
DATE +n (month (Oracle); returns
ADD_MONTHS (date, n) MONTHS number’ date plus date
TIME + n date) ! partyear, month,
day(MS SQL
Server).
CURRENT
DATE GETDATE**
RRENT_DATE
cu - CURRENT GETUTCDATE** | Returns current
CURRENT_ TIME CURRENT date in session's
TIMESTAMP(precision - time zone.
S (precision) CURRENT TIMESTAMP
TIMESTAMP
Returns date
from the value
TO_DATE (value, DATE CONVERT** :ngirﬁénf%rt;at
format, nls_param) (value) CAST** be '
national
language(Oracle)
(**).
Returns DAY part
(integer) of the
EXTRACT (day) DAY DAY specified
datetime

expression.




. IBM DB2 MS SQL L.
ORACLE 9i UDB 8.1 Server 2000 Description
Returns a name
DATENAME
TO_CHAR (date, DAYNAME (date part of the requested
'day'/month) MONTHNAME datetipme) ! date part: day or
month.
MONTH, DATEPART Ret“mf \ da
EXTRACT (datetime) DAY, HOUR (date part, requested date
etc datetime) part (day, month,
year).
Calculates
MONTH_BETWEEN Date . | paTEDIEF difference
arithmetic between two
dates.
Returns datetime
CURRENT relative to current
NEW_TIME TIMEZONE GETUTCDATE datetime on the
server.
Calculates what
day would be
Date DATEADD .
NEXT_DAY ) . next relative to
arithmetic | (day, n, m)
some other
supplied date.
CURRENT
DATE Returns current
SYSDATE CURRENT GETDATE datetime on the
RDBMS server.
TIME
Returns YEAR
part of the
EXTRACT (year) YEAR YEAR specified
datetime
expression.

GETDATE, SYSDATE, and CURRENT DATE

Keeping a time track of the changes in the database requires access to the system's
date and time settings. Oracle implemented SYSDATE pseudo column (which can be

considered a function for our purposes) that returns the system's current date and
time, the Microsoft SQL Server has function GETDATE (), and IBM DB2 UDB uses a

CURRENT DATE clause in the SELECT part of the query. These functions are listed in

Table 10-5.




Table 10-5: Getting Current Date Out of RDBMS

ORACLE IBM DB2 UDB SQL Server 2000
ELECT CURRENT
SELECT SYSDATE > creu SELECT GETDATE()
DATE
[FROM 2003-09-05

[FROM DUALT; SYSIBM.SYSDUMMY1] |13:54:18.873

05-SEP-039:47:01 2003-09-05
PM 9/5/2003 13:54:18.873

The date output can be formatted using various vendor-specific masks, arguments, or
conversion functions. Refer to the RDBMS manual for more information.

Time zone functions

These functions deal with the Earth's different time zones. The "standard" functions
always return the time zone in which the machine is located, and sometimes —
especially when telecommuting to a central location from a different time zone — it is
not what is needed.

The MS SQL server function GETUTCDATE returns current UTC time (Universal Time

Coordinate or Greenwich Mean Time). Consider the following query, which returns
results from both the GETDATE and GETUTCDATE functions:

SELECT

GETUTCDATE() utc_time, GETDATE()
local _time utc_time local_time
------------------- 2003-09-06

00:06:14.660 2003-09-05 19:04:14.660

Oracle's approximate equivalents to this function are TZ_OFFSET and
SYS_EXTRACT_UTC, while NEW_TIME returns the time that would be in zone 2 when
the date/time in zone 1 is the specified value.

For example, to find out the date and time in New York, NY, when it is September 5,
2002, 7:23:45 p.m. in Seattle, WA, using Oracle RDBMS software, you would run the
following query (to force Oracle SQL*Plus to show date/time in the extended format,
use ALTER SESSION statement explained later in this chapter):

SELECT

NEW_TIME(TO_DATE('09-05-2003 7:23:45
AM', 'MM-DD-YY HH:MI:SS PM' 'PST', 'EST')

eastern_time FROM dual; eastern_time -



-------------------------- 05-SEP-2003
10:23:45 PM

The function NEW_TIME takes only arguments specified in Table 10-6. The function
FROM_TZ could use many more time zones values.

Table 10-6: Valid Range of the Time-Zone Values for Oracle's NEW_TIME
Function:

Time Zone Description

AST (ADT) Atlantic Standard (or Daylight Time)
BST (BDT) Bering Standard (or Daylight Time)
CST (CDT) Central Standard (or Daylight Time)
EST (EDT) Eastern Standard (or Daylight Time)
GMT Greenwich Mean Time

HST (HDT) Alaska-Hawaii Standard Time or Daylight Time
MST (MDT) Mountain Standard or Daylight Time
NST Newfoundland Standard Time

PST (PDT) Pacific Standard or Daylight Time
YST (YDT) Yukon Standard or Daylight Time

In DB2 UDB you can use CURRENT TIMEZONE to find out the difference between UTC
and your current time zone. In our example it shows 7 hours difference between
Pacific Time Zone and UTC (Coordinated Universal Time):

SELECT HOUR(CURRENT

TIMEZONE) utc_difference FROM
sysibm.sysdummyl utc_difference --------------

-7

Oracle's function CURRENT_DATE returns the current date of the session, not the
server.

Note UTC is an abbreviation corresponding to Coordinated Universal Time,
formerly known as Greenwich Mean Time (GMT). The GMT is based on the
time at the zero meridian that crosses Greenwich, England; it became the
de-facto standard in the nineteenth century, largely because of the
successes of British Navy and English traders. UTC is essentially GMT, only
"politically corrected.” It uses 24-hour time notation.

The following examples demonstrate this. First, to instruct Oracle to return the
extended date/time value format for your SQL*Plus session:



sQL>
ALTER SESSION SET NLS_DATE_FORMAT='DD-
MON-YYYY HH24:MI:SS' Session
altered.

To use the function SYSDATE to get the current system date:

SELECT SYSDATE server_date,
CURRENT_DATE session_date FROM dual;
server_datesession_date

--- 30-SEP-2003 19:05:35 30-SEP-2003
19:05:35

As you can see, the session time and the system time are identical. To change the
session time, say, for Portugal's time zone (‘WET"), eight hours ahead, code:

SQL> ALTER SESSION SET
TIME_ZONE ='WET',; Session altered.

Tip You could specify the time in HH:MI format or supply some predefined
TIME_ZONE value set for the system. To find out the list of valid values for this
parameter, query Oracle's dynamic performance view V$TIMEZONE_NAMES.

And now our session time is eight hours ahead of our system time:

SELECT SYSDATE server_date,
CURRENT_DATE session_date FROM dual;
server_datesession_date

--- 30-SEP-2002 19:05:39 01-0CT-2002
03:05:39

These examples by far do not exhaust the topic of time zone functions. Refer to the
specific RDBMS manuals to learn more.

ADD_MONTHS and DATEADD

The MS SQL Server DATEADD function returns a new datetime value calculated by

adding a specified date part on top of the date argument. It is not as straightforward as
it may seem.

The following example query returns the date that is exactly five months from date
'2002-09-05' (refer to Chapter 3 for more information on this datetime type and its use
of literals):
SELECT

DATEADD(month, 5, '2003-09-05") months

2003-02-05 00:00:00.000



The DATEADD function can also add days, hours, and minutes to a date; Oracle and
DB2 UDB use date arithmetic to accomplish this task.

The same results can be produced in Oracle with the following query:
SELECT

ADD_MONTHS(TO_DATE( '2003-09-05", 'YYYY-
MM-DD'),5) months FROM dual; months

2004

Oracle is much less flexible in accepting literals as dates — hence the need for explicit
conversion of the literal '2003-09-05' into date type. (See Chapter 3 for literals usage;
conversion functions are discussed later in the chapter.) Also, the default output
format depends on the machine settings and could be overridden by an application —
that is, forward slashes can be replaced with dashes, the year can be put in front
followed by month and date.

To add, say, 20 days to a current date, use the following query in Oracle:

SELECT SYSDATE + 20 FROM
DUAL ;

Cross- Oracle 9i introduced the INTERVAL data type, which could be

References used in date/time arithmetic, effectively obliterating the
ADD_MONTH function. Refer to Chapter 3 for more information on
using interval literals.

IBM DB2 UDB does not have a special function for date and time arithmetic. To add
five months to a date you can use the following query:
SELECT (CURRENT DATE + 5

MONTH)add_months FROM sysibm.sysdummyl
add_months ----------

02/05/2003

The same syntax serves for adding days, hours, and so on
SELECT (CURRENT DATE + 5

DAYS)add_days FROM sysibm.sysdummyl
add_days ----------

09/10/2002

You may substitute the date value with that from the table in a query, or use a literal.
EXTRACT and DATEPART

Oracle's EXTRACT function returns the value of a specified part of a date/time
expression. The acceptable parts are YEAR, MONTH, DAY, HOUR, MINUTE, and
SECOND. It also allows you to specify TIMEZONE_HOUR, TIMEZONE_MINUTE



TIMEZONE_REGION, and TIMEZONE_ABBR (for ‘abbreviation’); these are added to
accommodate time zone differences. This sample query extracts the YEAR part from
the current date:

SELECT EXTRACT(YEAR FROM

SYSDATE) year_part FROM DUAL;
year_part -------------- 2002

The date/time expression must be in correct format; for example, asking for a MINUTE
portion of the expression would be meaningless (defaults to 00) if that expression
does not have minutes in it.

The Microsoft SQL Server uses the DATEPART function to extract parts of the
date/time expression. In addition to the standard arguments like YEAR, MONTH, DAY,
HOUR, MINUTE, and SECOND, it also returns milliseconds — if required:

SELECT DATEPART( month,
'09-08-2002"') month_part month_part --

DAYNAME, MONTHNAME, and DATENAME

DB2 UDB and the SQL Server have special functions to return the name of the part of
the date. Here is an example of such a function in IBM DB2 UDB:

SELECT DAYNAME (CURRENT DATE)
day_name FROM sysibm.sysdummyl

Saturday
The function MONTHNAME would have returned 'September'.

The MS SQL Server has a DATENAME function that encompasses functionality of both
DAYNAME and MONTHNAME functions of IBM. The following query returns the name of
the month:

SELECT DATENAME (MONTH,

GETDATE()) month_name month_name -----
----------- September

And this function returns the name of the day of the week:

SELECT DATENAME (WEEKDAY,
GETDATE()) day_name day_name ---------
------- Thursday

As said before, Oracle does not have any specific functions to accomplish these tasks,
but you can use the conversion function with applied format. This function is similar to
the DATENAME function of the SQL Server.

This query returns day name of the today's date:



SELECT

TO_CHAR(SYSDATE, 'DAY') day_name_upper,
TO_CHAR(SYSDATE, 'Day') day_name_mixed

FROM dual; day_name_upper
day_name_mixed --------------“-- -“----------------

THURSDAY Thursday

And this query returns month name of the current date:

SELECT
TO_CHAR(SYSDATE, '"MONTH"')
day_name_upper, TO_CHAR(SYSDATE, 'month')
day_name_lower FROM dual;
day_name_upperday_name_lower

SEPTEMBER september

Note that using a different letter case to specify the date part name in Oracle 9i results
in different output formatting. This does not apply to either the MS SQL Server, or IBM
DB2 UDB v8.1.

MONTHS_BETWEEN and DATEDIFF

The Oracle function MONTHS_BETWEEN returns the number of the months between
two dates: if the first date is later than the second, the result is a positive number; if
the first date is earlier than the second, the returned number will be negative. When
compared dates have the same day portion, the result is always an integer; otherwise,
Oracle returns a fractional value based on 31-day month and takes into consideration
time portion of the dates
SELECT MONTHS_BETWEEN

(TO_DATE('09-05-2002', '"MM-DD-YYYY"'),
TO_DATE('11-05-2002"', 'MM-DD-YYYY'))

months_in_between FROM dual;
months_in_between ----------------- -2

The DATEDIFF function in the MS SQL Server returns a specified date part (or all of
them) between the two dates. It obeys the same rules as Oracle's function, but is
different in that its return value could represent days, months, minutes, and so on:
SELECT

datediff(month, '09-05-2002',6 '11-05-
2002') months_in_between months_in_between

For DB2 UDB, use date arithmetic:

SELECT (MONTH('09-05-2002")
— MONTH('11-05-2002"'))



months_in_between FROM sysibm.sysdummyl
months_in_between ----------------- 2

In exacltly the same way you can calculate, for example, the number of days, hours,
minutes, or seconds, using DAY, HOUR, MINUTE, or SECOND functions, respectively.

Aggregate functions
While aggregate functions (listed in Table 10-7) logically belong with the SELECT

statement discussed in Chapter 8 and are thoroughly covered there, it is appropriate
to include a brief description in this chapter for reference.

Table 10-7: Aggregate Functions

. IBM DB2 MS SQL o

ORACLE 9i UDB Server 2000 Description

AVG AVG AVG Calculates average for a

(number) (number) (number) range of numeric values.
COUNT

COUNT COUNT (integer) Returns number of rows in a

(number) (integer) COUNT_BIG SELECT statement.
(bigint)

MAX MAX MAX Returns max value among

(number) (number) (number) selected values.

MIN MIN MIN Returns min value among

(number) (number) (number) selected values.

SUM SUM SUM Calculates sum of the

(number) (number) (number) selected values.

Aggregate functions return a single value based on a specific calculation within a set
(group) of values; usually they are tied to the GROUP BY clause of the SELECT
statement, though it is not a requirement for some of them. When used with a GROUP
BY clause, each aggregate function produces a single value for each group, not to the
whole table.

Note Of course, since aggregate functions are mathematical in nature, they work
exclusively with numbers; arguments must be of built-in numeric data types,
and the result of the function must be within the range defined for this data

type.
SUM



The SUM function sums up all the values in the specified column. If you, for example,
needed to know the total amount of all your sales, this query would bring the answer:
SELECT SUM(total_price)

total_sale FROM v_customer_totals;

total sale ---------------
457000.40

For the total of all your sales grouped by customer, use the query:
SELECT
customer_name, SUM(total_price)
total_sale FROM v_customer_totals GROUP BY
customer_name; customer_name
total_sale -----------c e e
WILE BESS COMPANY 276775.60 WILE
ELECTROMATIC INC. 30956.20 WILE
ELECTROMUSICAL INC. 19824.00 WILE ELECTRONICS
INC. 28672.80 WILE SEAL CORP.
100771.80

This query summed up the values contained in the total_price column for each
customer separately and produced total sales for each customer in the total_sale
column.

This function can be used with ALL or DISTINCT predicates. The concept behind
these is quite simple: ALL counts each and every value found in the column, while
DISTINCT counts identical values only once (i.e., if there are several sales in the
amount of $6608.00, only one of the sales is counted). Consider the following query
comparing outcome of the SUM functions with and without the DISTINCT predicate:

SELECT SUM(DISTINCT

total_price)distinct_price, SUM(ALL
total_price) total_sale FROM

v_customer_totals; distinct_price
total_sale -----------------

-------------------- 165405.80
457000.40

Comparing results of this query with previous examples, you can see that the ALL
predicate is specified by default. The syntax for the SUM function is identical for all
three RDBMS.

You could specify the WHERE clause to further restrict the values, for example, to find
total sales for the last quarter.

Cross- Refer to Chapter 8 for more detailed discussion of the aggregate
References  functions uses, including examples.



COUNT

This function returns the total number of records in the table/view. To find how many
orders were placed by customers in the ACME database, all you have to do is query
the V_CUSTOMER_TOTALS view:

SELECT COUNT(order_number)
total_orders FROM v_customer_totals;

total orders ------------ 51

The same result could be achieved by issuing another COUNT query:

SELECT COUNT(*) total_orders
FROM v_customer_totals; total_orders -

The results are dependent on whether the ALL (default) or DISTINCT predicates are
applied. ORDER_NUMBER is unique within the view; that's why counting order numbers
produces results identical to counting the total number of records in the view.
However, if we count customers who placed these orders in the CUSTOMER_NAME
column, the results will be different. Here is the query that uses COUNT in the
CUSTOMER_NAME column twice — once with the DISTINCT predicate and one with
the ALL predicate (default):

SELECT COUNT(DISTINCT

customer_name)total_customers,
COUNT(ALL customer_name) all_records FROM

v_customer_totals; total_customers
all_records -------------cn oo 5 51

(1 row(s) affected)

To find out how many orders each customer placed, use the GROUP BY clause. The
following query accomplishes this task:

SELECT customer_name,

COUNT (order_number) total_orders FROM
v_customer_totals GROUP BY customer_name;

customer_name total_orders -----------
--------------------------- WILE BESS

COMPANY 31 WILE ELECTROMATIC INC. 4
WILE ELECTROMUSICAL INC. 3 WILE

ELECTRONICS INC. 3 WILE SEAL CORP. 10

You could use SQL predicates DISTINCT and ALL with the COUNT function, ALL
being the default. In the foregoing example, orders are grouped by CUSTOMER_NAME
to get the total orders for a customer; imagine that you are asked, "How many
customers do you have?" Obviously, using the COUNT function in the
CUSTOMER_NAME column would not produce the desired results because it counts



each of the multiple entries of the same company; you need to use the DISTINCT
predicate here:

SELECT COUNT(customer_name)

all_records, COUNT(DISTINCT
customer_name) distinct_records FROM

v_customer_totals all_records
distinct_records ----------- ---------------- 51

As you can see, only five different customers placed the 51 orders recorded in the
view.

NULL and Aggregate Functions

You also should know about the use of NULL in aggregate functions. NULL values
are not included for calculations; if all values are NULL, that is what will be
returned, not 0. Consider the following query, which returns counts for the column
PHONE_SALESMANID_FN:

SELECT

COUNT (phone_salesmanid_fn)
count_for_nulls, COUNT (*)count_all FROM phone;

count_for_nulls count_all ---
------------------------ 12 @SB code

last:86

Notice that all the NULLs are simply ignored when they are used for calculating
averages, sums, and so on. Should you specifically request records "WHERE
phone_salesmanid_fn IS NULL" an exact 74 records would be returned, which
together with 12 not NULL values make up the total 86.

AVG

This function produces average value of a group of numeric values. For example, if
you would like to know the average value of the orders you have in the
V_CUSTOMER_TOTALS view, you would issue the following statement:

SELECT AVG(total_price)

average_price FROM v_customer_totals;
average_price ----------------

8960.792156



What this function did was sum up the total_price value for every record in the
view and then divide it by the number of records. You can produce the same result by
using a combination of the SUM and COUNT functions:

SELECT

SUM(total_price)/COUNT(order_number)
average_price, FROM v_customer_totals;

average_price -------------------
8960.792156

To get the average order placed per customer, use the GROUP BY clause:

SELECT

customer_name, AVG(total_price)
average_order FROM v_customer_totals GROUP BY

customer_name; customer_name
average_order -------------------------

------------- WILE BESS COMPANY
8928.245161 WILE ELECTROMATIC INC. 7739.050000

WILE ELECTROMUSICAL INC. 6608.000000
WILE ELECTRONICS INC. 9557.600000 WILE

SEAL CORP. 10077.180000

MIN and MAX

These functions select minimum and maximum values from the list of values in the
column. The following example finds the biggest and the smallest orders ever placed,
looking at all customers:

SELECT MAX(total_price)

max_order, MIN(total price) min_order
FROM v_customer_totals; max_order

min_order --------------- ------------
- 15456.80 6608.00

To find out the minimum and maximum orders placed by a particular customer, use the
GROUP BY clause in your query:

SELECT
customer_name, MAX(total_price)
max_order, MIN(total_price) min_order FROM
v_customer_totals GROUP BY
customer_name; customer_name max_order min_order

---------- WILE BESS COMPANY 15402.20

6608.00 WILE ELECTROMATIC INC. 9038.00
6608.00 WILE ELECTROMUSICAL INC. 6608.00

6608.00 WILE ELECTRONICS INC. 15456.80



6608.00 WILE SEAL CORP. 15456.80
6608.00

You can also use SQL predicates DISCTINCT and ALL with the MIN and MAX
functions.

Note Oracle 9/ also uses aggregate functions with the analytic clause OVER. There
is no direct equivalent to this functionality in MS SQL Server 2000 and IBM
DB2 UDB.

There are more aggregate functions implemented by the vendors
in their products. For a comprehensive list of the vendor-specific
implementations, refer to Appendix G.

Cross-
References

Conversion functions

Sometimes it is necessary to convert one data type into another. In the examples with
CONCAT function, we had to convert numbers into string before being able to
concatenate then with other string values. As it becoming clearer that English is not
the only language on Earth, there is ever-increasing demand for national characters
databases: conversion functions provide translation for data so it could be correctly
represented in the character set of the native alphabets. Some of the most common

conversion functions are listed in Table 10-8.

Table 10-8: Conversion Functions

. IBM DB2 MS SQL Server ..
ORACLE 9i UDB 8.1 2000 Description
CAST (data type
CAST (data CAST (data AS data type) Converts one data type
type AS type AS CONVERT (into into another, compatible
data type) data type) data type, value, | data type.
format)
Converts character data
CONVERT N/A N/A from one character set
into another character
set.
CAST (expression | Converts an expression
TO_CHAR CHAR as of a compatible data
(expression) || (expression) | VARCHAR/CHAR | type into a string of
(N)) characters.




IBM DB2 MS SQL Server

ORACLE 9i UDB 8.1 2000 Description
Converts an expression
TO_DATE DATE CAST (expression | ©F &compatible data

type/format into
DATE/DATETIME data

type.

(expression) || (expression) ||as DATETIME)

Note Sometimes RDBMS converts data implicitly from one type to another; while
this feature might be convenient, it is also something to worry about. One
example is the loss of precision when inserting the FLOAT data type intro a
column that was declared as INTEGER — the number would lose all decimal
numbers because it would be truncated when converted implicitly into
INTEGER.

Conversion between different data types

There are two general functions that perform this type of conversion: CAST and
CONVERT. These functions convert one data type into another. The function CAST is
used almost identically across all three RDBMS. CONVERT, however, is used for
conversion from one character set to another Oracle 9i (discussed later in this
chapter), and in the Microsoft SQL Server it is almost a synonym for the function
CAST.

The CAST function syntax is as follows:

CAST (<from datatype>
AS <into datatype>)

There are slight differences in the CAST function's capabilities among the three
implementations: the IBM DB2 UDB and the SQL Server can cast any built-in data
type into another built-in data type, while Oracle allows collection-based data types
(like VARRAY) to be used as valid arguments for this function.

In comparison, the SQL Server's CONVERT function's syntax is more convoluted; it can
deal not only with data type but also with how the output is formatted. The parameters
length and style are optional: length is used for data types that could have length —
like VARCHAR, CHAR, NCHAR, VARBINARY — and style is used to convert datetime and
smalldatetime into text. (It defines how the resulting string is formatted, e.g., with
century or without, with milliseconds or not.) The data type must be system-defined
data types; user-defined data types are not permissible:

CONVERT
( <data_type> [(length)]
, <expression> [,style ])



For example, the ACME database view V_CUSTOMER_TOTAL has a column
TOTAL_PRICE with a numeric data type; in order to display this data with a preceding
dollar sign ($), you must convert a number into a character data type first. (Oracle
would perform an implicit conversion in this case, while DB2 UDB and the MS SQL
Server would both generate an error.)

Oracle implicitly converts the numeric data types into character string data types when
concatenating numbers (values in the TOTAL_PRICE column) and strings ($) as
follows:

SELECT

customer_name, ('$' || total_price)
price FROM v_customer_totals customer_name

price --------------------------- ----

------ WILE BESS COMPANY $7511.00 WILE
BESS COMPANY $8390.00 WILE
ELECTROMUSICAL INC. $6608.00

Here is the SQL Server syntax for the query (the MS SQL Server also could use the
CONVERT function to achieve the same result):

SELECT
customer_name, '$' + CAST(TOTAL_PRICE
as VARCHAR(10)) price FROM
v_customer_totals customer_name price
WILE BESS COMPANY $7511.00 WILE BESS
COMPANY $8390.00 WILE ELECTROMUSICAL
INC. $6608.00

A similar result in DB2 UDB is produced with the following query:

SELECT

customer_name, CONCAT('S$',
CAST(total_price as CHAR(32)) price FROM

v_customer_totals customer_name price

WILE BESS COMPANY $7511.00 WILE BESS
COMPANY $8390.00 WILE ELECTROMUSICAL INC.

$6608.00

DB2 UDB insists on including leading zeroes in the final result, which for the DECIMAL
data type is 32 characters long (since the precision is 32 for the TOTAL_PRICE
column data type); the result is $00000000000000000000000007511.00. To reduce
the number of leading zeroes, the first step is to cast TOTAL_CAST value to a

DECIMAL with a different precision:

SELECT
customer_name, CONCAT('S$',



CAST(CAST(total_price as DECIMAL(7,2)) AS CHAR(12))
price FROM v_customer_totals
customer_name price ---------------------------

WILE BESS COMPANY $08390.00 WILE
ELECTROMUSICAL INC. $06608.00

Notice that there is still one leading zero, since specifying, for example, DECIMAL (6,
2) would lead to an overflow error for the values that exceed this precision (while
producing correct results for the three result values).

Note Format templates (models) are literals that define how the date or number
would be represented in a string, or how a string is to be interpreted for
conversion into date or number. A format template does not change the
internal representation of the data; it only affects how it is displayed. Oracle
and IBM use format templates, while the MS SQL Server has assigned
codes for these.

When using the MS SQL Server CONVERT function, you must correctly format the

output results. To display current date in mon dd yyyy hh:mi:ss:mmmAM (or PM)
format:

SELECT CONVERT(VARCHAR(25),

GETDATE(),109) formatted_date --------
----------------- Sep 11 2002

3:30:03:037P

To format the same output into the Japanese standard YYYY/MM/DD, the following
guery would be used:

SELECT CONVERT(VARCHAR(25),
GETDATE(),111) formatted_date --------

2002/09/11

The third parameter in the code above (111) specifies an output format. Some useful
formats for the SQL Server CONVERT function are given in Table 10-9. The last column
in the table, Input/Output, shows input when converting into the datetime data type,
and shows output when converting datetime data into character strings.

Table 10-9: Formatting MS SQL Server CONVERT Function Output for Dates

With century Without
Standard (YYYY) century (YY) Input/Output
MON DD YYYY hh:mi
Default 0 or 100 N/A AM/PM
USA 101 1 MM/DD/[YY]YY




With century Without

Standard (YYYY) century (YY) Input/Output
ANSI 102 2 [YY]YY.mm.dd
British/French || 103 3 DD/MM/[YY]YY
German 104 4 DD.MM.YY[YY]
Italian 105 5 DD-MM-[YY]YY
N/A 106 6 DD MM [YY]YY
N/A 107 7 MON DD, [YY]YY
N/A 108 8 hh:mm:ss

MON DD YYYY
Defaultand ¢ ;g N/A |
milliseconds hh:mi:ss:mmm AM/PM
USA 110 10 MM-DD-[YY]YY
Japan 111 11 [YY]YY/MM/DD
International
Standards 112 12 [YY]YYMMDD
Organization
(1SO)
Europe DD MON YYYY
default and 13 or 113 N/A o
milliseconds hh:mm:ss:mmm (24 h)
N/A 114 14 hh:mm:ss:mmm (24 h)

Oracle offers a variety of formats for the character-to-number, character-to-date types
of conversion. Here are just a few of the most useful formats (shown in Table 10-10).

Table 10-10: Selected Oracle Datetime Format Templates

Format L
Element Description Example
- TO_CHAR
AD AD indicator (SYSDATE, 'YYYY AD')
TO_CHAR
AM Meridian indicator (AM/PM) (SYSDATE, "HH:MI:SS
AM")
BC BC indicator (Before TO_CHAR
Common era/Before Christ) (SYSDATE, 'YYYYBC"')




Format

Element Description Example
D %ay of the week (from 1 to TO_CHAR (SYSDATE, 'D')
Ngme of the day, padded TO_CHAR
DAY with blank spaces to the (SYSDATE, 'DAY")
total length of 9 characters !
DD Day of the month (from 1 to TO_CHAR
31) (SYSDATE, 'DD")
DDD Day of the year (from 1 to TO_CHAR
366) (SYSDATE, 'DDD"')
DY Abbreviated name of the TO_CHAR
day (SYSDATE, 'DY'")
HH Hour of the day (from 1 to TO_CHAR
12) (SYSDATE, "HH'")
HH12 Hour of the day (from 1 to TO_CHAR
12) (SYSDATE, "HH12")
HH24 Hour of the day (from 0 to TO_CHAR
23) (SYSDATE, "HH24"')
. TO_CHAR
Ml Minute (from O to 59) (SYSDATE, 'MI')
TO_CHAR
MM Month (from 01 to 12) (SYSDATE, 'M0")
MON Abbreviated name of the TO_CHAR
month (SYSDATE, '"MON')
Name of the month, padded
! TO_CHAR
MONTH with blank spaces to the o . .
total length of 9 characters (SYSDATE, "MONTH')
e TO_CHAR
PM Meridian indicator (AM/PM) (S?SDATE M)
RM Roman numeral month TO_CHAR
(from I to XII) (SYSDATE, 'RM"')
RR Calculates full year given 2 TO_CHAR
digits (SYSDATE, 'RR'")
SS Second (from 0 to 59) TO_CHAR(SYSDATE, 'SS"'")




Character-to-date/date-to-character format templates are accepted by the date-related
functions TO_DATE, TO_TIMESTAMP, TO_TIMESTAMP_TZ, TO_YMINTERVAL, and
TO_DS_INTERVAL (see Appendix G for their syntax and brief descriptions). Function
TO_CHAR also accepts these format templates when converting character data into
date type data. The separator characters between these format elements could be
dashes (-), forward slashes (/), commas (, ), semicolons (;), apostrophes ('), or
colons (:). The Example column shows how to use the format template against a
current date returned by Oracle's SYSDATE function.

Each of these elements can be used in conjunction with all other valid elements in the
table. For example, to produce a string representing a current date in format <date>
<fullday's name><full month name><spelled out year> this SQL query
would help:

select

TO_CHAR(SYSDATE,'DD-DAY-MONTH-YEAR')
LONG_DATE FROM dual; LONG_DATE
12-THURSDAY -SEPTEMBER-TWO THOUSAND

TWO

The RR date format element needs a little more explanation. It represents an
incomplete two-digit year (remember the so-called "Y2K" scare?). If the input for the
TO_DATE function is a year with the last two digits less than 50, and the current year's
last two digits are equal to or less than 50, then the date will be in the current century:

select

TO_DATE('09/12/49', 'DD/MM/RR') a_date
FROM dual; a_date --------------

09-DEC-49

To make this output more intelligible, we need to see all four digits of the year part of
the date. The time zone examples given earlier in this chapter showed how to change
output display format by altering a session's settings. Similarly, the following statement
displays all four digits in Oracle's SQL*Plus utility:

ALTER SESSION SET
NLS_DATE_FORMAT = 'DD-MON-YYYY';

The same query would produce a four-digit year output:

SELECT

TO_DATE('09/12/49', 'DD/MM/RR') a_date
FROM dual; a_date --------------

09-DEC-2049

If supplied date digits are equal to or over 50, and the current year's last two digits are
less than or equal to 50, then the resulting date will be from the previous century
(current year's first two digits minus 1):



SELECT

TO_DATE('09/12/51"', 'DD/MM/RR') a_date
FROM dual; a_date -----------

09-DEC-1951

The format templates in Table 10-10 are used to convert numeric data into a character
string of specific format. For example, the following query displays the result of a
conversion using the TO_CHAR function (see Table 10-11 for the conversion format

templates):
SELECT

TO_CHAR(-1234, '9999MI') result FROM
dual; result ----------- 1234-

Table 10-11: Selected Oracle Number Format Templates

Format Description Example
element
$ Returns value with appended TO_CHAR
dollar sign at the beginning. (1234, '$9999")
0 Returns leading and/or trailing TO_CHAR
zeroes. (1234, '09999"')
Returns value of the specified
o Elumlt()er of dI?ItS, ad_(tj_lng Ieadtl)ng TO_CHAR
ank space for positive numbers (1234, '9999")
or leading minus sign for
negatives.

Returns blanks for the integer of a
B fixed-point number, where the
integer part of the number is zero.

TO_CHAR
(1234, 'B9999")

Returns ISO currency symbol (as
defined by Oracle's

TO_CHAR
C NLS_ISO_CURRENCY . \ \
: (1234, 'C9999")
parameter) in the requested
position.

Returns ISO decimal character
(as defined by Oracle's

TO_CHAR
D NLS_NUMERIC_CHARACTER - . .
, (1234.5, '99D99")
parameter) in the requested
position.
EEEE Returns value in scientific TO_CHAR

notation. (1234, '9.9EEEE")




Format Description Example

element

EM Returns value with no leading or TO_CHAR
trailing blank spaces. (1234, 'FM9999"')
Returns negative value with the

M trailing minus sign; positive values | TO_CHAR
are returned with a trailing blank (-1234, '9999MI")
space.
Returns negative value in the

PR angle brackets, and positive value | TO_CHAR
with leading and trailing blank (-1234, '9999PR")
spaces.

RN /1 numeral 1 uppercaselor TO_CHAR

u upp (1234, 'RN')

lowercase.

; e | TO_0HT
end of the number. (1234, 759999")
Retu_rr_13 hexadecimal _vglue of the TO_CHAR

X specified number of digits; . .

) (1234, "XXXX")

noninteger values are rounded.

IBM DB2 UDB does not offer multiple formatting options for any of its functions. It
solves formatting problems by offering an incredible number of single functions
dealing with every imaginable part of a date, for example, functions DAY, YEAR,
MICROSECOND, MINUTE, and MIDNIGHT_SECONDS.

To convert literal strings into a date or time, the string must be in one of the formats
listed in Table 10-12 and Table 10-13.

Table 10-12: IBM DB2 UDB Date Strings Formats

Format Template Example

International Standard Organization
(ISO)

Japanese Industrial Standard
Christian Era (JIS)

IBM USA Standard MM/DD/YYYY 09/12/2002
IBM European Standard DD.MM.YYYY 12.09.2002

YYYY-MM-DD 2002-09-12




Format Template Example

Depends on the
Database Custom Defined database country N/A
code

Table 10-13: IBM DB2 UDB Time String Formats

Format Template Example

International Standard Organization
(1SO)

_ HH.MM.SS 22.45.02
Japanese Industrial Standard
Christian Era (JIS)
IBM USA Standard HH:MM AM/PM 10.45PM
IBM European Standard HH.MM.SS 22.45.02

Depends on the

N/A
database country code /

Database Custom Defined

For example, this query accepts data in any of the formats in the table and converts it
into data type DATE in the internal IBM format:

SELECT DATE('2002-09-12")

ISO DATE('09/12/2002') USA
DATE('12.09.2002') EUR FROM sysibm.sysdummyl ISO USA

EUR === - mmmmm mmmmmmmen mmm o
- 09/12/2002 09/12/2002

09/12/2002

The DB2 UDB TIMESTAMP/TIMESTAMP_FORMAT function has only two formats
(YYYY-MM-DD HH:MM:SS and YYYY-MM-DD HH:MM:SS:nnnnnn) to use when either
converting a string into a timestamp or a timestamp into a string.

As for the CHAR and VARCHAR functions that could be used to convert a DATE or TIME
into a string, there are no templates to be applied; the resulting string is always in the
system-specified format. You could bypass this deficiency by implementing a custom
function for this purpose.

The data type can only be casted/converted into a compatible data type. To make
things worse, every database has its own compatibility criteria: compatible types in
one RDBMS might be incompatible in another. In the foregoing example, for instance,
we cannot cast DECIMAL to VARCHAR in DB2 UDB as these are incompatible for this
RDBMS, while the same operation in the MS SQL Server or Oracle would be perfectly
legal.



Conversion between different character sets

The Microsoft SQL Server uses functions NCHAR and UNICODE for the conversion
purpose. The NCHAR function returns the UNICODE character being given an integer
code as defined by the Unicode standard, and the UNICODE function returns the
character corresponding to the integer code.

For example, the following operations take the Scandinavian character '@' to find a
UNICODE number for it:

SELECT UNICODE('@') uni_code
uni_code ---------- 216

It then displays the character again by passing this number into the NCHAR function:

SELECT NCHAR(216)
uni_character uni_char -------- 7}

Oracle 9i CONVERT, TRANSLATE ... USING and UNISTR

The function TRANSLATE. . .USING converts text from one database default char-
acter set into another. In a sense it works like Oracle's CONVERT function, except that
the former deals with strings (as opposed to text), which could be NCHAR or
NVARCHAR data types.

The following example converts three characters — one is 'A umlaut' (signified by two
dots at the top of the letter, found in German and Scandinavian languages), the letter
'@’ (from the Scandinavian alphabet), and another being just plain 'A’ from the 1SO
8859-1 West European 8-bit character set into a U.S. 7-bit ASCII character set:

SELECT CONVERT('A A @',

"US7ASCII', 'WE8IS08859P1')
translation FROM dual; translation

As you can see, the 'A umlaut' is translated into regular ‘A" because this character
does not exist in the English-based U.S. 7-bit ASCII character set. When no
replacement is available, a question mark appears. The replacement character's
mapping could be defined in the character set itself.

Note The CHAR_CS value returns Oracle's database character set ID that is
specified for the server. Its NCHAR_CS equivalent does the same for the
national character set.

The function TRANSLATE ... USING returns similar results:

SELECT TRANSLATE('A A @'
USING CHAR_CS) translation FROM
dual; translation -------------------- A A



The function UNISTR performs string conversion from any character set into Unicode
(see Chapter 2 for more information on Unicode); a backslash in the value is an
escape character that signifies the input is a hexadecimal number to be converted into
a Unicode character (see Appendix L for more about hexadecimal numbers):

SELECT UNISTR('\QOF5']| |
'\00D1') FROM dual; UN ---

"\
If you check the number of bytes (using the Oracle function LENGTHB) allocated by
Oracle to each of these characters, you will find an interesting fact: a length in
characters is identical for ASCIl and Unicode characters, but the length in bytes shows
that a Unicode character occupies 2 bytes as opposed to one for ASCII:
SELECT

LENGTHB(unistr('\OGOF5"'))
in_bytes, LENGTH(unistr('\OGOF5')) in_chars,

LENGTHB('A') in_bytes,
LENGTH(unistr('A')) in_chars FROM dual; IN_BYTES

IN_CHARS IN_BYTES IN_CHARS ----
------------------------------------ 211

IBM DB2 UDB uses VARGRAPHIC for conversion. The absence of the rich set of

functions found in other RDBMS shows the AS/400 legacy. IBM assumes that you set
up a database to work in a specific character set and stay there. In the personal
edition of DB2 UDB version 8.1 this function is not supported.

Data type specific conversion functions

In addition to the universal CAST function, Oracle has a number of conversion

functions specifically for one data type; the same goes for DB2 UDB where data type
declarations are conversion functions at the same time.

There is no difference in results produced by either function, and the only reason for
using them is convenience.

The use of

SELECT CAST (SYSDATE AS
VARCHAR2(10)) char_date FROM dual;
char_date ----------- 10-SEP-02

is equivalent to Oracle's

SELECT TO_CHAR(SYSDATE) FROM
dual; char_date ----------- 10-SEP-02

and is identical to IBM DB2 UDB's



SELECT CHAR(CURRENT DATE)
char_date FROM sysibm.sysdummyl
char_date ----------- 09/10/02

Note The actual format of the displayed string depends on your system settings,
and it always could be changed with a formatting function.

Oracle's conversion function for a specific type includes TO_DATE, TO_CHAR,
TO_NUMBER, and TO_CLOB. For IBM DB2 UDB, as mentioned before, the data type
declaration is overloaded with an additional conversion functionality.

Cross- For a comprehensive list of vendor-specific functions, see
References  Appendix G.

Cross- A data type could be converted into another data type only if the
References type itis converted into is compatible with the original. Since each

RDBMS implements its own data types, the conversion rules are
different for each of them. Appendix K contains a matrix table of
data conversions for the MS SQL Server, Oracle 9/, and IBM DB2
UDB data types.

Miscellaneous functions
With every classification there are always some functions that do not fit into a single

well-defined category. We've grouped such functions into a "Miscellaneous” category
(Table 10-14).

Table 10-14: Miscellaneous Functions

(expressionl,
expression2,
expression3 ...)

(expressionl,
expression2,
expression3 ...)

(expressionl,
expression2,
expression3 ...)

. IBM DB2 UDB MS SQL Server L.
ORACLE 9i 8.1 2000 Description
COALESCE COALESCE COALESCE Returns first

argument on the
list that is not
NULL. VALUE




ORACLE 9i

IBM DB2 UDB
8.1

MS SQL Server
2000

Description

CASE
(expression)
WHEN <compare
value>

THEN <substitute

CASE
(expression)

CASE
(expression)

Compares input
expression to
some predefined

(expressionl,
expression2)

(expressionl,
expression2)

(expressionl,
expression2)

value> WHEN <compare WHEN <compare values, and
ELSE END value> value> outputs a
THEN <substitute || THEN<substitute substitute value,
DECODE value> value> either hard
(expression ELSE END ELSE END coded or
compare value, calculated.
substitute value
)
Compares two
expressions; if
NULLIF NULLIF NULLIF they are null,

returns NULL,
otherwise the
first expression

is returned.

Checks whether
NVL COALESCE ISNULL expression is
(expression, (expression, (expression, null, and if it is
value) value) value) returns specified

value.

If the expression
NVL2 is NULL, returns
(expression, N/A N/A 2{?2\:\3:2:’
valuel, value2)

returns the

second one.

DECODE and CASE

CASE is an SQL99 keyword that is implemented as a DECODE function in Oracle.
Microsoft and DB2 UDB allow the CASE statement to be used with a standard SELECT
statement, and DB2 UDB also uses it as a part of its procedural extension to SQL.

Oracle's DECODE function allows you to modify the output of the SELECT statement
depending on certain conditions. It compares an expression (usually a column value)
to each search value one by one. If a match is found, the function returns the
corresponding result, otherwise it returns the default value; if no match is found and no



default specified, the function returns NULL. In addition to DECODE, Oracle 9i also has
a CASE statement that is identical in usage to that of the other RDBMS discussed.

The CASE statement produces similar results though using somewhat different syntax
— and no function is involved.

For example, you can prepare a list where a customer's name is listed alongside its
credit status. In our ACME database table CUSTOMER, column CUST_CREDHOLD_S
defines whether this particular customer is allowed to order on credit. If it is, the
column value is'Y," otherwise it displays 'N."' The simple SELECT that fetches two
columns looks as follows (the syntax is valid for all three vendors):

SELECT cust_name_s,

cust_credhold_s FROM customer;
cust_name_s cust_credhold_s
------ WILE SEAL CORP. Y MAGNETICS USA

INC. N MAGNETOMETRIC DEVICES INC. N
FAIR PARK GARDENS N

While technically correct, such a report requires additional information on how to
interpret the somewhat cryptic "Y' and 'N."' The query that would resolve the problem in
Oracle (old syntax) is:

SELECT cust_name_s,

DECODE(cust_credhold_s, 'Y', 'good
credit', 'N', 'on hold', 'undefined') FROM

customer; cust_name_s ----------------
--------------------------- WILE SEAL

CORP. 'good credit' MAGNETICS USA INC.
'on hold' MAGNETOMETRIC DEVICES INC. 'on

hold' FAIR PARK GARDENS 'on hold'

And this example produces identical results in the MS SQL Server 2000, IBM DB2
UDB, and Oracle 9i:

SELECT cust_name_s, CASE

cust_credhold_s WHEN 'Y' THEN 'good
credit' WHEN 'N' THEN 'on hold' ELSE

'undefined' END FROM customer
cust_name_S --------------- e m- -

--------------- WILE SEAL CORP. 'good
credit' MAGNETICS USA INC. 'on hold'

MAGNETOMETRIC DEVICES INC. 'on hold'
FAIR PARK GARDENS 'on

hold'

In plain English the DECODE statement in this query means: if the value in the column
CUST_CREDHOLD_S is'Y," then replace it in the output with 'good credit’ string; if the



value is 'N,' then put 'on hold' in its place, if it is neither "Y' nor 'N,’ then replace it with
‘'undefined.’

Note Oracle introduced CASE expressions in version 9i; previous versions used
the DECODE function exclusively, and it is still supported for backward
compatibility.

When using CASE expressions with DB2 UDB, you must have the ELSE

clause; if there is no action to take and there is no matching case, add ELSE
NULL.

You could use both functions in several ways; here we're just showing a few basic
examples of how they are used. For instance, usage is not limited to SELECT queries,
you also can use them in UPDATE. The column CUST_STATUS_S can only accept
values 'Y' and 'N," but the following query reverses these values, putting ‘N’ in place of
"Y' and vice versa:

UPDATE CUSTOMER SET

cust_status_s = CASE cust_status_s
WHEN 'Y' then 'N' ELSE 'Y' END (37 row(s)

affected)

Other uses for the function include the WHERE clause and nested queries. Refer to the
vendor's documentation for detailed discussions of these features.

COALESCE and NULLIF

These two functions are special cases of the Oracle DECODE function and the CASE
expression, dealing with NULL values exclusively; they are found in all three
databases.

Note IBM DB2 UDB also has a VALUE function that operates in exactly the same
way as COALESCE; Oracle's function VALUE has nothing to do with NULLSs
and belongs to the object-oriented features domain.

The function NULLIF compares two expressions; if they are equal, it returns NULL,
otherwise it returns the first expression. For example, in our CUSTOMER table we not
only have CUST_CREDHOLD_S information but also a CUST_STATUS_S column that
tells us whether or not this customer is active. If CUST_CREDHOLD_S and
CUST_STATUS_S s contain the same values, we return NULL, otherwise
CUST_CREDHOLD_S value. Such a technique might be useful for discovering
discrepancies in the company rules. If customer credit is on hold (N), then its status
also has to be N;, if NULLs are detected, the conflict must be resolved manually by
one of the managers:
SELECT

NULLIF(cust_credhold_s, cust_status_s)



compare_stat FROM customer compare_stat
------------ NULL N N N

The syntax for the NULLIF function is identical across all three RDBMS.

The COALESCE function takes the principle of NULLIF a step further — it returns the
very first argument on the list that is not NULL. For example, you've devised several
methods for your customers to pay their bills — credit account, direct deposit, and
mail-in check. If you are about to send a customer a bill but do not remember which
method was approved for this particular customer, this query might help:
SELECT customer_id,

COALESCE(visa_account, direct_deposit,
check_account) FROM

account_management

The ACCOUNT_MANAGEMENT table is not in our ACME database, but this example
gives you an idea how to use the COALESCE function. The syntax for this function is
identical for all three RDBMS vendors.

NVL, NVL2, and ISNULL

These functions are used to detect NULLs in the fetched values and take action by
replacing NULL values with non-NULL values. NVL is Oracle's equivalent of the SQL
Server's ISNULL function; DB2 UDB does not have NULL detection functions, but you
may use the COALESCE function to achieve similar results.

An example of Oracle's NVL function is:

SELECT

cust_name_s, NVL(cust_alias_s,
'undefined') FROM customer; cust_name_s

alias_status --------------------- ---
-------------- WILE SEAL CORP. MNGA71396

MAGNETICS USA INC. MNGA71398
MAGNETOMETRIC DEVICES INC. MNGA71400 FAIR PARK

GARDENS undefined INTEREX USA
undefined

This query will return a list of customer names and their corresponding aliases. For the
customers where an alias value is not yet entered (and therefore contains NULL), the
resulting list would contain 'undefined.' In the SQL Server's syntax this query would
look as follows:

SELECT

cust_name_s, ISNULL(cust_alias_s,
'undefined') alias_status FROM customer

cust_name_s alias_status -------------
------------------------------- WILE



SEAL CORP. MNGA71396 MAGNETICS USA
INC. MNGA71398 MAGNETOMETRIC DEVICES INC.

MNGA71400 FAIR PARK GARDENS undefined
INTEREX USA undefined

As we've mentioned, the DB2 UDB equivalent would use the COALESCE function:

SELECT

cust_name_s, COALESCE(cust_alias_s,
'undefined') alias_status FROM customer

cust_name_s alias_status -------------

--------------- WILE SEAL CORP.
MNGA71396 MAGNETICS USA INC. MNGA71398

MAGNETOMETRIC DEVICES INC. MNGA71400
FAIR PARK GARDENS undefined INTEREX USA

undefined

The result of this query in DB2 UDB and the SQL Server is identical to that shown
previously for Oracle 9i.

Oracle 9i also has a more evolved NVL2 function, which differs in action from the
regular NVL function. It allows for more than one substitution based on whether the
expression is NULL or not. If, for instance, you wish to check what customers were
assigned aliases and which were not, this query would do the job:

SELECT

cust_name_s, NVL2(cust_alias_s, 'alias
assigned', 'not assigned' ) alias_status

FROM customer; cust_name_s
alias_status ------------mmm e oo

WILE SEAL CORP. alias assigned
MAGNETICS USA INC. alias assigned MAGNETOMETRIC

DEVICES INC. alias assigned FAIR PARK
GARDENS not assigned INTEREX USA not

assigned

In the above query, if the customer alias column contains NULL then 'not assigned" will
be included in the final resultset, otherwise 'alias assigned' will be included.

The arguments for expression2 and expression3 can be of any data type except
LONG, the expressionl can be of any data type.

Note All three RDBMS have a number of functions that are not covered in this
chapter. This refers to Oracle 9i cursor, analytical, and object reference
functions; IBM DB2 UDB table functions and expressions; as well as
Microsoft SQL Server 2000 system functions, text and image functions,
rowset functions, and so on. These functions represent vendor-specific



extensions and are rarely used; they also require advanced understanding of
a particular RDBMS structure. Most of these are mentioned in Appendix G.

Conversion Pitfalls

For every function that substitutes one value for another, it is important to specify
data of compatible data types: the substitute value must match that of the column.
For example, if instead of 'undefined' we put a number 0, the MS SQL Server and
IBM DB2 UDB databases would generate an error complaining about inability to
convert VARCHAR into INTEGER.

Oracle would implicitly convert NUMBER into VARCHAR2, but not vice versa. The
following query demonstrates this distinctive Oracle' behavior:
SELECT '4'||5

concat_value, '4'+ 5
sum_value FROM dual; concat_value sum_value

45 @SB code:9

Based on the operator's function, Oracle implicitly converted the literal 4 (a

character, defined by single quotes) into the NUMBER data type for the SUM_VALUES
(operator +), and for the CONCAT_VALUE (operator ||). The number 5 was converted
into a string.

User-Defined Functions

User-defined functions extend the built-in functionality provided with RDBMS products.
They are not a part of the SQL standard, and as such are out of the scope of this
book. The syntax for creating a function within RDBMS (the CREATE FUNCTION) is
similar across all three vendors; it is created just as any other RDBMS object.

Although not every vendor provides an ability to add custom functions, all "big three"
RDBMS vendors provide this capability with their RDBMS, thus enabling code reuse
(the same functions could be called by many users/programs).

The user-defined functions are usually implemented in a procedural language, which
includes Java and PL/SQL for Oracle, Transact-SQL and C (for extended stored
procedures) for the Microsoft SQL Server 2000, and Java and IBM SQL for IBM DB2
UDB 8.1. The syntax vastly differs among these RDBMS.

In addition to the functions created and maintained within RDBMS, all three vendors
provide scripts and executables capabilities for calling external objects maintained by



the operating system. The mechanisms for invoking external programs are different,
but the principle is the same — provide an ability to communicate with outside OS,
without restrictions imposed by RDBMS framework. Such programs could be written in
any language supported by OS.

The MS SQL Server 2000 also has the ability to invoke and execute OLE (ActiveX)
objects within SQL code inside stored procedures via a special set of system-stored
procedures.



Summary

SQL built-in functions complement inherent deficiencies in the
nonprocedural language. They perform many tasks, ranging from
rounding numbers to strings manipulation to conversion of data
types into the sophisticated logic of substitute functions like
DECODE.

While the number of functions defined in SQL92/99 standards is
relatively small, every RDBMS vendor has its own set of these
useful tools well in excess of hundreds. Therefore, it should not
come as a surprise that functions differ across the vendors — in
capability, implementation details, syntax, or simply being
included or excluded from the implementation.

This chapter contains a comprehensive overview of the most
important functions, as well as the correspondence between the
three RDBMS implementations in terms of producing similar
outcomes. The function classifications in this chapter are based
on the data types of the arguments used by the functions to
perform operations (for example, character data, numeric data,
date), and on general functionalities (like conversion). Some
functions that have advanced or nonstandard features are
included in the chapters that discuss topics relevant to those
functions: security functions are covered in the security chapter,
and XML functions are part of the chapter on latest SQL
developments.



Chapter 11: SQL Operators



Overview

Operators in SQL are defined as symbols and keywords that are
used to specify an action to be performed on one or more
expression called operands or arguments.

There are two general types of operators

= Unary Operators. Applied to only one operand at the
time; the typical format is <operator><operand>.

= Binary Operators. Applied to two operands at the time,
they usually appear in format <operand><operator>

<operand>.



Arithmetic Operators

These operators, just as the name implies, are used for arithmetic
computations. The use of the arithmetic operators is very intuitive

(assuming that one did not flunk elementary school), and they

can be used in virtually every clause of the SQL statement. The

full list of arithmetic operators is given in Table 11-1.

Table 11-1: Arithmetic Operators

Operator

Description

Addition; adds two numbers or — in the case
of MS SQL Server — also concatenates
strings. With this exception, the usage is
identical across all three databases. Only MS
SQL Server overloads the operator, using it
both for concatenation and addition.

Subtraction; subtracts one numeric value
from another. The usage is identical across all
three databases.

It is also used as a sign identity or unary
negation operator.

Multiplication; multiplies one number by
another. The usage is identical across all
three databases.

Division; divides one number by another. The
usage is identical across all three databases.

Concatenation operator; concatenates
character strings; valid for Oracle and IBM
DB2 UDB only.




Operator || Description

Modulo; calculates integer remainder of a
division. This is an MS SQL Server-only

% operator. The functionality of this operator is
represented by the MOD function in both

Oracle and IBM DB2 UDB.

While doing arithmetic in SQL is relatively easy, one must pay
attention to the data type used in the operations; for numeric
values that would mean the precision and scale of the result; for
datetime, the range of the resulting values and so on.

Some databases (like Oracle) would perform implicit conversion
(whenever possible) if data types are not compatible with
operator (e.g., string value used with addition operator); the
others (DB2 UDB and SQL Server) would require explicit
conversion into a compatible data type to perform an operation.

Here are several examples of arithmetic operator usage. To add
two values in Oracle, the following query could be used:

SELECT 5 + 5 total_value FROM
dual; total_value ----------- 10

The resulting TOTAL_VALUE is of a numeric data type,; if, instead
of the addition operator, the concatenation operator is used, the
result would be quite different:

SELECT 5 || 5 total_value FROM
dual; total_value ----------- 55

Here, Oracle implicitly converted numbers into characters and the
TOTAL_VALUE is a result of this concatenation of the character
data type. DB2 UDB also recognizes the concatenation operator,
though it does not perform implicit conversion; this example



executed in UDB would generate an error, requiring explicit data
type conversion of the numbers into strings.

MS SQL Server works differently — it overloads the addition
operator, for example, the addition operator is also used for
concatenating strings. The decision to add operands or
concatenate them is made based upon the operand's data types:
SQL Server will add numbers and concatenate strings. The
following examples demonstrate this functionality. This query has
two integers as operands, and SQL Server calculates the sum of
these (also an integer):

SELECT 5 + 5 total _value
total value ----------- 10

The following query uses two characters (signified by single
guotes for literal values), and the result is concatenation
(character data):

SELECT '5' + '5' total_value
total value ----------- 55

This operator also is used in date arithmetic. While numerous
functions could be employed to add and subtract dates, the same
functionality can be achieved with arithmetic operators. Here is
an example of adding 10 days to a date in MS SQL Server 2000
(date is given as a literal and is converted to a datetime data type
to ensure proper handling):

SELECT CAST('09/10/2003 12:00 AM'

AS DATETIME) + 10 AS result_date
result_date -------------------------

2003-09-20 00:00:00.000

The date arithmetic could be very confusing. Oracle allows for
extensive use of arithmetic for date manipulation, as does IBM
DB2 UDB — whereas Microsoft SQL Server clearly steers users
to use date- and time-related functions.



The following are examples of date arithmetic in Oracle. The first
guery adds a specified number of days to the specified date; the
date might come from the table or be requested from the
RDBMS:

SELECT SYSDATE, (SYSDATE) + 10
result_date FROM dual; SYSDATE
result_date ---------- -“----------- 9/17/2003
9/27/2003

For instance, to add two hours, the following operation could be
used:

SELECT SYSDATE, (SYSDATE) + 2/24

result_date FROM dual; SYSDATE
result_date ---------------------

--------------------- 9/22/2003
11:04:05 AM 9/22/2003 1:04:05

PM

By adding 24/24 (evaluating to 1), you are essentially adding 1
day; henceforth 2/24 constitute 2 hours.

The same goes for the minutes and seconds:

SELECT SYSDATE , (SYSDATE) +
1/(24*60) result_date FROM dual;
SYSDATE result_date ---------------------

11:08:26 AM 9/22/2003 11:09:26
AM

Note The parentheses around the 24*60 are significant. As
you will learn in this chapter, the results are dependent
on the precedence of operators used in the expression;
these brackets make sure that 1 is divided by the
product of 24 multiplied by 60 (number of minutes).



Of course, the same manipulations would apply to other
operators — as long as the operands are of compatible data
types. You cannot multiply or divide dates, for example; only
addition and subtraction is allowed. For the regular numeric data
types, any arithmetic operator is valid.

For example, if you would like to calculate amount of sales tax
(say, 8.5%) imposed on each of your transactions as recorded in
the ACME database, view V_CUSTOMER_TOTALS:

SELECT order_number, total_price,
total_price * 0.085 tax FROM
v_customer_totals order_number total_price tax

------ 523720 7511.00 638.43500 523721 8390.00
713.15000 523722 6608.00
561.68000

The modulo operator (%) calculates the integer remainder of a
division. This is MS SQL Server-specific operator, as both Oracle
and IBM use the MOD function instead. The following query
calculates modulo of the integer 5 divided by 3 in MS SQL
Server:

SELECT 5%3 remainder remainder

Which is absolutely identical to the Oracle and IBM DB2 UDB
function MOD (where SYSDUMMY1 table is Oracle's equivalent of
DUAL):

SELECT MOD(5,3) remainder FROM

sysibm.sysdummyl remainder -----
- 2

Caution SQL Server and Oracle would allow NULLs to be
used with arithmetic operators (e.g., SELECT
SYSDATE + NULL FROM DUAL ; the resultis NULL). It



IS important to understand, that for any operator
given a NULL operand, the result always will be

NULL — no matter what the other operand may be.

Oracle excepts the concatenation operator from this
rule, whereas IBM DB2 UDB does not allow NULLsS

in any operator's context.



Logical Operators

These operators are used to evaluate some set of conditions, and
the returned result is always of value of TRUE, FALSE or
"unknown."

Note Starting from Oracle 9i RDBMS release, Oracle lists
logical operators as SQL Conditions. Previous versions
refer to Comparison Operators and/or Logical
Operators. IBM DB2 UDB uses term Predicates instead
of Operators (which is totally misleading, in our opinion).

Table 11-2 lists all the logical operators supported in SQL.

Table 11-2: SQL Logical Operators

Operator Action
Evaluates to TRUE if all of a set of
ALL .
comparisons are TRUE.
Evaluates to TRUE if both Boolean
AND :
expressions are TRUE.
Evaluates to TRUE if any one of a set of
ANY .
comparisons are TRUE.
BETWEEN Evaluates to TRUE if the operand is within a
range.
EXISTS Evaluates to TRUE if a subquery contains
any rows.
IN Evaluates to TRUE if the operand is equal to
one of a list of expressions.
LIKE Evaluates to TRUE if the operand matches
a pattern.




Operator Action
Reverses the value of any other Boolean

NOT
operator.

OR Evaluates to TRUE if either Boolean
expression is TRUE.

SOME Evaluatgs to TRUE if some of a set of
comparisons are TRUE.

ALL

Compares a scalar value with a single-column set of values. It is
used in conjunction with comparison operators and is sometimes
classified as a comparison operator. It returns TRUE when
specified condition is TRUE for all pairs; otherwise it returns
FALSE. The example of its usage is given in Chapter 8, the
section "Using_Subqueries in a WHERE clause."

ANY | SOME

Compares a scalar value with a single-column set of values. The
keywords ANY and SOME are completely interchangeable. The
operator returns TRUE if specified condition is valid for any pair;
otherwise it returns FALSE. The example of its usage is given in
Chapter 8, the section "Using_Subgueries in a WHERE clause."

Note For Microsoft SQL Server and IBM DB2 UDB, operators
ANY | SOME could only be used with a subquery; only
Oracle allows for the list of scalar values to be used with
it.

BETWEEN <expression> AND <expression>



The BETWEEN operator allows for "approximate" matching of the
selection criteria. It returns TRUE if the expression evaluates to
be greater or equal to the value of the start expression, and is
less or equal to the value of the end expression. Used with
negation operator NOT, the expression evaluates to TRUE only
when its value is less than that of the start expression, or greater
than the value of the end expression.

Note AND keyword used in conjunction with BETWEEN
operator is not the same as the AND operator explained
later in the chapter

The following query retrieves data about product ID, product
description and product price from the PRODUCT table, where
product price is in the range between 15 and 25 dollars.

SELECT prod_id_n,

prod_description_s
description, prod_price_n price FROM product
WHERE

prod_price_n BETWEEN 15 AND 25
prod_id_n description price ---------
990 SPRUCE LUMBER 30X40X50 18.24 3045 STOOL CAPS

9'"' 15.92 4055 GAZEBOS
40X30X60 16.03 4761 BAR

RAILS 24X48X128 23.10 4964
BASES 30X45X60 23.10 5786 CRATING MATERIAL
12X48X72

17.90 (6 row(s) affected)

Note that the border values are included into the final result set.
The operator works identically across all three databases and
could be used with a number of different data types: dates,
numbers, and strings.



Though rules for evaluation strings are the same, the produced
results are not that straightforward as those with the numbers.
The string are evaluated according to the characters in the value,
and unless full string is specified, the border limit values are not
included. For example, if one wants to get the product's
information for a range of descriptions starting with "C" and "S,"
the following query could be used:

SELECT prod_id_n,

prod_description_s
description, prod_price_n price FROM product
WHERE

prod_description_s BETWEEN 'C'
AND 'S' prod_id_n description price ---------

---- 4000 HAND RAILS ROUNDS 48X48X12 11.80 4055
GAZEBOS 40X30X60 16.03 5786

CRATING MATERIAL 12X48X72 17.90 (3 row(s)
affected)

Note that the product with description 'SPRUCE LUMBER
30X40X50' was not included in spite that it does starts with 'S’;
the cut-off criterion 'S' implies that only description consisting of a
single 'S' answers the condition; using wildcard characters (see
later in the chapter) does not help in this case. To include the
product for the above description, the full value must be used, or
the first TWO characters of the value next in line (see the query
above), and so on

SELECT prod_id_n,

prod_description_s
description, prod_price_n price FROM product
WHERE

prod_description_s BETWEEN 'C'
AND 'ST' prod_id_n prod_description_s

prod_price_.n --------- -------



LUMBER 30X40X50 18.24 4000
HAND

RAILS ROUNDS 48X48X12 11.80
4055 GAZEBOS 40X30X60 16.03 5786 CRATING
MATERIAL

12X48X72 17.90 (4 row(s)
affected)

IN

This operator matches any given value to that on the list — either
represented by literals, or returned in subquery. The following
guery illustrates the concept of the IN operator

SELECT prod_id_n,

prod_description_s
description, prod_price_n price FROM product
WHERE

prod_price_n IN
(10,15,18.24,16.03) prod_id_n description price

990 SPRUCE LUMBER 30X40X50 18.24 4055 GAZEBOS
40X30X60 16.03 (2 row(s)
affected)

Since we do not have products priced exactly at 10 or 15 dollars,
only two matching records were returned.

Note The data type of the expression evaluated against the
list must be correspond to the data type of the list
values. Some RDBMS would implicitly convert between
compatible data types (e.g. MS SQL Server 2000 and
Oracle 9i both would accept the list like follows
(10,15,'18.24', 16.03) — mixing numbers with strings,
while IBM DB2 UDB would generate an error
SQLO415N, SQLSTATE 42825).



The operator IN behavior could be emulated (to a certain extent)
by using OR operator. The following query would bring the result
set identical to that returned by the query using a list of literals

SELECT prod_id_n,
prod_description_s
description, prod_price_n price FROM product
WHERE
prod_price_n = 10 OR
prod_price_n = 15 OR
prod_price_n = 18.24 OR
16.03 prod_id_n description price
N 990 SPRUCE LUMBER 30X40X50 18.24 4055
GAZEBOS 40X30X60 16.03 (2

prod_price_n

row(s) affected)

The values on the IN list could be generated dynamically from a
subquery. The following query retrieves all descriptions for the
products that were sold in quantities of less than 90 items:

SELECT prod_description_s FROM
product WHERE prod_id_n IN
(SELECT ordline_prodid_fn FROM order_1line WHERE
ordline_ordgty_n < 90)
prod_description_s
-------------- HAND RAILS ROUNDS 48X48X12 BAR
RAILS 24X48X128 BAR RAILS
30X45X60 BASES 30X45X60 CRATING MATERIAL
12X48X72 (5
row(s) affected)

Using NOT operator in conjunction with IN would return all
records that are not within the specified list of values — either
predefined or generated from a subquery.



EXISTS

The EXISTS operator checks for the existence of any rows with
matched values in the subquery. The subquery could query the
same table, or different table(s), or a combination of both (see
Chapter 8 for information on correlated query). The operator acts
identically in all three RDBMS implementations

EXISTS usage resembles that of IN operator (normally used with
correlated query, discussed in Chapter 8). The following SQL
guery produces results identical to those produced by the queries
in the above examples:

SELECT prod_description_s FROM

product WHERE EXISTS(SELECT *
FROM order_1line WHERE ordline_prodid_fn =

product.prod_id_n AND
ordline_ordgty_n < 90) prod_description_s
-------------- HAND RAILS ROUNDS 48X48X12 BAR

RAILS 24X48X128 BAR RAILS
30X45X60 BASES 30X45X60 CRATING MATERIAL
12X48X72 (5

row(s) affected)

The use of an additional condition (ordline_prodid_fn =
product.prod_id_n) is necessary to limit output to those records
from PRODUCT to only those that have corresponding records in
ORDER_LINE table —i.e., only those products for which there are
orders. Without this condition, the query would bring all products
from the PRODUCTS table.

Note While it is possible to specify a nonempty list of values
with the EXIST operator, it would always evaluate to
TRUE. For example, the following query would return all
records from the table PRODUCT, because the
subquery always would evaluate to TRUE:



SELECT prod_description_s
FROM product
WHERE EXISTS (SELECT * FROM DUAL)

The EXISTS operator produces results identical to '= ANY' from
the examples in the respective sections. Using operator NOT in
conjunction with EXISTS results in records when no rows are
returned by a subquery.

LIKE

Operator LIKE belongs to the "fuzzy logic" domain. It is used any
time when criteria in the WHERE clause of the SELECT query
are only partially known. It utilizes a variety of wildcard characters
to specify the missing parts of the value (Table 11-3). The pattern
must follow the LIKE keyword.

Table 11-3: Wildcard Characters for use with Operator
LIKE

Character Description Implementation
Matches any Oracle, IBM DB2

% string of zero or UDB, MS SQL
more characters Server 2000
Matches any Oracle, IBM DB2

(_underscore) single character UDB, MS SQL
within a string Server 2000

Matches any
single character
[] within the
specified range or
set of characters

Microsoft SQL 2000
only




Character Description Implementation

Matches any
single character
[M] NOT within
specified range or
set of characters

Microsoft SQL 2000
only

The following query requests information from the table
CUSTOMER of the ACME database, where customer name (field
CUST_NAME_S) starts with 'WILE'

SELECT

cust_id_n, cust_name_s FROM
customer WHERE cust_name_s LIKE 'WILE%'
cust_id_n

cust_name_S --------- --------
------------------------ 152 WILE BESS COMPANY

WILE ELECTROMATIC INC. 63 WILE
ELECTROMUSICAL INC. 7 WILE ELECTRONICS INC. 1

WILE SEAL CORP. (5 row(s)
affected)

Note that blank spaces are considered to be characters for the
purpose of the search.

If, for example, we need to refine a search to find a company
whose name starts with WILE and has a second part sounding
like EAL ("MEAL"? "SEAL"?), the following query would help:

SELECT

cust_id_n, cust_name_s FROM
customer WHERE

cust_name_s LIKE 'WILE% _EAL%'
cust_id_n cust_name_S ---------



1 WILE SEAL CORP. (1 row(s)
affected)

In plane English, this query translates as "all records from the
table CUSTOMER where field CUST_NAME_S contains the
following sequence of characters: the value starts with WILE
followed by unspecified number of characters, then blank space,
and the second part of the value starts with some letter or
number followed by combination EAL; the rest of the characters
IS unspecified".

In Microsoft SQL Server (and Sybase, as well), you also may use
matching pattern that specifies range of characters. The following
guery retrieves records for the customer whose second part of
the name starts with either 'S' or 'B":

SELECT
cust_id_n, cust_name_s FROM
customer WHERE cust_name_s LIKE 'WILE% [S,B]%'
cust_id_n cust_name_s --------
R e I 152 WILE
BESS COMPANY 1 WILE SEAL CORP.
(2 row(s) affected)

ESCAPE clause in conjunction with the LIKE operator allows for
inclusion wildcard characters themselves to be included in the
search string. It allows you to specify an escape character to be
used to identify special characters within the search string that
should be treated as "regular" ones. Virtually any character could
be designated as an escape character in a query, though caution
must be exercised in order not to use characters that might be
encountered in the values themselves (e.g., use of the ‘%' or 'L
as an escape character would result in erroneous results to be
returned). The clause is supported by all three major databases
and is part of SQL standard.



The following example uses an underscore sign (_) as one of the
search characters; it queries INFORMATION_SCHEMA view
(Microsoft SQL Server 2000 specific view for accessing
information about objects present in the current database;
covered in detail in Chapter 13):

SELECT table_name, table_type
FROM INFORMATION_SCHEMA.TABLES
WHERE table_name LIKE 'ORD%/_L%' ESCAPE '/'
table_name table_type --------
----------------- ORDER_LINE BASE TABLE (1
row(s) affected)

The query requests records from the view where table name
starts with 'ORD’ followed by unspecified number of characters,
has an underscore " " as part of its name, followed by 'L' and,
again, ending with an unspecified number of characters. Since
the underscore character has a special meaning as a wildcard
character it has to be preceded by an escape character '/'. As you
can see, the table name ORDER_LINE uniquely fits these
requirements.

Note Oracle 9i specifies four types of LIKE operator: LIKE,
LIKEC, LIKE2, and LIKE4. The first evaluates a string
as defined by the input value character set, the second
(LIKEC) assumes UNICODE complete set, while LIKE2
and LIKE4 subsets use USC2 (fixed-width, 2 bytes/16-
bit encoding of the UNICODE characters) and USC4 (4
bytes/32-bit encoding) codepoints, respectively. The
term USC refers to Universal Multiple-Octet Coded
Character Set.

With a bit of practice one could construct quite sophisticated
pattern matching queries. Here is an example: the query that
specifies exactly three characters preceding 'E' in the first part of
the name, followed by unspecified number of characters, exactly



one character preceding letters 'ES' in the second part, followed
by unspecified number of characters

SELECT
cust_id_n, cust_name_s FROM
customer WHERE cust_name_s LIKE ' E% _ES%'
cust_id_n cust_name_S --------
I e 89
INTEGRATED POWER DESIGNS 152
WILE BESS COMPANY (2 row(s) affected)

The results might be surprising at first glance: why does the
resultset include 'INTEGRATED POWER DESIGNS'? To
understand the results one should recall that '%' stands for any
character, blank spaces included; therefore 'GRATED POWER'
string fits the criteria; it is followed by a blank space and a word
that includes 'ES' as the second and first characters.

Note In a search for similarly sounding names use
SOUNDEX function, described in Chapter 10.

AND

AND combines two Boolean expressions and returns TRUE when
both expressions are TRUE. The following query returns records
for the product with a unit price over $20 and whose description
starts with 'S"

SELECT prod_id_n,

prod_description_s
description, prod_price_n price FROM product
WHERE

prod_price_n > 20 AND
prod_description_s LIKE 'S%' prod_id_n
description

price --------- --------------
--------------- 1880 STEEL NAILS 6'' 33.28 2871



STOOL CAPS 5'' 26.82 (2 row(s)
affected)

Only records that answer both criteria are selected.

When more than one logical operator is used in a statement,
AND operators are evaluated first. The order of evaluation could
be changed through use of parentheses.

NOT

This operator negates a Boolean input. It could be used to
reverse output of any other logical operator discussed so far in
this chapter. Here is a simple example using IN operator.

SELECT prod_id_n,
prod_description_s
description, prod_price_n price FROM product

WHERE prod_price_n NOT IN
(10,15,18.24,16.03) prod_id_n description price
-------------- 1880 STEEL NAILS 6'' 33.28 2871

STOOL CAPS 5'' 26.82 3045
STOOL CAPS 9'' 15.92 4000 HAND RAILS ROUNDS
48X48X12

11.80 4761 BAR RAILS 24X48X128
23.10 4906 BAR RAILS 30X45X60 27.00 4964 BASES

30X45X60 23.10 5786 CRATING
MATERIAL 12X48X72 17.90 (8 row(s)

affected)

The query returned information for the products whose price does
not match any on the supplied list, i.e., where operator IN returns
TRUE (match) it becomes FALSE, while FALSE (no match)
translates into TRUE.



OR

Combines two conditions according to the rules of Boolean logic
(see Appendix L for more information on Boolean logic). When
more than one logical operator is used in a statement, OR
operators are evaluated after AND operators. However, you can
change the order of evaluation by using parentheses. The
example of the usage of the OR operator is given earlier in the
chapter, in a paragraph discussing operator IN.



Operator Precedence

Precedence represents the order in which operators from the
same expression are being evaluated. When several operators
are used together, the operators with higher precedence are
evaluated before those with the lower precedence. In general, the
operators' precedence follows the same rules as in the high
school math, which might be somewhat counterintuitive. The
order of the precedence is indicated in Table 11-4.

Table 11-4: Operators Precedence

Operator Precedence
Unary operators, bitwise NOT (MS 1

SQL Server only)

Multiplication and division 2

Addition, subtraction, and 3
concatenation

SQL conditions 4

The evaluation precedence could dramatically affect results of the
guery. Consider the following Oracle query, which supposedly
calculates value as TOTAL_PRICE + 4 * 0.085:

SELECT total_price, total_price
+ 4 * 0.085 tax FROM
v_customer_totals total_price tax ----------- - -
7538.20 7538.54 8420.10 8420.44
6630.40 6630.74

Depending on how you are inclined to count, it might mean that
you want to increase all your prices by four dollars and then
calculate 8.5 percent of the result; or — if operators' precedence



rules are taken into consideration — it means that you would like
to increase the price by 0.34 cents. Of course, RDBMS would
follow the rules of precedence and would first multiply 4 by 0.085
and then add the result to whatever value there is in the
TOTAL_PRICE column.

You may be wondering how the minus (=) and plus (+) operators
are of the first and third precedence at the same time. This is just
another example of an operator's overloading: in addition to
performing subtraction and addition operations, they also signify
the unary operators negation and sign identity (like -5 or +5). For
example, the following expression will evaluate to a negative
number rather than a positive one:

SELECT -2 * 3 + 5 result FROM
dual; result ------ -1

Instead of -11, as you might have expected, this expression
evaluates to —1 because the sign of the multiplier 2 is taken into
consideration before the multiplication. If we employ brackets to
apply the minus sign last, the result is different:

SELECT -(2 * 3 + 5) result FROM
dual; result ------ -11

The unary operator + does not affect its operand, while -

changes it to negative, as illustrated in the following example
(applies to all three RDBMS):

SELECT -(+total_price)
minus_first, +(-total_price)
plus_first FROM v_customer_totals minus_first
plus_first ----------- ---------
- -7538.20 -7538.20 -8420.10 -8420.10
. -6630.40 -6630.40
-12138.60 -12138.60



Why Operator Precedence Is Important

The issue of operator precedence is not as trivial as it may
seem. Take, for example, a ubiquitous computer program such
as Microsoft Calculator (or any modern calculator, for that
matter), which is bundled with every copy of the Windows
operating system. It seems as if this program differentiates
between Standard and Scientific types of calculations. When
Standard mode is selected from the View menu, the
expression 5+4* 3, for example, evaluates to 27, and if a
Scientific mode is selected from the menu, exactly the same
expression suddenly gives 17 as an answer; a regular
calculator would insist on 27 as a correct answer, no matter
what.

For a historical reason — namely, dearth of memory, the first
calculators had only two registers (i.e., storage for input
numbers) so only two numbers could be placed there and then
an operation had to be performed to free up space for the next
numb