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Software License Agreement: Terms and Conditions

The media and/or any online materials accompanying this book that are available now or in the future contain programs and/or
text files (the "Software") to be used in connection with the book. SYBEX hereby grants to you a license to use the Software,
subject to the terms that follow. Your purchase, acceptance, or use of the Software will constitute your acceptance of such terms.

The Software compilation is the property of SYBEX unless otherwise indicated and is protected by copyright to SYBEX or other
copyright owner(s) as indicated in the media files (the "Owner(s)"). You are hereby granted a single-user license to use the
Software for your personal, noncommercial use only. You may not reproduce, sell, distribute, publish, circulate, or commercially
exploit the Software, or any portion thereof, without the written consent of SYBEX and the specific copyright owner(s) of any
component software included on this media.

In the event that the Software or components include specific license requirements or end-user agreements, statements of
condition, disclaimers, limitations or warranties ("End-User License"), those End-User Licenses supersede the terms and
conditions herein as to that particular Software component. Your purchase, acceptance, or use of the Software will constitute your
acceptance of such End-User Licenses.

By purchase, use or acceptance of the Software you further agree to comply with all export laws and regulations of the United
States as such laws and regulations may exist from time to time.

Reusable Code in This Book

The author(s) created reusable code in this publication expressly for reuse by readers. Sybex grants readers limited permission to
reuse the code found in this publication, its accompanying CD-ROM or available for download from our website so long as the
author(s) are attributed in any application containing the reusable code and the code itself is never distributed, posted online by
electronic transmission, sold, or commercially exploited as a stand-alone product.

Software Support

Components of the supplemental Software and any offers associated with them may be supported by the specific Owner(s) of that
material, but they are not supported by SYBEX. Information regarding any available support may be obtained from the Owner(s)
using the information provided in the appropriate read.me files or listed elsewhere on the media.

Should the manufacturer(s) or other Owner(s) cease to offer support or decline to honor any offer, SYBEX bears no responsibility.
This notice concerning support for the Software is provided for your information only. SYBEX is not the agent or principal of the
Owner(s), and SYBEX is in no way responsible for providing any support for the Software, nor is it liable or responsible for any
support provided, or not provided, by the Owner(s).
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Warranty

SYBEX warrants the enclosed media to be free of physical defects for a period of ninety (90) days after purchase. The Software is
not available from SYBEX in any other form or media than that enclosed herein or posted to www.sybex.com. If you discover a
defect in the media during this warranty period, you may obtain a replacement of identical format at no charge by sending the
defective media, postage prepaid, with proof of purchase to:

SYBEX Inc.

Product Support Department
1151 Marina Village Parkway
Alameda, CA 94501

Web: http://www.sybex.com

After the 90-day period, you can obtain replacement media of identical format by sending us the defective disk, proof of purchase,
and a check or money order for $10, payable to SYBEX.

Disclaimer

SYBEX makes no warranty or representation, either expressed or implied, with respect to the Software or its contents, quality,
performance, merchantability, or fitness for a particular purpose. In no event will SYBEX, its distributors, or dealers be liable to you
or any other party for direct, indirect, special, incidental, consequential, or other damages arising out of the use of or inability to
use the Software or its contents even if advised of the possibility of such damage. In the event that the Software includes an
online update feature, SYBEX further disclaims any obligation to provide this feature for any specific duration other than the initial
posting.

The exclusion of implied warranties is not permitted by some states. Therefore, the above exclusion may not apply to you. This
warranty provides you with specific legal rights; there may be other rights that you may have that vary from state to state. The
pricing of the book with the Software by SYBEX reflects the allocation of risk and limitations on liability contained in this agreement
of Terms and Conditions.

Shareware Distribution

This Software may contain various programs that are distributed as shareware. Copyright laws apply to both shareware and
ordinary commercial software, and the copyright Owner(s) retains all rights. If you try a shareware program and continue using it,
you are expected to register it. Individual programs differ on details of trial periods, registration, and payment. Please observe the
requirements stated in appropriate files.

Copy Protection

The Software in whole or in part may or may not be copy-protected or encrypted. However, in all cases, reselling or redistributing
these files without authorization is expressly forbidden except as specifically provided for by the Owner(s) therein.
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Introduction

MySQL has grown up. Once dismissed as a lightweight toy for websites, MySQL 4 is now a viable mission-critical data-
management solution. Whereas before it was the ideal choice for websites, now it contains many of the features needed in other
environments, all while maintaining its impressive speed. It has long been able to outperform many commercial solutions for raw
speed and has an elegant and powerful permissions system, but now version 4 has the ACID-compliant InnoDB transactional
storage engine.

MySQL 4 is faster, has online backup facilities, and has a multitude of new features. There is little reason not to consider MySQL
for your database solution. MySQL AB, the company behind MySQL, offers efficient and low-cost support, and, like most open-
source communities, you'll find lots of free support on the Web. Standard features not yet included in MySQL (such as views and
stored procedures) are currently under development and may even be ready by the time you read this book.

There are many important reasons to choose MySQL as your mission-critical data-management solution:
Cost MySQL is free for most purposes, and its support is inexpensive.
Support MySQL AB offers inexpensive support contracts, and there's a large and active MySQL community.
Speed MySQL outperforms most of its rivals.

Functionality MySQL offers most of the features serious developers require, such as full ACID compliance,
support for most of ANSI SQL, online backups, replication, Secure Sockets Layer (SSL) support, and integration
with almost all programming environments. Also, it is being developed and updated faster than many of its
rivals, so almost all of the "standard" features MySQL does not yet have are under development.

Portability MySQL runs on the vast majority of operating systems, and in most cases data can be transferred
from one system to another without difficulty.

Ease of use MySQL is easy to use and administer. Many older databases suffer from legacy issues, making
administration needlessly complex. MySQL's tools are powerful and flexible without sacrificing usability.

Who Should Buy This Book?

This book is for developers, database administrators (DBAs), and MySQL users. It contains the following topics:
= Exploring Structured Query Language (SQL) as implemented by MySQL.
= Understanding and using the data and table types.
= Optimizing your queries and indexes.
= Backing up the database.
= Managing users and security.
= Administering and configuring MySQL (and optimizing the configuration for performance).
= Replicating MySQL onto multiple servers.

= Understanding database design and database normalization, and walking you through a complete case study.
Knowledge of this topic is vital if you plan to use MySQL in serious applications.

= Programming with MySQL.
= Writing your own extensions to MySQL.
= |nstalling MySQL.
The book's appendixes contain the following:
= A thorough MySQL reference
= References containing PHP, Perl, C, Java, Python, and ODBC functions and methods for interacting with MySQL
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What Not to Expect from This Book

MySQL is a vast topic, and this book covers everything you need to become a skilled MySQL DBA and developer. However, it
cannot explain everything, so it does not contain the following topics:

= How to program. This book assists you in programming with MySQL, but it will not teach you how to program from
the beginning.

= Embedded MySQL.

= Thorough coverage of how to compile and install libraries. Writing your own extensions requires some knowledge of
compiling and installing libraries on your platform. Although this topic is explained, the book cannot cover all
possible configurations on all platforms, so if you plan to get to this advanced level, you'll need a good source of
information about your platform.
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What Do You Need?

You'll need the following to work through the examples in this book:

= A copy of, or access to, a MySQL client and server. You can download the current version from the MySQL site:
www.mysgl.com.

= A system on which to install MySQL (if you don't have access to one already). MySQL can install on your desktop
PC, but more often it runs on a dedicated server when it is used in serious applications.

= |f you plan to develop applications with MySQL, you may need to download the latest drivers or application
programming interfaces (APIs) for your development environment. MySQL integrates best with PHP, Perl, Java, C,
C++, and Python, but you can use it in any programming environment, such as .NET via Open Database
Connectivity (ODBC). Visit the MySQL website (www.mysql.com) to download current versions of the drivers.

Toan LD [+ ervvons Lt
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How to Use This Book

This book is divided into four parts. If you're new to databases, the best place to start is Part I, "Using MySQL," and specifically
Chapter 1, "Quickstart to MySQL," which eases novice users into the world of SQL. Readers experienced in other database
management systems may want to give Chapter 1 a quick read to familiarize themselves with the way MySQL does things, before
exploring the MySQL data and table types in detail in Chapter 2, "Data Types and Table Types." Readers of an intermediate level
can start with Chapter 3, "Advanced SQL," and Chapter 4, "Indexes and Query Optimization," which look at advanced SQL,
indexes, and optimization. Readers wanting to use a programming language with MySQL should read Chapter 5, "Programming
with MySQL," and also look at the appendix relevant to their language. Chapter 6, "Extending MySQL," is for those readers who
understand MySQL and want to add their own functions to it.

Readers without formal database design knowledge will benefit from Part I, "Designing a Database," which covers the often-
ignored database design issues required for developing large-scale databases.

Any readers wanting to administer MySQL will benefit from Part Ill, "MySQL Administration," which progresses from the basics for
new users to the advanced issues for optimizing high-performance databases. It also explains backups, replication, security, and
installation.

Finally, you should turn to the appendixes when you need MySQL SQL, function, and operator references, as well as references
to the database functions and methods used by most popular programming languages.

All sample code is available for download at www. sybex.com.

[+erivious Pt ]


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

| Toam LiB | [« Fruvisus [ wxr o]
How to Contact the Author

For errata, please check the Sybex website (www.sybex.com) first. Feel free to contact the author with any queries at
mysgl4@greenman.co.za, and I'll do what | can to help out or point you in the right direction.
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Part I: Using MySQL

Chapter List

Chapter 1: Quickstart to MySQL
Chapter 2: Data Types and Table Types
Chapter 3: Advanced SQL

Chapter 4: Indexes and Query Optimization
Chapter 5: Programming with MySQL
Chapter 6: Extending MySQL
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Chapter 1: Quickstart to MySQL

Overview

So, you've obtained a copy of this book. Some of you may be competent with MySQL already and want to dive into the murky
waters of database replication or optimizing the server variables. If you're an advanced user, feel free to jump ahead. This chapter
is not for you. But beginners need not worry. This book also contains everything you need to get started and eventually become
an advanced user.

MySQL is the world's most popular open-source database. Open source means that the source code, the programming code that
makes up MySQL, is freely available to anyone. People all over the world can add to MySQL, fix bugs, make improvements, or
suggest optimizations. And they do. MySQL has developed from being a "toy" database a few years ago into a grown-up version
4, having overtaken many commercial databases along the way—and terrified most of the other database manufacturers. It's
grown so quickly because of the countless dedicated people who have contributed to the project in some way, as well as the
dedication of the MySQL team.

Unlike proprietary projects, where the source code is written by a few people and carefully guarded, open-source projects exclude
no one who is interested in contributing if they are competent enough. In 2000 when MySQL was a young upstart of four years
old, Michael "Monty" Widenius, the founder of MySQL, predicted big things for MySQL as he attended the first-ever open-source
database convention. Many established database vendors scoffed at the time. Some of those vendors are no longer around.

With version 3, MySQL dominated the low end of the Internet market. And with MySQL's release of version 4, the product is now
appealing to a much wider range of customers. With the open-source Apache dominating the web server market and various
open-source operating systems (such as Linux and FreeBSD) performing strongly in the server market, MySQL's time has come
in the database market.

Featured in this chapter:
= Essential database concepts and terminology
= Connecting to and disconnecting from MySQL server
= Creating and dropping databases
= Creating, updating, and dropping tables
= Adding data into a table
= Returning data and deleting data from a table
= Understanding basic statistical and date functions

= Joining more than one table

[Toam 1o | [ revvious e o)
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Understanding MySQL Basics

MySQL is a relational database management system (RDBMS). It's a program capable of storing an enormous amount and a
wide variety of data and serving it up to meet the needs of any type of organization, from mom-and-pop retail establishments to
the largest commercial enterprises and governmental bodies. MySQL competes with well-known proprietary RDBMSs, such as
Oracle, SQL Server, and DB2.

MySQL comes with everything needed to install the program, set up differing levels of user access, administer the system, and
secure and back up the data. You can develop database applications in most programming languages used today and run them
on most operating systems, including some of which you've probably never heard. MySQL utilizes Structured Query Language
(SQL), the language used by all relational databases, which you'll meet later in this chapter (see the section titled "Creating and
Using Your First Database"). SQL enables you to create databases, as well as add, manipulate, and retrieve data according to
specific criteria.

But I'm getting ahead of myself. This chapter provides a brief introduction to relational database concepts. You'll learn exactly
what a relational database is and how it works, as well as key terminology. Armed with this information, you'll be ready to jump into
creating a simple database and manipulating its data.

What Is a Database?

The easiest way to understand a database is as a collection of related files. Imagine a file (either paper or electronic) of sales
orders in a shop. Then there's another file of products, containing stock records. To fulfill an order, you'd need to look up the
product in the order file and then look up the stock levels for that particular product in the product file. A database and the
software that controls the database, called a database management system (DBMS), helps with this kind of task. Most databases
today are relational databases, named such because they deal with tables of data related by a common field. For example, Table
1.1 shows the Product table, and Table 1.2 shows the Invoice table. As you can see, the relation between the two tables is based
on the common field stock_code. Any two tables can relate to each other simply by having a field in common.

Table 1.1: The Product Table

| Stock_code H Description H Price |
|A416 || Nails, box || $0.14 |
|0923 || Drawing pins, box || $0.08 |

Table 1.2: The Invoice Table

| Invoice_code ” Invoice_line H Stock_code H Quantity |
| 3804 IE |[a416 [10 |
| 3804 |2 |[co23 [15 |

Database Terminology

Let's take a closer look at the previous two tables to see how they are organized:
= Each table consists of many rows and columns.

= Each row contains data about one single entity (such as one product or one order). This is called a record. For
example, the first row in Table 1.1 is a record; it describes the A416 product, which is a box of nails that costs 14
cents. To reiterate, the terms row and record are interchangeable.

= Each column (also called a tuple) contains one piece of data that relates to the record, called an attribute.
Examples of attributes are the quantity of an item sold or the price of a product. An attribute, when referring to a
database table, is called a field. For example, the data in the Description column in Table 1.1 are fields. To
reiterate, the terms attribute and field are interchangeable.

Given this kind of structure, the database gives you a way to manipulate this data: SQL. SQL is a powerful way to search for
records or make changes. Almost all DBMSs use SQL, although many have added their own enhancements to it. This means that
when you learn about SQL in this chapter and in more detail in later chapters, you aren't learning something specific to MySQL.
Most of what you learn can be used on any other relational database, such as PostgreSQL, Oracle, Sybase, or SQL Server. But

after tasting the benefits of MySQL, you probably won't want to change!
[« rxsviour]
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Connecting to the MySQL Server

The machine where MySQL runs and stores the data is called the MySQL server. To connect to the server, you have several
setup options. First, you can have the MySQL client and MySQL server on your desktop, as shown in Figure 1.1. Second, you can
have the MySQL client set up on your desktop while the MySQL server is on another machine that you connect to, as shown in
Figure 1.2. Finally, your desktop can be any machine connecting to another machine with a MySQL client, which in turn connects
to a MySQL server, either on the same machine or another, as shown in Figure 1.3.

Figure 1.1: Your machine has both the MySQL client and the MySQL server on it.

Figure 1.2: Your machine has the MySQL client. The MySQL server exists on another machine to which you
connect.

=
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Figure 1.3: In this case, your terminal can be any machine capable of connecting to another, as it doesn't even run the
lightweight MySQL client on it.

If the MySQL client is not on your desktop and you need to connect to a second machine to use the MySQL client, you'll probably
use something such as Telnet or a Secure Shell (SSH) client to do so. Using one of these is a matter of opening the Telnet
program, entering the hostname, username, and password. If you're unsure about this, ask your system administrator for help.

Once you've logged into a machine on which the MySQL client program is installed, connecting to the server is easy:

= On a Unix machine (for example, Linux or FreeBSD), run the following command from the command line within your
shell:
% mysql -h hostname -u username -ppassword databasename
= On a Windows machine, run the same command from the command prompt:
% mysql -h hostname -u username -ppassword databasename
The 2 refers to the shell prompt. It'll probably look different on your machine—for example, c: \> on some Windows setups or $
on some Unix shells. The -h and the -u can be followed by a space (you can also leave out the space), but the -p must be
followed by the password immediately, with no intermediate spaces.

Once you've connected, you'll encounter the mysql> prompt, which appears in most distributions on the command line once
you've connected. You don't need to type it in; it will appear automatically. Even if a slightly different prompt appears, don't worry,
just enter the text in bold. This is the convention used throughout the book.

Tip There is a more secure way of entering the password, which | recommend in a multiuser environment. Just enter the -p
and omit the password. You'll be prompted for it when MySQL starts; then you can enter the password without it
appearing on the screen. This avoids anyone seeing your password entered in plain text.

The hostname would be the machine hosting the server (perhaps something such as www. sybex.com or an IP such as
196.30.168.20). You don't need a hostname if you're already logged into the server (in other words, the MySQL client and server
are on the same machine). The administrator assigns you the username and password (this is your MySQL password and
username, which is not the same as your login to the client machine). Some insecure systems don't require any username or
password.

Tip Sometimes the system administrator makes your life a little harder by not putting MySQL into the default path. So, when
you type the mysql command, you may get a command not found error (Unix) or a bad command or file name error
(Windows) even though you know you have MySQL installed. If this happens, you'll need to enter the full path to the
MySQL client ( for example, /usr/local/build/mysql/bin/mysql, or on Windows, something such as
C:\mysqgl\bin\mysqgl). Ask your administrator for the correct path if this is a problem in your setup.

To disconnect, simply type QUIT as shown:
mysqgl> QUIT
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Bye
You can also type EXIT or press Ctrl+D.

Note MySQL does not distinguish between uppercase and lowercase here. You could have typed QUIT, quit, or even
qUIt if you'd wanted.

ET
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Creating and Using Your First Database

The following sections describe how to create a database and perform queries on it. It assumes you have connected to the
MySQL server and that you have permissions to use a database. If not, ask your administrator for permission. You will call your
database firstdb, so ask your administrator to create and give you full permission to that database only. That way you won't run
into permission problems later, but you also won't give your administrator a heart attack by causing havoc with existing databases.
If your administrator looks flustered or if you have just installed MySQL yourself, then you or your administrator will need to
perform one of the following two sets of commands to get started. Remember, just enter the text in bold.

If You've Just Installed MySQL

First, connect to the MySQL database as roof. Because you're just starting, you won't have a root password yet, and the first thing
you should do is assign a password to the root user (See Chapter 14, "Database Security").

% mysql -u root mysql

Welcome to the MySQL monitor. Commands end with ; or \g.

Your MySQL connection id is 15 to server version: 4.0.2-alpha-Max

Type 'help;' or '\h' for help. Type '\c' to clear the buffer.
mysgl> SET PASSWORD=PASSWORD ('g00r002b') ;
Query OK, 0 rows affected (0.00 sec)

For ease of use, you're going to use the same password for the root user, g00r002b, as you will for the user you're creating,
guru2b.

Next, you will have to create the firstdb database that you're going to be working with throughout:

mysql> CREATE DATABASE firstdb;
Query OK, 1 row affected (0.01 sec)

Finally, the user you're going to be working as, guru2b, with a password of g00r002b, needs to be created and given full access to
the firstdb database:

mysgl> GRANT ALL ON firstdb.* to guru2b@localhost
IDENTIFIED BY 'g00r002b';

Query OK, 0 rows affected (0.01 sec)

mysqgl> exit

Bye

If an Administrator Needs to Give You Permission

First the administrator will have to connect to the MySQL database as root (or any other user that has permissions to grant a new
user their own permissions):

% mysql -u root -p mysql

Enter password:

Welcome to the MySQL monitor. Commands end with ; or \g.

Your MySQL connection id is 15 to server version: 4.0.2-alpha-Max

Type 'help;' or '\h' for help. Type '\c' to clear the buffer.

Next, your administrator will have to create the firstdb database that you're going to be working with throughout:

mysql> CREATE DATABASE firstdb;
Query OK, 1 row affected (0.01 sec)

Finally, the user you're going to be working as, guru2b, with a password of g00r002b, needs to be created and given full access to
the firstdb database. Note that this assumes you will be connecting to the database from localhost (i.e., the database client and
database server are on the same machine). If this is not the case, your administrator will have to replace localhost with the
appropriate host name:

mysgl> GRANT ALL ON firstdb.* to guru2b@localhost
IDENTIFIED BY 'g00r002b';

Query OK, 0 rows affected (0.01 sec)

mysgl> exit

Bye

guru2b is your MySQL username, and I'll use it throughout the book, and g00r002b is your password. You may choose, or be
assigned, another username. You'll learn how to grant permissions in Chapter 14.

Using Your Database

If you're new to SQL or MySQL, this is your chance to get your hands dirty. | suggest you do the examples in the next few sections
in the order they're presented. But you only really learn when you go beyond the book and start to write your own queries. So,
experiment as you go along. Try variations you think may work. Don't be afraid to make mistakes at this stage! Mistakes are the
way you learn. None of the data is valuable. It'd be better to delete your sample database by accident now than the vital million
records you're processing in a year's time.

You'll start by creating a table inside your sample database, and then populating this table with data. Once you've got some tables
with data in them, you'll learn how to perform queries on these tables. First, connect to your newly created table with the following
command:

% mysql -u guru2b -pg00r002b firstdb

Welcome to the MySQL monitor. Commands end with ; or \g.

Your MySQL connection id is 15 to server version: 4.0.2-alpha-Max

Type 'help;' or '\h' for help. Type '\c' to clear the buffer.
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If the permissions have not been set correctly, you'll get an error message, as follows:
ERROR 1044: Access denied for user: 'guru2be@localhost' to database 'firstdb'
You or your administrator will need to retrace the steps in the previous two sections if this is the case.

All these permission hassles may seem troublesome now, but they're a useful feature. At some stage you'll want to make sure
that not just anybody can access your data, and permissions are the way you'll ensure this.

You can also connect without specifying a database, as follows:
% mysql -u guru2b -pg00r002b guru2b

Welcome to the MySQL monitor. Commands end with ; or \g.
Your MySQL connection id is 15 to server version: 4.0.2-alpha-Max

Type 'help;' or '\h' for help. Type '\c' to clear the buffer.

Then to make sure you're using the right database, you'll need to let MySQL know which database to use. To make sure that any
further work you do affects the right database, enter the following bold statement:

mysql> USE firstdb
Database changed

You can connect to your database either way for now, specifying the database when you connect or later once you are connected.
In the future, when you have more than one database to use on the system, you'll find it much easier to change between
databases with the UsE statement.

Creating a Table

Now that you've connected to your database, you'll want to put something in it. To get going, you're going to create a database
that could track a sales team. As you learned, a database consists of many tables, and to start with, you'll create a table that can
contains data about sales representatives. You will store their names, employee numbers, and commissions. To create a table,
you're also going to use the CREATE command, but you need to specify TABLE rather than DATABASE, as well as a few extras.
Enter the following CREATE statement:

mysgl> CREATE TABLE sales_rep(
employee_number INT,
surname VARCHAR (40),
first name VARCHAR(30),
commission TINYINT

)i

Query OK, 0 rows affected (0.00 sec)

Warning Don't forget the semicolon at the end of the line. All MySQL commands must end with a semicolon. Forgetting it is
one of the prime reasons for beginner frustration. Also be aware that if you've forgotten the semicolon and press
Enter, you just need to add the semicolon before pressing Enter again. MySQL accepts commands over multiple
lines.

You don't need to enter the statement exactly as printed; I've used multiple lines to make it easier to follow, but entering it on one
line will make it easier for you. Also, if you use a different case, it will still work. Throughout this book, | use uppercase to represent
MySQL keywords and lowercase to represent names you can choose yourself. For example, you could have entered the
following:

mysql> create table SALES_REPRESENTATIVE (
EMPLOYEE NO int,
SURNAME varchar (40),
FIRST_NAME varchar (30) ,
COMMISSION tinyint
)i

without any problems. However, entering the following:

mysql> CREATE TABLES sales_rep(
employee_number INT,
surname VARCHAR (40),
first name VARCHAR(30),
commission TINYINT

)i

would give you this error:
ERROR 1064: You have an error in your SQL syntax near

'TABLES sales_reps(employee number INT,surname
VARCHAR (40) , first_name VARCHAR(30)' at line 1

because you've misspelled TABLE. So take care to enter the capitalized text exactly; you can rename the text appearing in
lowercase without any problems (as long as you are consistent and use the same names throughout).

You may be wondering about the INT, VARCHAR, and TINYINT terms that appear after the fieldnames. They're what are called
data types or column types. INT stands for integer, or a whole number usually ranging from —2,147,483,648 to 2,147,483,647.
That's about a third of the world's population, so it should cover the sales team no matter how large it grows. VARCHAR stands for
variable length character. The number in brackets is the maximum length of the character string. An amount of 30 and 40
characters should suffice for the first name and surname, respectively. And TINYINT stands for tiny integer, usually a whole
number from —128 to 127. The commission field refers to a percentage value, and because no one can earn more than 100
percent, a tiny integer is sufficient. Chapter 2, "Data Types and Table Types," goes into more detail about the various column
types and when to use them.
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Listing Existing Tables in a Database with SHOW TABLES

Now that you have a table, you can confirm its existence with sHOW TABLES:
mysgl> SHOW TABLES;

o +
| Tables in firstdb |
R S +
| sales rep |
e T +

1 row in set (0.00 sec)

sHow TABLES lists all the existing tables in the current database. In the case of your newly created firstdb there's only one:
sales_rep. So unless your short-term memory is really shot, this command probably wasn't much use. But in big databases with
many tables, the name of that obscure table you created two months ago has slipped your mind. Or perhaps you're encountering
a new database for the first time. That's when sHow TABLES is invaluable.

Examining the Table Structure with DESCRIBE

DESCRIBE is the command that shows you the structure of a table. To see that MySQL has created your table correctly, type the

following:

mysgl> DESCRIBE sales rep;

tomm e o T +-———— +-—— +o———————- o +
| Field | Type | Null | Key | Default | Extra |
o — o +-———— - Fo———— - to——— +
| employee number | int (11) | YES | | NULL |

| surname | varchar (40) | YES | | NULL |

| first_name | varchar (30) | YES | | NULL |

| commission | tinyint (4) | YES | | NULL |

tom e Fomm e +-———— +-—— to—m—————- o +
4 rows in set (0.01 sec)

There are all kinds of extra columns in this table with which you're not yet familiar. For now, you should be interested in the field
and the type. You'll learn about the other headings in Chapter 2. The fieldnames are exactly as you entered them, and the two
VARCHAR fields have the size you allocated them. Notice that the 1NT and TINYINT fields have been allocated a size, too, even
though you didn't specify one when you created them. Remember that a TINYINT by default ranges from —128 to 127 (four
characters including the minus sign), and an INT ranges from —2,147,483,648 to 2,147,483,647 (11 characters including the
minus sign), so the seemingly mysterious size allocation refers to the display width.

Inserting New Records into a Table
Now that you have a table, you'll want to put some data into it. Let's assume there are three sales reps (as shown in Table 1.3).

Table 1.3: Sales Reps

| Employee Number H Surname ” First Name H Commission Percent |
[1 \[Rive | sol 10 |
| 2 || Gordimer ” Charlene || 15 |
|3 || serote | Mike 10 |

To enter this data into the table, you use the SQL statement INSERT to create a record, as follows:

mysgl> INSERT INTO sales_rep (employee number,surname,first name,commission)
VALUES (1, 'Rive','Sol',10);

mysqgl> INSERT INTO sales_rep (employee number,surname,first name,commission)
VALUES (2, 'Gordimer', 'Charlene',15) ;

mysgl> INSERT INTO sales_rep (employee_number,surname,first name,commission)
VALUES (3, 'Serote', 'Mike',10) ;

Note The string field (a vARCHAR character field) needs a single quote around its value, but the numeric fields
(commission, employee number)don't. Make sure you have enclosed the right field values in quotes and that you
have matched quotes correctly (whatever gets an open quote must get a close quote), as this often entraps newcomers
to SQL.

There is also a shortcut INSERT statement to enter the data. You could have used the following:
mysgl> INSERT INTO sales_rep VALUES (1, 'Rive', 'Sol',10);

mysgl> INSERT INTO sales_rep VALUES (2, 'Gordimer', 'Charlene',15);

mysql> INSERT INTO sales_rep VALUES (3, 'Serote', 'Mike',10);

When entering commands in this way, you must enter the fields in the same order as they are defined in the database. You could
not use the following:

mysgl> INSERT INTO sales_rep VALUES(1l,'Sol', 'Rive’',10);
Query OK, 1 row affected (0.00 sec)

Although this seems to work, the data would have been entered in the wrong order, with Sol as the surname and Rive the first
name.

Tip | suggest getting into the habit now of using the full INSERT statement, especially if you are planning to run queries
through a programming language. First, it reduces the chances of error ( you could not see just from the statement
whether first_name and surname were in the wrong order), and second, it makes your programs more flexible. Chapter
5, "Programming with MySQL," discusses this topic in more detail.
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Inserting Data within One INSERT Statement

Another shortcut you could have used would have been to enter all the data within one INSERT statement, with each record
separated with a comma, as follows:

mysgl> INSERT INTO sales_rep (employee_ number,surname,first name,commission)

VALUES

(1, 'Rive','Sol',10),

(2, 'Gordimer', 'Charlene’',15),

(3, 'Serote', 'Mike',10) ;

Query OK, 3 rows affected (0.05 sec)

Records: 3 Duplicates: 0 Warnings: 0

This method involves less typing of course, and the server also processes it more quickly.

Inserting High Volumes of Data from a Text File with LOAD DATA

A final way for inserting data—and the best way if you're inserting high volumes of data all at once—is to use the LOAD DATA
statement, as follows:

mysgl> LOAD DATA LOCAL INFILE "sales_rep.sql" INTO TABLE sales_rep;

The format of the data file must be correct, with no exceptions. In this case, where you're using the defaults, the text file has each
record on a new line, and each field separated by a tab. Assuming the \ t character represents a tab, and each line ends with a
newline character, the text file would have to look exactly as follows:

1\tRive\tSol\t10

2\tGordimer\tCharlene\tl5

3\tSerote\tMike\t1l0

A variation of this is used for restoring backups, discussed in Chapter 11, "Database Backups." This is even more efficient than a

multirecord INSERT statement. The LoCcAL keyword tells the server that the file is found on the client machine (the machine from

which you connect). Omitting it means MySQL looks for the file on the database server. By default, LoAD DATA assumes that the

values are in the same order as in the table definition, that each field is separated by a tab, and that each record is separated with
a newline.

Retrieving Information from a Table

Getting information out of a table in MySQL is easy. You can use the powerful SELECT statement, for example:
mysql> SELECT commission FROM sales_rep WHERE surname='Gordimer';

fomm +
| commission |
o +
| 15 |
fom +

1 row in set (0.01 sec)

The seLECT statement has several parts. The first part, immediately after the SELECT, is the list of fields. You could have
returned a number of other fields, instead of just commission, as follows:
mysgl> SELECT commission,employee number FROM
sales rep WHERE surname='Gordimer';
+-———- S Fomm - +
| commission

You could also use a wildcard (*) to return all the fields, as follows:

mysgl> SELECT * FROM sales_rep WHERE surname='Gordimer';
Fom e o o o +
surname first name commission |

1 row in set (0.00 sec)

The * wildcard means all fields in the table. So in the previous example, all four fields are returned, in the same order they exist in
the table structure.

The part of the SELECT statement after the wHERE is called the WHERE clause. The clause is highly flexible and can contain
many conditions, of varying kinds. Take a look at the following example:

mysql> SELECT * FROM sales_rep WHERE commission>10
OR surname='Rive' AND first name='Sol';

e L LT fomm Fomm fomm +
| employee number | surname | first name | commission |
L ——————- Hmmmmm o e —————- Hmmmmmm e +
| 1 | Rive | Sol | 10 |
| 2 | Gordimer | Charlene | 15

B e e e e fommm e Fommm e R e e +
2 rows in set (0.00 sec)

Understanding AND and OR is fundamental to using SQL properly. The conditions on both sides of an AND keyword must be true
for the whole to be true. Only one of the conditions in an OR statement needs to be true. Table 1.4 shows the AND/OR truth table.
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Table 1.4: AND/OR Truth Table

| Keyword ” Hot “ Humid “ Overall |
[ AND |[True [ True |[True, hot AND humid |
|AND ” True “ False “ False, not hot AND humid as it's not humid |
|AND ” False “ True “ False, not hot AND humid as it's not hot |
|AND ” False “ False “ False, not hot AND humid as neither are true |
|OR ” True || True || True, hot OR humid as both are true |
|OR ” True || False || True, hot OR humid as it's hot |
|OR ” False || True || True, hot OR humid as it's humid |
|OR ” False || False || False, not hot OR humid as neither are true |

The Order in Which MySQL Processes Conditions

The following example demonstrates a trap into which many have fallen. Let's assume a manager asks you for a list of all
employees with the surname Rive and the first name Sol or a commission greater than 10 percent. You may well try the following
query:
mysqgl> SELECT * FROM sales_rep WHERE surname='Rive'

AND first name='Sol' OR commission>10;

R et L E L LT fommm e e T fommm e +
| employee number | surname | first name | commission |
e ——————- Hmmmmm o s ————- Hmmmmm o +
| 1 | Rive | Sol | 10

| 2 | Gordimer | Charlene | 15

B e e L e e e Fommm e e e +
2 rows in set (0.00 sec)

This result may be exactly what you want. But what if the manager had meant something slightly different? The employee must
have a surname of Rive and then can either have a first name of Sol or have a commission of greater than 10 percent. The
second result would then not apply, as although her commission is greater than 10 percent, her first name is not Sol. The AND
construct means that both clauses must be true. You would have to give the query as follows:

mysgl> SELECT * FROM sales_rep WHERE surname='Rive'
AND (first name='Sol' OR commission>10);

o fomm - o - o +
| employee number | surname | first name | commission |
e et e e o o o +
| 1 | Rive | Sol | 10

o fomm fmmmm e fom e +

1 row in set (0.00 sec)

Note the parentheses in this query. When you have multiple conditions, it becomes critical to know the order in which the
conditions must be processed. Does the OR part or the aND part come first? Often you will be given unclear verbal instructions, but
this example shows you the importance of finding out getting clarity before you implement the query. Sometimes errors like these
are never discovered! It's what's often meant by computer error, but it all comes down eventually to a person, usually someone
who devised the wrong query.

Appendix B, "MySQL Function and Operator Reference," contains a list of operators and their precedence. | suggest that you use
parentheses to determine precedence in your queries. Some books and people swear by learning the built-in precedence. For
example, you may have learned at school that 1 + 1 * 3 = 4, not 6, because you know that multiplication is performed before
addition. The same applies to AND, which is performed before OR. But not everyone may know this, so use the parentheses to
make it clear to everyone what you mean 1 + (1 * 3). Even after many years of programming, | still don't know the full list of
operator precedence, and probably never will.

Pattern Matching: LIKE and %

Let's look at some more additions to the SELECT statement. What if you want to return the details for Mike Serote? Simple, you
say—you'd use the following query:

mysgl> SELECT * FROM sales_rep WHERE surname='Serote' and first_ name='Mike';

F—— e - F———————— +

first name

surname commission |

1 row in set (0.00 sec)

But what if you've forgotten how to spell Serote? Was it Serotte or maybe Serota? You may have to try a number of queries
before you succeed, and if you don't happen to remember the exact spelling you will never succeed. You may want to try just
using Mike, but remember that many databases consist of hundreds of thousands of records. Luckily, there is a better way.
MySQL allows the LIKE statement. If you remember the surname begins with Sero, you can use the following:

mysgl> SELECT * FROM sales_rep WHERE surname LIKE 'Sero%';

R et L E L LT fommm tommm e e e T +
| employee number | surname | first name | commission |
O e e O — - o +
| 3 | Serote | Mike | 10

F—— fm——————— - F——————— +

1 row in set (0.00 sec)
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Take note of the %. It's a wildcard, similar to *, but specifically for use inside a SELECT condition. It means 0 or more characters.
So all of the earlier permutations on the spelling you were considering would have been returned. You can use the wildcard any
number of times, which allows queries such as this:

mysgl> SELECT * FROM sales_rep WHERE surname LIKE '%e%';

tommm e e ettt o fommm - +
| employee number | surname | first name | commission |
o - Fom Fom - Fomm - +
| 1 | Rive | Sol | 10 |
| 2 | Gordimer | Charlene | 15 |
| 3 | Serote | Mike | 10 |
fom - o Fom - fom - +

This returns all the records, as it looks for any surname with an e in it. This is different from the following query, which only looks
for surnames that start with an e:

mysqgl> SELECT * FROM sales_rep WHERE surname LIKE 'e%';
Empty set (0.00 sec)

You could also use a query such as the following, which searches for surnames that have an e anywhere in the name and then
end with an e:
mysqgl> SELECT * FROM sales_rep WHERE surname LIKE '%e%e';

o fom - o Fom - +
| employee number | surname | first name | commission |
fommmemm o ————e S A N oo mmmm o +
| 3 | Serote | Mike | 10 |
o B fomm e fom e +

1 row in set (0.00 sec)

Let's add a few more records to the table so that you can try some more complex queries. Add the following two records:

mysqgl> INSERT INTO sales_rep values(4,'Rive', 'Mongane',10);
mysgl> INSERT INTO sales_rep values(5,'Smith', 'Mike', 12);

Sorting

Another useful and commonly used clause allows sorting of the results. An alphabetical list of employees would be useful, and
you can use the ORDER BY clause to help you generate it:

mysgl> SELECT * FROM sales_rep ORDER BY surname;

fom - R Fom - fom - +
| employee number | surname | first name | commission |
oo U fomm R — - fmmm +
| 2 | Gordimer | Charlene | 15 |
| 1 | Rive | Sol | 10 |
| 4 | Rive | Mongane | 10 |
| 3 | Serote | Mike | 10

| 5 | Smith | Mike | 12 |
B ettt fomm - e B i +

5 rows in set (0.00 sec)

You may have noticed that this list is not quite correct if you want to sort by name because Sol Rive appears before Mongane
Rive. To correct this, you need to sort on the first name as well when the surnames are the same. To achieve this, use the

following:

mysqgl> SELECT * FROM sales_rep ORDER BY surname,first name;
tommm e tomm - o e it +
| employee number | surname | first name | commission |
o - fom o Fomm - +
| 2 | Gordimer | Charlene | 15 |
| 4 | Rive | Mongane | 10 |
| 1 | Rive | Sol | 10 |
| 3 | Serote | Mike | 10 |
| 5 | Smith | Mike | 12 |
fom - fom Fom - fom - +

Now the order is correct. To sort in reverse order (descending order), you use the DEsc keyword. The following query returns all
records in order of commission earned, from high to low:

mysqgl> SELECT * FROM sales_rep ORDER BY commission DESC;

e et e o o Fom - +
| employee number | surname | first name | commission |
oo PR fomm R — ————— fomm +
| 2 | Gordimer | Charlene | 15 |
| 5 | Smith | Mike | 12 |
| 1 | Rive | Sol | 10 |
| 4 | Rive | Mongane | 10 |
| 3 | Serote | Mike | 10 |
B ettt fommmm - B fommmm - +

5 rows in set (0.00 sec)

Again, you may want to further sort the three employees earning 10-percent commission. To do so, you can use the Aasc keyword.
Although not strictly necessary because it is the default sort order, the keyword helps add clarity:
mysgl> SELECT * FROM sales_rep ORDER BY commission DESC,

surname ASC,first name ASC;
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tommm e fomm - o fommm - +
| employee number | surname | first name | commission |
o - Fom Fom - Fomm - +
| 2 | Gordimer | Charlene | 15
| 5 | Smith | Mike | 12 ]
| 4 | Rive | Mongane | 10
| 1 | Rive | Sol | 10 |
| 3 | Serote | Mike | 10
e et e o o Fom - +

Limiting the Number of Results

So far you have always gotten the full number of results that satisfy the condition returned to you. In a real-world database,
however, there may be many thousands of records, and you do not want to see them all at once. MySQL, therefore, allows you to
use the LIMIT clause. LIMIT is nonstandard SQL, which means you won't be able to use it in the same way with all other
databases, but it is a powerful and useful MySQL enhancement. If you only wanted to find the employee with the highest
commission (assuming there is only one, as with this dataset), you could run this query:

mysgl> SELECT first name,surname,commission FROM sales_rep
ORDER BY commission DESC;

fomm Fomm fomm +
| first name | surname | commission |
O — —————- fomm o fomm e +
| Charlene | Gordimer | 15 |
| Mike | Smith | 12
| Sol | Rive | 10
| Mike | Serote | 10
| Mongane | Rive | 10 |
tomm - tomm - tomm - +

5 rows in set (0.00 sec)

Clearly the employee you're after is Charlene Gordimer. But LIMIT allows you to return only that record, as follows:

mysqgl> SELECT first name,surname,commission FROM sales_rep
ORDER BY commission DESC LIMIT 1;

o Fomm o +
| first name | surname | commission |
I ————- fomm e o +
| Charlene | Gordimer | 15 |
o Fomm o +

1 row in set (0.00 sec)
If there's only one number after the LIMIT clause, it determines the number of rows returned.

Note LIMIT 0 returns no records. This may seem useless, but it's a useful way to test your query on large databases without
actually running it.

The LIMIT clause does not only allow you to return a limited number of records starting from the beginning or end of the dataset.
You can also tell MySQL what offset to use—in other words, from which result to start limiting. If there are two numbers after the
LIMIT clause, the first is the offset and the second is the row limit. The next example returns the second record, in descending
order:

mysql> SELECT first name, surname,commission FROM
sales_rep ORDER BY commission DESC LIMIT 1,1;

tomm - Fomm - tommm - +
| first name | surname | commission |
o fomm fom e +
| Mike | Smith | 12 |
o o fom e +

1 row in set (0.00 sec)
The default offset is 0 (computers always start counting at 0), so by specifying an offset of 1, you're taking the second record. You
can check this by running this query:

mysql> SELECT first name,surname,commission FROM sales_rep
ORDER BY commission DESC LIMIT 0,1;

o Fomm o +
| first name | surname | commission |
RS [ oo oo +
| Charlene | Gordimer | 15 |
B fomm - B +

1 row in set (0.00 sec)
LIMIT 1 isthe same as LIMIT 0,1 as the default 0 is assumed if it is not specified.

Now let's try another example. How would you return the third, fourth, and fifth records sorted in descending order on the
commission field?

mysgl> SELECT first name, surname,commission FROM sales_rep
ORDER BY commission DESC LIMIT 2,3;

o o fom e +
| first name | surname | commission |
O ———e fomm Hmm +
| Sol | Rive | 10 |
| Mike | Serote | 10

| Mongane | Rive | 10 |
o Fo—m - fomm e +
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The 2 is the offset (remember the offset starts at 0, so 2 is actually the third record), and the 3 is the number of records to return.

Note LIMIT is often used in search engines running MySQL, for example, to display 10 results per page. The first page
results would then use L1MIT 0, 10, the second would use LIMIT 10, 10, and so on.

Returning the Maximum Value with MAX()

MySQL has a vast number of functions that allow you to fine-tune your queries. If you happen to have glanced at Appendix B
already, don't be put off by thinking you have to learn pages of terms. No one remembers them all, but once you know they exist,
you can look up to see if there is one to do what you want it to do. And once you use them a lot, you'll find you've memorized the
more common functions. This is much more effortless than memorizing them upfront! The first function you're going to look at is
the Max () function. To return the highest commission, you would use this query:

mysqgl> SELECT MAX(commission) from sales_rep;

e et e e +
| MAX (commission) |
o +
| 15 |
o +

1 row in set (0.00 sec)

Notice the parentheses when you use functions. The function is applied to whatever is inside the parentheses. Throughout this
book, | write functions with the parentheses whenever | refer to them to remind you that it is a function and how to use it—for
example, MAX () .

Warning Be careful about spaces in your queries. In most cases they make no difference, but when you're dealing with
functions ( functions can usually be identified by the fact that they need to enclose something in parentheses), you
need to be especially careful. If you'd put a space after the word COUNT, you'd have gotten a MySQL syntax error.

Returning Distinct Records

Sometimes, you don't want to return duplicate results. Take a look at the following query:
mysgl> SELECT surname FROM sales_rep ORDER BY surname;

to—mm—————— +
| surname |
o +
| Gordimer |
| Rive |
| Rive |
| Serote |
| Smith |
e it +

5 rows in set (0.00 sec)

This query is all well and good, but what if you just wanted to return a list of surnames, with each surname appearing only once?
You don't want Rive to appear for both Mongane and Sol, but just once. The solution is to use DISTINCT, as follows:

mysqgl> SELECT DISTINCT surname FROM sales_rep ORDER BY surname;

Fo—m— +
| surname |
tommm +
| Gordimer

| Rive |
| Serote |
| Smith |
Fo—m— - +

4 rows in set (0.00 sec)

Counting

As you can see beneath the results so far, MySQL displays the number of rows returned, such as 4 rows in set. Sometimes, all
you really want to return is the number of results, not the contents of the records themselves. In this case, you'd use the COUNT ()

function:

mysgl> SELECT COUNT (surname) FROM sales_rep;
fmmmm o +

| COUNT (surname) |

fommmmm e +

| 5

fommmmm e +

1 row in set (0.01 sec)

It doesn't really make much difference which field you counted in the previous example, as there are as many surnames as there
are first names in the table. You would have gotten the same results if you used the following query:

mysgl> SELECT COUNT (*) FROM sales_rep;

fommm +
| COUNT (*) |
oo +
| 5
Fomm - +

1 row in set (0.00 sec)

To count the number of distinct surnames, you combine COUNT () with DISTINCT, as follows:
mysqgl> SELECT COUNT (DISTINCT surname) FROM sales_rep;
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et +
| COUNT (DISTINCT surname) |
o +
| 4
B e +

1 row in set (0.00 sec)

Returning the Average, Minimum, and Total Values with AVG('), MIN( ), and SUM( )

These functions work the same way as MaX () . You put whatever you want to work on inside the parentheses. So, to return the
average commission, use the following:

mysqgl> SELECT AVG(commission) FROM sales_rep;

o +
| AVG (commission) |
o +
| 11.4000

B et +

1 row in set (0.00 sec)

And to find the lowest commission that any of the sales staff is earning, use this:
mysqgl> SELECT MIN(commission) FROM sales rep;

B et e +
| MIN(commission) |
tommm e +
| 10

o +

1 row in set (0.00 sec)

suM () works in the same way. It's unlikely you would find much use for totaling the commissions as shown here, but you can get
an idea of how it works:

mysgl> SELECT SUM(commission) from sales rep;

Fmm - +
| SUM(commission) |
fmm e +
| 57 |
fommmm - +

1 row in set (0.00 sec)

Performing Calculations in a Query

SQL allows you to perform calculations in your query, as well. As a simple example, try the following:
mysql> SELECT 1+1;

fom— +
| 1+1

fomm +
I 2 |
fomm +

1 row in set (0.00 sec)

Obviously this is not the reason you use MySQL. There's no danger of schools embracing MySQL for students to use in
mathematics examinations. But it's a useful feature inside a query. For example, if you want to see what commissions the sales
reps would be earning if you increased everyone's commission by 1 percent, use this:

mysgl> SELECT first name,surname,commission + 1 FROM sales_rep;

tomm - tomm - tommm e +
| first name | surname | commission + 1
R — [ oo o +
| Sol | Rive | 11
| Charlene | Gordimer | 16
| Mike | Serote | 11
| Mongane | Rive | 11
| Mike | Smith | 12
fomm Fomm fomm e +

5 rows in set (0.00 sec)

Deleting Records

To delete a record, MySQL uses the DELETE statement. It's similar to SELECT, except that as the entire record is deleted, there is
no need to specify any columns. You just need the table name and the condition. For example, Mike Smith resigns, so to remove
him, you use this:

mysql> DELETE FROM sales_rep WHERE employee number = 5;

Query OK, 1 row affected (0.00 sec)

You could also have used the first name and surname as a condition to delete, and in this case it would have worked as well. But
for real-world databases, you'll want to use a unique field to identify the right person. Chapter 3 will introduce the topic of indexes,
but for now keep in mind that employee_number is a unique field, and it is best to use it (Mike Smith is not that uncommon a
name!). You will formalize the fact that employee_number is unique in your database structure in the section on indexes.

Warning Be careful to use a condition with your DELETE statement. Simply entering DELETE FROM sales_ rep; would
have deleted all records in the table. There is no undo option, and as you haven't yet learned to back up your data,
you'd be in trouble!

Changing Records in a Table
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You've learned to add records using INSERT, remove them using DELETE, and return results using sSELECT. All that's missing is
learning how to change data in existing records. Let's assume that Sol Rive has just sold a huge shipment of sand to the desert
dwellers in Namibia, and he is rewarded with an increase to a 12-percent commission. To correctly reflect this fact, you use the

UPDATE statement, as follows:

mysql> UPDATE sales_rep SET commission = 12 WHERE
employee_number=1;

Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: 0

Warning Again, be careful to apply a condition. Without the WHERE clause, you would have changed everybody's
commission to 12 percent!

INSERT, SELECT, UPDATE, and DELETE make up the four standard statements for manipulating data. They are part of SQL's
Data Manipulation Language (DML). With them, you have all the ammunition you need to make changes to the data in your
records. You'll come across more advanced queries in Chapter 2.

Dropping Tables and Databases

There are also statements to define the data structure, and these are said to be part of SQL's Data Definition Language (DDL).
You've already seen one—the CREATE statement—which you used to create your database and then the tables and structures
within that database. As with data manipulation, you may want to remove or change these tables. Let's create a table and then
remove (or drop) it again:

mysgl> CREATE TABLE commission (id INT);

Query OK, 0 rows affected (0.01 sec)

mysgl> DROP TABLE commission;

Query OK, 0 rows affected (0.00 sec)d

Warning No warnings, no notification—the table, and all data in it, has been dropped! Be careful with this statement.

You can do the same with a database:

mysql> CREATE DATABASE shortlived;
Query OK, 1 row affected (0.01 sec)
mysql> DROP DATABASE shortlived;
Query OK, 0 rows affected (0.00 sec)

Now you get some idea why permissions become so important! Allowing anyone who can connect to MySQL such power would
be disastrous. You'll learn how to prevent catastrophes like this with permissions in Chapter 14.

Changing Table Structure

The final DDL statement, ALTER, allows you to change the structure of tables. You can add columns, change column definitions,
rename tables, and drop columns.

Adding a Column

Let's say that you realize you need to create a column in your sales_reps table to store the date the person joined. UPDATE won't
do, as this only changes the data, not the structure. To make this change, you use the ALTER statement:

mysql> ALTER TABLE sales_rep ADD date_joined DATE;

Query OK, 4 rows affected (0.01 sec)

Records: 4 Duplicates: 0 Warnings: 0

Tip DATE is a column type that stores data in the format year-month-day (YYYY-MM-DD). If you're used to entering dates in
other ways, such as the U.S. format (MM/DD/ YYYY), you'll need to make some adjustments.

Your manager gives you another requirement for your database. (Although most changes are easy to perform, it's always better to
get the design right from the beginning, as some changes will have unhappy consequences. Chapter 9, "Database Design,"
introduces the topic of database design.) You need to store the year that the sales rep was born, in order to perform analysis on
the age distribution of the staff. MySQL has a YEAR column type, which you can use. Add the following column:

mysql> ALTER TABLE sales rep ADD year born YEAR;

Query OK, 4 rows affected (0.02 sec)

Records: 4 Duplicates: 0 Warnings: 0

Changing a Column Definition

But seconds after adding the year, your manager comes up with a better idea. Why not store the sales rep's date of birth instead?
That way the year is available as before, but the company can also surprise the reps with a birthday present. To change the
column definition, use the following:

mysgl> ALTER TABLE sales_rep CHANGE year born birthday
DATE;

Query OK, 4 rows affected (0.03 sec)

Records: 4 Duplicates: 0 Warnings: 0

After the CHANGE clause comes the old column name, then the new column name, followed by its definition. To change the
definition, but not the name of the column, you would simply keep the name the same as before, as shown here:

mysqgl> ALTER TABLE tablename CHANGE oldname oldname new_column_definition;

Alternatively, use the MODIFY clause, which doesn't require the repetition of the name, as follows:
mysqgl> ALTER TABLE tablename MODIFY oldname new_column_definition;

Renaming a Table
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One morning your manager barges in demanding that the term sales rep no longer be used. From henceforth, the employees are
cash-flow enhancers, and records need to be kept of their enhancement value. Noting the wild look in your manager's eye, you
decide to comply, first by adding the new field:

mysgl> ALTER TABLE sales_rep ADD enhancement value int;

Query OK, 4 rows affected (0.05 sec)
Records: 4 Duplicates: 0 Warnings: 0

and then renaming the table. To do so, use RENAME in the ALTER statement as follows:
mysql> ALTER TABLE sales_rep RENAME cash_flow_specialist;

Query OK, 4 rows affected (0.00 sec)
Records: 4 Duplicates: 0 Warnings: 0

The next day your manager is looking a little sheepish and red-eyed, and is mumbling something about doctored punch. You
decide to change the table name back and drop the new column, before anyone notices.
mysql> ALTER TABLE cash_flow_specialist RENAME TO
sales_rep;
Query OK, 4 rows affected (0.00 sec)
Records: 4 Duplicates: 0 Warnings: 0

Note Note the difference between the two ALTER RENAME statements: To has been included after the second RENAME. Both
statements are identical in function, however. There are quite a few cases like this where MySQL has more than one
way of doing something. In fact, there's even a third way to rename a table; you could use RENAME old tablename TO
new_tablename. These sorts of things are often to provide compliance with other databases or to the ANSI SQL
standard.

Dropping a Column

To remove the unwanted enhancement_value (what made us think INT was right for this mysterious field anyway?), use ALTER ...
DROP, as follows:

mysql> ALTER TABLE sales_rep DROP enhancement value;
Query OK, 4 rows affected (0.06 sec)
Records: 4 Duplicates: 0 Warnings: 0

Using Date Functions

Now that you've added a couple of date columns, let's look at some of MySQL's date functions. The table structure currently looks

as follows:

mysgl> DESCRIBE sales rep;

Fomm oD fo———— +-—— +o—m——— - to————— +
| Field | Type | Null | Key | Default | Extra |
Fommm - Fomm - +-———— - Fo———————- o +
| employee_ number | int (11) | YES | | NULL |

| surname | varchar (40) | YES | | NULL |

| first_name | varchar (30) | YES | | NULL |

| commission | tinyint (4) | YES | | NULL |

| date_joined | date | YES | | NULL |

| birthday | date | YES | | NULL |

Fom e o fo———— - Fo—— - o +
6 rows in set (0.00 sec)

If you do a query, returning date_joined and birthday, you get the following result:
mysgl> SELECT date_joined,birthday FROM sales_rep;

Fom e fommm - +
| date joined | birthday

Fom e fommm +
| NULL | NULL |
| NULL | NULL |
| NULL | NULL |
| NULL | NULL |
Fom e fom - +

(

The NULL values indicate that you never entered anything into these fields. You'll have noticed the Nu11 heading returned when
you DESCRIBE a table. YES is the default for this; it means the field is allowed to have nothing in it. Sometimes you want to
specify that a field can never contain a NULL value. You'll learn how to do this in Chapter 3. NULL values often affect the results of
queries and have their own complexities, which are also examined in chapters 2 and 3. To make sure you have no NULL values,
update the sales rep records as follows:

mysql> UPDATE sales_rep SET date_ joined
'2000-02-15"', birthday='1976-03-18"'
WHERE employee_ number=1;

mysql> UPDATE sales_rep SET date_ joined =
'1998-07-09', birthday='1958-11-30'
WHERE employee_number=2;

mysql> UPDATE sales_rep SET date_ joined
'2001-05-14"', birthday='1971-06-18"
WHERE employee_number=3;

mysgl> UPDATE sales_rep SET date_joined
'2002-11-23"', birthday='1982-01-04"
WHERE employee number=4;

There are a host of useful date functions. These examples show just a few; see Appendix A, "MySQL Syntax Reference," and
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Appendix B for more information.
Specifying the Date Format

All'is not lost if you want to return dates in a format of your choice, rather than the standard
YYYY-MM-DD format. To return the birthdays of all staff in the format MM/DD/YYYY, use the DATE_FORMAT () function, as
follows:
mysql> SELECT DATE_FORMAT (date_ joined, '%m/%d/%Y')
FROM sales_rep WHERE employee_ number=1;

B e e TP +
| date format (date joined, '%m/%d/%Y') |
BT aTatab e R +
| 02/15/2000

oo +

The part in single quotes after the date_joined column is called the format string. Inside the format string, you use a specifier to
specify exactly what format to return. $m returns the month (01-12), <d returns the day (01-31), and %Y returns the year in four
digits. There are a huge range of specifiers; see Appendix B for a full listing. In the meantime, some examples follow:

mysql> SELECT DATE_FORMAT (date_joined, '$W %M %e %y')
FROM sales_rep WHERE employee number=1;

B e ittt +
| DATE FORMAT (date joined, '$W %M %e %y') |
T T T, +
| Tuesday February 15 00 |
e +

sw returns the weekday name, %M returns the month name, %e returns the day (1-31), and ¢y returns the year in a two-digit
format. Note that %d also returns the day (01-31), but is different to e because the leading zeros are included.

In the following query, %a is the abbreviated weekday name, %D is the day of month with the suffix attached, %b is the
abbreviated month name, and %Y is the four-digit year:
mysgl> SELECT DATE_FORMAT (date_joined, '$a %D %b, %Y')

FROM sales_rep WHERE employee_number=1;

o +
| DATE_FORMAT (date_ joined, '$a %D %b, %Y') |
o +
| Tue 15th Feb, 2000

B et e e +

Note You can add any of your own characters in the format string. The previous examples have used a slash (/) and a
comma (, ). You can add any text you want to format the date as you want it.

Returning the Current Date and Time

To find out what date it is, according to the server, you can use the CURRENT DATE () function. There is another function, Now (),
which returns the time, as well:

mysql> SELECT NOW() ,CURRENT DATE () ;
oo fomm e +

Note Now () returns the date and time. There is a column type called DATETIME that allows you to store data in the same
format (YYYY-MM-DD HH:MM:SS) in your tables.

You can do other conversions on the birthday field when you return it. Just in case you were worried about not being able to return
the year, because you've replaced the year field with a date of birth, you can use the YEAR () function, as follows:

mysqgl> SELECT YEAR (birthday) FROM sales_rep;

o +
| YEAR (birthday) |
o +
| 1976

| 1958 |
| 1982 |
| 1971 |
o +

4 rows in set (0.00 sec)

MySQL has other functions for returning just a part of a date: MONTH () and DAYOFMONTH () :
mysqgl> SELECT MONTH (birthday) ,DAYOFMONTH (birthday) FROM sales_rep;

e ittt e oo +
| MONTH (birthday) | DAYOFMONTH (birthday) |
e it e Fom e +
| 3 18 |
| 11 | 30

| 1] 4
| 6 | 18

fomm o oo +

4 rows 1in set (0.00 sec)

Creating More Advanced Queries
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By now you should be comfortable with basic queries. The good news is that in the real world, most queries are fairly simple, like
what you've done so far. And the better designed your databases (see Part Il, "Designing a Database"), the more simple your
queries. But there are situations where you'll need more—the most common being joining two or more tables together (this kind of
query is called a join).

Giving Columns a New Heading with AS

The previous queries aren't too easy to read or understand. Let's tidy up the previous query, by sorting on the month and returning
the sales rep names. You also introduce aliases with the As keyword, where you give a column another name:
mysqgl> SELECT surname,first_ name,MONTH (birthday)

AS month,DAYOFMONTH (birthday) AS day FROM sales_rep

ORDER BY month;

to—mm—— - o +-————— +-———— +
| surname | first name | month | day |
oo I —— —————- O O +
| Rive | Mongane | 1 | 4 |
| Rive | Sol | 3 18 |
| Serote | Mike | 6 | 18 |
| Gordimer | Charlene | 11 | 30 |
to—mm—— - o +-————— +-———— +
4 rows in set (0.01 sec)

Joining Columns with CONCAT

Sometimes you may prefer to display the person's name as one result field, rather than separate the first name and surname
fields. You can join the results of columns together, using the concaT () function (which stands for concatenate), as follows:
mysqgl> SELECT CONCAT (first_name, ' ', surname)

AS name,MONTH (birthday) AS month,DAYOFMONTH (birthday)

AS day FROM sales_rep ORDER BY month;

o +-————— +-———— +
| name | month | day |
o F-————— +-———— +
| Mongane Rive | 1| 4 |
| Sol Rive | 3 | 18 |
| Mike Serote | 6 | 18 |
| Charlene Gordimer | 11 | 30 |
tom e +-————— +-———— +

4 rows in set (0.00 sec)

Note Note the space used inside CONCAT () . Just as with date specifiers, you can use any characters to format your
CONCAT () .

Finding the Day in a Year

To find out what day in the year (from 1-366) Sol Rive joined the company, use the following:

mysql> SELECT DAYOFYEAR (date joined) FROM sales_rep
WHERE employee_ number=1;

- +
| DAYOFYEAR (date joined) |
- +
| 46 |
o +

Working with Multiple Tables

The real power of relational databases comes from the fact that there are relations between tables. So far you've only been
working on one table to get familiar with SQL syntax. But most real-world applications have more than one table, so you need to
know how to work with these situations. First, let's add two new tables to the database. Table 1.5 will contain customer data (a
customer ID, first name, and surname), and Table 1.6 will contain sales data (a customer ID, a sales rep ID, a sales value in
dollars, and a unique code for the sale).

Table 1.5: The Customer Table

| ID ” First_name || Surname |
| 1 “ Yvonne “ Clegg |
2 |[ Johnny || chaka-Chaka |
| 3 ” Winston || Powers |
|4 ” Patricia || Mankunku |

Table 1.6: The Sales Table

| Code ” Sales_rep ” Customer “ Value |
E IE IE [2000 |
B |2 IE 250 |
B IE [E 500 |
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|4 [E 4 450 |

ls [E [E 3800 |
le [E [E 500 |

Can you create these tables? Here are the statements | used:

mysgl> CREATE TABLE customer (

id int,

first name varchar(30),

surname varchar (40)
)i
Query OK, 0 rows affected (0.00 sec)
mysqgl> CREATE TABLE sales(

code int,

sales_rep int,

customer int,

value int
)i
Query OK, 0 rows affected (0.00 sec)
mysqgl> INSERT INTO customer (id,first name,surname) VALUES
(1, 'Yvonne', 'Clegg'),
(2, 'Johnny', 'Chaka-Chaka'),
(3, 'Winston', 'Powers'),
(4, 'Patricia’', 'Mankunku') ;
Query OK, 4 rows affected (0.00 sec)
Records: 4 Duplicates: 0 Warnings: 0
mysqgl> INSERT INTO sales(code,sales_rep,customer,value) VALUES
(1,1,1,2000),
(2,4,3,250),
(3,2,3,500),
(4,1,4,450),
(5,3,1,3800),
(6,1,2,500);
Query OK, 6 rows affected (0.00 sec)
Records: 6 Duplicates: 0 Warnings: 0

Joining Two or More Tables

As you can see, this uses the sales rep's employee number and the customer's ID in the sales table. If you examine the first sales
record, you can see that it was made of sales_rep 1, which, looking up on the sales_rep table, is Sol Rive. The process you go
through manually, of looking at the relation between the two tables, is the same one MySQL does, as long as you tell it what
relation to use. Let's write a query that returns all the information from the first sales record, as well as the sales
rep's name:
mysql> SELECT sales_rep,customer,value,first name,surname
FROM sales,sales_rep WHERE code=1 AND
sales_rep.employee number=sales.sales_rep;
to—mm to—m - t-————— tomm -
customer value first_name

1 row in set (0.00 sec)

The first part of the query, after the SELECT, lists the fields you want to return. Easy enough—you just list the fields you want from
both tables.

The second part, after the FroM, tells MySQL which tables to use. In this case it's two tables: the sales and sales_rep tables.

The third part, after the WHERE, contains the condition: code=1, which returns the first record from the sales table. The next part is
what makes this query a join. This is where you tell MySQL which fields to join on or which fields the relation between the tables
exists on. The relation between the sales table and the sales_rep table is between the employee_number field in sales_rep, and
the sales_rep field in the sales table. So, because you find a 1 in the sales_rep field, you must look for employee_number 1 in the
sales_rep table.

Let's try another one. This time you want to return all the sales that Sol Rive (employee_ number 1) has made. Let's look at the
thought process behind building this query:

= Which tables do you need? Clearly sales_rep, and sales. That's already part of the query: FROM
sales_rep,sales.

= What fields do you want? You want all the sales information. So the field list becomes sELECT
code, customer,value

= And finally, what are your conditions? The first is that you only want Sol Rive's results, and the second is to specify
the relation, which is between the sales_rep field in the sales table and the employee_number field in the sales_rep
table. So, the conditions are as follows: WHERE first name='Sol' and surname='Rive' AND
sales.sales_rep = sales_rep.employee_
number.

The final query is as follows:

mysqgl> SELECT code,customer,value FROM sales_rep,sales
WHERE first name='Sol' AND surname='Rive' AND
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sales.sales:rep = sales_rep.employee_number;

fo———— o o +
| code | customer | value |
+-———— o o +
| 1 1 | 2000

| 4 4 | 450

| 6 | 2 | 500 |
to—m = fomm e fommm +
3 rows in set (0.00 sec)

Notice the notation in the relation’s condition: sales.sales_rep or sales rep.employee number. Specifying the table
name, then a dot, then the fieldname helps to make the queries clearer in the previous examples and is mandatory when different
tables have fieldnames that are the same. You can also use this notation in the field list. For example, you could have written the
previous query as follows:

mysgl> SELECT code,customer,value FROM sales,
sales_rep WHERE first name='Sol' AND surname='Rive'
AND sales_rep = employee_ number;
+

R fom e +
| code | customer | value |
tomm - fomm - fomm - +
| 1 1 | 2000

| 4 | 4 | 450

| 6 | 2 | 500 |
Fommm - Fommm oo tommmm o +

3 rows in set (0.00 sec)

without table names before any fieldnames because there are no fields that have the same names in the different tables. Or you
could have written it like this:
mysgl> SELECT sales.code,sales.customer,sales.value

FROM sales,sales_rep WHERE sales_rep.first name='Sol'

AND sales_rep.surname='Rive' AND sales.sales_rep =

sales_rep.employee_ number;

+-———— o +————— +
| code | customer | value |
+-———— o +-——— +
| 1| 1 | 2000

| 4 | 4 | 450

| 6 | 2 500 |
o fomm fo—— - +

3 rows in set (0.00 sec)
Both queries give identical results.

To demonstrate what happens when you have fieldnames that are identical, let's change the sales_rep field in the sales table to
employee_number. Don't worry; you'll change it back before anyone notices:

mysqgl> ALTER TABLE sales CHANGE sales_rep
employee_number int;

Query OK, 6 rows affected (0.00 sec)
Records: 6 Duplicates: 0 Warnings: 0

Now let's try the join again, with the name corrected, but without using the dot notation to specify the table names:
mysgl> SELECT code,customer,value FROM sales_rep,sales

WHERE first name='Sol' AND surname='Rive'AND employee number = employee_number;
ERROR 1052: Column: 'employee number' in where clause is ambiguous

Just from reading the query you can probably see it is not clear. So now you have to use the table names every time you
reference one of the employee_number fields:
mysql> SELECT code,customer,value FROM sales_rep,sales

WHERE sales_rep.employee number=1 AND sales_rep.employee number =

sales.employee_number;

fo———— o o +
| code | customer | value |
+-———— o - +
| 11 1 | 2000

| 4 | 4 | 450

| 6 | 2 500 |
Fo———— Fommmm Fmmm——— +
3 rows in set (0.00 sec)

Tip You could have used sales.employee number instead of sales rep.employee number in the WHERE clause, but
it's best to use the smaller table because this gives MySQL less work to do to return the query. You will learn more about

optimizing queries in Chapter 4.
Let's change the fieldname back to what it was before going any further:

mysgl> ALTER TABLE sales CHANGE employee_number sales_rep INT;
Query OK, 6 rows affected (0.00 sec)
Records: 6 Duplicates: 0 Warnings: 0

Performing Date Calculations

Performing date calculations is relatively easy. We're going to work out someone's age based on their birthday in the next section,
but first you'll try a more simple calculation. To find the number of years between the current date and the birthday, you use two
functions, YEAR () and NOW () :

mysgl> SELECT YEAR(NOW()) - YEAR(birthday) FROM sales rep;


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

Bt et L e +
| YEAR (NOW()) - YEAR(birthday) |
o +
I 26 |
| 44 |
| 31 |
| 20 |
Bt et e +

4 rows in set (0.00 sec)
Note You can also use CURRENT DATE () instead of Now (), which will give you the same result.

The previous query result does not return the age, only the difference in years. It does not take into account days and months.
This section describes age calculation; it may be tricky for novice users. Don't be put off. Once you've practiced your basic
queries, this type of query will be old hat!

You need to subtract the years as you've done previously but then subtract a further year if a full year has not passed. Someone
born on the 10th of December in 2001 is not one year old in January 2002, but only after the 10th of December in 2002. A good
way of doing this is to take the MM-DD components of the two date fields (the current date and the birthdate) and compare them.
If the current one is larger, a full year has passed, and the year calculation can be left. If the current MM-DD part is less than the
birth date one, less than a full year has passed, and you must subtract one from the calculation. This may sound tricky, and there
are some quite complex ways of doing the calculation floating around, but MySQL makes it easier because it evaluates a true
expression to 1 and a false expression to 0:

mysgl> SELECT YEAR(NOW()) > YEAR(birthday) FROM
sales_rep WHERE employee number=1l;

R e +
| YEAR(NOW()) > YEAR(birthday) |
B e it +
I 1
B ettt it +

1 row in set (0.00 sec)
mysgl> SELECT YEAR(NOW()) < YEAR(birthday) FROM
sales_rep WHERE employee number=1;

e e e +
| YEAR(NOW()) < YEAR(birthday) |
e e e +
I 0 |
Bttt ittt +

1 row in set (0.00 sec)

The current year is greater than the birthday year of employee 1. That is true and evaluates to 1. The current year is not less than
the birthday year. That is false and evaluates to 0.

Now you need a quick way to return just the MM-DD component of the date. And a shortcut way of doing this is to use the
RIGHT () string function:

mysqgl> SELECT RIGHT (CURRENT DATE,5) ,RIGHT (birthday,5) FROM sales_rep;

o oo +
| RIGHT (CURRENT DATE,5) | RIGHT (birthday,5) |
O - o +
| 04-06 | 03-18 |
| 04-06 | 11-30 |
| 04-06 | 01-04 |
| 04-06 | 06-18 |
o o +

4 rows in set (0.00 sec)

The 5 inside the RIGHT () function refers to the number of characters from the right side of the string that the function returns.
The full string is 2002-04-06, and the five rightmost characters are 04-06 (the dash is included). So, now you have all the
components to do the date calculation:
mysql> SELECT surname, first name, (YEAR(CURRENT DATE) -

YEAR (birthday)) - (RIGHT (CURRENT DATE,5)<RIGHT (birthday,5))

AS age FROM sales_rep;

to—m - o e il +
| surname | first name | age |
o fom e o +
| Rive | Sol | 26 |
| Gordimer | Charlene | 43 |
| Rive | Mongane | 20 |
| Serote | Mike | 30 |
to—m - o to————- +
4 rows in set (0.00 sec)

Your results may not match these results exactly because time marches on, and you'll be running the query at a later date than |
did.

Warning Be careful to match parentheses carefully when doing such a complex calculation. For every opening parenthesis,
you need a closing parenthesis, and in the correct place!

Can you spot a case when the previous age query will not work? When the current year is the same as the birth year, you'll end

up with —1 as the answer. Once you've had a good look at the appendixes, try and work out your own way of calculating age.
There are many possibilities and just as many plaintive cries to MySQL to develop an AGE () function.

Grouping in a Query

Now that you have a sales table, let's put the suM () function to better use than you did earlier, by returning the total value of
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sales:

mysqgl> SELECT SUM(value) FROM sales;
e et e +

| SUM(value) |

o - +

| 7500

o +

1 row in set (0.00 sec)

Now you want to find out the total sales of each sales rep. To do this manually, you would need to group the sales table according
to sales_rep. You would place all of the sales made by
sales_rep 1 together, total the value, and then repeat with sales rep 2. SQL has the GRoUP BY clause, which MySQL uses in the
same way:
mysql> SELECT sales_rep,SUM(value) FROM sales GROUP BY

sales_rep;

Fo—m o +
| sales_rep | SUM(value) |
fomm e B i +
| 1] 2950 |
| 2 500

| 3 3800 |
| 4 | 250 |
Fomm Fomm - +

4 rows in set (0.00 sec)

If you had tried the same query without grouping, you'd have gotten an error:
mysql> SELECT sales_rep,SUM(value) FROM sales;
ERROR 1140: Mixing of GROUP columns

(MIN() ,MAX(),COUNT()...) with no GROUP columns

is illegal if there is no GROUP BY clause

This query makes no sense, as it tries to mix a summary field, suM (), with an ordinary field. What are you expecting? The sum of
all values repeated next to each sales_rep?

You can sort the output of a grouped query as well. To return the total sales of each sales rep from highest to lowest, you just add
an ORDER BY clause:

mysgl> SELECT sales_rep,SUM(value) AS sum FROM sales
GROUP BY sales_rep ORDER BY sum desc;

Fomm - to———— +
| sales rep | sum |
O — - +
| 3 | 3800 |
| 1 | 2950 |
| 2 | 500 |
| 4 | 250 |
o +-———— +

Now try a more complex query that uses a number of the concepts you have learned. Let's return the name of a sales rep with the
fewest number of sales. First, you would have to return an employee number. You may get back a different number when you run
the query, as there are three people who've made only one sale. It doesn't matter which one you return for now. You would do this
as follows:

mysql> SELECT sales_rep,COUNT (*) as count from sales
GROUP BY sales_rep ORDER BY count LIMIT 1;

Fomm - B +
| sales_rep | count |
fomm - to—— - +
| 4 1 1
Fom - B +

1 row in set (0.00 sec)

Can you take it even further? Can you perform a join as well to return the name of sales rep 47? If you can do this having started
the book as a novice, you're well on the way to earning your username, "guru to be"! Here's the query to do so:
mysqgl> SELECT first name, surname,sales_rep,COUNT(*) AS

count from sales,sales_rep WHERE sales_rep=employee number

GROUP BY sales_rep,first name,surname ORDER BY count

LIMIT 1;

o Fo—m = fomm - fo—— = +
| first name | surname | sales rep | count
R [ R oo oo +
| Mongane | Rive | 4 | 1 |
tommm - Fommm - o +-—————- +
1 row in set (0.00 sec)
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[Toan Lid | [cerevisu st ]
Summary

MySQL is a relational database management system. Logically, data is structured into tables, which are related to each other by
means of a common field. Tables consist of rows (or records), and records consist of columns (or fields). Fields can be of differing
types: a numeric type, a string type, or a date type. (This chapter merely introduces SQL. You will build your skills in the language
throughout this book.)

The MySQL server is what stores the data and runs queries on it. To connect to the MySQL server, you need the MySQL client.
This can be on the same machine as the server or a remote machine.

The power of a database management system comes from the capability to structure data and retrieve it for a wide variety of
highly specific requirements. The industry standard for manipulating and defining data is SQL. Its most important commands are
the following:

= The CREATE statement creates databases and the tables within the database.
= The INSERT statement places records into a table.

= The SELECT statement returns the results of a query.

= The DELETE statement removes records from a table.

= The UPDATE statement modifies the data in a table.

= The ALTER statement changes the structure of a table, utilizing clauses such as ApD to add a new column, CHANGE
to change the name or definition of an existing column, RENAME to rename a table, or DROP to remove a table.

Functions add to the power of MySQL. You can recognize a function by the parentheses immediately following it. There are many
MySQL functions—mathematical ones such as suM () to calculate the total of a result set, date and time functions such as

YEAR () to extract the year portion of a date, and string functions such as RIGHT () to extract part of a string starting on the right
side of that string.

Armed with this basic information, you are now ready to learn the crucial intricacies of structuring data, move on to more advanced
SQL, and encounter the various types of tables MySQL uses for different kinds of solutions.
[« Fxsvisus]
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Taiai LI [« FrEvinu]
Chapter 2: Data Types and Table Types

Overview

As you know, MySQL uses a number of table types. By default, it uses the MyISAM table type, optimized for SELECT speed. Most
websites use this table, as websites usually have infrequent INSERT or UPDATE statements and frequent SELECT statements. In
this chapter you'll examine all the table types in detail. You've also looked briefly at the various data types in Chapter 1,
"Quickstart to MySQL." Here, you'll explore all the data types available to you and learn when to use them.

Featured in this chapter:
= Numeric, string, and date column types
= MySQL command-line options
= Logical, arithmetic, comparison, and bit operators
= Exploring options for connecting to MySQL
= Understanding table types

Toam Lo [+ rrinsus [omsi ]
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Exploring the Various Column Types

[+ervvious Lt ]

To use MySQL effectively it's important to understand the basic building blocks available to you. The MySQL mailing lists are full
of cries for help where the solution is often as simple as using another column or table type or having a better understanding of its
features. This chapter first discusses the various column types, and then goes on to look at the table types available to MySQL.

There are three main types of columns in MySQL: numeric, string, and date. Although there are many more specific types, which
you'll learn about shortly, you can classify each of these into one of the three main types. Generally, you should choose the
smallest possible column type, as this will save space and be faster to access and update. However, choosing too small a column
can result in data being lost or cut off when you insert it, so be sure to choose a type that covers all eventualities. The following
sections explore each type in detail.

Note Column names are always case insensitive, so SELECT fieldl FROM tablename is the same as SELECT FieLD1
FROM tablename. Note, however, that table and database names can be case sensitive! By default they are not case
sensitive on Windows, but they are case sensitive on most versions of Unix, except MacOS X.

Numeric Column Types

Numeric types are designed for storing any kind of numeric data, such as prices, ages, or quantities. There are two main kinds of
numeric types: integer types (whole numbers, without any decimal places or fractional parts) and floating-point types. All numeric
types allow two options: UNSIGNED and ZEROFILL. UNSIGNED prohibits negative numbers (extending the positive range of the
type for integer types), and ZzZEROFILL pads the value with zeroes instead of the usual spaces, as well as automatically making it
UNSIGNED. For example:

mysgl> CREATE TABLE testl (id TINYINT ZEROFILL) ;
Query OK, 0 rows affected (0.32 sec)

mysgl> INSERT INTO testl VALUES(3);
Query OK, 1 row affected (0.16 sec)

mysqgl> INSERT INTO testl VALUES (-1)
Query OK, 1 row affected (0.16 sec)

mysqgl> INSERT INTO testl VALUES (256)
Query OK, 1 row affected (0.16 sec)

mysqgl> SELECT * from testl;

fom +
| id I
tomm +

| 003
| 000 |
| 255
oo +

3 rows in set (0.00 sec)

Notice that because the field is UNSIGNED, the negative number is adjusted to fit into the bottom of the range, and because the
256 exceeds the maximum of the range, it is adjusted to 255, the maximum allowable positive value.

Note When performing a query on a numeric column type, you do not need to use quotes around the numeric value.

Table 2.1 lists the numeric types available in MySQL.

Table 2.1: Numeric Types

| Type ” Description |
TINYINT[ (M) ] [UNSIGNED] A tiny integer, 128 to 127 (SIGNED), 0 to 255 (UNSIGNED), 1 byte of storage
[ZEROFILL] required.
|BIT “Asynonym for TINYINT (1). |
|BOOL ” Another synonym for TINYINT (1). |
SMALLINT[ (M) ] [UNSIGNED] A small integer; 32,768 to 32,767 (SIGNED); 0 to 65,535 (UNSIGNED); 2bytes
[ZEROFILL] of storage required.
MEDIUMINT[ (M) ] [UNSIGNED] A medium-size integer, 8,388,608 to 8,388,607 (s1GNED); 0 to 16,777,215
[ZEROFILL] (UNSIGNED); 3 bytes of storage required.
INT[(M)] [UNSIGNED] An integer; 2,147,483,648 to 2,147,483,647 (SIGNED); 0 to 4,294,967,295
[ZEROFILL] (UNSIGNED); 4 bytes of storage required.
INTEGER |A synonym for INT.
BIGINT[(M)] [UNSIGNED] A big integer, 9,223,372,036,854,775,808 to 9,223,372,036,854,775,807
[ZEROFILL] (SIGNED); 0 to 18,446,744,073,709,551,615 (UNSIGNED); 8 bytes of storage
required. See the rules after this table for some important considerations when
using BIGINTS.
FLOAT (precision) [UNSIGNED] A floating-point number. precision <=24 is for a single-precision floating-
[ZEROFILL] point number. precision between 25 and 53 is for a double-precision
floating-point number. FLOAT (X) has the same range as the corresponding
FLOAT and DOUBLE types, but the display size and number of decimals are
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undefined. Prior to MySQL version 3.23, this was not a true floating-point value
and always had two decimals. This may give some unexpected problems as all
calculations in MySQL are done with double precision.

FLOAT[ (M,D)] [UNSIGNED] A small or single-precision floating-point number. 3.402823466E+38 to
[ZEROFILL] 1.175494351E38, 0, and 1.175494351E38 to 3.402823466E+38. With
UNSIGNED, the positive range stays the same, but negative numbers are
disallowed. M refers to the total display width, and D refers to the number of
decimals. FLOAT without arguments or FLOAT (X) where x <= 24 standsfor a
single-precision floating-point number. FLOAT (X) where X is between 25 and
53 stands for a double-precision floating-point number. 4bytes of storage are
required (single-precision).

DOUBLE[ (M, D) ] [UNSIGNED] A double-precision floating-point number. 1.7976931348623157E+308
[ZEROFILL] t02.2250738585072014E308, 0, and 2.2250738585072014E308 to
1.7976931348623157E+308. As with FLOAT, UNSTGNED will leave the positive
range untouched, but disallow negative numbers. 1 refers to the total display
width and D to the number of decimals. DOUBLE without arguments or

FLOAT (X) where 25 <= X <= 53 stands for a double-precision floating-point
number. 8 bytes of storage are required.

DOUBLE PRECISION[ (M,D)] A synonym for DOUBLE.

[UNSIGNED] [ZEROFILL]

REAL[ (M, D)] [UNSIGNED] Another synonym for DOUBLE.

[ZEROFILL]

DECIMAL[ (M[,D])] [UNSIGNED] A decimal number is stored like a string, one byte for each character
[ZEROFILL] (thisiscalled unpackedall other numeric types are packed). From

1.7976931348623157E+308 to 2.2250738585072014E308, 0, and
2.2250738585072014E308 to 1.7976931348623157E+308. M refers to the
total number of digits (excluding the sign and decimal point, except for versions
earlier than 3.23). D refers to the number of digits after the decimal point. It
should always be less than M. D is by default 0 if omitted. Unlike other numeric
types, M and D can constrain the range of allowed values. With UNSIGNED,
negative values are disallowed.

DEC[ (M[,D])] [UNSIGNED] A synonym for DECIMAL.
[ZEROFILL]

NUMERIC[ (M[,D])] [UNSIGNED] Another synonym for DECIMAL.
[ZEROFILL]

Use the following guidelines when deciding what numeric type to choose:
= Choose the smallest applicable type (TINYINT rather than INT if the value would never go beyond 127 signed).

= For whole numbers, choose an integer type. (Remember that money can also be stored as a whole number—for
example, it can be stored in cents rather than dollars, which are integers.) It could also be reasonably stored as a
DECIMAL.

= For high precision, use integer types rather than floating-point types (rounding errors afflict floating-point numbers).

The M value in Table 2.1 often causes confusion. Setting M to a higher value than the type allows will not allow you to extend its
limit. For example:

mysgl> CREATE TABLE test2(id TINYINT(10));
Query OK, 0 rows affected (0.32 sec)

mysgl> INSERT INTO test2(id) VALUES (100000000) ;
Query OK, 1 row affected (0.00 sec)

mysgl> SELECT id FROM test2;

fomm +
| id \
fomm +
| 127 |
oo +

1 row in set (0.00 sec)

Even though the figure inserted was fewer than 10 digits, because it is a signed TINYINT, it is limited to a maximum positive
value of 127.

This optional width specification left-pads the display of values whose width is less than the width specified for the column, but,
with the exception of DECIMAL fields, it does not constrain the range of values that can be stored in the column or the number of
digits that will be displayed for values whose width exceeds that specified for the column.

However, if you try to limit a type to less than its allowable limit, the value is not cut off. It neither constrains the range that can be
stored nor the number of digits displayed. For example:

mysqgl> CREATE TABLE test3(id INT(1))
Query OK, 0 rows affected (0.32 sec)

mysgl> INSERT INTO test3(id) VALUES (42432432);
Query OK, 1 row affected (0.00 sec)

mysql> SELECT id FROM test3;


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

fommm oo +
| id \
fommmmmmm oo +
| 42432432 |
fommmmmm— o +

1 row in set (0.16 sec)

The width specification is most often used with zero£i11 because you can easily see the results:

mysqgl> CREATE TABLE test4(id INT(3) ZEROFILL,id2 INT ZEROFILL) ;
Query OK, 0 rows affected (0.32 sec)

mysgl> INSERT INTO test4 (id,id2) VALUES (22,22);
Query OK, 1 row affected (0.00 sec)

mysgql> SELECT * FROM test4;
fommm fommmmm - +

I
+
|
+
1 row in set (0.22 sec)

The effect of the width specification in id is to limit the display to three characters, while the id2 field uses the normal unsigned
INT default (10).

String Column Types

String columns are for storing any kind of character data, such as names, addresses, or newspaper articles. Table 2.2 describes
the string types available to MySQL.

Table 2.2: String Types

| Type ” Description |

[NATIONAL] CHAR(M) [BINARY] Character. A fixed-length string, right-padded with spaces to the specified
length. From 0 to 255 characters (1 to 255 prior to MySQL version 3.23).
Trailing spaces are removed when the value is retrieved.

CHAR ” This is a synonym for CHAR (1) . |
[NATIONAL] VARCHAR (M) Variable-length character. A variable-length string, where trailing spaces are
[BINARY] removed when the value is stored (this is a bug, and can catch out those

coming from another DBMS, where this is not the case). From 0 to 255
characters (1 to 255 prior to MySQL version 4.0.2).

TINYBLOB Tiny binary large object. Maximum 255 characters (28- 1). Requires length + 1
bytes storage. Same as TINYTEXT, except that searching is done case
sensitively. In most situations, use rather use VARCHAR BINARY, as it should
be faster.

TINYTEXT Maximum 255 characters (28- 1). Requires length + 1 bytes storage. Same as
TINYBLOB, except that searching is done case insensitively. In most situations,
rather use VARCHAR, as it should be faster.

BLOB Binary large object. Maximum 65,535 characters (216- 1). Requires length + 2
bytes storage. Same as TEXT, except that searching is done case sensitively.

TEXT Maximum 65,535 characters (21- 1). Requires length + 2 bytes storage. Same
as BLOB, except that searching is done case insensitively.

MEDIUMBLOB Medium-sized binary large object. Maximum 16,777,215 characters (224- 1).
Requires length + 3 bytes storage. Same as MEDIUMTEXT, except that
searching is done case sensitively.

MEDIUMTEXT Maximum 16,777,215 characters (224- 1). Requires length + 3 bytes storage.
Same as MEDIUMBLOB, except that searching is done case insensitively.

LONGBLOB Large binary large object. Maximum of 4,294,967,295 characters (232- 1).
Requires length + 4 bytes storage. Same as LONGTEXT, except that searching
is done case sensitively. Note that because of external limitations, there is a
limit of 16MB per communication packet/table row.

LONGTEXT Maximum of 4,294,967,295 characters (232- 1). Requires length + 4 bytes
storage. Same as LONGBLOB, except that searching is done case insensitively.
Note that because of external limitations, there is a limit of 16MB per
communication packet/table row.

ENUM('valuel', 'value2',...) Enumeration. Can only have one of the specified values, NULL or " ".
Maximum of 65,535 values.

SET ('valuel', 'value2',...) “ A set. Can contain zero to 64 values from the specified list.

Use the following guidelines when deciding what string type to choose:
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= Never store numbers in string columns. It is much more efficient to store them in numeric columns. Each digit in a
string field takes up an entire byte, as opposed to a numeric field, which is stored in bits. Also, ordering numbers if
they are stored as a string may yield inconsistent results.

= For speed, choose fixed columns, such as CHAR.

= To save space, use dynamic columns, such as VARCHAR.

= For limiting contents of a column to one choice, use ENUM.

= For allowing more than one entry in a column, choose SET.

= For text you want to search case insensitively, use TEXT.

= For text you want to search case sensitively, use BLOB.

= For images, and other binary objects, store them on the file system rather than directly in the database.

By default, CHAR and VARCHAR types are searched case insensitively, unless you use the BINARY keyword. For example:

mysql> CREATE TABLE test5(first name CHAR(10));
Query OK, 0 rows affected (0.00 sec)

mysgl> INSERT INTO test5(first name) VALUES ('Nkosi');

Query OK, 1 row affected (0.06 sec)
mysgl> SELECT first name FROM test5 WHERE first name='nkosi';

tomm - +
| first name |
e m———- +
| Nkosi |
o +

1 row in set (0.17 sec)

This search returned a result even though you specified nkosi rather than Nkosi. If you ALTER the table, specifying the
first name column as BINARY, you do not find the result, as follows:

mysgl> ALTER TABLE test5 CHANGE first name first name CHAR(10) BINARY;
Query OK, 1 row affected (0.16 sec)
Records: 1 Duplicates: 0 Warnings: 0

mysql> SELECT first name FROM test5 WHERE first name='nkosi';
Empty set (0.17 sec)

Note Searching cHAR and VARCHAR fields case insensitively is not common among most DBMSs, so be careful if you're
moving to MySQL from another DBMS.

The NATIONAL keyword is only there for ANSI SQL compliance. (ANSI stands for the American National Standards Institute, and

they have developed a "standard" SQL. Most database management systems—DBMSs—adhere to this to some degree, but few

do so entirely, and many have their own additions.) It tells the DBMS to use the MySQL default character set (which is the MySQL
standard anyway).

Note Using CHAR as opposed to VARCHAR leads to larger tables, but usually faster processing, because MySQL knows
exactly where each record starts. See a full discussion of this in the "MylSAM Tables" section.

ENUM columns have some interesting features. If you add an invalid value, an empty string (" ") is inserted instead, as follows:

mysqgl> CREATE TABLE test6(bool ENUM("true", "false"));
Query OK, 0 rows affected (0.17 sec)

mysqgl> INSERT INTO test6(bool) VALUES ('true');
Query OK, 1 row affected (0.17 sec)

mysqgl> INSERT INTO test6(bool) VALUES ('troo');
Query OK, 1 row affected (0.06 sec)

mysgl> SELECT bool from test6;

2 rows 1in set (0.11 sec)

You can also perform queries on enumerated fields based on their indexes (the first value starts at 1). In the previous example,
true would reflect as an index of 1, false as anindex of 2, NULL as an index of NULL, and any other value (" ") as an index of
0. For example:

mysgl> SELECT * FROM test6 WHERE bool=0;

R +
| bool

tomm - +
| |
fommmmm +

1 row in set (0.17 sec)

mysqgl> SELECT * FROM test6 WHERE bool=l;
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1 row in set (0.16 sec)

The following example shows the query. If you insert an index directly, you'll see the full enumerated value when you return a
result:

mysgl> INSERT INTO test6 (bool) VALUES (2);
Query OK, 1 row affected (0.00 sec)

mysql> SELECT * FROM test6;

to—————- +
| bool |
to—————- +
| true |
| |
| false |
o +

3 rows in set (0.16 sec)

Warning LOAD DATA does not allow you to add records to an enumerated field using the index because it treats all inputs

as strings.
Enumerated fields are sorted on their index values, not alphabetically. In other words, they are sorted in the order the values were
defined:
mysgl> SELECT * FROM test6 ORDER BY bool ASC;
- +
| bool |
+-———— +
| |
| true |
| false |
- +

3 rows in set (0.22 sec)

Sets work in a similar way to enumerated fields:

mysql> CREATE TABLE test7 (fruit SET('apple', 'mango','litchi', 'banana'));
Query OK, 0 rows affected (0.11 sec)

mysgl> INSERT INTO test7 VALUES('banana');
Query OK, 1 row affected (0.17 sec)

mysql> INSERT INTO test7 VALUES('litchi');
Query OK, 1 row affected (0.05 sec)

mysqgl> INSERT INTO test7 VALUES ('paw-paw') ;
Query OK, 1 row affected (0.00 sec)

The difference of a SET type is that you can add multiple instances:

mysqgl> INSERT INTO test7 VALUES ('apple,mango');
Query OK, 1 row affected (0.06 sec)

mysgl> SELECT * FROM test7;

o +
| fruit |
o — +
banana
litchi

4 rows in set (0.17 sec)

As with enumerations, sorting is by the index:

mysgl> INSERT INTO test7 VALUES ('mango,apple');
Query OK, 1 row affected (0.00 sec)

mysqgl> SELECT * FROM test7 ORDER BY fruit;

| I
| apple,mango |
| apple,mango |
| litchi |
| banana |

5 rows in set (0.11 sec)

Note that the order of the elements is always the same as they were specified by the CREATE TABLE statement, so mango,apple
is stored as apple,mango and appears this way in the sorted results, too.

Note You can create a column of type CHAR (0) . This may seem useless, but it can be useful when using old applications
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that depend on the existence of a field but don't actually store anything in it. You can also use it if you need a field that
contains only two values, NULL and "".

Date and Time Column Types

Date and time column types are designed for the special conditions required for working with temporal data, and can be used to
store data such as time of day or date of birth. Table 2.3 describes the date column types available to MySQL.

Table 2.3: Date Types

|Type || Description |
|DATETIME ”YYYY—MM—DD HH:MM:SS from 1000-01-01 00:00:00109999-12-31 23:59:59 |
|DATE ”YYYY—MM—DD from 1000-01-01 10 9999-12-31 |
| TIMESTAMP || YYYYMMDDHHMMSS |
|TIME ”HH:MM:SS |
|YEAR ||YYYY |

The TIMESTAMP column type can be displayed in different ways, as shown in Table 2.4.

Table 2.3: TIMESTAMP Types

| Type ” Description |
|TIMESTAMP(14) ||YYYYMMDDHHMMSS |
|TIMESTAMP (12) ”YYMMDDHHMMSS |
|TIMESTAMP (10) || YYMMDDHHMM |
|TIMESTAMP(8) ”YYYYMMDD |
|TIMESTAMP(6) ||YYMMDD |
|TIMESTAMP(4) ”YYMM |
|TIMESTAMP(2) ||YY |

This does not mean that data is lost, though. The number only affects the display; even in column defined as TIMESTAMP (2), the
full 14 digits are stored, so if at a later stage you change the table definition, the full TtMESTAMP Will be correctly displayed.

Warning Functions, except for UNIX TIMESTAMP (), work on the display value. So the DAYOFWEEK () function will not work
ona TIMESTAMP (2) Of TIMESTAMP (4).

MySQL is lenient in accepting date formats. You can replace the hyphen (=) and colon (:) characters with any other punctuation
character without affecting validity. For example:

mysgl> CREATE TABLE tt(ts DATETIME) ;

mysgl> INSERT INTO tt(ts) VALUES('1999+11+11 23-24"');
Query OK, 1 row affected (0.06 sec)

You can even replace the space with another character. The following example replaces it with an equals sign:

mysqgl> INSERT INTO tt(ts) VALUES('1999+12=12-12'12");
Query OK, 1 row affected (0.05 sec)

If the value entered is invalid, you will not get an error message; instead, the results are set to 0 (0000 for a YEAR type, 00:00:00
for a TIME type, and so on).

[+ erevious Pt v
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MySQL Options

When you run the mysql command to connect to MySQL, you can use any of the options shown in Table 2.5.

Table 2.5: MySQL Option

| Option

” Description
| -?, --help ” Displays the help and exits.
-A, --no-auto-rehash Allows for quicker startup. Automatic rehashing is the feature that allows you to

press Tab; MySQL will try to complete the table or field. MySQL hashes the
field and table names on startup, but sometimes, when you have many tables
and fields, startup can become too slow. Using this option switches this off. To
use hashing when this option has been specified on startup, enter rehash on
the command line.

|—b, --no-beep

” Turns off the beeping each time there's an error.

-B, —--batch

Accepts SQL statements in batch mode. Displays results with tab separation.
Doesn't use history file.

|——character—sets—dir=...

” Tells MySQL in which directory character sets are located.

|—C, --compress

” Uses compression in server/client protocol.
-#, --debugl=...] Creates a debug log. The defaultis d:t:0:, /tmp/mysql.trace, which
enables debugging, turns on function call entry and exit tracing, and outputs to
/tmp/ mysqgl.trace. You can override this by specifying another file.
-D, --database=... Indicates which database to use. Ordinarily, you can select a database without
specifying this option, but this is useful in the configuration file.

|——default—character—set=...

” Sets the default character set.

|—e, —-—execute=...

” Executes command and quits. The output is the same as with the -B option.

-E, --vertical Prints the output of a query vertically, with each field on a different line.
Without this option you can also force this output by ending your statements
with \G.

-f, --force Forces MySQL to continue processing even if you get a SQL error. Useful in
batch mode when processing from files.

-g, --no-named-commands Disables named commands. Uses \ * form only, or uses named commands

only in the beginning of a line ending with a semicolon (; ). Since version 10.9,
the client starts with this option enabled by default! With the -g option,
however, long format commands will still work from the first line.

-G, --enable-named-commands Enables named commands. Long format commands are allowed as well as
shortened \ * commands.

-h, --host=... ” Connects to the specified host machine.

-H, --html Formats the results of a query in HTML. Most commonly you'll use a
programming language to format this, but this option can be useful for aquick
and dirty way to generate HTML.

-i, --ignore-space ” Ignores spaces after function names.

-L, --skip-line-numbers Causes MySQL not to write line number for errors. Can be useful when

outputting to result files in which you later want to search for errors or compare.

--no-pager

Disables the pager and results in output going to standard output. See the -
pager option.

” Disables outfile. See interactive help (\n) also.

var=option

|——no—tee

| -n, --unbuffered ” Flushes buffer after each query.

| -N, --skip-column-names ” Causes MySQL not to write column names in results.
-0, --set-variable Gives a variable a value. --help lists variables.

-0, --one-database Only updates the default database. This can be useful for skipping updates to
other databases in the update log.
--pager[=...] Long results outputs will usually scroll off the screen. You can output the result

to a pager. The default pager is your ENV variable PAGER. Valid pagers are
less, more, cat [> filename], and so on. This option does not work in
batch mode. Pager works only in Unix.

-p[password], --
password[=...]

Password to use when connecting to server. If a password is not given on the
command line, you will be prompted for it. If you enter the password on the
command line, you can't have a space between the option and the password.
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-P, --port=... By default, you connect to a MySQL server through port 3306. You can change
this by specifying the TCP/IP port number to use for connection.

-q, --quick Causes the results to be displayed row by row. This speeds up output if
theresults are very large. This can slow down the server if the output is
suspended. Doesn't use the history file.

| -r, --raw “ Write column values without escape conversion. Used with --batch. |
| -s, --silent ” Does not display as much output. |
| -S, --socket=... ” Socket file to use for connection. |
| -t, --table ” Outputs in table format. This is default in nonbatch mode. |
| -T, --debug-info ” Prints some debug information at exit. |
--tee=... Appends everything into outfile. See interactive help (\h) also. Does not work
in batch mode.
-u, --user=# Specifies a user for login. If a user is not specified, MySQL will assume it's the
current user (if there is one).
-U, --safe-updates[=#], -- Only allows UPDATE and DELETE that use keys. If this option is set by default,
i-am-a-dummy [=#] you can reset it by using --safe-updates=0.
-v, --verbose Causes MySQL to give more verbose output (-v -v -v gives the table output
format, -t).
-V, --version ” Outputs the version information and exit.
-w, --wait If the connection is down, this option will wait and try to connect later, rather

than aborting.

Automatic rehashing is the feature that allows you to press the Tab key and complete the table or field. MySQL creates this when
you connect, but sometimes, when you have many tables and fields, startup can become too slow. Using the -A or -- no-auto-
rehash option switches this off.

The -E option prints the results vertically. You can get this kind of output, even if you haven't connected to MySQL with this option
active, by using \G at the end of a query:
mysqgl> SELECT * FROM customer\G;
AR EE SR RS SR EEEEEEEEEEEEEEEEE 1. rOow RS R RS SR RS S EEEEEEEEEEEEEESE]
id: 1
first_name: Yvonne
surname: Clegg
Khkhkkhkhkhkhkhkhkhkhkhkhdkhkrhhkkxkkkkkkk 2' TOwW khkhkhkhkhk kA rhkhkhk Ak hhkhkhkkkhkkxkkhkxk
id: 2
first name: Johnny
surname: Chaka-Chaka
Kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k ok ok ok ok ok ok ok ok ok 3. row kk ok k ok ok ok ok ok ok ok kkkokkkokkkkkkkkkk
id: 3
first name: Winston
surname: Powers
khkkhkhkkkhkhkhkhkhrkhhhkhhhkhkkhkkkkk*k 4. Trow ER R R R R R EEEEEEEEEEEEEEEEESE]
id: 4
first_name: Patricia
surname: Mankunku
AR EE SR RS SR EEEEEEEEEEEEEEEEE 5. rOow RS R RS SR RS S EEEEEEEEEEEEEESE]
id: 5
first_name: Francois
surname: Papo
Khkhkkhkhkhkhkhhkrkhkhkhdkhkrhhhkxkkkkkxkk 6' TOowW khkhkhkhkhk kA rhkhkhk Ak hhkhkhkkkhkkxkkhkxk
id: 7
first name: Winnie
surname: Dlamini
Kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k ok ok ok ok ok ok ok ok ok 7. rOow Kk ok ok k ok ok ok ok ok ok ok k ok ok ok ok kokkkkkkkkkk
id: 6
first name: Neil
surname: Beneke
7 rows in set (0.00 sec)

The ignore space option (-i) allows you to be more lax in using functions in your queries. For example, the following normally
causes an error (note the space after MaXx):

mysqgl> SELECT MAX (value) FROM sales;

ERROR 1064: You have an error in your SQL syntax near ' (value) from
sales' at line 1

But if you'd used the -i option to connect, there'd have been no problem:

mysqgl> SELECT MAX(value) FROM sales;

Fommm +
| MAX (value) |
Fomm - +
| 3800

Fom e +

The - (or --htm1) option places query results inside an HTML table. If you connect with this option, you'll see the following sort
of output:
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mysgl> SELECT * FROM customer;

<TABLE BORDER=1><TR><TH>id</TH><TH>first name</TH><TH>surname</TH></TR>
<TR><TD>1</TD><TD>Yvonne</TD><TD>Clegg</TD></TR>
<TR><TD>2</TD><TD>Johnny</TD><TD>Chaka-Chaka</TD></TR>
<TR><TD>3</TD><TD>Winston</TD><TD>Powers</TD></TR>
<TR><TD>4</TD><TD>Patricia</TD><TD>Mankunku</TD></TR>
<TR><TD>5</TD><TD>Francois</TD><TD>Papo</TD></TR>
<TR><TD>7</TD><TD>Winnie</TD><TD>Dlamini</TD></TR>
<TR><TD>6</TD><TD>Neil</TD><TD>Beneke</TD></TR></TABLE>

7 rows in set (0.00 sec)

The -o option only allows updates to the default database. If you connected with this option, you would not have been able to
make an update to any tables in the firstdb database:

mysql> UPDATE customer SET first name='John' WHERE first name='Johnny';
Ignoring query to other database

The -U option (also called the "I am a dummy" option) helps avoid unpleasant surprises by not permitting an UPDATE or DELETE
that does not use a key (you'll look at keys in detail in Chapter 4, "Indexes and Query Optimization"). If you connect with this
option, the following command will not work:
mysqgl> DELETE FROM customer;
ERROR 1175: You are using safe update mode and you tried to update a

table without a WHERE that uses a KEY column

[+ervvious Lt ]
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Exploring the Various Table Types

There are two transaction-safe table types (InnoDB and BDB), but the rest (ISAM, MylISAM, MERGE, and HEAP) are not
transaction safe. Choosing the right table type can dramatically affect performance speed.

ISAM Tables

The Indexed Sequential Access Method (ISAM) table type was the old MySQL standard. The MyISAM table type replaced it in
version 3.23.0 (although ISAM types will still be available until MySQL 4.1). So, you'll probably only encounter the ISAM table type
if you're dealing with old databases dating from that time. The main difference between the two is that the index on a MyISAM
table is much smaller than on an ISAM table, so a SELECT using an index on a MylSAM table will use fewer system resources.
The flipside is that MylSAM uses more processor power to insert a record into the more compressed index.

ISAM tables have the following features:
= |[SAM stores the data files with an . 15D and the index file with an . 1sM extension.
= |t is not binary portable across different machines or operating systems. In other words, you cannot just copy the
ISD and ISM files. You'll have to use one of the other backup methods, such as mysqgldump (see Chapter 11,
"Database Backups").

If you do run into the ISAM table type, you should change it to the more efficient MylSAM type. MylSAM tables also allow you to
use more of MySQL's built-in functionality. To convert an ISAM table to a MyISAM table, use the following:

ALTER TABLE tablename TYPE = MYISAM;

MyISAM Tables

The MyISAM table type replaced ISAM in version 3.23.0. MylSAM indexes are much smaller than ISAM indexes, so the system
will use fewer resources when doing a SELECT using an index on a MyISAM table. However, MyISAM uses more processor power
to insert a record into the more compressed index.

MyISAM data files are given the extension .MYD, and the indexes have the extension .My1. MylSAM databases are stored in a
directory, so if you've been doing the examples from Chapter 1 and have permission to look inside the directory £irstdb, you'll
see the following files:

msales_rep.MYI
®msales_rep.MYD
® sales.MYD
®sales.MYI

® customer.MYD
® customer.MYI

The data files should always be larger than the index files. In Chapter 4 you'll see how to use indexes properly and what they
actually contain.

There are three subtypes of MyISAM tables: static, dynamic, or compressed.

MySQL decides whether to use dynamic or static tables when the table is created. Static tables are the default format, which exist
if there are no VARCHAR, BLOB, or TEXT columns. If any of these column types exist, the table type becomes dynamic.

Static Tables

Static tables (also more descriptively called fixed-length tables) are of a fixed length. Look at Figure 2.1, which shows the
characters stored in one field of a mini-table. The field is a first name, set to CHAR (10).

| AN
') | N]C|E N|T
Ml IJRLIIT]AIM

Figure 2.1: Date stores in static format

There are exactly 10 bytes stored for each record. If the actual name takes up fewer, the rest of the column is padded with spaces
to fit the full 10 characters.

Characteristics of static tables include the following:
= Very quick (because MySQL knows the second name always starts at the 11th character)
= Easy to cache

= Easy to reconstruct after a crash (again, because the positions of records are fixed, MySQL knows where each
record is, so only a record being written during the crash will be lost)

= Requires more disk space (30 characters needed for the 3 records, even though only 16 are used for the names)
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= Not necessary to reorganize with myisamchk (see Chapter 10, "Basic Administration," for more on this)

Dynamic Tables

Columns in dynamic tables are of different lengths. If the same data used in the static table is placed into a dynamic table, it will

be stored as shown in Figure 2.2.

Figure 2.2: Data stored in dynamic format
Although this data format saves space, it is more complex. Each record has a header, which indicates how long it is.
Characteristics of dynamic table types include the following:

= All string columns are dynamic (unless they are less than 4 bytes. In this case, the space saved would be negligible,
and the extra complexity would lead to a performance loss).

= Usually takes much less disk space than fixed tables.

= Tables require regular maintenance to avoid fragmentation. (For example, if you updated /an to lane, the e could
not appear in the space immediately after the n because this space is occupied by the start of the next column or
record.) See Chapter 10 for further details on maintenance.

= |In the case of fragmented columns, each new link incurs a penalty of 6 bytes and will be at least 20 bytes in size
(and may have links of its own as well if further updates increase the size beyond this).

= Not as easy to reconstruct after a crash, especially if heavily fragmented.
= Excluding links, the size of a dynamic record can be calculated with this formula:
3
+ (number of columns +7) /8
+ (number of char columns)
+ packed size of numeric columns
+ length of strings
+ (number of NULL columns +7) /8

= Each record has a header, which indicates which string columns are empty and which numeric columns contain a
zero (not NULL records), in which case they are not stored to disk. Nonempty strings contain a length byte, plus the
string contents.

Compressed Tables

Compressed tables are read-only table types that use much less disk space. They are ideal for use with archival data which will
not change (as they can only currently be read from, not written to), and where not much space is available, such as for a CD-
ROM.

Characteristics of compressed tables include the following:

= Created using the myisampack utility (note that the ROW FORMAT="compressed" option for CREATE TABLE will
only work if the myisampack code has been added to the server).

= Tables are much smaller.

= Because each record is separately compressed, there is little access overhead.

= Each column could be compressed differently, using different compression algorithms.
= Can compress fixed or dynamic table formats.

= To create a compressed table with myisampack, simply run the following:

myisampack [options] filename
Table 2.6 shows the options for compressed tables.

Table 2.6: Compressed Table Options

|| Option ” Description ||
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| -b, —-backup ” Creates a backup of the table, calling it tablename . OLD. |
| -#, -—debug=debug_options ” Outputs debug log. The debug _options string oftenis d:t:o0, filename. |
-f, --force When compressing, MySQL creates a temporary file called tablename. TMD.

If the compression process dies for some reason, this file may not have
beendeleted. This option forces MySQL to pack the table even if the temporary
file exists, if the compression causes the table to become bigger, or if the table
is too small to compress in the first place.

-7, --help ” Displays a help message and exits.

-j big_tablename, -- Joins all tables listed on the command line into one big table. All tables that

join=big tablename you want to combine must be identical (in all aspects such as columns and
indexes).

-p #, --packlength=# Usually you'd only use this option when you're running myisampack a second

time. myisampack stores all rows with a length pointer from 13. Occasionally,
myisampack notices that it should have used a shorter-length pointer during
the process (normally it gets it right!). Next time youpack the table, you can
alert myisampack to use the optimal length storage size.

| -s, --silent ” Silent mode. Only outputs errors. |
| -t, --test ” This option will not actually pack the table; it will just test the packing process. |
-T dir name, -—tmp_dir= Writes the temporary table into the directory you specify.
dir name
| -v, --verbose ” Verbose mode. Writes information about progress and result of the packing. |
| -V, --version “ Displays version information and exits. |
-w, —-wait If the table is in use, this option waits and retries. Using this option in

conjunction with --skip-external-locking is not recommended ifthere is
a possibility of the table being updated while you're packing.

Let's compress one of the tables you've used so far. You have to use the -f option because the table is too small to compress
normally:

C:\Program Files\MySQL\bin>myisampack -v -f ..\data\firstdb\sales ~1

Compressing ..\data\firstdb\sales_ ~1.MYD: (5 records)

- Calculating statistics

normal: 3 empty-space: 0 empty-zero: 2 empty-fill: 1
pre-space: 0 end-space: 2 intervall-fields: 0 =zero: 0
Original trees: 7 After join: 1

- Compressing file

Min record length: 10 Max length: 17 Mean total length: 40
-35.81%

To unpack a table, run myisamchk --unpack filename:

C:\Program Files\MySQL\bin>myisamchk --unpack ..\data\firstdb\sales ~1
- recovering (with keycache) MyISAM-table '..\data\firstdb\sales_ ~1'
Data records: 5

MERGE Tables

MERGE tables are amalgamations of identical MyISAM tables. They were introduced in version 3.23.25. You'd normally use them
only when your MyISAM tables are getting too big.

The advantages of MERGE tables include the following:

= More speed in some situations (you could split different tables onto different disks, and use a MERGE table to
access them as one table).

= Smaller table size. Some operating systems have a file size limit, and splitting the tables and creating a MERGE
table allows one to get around this. Also, files can more easily transferred, such as by copying them to CD.

= You can make most of the original tables read-only and allow INSERTSs into the most recent table. This means you
run the risk of only one small table getting corrupted during an UPDATE or INSERT, and the repairs on this table
would be much quicker.

The disadvantages of MERGE tables include the following:
= They are much slower on eq_ref searches.

= You need to take care when changing one of the underlying tables, as this will corrupt the MERGE table (no actual
harm is done, just the MERGE table may be unavailable).

= REPLACE doesn't work.
= Tables use slightly more file descriptors.

Let's create a MERGE table. First, you'll need to create two identical tables:

CREATE TABLE sales_repl (
id INT AUTO_INCREMENT PRIMARY KEY,
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employee number INT(11),
surname VARCHAR (40),
first_name VARCHAR(30),
commission TINYINT (4),
date_joined DATE,
birthday DATE

) TYPE=MyISAM;

CREATE TABLE sales_rep2 (

id INT AUTO_INCREMENT PRIMARY KEY,
employee_number INT(11),

surname VARCHAR(40),

first_name VARCHAR(30),

commission TINYINT (4),
date_joined DATE,

birthday DATE

) TYPE=MyISAM;

CREATE TABLE sales_repl 2 (

id INT AUTO_INCREMENT PRIMARY KEY,
employee_number INT(11),

surname VARCHAR (40),

first _name VARCHAR(30),

commission TINYINT (4),
date_joined DATE,

birthday DATE

) TYPE=MERGE
UNION=(sales_repl,sales_rep2) ;

Let's insert some data into the tables so you can test it later:

INSERT INTO sales_repl ('employee number', 'surname',
'first name', 'commission', 'date_joined', 'birthday')
VALUES (1, 'Tshwete','Paul',15,'1999-01-03','1970-03-04");

INSERT INTO sales_rep2 ('employee number', 'surname',
'first name', 'commission', 'date joined', 'birthday')
VALUES (2, 'Grobler', 'Peggy-Sue',12,'2001-11-19','1956-08-25");
Now, if you do a query on the merged table, all the records in sales_rep1 and sales_ rep2 are available:
mysql> SELECT first name,surname FROM sales_repl 2;

Fomm F-——————- +
| first_name | surname |
fom - Fomm +
| Paul | Tshwete |
| Peggy-Sue | Grobler |
Fomm - Fo———— - +

Based on the previous results, you don't know which underlying table any of the records are in. Fortunately, if you're updating a
record, you don't need to know this. The following statement
mysql> UPDATE sales_repl 2 set first name = "Peggy"

WHERE first name="Peggy-Sue";

Query OK, 1 row affected (0.00 sec)
Rows matched: 1 Changed: 1 Warnings: 0

will update the record correctly. Because the record only physically exists on the underlying level, queries to both the MERGE
table and the underlying MylISAM table will reflect the correct data, as the following demonstrates:

mysqgl> SELECT first name,surname FROM sales_repl 2;

Fommm Fomm - +
| first_name | surname |
Fommmm - tommmm - +
| Paul | Tshwete |
| Peggy | Grobler

Fomm - Fomm - +

o - Fommm - +
| first name | surname |
R ————- I — +
| Peggy | Grobler
tomm - Fomm - +
1 row in set (0.00 sec)

The same applies to DELETE statements:

mysql> DELETE FROM sales_repl 2 WHERE first name='Peggy';

Query OK, 1 row affected (0.00 sec)

The record is removed at the underlying level, so it will disappear from queries to both the MERGE table and the underlying table:
mysgl> SELECT first name,surname FROM sales repl 2;
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tommm - Fomm - +
| first name | surname |
o ————- Fmmmm o +
| Paul | Tshwete |
o Fo—mm +
1 row in set (0.00 sec)

mysql> SELECT first name,surname FROM sales_rep2;
Empty set (0.00 sec)

However, if you tried to perform an I1NSERT, MySQL would not know which underlying table to insert the record to, and so it will
return an error:

mysgl> INSERT INTO sales_repl 2 ('surname', 'first name',
'commission', 'date_joined', 'birthday')

VALUES ('Shephard','Earl',1l1l,'2002-12-15"','1961-05-31");
ERROR 1031: Table handler for 'sales repl 2' doesn't have this option

Luckily there is a solution, introduced in version 4 (before this, you could not insert into the MERGE table at all). When creating
your MERGE table, you can specify which table to insert to. Look at the last clause of the following CREATE statement:

CREATE TABLE sales_repl 2 (
id INT AUTO_INCREMENT PRIMARY KEY,
employee number INT(11),
surname VARCHAR(40),
first_name VARCHAR(30),
commission TINYINT (4),
date_joined DATE,

birthday DATE

) TYPE=MERGE
UNION=(sales_repl, sales_rep2)
INSERT METHOD = LAST

The INSERT METHOD can be NO, FIRST, or LAST. Inserted records are then placed into the first table in the union list, the last
table, or none at all. The default is NO.

Warning If you perform any structural changes to the underlying tables, such as renaming them or rebuilding the indexes,
you'll need to rebuild the MERGE table. Drop the MERGE table, then make your changes, and then rebuild the
MERGE table. If you make the changes and forget to drop your MERGE table, you may find you are unable to
access the MERGE table properly. Dropping and rebuilding will solve this.

HEAP Tables

HEAP tables are the fastest table types because they are stored in memory and use a hashed index. The downside is that,
because they are stored in memory, all data will be lost in the case of a crash. They also can't hold quite so much data (unless
you've got a big budget for RAM).

As with any table, you can create a table based on the contents of another table. HEAP tables are often used to give faster
access to an already existing table—to leave the original table for inserting and updating and then have the new table for fast
reading. Let's create one from the sales_rep table. If you haven't already created the sales_rep table, create and populate the
sales_rep table with the following statements:

CREATE TABLE sales_rep (
employee number int(11l) default NULL,
surname varchar (40) default NULL,
first name varchar (30) default NULL,
commission tinyint(4) default NULL,
date_joined date default NULL,
birthday date default NULL

) TYPE=MyISAM;

INSERT INTO sales_rep VALUES (1, 'Rive', 'Sol', 10,
'2000-02-15', '1976-03-18");

INSERT INTO sales_rep VALUES (2, 'Gordimer', 'Charlene', 15,
'1998-07-09', '1958-11-30');

INSERT INTO sales_rep VALUES (3, 'Serote', 'Mike', 10,
'2001-05-14', '1971-06-18"');

INSERT INTO sales_rep VALUES (4, 'Rive', 'Mongane', 10,
'2002-11-23', '1982-01-04"');

Now, you create a HEAP table that will take a subset of sales_rep and put it into memory for fast access:

mysql> CREATE TABLE heaptest TYPE=HEAP SELECT first_name, surname
FROM sales_rep;

Query OK, 4 rows affected (0.02 sec)

Records: 4 Duplicates: 0 Warnings: 0

mysgl> SELECT * FROM heaptest;

o to—— +
| first name | surname |
O — ———— fomm oo +
| Sol | Rive |
| Charlene | Gordimer |
| Mike | Serote |
| Mongane | Rive |
Fomm - to———————— +

4 rows in set (0.00 sec)
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Characteristics of HEAP tables include the following:

= Because HEAP tables use memory, you don't want them hogging too much. The tables are always limited by the
mysqld variable max_heap table_ size.

= Keys are not used in the same way as for MyISAM tables. They cannot be used for an ORDER BY.
= They only use the whole key to search for a row, not parts of a key.

= They only use = and <=> when searching indexes.

= MySQL's range optimizer cannot find out how many rows there are between two values.

= However, when keys are used properly in HEAP tables, they are fast!

= HEAP tables, unlike many other hashed tables, allow nonunique keys.

= They do not support an index on a NULL column.

= They do not support AUTO INCREMENT columns.

= Do not support BLOB or TEXT columns.

As you can see, there are quite a few differences between MylISAM indexes and HEAP indexes. A HEAP table could actually be
slower if you're relying on an index it does not use. See Chapter 4 for more on using keys.

Note Besides the max_heap_table_size limit and the memory limit on your machine, a limit of 4GB per table could be
reached on some setups because this is the limit imposed by a 32-bit machine's address space.

InnoDB Tables

InnoDB tables are a transaction-safe table type (this means you have coMMIT and ROLLBACK capabilities. In a Myl[SAM table, the
entire table is locked when inserting. Just for that fraction of a second, no other statements can be run on the table. InnoDB uses
row-level locking so that only the row is locked, not the entire table, and statements can still be performed on other rows.

For performance purposes you should use InnoDB tables if your data performs large numbers of INSERTS or UPDATES relative to
SELECTSs. MyISAM would be a better choice when your database performs large numbers of SELECTS relative to UPDATES or
INSERTS.

To use InnoDB tables, MySQL will need to have been compiled with InnoDB support (see Chapter 15, "Installing MySQL," for full
details), such as the mysgld-max distribution. There are also a number of configuration parameters that you should set up before
you can rely on this table type for good performance, so be sure to read Chapter 13, "Configuring and Optimizing MySQL," for
more details.

When you start MySQL with InnoDB options compiled, and use only the defaults, you'll see something like the following:
C:\MySQL\bin>mysqgld-max

InnoDB: The first specified data file .\ibdatal did not exist:
InnoDB: a new database to be created!

InnoDB: Setting file .\ibdatal size to 64 MB

InnoDB: Database physically writes the file full: wait...
InnoDB: Log file .\ib_logfile0 did not exist: new to be created
InnoDB: Setting log file .\ib_logfile0 size to 5 MB

InnoDB: Log file .\ib logfilel did not exist: new to be created
InnoDB: Setting log file .\ib_logfilel size to 5 MB

InnoDB: Doublewrite buffer not found: creating new

InnoDB: Doublewrite buffer created

InnoDB: Creating foreign key constraint system tables

InnoDB: Foreign key constraint system tables created

020504 12:42:52 1InnoDB: Started

C:\MYSQL\BIN\MYSQLD~2.EXE: ready for connections

Warning Before version 4, you could not just start MySQL. You had to set at least the innodb_data file pathinthe
configuration file. This config file is discussed more fully in Chapter 13.

By default, MySQL creates a file ibdatal in the default data directory (usually c: \MSQL\data on Windows, Or
lusr/local/mysqgl/data Of /usr/local/var/ on Unix).

InnoDB tables are different from MylSAM tables in that the databases are not stored in a directory, with the tables as files. All
tables and indexes are stored in an InnoDB tablespace (which can consist of one or more tables; in the previous example it's
ibdatal).

The table data limit then is not limited to the operating system file size limit.

Note In a MyISAM table, an operating system with a 2GB limit will allow a maximum table size of 2GB. InnoDB has no such
limit, although the onus is then on the administrator to optimize the tablespace.

The initial size of this table is set to 16MB. In early versions of MySQL 4, this was set to 64MB but was nonextending (meaning
that once you ran out of space, that was it!). Later versions set this to auto-extending by default, meaning that as your data grows,
so does the tablespace. You'll want to have some hands-on control over this to optimize performance. This is explained briefly in a

bit and in more detail in Chapter 13.

To create an InnoDB table, use the following:

mysgl> CREATE TABLE innotest (f1 INT,f2 CHAR(10) ,INDEX (fl1)) TYPE=InnoDB;
Query OK, 0 rows affected (0.10 sec)
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BDB Tables

BDB stands for Berkeley Database (it was originally created at the University of California, Berkeley). It is also a transaction-
capable table type. As with InnoDB tables, BDB support needs to be compiled into MySQL to make it work (the mysql-max
distribution comes with BDB support).

To create a BDB table, simply use TYPE=BDB after your CREATE TABLE statement:

mysqgl> CREATE TABLE bdbtest(fl1 INT,f2 CHAR(10)) TYPE=BDB;

Query OK, 0 rows affected (0.28 sec)

Currently, the interface between MySQL and BDB (which exists independently to MySQL) is still in beta. MySQL and BDB have
both been around for ages, and are stable, but the interface between the two has not been. Check the latest documentation to

see whether this is still the case.
[« exsviou]
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Summary

Choosing the types for your fields is important if you want to get the best performance out of MySQL. Numeric types allow you to
do calculations and are usually smaller than string types. Date types allow you to easily store date and time data.

Similarly, to use MySQL properly, you need to have an understanding of the operators it employs. Logical operators such as AND
and oRr, and comparison operators such as = and LIKE, assist in narrowing the results from your queries down to just what you
need. Bit operators are a useful feature for binary mathematical data.

MySQL has a number of table types, which are suited to different situations. The MyISAM table type (the default) is ideal for
systems where there are large numbers of queries relative to updates (such as websites). MERGE tables are amalgamations of
identical MyISAM tables, allowing you to split large tables into a number of smaller ones, for ease of updating, and giving extra
speed in some situations.

HEAP tables are the fastest of the lot and are stored in memory. InnoDB and BDB tables are transaction safe, allowing
statements to be grouped for integrity of data. InnoDB tables make use of consistent reads, which means results of tables are
displayed as they appear after a completed transaction. This isn't always ideal, and you can override this behavior with read locks

for updating or for sharing.
[« rxvvions foaxi o)


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

[ Team LiB | [« FrEvinu]
Chapter 3: Advanced SQL

Overview

You got a taste of SQL in Chapter 1, "Quickstart to MySQL," but there's much more to learn. To begin to appreciate the
possibilities and approach MySQL mastery, you need to understand the various logical, arithmetic, comparison, and bit operators
available to MySQL. These allow you to build much more complex queries than the simple kind that you learned in the first
chapter. Similarly, you'll find the need to run queries that require data from more than one table, called joins. The vagaries of left
joins, right joins, outer joins, inner joins, and natural joins can seem confusing. This chapter will introduce all these to you, showing
you when and how to use them.

Featured in this chapter:
= Logical, arithmetic, comparison, and bit operators
= Advanced joins (inner, outer, left, right, and natural joins)
= Joining results with unTON
= vRewriting sub-selects as joins
= Removing records with DELETE and TRUNCATE
= User variables
= Running MySQL in batch mode
= Performing transactions with BEGIN and COMMIT
= Consistent reads
= Table locks

= Read locks for updating and for sharing

[ Team LiB | [ rrsvisus] [t 3]
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Toam Li3 [« ravisor foaxi o
Operators

Operators are the building blocks of complex queries. Logical operators (such as AND and OR) allow you to relate numbers of
conditions in various ways. Arithmetic operators (such as are + or *) allow you to perform basic mathematical operations in your

queries. Comparison operators (such as > or <) allow you to compare values, and narrow result sets in this way. Finally, bit
operators, while not often used, allow you to work at a bit level in your queries.

Logical Operators

Logical operators reduce to either true (1) or false (0). For example, if you are male, and | ask whether you're male or female
(assume I'm asking for a yes/no answer), the answer would be yes, or true. If | ask whether you're male aND female, the answer
would be no, or false. The aND and OR in the questions are logical operators. Table 3.1 describes the operators in more detail.

Table 3.1: Logical Operators

| Operator ” Syntax “ Description |
|AND, && ”cl AND c2, cl && c2 “Onlytrue if both conditions c1 and c2 are true. |
|OR, Il ”cl OR c2, cl || c2 “True if either c1 or c2 is true. |
| !, NOT || ! cl, NOT cl ||True if c1 is false, false if c1 is true. |

Instead of populating a table and running queries against this, the following examples will produce either a 1 or a 0. Each row in
the tables you query will also reduce to a 1 or a 0. 1s will be returned, and Os will not be. If you understand this, you can apply the
principles to any of your own tables. If you're going through these operators for the first time, see if you can predict the results
based on Table 3.1.

mysqgl> SELECT 1 AND O;

o +
| NOT(1 AND 0) |
o +
| 1
oo +

o +
| '((1 OR 0) AND (0 OR 1)) |
o +
| 0 |
o +

Remember that conditions inside the innermost parentheses are evaluated first. So, MySQL simplifies the complex statement in
the previous example as follows:

1((1 OR 0) AND (0 OR 1))

'((1) AND (1))

1(1)

0

Arithmetic Operators

Arithmetic operators are used to perform basic mathematical operations. For example, when | say that 2 + 3 = 5, the plus sign (+)
is an arithmetic operator. Table 3.2 describes the arithmetic operators available in MySQL.

Table 3.2: Arithmetic Operators

| Operator ” Syntax H Description |
| + ” a + b || Adds a and b together, returning the sum of both |
| - ” a-b || Subtracts b from a, returning the difference |
* ” a * b || Multiplies a and b, returning the product of both |
| / ” a /b || Divides a by b, returning the quotient |
|% ” a s b “ a modulus b, returning the remainder aftera / b |

For example, adding together two columns of type INT will produce an INT:
mysgl> SELECT 2+1;
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fomm +
| 2+1

Fomm - +
| 3
o +

R +
| 4-2/4 |
fom e +
| 3.50 |
tommmmm o +

This returns 3.5, not 0.5, because the division is performed first (remember the rules of precedence you learned at school?).
However, you should always use parentheses to make clear which operations are to be performed first to someone who doesn't
know the rules. To make the previous query simpler, rewrite it as follows:

mysqgl> SELECT 4-(2/4);

Note Even though all the values in this query are integers, because the result has a non-integer element, it is returned as a
floating-point number.

This next example demonstrates the modulus operator:

mysqgl> SELECT 5 & 3;

Modulus returns the remainder of a division. In the previous example, 5 divided by 3 is 1, remainder 2.

Comparison Operators

Comparison operators are used when making comparisons between values. For example, | can make the statement that 34 is
greater than 2. The is greater than part is a comparison operator. Table 3.3 lists and describes the comparison operators used in

MySQL.

Table 3.3: Comparison Operators

|IS NOT NULL

“a IS NOT NULL

” True if a does not contain a NULL value.

| Operator H Syntax ” Description |
= a=>5o True |)f both a and b are equal (excluding
NULL).

| =, <> ||a != b, a <> b ”True if a is not equal to b. |
|> || a>b ”True if a is greater than b. |
|< ||a < Db ”True if a is less than b. |
| >= || a >= b ” True if a is greater than or equal to b. |
| <= “ a <= b “ True if a is less than or equal to b. |
| <=> || a <=>b ” True if a and b are equal (including NULL). |
| IS NULL || a is NULL || True if a contains a NULL value. |

|

BETWEEN

a BETWEEN b and c

True if a is between the values of b and c,
inclusive.

NOT BETWEEN

a NOT BETWEEN b and c

True if a is not between the values of b and c,
inclusive.

LIKE “ a LIKE b ” True if a matches b on an SQL pattern match.
NOT LIKE a NOT LIKE b True if a does not match b on an SQL pat-tern
match. The two acceptable wildcard
characters are % (which means any number of
characters) and _ (which means one
character).
|IN || a IN (bl, b2, b3.) ” True if a is equal to anything in the list. |
|NOT IN || a NOT IN (bl,b2,Db3..) ” True if a is not equal to anything in the list. |

|REGEXP, RLIKE

”a REGEXP b, a RLIKE b

” True if a matches b with a regular expression.

NOT REGEXP, NOT RLIKE

a NOT REGEXP b, a NOT
RLIKE B

True if a does not match b with a regular
expression.
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With comparison operators, you're also going to use 1 and 0 to represent true and false. Remember you'll be replacing these with
constants of your own and fields from database tables. For example, take a table with two rows, as shown in Figure 3.1.

FIELD?
15
13

Figure 3.1: TABLE1

The following code represents the = comparison operator:
SELECT * FROM TABLEl WHERE FIELDl = 13.

Each row in the table is then compared to see whether the condition is true or false. For the first row, the expression reduces to
this:
15 = 13

This is false, so the row is not returned. For the second row, the expression reduces to the following:
13 = 13

This is true, so this time the row is returned.
Once you understand this, you can apply it to your own tables.

Another example:
mysqgl> SELECT 13=11;

fommmm - +
| 13=11 |
fomm +
| 0 |
fommmm - +

If you come from a programming background, you'll probably know the complexities of comparing different types (such as strings
with numbers). For example, what sort of answer do you expect when you ask if the string 'thirty' is less than the number 29?
MySQL tries to be as helpful as possible when you want to compare values of different types (converting the types as well as it
can, called type conversions). If you are comparing strings and numerics, or floating-point numbers and integers, MySQL will
compare them as if they were the same type. For example:

mysql> SELECT '4200' = 4200.0;

e +
| '4200' = 4200.0 |
B +
I 1
e +

The string '4200' converted to a number is equal to 4200.0. However, the two strings '4200' and '4200.0' are not the same:

mysqgl> SELECT '4200' = '4200.0';
o +
| '4200" '4200.0" |
fmmm e +
| 0 |
Fommmmmm e +

The next example demonstrates the case-insensitive nature of string comparisons:

mysgl> SELECT 'abc' = 'ABC';
o - +
| 'abc' = 'ABC' |
oo +
| 1
fomm +

In the following example, a trailing space is ignored for purposes of equality in a case-insensitive search:

mysql> SELECT 'abc' = 'ABC ';
fommm - +
| 'abc' = 'ABC' |
fom e +
| 1]
Bttt E P +

1 row in set (0.00 sec)

The following example is an important one to note; the result is not 0 (false), it's NULL:
mysqgl> SELECT NULL=0;

R +
| NULL=0

R +
| NULL |
R et +

To evaluate NULL rows, you'd need to use the following:
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mysqgl> SELECT NULL<=>0;

fmm +
| NULL<=>0 |
fmm oo +
| 0 |
e +

NULL is basically a third possible result of an evaluation: There's true, false, and then there's NULL. None of the following queries
provides useful results when compared to a NULL value:

mysql> SELECT 200 = NULL, 200 <> NULL, 200 < NULL, 200 > NULL;

e Fmmm e Fommmm e R +
| 200 = NULL | 200 <> NULL | 200 < NULL | 200 > NULL |
e fommmmm B e +
| NULL | NULL | NULL | NULL |
B fommmmm fomm o B +

You need to use the IS NULL (or IS NOT NULL) comparison instead:
mysql> SELECT NULL IS NULL;

fomm e +
| NULL IS NULL |
Fomm e +
| 1
oo +

e et e e +
| 4.5 BETWEEN 4 and 5 |
e e e +
| 1]
B e e +

The next example demonstrates a common mistake when using BETWEEN.
mysgl> SELECT 5 BETWEEN 6 and 4;

o +
| 5 BETWEEN 6 and 4 |
et ettt e +
I 0 |
o m e +

Warning MySQL does not sort the two values after a BETWEEN, so if you get the order wrong, the results for all rows will be
false. Make sure that the first number is the lower number.

Because a appears earlier in the alphabet than b, the result of the following is true. String comparisons are performed from left to
right, one character at a time:

mysql> SELECT 'abc' < 'b';

fomm - +
| 'abc' < 'b'

fomm e +
| 1]
Fomm - +

In the following example, b is less than or equal to b; however, the next b is not less than or equal to nothing (the second
character on the right string):

mysqgl> SELECT 'bbc' <= 'b';

o +
| 'bbc' <= 'b' |
o +
[ 01
oo +

The 1N () function can be used to test one value against a number of possible values. The field can match any of the comma-
separated values listed inside the parentheses, as demonstrated in the next example:

mysql> SELECT 'a' IN ('b','c','a');

o m - +
| 'a' in ('b','c','a") |
o m e +
| 1]
B e +

Using LIKE with SQL Pattern Matches

Often used together with the comparison operators are the wildcard characters, listed in Table 3.4. These allow you to compare
against a character (or number of characters) you're not sure about instead of specific ones you know.

Table 3.4: Wildcard Characters

| Character H Description |

| % “ Any number of characters |

L || One character |

The following example demonstrates the usage of the ¢ wildcard:
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mysql> SELECT 'abcd' LIKE '$bc%';

e ettt +
| 'abcd' LIKE '%bc%' |
e +
I 1
R it +

The ¢ wildcard returns any number of characters, so the following would also match:
mysgl> SELECT 'abed' LIKE '$b%';

o m e +

| 'abcd' LIKE '$b%' |
o +

| 1
o +

mysgl> SELECT 'abcd' LIKE 'a '
o mmmm + -
| 'abcd' LIKE 'a U
e +

| 1 I

B et L e e +

An underscore (_) matches only one character exactly, so if you'd only had two underscores, instead of the three as shown, it

would not have matched. For example:

mysgl> SELECT 'abcd' LIKE 'a_ _';
B e +
| 'abcd' LIKE 'a '
e _ T_T__.
I 0 |
B +

Regular Expressions

Regular expressions allow you to perform complex comparisons in MySQL. Hearing the term regular expressions, for many
people, is like mentioning the plague to a medieval doctor. Immediately the face frowns, the excuses are prepared, and all hope is
lost. And it can be complicated—entire books have been written on the topic. But using them in MySQL is not difficult, and they
add a useful flexibility to comparisons in MySQL. Table 3.5 describes the regular expression operators available in MySQL.

Table 3.5: Regular Expressions (REGEXP, RLIKE)

| Character || Description
* II Matches zero or more instances of the string preceding it
+ II Matches one or more instances of the string preceding it
? II Matches zero or one instances of the string preceding it

II Matches any single character

[xyz] II Matches any of x, y, or z (the characters within the brackets)
[A-2Z] II Matches any uppercase letter

la-z] II Matches any lowercase letter

i ” Anchors the match from the beginning

$ ” Anchors the match to the end

| II Separates strings in the regular expression

I
I
I
I
I
I
I [0-9] II Matches any digit
I
I
I
I
I
I

{n,m} ” String must occur at least n times, but no more than n
{n} ” String must occur exactly n times
{n, | II String must occur at least n times

Regular expression matches (REGExP) can produce similar results to SQL matches (LIKE), but there are some important
differences, too. A regular expression, unless you specify otherwise, matches anywhere in the string. It is unnecessary to use
wildcard characters on either side, as with LTKE. Note the difference between these two results:

mysgl> SELECT 'abcdef' REGEXP 'abc';

B et it e +
| 'abcdef' REGEXP 'abc' |
o +
| 1]
o +

mysgl> SELECT 'abcdef' LIKE 'abc';

o +
| 'abcdef' LIKE 'abc' |
o +
| 0 |
e et LT +

To get the equivalent with LIKE, you'd have had to use ¢ wildcards at the end:
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mysql> SELECT 'abcdef' LIKE 'abc%';

Rt ettt et +
| 'abcdef' LIKE 'abc%' |
o +
| 1
o +

The following matches where a is the first character:
mysgl> SELECT 'abc' REGEXP '“a';

o +
| 'abc' REGEXP '"a' |
oo m e +
| 1]
fommmm e +

However, the following does not match, as the plus sign (+) indicates that g had to appear one or more times:
mysqgl> SELECT 'abcdef' REGEXP 'g+';

B e L e L L e +
| 'abcdef' REGEXP 'g+' |
Fomm e +
| 0
B e L e +

The next query does match because the asterisk (*) indicates zero or more. Effectively, this would match anything:
mysgl> SELECT 'abcdef' REGEXP 'g*';

B et LT +
| 'abcdef' REGEXP 'g*' |
R ettt e e +
| 1
o +

We could also try use the asterisk to try matching against the name ian or the alternative spelling, iain. Anything other letter after a
should cause the match to fail. For example:

mysgl> SELECT 'ian' REGEXP 'iai*n';

B e e e L +
| 'ian' REGEXP 'iai*n' |
o +
| 1]
o +

o +
| 'iaiiiiin' REGEXP 'iai*n' |
B et e +
| 1
o +

To correct this, you'd have to limit the match on the "' to either zero or one. Changing the asterisk to a question mark character
achieves this. It still matches 'ian' and 'iain,' but not 'iaiiin,' as follows:

mysgl> SELECT 'iaiiiiin' REGEXP 'iai®?n';

o +
| 'iaiiiiin' REGEXP 'iai?n' |
o +
| 01
o +

The following matches because {3, } means the a must occur at least three times:
mysqgl> SELECT 'aaaa' REGEXP 'a{3,}';

Bt et e +
| 'aaaa' REGEXP 'a{3,}' |
o +
| 1
o +

At first glance, you may think the following should not match because the a matches four times, but {3} means it should match
exactly three times. It does, however, match three times, as well as twice, once, and four times:

mysqgl> SELECT 'aaaa' REGEXP 'a{3}';

o +
| 'aaaa' REGEXP 'a{3}' |
o +
| 1
Bt et e +

If you'd wanted only aaa to match, you'd need to do the following:
mysgl> SELECT 'aaaa' REGEXP '“aaa$';

B et e T e e e +
| 'aaaa' REGEXP '“aaa$' |
o +
| 01
B +

The caret (*) anchors the start, and the dollar sign ($) the end; omitting either would cause the match to succeed.
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The following match fails because the {3} only refers to the c, not the entire abc :
mysql> SELECT 'abcabcabe' REGEXP 'abe{3}';

B et +
| 'abcabcabc' REGEXP 'abc{3}' |
B it e T +
| 0 |
e +

So, the following does match:
mysgl> SELECT 'abccc' REGEXP 'abc{3}';

o +
| 'abccc' REGEXP 'abc{3}' |
o +
| 1
o +

To match abcabcabce, you need to use parentheses, as follows:
mysql> SELECT 'abcabcabe' REGEXP ' (abc) {3}';

o +
| 'abcabcabc' REGEXP ' (abc) {3}' |
B e et L T e e +
| 1
o +

Note the difference between curly braces and square brackets in the next example. The curly braces group abc as a whole, and
the square brackets would have allowed any of a, or b, or ¢ to match, allowing a whole range of other possibilities, such as the

following:

mysgl> SELECT 'abcbbcccc' REGEXP '[abe] {3}';
B e et L T e e +

| 'abcbbcccc' REGEXP '[abc]l{3}' |
o +

| 1

B i it +

The following uses parentheses to achieve the same effect, with the vertical bar character (| ) being used to group alternate

substrings:

mysqgl> SELECT 'abcbbcccc' REGEXP '(alblc) {3}';
o +

| 'abcbbcccc' REGEXP '(alblc) {3}"' |
o +

| 1

B e e T +

Bit Operators

To understand how bit operations work, you'll need to know a little bit about Boolean numbers and Boolean arithmetic. These
kinds of queries aren't often used, but any self-respecting "guru2be" needs to have them as part of their repertoire. Table 3.6
describes the bit operators.

Table 3.6: Bit OPerators

| Operator ” Syntax ” Description |
|& ”a & b “Bitwise AND |
| | ”a | b ”Bitwise OR |
|<< ” a <<b ” Left shift of a by b bit positions |
[>> |a >> . ||Right shift of by b bit positions |

The ordinary number system, called the decimal number system, works off a base 10. You have 10 fingers, after all, so it makes
sense. You count from zero to nine, and then when you hit 10, you move to the "tens" column, and start at zero again:

0001 02 03 04 05 06 07 08 09 10

The decimal number system has 10 digits, from zero to nine. But people working with computers have often found it useful to work
with a number system based on two digits, zero and one. These represent the two states of an electrical connection, on and off:

000110 11

Instead of moving to the "tens" column when you run out of digits (in decimal, after 9 comes 10), you move into the "twos" column
(in binary, after 1 comes 10, which is pronounced "one-zero" to avoid confusion with the decimal number).

In decimal, the columns increase in size by powers of 10, as shown in Figure 3.2.

10 10 10 10 10° 10 | 1’

Hundred Ten
thousands | thousands

4 3 9 2 4 2 1

Millions Thousands | Hundreds | Tens | Ones
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Figure 3.2: Powers of 10

So the number in this figure, which reads as four million, three hundred ninety-two thousand, four hundred and twenty-one could
also be displayed as:

4 *100 000 000 +
3*100 000 +
9*10 000 +
2*1000 +
4*100 +
2*10+

1*1

If you can follow all that (imagining that you are a child learning to count in decimal helps), you'll see how to apply the same
concepts to binary numbers.

In binary, columns increase in size by powers of 2, as shown in Figure 3.3.

Figure 3.3: Powers of 2
The previous binary number—1111111—when converted to decimal, reads as the following:
1%64+
1%32+
1%16 +
1*8+
14+
1*2+
1*1
which is equivalentto 64 + 32 + 16 + 8 + 4 + 2 + 1, which in turn is 127.
Similarly, the binary number 101001 wouldbe 1*1+1*8 + 1 * 32 =41.

So, converting binary numbers to decimal is easy enough, but how about the reverse, converting decimal numbers to binary? It's
equally simple. To convert the number 18 to binary, start with Figure 3.4.

Rl 2| 2|8 |2
b4s | 32s | 16s | 8s | 45 | 25 | 1s

Figure 3.4: Step 1, Drawing up the columns

Starting on the left, there are clearly no 64s in 18, and no 32s. There is, however, one 16 in 18. So you write a 1 in the 16 column,

as shown in Figure 3.5.

Figure 3.5: Step 2, Filling in the values

You've accounted for 16 of your 18, so you now subtract 16 from 18, leaving you with 2. Continuing to the right, there are no 8s,
no 4s, and one 2, in 2. And since 2 minus 2 is 0, you stop once you've written the 1 in the two column, as shown in Figure 3.6.
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Figure 3.6: Step 3, Converting decimal to binary

In binary, 18 is then 10010. With larger numbers, you just use more columns to the left (representing 128s, 256s, and so on).
Binary numbers can get very long very quickly, which is why you don't usually store numbers that way. Octal (base 8) and
hexadecimal (base 16) are two other number systems that are more convenient.

Let's get back to the bit operators; take two numbers, 9 and 7. In binary they are 1001 and 111, respectively. The bit operators
work on the individual bits of the binary number that make up the numbers 8 and 7.

For a bitwise AND operation, both bits need to be 1 for the result to be 1 (just like an ordinary AND). Figure 3.7 shows the two
binary numbers.

Figure 3.7: Bitwise AND operation: 9&7

Starting on the left, 1 AND 0 is 0, so the leftmost column (the eights) is 0. Moving right, 0 aND 1 is 0, and again, 0 AND 1 is 0. Only
in the rightmost column do you see 1 AND 1, which is 1.

So, the result of a bitwise AND between 7 and 9 is 1! For example:
mysgl> SELECT 9&7;

o +
| 9&7

o +
I 1
o +

Note A bitwise AND is the same no matter which way around you do it—in other words, 9&7 is the same as 7&9.

For a bitwise OR, either digit should be 1 for the result to be 1. So, Figure 3.8 shows a bitwise OrR performed on the same 9 and 7.

Figure 3.8: Bitwise Or operation: 9|7

All columns have at least one 1 present, so the result for each is a 1 overall. And 1111 is equivalent to 15 in binary:
mysgl> SELECT 9|7;

o +
917 |
o +
|15 |
to———= +

The << is the left shift operator, so << b means that the bits of a are shifted left by b columns. For example: 2 << 1. In binary, 2 is
10. If this is shifted left 1 bit, you get 100, which is 4. For example:

mysqgl> SELECT 2 << 1;

fom e +
| 2 << 1 |
R it +
I 4 |
e +
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Now you have 15, which is 1111; when shifted 4 bits left, you get 11110000. Convert this to decimal in the usual way, as in Figure
3.9.

Fld|2|2 | 2|22 |7
1205 Bds | 325 | 16s | 8s | 45 | 25 | 1s
1 1 1 1 0 0 0 0
Figure 3.9: Converting the binary number 11110000 to decimal

Now total this:
128 + 64 + 32 + 16 = 240

Bitwise operations are performed as BIGINTS, meaning there's a limit of 64 bits. Shifting beyond 64 bits, or with a negative
number, just returns 0. For example:

mysgl> SELECT 3 << 64;

o +
| 3 << 64 |
o +
| 0 |
o +

The >> is the right shift operator, so a >> b shifts the bits of a right by b columns. Bits shifted beyond the "ones" column are lost.
And, again, shifting by a negative number returns 0.
For example:

mysqgl> SELECT 3 >> 1;

R it +
|3 >> 1 |
R +
I 1
e +

In binary, 3 is 11, shifted right by 1 with 1 floating past the ones column (or 1.1 if you'd like, although there is no decimal point in
binary notation). Because you're dealing with integers, the numbers to the right of the "decimal point" are dropped (perhaps we
should call it the binary point, but there's probably a Hollywood movie coming out by that name), and you're left with 1 (in both
binary and decimal). For example:

mysql> SELECT 19 >> 3;

fommmmm - +
| 19 >> 3 |
fommmmm - +
| 2
fomm e +

In the example above, 19 is 10011, shifted right by 3 is 10, with 011 dropping away. 10 is 2 in decimal.
mysqgl> SELECT 4 >> 3;

fommmmm o +
| 4 >> 3 |
fomm e +
| 0 |
fomm +

This one shifts too far to the right, losing all the bits.

= IR
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Advanced Joins

You've already looked at a basic two-table join in Chapter 1. But joins can get much more complicated than that, and badly written
joins are the culprits in the majority of serious performance problems.

Let's return to the tables created in the previous chapter. If you skipped that chapter, you can re-create them by running the
following statements:

CREATE TABLE customer (
id int(11) default NULL,
first _name varchar (30) default NULL,
surname varchar (40) default NULL

) TYPE=MyISAM;

INSERT INTO customer VALUES (1, 'Yvonne',6 'Clegg');
INSERT INTO customer VALUES (2, 'Johnny',6 'Chaka-Chaka');
INSERT INTO customer VALUES (3, 'Winston', 'Powers');
INSERT INTO customer VALUES (4, 'Patricia', 'Mankunku');

CREATE TABLE sales (
code int(1l) default NULL,
sales_rep int(1l1l) default NULL,
customer int(11l) default NULL,
value int(11l) default NULL

) TYPE=MyISAM;

INSERT INTO sales VALUES (1, 1, 1, 2000);
INSERT INTO sales VALUES (2, 4, 3, 250);
INSERT INTO sales VALUES (3, 2, 3, 500);
INSERT INTO sales VALUES (4, 1, 4, 450);
INSERT INTO sales VALUES (5, 3, 1, 3800);
INSERT INTO sales VALUES (6, 1, 2, 500);

CREATE TABLE sales_rep (
employee number int(ll) default NULL,
surname varchar (40) default NULL,
first name varchar(30) default NULL,
commission tinyint(4) default NULL,
date_joined date default NULL,
birthday date default NULL

) TYPE=MyISAM;

INSERT INTO sales_rep VALUES (1, 'Rive', 'Sol', 10,
'2000-02-15"', '1976-03-18");
INSERT INTO sales_rep VALUES (2, 'Gordimer', 'Charlene',6 15,

'1998-07-09', '1958-11-30"');

INSERT INTO sales_rep VALUES (3, 'Serote', 'Mike', 10,
'2001-05-14', '1971-06-18"');

INSERT INTO sales_rep VALUES (4, 'Rive', 'Mongane', 10,
'2002-11-23', '1982-01-04"');

Let's start with a basic join:

mysql> SELECT sales_rep, customer,value, first name,surname
FROM sales, sales_rep WHERE code=1 AND
sales rep.employee number=sales.sales rep;

I, S fmmm oo o= I -

customer value first_name

Because the relationship between the sales_rep and sales tables is on the employee_number, or sales_rep field, those two fields
form the join condition of the WHERE clause.

To do a more complex join over all three tables is not much more complicated. If you wanted to return the first names and
surnames of both the sales rep and the customer, as well as the value of the sale, you'd use this query:

mysql> SELECT sales_rep.first name,sales_rep.surname,
value,customer.first name, customer.surname FROM
sales,sales_rep,customer WHERE sales_rep.employee number =
sales.sales_rep AND customer.id = sales.customer;

| first name | surname | value | first name | surname |
O — —————- oo fomm o O — —————- fom e +
| Sol | Rive | 2000 | Yvonne | Clegg

| Mike | Serote | 3800 | Yvonne | Clegg

| Sol | Rive | 500 | Johnny | Chaka-Chaka |
| Charlene | Gordimer | 500 | Winston | Powers |
| Mongane | Rive | 250 | Winston | Powers

| Sol | Rive | 450 | Patricia | Mankunku
o to—— +-————— o Fommm - +

The employee_number field of the sales_rep table is related to the sales_rep field of the sales table. And the id field in the
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customer table is related to the customer field of the sales table. Hence, these make up the two join conditions of the WHERE
clause. There are no other conditions, so this query lists all the sales for which there are corresponding rows in both the sales_rep
and customer tables.

Inner Joins

Inner joins are just another way of describing the first kind of join you learned. The following two queries are identical:

mysqgl> SELECT first name, surname,value FROM customer,sales WHERE
id=customer;

o Fom o= +
| first name | surname | value |
o Fomm - o +
| Yvonne | Clegg | 2000

| Winston | Powers | 250 |
| Winston | Powers | 500 |
| Patricia | Mankunku | 450 |
| Yvonne | Clegg | 3800 |
| Johnny | Chaka-Chaka | 500 |
o Fomm - o +

6 rows in set (0.00 sec)

mysgl> SELECT first name,surname,value FROM customer INNER JOIN sales
ON id=customer;

Fomm Fomm to———— +
| first_name | surname | value |
fommm e fom e fomm +
| Yvonne | Clegg | 2000 |
| Winston | Powers | 250 |
| Winston | Powers | 500 |
| Patricia | Mankunku | 450 |
| Yvonne | Clegg | 3800 |
| Johnny | Chaka-Chaka | 500 |
fmmmm e fmm e fomm +

Left Joins (Left Outer Joins)

Let's say you make another sale. Except this time it's a cash sale, and the customer has left with the goods before you realize you
forgot to capture their details. There's no problem because you can still add the data to the sales table using a NULL value for the
customer:

mysgl> INSERT INTO sales(code,sales_rep,customer,value) VALUES
(7, 2,NULL,670) ;

Let's run the query that returns the value and the names of the sales reps and customers for each sale again:

mysgl> SELECT sales_rep.first name, sales_rep.surname, value,
customer.first name, customer.surname FROM sales,sales_rep,
customer WHERE sales rep.employee number = sales.sales_rep
AND customer.id = sales.customer;

fomm Fomm to—m———— fomm o +
| first name | surname | value | first name | surname |
O ————- fomm e O — O ————- fom e +
| Sol | Rive | 2000 | Yvonne | Clegg |
| Mike | Serote | 3800 | Yvonne | Clegg

| Sol | Rive | 500 | Johnny | Chaka-Chaka |
| Charlene | Gordimer | 500 | Winston | Powers |
| Mongane | Rive | 250 | Winston | Powers |
| Sol | Rive | 450 | Patricia | Mankunku |
fomm Fomm fomm———— fomm Fomm - +

What's going on? Where is the new sale? The problem here is that, because the customer is NULL in the sales table, the join
condition is not fulfilled. Remember, when you looked at the operators earlier in this chapter, you saw that the = operator excludes
NULL values. The <=> operator won't help because there are no NULL records in the customer table, so even a null-friendly
equality check won't help.

The solution here is to do an OUTER JOIN. These return a result for each matching result of the one table, whether or not there is
an associated record in the other table. So even though the customer field is NULL in the sales table and has no relation with the
customer table, a record will be returned. A LEFT OUTER JOIN is one which returns all matching rows from the left table,
regardless of whether there is a corresponding row in the right table. The syntax for a LEFT Jo1IN (a shorter name for a LEFT
OUTER JOIN) is as follows:

SELECT fieldl, field2 FROM tablel LEFT JOIN table2 ON fieldl=field2

Let's first try a simple example first, performing a LEFT JOIN on just the customer and sales tables.

mysgl> SELECT first name, surname,value FROM sales LEFT JOIN customer
ON id=customer;
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tomm tomm - t-—————- +
| first name | surname | value |
o Fom - o +
| Yvonne | Clegg | 2000

| Winston | Powers | 250 |
| Winston | Powers | 500 |
| Patricia | Mankunku | 450 |
| Yvonne | Clegg | 3800 |
| Johnny | Chaka-Chaka | 500 |
| NULL | NULL | 670 |
o - Fomm - fo—— = +

All seven records are returned, as expected.
Table order in a LEFT JOIN is important. The table from which all matching rows are returned must be the left table (before the
LEFT JOIN keywords). If you'd reversed the order and tried the following:

mysql> SELECT first name,surname,value FROM customer LEFT JOIN sales
ON id=customer;

o Fomm - o +
| first name | surname | value |
O — ———— fom e I — +
| Yvonne | Clegg | 2000
| Yvonne | Clegg | 3800
| Johnny | Chaka-Chaka | 500 |
| Winston | Powers | 250
| Winston | Powers | 500
| Patricia | Mankunku | 450 |
o Fomm to———— +

then you'd have seen only the six records. Because the left table is the customer table in this query, and the join matches only
those records that exist in the left table, the sales record with the NULL customer (meaning there is no relation to the customer
table) is not returned.

Note A LEFT JOIN was more frequently called a LEFT OUTER JOIN in the past. For the sake of familiarity, MySQL accepts
this term, too.

Of course, you can extend this across a third table to answer the original query (names of customers and sales reps, as well as
sales values, for each sale). See if you can do it. This is my suggestion:

mysgl> SELECT sales_rep.first name, sales_rep.surname, value,
customer.first name, customer.surname FROM sales LEFT JOIN
sales_rep ON sales_rep.employee number = sales.sales_rep
LEFT JOIN customer ON customer.id = sales.customer;

tomm - tomm - to——— - tomm - tomm - +
| first name | surname | value | first name | surname |
R — - oo IO R — - o +
| Sol | Rive | 2000 | Yvonne | Clegg

| Mongane | Rive | 250 | Winston | Powers

| Charlene | Gordimer | 500 | Winston | Powers |
| Sol | Rive | 450 | Patricia | Mankunku

| Mike | Serote | 3800 | Yvonne | Clegg

| Sol | Rive | 500 | Johnny | Chaka-Chaka

| Charlene | Gordimer | 670 | NULL | NULL |
o - Fomm o o - Fomm - +

Right Joins (Right Outer Joins)

Right joins are exactly the same as left joins, except that the order of the join is reversed. To return for each sale the names of all
customers, including those sales where there is no corresponding customer data, you have to put the sales table on the right in
your join:
mysql> SELECT first name,surname,value FROM customer RIGHT JOIN

sales ON id=customer;

fmmmm e fom e fomm +
| first_name | surname | value |
fomm e fom e fomm +
| Yvonne | Clegg | 2000
| Winston | Powers | 250
| Winston | Powers | 500
| Patricia | Mankunku | 450 |
| Yvonne | Clegg | 3800
| Johnny | Chaka-Chaka | 500 |
| NULL | NULL | 670 |
fomm o fo—m = +

Tip If you get confused by which table to put on which side for left and right joins, remember that a right join reads all records
from the right table, including nulls, while a left join reads all records from the left table, including nulls.

Full Outer Joins

At the time of writing this, MySQL does not yet support full outer joins. These are joins where each record from the first table,
including those with no match in the second table, is returned along with each record in the second table, including those with no
match in the first. This is the equivalent of a left and a right join. MySQL will support this in the near future, so check the latest
documentation. The syntax is the same as for the other joins:

SELECT fieldl,field2 FROM tablel FULL OUTER JOIN table2
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Natural Joins and the USING Keyword

The id field in the customer table and the customer field in the sales table are related. If you have given them the same name,
SQL has a few shortcuts that make the Jo1n statements less unwieldy. Let's rename sales.customer to sales.id for now, to
demonstrate:

mysgl> ALTER TABLE sales CHANGE customer id INT;

Now because the two tables have fields with identical names, you can perform a NATURAL JOIN, which looks for identically
named fields on which to perform the JoIn:

mysqgl> SELECT first name, surname,value FROM customer NATURAL JOIN

sales;
o Fomm - o +
| first name | surname | value |
o o — tomm = +
| Yvonne | Clegg | 2000 |
| Winston | Powers | 250 |
| Winston | Powers | 500 |
| Patricia | Mankunku | 450 |
| Yvonne | Clegg | 3800 |
| Johnny | Chaka-Chaka | 500 |
o Fomm - o +

This is identical to the following:

mysql> SELECT first name,surname,value FROM customer INNER JOIN
sales ON customer.id=sales.id;

tomm - tom - +-—————- +
| first name | surname | value |
o Fom o= +
| Yvonne | Clegg | 2000

| Winston | Powers | 250 |
| Winston | Powers | 500

| Patricia | Mankunku | 450 |
| Yvonne | Clegg | 3800 |
| Johnny | Chaka-Chaka | 500 |
tommm - tomm - t-—————- +

There is only one field that is identical in both tables, but if there were more, each of these would become part of the join
condition.
A NATURAL JOIN can also be a LEFT or RIGHT JOIN. The following two statements are identical:

mysql> SELECT first name,surname,value FROM customer LEFT JOIN sales
ON customer.id=sales.id;

Fom - e t-————— +
| first_name | surname | value |
tomm - tom - +-—————- +
| Yvonne | Clegg | 2000

| Yvonne | Clegg | 3800 |
| Johnny | Chaka-Chaka | 500 |
| Winston | Powers | 250 |
| Winston | Powers | 500

| Patricia | Mankunku | 450 |
o - R R t-————— +

Fomm - Fomm e e +
| first name | surname | value |
O [ fomm e I — +
| Yvonne | Clegg | 2000
| Yvonne | Clegg | 3800
| Johnny | Chaka-Chaka | 500 |
| Winston | Powers | 250
| Winston | Powers | 500
| Patricia | Mankunku | 450 |
Fomm - Fommm - to——— +

The UsING keyword allows a bit more control than a NATURAL JOIN. If there is more than one identical field in the two tables, this
keyword allows you to specify which of these fields are used as join conditions. For example, taking two tables A and B with
identical fields a, b, c, d, the following are equivalent:

SELECT * FROM A LEFT JOIN B USING (a,b,c,d)

SELECT * FROM A NATURAL LEFT JOIN B

The usING keyword allows more flexibility because it allows you to use only some of the four identical fields. For example:
SELECT * FROM A LEFT JOIN B USING (a,d)

Note For purposes of a NATURAL JOIN, identical means identical in name, not in type. The two id fields could be 1nT and
DECIMAL, Oor even INT and VARCHAR, as long as they have the same name.

Returning Results Found in One Table, but Not the Other

So far you've returned rows that appear in both tables you're joining with an INNER JOIN. With the OUTER JOIN, you also
returned records from one table where wasn't a corresponding match in the other table. Quite often it's useful to do the converse
and return results that are found only in one table, but not the other. To demonstrate this, let's first add a new sales_ rep:

mysql> INSERT INTO sales_rep VALUES(5, 'Jomo', 'Ignesund',6 10,
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12002-11-29', '1968-12-01');

Now, if you do an INNER JOIN, you can return all the sales reps who have made a sale:

mysgl> SELECT DISTINCT first name,surname FROM sales_rep
INNER JOIN sales ON sales_rep=employee number;

o - Fomm +
| first_name | surname |
o Fommm +
| Sol | Rive |
| Mongane | Rive |
| Charlene | Gordimer |
| Mike | Serote |
o Fomm +

You use the DISTINCT keyword to avoid duplicates because there are sales reps who have made more than one sale.

But the reverse is as useful. The boss is raging and heads must roll. Which sales reps have not made any sales? You can find
this information by seeing which sales reps appear in the sales_rep table but do not have a corresponding entry in the sales table:

mysqgl> SELECT first name,surname FROM sales_rep LEFT JOIN sales
ON sales_rep=employee number WHERE sales_rep IS NULL;

o Fo—— +
| first name | surname |
o —————- Fommm +
| Ignesund | Jomo |
o Fomm - +

You had to do a LEFT JOIN (an OUTER JOIN, as opposed to an INNER JOIN) because only an OUTER JOIN returns any records
that don't correspond (or null values) in the first place.

Joining Results with UNION

MySQL 4 introduced the long-awaited ANSI SQL un10N statement, which combines the results of different SELECT statements
into one. Each statement must have the same number of columns.

To see the use of this statement, let's create another table, containing a list of customers handed over from the previous owner of
your store:
mysql> CREATE TABLE old customer (id int, first name varchar(30),
surname varchar (40));
mysqgl> INSERT INTO old customer VALUES (5432, 'Thulani', 'Salie'),
(2342, 'Shahiem', 'Papo');

Now, to get a list of all customers, both old and new, you can use the following:

mysqgl> SELECT id, first name, surname FROM old customer UNION SELECT
id, first name,surname FROM customer;

t-———— fmmm - tom e +
| id | first name | surname |
R R — [N e +
| 5432 | Thulani | Salie |
| 2342 | Shahiem | Papo |
| 1 | Yvonne | Clegg |
| 2 | Johnny | Chaka-Chaka |
| 3 | Winston | Powers |
| 4 | Patricia | Mankunku |
+-———— fomm - tom e +

You can also order the output as normal. You just need to be careful about whether the ORDER BY clause applies to the entire
UNION orjust to the one SELECT:

mysqgl> SELECT id, first name, surname FROM old customer UNION SELECT
id, first name, surname FROM customer ORDER BY surname,first name;

o fom e o +
| id | first name | surname |
R R — [N e +
| 2 | Johnny | Chaka-Chaka |
| 1 | Yvonne | Clegg |
| 4 | Patricia | Mankunku |
| 2342 | Shahiem | Papo |
| 3 | Winston | Powers |
| 5432 | Thulani | Salie |
o fom e o +

The sorting is performed on the entire unTON. If you just want to sort the second SELECT, you'd need to use parentheses:

mysql> SELECT id, first name, surname FROM old customer UNION
(SELECT id, first name, surname FROM customer ORDER BY surname,
first_name) ;

+-———— fomm - tommm +
| id | first name | surname |
I —— I —————- e +
| 5432 | Thulani | Salie |
| 2342 | Shahiem | Papo |
| 2 | Johnny | Chaka-Chaka |
| 1 | Yvonne | Clegg |
| 4 | Patricia | Mankunku |
| 3 | Winston | Powers |
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Tip Whenever there's possible ambiguity, such as where the sorting applies, use parentheses. It ensures the sort is applied
to the correct part and also means that anyone else trying to interpret your statements will have an easier time. Don't
assume everyone else knows as much as you!

By default, un1oN does not return duplicate results (similar to the DIsTINCT keyword). You can override this by specifying that all
results must be returned with the ALL keyword:

mysgl> SELECT id FROM customer UNION ALL SELECT id FROM sales;

UNION requires some thought. You can quite easily put together unrelated fields as long as the number of fields returned by each
SELECT match, and the data types are the same. MySQL will happily return these results to you, even though they are
meaningless:
mysql> SELECT id, surname FROM customer UNION ALL SELECT value,

sales_rep FROM sales;

to————- o +
| id | surname |
- o +
| 1 | Clegg |
| 2 | Chaka-Chaka |
| 3 | Powers |
| 4 | Mankunku |
| 2000 | 1

| 250 | 4 |
| 500 | 2 |
| 450 | 1 |
| 3800 | 3

| 500 | 1

| 670 | 2

R tom— - +

Sub-selects

Many queries make use of a SELECT within a SELECT. Sub-selects are scheduled for implementation in version 4.1. Until now,
MySQL did not allow sub-selects, partly by design (they are often less efficient than alternatives, as you'll see later) and partly
because it was low on a list of 1,001 other "vital" things to implement. With MySQL about to implement them, you'll need to see
how they work.

Rewriting Sub-selects as Joins

Let's take a query where you want to return all the sales reps who have made a sale with a value greater than $1,000. If you can
run a sub-select, try the following:

mysqgl> SELECT first name,surname FROM sales_rep WHERE
sales_rep.employee number IN (SELECT code FROM sales WHERE
value>1000) ;

Only Sol Rive has managed this feat.

The query resolves by first resolving the inner seLECcT—that is, performing the following step first:
mysgl> SELECT id FROM sales WHERE value>1000;

o +
| id |
to—m - +
| 1
| 1]
to—m——— +

and then the remainder:

mysqgl> SELECT first name, surname FROM sales_rep WHERE
sales_rep.employee number IN (1);
e R +
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But you already know another, better way of doing this, which is the join:

mysgl> SELECT DISTINCT first name,surname FROM sales_rep INNER JOIN sales ON
employee_number=id WHERE value>1000;

o Fomm— +
| first name | surname |
O ———e fmmm +
| Sol | Rive |
| Sol | Rive |
tomm Fomm - +

or, alternatively:

mysgl> SELECT DISTINCT first_ name,surname FROM sales_rep,sales WHERE
sales.id=sales_rep.employee number AND value>1000;

fmmmm e fomm e +
| first_name | surname |
fomm e fomm e +
| Sol | Rive |
| Sol | Rive |
o Fo—m - +

The reason | say better is that often the join is a more efficient way of doing the query and will return the results quicker. It may not
make much difference on a tiny database, but in large, heavily used tables where performance is vital, you'll want every extra
microsecond you can get out of MySQL.

To return all the sales reps who have not yet made a sale, you could again use a sub-select, if your DBMS allows it, as follows:

mysqgl> SELECT first name,surname FROM sales_rep WHERE employee_ number
NOT IN (SELECT DISTINCT code from sales);

o Fo—— +
| first name | surname |
o —————- Fommm +
| Ignesund | Jomo |
o Fomm - +

But you know another way, which is better:

mysqgl> SELECT DISTINCT first name,surname FROM sales_rep LEFT JOIN sales ON
sales_rep=employee_number WHERE sales_rep IS NULL;

o Fom— +
| first name | surname |
o —————- Fommm +
| Ignesund | Jomo |
o Fomm - +

[ Team LiB | [ puivisus fir=t o]
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[1eam L | [ ravioos
Adding Records to a Table from Other Tables
with INSERT SELECT

The INSERT statement also allows you to add records, or parts of records, that exist in other tables. For example, let's say you
want to create a new table containing the customer names and the values of all the purchases they have made. The query to
return the results you want would be the following:
mysql> SELECT first name,surname,SUM(value) FROM sales NATURAL JOIN

customer GROUP BY first name, surname;

o - Fom - tomm e +
| first_name | surname | SUM(value) |
tomm - R R tom e +
| Johnny | Chaka-Chaka | 500 |
| Patricia | Mankunku | 450 |
| Winston | Powers | 750 |
| Yvonne | Clegg | 5800 |
o Fom e — fomm e +

First you'll need to create the table to receive the results:

mysgl> CREATE TABLE customer_ sales_values (first name
VARCHAR (30) , surname VARCHAR (40), value INT);

Now, you insert the results into this table:

mysgl> INSERT INTO customer_ sales_values(first name,surname,value)
SELECT first name,surname, SUM(value) FROM sales NATURAL JOIN
customer GROUP BY first name, surname;

The customer_sales_values table now contains the following:
mysgl> SELECT * FROM customer sales_values;

o Fommm - o +
| first name | surname | value |
O — ———— fom e I — +
| Johnny | Chaka-Chaka | 500 |
| Patricia | Mankunku | 450 |
| Winston | Powers | 750 |
| Yvonne | Clegg | 5800 |
o Fommm - to——— +

= [+ervvious Lt ]
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[1eam L | [ ravioos
More about Adding Records

INSERT also allows a syntax similar to the one used by an UPDATE statement. Instead of saying the following:

mysgl> INSERT INTO customer_ sales values(first name, surname, value)
VALUES ('Charles', 'Dube', 0);

you could say this:

mysgl> INSERT INTO customer_sales_values SET first_ name =
'Charles', surname='Dube', value=0;

You can also do a limited form of calculation when you add records. To demonstrate, add another field onto the
customer_sales_value table:

mysgl> ALTER TABLE customer_ sales_values ADD value2 INT;

Now, you can insert into this table and populate value2 with twice the value:

mysgl> INSERT INTO customer_ sales values(first name, surname, value,
value2) VALUES('Gladys', 'Malherbe', 5, value*2);

This record now contains the following:

mysgl> SELECT * FROM customer_sales_values WHERE first name='Gladys';

Fo— t—— o ——— - +
| first_name | surname | value | value2

Fomm - Fomm - fom————- fomm - +
| Gladys | Malherbe | 5 | 10 |
Fomm - fomm - Fom————- Fomm +

= [+ervvious Lt ]
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[Toam 1o [ erivos]
More about Removing Records (DELETE and TRUNCATE)

You already know how to remove a record with the DELETE statement. And you've probably taken note of the warning that if you
don't use a WHERE clause, you'll remove all the records. A problem with removing all the records in that way is that it can be very
slow in a large table! Luckily, there is a better way.

Let's first remove all the records in the customer_sales_value table with a DELETE statement:

mysql> DELETE FROM customer_sales_values;
Query OK, 7 rows affected (0.00 sec)

The quicker way to remove this is by using TRUNCATE. Let's add the records back, and then use a TRUNCATE statement:

mysqgl> INSERT INTO customer_ sales values(first name, surname, value,
value2) VALUES ('Johnny', 'Chaka-Chaka', 500, NULL), ('Patricia’,
'Mankunku', 450, NULL), ('Winston', 'Powers', 750, NULL), ('Yvonne',
'Clegg', 5800, NULL), ('Charles', 'Dube', 0, NULL), ('Charles',
'Dube', 0, NULL), ('Gladys', 'Malherbe', 5, 10);

mysgl> TRUNCATE customer_sales_values;
Query OK, 0 rows affected (0.00 sec)

Notice the difference between the outputs of the two statements. DELETE informs you how many rows have been removed, but
TRUNCATE doesn't; TRUNCATE just removes the lot without counting them. It actually does this by dropping and re-creating the
table.

[oam Lo [+ rrinsus [omsi ]
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User Variables
MySQL has a feature that allows you to store values as temporary variables, which you can use again in a later statement. In the

vast majority of cases you'd use a programming language to do this sort of thing (see Chapter 5, "Programming with MySQL"), but
MySQL variables can be useful when working on the MySQL command line.

The value of a variable is set with the sET statement or in a SELECT statement with : =. To see all the sales reps with a
commission higher than the average commission, you could do the following:

mysql> SELECT @avg := AVG(commission) FROM sales_rep;
o +

| @avg := AVG(commission) |
o +

| 11.0000

o +

mysql> SELECT surname,first name FROM sales_rep WHERE commission>Qavg;

R it o - +
| surname | first name |
o e —————- +
| Gordimer | Charlene |
o fom e +

The at (@) sign signifies a MySQL variable. The average commission is stored in the variable @avg, which can be accessed again
at a later stage.

You can also set a variable specifically. For example, instead of repeating a complex calculation each time you require it, set the
variable with the value once upfront:

mysqgl> SET @result = 22/7*33.23;

mysqgl> SELECT @result;

o +
| @result |
e +
| 104.43714285714 |
e +

User variables can be strings, integers, or floating-point numbers. They can be set to an expression (excluding places where
certain literal values are required, such as in the LIMIT clause). They cannot yet be used to replace part of the query, such as
replacing the name of a table. For example:

mysgl> SET @t = 'sales';

mysql> SELECT * FROM @t;

ERROR 1064: You have an error in your SQL syntax near '@t' at line 1

mysgl> SET @Qv=2;
mysgl> SELECT * FROM sales LIMIT 0,Qv;
ERROR 1064: You have an error in your SQL syntax near '@v' at line 1

User variables are set in a particular thread (or connection to a server) and cannot be accessed by another thread. They are unset
when the thread is closed or the connection lost.

Run the following from the first thread, Window1:
mysgl> SET @a = 1;

mysql> SELECT Qa;

fommm +
| Qa I
fommm +
| 1|
fommm +

You won't be able to access this variable from another thread. Run the following from Window2:
mysqgl> SELECT Qa;

+-————- +
| Qa I
+-———— +
| NULL |
fo———— +

If you close the connection and reconnect from Window1, MySQL will have cleared the variable, as follows, from Window1:
mysgl> exit

% mysql firstdb

Welcome to the MySQL monitor. Commands end with ; or \g.

Your MySQL connection id is 14 to server version: 4.0.l-alpha-max

Type 'help;' or '\h' for help. Type '\c' to clear the buffer.

mysqgl> SELECT Q@a;
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tommmm o +
| ea I
e +
| NULL |
R +

Note that in a SELECT statement, the WHERE clause is calculated first and then the field list. If no records are returned, the user
variable will not be set for that statement. For example, because no records are returned from this statement, the user variable will
not be set:

mysgl> SELECT @a:=2 FROM sales WHERE value>10000;

Empty set (0.00 sec)

mysgl> SELECT Qa;

B +
| Ga I
Fo—m——— +
| NULL |
Fo—m = +

However, if you had returned at least one record, the user variable would have been set correctly:
mysgl> SELECT Qa:=2 FROM sales WHERE value>2000;

o +
| Qa:=2 |
R +
| 2
R +

R +
| Ga |
Fm———— +
| 2

R +

Similarly, a user variable set in the field list cannot be used as a condition. The following will not work because the user variable
has not been set in time for the condition:

mysgl> SELECT @d:=2000,value FROM sales WHERE value>@d;
Empty set (0.00 sec)
You would have had to set the variable specifically before the query, as follows:

mysgl> SET @d=2000;
Query OK, 0 rows affected (0.00 sec)

mysgl> SELECT @d,value FROM sales WHERE value>(@d;

tomm - fommm— +
| @d | value |
to—m - fommmm - +
| 2000 | 3800 |
R fommm - +

You can also set a variable in the WHERE clause itself. Be aware then that it will not be correctly reflected in the field list unless you
reset the variable again! For example:

mysgl> SELECT @e,value FROM sales WHERE value>(Qe:=2000) ;

fom fomm +
| Qe | value |
fmm oo +
| NULL | 3800 |
I fmm————— +

To reflect this correctly, you'd have to set the variable again in the field list:

mysgl> SELECT Q@f:=2000,value FROM sales WHERE value>(@f:=2000) ;
fomm - Fomm - +
| @f:=2000

This is not an elegant way of implementing user variables; instead, set them separately beforehand.

Warning Remember that user variables are set for the duration of the thread. You may not get the results you expect if you

forget to initialize a user variable.
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Running SQL Statements Stored in Files

Often groups of SQL statements are stored in a file for reuse. You can run these commands from your operating system's
command line easily. Doing this is called running MySQL in batch mode (as opposed to interactively when you connect to the
server and type in the commands yourself ).

Create a text file test . sgl containing the following two lines:

INSERT INTO customer (id,first name, surname) VALUES(5,'Francois', 'Papo’');

INSERT INTO customer (id,first_ name,surname) VALUES(6,'Neil', 'Beneke');

You can run these two statements from within your operating system's command line as follows:

% mysql firstdb < test.sql

Remember to add a hostname, username, and password if required. (This example shows the shortened version for ease of
reading.)

If you connect to the MySQL server now, you'll see that these two records have been added:
mysgl> SELECT * FROM customer;

e fomm e Fom - +
| id | first_name | surname |
e o - tomm - +
| 1 | Yvonne | Clegg |
| 2 | Johnny | Chaka-Chaka |
| 3 | Winston | Powers |
| 4 | Patricia | Mankunku |
| 5 | Francois | Papo |
| 6 | Neil | Beneke |
e tomm - tom— - +

If any of the lines in the file contains a SQL error, MySQL will immediately stop processing the rest of the file. Change test.sql
to the following. You add the DELETE statement at the top so that if you rerun the set of statements a number of times, you won't
be stuck with any duplicate records:

DELETE FROM customer WHERE id>=6;

INSERT INTO customer (id,first name,surname) VALUES(6,'Neil', 'Beneke');

INSERT INTO customer (id,first_name,surname) VALUES(,'Sandile', 'Cohen');

INSERT INTO customer (id,first name,surname) VALUES(7,'Winnie', 'Dlamini');

When you run this from the command line, you'll see MySQL returns an error:

% mysql firstdb < test.sql
ERROR 1064 at line 2: You have an error in your SQL syntax near
''Sandile', 'Cohen') ' at line 1

If you look at what the customer table contains now, you'll see that the first record has been correctly inserted, but because the
second line contains an error (the id field is not specified), MySQL stopped processing at that point:

mysgl> SELECT * FROM customer;

to———— fomm e Fomm - +
| id | first_name | surname |
e o - tomm - +
| 1 | Yvonne | Clegg |
| 2 | Johnny | Chaka-Chaka |
| 3 | Winston | Powers |
| 4 | Patricia | Mankunku |
| 5 | Francois | Papo |
| 6 | Neil | Beneke |
e tomm - tom— - +

You can force MySQL to continue processing even if there are errors with the force option (see Chapter 2, "Data Types and
Table Types," for a full list of MySQL options):

% mysql -f firstdb < test.sql

ERROR 1064 at line 2
''Sandile', 'Cohen')

You have an error in your SQL syntax near
at line 1

Even though the error is still reported, all the valid records have still been inserted, as you can see if you view the table again:
mysqgl> SELECT * FROM customer;

+-———— fomm -
| first name
I, o _
| Yvonne

| Johnny

| Winston

| Patricia

| Francois

| Winnie

| Neil

+

——————— — +

_____________ +
surname |
_____________ +
Clegg |
Chaka-Chaka |
Powers |
Mankunku |
Papo |
Dlamini |
Beneke |

Redirecting Output to a File

You can also capture the output in another file. For example, instead of running your SELECT statement from the MySQL
command line, you can add it to the original file and output the results of the query to a third file. If you change the test .sql file

to the following:
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DELETE FROM customer WHERE id>=6;

INSERT INTO customer (id,first name,surname) VALUES(6,'Neil', 'Beneke');
INSERT INTO customer (id,first name,surname) VALUES(7,'Winnie', 'Dlamini');
SELECT * FROM customer;

then you can output the results to a file, test_output. txt, as follows:
% mysql firstdb < test.sql > test_output.txt

The file test_output.txt now contains the following:

id first_name surname

1 Yvonne Clegg

2 Johnny Chaka-Chaka
3 Winston Powers

4 Patricia Mankunku

5 Francois Papo

7 Winnie Dlamini

6 Neil Beneke

Notice that the output is not exactly the same as it would be if you were running in interactive mode. The data is tab delimited, and
there are no formatting lines around them. If you did want the interactive format in the output file, you could use the table option, -
t, for example:

% mysql -t firstdb < test.sql > test_output.txt

Using Files from within the MySQL Command Line

You can also run SQL statements stored in a file from the command line in MySQL, with the SOURCE command:

mysgl> SOURCE test.sql
Query OK, 2 rows affected (0.00 sec)

Query OK, 1 row affected (0.00 sec)

Query OK, 1 row affected (0.00 sec)

+-———— fomm - tommm e +
| id | first name | surname |
+-———— fomm - tommm +
| 1 | Yvonne | Clegg |
| 2 | Johnny | Chaka-Chaka |
| 3 | Winston | Powers |
| 4 | Patricia | Mankunku |
| 5 | Francois | Papo |
| 7 | Winnie | Dlamini |
| 6 | Neil | Beneke |

You can delete the records added through the text files, as you will not need them later:
mysgl> DELETE FROM customer WHERE id > 4;

Reasons for using batch mode include the following:
= You can reuse SQL statements you need again.
= You can copy and send files to other people.
= It's easy to make changes to a file if there are any errors.

= Sometimes you have to run in batch mode, such as when you want to run certain SQL commands repeatedly at a
certain time each day (for example, with Unix's cron).
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Transactions and Locking

Database queries run one after another. For a website serving pages, it doesn't matter which order the database performs the
queries, as long as they all get served quickly. But some kinds of queries need to be performed in a specific order, such as those
that are dependent on the results of a previous query, or groups of updates that need to be done as a whole. All table types can
make use of locking, but only InnoDB and BDB tables have transactional capabilities built in. This section discusses the various
transaction and locking mechanisms.

Transactions in InnoDb Tables

The power of the InnoDB table type comes from using transactions, or SQL statements that are grouped as one. A typical
example of this is in a bank transaction. For example, if money is transferred from one person's account to another, there will
typically be at least two queries:

UPDATE personl SET balance = balance-transfer_amount;
UPDATE person2 SET balance = balance+transfer_ amount;

This is all fine and well, but what happens if something goes wrong, and the system crashes after the first query is completed, but
before the second one is complete? Person1 will have the money removed from their account, and believe the payment has gone
through, but person2 will be irate, believing the payment was never made. In this sort of case, it's vital that either both queries are
processed together, or neither not at all. To do this, you wrap the queries together in what is called a transaction, with a BEGIN
statement to indicate the start of the transaction, and a comM1T statement to indicate the end. Only when the coMMIT is
processed, will all queries be made permanent. If something goes wrong in between, you can use the ROLLBACK command to
reverse the incomplete part of the transaction.

Let's run some queries to see how this works. You'll have to create the table only if you haven't already done so in Chapter 2:

mysqgl> CREATE TABLE innotest (f1 INT,f2 CHAR(10) ,INDEX (f1l))TYPE=InnoDB;
Query OK,0 rows affected (0.10 sec)

mysqgl> INSERT INTO innotest(f1l) VALUES(1);
Query OK, 1 row affected (0.00 sec)

mysqgl> SELECT f1 FROM innotest;

to—— - +
| f1 I
oo +
I 1]
o +

1 row in set (0.21 sec)

Nothing surprising so far! Now let's wrap a query in @ BEGIN/COMMIT:

mysqgl> BEGIN;
Query OK, 0 rows affected (0.05 sec)

mysqgl> INSERT INTO innotest(f1l) VALUES(2);
Query OK, 1 row affected (0.05 sec)

mysgl> SELECT f1 FROM innotest;

to—mm—— +
| f1 |
to—m— - +
| 1
| 2
o +

2 rows in set (0.16 sec)

If you now do a ROLLBACK, you will undo this transaction, as it has not yet been committed:

mysgl> ROLLBACK;
Query OK, 0 rows affected (0.00 sec)

mysqgl> SELECT f1 FROM innotest;

to—m - +
| f1 I
to—mm—— +
| 1]
to—m— - +

1 row in set (0.17 sec)

Now let's see what happens if you lost the connection before you completed the transaction:

mysqgl> BEGIN;
Query OK, 0 rows affected (0.00 sec)

mysql> INSERT INTO innotest(f1) VALUES (2);
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Query OK, 1 row affected (0.00 sec)

mysqgl> EXIT
Bye

C:\MySQL\bin> mysql firstdb
Welcome to the MySQL monitor. Commands end with ; or \g.
Your MySQL connection id is 8 to server version: 4.0.l-alpha-max

Type 'help;' or '\h' for help. Type '\c' to clear the buffer.

mysgl> SELECT f1 FROM innotest;

to—m - +
| f1 |
to—m - +
| 1
o - +

1 row in set (0.11 sec)

You can repeat the previous statement, this time doing a coMM1T before you exit. Once the coMMIT is run, the transaction is
complete, so when you reconnect, the new record will be present:

mysqgl> BEGIN;
Query OK, 0 rows affected (0.05 sec)

mysqgl> INSERT INTO innotest (f1) VALUES(2);
Query OK, 1 row affected (0.06 sec)

mysgql> COMMIT;
Query OK, 0 rows affected (0.05 sec)

mysql> EXIT
Bye

C:\Program Files\MySQL\bin> mysql firstdb
Welcome to the MySQL monitor. Commands end with ; or \g.
Your MySQL connection id is 9 to server version: 4.0.l-alpha-max

Type 'help;' or '\h' for help. Type '\c' to clear the buffer.

mysgl> SELECT f1 FROM innotest;

oo +
| fl I
o +
I 1]
I 2|
to—— - +

2 rows in set (0.11 sec)
Consistent Reads

By default, InnoDB tables perform a consistent read. What this means is that when a SELECT is performed, MySQL returns the
values present in the database up until the most recently completed transaction. If any transactions are still in progress, any
UPDATE or INSERT statements will not be reflected. Before you disagree, there is one exception: The open transaction itself can
see the changes (you probably noticed that when you did the BEGIN-INSERT-SELECT, the inserted result was displayed). To
demonstrate this, you need to have two windows open and be connected to the database.

First add a record from within a transaction in Window1:

mysqgl> BEGIN;
Query OK, 0 rows affected (0.11 sec)

mysqgl> INSERT INTO innotest(f1l) VALUES(3);
Query OK, 1 row affected (0.05 sec)

Now switch to Window2:
mysql> SELECT f1 FROM innotest;

to—m - +
| f1 |
o - +
| 1
| 2 |
to—mm—— +

2 rows 1in set (0.16 sec)

The 3 you inserted, because it is part of an as yet incomplete transaction, is not returned. Returning results from an incomplete
transaction would be an inconsistent read.
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Now return to Window1:
mysgl> SELECT f1 FROM innotest;

fomm +
| f1 \
fomm +
I 1
| 2 |
I 3
o +

The 3 is visible here because you are inside the transaction.

Now commit the transaction, while still in Window1:
mysgql> COMMIT;

And now the query in Window2 will reflect the completed transaction:
mysgl> SELECT f1 FROM innotest;

fo—m - +
| f1 I
to—m——— +
| 11
| 2
| 3
o - +

Read Locks for Updating

Consistent reads are not always what you need. What if more than one user is trying to add a new record to the innotest table?
Each new record inserts a unique ascending number. As in this example, the f7 field is not a PRIMARY KEY or an
AUTO_INCREMENT field, so there is nothing in the table structure to prevent a duplicate occurring. But you want to ensure a
duplicate could never occur. You would expect to read the existing value of f1 and then insert a new value, incremented by 1. But
this does not guarantee a unique value. Look at the following example, starting with Window1:

mysgl> BEGIN;

mysql> SELECT MAX(f1) FROM innotest;

O +
| MAX(f1l) |
fom +
I 3]
fommmmmm +

At the same time, another user is doing the same in Window2:
mysqgl> BEGIN;

mysgl> SELECT MAX(fl) FROM innotest;

fo—mmmmmo— +
| MAX (f1l) |
fo—mmmmmo— +
| 31
fommm +

1 row in set (0.11 sec)

Now, both users (Window1 and Window2) add a new record and commit their transaction:

mysqgl> INSERT INTO innotest(f1l) VALUES (4)
Query OK, 1 row affected (0.11 sec)

mysgl> COMMIT;
Query OK, 0 rows affected (0.00 sec)

Now if either user does a SELECT, they'll see the following:
mysgl> SELECT f1 FROM innotest;

fommm +
| f1 I
fo——— = +
| 1]
| 2
| 3
| 4
| 4
fommm +

The consistent read has not produced what you'd hoped for: records with values 4 and 5. The way to avoid this is with an update
lock on the SELECT. By letting MySQL know you are reading in order to update, it will not let anyone else read that value until your
transaction is finished.

First, let's remove the incorrect 4 from the table, so you can do it properly this time:

mysgql> DELETE FROM innotest WHERE fl=4;
Query OK, 2 rows affected (0.00 sec)

Now, set the update lock as follows in Window1:
mysgl> BEGIN;

mysql> SELECT MAX(f1) FROM innotest FOR UPDATE;
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fommm oo +
| MAX (f1)

tom o +
I 3 |
to—mmmmmo— +

mysgl> INSERT INTO innotest(fl) VALUES (4) ;
Query OK, 1 row affected (0.05 sec)

Meantime, Window2 also tries to set an update lock:
mysqgl> BEGIN;

mysqgl> SELECT MAX(fl) FROM innotest FOR UPDATE;
Notice how no results are returned. MySQL is waiting for the transaction in Window1 to complete.

Complete the transaction in Window1:

mysgl> COMMIT;

Query OK, 0 rows affected (0.00 sec)

Window2 will now return the results of its query, having waited for the INSERT to be completed.
mysgl> SELECT MAX(fl) FROM innotest FOR UPDATE;

Fommmmmm - +
| MAX(f1l) |
fommm +
| 4
Fomm +

1 row in set (4 min 32.65 sec)

Now, safe in the knowledge that 4 is the latest value, you can add 5 to the table in Window?2:

mysqgl> INSERT INTO innotest(f1l) VALUES(S) ;
Query OK, 1 row affected (0.06 sec)

mysgl> COMMIT;
Query OK, 0 rows affected (0.00 sec)

Read Locks for Sharing

There is another kind of read lock that does not return a value only if the value it is reading has been changed by another
incomplete transaction. It only returns the latest data, but it is not part of a transaction that wants to change the value itself. For
example, let's use the f2 field created in the innotest table. Assume that the 7 field is populated first, but then only at a later stage
in the transaction is a value for f2 added. When you SELECT, you never want to see a record that has a value for the f7 field, but
not a value for the f2 field, but you always want the latest record. In this case, you need to wait for the transaction to be finished
before you return the results. For example, a transaction begins in Window1:

mysqgl> BEGIN;

Query OK, 0 rows affected (0.00 sec)

mysqgl> INSERT INTO innotest(f1l) VALUES(6) ;
Query OK, 1 row affected (0.00 sec)

mysql> UPDATE innotest set f2='Sebastian' WHERE f1=6;
Query OK, 1 row affected (0.05 sec)
Rows matched: 1 Changed: 1 Warnings: 0

If you do an ordinary seLECT now in Window2, you will not get the latest value (because the previous transaction is incomplete,
and InnoDB defaults to a consistent read). However, if you do a SELECT with a LOCK IN SHARE MODE, you Wwill not get a result
until the transaction in Window1 is complete.

Running an ordinary query in Window2 returns the following:
mysgl> SELECT MAX(fl) FROM innotest;

O +
| MAX(f1l) |
fom +
I 51
fom +

1 row in set (0.17 sec)

Still in Window2, performing the same query with a LOCK IN SHARE MODE Will not yet deliver any results:
mysgl> SELECT MAX(f1) FROM INNOTEST LOCK IN SHARE MODE;

Complete the transaction in Window1:

mysqgl> COMMIT;

Query OK, 0 rows affected (0.00 sec)

Now Window2 will return the correct result:

mysqgl> SELECT MAX(f1l) FROM innotest LOCK IN SHARE MODE;
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fommm o +
| MAX (f1l) |
tommmmmm o +
I 6 |
to—mmmmmo— +

1 row in set (4 min 32.98 sec)

mysgl> COMMIT;
Query OK, 0 rows affected (0.00 sec)

Automatic COMMITs

By default, unless you specify a transaction with BEGIN, MySQL automatically commits statements. For example, a query in
Window1 returns the following:

mysgl> SELECT f£1 FROM innotest;

o +
| f1 I
tom +
| 1
| 2 |
| 3
I 4 |
| 5 1
| 6 |
fom +

6 rows in set (0.11 sec)

Now, the user in Window?2 inserts a record:

mysgl> INSERT INTO innotest(f1) VALUES (7);

Query OK, 1 row affected (0.00 sec)

It's immediately available in Window1 (remember to complete all your previous examples with a cCoMMIT statement):
mysqgl> SELECT f1 FROM innotest;

oo +
| f1 I
fommm +
| 1]
I 2
| 3
| 4
| 51
I 6 |
| 7
fommm +

7 rows in set (0.11 sec)

The 1nNsERT from Window?2 is immediately available to other windows because the ruTocomMMIT is set by default. However, with
transaction-safe tables (InnoDB, BDB), you can change this behavior by setting AuUTOCOMMIT to zero.

First, set AuTocOMMIT to 0 in Window1:
mysgl> SET AUTOCOMMIT=O0;

Query OK, 0 rows affected (0.00 sec)
And run this query on Window2:

mysqgl> SELECT f1 FROM innotest;

fommm +
| f1

fo————= +
| 1]
| 2
| 3
| 4
| 5 1
| 6 |
| 7
fommm +

7 rows in set (0.22 sec)

Now, Window1 inserts a record:

mysql> INSERT INTO innotest (£f1) VALUES (8);
Query OK, 1 row affected (0.00 sec)

This time it's not immediately available to Window2:
mysqgl> SELECT f1 FROM innotest;
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fomm +
I f1 \
oo +
I 1
| 2|
I 3
I 4 |
I 5 |
I 6 |
I 7
e +

7 rows in set (0.16 sec)
Because you have auTocoMMIT off, the INSERT from Window1 will not be committed until a specific coMMIT is run.

Commit the transaction from Window1:

mysgql> COMMIT;

Query OK, 0 rows affected (0.00 sec)
Now the new record is available to Window2:
mysqgl> SELECT f1 FROM innotest;

fomm +
I f1 \
oo +
I 1
| 2|
I 3
| 4
I 5
I 6 |
I 7
I 8 |
oo +

8 rows in set (0.11 sec)

However, AuTOCOMMIT=0 does not set this across the entire server, only for that particular session. If Window?2 also sets
AUTOCOMMIT to O, you'll experience different behavior.

First, set AuTocOoMMIT in both Window1 and 2:

mysgl> SET AUTOCOMMIT=0;

Query OK, 0 rows affected (0.00 sec)

Now, run the following in Window1 to see what's present:
mysqgl> SELECT f£1 FROM innotest;

tom +
| f1 I
fom +
| 1
I 2|
| 3
I 4 |
| 5 1
| 6 |
I 71
| 8 |
tom +

8 rows in set (0.17 sec)

Add a record in Window2, and commit the transaction:

mysgl> INSERT INTO innotest(fl) VALUES (9) ;
Query OK, 1 row affected (0.00 sec)

mysgl> COMMIT;
Query OK, 0 rows affected (0.00 sec)

And now see if it appears in Window1:
mysql> SELECT f£1 FROM innotest;

tom +
| f1 I
fom +
| 1
I 2|
| 3
I 4 |
| 5 1
| 6 |
I 71
| 8 |
tom +

8 rows in set (0.11 sec)

The 9 from the new record does not appear, even though you have committed the results! The reason is that the SELECT in
Window1 is also part of a transaction. The consistent read has been assigned a timepoint, and this timepoint only moves forward
when the transaction it was set in is completed.

Commit the transaction in Window1:
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mysgl> COMMIT;
Query OK, 0 rows affected (0.00 sec)

mysgl> SELECT f1 FROM innotest;

to—m——— +
| f1 I
to—m— - +
| 1
| 2
| 3
| 4
| 5 1
| 6 |
| 7
| 8 |
| 9 |
Fommm - +

9 rows in set (0.22 sec)

As you saw before, the only way to see the latest results is to SELECT with a LOCK IN SHARE MODE. This would have waited until
the transaction doing the inserting had done a coMMIT.

Transactions in BDB Tables

BDB tables handle transactions slightly differently than InnoDB tables. First create the table (only if you haven't already in Chapter
2) and then insert a record from Window1:

mysgl> CREATE TABLE bdbtest(f1 INT,f2 CHAR(10))TYPE=BDB;
Query OK, 0 rows affected (0.28 sec)

mysqgl> BEGIN;
Query OK, 0 rows affected (0.06 sec)

mysqgl> INSERT INTO bdbtest (fl1) VALUES (1) ;
Query OK, 1 row affected (0.00 sec)

Now try the following in Window2:
mysgl> SELECT f1 FROM bdbtest;

Window2 waits for the transaction in Window1 to complete. (It does not return a set of results based on the situation before the
Window1 transaction began, like InnoDB.)

Only after Window1 commits does Window?2 receive the results. Complete the transaction in Window1:
mysgl> COMMIT;

Query OK, 0 rows affected (0.00 sec)

And the query in Window2 completes (you don't need to type it again):

mysql> SELECT f1 FROM bdbtest;

o +
| f1 I
tom +
I 1
tomm o +

1 row in set (3 min 13.99 sec)

Note the long period of time the query took. The fact that there is not a "quick" seLECT in BDB tables means that any transactions
that are delayed could have serious performance problems.

As with InnoDB tables, the default mode is AuTocomMMIT=1. That means that unless you place your changes within a transaction
(starting with BEGIN), they are immediately finalized.

Run the following query from Window1:
mysgl> SELECT f1 FROM bdbtest;

oo +
| f1 I
o +
| 1]
fommm +

1 row in set (0.17 sec)

Now run an INSERT from Window2:

mysgl> INSERT INTO bdbtest (fl) VALUES (2) ;
Query OK, 1 row affected (0.06 sec)

It is immediately retrievable from Window1:
mysgl> SELECT f1 FROM bdbtest;

fommm +
| f1 I
fommmm +
| 1]
| 2 |
fommm +

2 rows 1in set (0.16 sec)

By setting auTocoMMIT to O, the effect is the same as having all statements wrapped in
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a BEGIN.

Set auTocoMMIT to 0 and insert a record in Window1:

mysqgl> SET OPTION AUTOCOMMIT=0;

Query OK, 0 rows affected (0.11 sec)
mysgl> INSERT INTO bdbtest (fl) VALUES (3);
Query OK, 1 row affected (0.11 sec)

A query run from Window?2 will wait while the transaction is active:
mysgl> SELECT f1 FROM bdbtest;

Only when the transaction is committed will the result appear.

Commit the transaction in Window1:

mysgl> COMMIT;

Query OK, 0 rows affected (0.05 sec)

And now the query retrieves its results in Window2 (you do not have to retype the query):
mysgl> SELECT f1 FROM bdbtest;

to—— - +
| f1 I
oo +
I 1]
| 2|
I 3
to—— - +

3 rows in set (2 min 8.14 sec)
Further Transactional Behavior

There are a number of other commands that automatically end a transaction (in other words, they behave as if you'd performed a
COMMIT):

= BEGIN

= ALTER TABLE

= CREATE INDEX

= RENAME TABLE (this is a synonym for ALTER TABLE x RENAME)
= TRUNCATE

= DROP TABLE

= DROP DATABASE

Even if the command is unsuccessful, just attempting the command will effectively cause a comM1IT. For example, begin the
following transaction inWindow1:

mysgl> BEGIN;

mysql> SELECT MAX(f1) FROM innotest FOR UPDATE;

R +
| MAX(f1l) |
fom +
I 9 |
fom +

And begin another transaction in Window2:
mysqgl> BEGIN;

mysqgl> SELECT MAX(fl) FROM innotest FOR UPDATE;

The results are not displayed, as Window1 has locked the row for updating. However, the user on Window1 changes their mind
and decides to change the structure of the table first.

= Run the ALTER TABLE on Window1:
mysql> ALTER TABLE innotest add f1 INT;
ERROR 1060: Duplicate column name 'f1'

Even though the ALTER was a failure, the lock was released and the transaction committed, and the query waiting on Window2
completes (you do not need to retype).

mysqgl> SELECT MAX(f1l) FROM innotest FOR UPDATE;

R +
| MAX(f1l) |
fom +
I 9 |
fom +

1 row in set (2 min 23.52 sec)

Locking Tables
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In the discussions on InnoDB and BDB tables, you've come across the concept of row-level locking, where individual rows are
locked for a period of time. Row-level locks are much more efficient when the table needs to perform high volumes of INSERTS or
UPDATES. Row-level locking, though, is available only to transaction-safe table types (BDB and InnoDB). MySQL also has table-
level locking, which is available to all table types.

There are two kinds of table locks: read locks and write locks. Read locks mean that only reads may be performed on the table,
and writes are locked. Write locks mean that no reads or writes may be performed on the table for the duration of the lock. The
syntax to lock a table is as follows:

LOCK TABLE tablename {READ|WRITE}

To unlock a table simply use the UNLOCK TABLES statement, as follows:
UNLOCK TABLES

The following demonstrates a table-level lock in action, and will work with any table type. First, lock the table from Window1:
mysgl> LOCK TABLE customer READ;

Query OK, 0 rows affected (0.01 sec)

Other threads can now read, but not write, as you can see by trying the following from Window2:

mysgl> SELECT * FROM customer;

e o - tomm - +
| id first_name | surname

R il o tommmm +
| 1 | Yvonne | Clegg |
| 2 | Johnny | Chaka-Chaka |
| 3 | Winston | Powers |
| 4 | Patricia | Mankunku |
e tomm - tom— - +

mysqgl> INSERT INTO customer (id,first_ name, surname) VALUES(5,'Francois', 'Papo');

The INSERT statement is not processed until the lock is released by Window1:
mysgl> UNLOCK TABLES;

The I1NsSERT on Window2 now completes (no need to type it again):

mysqgl> INSERT INTO customer (id,first name,surname) VALUES (5, 'Francois', 'Papo');
Query OK, 1 row affected (7 min 0.74 sec)

You can also lock more than one table at a time. Place the following locks from Window1:

mysgl> LOCK TABLE customer READ,sales WRITE;

Other threads can now read the customer table, but not the sales table. Try to run a SELECT from Window2:
mysgl> SELECT * FROM sales;
If the thread that created the lock tries to add a record to the customer table, it will fail. It will not wait for the lock to be released

(because it created the lock, if it hung it would never be able to release the lock); rather, the INSERT just fails. Try this from
Window1:

mysql> INSERT INTO customer VALUES (1,'a','b');

ERROR 1099: Table 'customer' was locked with a READ lock and can't be updated
However, it can perform reads on the table it write locked, as follows, still on Window1:

mysgl> SELECT * FROM sales;

o U WN

mysgl> UNLOCK TABLES;

And with the write lock released, Window2 now processes the SELECT (no need to retype):
mysgl> SELECT * FROM sales;

7 rows in set (5 min 59.35 sec)

Note You can use either the singular or the plural form. Both [UN]LOCK TABLE and [UN]LOCK TABLES are valid, no matter
how many tables you're locking. MySQL doesn't care about grammar!
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Write locks have a higher priority than read locks, so if one thread is waiting for a read lock, and a request for a write lock comes
along, the read lock has to wait until the write lock has been obtained, and released, before it obtains its read lock, as follows:

Place a write lock from Window1:

mysgl> LOCK TABLE customer WRITE;
Query OK, 0 rows affected (0.00 sec)

And try to place a read lock from Window2:
mysgl> LOCK TABLE customer READ;

The read lock cannot be obtained until the write lock is released. In the meantime, another request for a write lock comes along,
which also has to wait until the first write lock is released.

Attempt to place another write lock from a third window, Window3:
mysgl> LOCK TABLE customer WRITE;

Now release the lock from Window1:

mysqgl> UNLOCK TABLES;
Query OK, 0 rows affected (0.00 sec)

The write lock from Window 3 is now obtained, even though it was requested after the read lock, as follows (no need to retype the
LOCK statement):

mysqgl> LOCK TABLE customer WRITE;
Query OK, 0 rows affected (33.93 sec)
mysqgl> UNLOCK TABLES;

Query OK, 0 rows affected (0.00 sec)

Only when the write lock on Window 3 is released can the read lock from Window2 be obtained (no need to retype):

mysgl> LOCK TABLE customer READ;

Query OK, 0 rows affected (4 min 2.46 sec)
mysgl> UNLOCK TABLES;

Query OK, 0 rows affected (0.00 sec)

You can override this behavior by specifying that the write lock should be a lower priority, with the Low PRIORITY keyword. If you
run the previous example again with a low-priority request for a write lock, the earlier read lock will be obtained first.

First, place the write lock on Window1:

mysgl> LOCK TABLE customer WRITE;
Query OK, 0 rows affected (0.00 sec)

Next attempt a read lock from Window?2:
mysgl> LOCK TABLE customer READ;

And a low priority write lock from Window3:
mysqgl> LOCK TABLE customer LOW_PRIORITY WRITE;

Now release the lock from Window1:

mysgl> UNLOCK TABLES;
Query OK, 0 rows affected (0.00 sec)

This time Window?2 is first to obtaining its lock (no need to retype the L.ock statement):

mysqgl> LOCK TABLE customer READ;
Query OK, 0 rows affected (20.88 sec)

mysgl> UNLOCK TABLES;
Query OK, 0 rows affected (0.00 sec)

And finally the write lock from Window3 is obtained (no need to retype):

mysql> LOCK TABLE customer LOW_PRIORITY WRITE;
Query OK, 0 rows affected (1 min 25.94 sec)

Again, release the lock so that you can use the table later:

mysgl> UNLOCK TABLES;
Query OK, 0 rows affected (0.00 sec)

Warning The Lock TABLES statement is not transaction safe. It will commit all active transactions before it attempts to lock
the tables.

Table locks are mostly used in this way on tables that do not support transactions. If you're using an InnoDB or a BDB table, use
BEGIN and cOMMIT instead to avoid anomalies in your data. The following is an example of where it could be used. If your
customer_ sales_values table is empty, populate it with some records:

mysgl> INSERT INTO customer_sales values(first name, surname, value,
value2) VALUES ('Johnny', 'Chaka-Chaka', 500, NULL), ('Patricia',
'Mankunku', 450, NULL), ('Winston', 'Powers', 750, NULL), ('Yvonne',
'Clegg', 5800, NULL), ('Charles', 'Dube', 0, NULL), ('Charles',
'Dube', 0, NULL), ('Gladys', 'Malherbe', 5, 10);

Now assume that Johnny Chaka-Chaka has made two sales, both of which are being processed by different clerks. The one sale
is worth $100 and the other $300. Both clerks go through a process of reading the existing value, then adding either 100 or 300 to
this, and then updating the record. The problem comes if both perform the SELECT before either is updated. Then the one update
will overwrite the other, and the one value will be lost, as follows.
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First, perform the query on Window1:

mysgl> SELECT value from customer_ sales_values WHERE
first_name='Johnny' and surname='Chaka-Chaka';

o +
| value |
fo—m———— +
| 500 |
fo—m———— +

Then perform the query on Window2:

mysqgl> SELECT value from customer_ sales_values WHERE
first_name='Johnny' and surname='Chaka-Chaka';

o +
| value |
fo—m———— +
| 500 |
fo—m———— +

This is Window1:

mysql> UPDATE customer_ sales_values SET value=500+100 WHERE
first_name='Johnny' and surname='Chaka-Chaka';
Query OK, 1 row affected (0.01 sec)

This is Window?2:

mysql> UPDATE customer_ sales_values SET value=500+300 WHERE
first name='Johnny' and surname='Chaka-Chaka';
Query OK, 1 row affected (0.01 sec)

After both sales have been captured, the total value of Johnny's sales is $800, which is $100 short! If you'd taken the care to lock
the table, you'd have avoided the problem.

After you reset the data and start again, run the following UPDATE:

mysql> UPDATE customer_ sales values SET value=500 WHERE
first name='Johnny' and surname='Chaka-Chaka';
Query OK, 1 row affected (0.00 sec)

Now, place a write lock with Window1:

mysgql> LOCK TABLE customer_ sales_values WRITE;
mysql> SELECT value from customer sales values WHERE
first name='Johnny' and surname='Chaka-Chaka';

to—————- +
| value |
to—————- +
| 500 |
o +

Window2 attempts to place a write lock as well:
mysgl> LOCK TABLE customer_ sales_values WRITE;

The lock is not obtained, as Window1 has obtained a write lock already. Now Window1 can update the record, before releasing
the lock and allowing Window?2 to continue.

Run the following UPDATE statement onWindow1, and release the lock:

mysql> UPDATE customer_ sales values SET value=500+100 WHERE
first name='Johnny' and surname='Chaka-Chaka';

Query OK, 1 row affected (0.00 sec)

mysgl> UNLOCK TABLES;

Window?2 obtains the lock (no need to retype), and can complete the rest of the transaction as follows:
mysgl> LOCK TABLE customer_ sales_values WRITE;
Query OK, 0 rows affected (1 min 35.87 sec)
mysgl> SELECT value from customer_ sales_values WHERE
first name='Johnny' and surname='Chaka-Chaka';

to—————- +
| value |
to——— - +
| 600 |
o +

1 row in set (0.00 sec)
mysql> UPDATE customer_ sales values SET value=600+300 WHERE

first name='Johnny' and surname='Chaka-Chaka';
Query OK, 1 row affected (0.01 sec)

mysql> UNLOCK TABLES;
Query OK, 0 rows affected (0.00 sec)

Johnny receives credit due to him; the table correctly reflects the $900 worth of sales he has made.

Avoiding Table Locks
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You should avoid table locks as much as possible in high-update volume tables, as, in the case of a write lock, no records from

the table can be read or written for the duration of the lock. And because write locks have by default a higher priority than a read
locks, no records can be read until all updates or inserts are complete, potentially causing MySQL to jam up horribly. There are

ways to avoid table locks, though. One way is to perform the read and the update in the same statement (called an incremental
update).

Run the following incremental update from Window1:

mysql> UPDATE customer sales values SET value=value+300 WHERE
first_name='Johnny' and surname='Chaka-Chaka';

Window2 can perform its UPDATE as well:

mysql> UPDATE customer_ sales _values SET value=value+100 WHERE
first name='Johnny' and surname='Chaka-Chaka';

Now, no matter which order the statements are placed, the update will always be performed on the most recent value.
Transaction Levels

You can change the default behavior when dealing with transactions by setting the transaction level. There are a number of
transaction levels in MySQL. MySQL supports the following transaction isolation levels:

READ UNCOMMITTED This level allows transactions to read the uncommitted data from other transactions
(called a dirty read ).

READ COMMITTED This level does not allow dirty reads.

REPEATABLE READ This level does not allow nonrepeatable reads (which are when the data has been
changed by another transaction, even if it has been committed).

SERIALIZABLE This level does not allow phantom reads, which is when another transaction has committed a
new row that matches the results of your query. The data will be the same each time.

To change the transaction level, use the following syntax:

SET [scope] TRANSACTION ISOLATION LEVEL
{ isolation level }

The scope option can be either GLOBAL or SESSION. This option overrides the usual scope of the statement, which is to set the
transaction isolation level for the next transaction to be started. GLOBAL sets the level for all new transactions, and sess1on for
all new transactions on that thread. The isolation_level option is one of the four transaction isolation levels listed above.

(Yoam Lis | (< easvisus [aer v
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Summary

Joins can be much more complicated than the simple two-table joins covered in Chapter 1, "Quickstart to MySQL." Inner joins
ignore NULL values in a table being joined (or rows where there is no associated records), and outer joins include NULL data. Left
outer joins return all data in the table specified first (on the left), including those without an associated record in the right table,
while right outer joins return all data in the table specified on the right of the join. Full outer joins combine the features of a left and
a right join, but MySQL does not yet support this.

Natural joins use the fact that common fields may be named the same, and simplify the syntax if this is the case.
The unION command combines the results of more than one query into one.
Sub-selects are queries within queries. Often they perform more efficiently if they are rewritten as a join.

Deleting records one by one, as with the DELETE statement, is not efficient if you just want to remove all the records in a table.
The TRUNCATE statement is a quicker way of doing this, though it doesn't return the number of records deleted, as DELETE does.

User variables allow you to store values for use in a later query. You need to take care when using them, however, that the user
variable is set before it is required. In SELECT statements, the condition (the WHERE clause) is performed first, before the field list
(immediately after the sELECT and where user variables are usually set).

MySQL can also be run in batch mode, with SQL statements stored in files for ease of editing and reuse. You can also redirect the
output to a file, so for example, results of queries can be examined easily at a later stage.

All table types also allow table locking, where the entire table can be locked, as opposed to just the row as with transaction-safe
tables.

In the next chapter, you'll sharpen your skills some more and look at how you can optimize the performance of our database.
You'll explore creating indexes, writing queries more efficiently, and improving the server's performance.

[+erivious Pt ]
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Chapter 4: Indexes and Query Optimization

Overview

Getting a query to work is one thing, but getting a query to work quickly when the clients are piling up is another. You can speed
up your queries in some basic ways. Using indexes intelligently can make a huge difference, while carefully fine-tuning your
system can also make a noticeable improvement.
Featured in this chapter:

= Creating and using indexes

= Primary keys, unique indexes, full-text indexes, and ordinary indexes

= Full-text searches

= Dropping or changing an index

= Auto increment fields

= Analyzing queries with EXPLATN

= Optimizing SELECT statements

[+erivious Pt ]
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Understanding Indexes

So far, none of the tables created in the previous chapters has an index. When you add each new record, it's usually just added
onto the end of the table, but can be added to the middle of the table if another record has been deleted and if there is space. In
other words, the records are not stored in any order. Consider, for instance, the customer table from Chapter 3, "Advanced SQL,"
which, assuming you followed the examples in that chapter, contains records in the following order:

to———— o Fom - +
| id | first name | surname |
fom R [ O +
| 1 | Yvonne | Clegg |
| 2 | Johnny | Chaka-Chaka |
| 3 | Winston | Powers |
| 4 | Patricia | Mankunku |
| 5 | Francois | Papo |
|7 | Winnie | Dlamini |
| 6 | Neil | Beneke |
to————— fomm e fom e +

Now, imagine you were doing the job of MySQL. If you wanted to return any records with the surname of Beneke, you'd probably
start at the top and examine each record. Without any further information, there's no way for you, or MySQL itself, to know where
to find records adhering to this criteria. Scanning the table in this way (from start to finish, examining all the records) is called a full
table scan. When tables are large, this becomes inefficient; full table scans of tables consisting of many hundreds of thousands of
records can run very slowly.

To overcome this problem, it would help if the records were sorted. Let's look for the same record as before, but on a table sorted
by surname:

to———— tommm tommm e +
| id | first name | surname |
+-———— fomm - tomm e - +
| 6 | Neil | Beneke |
| 2 | Johnny | Chaka-Chaka |
|1 | Yvonne | Clegg |
|7 | Winnie | Dlamini |
| 4 | Patricia | Mankunku |
| 5 | Francois | Papo |
| 3 | Winston | Powers |
+-———— Fomm Fommm - +

Now you can search this table much more quickly. Because you know the records are stored alphabetically by surname, you know
once you reach the surname Chaka-Chaka, which begins with a C, that there can be no more Beneke records. You've only had to
examine one record, as opposed to the seven you would have had to examine in the unordered table. That's quite a savings, and
in a bigger table the benefits would be even greater.

Therefore, it may look like sorting the table is the solution. But, unfortunately, you may want to search the table in other ways, too.
For example, perhaps you want to return the record with an id of 3. With the table still ordered by surname, you would have to
examine all the records again, and once more you're stuck with slow, inefficient queries.

The solution is to create separate lists for each field that you need to order. These don't contain all the fields, just the fields that
you need ordered and a pointer to the complete record in the full table. These lists are called indexes, and they are one of the
most underused and misused aspects of relational databases (see Figure 4.1). Indexes are stored as separate files in some
cases (MyISAM tables), or as part of the same tablespace in other cases (InnoDB tables).

Figure 4.1: The index records point to the associated customer table records.

[oam L [+ revnss [oeis1 ]
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Creating an Index

There are four kinds of indexes in MySQL: a primary key, a unique index, a full-text index, and an ordinary index.
Creating a Primary Key

A primary key is an index on a field where each value is unique and none of the values are NULL.

Note The term primary key is, strictly speaking, a logical term, but MySQL uses it to denote a physical index. When MySQL
indicates that a primary key exists, there is always an associated index. Throughout this text, the term key indicates the
presence of a physical index.

To create a primary key when creating a table, use PRIMARY KEY at the end of the field definitions, with a list of the fields to be

included:
CREATE TABLE tablename (fieldname columntype NOT NULL,
[fieldname2...,] PRIMARY KEY(fieldnamel [,fieldname2...]));

Note that the keyword NOT NULL is mandatory when creating a primary key; primary keys cannot contain a null value. MySQL
warns you if you forget to specify this:

mysql> CREATE TABLE pk_ test(f1 INT, PRIMARY KEY(f1l));

ERROR 1171: All parts of a PRIMARY KEY must be NOT NULL;

If you need NULL in a key, use UNIQUE instead

To create a primary key on an already existing table, you can use the ALTER keyword:
ALTER TABLE tablename ADD PRIMARY KEY (fieldnamel [,fieldname2...]);

Choosing a primary key for the customer table is fairly easy. The id field lends itself to this because each customer has a different
id and there are no null fields. Either of the name fields would not be ideal, as there may be duplicates at some stage. To add a
primary key to the id field of the customer table, you need to change the field to not allow nulls and then add the primary key. You
can do this in one statement, as follows:

mysql> ALTER TABLE customer MODIFY id INT NOT NULL, ADD PRIMARY KEY (id);

Query OK, 7 rows affected (0.00 sec)

Records: 7 Duplicates: 0 Warnings: 0

You can see the changes you've made to the table with this statement by examining the columns:
mysgl> DESCRIBE customer;

fmmmm e fom e fomm R fommm = fomm - +
| Field | Type | Null | Key | Default | Extra |
R i fom e R o= fomm e fomm - +
| id | int(11) | | PRI | O |
| first_name | varchar(30) | YES | | NULL |
| surname | varchar (40) | YES | | NULL |
fommm - fommm e Fomm - fo—— Fommmmmm - fommm - +

The id field does not have a YES in the Null column, indicating that it no longer can accept null values. It also has PR/ in the Key
column, indicating the primary key.

Primary keys can also consist of more than one field. Sometimes there is no one field that can uniquely identify a record. To add a
primary key in this instance, separate the fields with a comma:

mysgl> CREATE TABLE pk2(id INT NOT NULL, id2 INT NOT NULL, PRIMARY KEY (id,id2));
Query OK, 0 rows affected (0.00 sec)

or as follows if the table already exists:

mysgql> ALTER TABLE pk2 ADD PRIMARY KEY(id,id2);
Query OK, 0 rows affected (0.01 sec)

The sales table from earlier chapters does not yet have a key:
mysql> SHOW COLUMNS FROM sales;

fommm e fommm fom—— = fom——= B fomm +
| Field | Type | Null | Key | Default | Extra |
fom e Fomm fomm— - fom——= fomm e B +
| code | int(11) | YES | | NULL |

| sales_rep | int(11l) | YES | | NULL |

| id | int(11) | YES | | NULL |

| value | int(11) | YES | | NULL |
o t-——————— o +-———- o +-————— +
4 rows 1in set (0.00 sec)

Let's assume you add a new record with the same code as an existing record:
mysgl> SELECT * FROM sales;
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7 rows in set (0.00 sec)
mysqgl> INSERT INTO sales VALUES(7,3,3,1000);
Query OK, 1 row affected (0.00 sec)

There is no problem so far. Even though there are now two records with a code of 7, there is nothing in the table structure that
disallows this. But now, with your new knowledge of the reasons for using a primary key, you decide to make the code field a
primary key:

mysql> ALTER TABLE sales MODIFY code INT NOT NULL,ADD PRIMARY KEY (code) ;

ERROR 1062: Duplicate entry '7' for key 1

You have a duplicate value for the code field, and by definition a primary key should always be unique. Here, you would have to
either remove or update the duplicates or use an ordinary index that allows duplicates. Most tables work better with a primary key,
though. In this situation, it's easy to update the responsible record:

mysql> UPDATE sales SET code=8 WHERE code=7 AND sales_rep=3;

Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: 0

mysql> ALTER TABLE sales MODIFY code INT NOT NULL,ADD PRIMARY KEY (code) ;

Query OK, 8 rows affected (0.01 sec)

Records: 8 Duplicates: 0 Warnings: 0

Tip | worked on one system where a "unique" field turned out to have thousands of duplicates because of a combination of
having no primary key and nonexistent locking. It's always better to add keys, especially a primary key, when you create
a table.

Creating an Ordinary Index

An index that is not primary allows duplicate values (unless the fields are specified as unique). As always, it's best to create the
index at the same time as you create the table:

CREATE TABLE tablename (fieldname columntype, fieldname?2
columntype, INDEX [indexname] (fieldnamel [,fieldname2...]));
You can also create more than one index when the table is created, just separating them with commas:

CREATE TABLE tablename (fieldname columntype, fieldname2
columntype, INDEX [indexnamel] (fieldnamel,fieldname2), INDEX
[indexname2] (fieldnamel [,fieldname2...]1));

You can always create an index at a later stage, though, with this code:
ALTER TABLE tablename ADD INDEX [indexname] (fieldnamel [,fieldname2...]);

or with the following code:
mysql> CREATE INDEX indexname on tablename (fieldnamel [, fieldname2...]);

Both of these statements ask for an index name, although with the CREATE INDEX statement the index name is mandatory. If, in
the ALTER TABLE..ADD INDEX.. statement, you do not name the index, MySQL will assign its own name based on the fieldname.
MySQL takes the first field as the index name if there is more than one field in the index. If there is a second index starting with
the same field, MySQL appends _2, then _3, and so on to the index name.

The following sales table has a primary key, but it could also do with an index on the value field. You may quite often be searching
for records with a value greater or less than a certain amount, or ordering by the value:

mysgql> SHOW COLUMNS FROM sales;

tomm - t-—————— +-——— +-———- o +-————— +
| Field | Type | Null | Key | Default | Extra |
fomm - e to———— +o———= fomm - o= +
| code | int(11) | | PRI | O |
| sales rep | int(11l) | YES | | NULL |
| id | int(11) | YES | | NULL |
| value | int(11) | YES | | NULL |
Fomm— - t-—————— +o——— +-———- o +-————— +

4 rows in set (0.00 sec)

mysqgl> ALTER TABLE sales ADD INDEX (value) ;
Query OK, 8 rows affected (0.02 sec)
Records: 8 Duplicates: 0 Warnings: 0

Note You can use the keyword KEY instead of INDEX in MySQL statements if you want. | prefer INDEX because KEY usually
refers to the logical structure, and 1NDEX usually refers to the actual physical index on the disk.

Creating a Full-Text Index

You can create full-text indexes in MyISAM tables, on any CHAR, VARCHAR, or TEXT fields. A full-text index is designed to allow
easy searching for keywords in text fields in large tables.

To create a full-text index when the table is created, use this syntax:
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CREATE TABLE tablename (fieldname columntype, fieldname2
columntype, FULLTEXT (fieldname [,fieldname2...]));

The optional keyword INDEX can be added, as in this syntax:

CREATE TABLE tablename (fieldname columntype, fieldname2
columntype, FULLTEXT INDEX(fieldname [,fieldname2...]));

To create a full-text index once the table is already in existence, use this syntax:
ALTER TABLE tablename ADD FULLTEXT [indexname] (fieldname [,fieldname2...]);

or the following code:
CREATE FULLTEXT INDEX indexname ON tablename (fieldname [,fieldname2...]);

Let's create a table and try to create full-text indexes on some of the fields, as follows:
mysql> CREATE TABLE ft(f1 VARCHAR(255),f2 TEXT,£3 BLOB,f4 INT);
Query OK, 0 rows affected (0.01 sec)

mysqgl> ALTER TABLE ft ADD FULLTEXT (f1,£2);

Query OK, 0 rows affected (0.01 sec)

Records: 0 Duplicates: 0 Warnings: 0

The fields f1 and f2 are VARCHAR and TEXT, respectively, so a full-text index is allowed:

mysgl> ALTER TABLE ft ADD FULLTEXT (f1,£f4);

ERROR 1005: Can't create table './firstdb/#sq17529b74f.frm' (errno: 140)
mysgl> ALTER TABLE ft ADD FULLTEXT (f2,£3);

ERROR 1005: Can't create table './firstdb/#sq1752eb74f.frm' (errno: 140)

In these examples, the field f4 is of type INT and f3 is of type BLOB, so a full-text index is not allowed in either case.

Using a Full-text Index

Let's create a table with a full-text index and insert some book titles into it to test it:
mysql> CREATE TABLE £t2 (£f1 VARCHAR (255) ,FULLTEXT (£1)) ;
Query OK, 0 rows affected (0.00 sec)
mysgl> INSERT INTO ft2 VALUES('Waiting for the
Barbarians'),

('In the Heart of the Country'),

('The Master of Petersburg'),

('Writing and Being'),

('Heart of the Beast'),

('Heart of the Beest'),

('The Beginning and the End'),

('Master Master'),

('A Barbarian at my Door');
Query OK, 9 rows affected (0.00 sec)
Records: 9 Duplicates: 0 Warnings: 0

To return the results of a full-text search, you use the MATCH () function, and MATCH () a field AGAINST () a value, as in this
example, which looks for occurrences of the word Master:

mysql> SELECT * FROM ft2 WHERE MATCH(f1) AGAINST ('Master');

| Master Master
| The Master of Petersburg |

2 rows in set (0.01 sec)

It's no coincidence that Master Master appeared first, even though it was added second. MySQL calculates a relevance result for
each match and returns the results in this order.

Note Remember that searches on TExT fields are not case sensitive, nor are they on VARCHAR or CHAR fields declared
without the BINARY keyword.
Noise Words

Now you run another search:
mysgl> SELECT * FROM ft2 WHERE MATCH(fl) AGAINST ('The Master');

| Master Master
| The Master of Petersburg

2 rows in set (0.00 sec)

These results are not as you may expect. Most of the titles contain the word the, and The Beginning and the End contains it twice,
yet is not reflected. There are a number of reasons for this:

= MySQL has what is called a 50-percent threshold. Any words that appear in more than 50 percent of the fields are
treated as noise words, meaning that they are ignored.

= Any words of three or fewer letters are excluded from the index.
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= There is a predefined list of noise words, with the included.
So, The Beginning and the End didn't have a chance!

Warning If you have a table with only one record, all words will be noise words, so a full-text search would not return
anything! Tables with very few records can also increase the likelihood of words being treated as noise words.

The following query returns nothing, even though the word for does appear in the data because for is a word of three or fewer
characters, and by default these are excluded from the index:

mysgl> SELECT * FROM ft2 WHERE MATCH(f1l) AGAINST ('for');
Empty set (0.00 sec)

Relevance

You are not limited to using the MATCH () function in the WHERE condition; you can return the results, too, as follows:

mysql> SELECT f£1, (MATCH(fl) AGAINST ('Master')) FROM ft2;
B B et T T T +
| f1 (MATCH (f1) AGAINST ('Master')) |

I
+
Waiting for the Barbarians |
In the Heart of the Country |
The Master of Petersburg | 1.224597215652
Writing and Being

|
Heart of the Beest
A Barbarian at my Door |
Master Master
The Beginning and the End |

+

|

|

|

|

| Heart of the Beast
|

|

| 1.23852002620
|

OJoooou oo

9 rows in set (0.00 sec)
Your relevance scores may not match the examples, as MySQL occasionally makes changes to the weighting scheme.

The relevance calculation is quite intelligent. It is based on the number of words in the index field of the row, the number of unique
words in that row, the total number of words in the result, the number of records that contain the particular word, and the weight of
the word. Rare words are weighted more heavily, and the more records that contain the word, the less its weight.

MySQL can return the relevance as well as the required fields at no extra cost in time because the two calls to the MATCH ()
function are identical:
mysqgl> SELECT f1, (MATCH(f1l) AGAINST ('Master')) FROM ft2

WHERE MATCH(f1) AGAINST ('Master');
o o +

| f1 | (MATCH(f1l) AGAINST ('Master')) |
o o +
| Master Master | 1.238520026207 |
| The Master of Petersburg | 1.2245972156525 |
e B et e +

Boolean Full-Text Searches

One of MySQL 4's most useful enhancements is the ability to perform a Boolean full-text search. This makes use of a full set of
features to search for words, combinations of words, portions of words, and so on (see Table 4.1).

Table 4.1: Boolesn Search Operators

| Operator ” Description

| + ” The word following is mandatory and must be present in every row returned.

- “ The word following is prohibited and must not be present in any row returned.

> ” The word following has a higher relevance than other words.

| < ” The word following has a lower relevance than other words.

() ” Used to group words in subexpressions.

~ The word following makes a negative contribution to the row relevance (this is not the same as the -
operator, which excludes the row altogether if the word is found, or as the < operator, which still
assigns a positive, though lower, relevance to the word).

* ” The wildcard, indicating zero or more characters. It can only appear on the end of a word. |

| " ” Anything enclosed in double quotes is taken as a whole. |

Boolean full-text searches do not take the 50-percent threshold limit into account. To perform a Boolean full-text search, you use
the IN BOOLEAN MODE clause:

mysgl> SELECT * FROM ft2 WHERE MATCH (f1l) AGAINST
('+Master -Petersburg' IN BOOLEAN MODE) ;
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tommm - +
| f1 |
B +
| Master Master |
o +

1 row in set (0.00 sec)

In this example, the word Petersburg is excluded, so The Master of Petersburg is not returned even though Master appears in the
title.

Note the difference between these two sets of results:

mysgl> SELECT * FROM ft2 WHERE MATCH(f1l) AGAINST
('Country Master' IN BOOLEAN MODE) ;

| In the Heart of the Country
| The Master of Petersburg |
| Master Master

3 rows in set (0.00 sec)
mysql> SELECT * FROM ft2 WHERE MATCH (£f1) AGAINST
('+Country Master' IN BOOLEAN MODE) ;

B it +
| f1 |
o +
| In the Heart of the Country

o +

1 row in set (0.00 sec)

The word Country is mandatory in the second search (by default a word is optional), so The Master of Petersburg and Master
Master are not returned.

The next example demonstrates a common cause of confusion:

mysql> SELECT * FROM ft2 WHERE MATCH (f1) AGAINST
('+Dog Master' IN BOOLEAN MODE) ;

| The Master of Petersburg |
| Master Master

This result may seem surprising if you compare it to the previous example, but because the word Dog is three or fewer letters, it is
excluded for purposes of the search.

The next two examples demonstrate the difference between searching for a whole word and a part of a word (making use of the *
operator):
mysqgl> SELECT * FROM ft2 WHERE MATCH(f1) AGAINST

('Barbarian' IN BOOLEAN MODE) ;

o +
| f1

B b +
| A Barbarian at my Door
o +

1 row in set (0.00 sec)
mysql> SELECT * FROM ft2 WHERE MATCH (£f1) AGAINST
('Barbarian*' IN BOOLEAN MODE) ;

| A Barbarian at my Door |
| Waiting for the Barbarians

2 rows 1in set (0.01 sec)
By default only whole words are matched, unless the * operator is used.

The next three examples demonstrate the use of the > and < operators to increase and decrease the weightings respectively:
mysqgl> SELECT f1,MATCH(f1l) AGAINST ('Heart Beest Beast'

IN BOOLEAN MODE) AS m FROM ft2 WHERE MATCH (f1)

AGAINST ('Heart Beest Beast' IN BOOLEAN MODE) ;

B e et T +o——— +
| f1 [ m

Fom +o——— +
| In the Heart of the Country | 1|
| Heart of the Beast | 2

| Heart of the Beest | 2
o o +

3 rows in set (0.00 sec)
mysqgl> SELECT f1,MATCH(fl) AGAINST ('Heart Beest >Beast'
IN BOOLEAN MODE) AS m FROM ft2 WHERE MATCH (f1l)

AGAINST ('Heart Beest >Beast' IN BOOLEAN MODE) ;
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B it e e +
| f1 [ m
o +o——— +
| In the Heart of the Country | 1|
| Heart of the Beast | 2.5

| Heart of the Beest | 2
o to———— +

3 rows in set (0.00 sec)

The > operator increases the relevance of Heart of the Beast.

mysqgl> SELECT f1,MATCH(f1l) AGAINST ('Heart <Beest Beast'
IN BOOLEAN MODE) As m FROM ft2 WHERE MATCH (f1l)
AGAINST ('Heart <Beest Beast' IN BOOLEAN MODE) ;

e fom e +
| f1 [ m |
B ittt o +
| In the Heart of the Country | 1

| Heart of the Beast | 2 |
| Heart of the Beest | 1.6666667461395 |
B it o +

3 rows in set (0.00 sec)
The < operator decreases the relevance of Heart of the Beest.

The next five examples demonstrate the difference between the < operator, which adds a decreased, yet positive, weight to the
match; the ~ operator, which places a negative weight on the match; and the - operator, which prohibits the match. The first
example is a basic Boolean search, with a weighting of 1 for a match:

mysql> SELECT *,MATCH(f1) AGAINST ('Door' IN BOOLEAN MODE)
AS m FROM ft2 WHERE MATCH(f1l) AGAINST ('Door' IN BOOLEAN MODE) ;

1 row in set (0.00 sec)

Next, the < operator reduces this weighting to roughly 2/3, which is still a positive weight:

mysgl> SELECT * ,MATCH(f1l) AGAINST ('<Door' IN BOOLEAN MODE)
AS m FROM ft2 WHERE MATCH(f1) AGAINST ('<Door' IN BOOLEAN MODE) ;

o Fom e +
| f1 | m

B it o +
| A Barbarian at my Door | 0.66666668653488 |
B et it Fom e +

1 row in set (0.00 sec)

The ~ operator reduces this weight to a negative, and so, since the result is less than 0 when matched with A Barbarian at my
Door, the row is not returned:
mysql> SELECT *,MATCH(fl) AGAINST ('~Door' IN BOOLEAN MODE)
AS m FROM ft2 WHERE MATCH(f1) AGAINST ('~Door' IN BOOLEAN MODE) ;
Empty set (0.00 sec)

Using the ~ operator in conjunction with an ordinary match allows us to see how much the weighting is reduced by, which in this
case is 0.5:
mysgl> SELECT * ,MATCH(fl) AGAINST ('~Door Barbarian*' IN BOOLEAN

MODE)
AS m FROM ft2 WHERE MATCH (f1) AGAINST ('~Door Barbarian*' IN

BOOLEAN MODE) ;

B it R +
| f1 [ m |
B ettt e +
| A Barbarian at my Door | 0.5 |
| Waiting for the Barbarians | 1 ]
B it to———— +

2 rows 1in set (0.01 sec)

Finally, this next example shows the difference between the ~ and - operators, where the - operator prohibits the match when
Door is found:
mysql> SELECT *,MATCH(f1) AGAINST ('-Door Barbarian*' IN BOOLEAN
MODE)
AS m FROM ft2 WHERE MATCH (fl) AGAINST ('-Door Barbarian*' IN
BOOLEAN MODE) ;

1 row in set (0.00 sec)

The next example demonstrates grouping words into a sub-expression:

mysql> SELECT f1,MATCH(f1) AGAINST ('+Heart +(<Beest >Beast)'
IN BOOLEAN MODE) As m FROM f£t2 WHERE MATCH (£1)
AGAINST ('+Heart +(<Beest >Beast)' IN BOOLEAN MODE) ;
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Fom - Fom e +
| f1 [ m
o Fom e +
| Heart of the Beast | 1.25 |
| Heart of the Beest | 0.83333337306976
o o +

2 rows in set (0.00 sec)

The + operator applies to the entire substring in parentheses, which means that at least one of Beest and Beast must be present
in the string. In the Heart of the Country does not appear then, because neither Beest nor Beast is present. Compare this to the
following code:

The next example demonstrates a commonly used form of the search, where each of the supplied words is mandatory:
mysqgl> SELECT f1,MATCH(f1l) AGAINST ('+Heart +<Beest +>Beast)'
IN BOOLEAN MODE)
AS m FROM ft2 WHERE MATCH(fl) AGAINST ('+Heart +<Beest +>
Beast)' IN BOOLEAN MODE) ;
Empty set (0.00 sec)

Nothing is returned because no rows contain all of Heart, Beest, and Beast at the same time.

The next two examples demonstrate the difference between a search using the """ operators and one without them. The ""
operators allow you to search for an exact match on a phrase:

mysgl> SELECT * FROM ft2 WHERE MATCH (f1)
AGAINST ('the Heart of the' IN BOOLEAN MODE) ;

| In the Heart of the Country
| Heart of the Beast
| Heart of the Beest

3 rows in set (0.01 sec)

mysql> SELECT * FROM f£t2 WHERE MATCH (£1)
AGAINST ('"the Heart of the"' IN BOOLEAN MODE) ;

B it e +
| f1 I
e +
| In the Heart of the Country |
o +

1 row in set (0.00 sec)

Be careful not to leave out the initial single quotes when making use of the double quote operator. If you do, you'll effectively have
no operators. For example:

mysql> SELECT * FROM ft2 WHERE MATCH (£1)
AGAINST ("the Heart of the" IN BOOLEAN MODE) ;

| In the Heart of the Country |
| Heart of the Beast
| Heart of the Beest

3 rows in set (0.00 sec)

Warning Full-text indexes can take a long time to generate and cause OPTIMIZE statements to take a long time as well.

Creating a Unique Index

A unique index is the same as an ordinary index, except that no duplicates are allowed.

To create a unique index when the table is created, use the following syntax:

CREATE TABLE tablename (fieldname columntype, fieldname2
columntype, UNIQUE (fieldname
[,fieldname2...1));

Or, if the table already exists, you can use either this syntax:

ALTER TABLE tablename ADD UNIQUE [indexname ] (fieldname
[,fieldname2...]);

or this syntax:
CREATE UNIQUE INDEX indexname ON tablename (fieldname [,fieldname2...]);

If the index contains a single field, that field cannot contain duplicate values:

mysql> CREATE TABLE ui_test(f1l INT,f2 INT,UNIQUE(f1));
Query OK, 0 rows affected (0.00 sec)

mysgl> INSERT INTO ui_test VALUES(1,2);

Query OK, 1 row affected (0.01 sec)

mysgl> INSERT INTO ui_test VALUES(1,3);

ERROR 1062: Duplicate entry 'l' for key 1

Although the field f1 was not specified as UNIQUE when it was created, the existence of the unique index prevents any
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duplication. If the index contains more than one field, individual field values can be duplicated, but the combination of field values
making up the entire index cannot be duplicated:

mysql> CREATE TABLE ui_test2(f1 INT,f2 INT,UNIQUE(fl,£2));

Query OK, 0 rows affected (0.00 sec)

mysql> INSERT INTO ui_test2 VALUES(1,2);

Query OK, 1 row affected (0.00 sec)

mysql> INSERT INTO ui_test2 VALUES(1,3);

Query OK, 1 row affected (0.00 sec)

mysql> INSERT INTO ui_test2 VALUES(1,3);

ERROR 1062: Duplicate entry '1-3' for key 1

Creating Indexes from Part of a Field

For VARCHAR, CHAR, BLOB, and TEXT columns, MySQL allows you to create an index that does not use the entire field. For
example, although the customer surname may be up to 40 characters, it's likely that the surname will differ in the first 10
characters. By only using the first 10 characters for the index, the index will be a lot smaller. This makes updates and inserts
quicker (you're writing one quarter what you would have if you'd used the full column after all), and it won't affect SELECT speed
as long as you don't cut the index too short. Making a one-character index for the surname would defeat the purpose of an index.

To create an index from part of a field, just put the size in parentheses after the column name. For example, to create a 10-
character index on the surname field in the customer table, use the following code:

mysqgl> ALTER TABLE customer ADD INDEX (surname (10));
Query OK, 8 rows affected (0.00 sec)
Records: 8 Duplicates: 0 Warnings: 0

Note You cannot create an index (except for a full-text index) on an entire BLOB or TEXT field, so in this case you'd have to

specify the index size.
[« rxvvions foaxi o)
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Using an Auto Increment Field

An auto increment field is a useful feature that allows the value of a field to be automatically incremented each time a new record
is inserted. Only one field in a record can be auto incremented, and this field must be a numeric primary key or a numeric unique
index.

Creating an Auto Increment Field

The syntax to create an auto increment field when creating a new table is:

CREATE TABLE tablename (fieldname INT AUTO_ INCREMENT, [fieldname2...,]
PRIMARY KEY (fieldname)) ;
Query OK, 0 rows affected (0.00 sec)

To create an auto increment field in an already existing table, use this syntax:

ALTER TABLE tablename MODIFY fieldname columntype AUTO INCREMENT;
Query OK, 0 rows affected (0.00 sec)

The customer table has an ideal candidate for an auto increment field, the id field:
mysgl> SHOW COLUMNS FROM customer;

Fomm - fommm e fomm fom——= fommm fommm +
| Field | Type | Null | Key | Default | Extra |
Fomm - fom e fomm fom——= fomm fomm +
| id | int(11) | | PRI | O |
| first name | varchar(30) | YES | | NULL |
| surname | varchar (40) | YES | MUL | NULL |
tomm - fomm e to—— - o= tomm - tomm - +

3 rows in set (0.00 sec)

The id field is a numeric field that is already a primary key, and because you've been assigning the id in sequence to date, turning
the id into an auto increment field will allow MySQL to automate this process for you. The following code makes the id field auto
increment:

mysql> ALTER TABLE customer MODIFY id INT AUTO_INCREMENT;

Query OK, 7 rows affected (0.01 sec)

Records: 7 Duplicates: 0 Warnings: 0

mysqgl> SHOW COLUMNS FROM customer;

o Fommm - o - t-——————— o +
| Field | Type | Null | Key | Default | Extra

fmmmm e fmm e fomm R fmm B +
| id | int (11) | | PRI | NULL | auto_increment |
| first name | varchar(30) | YES | | NULL |

| surname | varchar (40) | YES | MUL | NULL |

R i fom e R o= fomm e B e +

3 rows in set (0.00 sec)

Inserting Records Containing an Auto Increment Field

Now, if you add a record, you don't need to specify the value of the id; MySQL will automatically add the next highest value:
mysgl> SELECT * FROM customer;

o fom e~ +
| id | first name | surname |
IR - o +
| 1 | Yvonne | Clegg |
| 2 | Johnny | Chaka-Chaka |
| 3 | Winston | Powers |
| 4 | Patricia | Mankunku |
| 5 | Francois | Papo |
| 7 | Winnie | Dlamini |
| 6 | Neil | Beneke
o fom e +
7 rows in set (0.00 sec)

mysgl> INSERT INTO customer (first name,surname) VALUES ('Breyton', 'Tshbalala');
Query OK, 1 row affected (0.00 sec)
mysqgl> SELECT * FROM customer;

o tomm e +
| id | first name | surname |
fomm [ fom e +
| 1 | Yvonne | Clegg |
| 2 | Johnny | Chaka-Chaka |
| 3 | Winston | Powers |
| 4 | Patricia | Mankunku |
| 5 | Francois | Papo |
| 7 | Winnie | Dlamini |
| 6 | Neil | Beneke |
| 8 | Breyton | Tshbalala |
to—m - o +
8 rows 1in set (0.00 sec)

An important feature is that MySQL's auto increment counter remembers the most recently added number, even if this record is
deleted. This ensures that the newly inserted record has a new id value and does not clash with any records related to the old
entry:
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mysqgl> DELETE FROM customer WHERE id=8;

Query OK, 1 row affected (0.00 sec)

mysgl> INSERT INTO customer (first name, surname)
VALUES ('Breyton', 'Tshbalala') ;

Query OK, 1 row affected (0.00 sec)

mysgl> SELECT * FROM customer;

tom e fmm - +
| id | first name | surname |
o Fomm e +
| 1 | Yvonne | Clegg |
| 2 | Johnny | Chaka-Chaka |
| 3 | Winston | Powers |
| 4 | Patricia | Mankunku |
| 5 | Francois | Papo |
| 7 | Winnie | Dlamini |
| 6 | Neil | Beneke

| 9 | Breyton | Tshbalala |
B tomm - +
8 rows in set (0.01 sec)

The id is now 9. Even though the next highest remaining record is 7, the most recently inserted value was 8.

Returning and Resetting the Auto Increment Value

You can return the most recently inserted auto increment value with the LAST INSERT ID () function:
mysql> SELECT LAST INSERT ID() FROM customer LIMIT 1;

o +
| last insert id() |
e —————- ————- +
| 9 |
fmm e +

1 row in set (0.00 sec)

This can be useful for updates where you need to create a new auto increment value. For example, the following code finds the
most recently inserted auto increment value, and adds 1 to it in order to set a new id value for Breyton Tshbalala:

mysql> UPDATE customer set id=LAST INSERT ID()+1 WHERE
first_name='Breyton' AND surname='Tshbalala';

Query OK, 1 row affected (0.01 sec)

Rows matched: 1 Changed: 1 Warnings: 0

mysgl> SELECT * FROM customer;

ot fomm +
| id | first name | surname |
oo - o +
| 1 | Yvonne | Clegg |
| 2 | Johnny | Chaka-Chaka |
| 3 | Winston | Powers |
| 4 | Patricia | Mankunku |
| 5 | Francois | Papo |
| 7 | Winnie | Dlamini |
| 6 | Neil | Beneke

| 10 | Breyton | Tshbalala |
B ittt fom e +

Warning LAST INSERT ID () has problems when you reset the auto increment counter. See the "Problems with
LAST INSERT ID ()" section laterin this chapter.

If you want to reset the auto increment counter to start at a particular value, such as back to 1 after you've deleted all the records,
you can use this:

ALTER TABLE tablename AUTOilNCREMENT:autoiincivalue;

Let's create a test to examine the behavior:

mysgl> CREATE TABLE ai_test(id INT NOT NULL AUTO_INCREMENT,
f1 VARCHAR(10) ,PRIMARY KEY (id));

Query OK, 0 rows affected (0.00 sec)

mysqgl> INSERT INTO ai_test(fl) VALUES('one'), ('two');

Query OK, 2 rows affected (0.00 sec)

Records: 2 Duplicates: 0 Warnings: 0

mysgl> SELECT * FROM ai_test;

to—m - +
| id | f1 |
t-—— - +
| 1 one |
| 2 | two |
to—— - +

2 rows in set (0.00 sec)

mysql> DELETE FROM ai_test;

Query OK, 2 rows affected (0.00 sec)

mysgl> INSERT INTO ai_test(fl) VALUES('three');
Query OK, 1 row affected (0.01 sec)

mysgl> SELECT * FROM ai_test;
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ot - +
| id | f1 |
ot +
| 3 | three |
ot +

1 row in set (0.00 sec)

The auto increment counter has maintained its value, even though the table has been emptied. You can use TRUNCATE to clear
the table, and this will reset the auto increment counter:

mysql> DELETE FROM ai_test;

Query OK, 1 row affected (0.00 sec)

mysqgl> ALTER TABLE ai_test AUTO_INCREMENT:I;

Query OK, 0 rows affected (0.01 sec)

Records: 0O Duplicates: 0 Warnings: 0

This statement has specifically reset the auto increment counter to 1:

mysgl> INSERT INTO ai_test(fl) VALUES('four');
Query OK, 1 row affected (0.00 sec)
mysgl> SELECT * FROM ai_test;

Fom - +
| id | f1 |
fom e ——— +
| 1 | four |
Fomm b +

1 row in set (0.00 sec)

mysqgl> TRUNCATE ai_test;

Query OK, 0 rows affected (0.00 sec)

mysqgl> INSERT INTO ai_test(fl) VALUES('five');
Query OK, 1 row affected (0.01 sec)

mysgl> SELECT * FROM ai_test;

R e +
| id | f1 |
i Sttt +
| 1 | five |
e Eatatate +

1 row in set (0.00 sec)
By using TRUNCATE rather than DELETE, the auto increment counter is reset.

Warning Currently, this only works with MylSAM tables. You'll need to manually set the auto increment counter with the
other table types.

Setting the auto increment value to something besides 1 is also easy. You can set it when the table is created, for example:

mysql> CREATE TABLE ai_test2(id INT NOT NULL AUTO_INCREMENT,
£1 VARCHAR(5) ,PRIMARY KEY (id)) AUTO_INCREMENT=50;

Query OK, 0 rows affected (0.00 sec)

mysgl> INSERT INTO ai_test2(fl) VALUES('one');

Query OK, 1 row affected (0.00 sec)

mysgl> SELECT * FROM ai_test2;

t-—— - +
| id | f1 |
o —— +
| 50 | one |
fomm - +

1 row in set (0.00 sec)

Or you can set the counter once the table is in existence:

mysql> DELETE FROM ai_test;

Query OK, 3 rows affected (0.00 sec)

mysgl> ALTER TABLE ai_test AUTO_INCREMENT=1000;
Query OK, 0 rows affected (0.00 sec)

Records: 0 Duplicates: 0 Warnings: 0

mysqgl> INSERT INTO ai_test(fl) VALUES('one');
Query OK, 1 row affected (0.00 sec)

mysqgl> SELECT * FROM ai_test;

to———— e it +
| id | f1 |
e e +
| 1000 | one |
+o———— +-———— +

1 row in set (0.01 sec)

In most cases you'd use this feature when the table is emptied, but this is not necessary; you can reset the counter even while
there are records in the table:

mysgl> ALTER TABLE ai_test2 AUTO_ INCREMENT=500;
Query OK, 1 row affected (0.01 sec)

Records: 1 Duplicates: 0 Warnings: 0

mysqgl> INSERT INTO ai_test2(f1) VALUES('two');
Query OK, 1 row affected (0.01 sec)

mysgl> SELECT * FROM ai_test2;
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+-———- e +
| id | f1 |
e +o——— +
| 50 | one |
| 500 | two |
+-———- e +

2 rows in set (0.00 sec)

Note Currently this too only works for Myl[SAM tables. You cannot set the auto increment counter to anything except 1 with
an InnoDB table, for example.

The previous examples have inserted records without specifying the id field. If you prefer to use an alternative syntax where the
value for the auto increment field is specified, make the value of the auto incremented field either NULL or 0:

mysqgl> INSERT INTO ai_test VALUES (NULL, 'two');
Query OK, 1 row affected (0.01 sec)
mysqgl> INSERT INTO ai_test VALUES (0, 'three');

Query OK, 1 row affected (0.00 sec)
mysql> SELECT * FROM ai_test;
tomm = fommm +

| id | f1 I

Fomm Fomm - +

| 1000 | one |

| 1001 | two |

| 1002 | three |

R Fo—m +

3 rows in set (0.00 sec)
Going Out of Bounds

Note that the auto increment counter can only be a positive number, even though the field it is attached to is a signed field. If you
try to set it to a negative number, you'll run into strange problems:

mysql> ALTER TABLE ai_test2 AUTO_ INCREMENT=-500;
Query OK, 2 rows affected (0.01 sec)

Records: 2 Duplicates: 0 Warnings: 0

mysqgl> INSERT INTO ai_test2(f1l) VALUES('three');
Query OK, 1 row affected (0.00 sec)

mysql> SELECT * FROM ai_test2;

| id f1
o - +

| 50 one |

| 500 two |

| 2147483647 three |
R Rt +
3 rows in set (0.00 sec)

Because the —500 was outside the positive range of values permissible for an auto increment, MySQL has set it to the maximum
allowed for an INT: 2147483647. If you try to add another record, you'll get a duplicate key error because MySQL cannot make an
INT value any higher:

mysgl> INSERT INTO ai_test2(fl) VALUES('four');
ERROR 1062: Duplicate entry '2147483647' for key 1

Warning Be careful to ensure that you always have enough space for your records. If you create an auto increment on a
SIGNED TINYINT field, once you hit 127 you'll start getting duplicate key errors.

Problems with LAST_INSERT_ID()
The LAST INSERT ID() function has a number of features that could cause problems when using it:

= The value returned by LAST INSERT ID () is not resetto the same value to which you reset the auto increment
counter. Instead, it returns to 1.

= The number is maintained on a per-connection basis, so if new inserts are added from another connection, the
number returned by this function will not be updated.

The following are some examples:
mysql> SELECT * FROM ai_test2;

| id
e
| 50
| 500
| 2147483647

3 rows in set

two |
three |

(0.00 sec)

mysgl> ALTER TABLE ai_test2 AUTO_INCREMENT=501;

Query OK,
Records: 3

3 rows affected
Duplicates: 0

(0.00 sec)
Warnings: O

mysql> UPDATE ai_test2 SET id=LAST INSERT_ID()+1l WHERE fl='three';

Query OK,
Rows matched:

1 row affected

(0.00 sec)
1 Changed: 1 Warnings: 0

Here you would expect the id to have a value of 501. However, you'd receive a rude shock! Look at the following:
mysgl> SELECT * FROM ai_test2;
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+-———- fo—————- +
| id | f1 |
e fo———— +
| 50 | one |
| 500 | two |
| 1 | three |
o= fo—————= +

3 rows in set (0.00 sec)

The LAST INSERT ID has resetto 1 when you reset the auto increment counter. Even worse follows if you try it again:

mysql> ALTER TABLE ai_test2 AUTO_INCREMENT=501;

Query OK, 3 rows affected (0.01 sec)

Records: 3 Duplicates: 0 Warnings: 0

mysql> UPDATE ai_test2 SET id=LAST_ INSERT ID()+1 WHERE fl='two';
ERROR 1062: Duplicate entry 'l' for key 1

Now you have a duplicate key, and the UPDATE fails. The other error occurs when multiple connections are made. Open two
windows to get two connections to the database.

From Window1:

mysgl> TRUNCATE ai_test2;

Query OK, 0 rows affected (0.01 sec)

mysgl> INSERT INTO ai_test2(fl) VALUES('one');
Query OK, 1 row affected (0.00 sec)

mysgl> SELECT * FROM ai_test2;

B +
| id | f1 |
-t ———- +
| 1 | one |
Fomm - +

1 row in set (0.01 sec)
mysgl> SELECT LAST INSERT_ID() FROM ai_test2;

Fm e +
| last _insert id() |
B e +
I 1

Fom - +

1 row in set (0.00 sec)

So far, so good. Now go to the second window, and insert another record. From Window2:

mysgl> INSERT INTO ai_test2(fl) VALUES('two');
Query OK, 1 row affected (0.00 sec)

Windowl:

mysql> SELECT LAST INSERT ID() FROM ai_test2;

The value returned is still 1, when it should be 2. So now if you try and use the value for an update, you'll get the familiar duplicate
key error:

mysql> UPDATE ai_test2 SET id=LAST INSERT_ID()+l WHERE fl='one';
ERROR 1062: Duplicate entry '2' for key 1

Multicolumn Indexes and Auto Increment Fields

With MyISAM and BDB tables, you can also make the second index field of a multicolumn index be an auto increment field. This
is mainly useful when you're creating groupings of data. For this example, you're going to create a table for staff, where staff can
be ranked according to whether they are a manager, an employee, or a contractor and then assigned a specific position on top of
that:

mysqgl> CREATE TABLE staff (rank ENUM('Employee', 'Manager',
'Contractor') NOT NULL,position VARCHAR(100),
id INT NOT NULL AUTO_INCREMENT, PRIMARY KEY (rank,id));
Query OK, 0 rows affected (0.00 sec)
mysqgl> INSERT INTO staff (rank,position) VALUES
('Employee', 'Cleaner'),
('Contractor', 'Network maintenance'),
('Manager', 'Sales manager');
Query OK, 3 rows affected (0.01 sec)
mysqgl> SELECT * FROM staff;

Fomm Fomm e +-———
| rank | position | id |
Fommm - Fom e +-———
| Employee | Cleaner | 1

| Contractor | Network maintenance | 1 |
| Manager | Sales manager | 1
fmmmm e tmmm e t=——=t

3 rows in set (0.00 sec)

All three records have the same id value, as the primary key consists of two fields: rank and id. Once you start adding other
records to each rank, you'll see the familiar incremental behavior:
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mysgl> INSERT INTO staff (rank,position) VALUES
('Employee', 'Security guard'),
('Employee', 'Receptionist'),
('Manager', 'Head of security');

Query OK, 3 rows affected (0.00 sec)

Records: 3 Duplicates: 0 Warnings: 0

mysqgl> SELECT * FROM staff;

o o +o———+
| rank | position | id |
o - o +-———+
| Employee | Cleaner | 1 ]
| Contractor | Network maintenance | 1
| Manager | Sales manager | 1
| Employee | Security guard [ 2|
| Employee | Receptionist [ 31
| Manager | Head of security | 2 |
o o +-———+

In this example, you have an employee 1, 2, and 3; a manager 1 and 2; and a contractor 1. The auto increment counter is
maintained correctly for each group.

In this situation you cannot, however, reset the auto increment counter:

mysql> ALTER TABLE staff AUTO_INCREMENT=500;
Query OK, 6 rows affected (0.01 sec)
Records: 6 Duplicates: 0 Warnings: 0

mysqgl> INSERT INTO staff (rank,position) VALUES
('Employee', 'Stationary administrator'),
('Manager', 'Personnel manager'),
('Contractor', 'Programmer’') ;

Query OK, 3 rows affected (0.01 sec)

Records: 3 Duplicates: 0 Warnings: 0

mysqgl> SELECT * FROM staff;

o ——— o +---—+
| rank | position | id |
o B e +---—+
| Employee | Cleaner | 1 |
| Contractor | Network maintenance | 1]
| Manager | Sales manager | 1
| Employee | Security guard | 2 |
| Employee | Receptionist | 3
| Manager | Head of security | 2 |
| Employee | Stationary administrator | 4 |
| Manager | Personnel manager | 3
| Contractor | Programmer | 2 |
tommm - o +---—+

9 rows in set (0.00 sec)

The auto increments continue from where they left off, regardless of the ALTER statement.

[+ervvious Lt ]
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Toam Lid [« exsvious [t s
Dropping or Changing an Index

Sometimes, indexes outlive their usefulness, and they need to be changed or dropped (removed). When making any change to an
index, you'll need to drop the index first and then rebuild it with the new definition.

To drop a primary key, use this syntax:
ALTER TABLE tablename DROP PRIMARY KEY;

To drop an ordinary, unique, or full-text index, you need to specify the index name, like this:
ALTER TABLE tablename DROP INDEX indexname;

or like this:
DROP INDEX indexname ON tablename;

If you're not sure what the index name is, sHow KEYS will reveal all:
SHOW KEYS FROM tablename;

Toan L3 [+ rrevious Pt v
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[ eam L | [ ravioos
Understanding Table Types and Indexes

Each table type has its own behavior when it comes to indexes, and each will handle them differently. Not all index types are
available to each table type. It's important to understand how you're going to be using a table, and therefore what indexes you
may require, before you commit to a table type. Sometimes what looks like an ideal table type turns out to be no good because a
certain type of index is not available. The following lists highlight features and differences of indexes for each table type.
MyISAM tables have the following attributes:

= Indexes are stored in files with the extension .MYI.

= Number indexes are stored with the high byte first to allow better compression of the index.

= BLOB and TEXT indexes can exist.

= Null values are permissible in indexes (not primary keys).

= The data and the index can be in different directories (which allows greater speed).
MERGE tables have the following attributes:

= A MERGE table contains no indexes of its own.

= The .MRG file contains a list of the . MY T index files from the component MyISAM tables.

= You still need to specify indexes when you create a MERGE table.
HEAP tables have the following attributes:

= Use a hash index stored in memory, which is very fast.

= Can only use indexes with the = and <=> operators.

= Cannot use an index on a column that allows NULL values.

= Indexes are not used with an ORDER BY clause.

= MySQL cannot find out approximately how many rows there are between two values (this result is used by the
query optimizer to decide which index is most efficient to use). See the "Helping MySQL's Query Optimizer with
ANALYZE" section later in this chapter for more on this.

ISAM tables use a B-Tree index stored in files with an extension of . ism.

InnoDB tables cannot use full-text indexes.

(oo L IR
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Using Indexes Effectively

Tables with too few indexes will return results very slowly. But adding too many indexes, although less common, is still
problematic. They take up disk space. And, because an index is sorted, each time an insert or an update is performed, the index
has to be re-sorted to include the changes, resulting in a significant extra load. The following sections explain when you should
and shouldn't use indexes. Also note that index efficiency is dependent on the configuration; see Chapter 13, "Configuring and
Optimizing MySQL," for more on this.

Where Are Indexes Used?

The most common use of an index is to retrieve rows that match a condition in a WHERE clause:
mysgl> SELECT first name FROM customer WHERE surname>'C';

| Yvonne |
| Johnny |
| Winston |
| Patricia |
| Francois |
| Winnie |
| Breyton |

7 rows in set (0.00 sec)

An index on the surname field would be useful in this example. An index on the first_ name field would not be used in this query,
as it is not part of the condition. Any fields appearing only in the field list (immediately after the SELECT) do not make use of an
index.

When searching for the Max () or MIN () values, MySQL only needs to look at the first or last value in the sorted index table,
which is extremely quick. If there are frequent requests for MaX () or MIN () values, an index on the appropriate field would be
extremely useful.

mysgl> SELECT MAX(id) FROM customer;

fommm - +
| MAX (id)

tom o +
I 10 |
to—mmmmmo— +

An index on the id field would assist this query tremendously.

There's another case where MySQL never needs to look at the full table and can just look at the index: when all the fields to be
returned are part of an index. Take this example:

mysgl> SELECT id FROM customer;

+-———+

| id |

+-———+

|1

~ oUW N

10

+-———+
8 rows in set (0.01 sec)

If the id field were indexed here, MySQL would never even need to look at the data file. This would not apply if the index consisted
only of a portion of the full column data (for example, the field is a vARCHAR of 20 characters, but the index was created on the
first 10 characters only).

Another case where an index is useful is where you ORDER BY a field, as with this example:
mysgl> SELECT * FROM customer ORDER BY surname;

| id | first name | surname |
oo - o +
| 6 | Neil | Beneke

| 2 | Johnny | Chaka-Chaka |
| 1 | Yvonne | Clegg |
| 7 | Winnie | Dlamini |
| 4 | Patricia | Mankunku |
| 5 | Francois | Papo |
| 3 | Winston | Powers |
| 10 | Breyton | Tshbalala |
B ittt fom e +
8 rows in set (0.01 sec)

Because the records are returned in sorted order, which is exactly what an index is, an index on the surname field would be useful
for this query. If the ORDER BY is DESC, the index is simply read in reverse order.

Warning Currently, indexes cannot be used in ORDER BY clauses with HEAP tables.
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Indexes are employed to speed up joins as well, as in this example:

mysqgl> SELECT first name, surname,commission FROM sales,sales_rep
WHERE code=8 AND sales.sales_rep=sales_rep.employee number;

o o fom e +
| first name | surname | commission |
O ———e fomm Hmm +
| Mike | Serote | 10

fomm Fo—mm—————— fom e +

1 row in set (0.00 sec)

An index would be used to perform the join condition—in other words, to look up both the sales.sales_rep and
sales_rep.employee_number fields. This of course applies even if you use the alternative syntax:
mysql> SELECT first name,surname,commission FROM sales INNER

JOIN sales_rep ON sales.sales_rep=sales_rep.employee number

WHERE code=8;

o o fom e +
| first name | surname | commission |
O ———e fomm Hmm +
| Mike | Serote | 10

fomm Fo—mmm————— fom e +

1 row in set (0.00 sec)

An index can be used when your query condition contains a wildcard, such as:
mysgl> SELECT * FROM sales_rep WHERE surname LIKE 'Ser%';

fomm Fomm - fom e +
| first name | surname | commission |
O ————- fomm o +
| Mike | Serote | 10

o - Fomm = fomm e +

1 row in set (0.00 sec)

But an index cannot be used in the following case:
mysql> SELECT * FROM sales_rep WHERE surname LIKE '$%Ser%';

o Fo—m = fom e +
| first name | surname | commission |
RS [ R o +
| Mike | Serote | 10

fomm e R fomm e +

1 row in set (0.00 sec)

The difference is that the latter has a wildcard as the first character. Because the index is sorted alphabetically from the first
character, the presence of the wildcard renders the index useless.

Choosing Indexes

Now that you know where MySQL uses indexes, here are a few tips to help you with choosing indexes.

= |t should go without saying that you should only create indexes where you have queries that will make use of them
(on fields in your wHERE condition, for example), and not on fields where they will not be used (such as where the
first character of the condition is a wildcard).

= Create indexes that return as few rows as possible. A primary key is the best here, as each primary key is uniquely
associated with one record. Similarly, indexes on enumerated fields will not be particularly useful (for example, an
index on a field containing the values yes or no would only serve to reduce the selection to half, with all the
overhead of maintaining an index).

= Use short indexes (index only the first 10 characters of a name, for example, rather than the entire field).

= Don't create too many indexes. An index adds to the time to update or add a record, so if the index is for a rarely
used query that can afford to run slightly more slowly, consider not creating the index.

= Make use of leftmost prefixing (see the next section).

Using Leftmost Prefixes

You already know you can create an index on more than one field. Surnames and first names are good examples of this, so that,
although there may be many duplicate surnames, the first name would make the index close to unique. In effect, there are two
indexes available to MySQL here. The first is surname and first_name, and the second is just surname. Starting from the left of
the list of fields in the index, MySQL can use each of these in turn, as long as they keep to the sequence starting from the left.
Some examples will make this clearer. Let's add an initial field to the customer table and add some values, as well as an index:

mysql> ALTER TABLE customer ADD initial VARCHAR(S5) ;
Query OK, 8 rows affected (0.01 sec)

Records: 8 Duplicates: 0 Warnings: 0

mysql> ALTER TABLE customer ADD INDEX (surname,initial, first name);
Query OK, 8 rows affected (0.01 sec)

Records: 8 Duplicates: 0 Warnings: 0

mysql> UPDATE customer SET initial='X' WHERE id=1;
Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: 0

mysqgl> UPDATE customer SET initial='B' WHERE id=2;
Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: 0

mysql> UPDATE customer SET initial='M' WHERE id=3;
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Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: 0

mysql> UPDATE customer SET initial='C' WHERE id=4;
Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: 0

mysqgl> UPDATE customer SET initial='P' WHERE id=5;
Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: 0

mysqgl> UPDATE customer SET initial='B' WHERE id=10;
Query OK, 1 row affected (0.01 sec)

Rows matched: 1 Changed: 1 Warnings: 0

If you performed a query with all three of these fields in the condition, you'd be making the most use of this index:
mysql> SELECT * FROM customer WHERE surname='Clegg' AND
initial='X' AND first name='Yvonne';
You would also make the most of the index if you searched for surname and initial:
mysql> SELECT * FROM customer WHERE surname='Clegg' AND initial='X"';

or just surname:
mysgl> SELECT * FROM customer WHERE surname='Clegg';

However, if you broke the leftmost sequence and searched for either first name or initial, or both first name and initial, MySQL
would not use the index. For example, none of the following makes use of an index:

mysgl> SELECT * FROM customer WHERE initial='X' AND first name='Yvonne';

mysqgl> SELECT * FROM customer WHERE first name='Yvonne';

mysgl> SELECT * FROM customer WHERE initial='X';

If you searched on the first and third fields of the index (surname and first_name), you'd be breaking the sequence, so the index
would not be fully used. However, because surname is the first part of the index, this portion of the index would still be used:

mysqgl> SELECT * FROM customer WHERE surname='Clegg' AND first_ name='Yvonne';

fomm e fommm - tomm - +
| id | first name | surname | initial

o —————- Hmmm e e +
| 1 | Yvonne | Clegg | X |
Fom o tomm - +

1 row in set (0.00 sec)

You can use leftmost prefixing whenever an index is used, such as with an ORDER BY clause.

[ Yoam 1o | [ eiviovs [ o]
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Toam Li [« rxsviour]
Analyzing How MySQL Uses Indexes with EXPLAIN

One of the best-kept secrets in MySQL is the ExPLAIN statement. Even people who've been using MySQL for years seem to
have missed this statement, and it makes your life a lot easier!

EXPLAIN shows (explains!) how MySQL processes sELECT statements, uses indexes, and joins the tables. It can help you select
better indexes and write your queries more optimally.

To use it, place it before a SELECT statement:
mysqgl> EXPLAIN SELECT surname,first name FROM customer WHERE id=1;

oo N —— o T —— - N —— R T —— +
| table type possible keys | key | key len | ref | rows | Extra
- - frm— e ——— to——————— - - t—————= o +
| customer | const | PRIMARY | PRIMARY | 4 | const | 1 |
to—mm—— - o e o +o———————- o to——— o +
1 row in set (0.00 sec)
So what do all these columns mean? See Table 4.2 for an explanation.
Table 4.2: What the EXPLAIN Columns Mean
Column H Description
table Shows you which table the rest of the row is about (it's trivial in this example, but it's useful when
you join more than one table in a query).
type This is an important column, as it tells you which type of join is being used. From best to worst,
the join types are system, const, eq_ref, ref, range, index, and ALL.
possible_keys Shows which indexes could possibly apply to this table. If it's empty, there are no possible

indexes. You could make one available by looking for a relevant field from the wHERE clause.

key The index that was actually used. If this is NULL, then no index was used. Rarely, MySQL
chooses a less optimal index. In this case, you could force the use of an index by employing
USE INDEX (indexname) with your SELECT statement or force MySQL toignore an index with
IGNORE INDEX (indexname) .

| key_len “ The length of the index used. The shorter you can make this without losing accuracy, the better. |

| ref “ Tells you which column of the index is used, or a constant if this is possible. |

| rows “ Number of rows MySQL believes it must examine to be able to return the required data. |
extra Extra information about how MySQL will resolve the query. This is discussed more fully in Table

4.3, but the bad ones to see here are Using temporary and Using filesort, which mean
that MySQL is unable to make much use of an index at all, andthe results will be slow to
retrieve.

Table 4.3 looks at what the descriptions returned by the extra column mean.

Table 4.3: What Descriptions in the extra EXPLAIN Column Mean

Extra Column Description “ Description

Distinct Once MySQL has found one row that matches the row combination, it will not
search for more.

Not exists MySQL optimized the LEFT JOIN and once it has found one row that matches
the LEFT JOIN criteria, it will not search for more.

range checked for each No ideal index was found, so for each row combination from the earlier tables,

record (index map: #) MySQL checks which index to use and uses this to return rows from the table.

This is one of the slowest joins with an index.

Using filesort When you see this, the query needs to be optimized. MySQL will need to doan
extra step to find out how to sort the rows it returns. It sorts by going through all
rows according to the join type and storing the sort key and a pointer to the row
for all rows that match the condition. The keys are then sorted and finally the
rows returned in the sorted order.

Using index The column data is returned from the table using only information in the index,
without having to read the actual row. This occurs when all the required columns
for the table are part of the same index.

Using temporary When you see this, the query needs to be optimized. Here, MySQL needs
tocreate a temporary table to hold the result, which usually occurs when you
perform an ORDER BY on a different column set than what you did a GRouP BY
on.

Where used A WHERE clause is used restrict which rows will be matched against the
nexttable or returned to the client. If you don't want to return all rows from
thetable, and the join type is either ALL or index, this should appear, or
elsethere may be a problem with your query.
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The type column returned by EXPLAIN tells you the type of join being used. Table 4.4 explains the join type, listing them in order
of most to least efficient.

Table 4.4: The Different Join Type

| Join ” Description |

| system ” The table has only one row: a system table. This is a special case of the const join type. |
const A maximum of one record from the table can match this query (the index would be either a primary key

or a unique index). With only one row, the value is effectively a constant, as MySQL reads this value
first and then treats it identically to a constant.

eq_ref In a join, MySQL reads one record from this table for each combination of records from the earlier
tables in the query. It is used when the query uses all parts of an index that is either a primary key or a
unique key.

ref This join type occurs if the query uses a key that is not a unique or primary key or is only partofone of

these types (for instance, makes use of leftmost prefixing). All records that match will be read from this
table for each combination of rows from earlier tables. This join type is heavily dependent on how many
records are matched by the indexthe fewer the better.

range This join type uses the index to return rows from within a range, such as what occurs if you search for
something using > or <.

index This join type scans the entire index for each combination of records from the earlier tables (which is
better than ALL, as the indexes are usually smaller than the table data).

ALL This join scans the entire table for each combination of records from earlier tables. This is usually very
bad and should be avoided as much as possible.

Let's return to the example:
mysqgl> EXPLAIN SELECT surname,first name FROM customer WHERE id=1;

S R —— o ST — - R —— R T +
| table | type | possible keys | key | key len | ref | rows | Extra
o e e ——— mmm e oo o tmmmm e +
| customer | const | PRIMARY | PRIMARY | 4 | const | 1
to—————— - o o o Fomm— o - fom +

1 row in set (0.00 sec)

You already have a primary key in the customer table on the id field, and, because there is only one condition in our query, the id
field is equivalent to a constant, and the query is as optimal as it can be. The rows column tells you that MySQL only needed to
look at one row to return the results. You can't get better than that! Also, the type of the join (in this case, it's not really a join) is
const, standing for constant, which is the best type. Let's look at what happens if you perform a similar query on a table with no

indexes:

mysqgl> EXPLAIN SELECT * FROM sales rep WHERE employee number=2;

ommmmmm oo TR S - FR N — oo PR 4mmmmmmmmmm o ¥
| table | type | possible_keys | key | key_len | ref | rows | Extra |
to—mmm e tom e t-———— e ettt e t-———— Fom - +
| sales_rep | ALL | NULL | NULL | NULL | NULL | 5 | where used |
to—m - +o———— B e et +-———— e ettt +o———— +-———— fommm - +

1 row in set (0.00 sec)

This query is as bad as you can get. The join type is ALL, the worst of the lot, there were no possible keys, and five rows were
examined to return the results (there are currently only five records in the sales_rep table). Let's see how you can improve the

situation:

mysql> SHOW COLUMNS FROM sales_rep;

o - fomm - - +-———- Fo—— +-————- +

| Field | Type | Null | Key | Default | Extra |

tom fom - +-——— - Fomm— o +

| employee number | int(11) | YES | | NULL |

| surname | varchar (40) | YES | | NULL |

| first name | varchar (30) | YES | | NULL |

| commission | tinyint (4) | YES | | NULL |

| date_joined | date | YES | | NULL |

| birthday | date | YES | | NULL |

o - fomm - - - Fom— o +

6 rows in set (0.00 sec)

mysqgl> SELECT * FROM sales_rep;

o fom Fom - Fom e —— o Fom - +
| employee number | surname | first name | commission | date joined | birthday |
RS e oo oo P o RS - o +
| 1 | Rive | Sol | 10 | 2000-02-15 | 1976-03-18

| 2 | Gordimer | Charlene | 15 | 1998-07-09 | 1958-11-30

| 3 | Serote | Mike | 10 | 2001-05-14 | 1971-06-18

| 4 | Rive | Mongane | 10 | 2002-11-23 | 1982-01-04 |
| 5 | Jomo | Ignesund | 10 | 2002-11-29 | 1968-12-01
o - Fom Fom - Fomm - o Fom - +
5 rows in set (0.01 sec)

An obvious choice for a primary key here is the employee_number field. There are no duplicate values, and you would not want
any, so you can make it a primary key without any complications:
mysgl> ALTER TABLE sales_rep MODIFY employee number INT NOT NULL

PRIMARY KEY;
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Query OK, 5 rows affected (0.00 sec)
Records: 5 Duplicates: 0 Warnings: 0

The result is immediately noticeable if you rerun the ExPLAIN on the query:
mysgl> EXPLAIN SELECT * FROM sales_rep WHERE employee number=2;

to—m - to——— - o - to—m R to——— - +o———— t-—————- +
| table | type | possible keys | key | key len | ref | rows | Extra |
o o B o e o o fomm +
| sales_rep | const | PRIMARY | PRIMARY | 4 | const | 11

o o o o fom - o +o———— tomm = +

1 row in set (0.00 sec)
This is a vast improvement!

EXPLAIN is also a synonym for DESCRIBE tablename OF SHOW COLUMNS FROM tablename if used before a table name.

Calculating during a Query

Let's examine some more complex situations. For example, you want to return all the sales representatives who would have a
commission of less than 20 percent if you were to give them all a
5-percent increase in commission earned. The following is one possible query with EXPLATIN:

mysqgl> EXPLAIN SELECT * FROM sales_rep WHERE (commission+5)<20;

o == o f———— +———————— == f———— e +
| table | type | possible keys | key | key len | ref | rows | Extra |
to—m - +-———— e to——— o +-———— to——— o +
| sales_rep | ALL | NULL | NULL | NULL | NULL | 5 | where used |
Fomm fo———— o o o fo———— o o +

Not so good! This query doesn't make use of any indexes. This isn't surprising because there's only one index so far, a primary
key on employee_number. It looks like adding an index on the commission field will improve matters. Because the commission
field has duplicate values, it cannot be a primary key (of which you are only allowed one per table anyhow) or a unique key. And
it's not a character field, so the only key available to you is an ordinary index:

mysgl> ALTER TABLE sales rep ADD INDEX (commission) ;

Query OK, 5 rows affected (0.01 sec)

Records: 5 Duplicates: 0 Warnings: 0

Now, if you rerun the check on the query, you get the following result:
mysgl> EXPLAIN SELECT * FROM sales rep WHERE (commission+5)<20;

o - o - fom - - - Fomm - +
| table | type | possible keys | key | key len | ref | rows | Extra |
o +o———— fom e +o————= fom - +o———— +o————= o +
| sales_rep | ALL | NULL | NULL | NULL | NULL | 5 | where used |
fomm - to————— fom e +o———— fom - to————— +o———— o +

1 row in set (0.00 sec)

There's no improvement! MySQL is still examining every record. The reason is that commission+5 has to be calculated for each
record. The commission field is read from each record in order to add 5 to it, and then compared to the constant 20. You should
try not to perform any calculations on the index field. The solution is to perform the calculation on the constant, not the indexed
field. In algebraic terms, (x + 5 <) is the same as (x <y — 5), so you can rewrite the query as follows:

mysql> EXPLAIN SELECT * FROM sales_rep WHERE commission<20-5;

Fo—— +-———— Fomm o F-—————— +o——— - Fomm +
| table | type | possible keys | key | key len | ref | rows | Extra

R — RS- R [ oo R FRE FREE o +
| sales rep | range | commission | commission | 2 | NULL | 3 | where used |
R R O o IS — R FREE o +

1 row in set (0.00 sec)

This is much better. MySQL performs the calculation once, coming up with a constant of 15, and can search the index for values
less than this. You could also have entered the query as this:

mysql> EXPLAIN SELECT * FROM sales_rep WHERE commission<15;

Fo—mm +o—————- B it e P Fom - B ettt t-———— e Fom - +
| table | type | possible keys | key | key len | ref | rows | Extra

oo e e —————- Hmmm o oo e o T oo +
| sales rep | range | commission | commission | 2 | NULL | 3 | where used |
R — e e oo e R — R — o +

1 row in set (0.00 sec)

where you worked out the constant yourself, but this would not be noticeably faster. Subtracting 5 from 20 costs MySQL almost an
immeasurably small amount of time (or at least you'd be challenged to take a measurement!). Notice what happens if you wanted
to return all the sales representatives who would earn a commission of exactly 20 percent after the 5-percent increase:

mysqgl> EXPLAIN SELECT * FROM sales_rep WHERE commission=15;

Fmmm to————- Fommm Fom Fmmm tomm - tom——— Fom +
| table | type | possible keys | key | key len | ref | rows | Extra

Fomm - +-————- fomm - fomm - tom - - - tomm - +
| sales rep | ref | commission | commission | 2 | const | 1 | where used |
fomm - o fom - fomm - fomm - fo—— - fo———- fomm - +

1 row in set (0.00 sec)

The query type changes from range to ref, which is a better one to use if possible. This can be easily understood because
returning an exact value is less work than returning a range of values (or many exact values).

Using EXPLAIN with Leftmost Prefixing

Let's revisit the topic of leftmost prefixing and see how EXPLAIN can help you understand it better. Consider the following query:
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mysqgl> EXPLAIN SELECT * FROM customer WHERE first name='Yvonne';

R it e Fom - R Fommm - e R Fom - +
| table | type | possible keys | key | key len | ref | rows | Extra |
o e Hmmm e ————- 4o oo me e N oo +
| customer | ALL | NULL | NULL | NULL | NULL | 8 | where used |
o - fomm - +o——— Fom— - +o——— Fom - +

1 row in set (0.01 sec)
Because the first_name field is not the leftmost part of the index, it is useless to you for indexing purposes, and the join type ALL
tells you this fact clearly. The next example shows what ExPLATN makes of leftmost prefixing:

mysgql> EXPLAIN SELECT * FROM customer WHERE surname='Clegg'
AND initial='X' AND first name='Yvonne';

fommm - fomm fom e fomm e fomm o fom—— = fomm e +
| table | type | possible keys | key | key len | ref | rows | Extra
oo FRE— - P I o FREE o +
| customer | ref | surname | surname | 78 | const,const,const | 1 | where used
Fomm - to—m— = fom e fomm e Fomm e o B fom - +

1 row in set (0.01 sec)

In this example, the full three fields of the index are used, and the join type is ref because the index in question allows duplicates.
If the table structure excluded the possibility of a duplicate combination of surname, initial, and first_name, the join type would
have been eq_ ref. Note the ref column, const,const,const, indicating that all three parts of the index are compared against a
constant value. The next example shows a similar situation:
mysgl> EXPLAIN SELECT * FROM customer WHERE

surname='Clegg' AND initial='X"';

Fomm - o o o Fom— Fomm e fo———— Fomm - +
| table | type | possibleikeys | key | key len | ref | rows | Extra

e o o o t-——————— o +-———— o +
| customer | ref | surname | surname | 47 | const,const | 1 | where used |
fommm - fomm fom e fomm - Fomm fom e Fo—m = fommm e +

1 row in set (0.00 sec)

Again, the index is used correctly, but only the first two fields are used. The key length here is shorter (meaning MySQL has less
to scan and is thus a little quicker). The next case makes no use of leftmost prefixing:

mysqgl> EXPLAIN SELECT * FROM customer WHERE initial='X';

fmm fomm fom e fomm e fomm fomm fom e +
| table | type | possible keys | key | key len | ref | rows | Extra |
oo R I PR FRE o FRE S +
| customer | ALL | NULL | NULL | NULL | NULL | 8 | where used |
fomm e R fom e fomm - fomm e R fomm - B it +

1 row in set (0.00 sec)

This query does not adhere to the principles of leftmost prefixing and makes no use of an index. The next example also makes no
use of leftmost prefixing, but does still make use of an index:

mysqgl> EXPLAIN SELECT * FROM customer WHERE surname='Clegg'
AND first name='Yvonne';

e o o o to——————— o o o +
| table | type | possible keys | key | key len | ref | rows | Extra |
oo R e - oo N R —— fom e +
| customer | ref | surname | surname | 41 | const | 1 | where used |
fomm - fomm - fom e fomm - fomm fomm fomm— - fom e +

1 row in set (0.00 sec)

Although leftmost prefixing is not used here, because the first_name field is out of sequence, the surname is still enough to make
good use of the index. In this case, it narrows the number of rows that MySQL needs to scan to only one, because the surname

Clegg is unique, irrespective of any first names or initials.
(¢ PREvibu]
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Optimizing Selects

In a join, you can calculate the number of rows MySQL needs to search by multiplying all the rows together. In the following
example, MySQL would need to examine 5*8*1 rows, giving a total of 40:

mysgl> EXPLAIN SELECT * FROM customer,sales_rep,sales

WHERE sales.sales_rep=sales_rep.employee_number

AND customer.id=sales.id;

fom e tomm - fom e Fomm Fomm Fomm - tomm = Fomm - +
| table | type | possible keys | key | key len | ref | rows | Extra |
S — oo I — - IS R o R o +
| sales rep | ALL | PRIMARY | NULL | NULL | NULL | 5 | |
| sales | ALL | NULL | NULL | NULL | NULL | 8 | where used

| customer | eq ref | PRIMARY | PRIMARY | 4 | sales.id | 11 |
tomm - B it R it tomm - tomm - Fomm - +-————- fomm - +

3 rows in set (0.00 sec)

You can see that the more tables that are joined, the greater the rows searched. Part of good database design is balancing the
choice between smaller database tables that require more joins with larger tables that are harder to maintain. Chapter 8,
"Database Normalization," will introduce some useful techniques to help you achieve this.

For purposes of optimizing, I'm going to concentrate on the join between sales_rep and sales from the previous query. I've re-
created just that join below (using the alternative LEFT JOIN syntax):

mysql> EXPLAIN SELECT * FROM sales_rep LEFT JOIN sales
ON sales.sales_rep = sales_rep.employee_number;

B tom B fomm fomm fom fomm B +
| table | type | possible_keys | key | key_len | ref | rows | Extra |
fmm - o o fom fomm e R fom fomm - +
| sales_rep | ALL | NULL | NULL | NULL | NULL | 5

| sales | ALL NULL NULL NULL | NULL 8
o —— e fom - e et fomm - e e et fo—— - +

2 rows in set (0.00 sec)

The number of rows to examine in this query is five times eight (from the rows column), which gives you 40. No indexes are used
here. If you examine the structure of the first two tables, you can see why:

mysql> DESCRIBE sales;

o to——————— o +-———- o +-————— +
| Field | Type | Null | Key | Default | Extra |
Fo—— F-————— - +-——— Fom————— F-————— +
| code | int (11) | | PRI | O |
| sales rep | int(11l) | YES | | NULL |
| id | int(11) | YES | | NULL |
| value | int(11) | YES | | NULL |
Fomm - Fomm o +-———- o +o————— +

4 rows in set (0.00 sec)
mysgl> DESCRIBE sales_rep;

B e fmmm e to———— f-———- B to————— +
| Field | Type | Null | Key | Default | Extra |
B e e tmmm e to———— tm———- tmmm—————— tm—————— +
| employee number | int(11) | | PRI | O |
| surname | varchar (40) | YES | | NULL |
| first name | varchar (30) | YES | | NULL |
| commission | tinyint (4) | YES | MUL | NULL |
| date joined | date | YES | | NULL |
| birthday | date | YES | | NULL |
B e fmmm e fo———— t-———- tmmmm————— to—————— +

6 rows in set (0.00 sec)

Because you have no WHERE condition, the query will return all records from the first table—sales_rep. The join is then performed
between the employee_number field from the sales_rep table (which you cannot use an index for because you are returning all
records) and the sales_rep field from the sales table (which is not indexed). The problem is that the join condition does not make
use of an index. If you added an index to the sales_rep field, you'd improve performance:

mysql> CREATE INDEX sales_rep ON sales(sales_rep);
Query OK, 8 rows affected (0.01 sec)

Records: 8 Duplicates: 0 Warnings: 0

mysqgl> EXPLAIN SELECT * FROM sales_rep LEFT JOIN sales
ON sales.sales_rep = sales_rep.employee number;

to—m - +o———— B e et o t-——— B e et i +o————- +o—————-
| table | type possible keys key key len ref rows | Extra
o - o o o o +-————- -
| sales _rep | ALL | NULL | NULL | NULL | NULL | 5 |
| sales | ref | sales_rep | sales_rep | 5 | sales_rep.employee_number | 2 |
Fo—mm e B it i B ettt B et i +o———— to—————-

2 rows in set (0.00 sec)
You've reduced the number of rows that MySQL needs to read from 40 to 10 (5*2), a fourfold improvement.

If you performed the LEFT JOIN the other way around (with the sales table containing the possible nulls, not the sales_rep table),
you'd get a different result with EXPLAIN:

mysqgl> EXPLAIN SELECT * FROM sales LEFT JOIN sales_rep ON
sales.sales_rep = sales_rep.employee number;
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to—m - e Fom - Fomm - t-——— o +-———— fo—————- +
| table | type | possible keys | key | key len | ref | rows | Extra |
o o Fomm Fom— o Fomm - - fo———— +
| sales | ALL | NULL | NULL | NULL | NULL | 8 | |
| sales_rep | eq_ref | PRIMARY | PRIMARY | 4 | sales.sales_rep | 1

Fo—mm to—m = Fom - B ettt B ettt e e T t-———— fo—————- +

2 rows in set (0.00 sec)

Only eight rows are examined because while all rows from the sales table are being returned, the primary key on the sales_rep
table (employee_number) is being used to perform the join.

As a further example, examine the following:

mysqgl> EXPLAIN SELECT * FROM sales_rep LEFT JOIN sales
ON sales.sales_rep = sales_rep.employee number

WHERE sales.sales_rep IS NULL;

Fmm Fm———— Fmm Fomm Fomm - e Fm———— Fm——————
| table | type | possible keys | key | key len | ref | rows | Extra
fomm o [P e ———— mm o N o R — O
| sales_rep | ALL | NULL | NULL | NULL | NULL | 5 |

| sales | ref | sales_rep | sales_rep | 5 | sales_rep.employee number | 2 | where
Fmm - Fm———— Fmm - Fomm - Fomm - o Fm———— Fom—————

Now, if you change the sales_rep field to not allow nulls, you'll see some changes:

mysgl> ALTER TABLE sales CHANGE sales_rep sales_rep INT NOT NULL;

Query OK, 8 rows affected (0.00 sec)

Records: 8 Duplicates: 0 Warnings: 0

mysqgl> EXPLAIN SELECT * FROM sales_rep LEFT JOIN sales ON
sales.sales_rep = sales_rep.employee number WHERE
sales.sales_rep IS NULL;

Fmm Fm———— Fmm Fomm Fomm - e Fm———— Fm——————
| table | type | possible keys | key | key len | ref | rows | Extra
oo [P e ———— mm o N o R — O
| sales_rep | ALL | NULL | NULL | NULL | NULL | 5 |

| sales | ref | sales_rep | sales_rep | 4 | sales_rep.employee number | 2 | where
Fmm - Fm———— Fmm - Fomm - Fomm - o Fm———— Fom—————

2 rows in set (0.00 sec)

Notice that the index length (shown in key_len) is now 4, not 5. Because nulls are no longer permissible, each record does not
have to store whether the field is null or not, so overall it is one byte shorter. Also, notice the Not exists comment in the extra
column. Because the sales_rep field can no longer contain nulls, once MySQL finds a record that matches the LEFT JOIN criteria,
it no longer needs to search for any more.

The order in which the tables are presented to MySQL can, in some cases, also make a difference in the speed of the query.
MySQL tries its best to choose the best options, but it doesn't always know in advance which the quickest route will be. The next
section explains how to help MySQL garner in advance as much information as possible about the index composition, but, as the
following example demonstrates, sometimes even this isn't enough.

First, create four identical tables:

mysgl> CREATE TABLE tl (f1 int unique not null, primary key(£fl)):;
Query OK, 0 rows affected (0.15 sec)
mysgl> CREATE TABLE t2 (£2 int unique not null, primary key(£f2));
Query OK, 0 rows affected (0.15 sec)
mysgl> CREATE TABLE t3 (£3 int unique not null, primary key(£f3));
Query OK, 0 rows affected (0.15 sec)
mysgl> CREATE TABLE t4 (f4 int unique not null, primary key(£f4));
Query OK, 0 rows affected (0.15 sec)

Next, add two records to each:

mysqgl> INSERT INTO tl VALUES (1), (2);
Query OK, 2 rows affected (0.12 sec)
Records: 2 Duplicates: 0 Warnings: 0
mysgl> INSERT INTO t2 VALUES (1), (2);
Query OK, 2 rows affected (0.12 sec)
Records: 2 Duplicates: 0 Warnings: 0
mysqgl> INSERT INTO t3 VALUES (1), (2);
Query OK, 2 rows affected (0.12 sec)
Records: 2 Duplicates: 0 Warnings: 0
mysgl> INSERT INTO t4 VALUES (1), (2);
Query OK, 2 rows affected (0.12 sec)
Records: 2 Duplicates: 0 Warnings: 0

Now, imagine you need to perform a join on these tables. The following query will give you the required results:

mysql> SELECT * FROM tl,t2 LEFT JOIN t3 ON (t3.£3=tl.fl)
LEFT JOIN t4 ON (t4.f4=tl.fl) WHERE t2.f2=t4.f4;

R e +
| £f1 | £2 | £3 | f4 |
i it e +
11 11 1 1 |
21 21 2 2|
R R e +

2 rows in set (0.02 sec)

If you use EXPLAIN to examine the record, you'll notice the following:
mysgl> EXPLAIN SELECT * FROM tl1,t2 LEFT JOIN t3 ON
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(t3.£3=t1.f1) LEFT JOIN t4 ON (t4.f4=tl1l.fl)
WHERE t2.f2=t4.f4;

Fo—————— Fm——————— L i tmm——————— Fommm—————— tm—————— tm———— R e ] +
| table | type | possible keys | key | key len | ref | rows | Extra

o - - - o ————— - +————— o +
| tl | index | NULL | PRIMARY | 4 | NULL | 2 | Using index

| t2 | index | PRIMARY,b,f2 | PRIMARY | 4 | NULL | 2 | Using index |
| t3 | eq_ref | PRIMARY,c,f3 | PRIMARY | 4 | tl.f1 | 1 | Using index

| t4 | eq ref | PRIMARY,d, f4 | PRIMARY | 4 | tl.f1 | 1 | where used; Using index |
Fo—————— Fm——————— L et L L tmm——————— Fommmm————— tm—————— tm———— R e et L +
4 rows in set (0.00 sec)

There are two index scans, one on t1 and another on t2, meaning that MySQL needs to scan the entire index. Looking carefully at
the query, you'll see that the LEFT JOIN is what requires t2 to be read before t4. You can get around this by changing the order of
the tables and separating t2 from the LEFT JOIN:
mysql> EXPLAIN SELECT * FROM t2,tl LEFT JOIN t3

ON (t3.f3=tl.f1) LEFT JOIN t4 ON (t4.f4=tl.fl)

WHERE t2.f2=t4.f4;

B fommm - fomm e fommm B fomm fomm— = Fommm +
| table | type | possible keys | key | key len | ref | rows | Extra |
R R R [ R o PR oo +
| tl | index | NULL | PRIMARY | 4 | NULL | 2 | Using index |
| t3 | eq ref | PRIMARY,c,f3 | PRIMARY | 4 | tl.f1 | 1 | Using index |
| t4 | eq_ref | PRIMARY,d, f4 | PRIMARY | 4 | tl.f1 | 1 | Using index |
| t2 | eq ref | PRIMARY,Db, f2 | PRIMARY | 4 | t4.f4 | 1 | Using index |
O — o fomm e T R — fomm e +
4 rows 1in set (0.01 sec)

Notice the difference! According to the rows column, only 2*1*1*1 rows need to be read (2 in total), as opposed to 2*2*1*1 (4 in
total) with the earlier query. Of course, the results are the same:

mysqgl> SELECT * FROM t2,tl LEFT JOIN t3 ON (t3.f3=tl.fl)
LEFT JOIN t4 ON (t4.f4=tl.fl) WHERE t2.f2=t4.f4;

ot +-————- +
| f£2 | f1 | £3 | f4 |
R e +o————= +
11 1 1] 1

21 2 2 2
ot +-————- +
2 rows in set (0.00 sec)

Once again, this demonstrates the importance of testing your queries with ExpLATN. Without a good understanding of the inner
workings of MySQL, you may never have known which of the above queries was quicker, even if you had an inkling there would
be a difference. ExPLAIN quantifies your hunches, which develop with experience.

Helping MySQL's Query Optimizer with ANALYZE

The brain inside MySQL that decides which key, if any, to use is called the query optimizer. It takes a quick look at the index to
see which indexes are the best to use. A human does something similar when looking for a book. For example, say that you were
searching for a book by the author Zakes Mda entitled Ways of Dying, and you knew only that there were two indexes. If one is
alphabetical by author name and consists of 4,000 entries, and the other is alphabetical by book title and consists of 12,000
entries, you'd probably decide to use the author index. But if you knew that Zakes Mda had written 200 books but that there was
only one book entitled Ways of Dying, you'd probably use the other index. MySQL too performs better if it has an idea of what
each index contains. You can provide this kind of information (called the cardinality, or number of unique values) by running the
following command: ANALYZE TABLE tablename. There's not much point in running this on the sample tables, but on large
tables with many inserts, updates, and deletes, regularly analyzing the table can help the performance.

ANALYZE TABLE updates the key distribution for the table if it is not up-to-date. (Running ANALYZE is equivalent to running
myisamchk -a Of myismachk --analyze. See Chapter 12, "Database Replication," for more information.)

Warning This only works with Myl[SAM and BDB tables, and the table is locked with a read lock for the duration of this
process. Therefore, you don't want to do this when your database is busy.

You can see the information available to MySQL by running the command SHOW INDEX:
mysgl> SHOW INDEX FROM customer;

o fomm e o R e fom e o —— o —— fom -
| Table | Non_unique | Key name | Seq_in_index | Column_name | Collation | Cardinality | Sub_part
tomm - o tomm - tom e Fom e~ Fomm Fomm - e
| customer | 0 | PRIMARY | 1 | id | A | 8 | NULL
| customer | 1 | surname | 1 | surname | A | 8 | NULL
| customer | 1 | surname | 2 | initial | A | 8 | NULL
| customer | 1 | surname | 3 | first_name | A | 8 | NULL
to————————- Fomm to————————- Fomm - o —— Fo—— Fomm o
4 rows 1in set (0.01 sec)

able 4.5 explains the meanings of the columns returned by a sHow INDEX statement.
Table 4.5: Meanings of the Columns Returned by SHOW INDEX

| Column H Description |

I Table || Name of the table you're looking at. |

Non_unique 0 or 1. 0 means the index can't contain duplicates (a primary key or unique index), and1 means

it can.
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| Key_name || Name of the index. |
| Seq_in_index || Order of columns in the index, starting with 1. |
|Co|umn_name “ Column name. |
| Collation “ A or NULL. A means the index is sorted in ascending order, and NULL means it's not sorted. |
Cardinality Number of unique values in the index. This specifically is updated by running ANALYZE TABLE
ormyisamchk -a.

|Sub_part || NULL if the entire column is indexed, otherwise the size of the index, in characters. |
| Packed || Whether the index is packed or not. |
| Null || YES if the column can contain NULL values. |
| Comment || Various remarks. |

Deletes and updates can leave gaps in the table (especially when your tables contain TEXT, BLOB, or VARCHAR fields. This means
the drive is doing too much work because the head needs to skip over these gaps when reading.

OPTIMIZE TABLE solves this problem, removing the gaps in the data by rejoining fragmented records, doing the equivalent of a
defrag on the table data.

Tip See Chapter 10, "Basic Administration," for more on the opTIMIZE statement. Note that the table is locked for the
duration of the process, so you don't want to run it during peak hours!

Optimizing SELECT Statements and Security

The more complex your permissions (see Chapter 14, "Database Security"), the more overhead you'll experience on your queries.
This is hardly a reason to skimp on security, but if you have some high-volume queries, and another set of low-volume queries
with complex permissions, it may be useful to keep the low-volume set as separate as possible.

Benchmarking Functions

The BENCHMARK () function tells you how long it takes MySQL to perform a function a certain number of times. It can help to give
a basic idea of the difference in capabilities between machines. The syntax is as follows:

SELECT BENCHMARK (number of repetitions,expression)

Compare the difference between the following benchmarks, where MySQL calculates the square root of 999 10 million times. The
first one was run on a fairly inactive 1GB Duron running Windows 98, and the second was run on a slightly busier Pentium Il
850MhZ running Linux Red Hat 7. Just for good measure, | ran it a third time, on an ancient Cyrix 200MMX running FreeBSD 4.6,
doing nothing else:

mysql> SELECT BENCHMARK (10000000,SQRT (999)) ;

- +
| BENCHMARK (10000000, SQRT (999)) |
e +
| 0 |
e +

1 row in set (0.66 sec)
mysqgl> SELECT BENCHMARK (10000000, SQRT (999)) ;

o +
| BENCHMARK (10000000, SQRT (999)) |
o +
| 0 |
o +

1 row in set (2.73 sec)
mysgl> SELECT BENCHMARK (10000000,SQRT (999)) ;

e e +
| BENCHMARK (10000000, SQRT (999)) |
e e e e T +
I 0 |
R et +

1 row in set (13.24 sec)

Warning You should use BENCHMARK () with caution to compare machines. For a live database, there are many other
factors, such as disk speed, which are not taken into account with this test. Its main aim is to help in the
optimization of functions.

[Team L | [+ ervvious [t ]
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Optimizing Updates, Deletes, and Inserts

An UPDATE is basically the same as a SELECT, but with a write operation afterward. For example, for the purposes of optimizing,
the following code:

UPDATE fieldname FROM tablename WHERE condition

is the same as this code:
SELECT fieldname FROM tablename WHERE condition

You can optimize an UPDATE statement in the same way as you would the equivalent SELECT statement. Also note that the fewer
indexes you use and the smaller the data, the quicker the operation will be. Take care not to use superfluous indexes or make the
fields or indexes larger than they need to be.

The speed of a DELETE statement depends on the number of indexes. When deleting, each record needs to be deleted from any
associated indexes as well as the main data file. This is the reason that TRUNCATE tablename is much faster than DELETE
tablename, as the entire table is dropped at once, without the need to delete each individual index and data record.

The best method to insert data is to use LOAD DATA rather than INSERT, as this is up to 20 times faster.

You can speed up the process by disabling keys for the duration of the period you're adding data. MySQL will then only have to
concentrate on adding the data and not worry about adding to the index files at the same time. The data itself is then added much
quicker, and when the indexes are built separately, the process will be more optimal as well. You can use the following procedure:
ALTER TABLE tbl name DISABLE KEYS;

LOAD DATA INFILE filename INTO TABLE tablename

ALTER TABLE tbl name ENABLE KEYS;

You're not always going to be able to insert from a text file, though. But if you can group your inserts, multiple value lists are added
much quicker than the separate statements. For instance, the following query:

INSERT INTO tablename VALUES (recordl), (record2)..(recordn);

is much faster than this alternative:

INSERT INTO tablename VALUES (recordl);
INSERT INTO tablename VALUES (recordl) ;

INSERT INTO tablename VALUES (recordn) ;

The reason for this is that the indexes are only flushed once per INSERT statement. If you require multiple INSERT statements,
you can use locking to achieve the same result. For nontransactional tables, use statements like this:

LOCK TABLES tablename WRITE;

INSERT INTO tablename VALUES (recordl), (record2), (record3);

INSERT INTO tablename VALUES (record4), (record5), (recordo6);

UNLOCK TABLES;

Be aware that no one will be able to read your tables while the previous statements are in progress.

To achieve the same with transactional tables, use these statements instead:
BEGIN;

INSERT INTO tablename VALUES (recordl), (record2), (record3);
INSERT INTO tablename VALUES (record4), (recordb5), (recordb6) ;
COMMIT;

Matters become slightly more complex when you're adding records from many threads. Consider a scenario where the first thread
adds 10,000 records, and the second thread adds one record. Using locking, the overall speed will be a lot faster, but the second
thread will only complete after the first thread. Without locking, the second thread will complete much more quickly, but the overall
speed will be slower. The importance of the second thread relative to the first will determine which method you choose.

However, your application may need to do many unrelated inserts continually. If you're not using row-level locking (such as is
possible with InnoDB tables), you may find that the vast hordes of people querying your tables are waiting an inordinately long
time for the few to carry out their inserts. But don't despair—there are ways to minimize this effect.

The first is to use INSERT LoW PRIORITY. This causes the insert to lose its usual pushy behavior and to wait until there are no
more read queries waiting in the queue. The problem, though, is that if your database is very busy, the client performing the
INSERT LOW PRIORITY may take a long time to find a gap, if ever!

An alternative here is INSERT DELAYED. The client is immediately freed, and the insert put into a queue (with all the other
INSERT DELAYED statements still waiting for the queue to end). A downside of this is that no meaningful information is passed
back to the client (such as the auto_increment value), as the INSERT has not been processed when the client is freed. But
some things aren't worth waiting for! Also, be aware that there is the possibility of all inserts in the queue being lost if there is a
catastrophe, such as a power failure.

Warning For neither INSERT LOW PRIORITY nor INSERT DELAYED do you have any idea when the data will be inserted, if
at all, so use them with caution.
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Summary

Poor use of indexes is probably the single most important cause of performance problems. An index is a small, sorted file that
points to the main data file. Finding a particular record is then quicker because only the small index file has to be searched.

An index can be a primary key (a unique index that cannot contain nulls), a unique index, an ordinary index (that can contain
duplicates), or a full-text index. Full-text indexes allow a high level of sophistication in searching text fields for certain combinations
of keywords.

Auto increment fields are associated with the primary key and allow MySQL to automatically take care of the sequencing of the
field. If a record is inserted, MySQL will add 1 to the previous auto incremented value and use this for the value of the inserted
auto increment field.

EXPLAIN returns useful information about how MySQL uses indexes in a particular query. You can use it to see whether MySQL
is using the indexes you've created, and if the query is not optimal, get information about what fields to create indexes on or how

to change the query to make it more optimal.
[« rxvvions oot
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Chapter 5: Programming with MySQL

Overview

This chapter is not going to teach you how to program. Too many books try to teach both MySQL and a programming language
and instead end up doing incomplete jobs of both. This book assumes you're already a competent programmer, you're going to
learn, or you're going to focus only on the database administrator (DBA) role, and are not interested in programming.

You can begin to tap into the real power of a database when it becomes part of a larger information system, with fully functional
applications adding their own value to the system. A news website, for example, needs tools to add and sort the news articles, to
display them on a website, and to track the most popular stories. Most journalists have no interest in learning Structured Query
Language (SQL), however, so they need a well-designed interface to link them to the database. This interface could be a web
page with a Hypertext Markup Language (HTML) form, with a submit button that calls a script to run an INSERT statement. Or the
interface could be a news feed that takes articles from the newspaper's QuarkXPress system and automatically adds them to the
database.

Another information system could involve an application for financial advisors, where the backend is fed with the latest stock and
currency prices, so the advisors can access and analyze the information to monitor trends for their clients.

The possibilities for information systems are endless. What these scenarios have in common is that they include a developed
application to add extra levels of logic that MySQL cannot supply. In theory, you can use any programming language to develop
applications. Languages commonly used are Java, C, PHP, Perl, C++, Visual Basic, Python, and Tcl, which mostly have well-
developed Application Programming Interfaces (APIs) for interfacing with MySQL. The appendixes in this book contain APIs for
most of these programming languages.

Throughout this chapter, all examples are in PHP—not because you should all be using PHP, but simply because so many of you
already do, because its syntax is familiar to anyone with a C-like background (C, Perl, or C++), and because it's simple enough for
other programmers to follow. It's the programming principles that are important, however—not the syntax. All code is extensively
commented in this chapter so that you can follow it no matter what language you are familiar with or your level of competency.

Featured in this chapter:
= Using persistent connections
= Making your code portable and easier to maintain
= Assessing the database's vs. the application's workload

= Exploring the application development process

[+ervvious Lt ]
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Using Good Database Programming Techniques

The following sections will introduce some of the most common techniques used by database programmers to ensure that their
applications are robust (do not break down easily), portable (easy to move to new environments and platforms), and easy to
maintain. Persistent connections are a useful technique when the application makes high numbers of connection requests that
mostly come from the same source in a short period of time. It's also all too easy for inexperienced, hurried, or lazy programmers
to create code that makes the tasks of subsequent programmers (and often themselves, too) more difficult than need be by not
considering portability and maintainability or placing too much burden on the application instead of the database. By doing some
simple planning at the beginning, you can avoid needless problems later.

Using Persistent Connections

MySQL has always been fairly quick to connect to, compared to other databases. However, connecting to the database is still a
fairly heavy task, and, if you are doing a large number of connections in a short space of time (such as when connecting from a
web server), you want to make this as easy on your resources as possible. Using persistent connections will keep the connection
open after the script has completed. When the next connection request comes along, it will reuse the existing connection, saving
the overhead. In PHP, you can use the mysql pconnect () function to create a persistent connection:
mysgl_pconnect (Shost, Suser, Spass) ;

// the mysqgl pconnect function creates a persistent connection to a

// mysql datgbase, taking host, user and password parameters

You don't always want the connections to hang around too long, though. In most cases, the web server will clean up after itself.
However, | have encountered a web server that was having problems, resulting in it restarting itself but not cleaning up the
connections. The web server was set to allow 400 instances, and MySQL could take 750 connections. With the web server
misbehaving and not cleaning up, it effectively doubled the number of connections it was making to the database server, allowing
a potential 800. Suddenly the database server was running out of available connections. You can minimize the risk of persistent
connections hanging around for too long by reducing the wait timeout mysqld variable (or interactive timeout,
depending how you connect), which determines the amount of time MySQL allows a connection to remain inactive before closing
it. (Chapter 10, "Basic Administration," and Chapter 13, "Configuring and Optimizing MySQL," explain how to set these variables.)
The default is 28,800 seconds (8 hours). By reducing this to 600 seconds, | prevented the problem from recurring. Then there was
just the web server to worry about!

Making Code Portable and Easy to Maintain

Some simple steps can vastly improve the flexibility of the code. These include keeping connection details separate and in a
single location, as well as building database queries flexibly so that future changes in database structure do not needlessly affect
the application.

Connecting

Most programming languages make it easy to connect to a database through native functions. For example, PHP has a host of
functions for use with MySQL, such as mysql_ connect (), mysql query (), and so on.

When programming a tiny application with one connection to the database, using the native classes, it's easy to use something
simple to connect to MySQL (see Listing 5.1).

Listing 5.1: TOTALLY IMPORTABLE.PHP

Sdb = mysqgl pconnect ("dbhostname.co.za", "db_app", "g00r002b");
// the mysgl pconnect function creates a persistent connection to a
// mysql database, taking host, user and password parameters
// where 'dbhostname' is the host, 'db app' the user and
// 'g00r002b' the password

if (!s$db) {
echo "There was a problem connecting to the database.";
exit;
}
// basic error checking - if the connection is not successful, print

// an error message and exit the script

Many examples you'll come across connect in this way because it's simple to understand and fine for small situations. But to use a
database in a more serious application, you'll want to make it as portable, as easy to maintain, and as secure as possible.

Imagine you have 10 scripts that connect to the database. If all 10 scripts connected in the same way, and then one day you had
to move the database to a new server or wanted to change your password, you'd have to change all 10 scripts.

Now imagine you had 100 scripts.

I inherited a situation like this once before, and, facing the possibility of the password having been compromised (with the
password in hundreds of locations, it's more likely to be found as well), | had to do lots of grunt work! The best solution is to build
the application correctly from the beginning. Place your database connection details in a separate location, which is then included
in scripts that connect to the database. Then, when you need to change the details, you only need to change them in one place
(and you know that nothing has been forgotten). Changing the password in hundreds of locations involves the risk of missing a
location and only finding out when functionality fails.

The solutions shown in Listings 5.2 and 5.3 are better.

Listing 5.2: DB. INC
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Shost = "dbhostname.co.za";
Suser = "db_app";
Spass = "g00r002b";

Listing 5.3: NOT TOO PORTABLE.PHP

require once "$include_path/db.inc";
// includes the file containing the connection details, db.inc
// located in the path: $include_path, which should be a safe location
Sdb = mysqlipconnect($host, Suser, S$pass);
// the mysgl_pconnect function creates a persistent connection to a
// mysql database, taking host, user and password parameters

if (!sdb) {
echo "There was a problem connecting to the database.";
exit;
}
// basic error checking - if the connection is not successful, print

// an error message and exit the script

In this example, the password, hostname, and username are stored in a single file, so you only need to change the details in one
place (db. inc).

Warning If you're creating a web application, make sure that db . inc is not inside the web tree. (Your web server should
usually not be able to serve . inc files, but in any case, you'll want to keep sensitive information as far removed as
possible.)

A further improvement comes from a slightly higher level of abstraction. Imagine, with Listings 5.2 and 5.3, that management
decides to move to another DBMS. It happens; MySQL is not ideal for every kind of situation, and, besides, management often
makes strange decisions—such as another situation | walked into, where management had spent thousands on another database
when all that was needed was to configure MySQL properly. (Luckily | managed to talk them out of it because, once again, the
code was not very portable!)

To make your code as portable as possible, you only want to change the DBMS details in one place. This involves creating a
second function that handles the connection details, as shown in Listings 5.4 and 5.5. The db_pconnect () function is placed in
the file db. inc, and in portable. php this function is used to connect to the database instead of mysql pconnect ().

Listing 5.4: DB. INC

// this function connects to the database, and returns the connection

function db_pconnect () {
Shost = "dbhostname.co.za";
Suser = "db_app";
Spass = "g00r002b";

return mysql_pconnect ($host, S$Suser, Spass);

}

Listing 5.5: PORTABLE . PHP

require once "$include path/db.inc";

// includes the file containing the connection details, db.inc

// located in the path: $include path, which should be a safe location
Sdb = db_pconnect ($host, Suser, Spass);

if (!sdb) |
echo "There was a problem connecting to the database.";
exit;
}
// basic error checking - if the connection is not successful, print

// an error message and exit the script

Now, if you want to change from MySQL to another database, simply replace mysql pconnect () with the appropriate function,
such as odbc_pconnect ()

Note This book is not trying to impose a programming style upon you. Each language has its own strengths and
weaknesses. Java is a much more object-oriented language than PHP, for example, so the previous examples will not
work well if just directly translated into Java. What's important is the principle of making your applications as easy to
maintain ( by storing connection information in one location) and as portable ( by avoiding database-specific code) as
possible.

Database Queries

It's acceptable to use shortcuts such as SELECT * when querying MySQL directly. But you should avoid this in your applications,
as they make them less portable. Take a situation where there are three fields in the entrants database table; in order, they are id,
first_name, and surname. Your programming code may look something like Listing 5.6.

Listing 5.6: TOTALLY INFLEXIBLE SELECT.PHP
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// assuming the connection $db has already been made
Sresult = mysql query("SELECT * FROM entrants",$db);
// run the query on the active connection
while (Srow = mysqgl_ fetch_array(Sresult,MYSQL_NUM)) {
// mysql fetch array when called with MYSQL NUM
// as a parameter, returns a numerically indexed
// array, each element corresponding to a
// field returned from a returned row
$id = Srow[0];
// Because the id is the first field in the database,
// it is returned as the first element of the array,
// which of course starts at 0
$first _name = Srow[l];
Ssurname = Srow[2];
// .. do some processing with the details

This works at first. But now, somebody (it's always somebody else) makes a change to the database structure, adding a new field
between first_name and surname, called initial. Your code does not need the initial. Suddenly your code does not work, as the
initial is the third element of the array (or $row[21]), and it is stored as $surname. The actual surname, now in $row[3], is never
accessed.

There are a number of problems with the totally inflexible select.php script that need to be addressed. Besides the
fact that it will not work if the database structure is changed, the function used to return fields returns a numeric array, rather than
an associative array. Your code is then less readable, as someone with no knowledge of the database structure cannot know what
is being returned from the database. In PHP, you can correct this by using a function that returns an associative array, as shown

in Listing 5.7.

Listing 5.7: INFLEXIBLE SELECT.PHP

// assuming the connection $db has already been made
Sresult = mysql query ("SELECT * FROM entrants", $db);
while (Srow = mysqgl_ fetch_array(Sresult,MYSQL_ASSOC)) {

// mysql fetch array when called with MYSQL ASSOC
// as a parameter, returns an associative array,
// with each key of the array being the name of a
// field returned from the row

Sid = Srow["id"];

$first_name = Srow["first name"];
Ssurname = Srow["surname"];
// .. do some processing with the details

This is better, because now, even after the initial field has been added to the database table, your code will work. It can handle
some changes in database structure, and it is more readable. A programmer with no knowledge of the database structure will
know what fields are being returned. But you can still make an improvement. By running a SELECT * query, you're asking MySQL
to return all the fields from the table. Your code only needs to use three fields, so why waste the resources in returning all of them,
with the extra disk input/output and greater pressure on your network this involves? Rather, just specify the fields you want to
return. Not only does this waste fewer resources, but it also makes your code even more readable. In fact, in some instances
returning the associative array is more resource hungry than returning a numeric array. In this case, you can still keep your code
readable, even when returning a numeric array, by specifying the fields as shown in Listing 5.8.

Listing 5.8: FLEXIBLE . PHP

// assuming the connection $db has already been made
Sresult = mysgl query("SELECT id,first name,surname FROM entrants", $db);
while (Srow = mysql_ fetch array(Sresult,MYSQL_NUM)) {

// mysgl fetch array when called with MYSQL NUM
// as a parameter, returns a numerically indexed
// array, each element corresponding to a
// field returned from a returned row

$id = Srow([0];

Sfirst name = Srow[1];

Ssurname = Srow[2];

// .. do some processing with the details

The same principle applies to INSERT queries. Never use an INSERT query without a list of fields inside an application. For
example, taking the original entrants table with three fields— id, first_name, and surname—you could use code as shown in

Listing 5.9: INFLEXIBLE INSERT.PHP

// assuming the connection $db has already been made
Sresult = mysql query ("INSERT INTO entrants-—
VALUES ('$id', 'S$Sfirst name', '$Ssurname')", $Sdb) ;

If the table structure changes, once again the code will break. By adding a field, initial, the number of fields being inserted will not
match the number of fields in the table, and the query will fail.

The way to solve this is to specify the database fields you are inserting into, as shown in Listing 5.10.
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Listing 5.10: FLEXIBLE INSERT.PHP

// assuming the connection $db has already been made
Sresult = mysgl query("INSERT INTO entrants(id, first name, -
surname) VALUES('$id','S$first name', '$surname')", $db) ;

This also has the advantage of being more readable, especially considering that the field values will not always match the field
names as in this example.

How Much Work Should the Database Server Do?

One of the perennial debates raging among architects is that of how much work the database server must do and how much the
application should do.

MySQL developers initially came out heavily in favor of passing the burden to the application, partly as justification for not
supporting features such as stored procedures and triggers and partly as a matter of principle. They were criticized for this, and
the lack of these features led people to dismiss MySQL as a serious database—a tag MySQL is only now, with version 4, starting
to shake off.

In general, the database should do as much work as it can. Take the following two examples, which produce the same output but
are done in different ways. Listing 5.11 returns all the data, unsorted, and then uses the PHP sort () function to sort the data.
Listing 5.12, on the other hand, uses MySQL's ORDER BY clause to sort the data.

Listing 5.11: WORK THE SCRIPT.PHP

// assuming the connection $db has already been made
Sresult = mysgl query ("SELECT surname FROM entrants", $db);
while ($row = mysql_fetch_array($result,MYSQL_ASSOC)) {

// mysqgl fetch array when called with MYSQL ASSOC
// as a parameter, returns an associative array,
// with each key of the array being the name of a
// field returned from the row
Ssurname[] = $row["surname"];
// add the surname as the next element of the
// surname array (and creates the array if not yet done)

sort ($surname)
// the sort() function sorts the array
// .. continue processing the sorted data

Listing 5.12: WORK THE DB.PHP

// assuming the connection $db has already been made
Sresult = mysqgl query("SELECT surname FROM entrants ORDER BY surname",$db);
while (Srow = mysql_fetch_array(Sresult,MYSQL_ASSOC)) {
// mysql fetch array when called with MYSQL ASSOC
// as a parameter, returns an associative array,
// with each key of the array being the name of a
// field returned from the row
Ssurname[] = Srow["surname"];
// add the surname as the next element of the
// surname array (and creates the array if not yet done)

// .. continue processing the sorted data

Listing 5.12 makes a lot more sense. MySQL could (or should) have an index on the surname field if this is a commonly
performed operation, and reading the data in order, from an index, is much quicker than reading the data in the unordered format
and then using the application to perform the sort.

In fact, it's possible that reading the sorted data from the database will be quicker than reading the unsorted data (even before
taking the sort () function into account) because the sorted data may only need to be read from the index, not the data file.

There are possible exceptions (perhaps situations where an index is not possible and the database server is the main bottleneck),
but in the vast majority of cases, the technique shown in Listing 5.12 will be far superior.

A similar, more extreme (but still all too common) example is one where the application is performing the work of the WHERE

clause, as Listing 5.13 demonstrates.

Listing 5.13: WORK THE SCRIPT2.PHP

// assuming the connection $db has already been made
Sresult = mysqgl query ("SELECT surname FROM entrants", $db);
while (Srow = mysqgl_ fetch_array(Sresult,MYSQL_ASSOC)) ({

// mysql fetch array when called with MYSQL ASSOC
// as a parameter, returns an associative array,
// with each key of the array being the name of a
// field returned from the row
if (Srow["surname"] == 'Johnson') {
$johnson[] = $row["surname"];
// add the surname as the next element of the
// johnson array (and creates the array if not yet done)
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elseif (Srow["surname"] == 'Makeba') {
Smakebal[] = $row["surname"];
// add the surname as the next element of the
// makeba array (and creates the array if not yet done)

}

// .. process the makeba and johnson arrays

A far better solution is to use the WHERE clause, as shown in Listing 5.14, and not waste time retrieving all the unwanted extra
records.

Listing 5.14: WORK THE DB2.PHP

// assuming the connection $db has already been made
Sresult = mysql query ("SELECT surname FROM-
entrants WHERE surname = 'Makeba' OR surname='Johnson'", $db) ;
while ($Srow = mysql_fetch_array($result,MYSQL_ASSOC)) {
// mysqgl fetch array when called with MYSQL ASSOC
// as a parameter, returns an associative array,
// with each key of the array being the name of a
// field returned from the row
if (S$row["surname"] == 'Johnson') {
$johnson[] = $row["surname"];
// add the surname as the next element of the
// johnson array (and creates the array if not yet done)
}
elseif (S$row["surname"] == 'Makeba') {
Smakebal[] = $row["surname"];
// add the surname as the next element of the
// makeba array (and creates the array if not yet done)
}

// .. continue processing the sorted data

You can write these code snippets more elegantly if you're processing many names, but the point is that Listing 5.14 is much more
efficient because MySQL is doing the work, limiting the results returned and reducing the resources used.

Listing 5.15 demonstrates a solution often implemented by people from other database backgrounds. Because MySQL version
4.0 does not fully implement sub-selects (although this will be rectified in version 4.1), people often assume there is no alternative
but using the application. For example, in a situation where you have two customer tables and want to see which customers from
one table do not appear in the other table, the following standard ANSI query does not work in MySQL:
SELECT first name,surname FROM entrants WHERE code NOT IN

(SELECT code FROM referred entrants);

For this reason, the sort of code shown in Listing 5.15 is all too frequently implemented.

Listing 5.15: WORK THE SCRIPT3.PHP

// assuming the connection $db has already been made
Sresult = mysgl query("SELECT code FROM entrants", $db);
Scodelist = "";

// initialise the list of codes
while ($row = mysqgl_ fetch_array($result,MYSQL_ASSOC)) {

// mysqgl fetch array when called with MYSQL ASSOC
// as a parameter, returns an associative array,
// with each key of the array being the name of a
// field returned from the row

Scodelist .= S$row["code"].",";

// add the code, followed by a comma to the $codelist variable
}
Scodelist = substr($codelist, 0, -1);

// removes the last comma, resulting in a list

// such as "1,3,4,8,12";

Sresult = mysql query ("SELECT first name, surname FROM-
referred entrants WHERE code NOT IN(Scodelist)",$db);
while ($row = mysqgl fetch array(Sresult,MYSQL ASSOC)) {

// .. process the entrant details

Listing 5.15 would function, but again it is placing far too much of a load on the application. Instead, with some thought, MySQL
could perform a query to return the results, as Listing 5.16 demonstrates.

Listing 5.16: WORK THE DB3.PHP

// assuming the connection $db has already been made
Sresult = mysql query("SELECT entrants.first name, -
entrants.surname FROM entrants LEFT JOIN referred entrants-
ON entrants.code = referred entrants.code WHERE-
referred entrants.code IS NULL",Sdb);
while (Srow = mysql_fetch_array($result,MYSQL_ASSOC)) {
// .. process the entrant details
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When sub-selects are implemented (version 4.1 according the current schedule), the resulting code, shown in Listing 5.17, is even
simpler.

Listing 5.17: WORK THE DB3 2.PHP

// assuming the connection $db has already been made
Sresult = mysgl guery ("SELECT first name,surname FROM-
entrants WHERE code NOT IN (SELECT code FROM-
referred entrants", $db);
while (Srow = mysql fetch array($result,MYSQL ASSOC)) {
// .. process the entrant details

}

[fean L [ o]
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The Stages of Application Development

This chapter assumes you can already program or you can get another book to help you to learn. But what many new
programmers forget about, especially those who have not been formally trained, is to take a step back and look at their application
development project in context and to plan for future situations. Too many programmers are continually putting out fires,
reinventing the wheel, and generally making poor use of their time, all while blaming project managers, users, and everyone else
around them. Of course, others may not be blameless, but because this book is targeted at MySQL developers, I'll make a
number of suggestions aimed at improving the way developers run the projects in which they are involved. Web developers in
particular, who've often progressed through learning HTML and JavaScript up to MySQL and a programming language, are not
aware of the complexities of larger projects and often get caught when projects get big.

The following sections briefly discuss the stages of application development. It is not a rigid prescription of steps; rather, it's one of
many possible frameworks. Any good application development will allow a level of flexibility depending on the resources available
and the specific conditions of the project. There are many good development methodologies, and you should use one appropriate
to your needs, although the general principles usually remain the same. Reading this chapter in conjunction with Chapter 9,
"Database Design," will help you grasp the bigger picture.

Phase 1: Analyzing the Requirements

Analyzing the requirements of a project is an obvious step in developing an application. This rule is repeated time and time again
by experts bemoaning the poor state of software development. Yet all too often, "We didn't know you wanted that" or "You never
told us that at the beginning" is offered as an excuse for the poor outcome of a project. The first and possibly most important
phase of a project is determining its requirements.

Determining User Requirements

Most requests that users make are trivial, often much to their surprise. I've encountered users who, after dealing with incompetent
or lazy developers, are terrified to make a request that turns out to be no more complex than an extra field in a table. In most
cases, anything is possible as long as it's requested upfront. The main difficulty is not in fulfilling the user requirements, but in
fulfilling different requirements after the original framework has been built. Users do not always know what they want. They need
to be helped to formalize their requirements. But, seeing as this book is aimed at developers, not business decision makers, I'll
place the burden on the developer. Make sure, upfront, that the user requirements are clear, understood by the development
team, and understood by the users themselves.

The project team needs to undertake the following when determining user requirements:

= Engage the users to determine their requirements. Guide the users, explaining why certain suggestions are not
practical or suggesting better alternatives. The team needs to use their experience. Bring unsaid requirements into
the open so that they can be documented. What's obvious to the user may not be obvious to the developers, and
important requirements may go missing. Requirements need to be as complete as possible. For example, a user
may request that a reservation system "take the booking." However, this is no good. Each field is required for a
booking, and the processes behind it needs to be spelled out.

= Once you understand the user requirements, write them down and return them to both the users and to the project
owners (the people paying for the project) for confirmation. Users need to be sure what they are going to be getting;
there should be no surprises later.

= Get the owners to sign off on the requirements. That way, there is less likelihood of either party being unhappy.
Scope creep—when a project's requirements continue to grow during development—is an insidious problem that
occurs frequently, usually when the requirements have not been formally agreed upon beforehand. Either the
project owners demand more and more or someone from either party discovers critical new issues that no one
thought of until then.

Determining Technology Requirements

Determining the technology requirements is as important as determining the user requirements. It may not be impossible to run a
database-intensive website that gets more than 20 million page requests a month on one server, but at the least it's going to
require a fine machine and specific conditions. The team should not impose any requirements on the project, for example, "It
should run Linux and MySQL." The reason the technology requirements are listed afterward is so that the technology can best
match the project—within any constraints. Questions to answer include the following:

= How many machines? What kind of architecture is needed to link them?
= What kind of machines do these need to be?
= What operating systems, DBMSs, or other software is required (such as web servers, mail clients, and so on)?

= What languages will be used to develop the application? Will they be object oriented?
Phase 2: Designing the Application
Once the requirements are crystallized, it's time to begin designing the application.

Modeling

A model simplifies the program structure and transforms the user requirements into a form that the programmer can easily
understand. These can be formal models, such as required by Unified Modeling Language (UML), a data flow diagram, or simply
a drawing on a piece of paper. The basics to include are what data each process needs and what data the process produces.

Using Pseudocode
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Pseudocode is another step that can help the programmer develop an application more quickly and more easily. Instead of
worrying about the exact syntax requirements of the programming language, pseudocode tackles the logical requirements,
creating the algorithms needed to solve the problems.

Phase 3: Coding

This is the step that is often the only step. But coding becomes much easier when the documentation produced in the previous
stages exists. Use the following tips during the coding phase:

= Always document your code. Include comments inside the code, and create separate documents noting how the
application is put together and how it works. If not for yourself, do this for anyone else to follow you. (You'll be
surprised how easy it is to forget some "trivial" detail after a few months.) A coder is selfish if they have not left
ample documents for someone else to follow. Make sure you build in time for this, though; don't let the pressure of
a deadline make you skimp on this aspect.

Use clear filenames, function names, and variable names. For example, the function £3 () is not very intuitive, but
calculate interest () is clearer.

Don't reinvent the wheel. There are ample classes and sample code available. Rarely will coders need to do
something unique. Mostly the job is repetitive, and coders play the job of librarian, tracking down the right code for
the job.

Initialize all your variables and document them in one place, even when coding in languages that allow variables to
be used before they are initialized. This is not only more readable, but it is more secure.

Break your code up into small parts. This makes it easier to understand, easier to debug, and easier to maintain. In
web development, for example, some sources have espoused the virtues of one script to handle everything, and
the result is usually a jumbled mess.

Use directories intelligently. All parts of the application do not, and usually should not, appear in the same directory.
Group them logically and for security purposes.

= Reuse your own code. Know what functions and classes have been created, and use these again and again. Write
them so that they can be used for slightly different tasks. This makes changing code at a later stage much easier.
This applies especially to things such as database connections.

Separate logic from presentation (in a web environment, HTML and scripting languages are intermingled too
frequently).

When debugging a query, it can help to run the query directly in MySQL and not through the application (I often
display the query and then paste this into the MySQL client). This allows you to narrow down the error, so you know
whether it's in the query you're running or something in the application.

Get into the habit of closing connections (running mysql close () in PHP) and cleaning up resources, even if
you're working in an environment where this is not necessary. Web developers often struggle when making the
move to other kinds of applications, as they're used to a tolerant web environment, where everything is cleaned up
after the web server process is complete. Similarly, languages such as PHP are much less strict than languages
such as C++.

Simple code is good code. Writing a chunk of code on one unreadable line, just because you can, may make you
look clever, but it just frustrates those who have to read your code later. Coders who overly complicate their code
are failing to do what coders are supposed to do: simplifying complexities. Simple code is usually as fast, too. It can
even be faster, such as when you use simple string functions instead of regular expressions.

In projects with more than one coder, use coding standards. That way when members of the coding team work on
each other's code, they will be more productive because it will take them less time to adjust to the new standard (or
lack of it). Coding standards include such things as the number of spaces (or tabs) to use when indenting and
variable name conventions (such as whether to use capitalization, for example, $totalConnects; underscores,
for example, $total connects; or no spaces, for example, $totalconnects). The standards could go so far
as to prescribe the editor to use, because different editors could align code differently, making it less readable.

Larger projects too need some sort of version control. This ensures that when more than one person works on a
piece of code, their work does not conflict. Even one-person projects can easily get out of hand if, like me, you have
a tendency to work on different machines and save versions all over the place. Larger projects can use something
such as CVS or Visual SourceSafe (these can be found at http://www.cvshome.org/ and
http://msdn.microsoft.com/ssafe/, respectively), and small projects can simply use a numbering scheme.

Use prototyping if the project warrants it (especially if there are doubts about all the project requirements being set).
Prototyping is where a model of the final system is developed, without all the functionality, and this is worked and
reworked until the final system is ready. Prototyping demands more of a role from the users and can be used to
make them feel more included.

Phase 4: Testing and Implementation

Never skimp on the testing phase! Deadline pressure may tempt you to cut down the scheduled three weeks of testing to one, for
example, but this is bound to backfire. You should not look at testing as an unnecessary burden; rather, it's a vital part of fine-
tuning the application and ensuring that it runs smoothly.

There are a number of kinds of testing:

Unit testing These tests ensure that each class, method, and function works properly in its own right. You need
to test whether the returned results are correct no matter what the input; in other words, account for every
possible scenario.
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Integration testing These tests ensure that each unit works as it should when integrated with other units.

System testing The entire system is tested as a whole. This would include testing the performance of the
system under load (stress testing), multiple users, and so on.

Regression testing These are the tests that take place to see if the fixes have broken any other functionality.
It's extremely common for "quick fixes" to have unforeseen circumstances.

After you've finished analyzing the requirements, designing the application, coding it, and then testing it, you're ready to implement

the application. You may want to roll out the application for a small group of users or a single office first, allowing you to deal with
any unforeseen problems, or take the big bang approach and move everyone to the new system at a single point in time. Then, be

ready to start this process all over again when users request new features.
[« Fasvisue]
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Summary

There are a number of techniques to make your database applications more portable and easier to maintain, especially regarding
database queries. Separate your connection details from the scripts that make the connections, and make sure they are stored in
only one place so that you can easily change the details. Make sure future changes in the database table structure do not affect
your scripts if the change is unrelated. Specify field names in your SELECT and INSERT queries.

Certain environments (particularly web applications) may benefit from persistent connections. Use these to reduce the connection
overhead when using frequent connections from the same place.

MySQL is usually more efficient at performing a task than a programming language. MySQL is optimized for speed, and makes
use of indexes, caches, and memory to access information quickly. For example, using an application language instead of MySQL
to sort data, though possible, is not efficient. In general, use MySQL whenever possible.

When developing applications, careful planning is important. Gather and formalize all the requirements from the users before
determining the technology requirements, designing a model, and coding the application.

When coding, be sure to avoid the common pitfalls so that your code is flexible, portable, and easily maintainable. Then, before
you implement the application, be prepared to test it extensively, which should be just as important as coding the application.

[+ ervvons Lt
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Chapter 6: Extending MySQL

Overview

One of the great advantages of MySQL is that it's always been relatively easy to extend MySQL. When early versions of MySQL
were accused of being lacking in features, the comeback was always, "Write your own." MySQL has made it easy to do that for
anyone competent in C or C++.

You can add functions to MySQL in two ways. Create a user-defined function (UDF) or add a native (built-in) function. You can
add UDFs to source and binary distributions, adding or dropping them at any time, but you can add built-in functions only to a
source distribution (you modify the source code and compile your additions). This chapter only discusses UDFs. (This chapter
uses the term UDF to describe the related set of C/C++ functions that correspond to a single MySQL function. The term function
describes a single C/C++ function.)

Featured in this chapter:
» Standard user-defined functions
= Aggregate user-defined functions

= UDF functions and parameters

[ Team LiB | [ rrsvisus] [t 3]
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User-Defined Functions

You would mostly write UDFs in C or C++. You can use them with binary or source distributions that have been configured with --
with-mysqgld-ldflags=-rdynamic. Once added, UDFs are always available when the server restarts, unless the --skip-
grant-tables option is used.

There are two kinds of UDFs: standard and aggregate. Standard UDFs are like ordinary built-in functions such as pow () and
SIN () and work on a single row of data, and aggregate functions are similar to the built-in suM () and avG () functions that work
with groups.

To implement a UDF you need to do the following:

1. Write the C or C++ functions (you can use other languages as long as you can compile them into a native code
shared library).

2. Compile and install the library.
3. Load the UDF into MySQL.

Once a UDF is added, details are stored in the func table in the mysql database. The func table looks as follows:
mysgl> SHOW COLUMNS FROM func;

+-————— o o - e o +
| Field | Type | Null | Key | Default | Extra |
Fomm e fomm fo———= fommm - fommm +
| name | char(64) binary | | PRI | |

| ret | tinyint (1) I | |0 | |
| dl | char(128) | | | | |
| type | enum('function', 'aggregate') | | | function |
+-————— o o +-——— e to——— +
4 rows in set (0.00 sec)

The name field contains the name of the UDF (and the name of the main C/C++ function). The ret field indicates whether the UDF
can return nulls, the d/ field indicates the name of the library containing the UDF (many UDFs can be bundled into one library),
and the type field indicates whether the UDF is a standard or aggregate UDF.

Note If you've upgraded from an older version of MySQL, you may not have all the columns. Run the
mysgl fix privilege tables script (in the bin directory) to add the missing columns to your table.

In this section, you'll first look at compiling and installing the sample UDFs that come with a MySQL distribution and then go on to
writing your own. Before you get started, create and add records to a small table, which you'll use to test the UDFs once you've
added them:

mysql> USE firstdb;

Database changed

mysgl> CREATE TABLE words (id tinyint(4), word varchar (50));
Query OK, 0 rows affected (0.00 sec)

mysqgl> INSERT INTO words VALUES (1, 'aeiou'):;
Query OK, 1 row affected (0.00 sec)

mysqgl> INSERT INTO words VALUES (2,'bro');
Query OK, 1 row affected (0.00 sec)

mysqgl> INSERT INTO words VALUES (3,'so');
Query OK, 1 row affected (0.00 sec)

mysgl> INSERT INTO words VALUES (4, 'kisso');
Query OK, 1 row affected (0.00 sec)

mysgl> INSERT INTO words VALUES (5, 'lassoo');
Query OK, 1 row affected (0.00 sec)

mysqgl> INSERT INTO words VALUES (2, 'bro');
Query OK, 1 row affected (0.00 sec)

mysgl> INSERT INTO words VALUES (3,'so');
Query OK, 1 row affected (0.00 sec)

mysqgl> INSERT INTO words VALUES (4, 'kisso');
Query OK, 1 row affected (0.00 sec)

mysqgl> INSERT INTO words VALUES (4, 'kisso');
Query OK, 1 row affected (0.00 sec)

mysqgl> INSERT INTO words VALUES (5, 'lassoo');
Query OK, 1 row affected (0.00 sec)

MySQL comes with five sample UDFs, bundled in the file udf example.cc, usually stored in the mysql/sql directory of a
source distribution. You'll need to compile this file as a sharable object file. On Unix systems, these files usually have a . so
extension, and on Windows the extension is usually . d11. The command (on Unix) you'll use will be something like this:

% gcc -shared -o udf example.so udf_example.cc

This book is not a guide to programming and compiling, so although the topics are explained reasonably thoroughly, it cannot
cover all possible combinations. You may need to be experienced or get some assistance in those areas to get the most out of
this chapter.

To find the correct compiler options for your system, you can use the make utility, which checks for dependencies. Each system
will differ, but after running make you may get output something like this:

% make udf_example.o
g++ -DMYSQL_ SERVER -DDEFAULT_MYSQL HOME="\"/usr/local\""

-DDATADIR="\"/usr/local/var\"" -DSHAREDIR="\"/usr/local/share/mysqgl\""
-DHAVE CONFIG H -I../innobase/include -I./../include -I./../regex
-I. -I../include -I. -03 -DDBUG_OFF -fno-implicit-templates

-fno-exceptions -fno-rtti -c udf example.cc
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Take the options supplied, and use them to compile the UDF. Again, your system may differ—some will require the -c option to
be left out, others will need it. You should know your system well enough, know someone who does, or have enough patience to
try again if your first (and second and third...) attempts result in a dead end. Your final command may look something like this:
% gcc -shared -o udf_ example.so udf_example.cc -I../innobase/include-

-I./../include -I./../regex -I. -I../include -I.

Note On some systems you'll have to do this in two steps: first compile udf example.cc as udf example.o, then create
the shared library from udf _example.o (using gcc -shared -o udf example.so udf example.o).

Once you've compiled the UDF, move it to the place your shared libraries usually go. With Unix systems, it's any directory
searched by 1d (mostly /usr/1ib or /1ib), or you can set an environment variable to point to the directory you're storing your
library. Typing man dlopen will give you the name of the environment variable (usually LD LIBRARY or LD_LIBRARY PATH).
You would set this in your startup script (mysql.server or mysqld_safe). With Windows systems, you'll usually place the UDF in the
WINDOWS\System32 or WINNT\System32 directory. Copy your compiled file to the appropriate location, for example:

% cp udf_example.so /usr/lib

Once you have placed the file, some systems may require you to create the necessary links (such as by running 1dconfig) or
restarting MySQL before you can load the function.

To load the UDF from the MySQL command line, use the CREATE FUNCTION statement. The syntax is as follows:

CREATE [AGGREGATE] FUNCTION function_name RETURNS {STRING|REAL|INTEGER}
SONAME shared_ library name

The example comes with a number of UDFs (you can bundle more than one in a single library). For now, you'll load just three of
the functions, as follows:

mysql> CREATE FUNCTION metaphon RETURNS STRING SONAME "udf example.so";

Query OK, 0 rows affected (0.03 sec)

mysgl> CREATE FUNCTION myfunc_double RETURNS REAL SONAME "udf example.so";
Query OK, 0 rows affected (0.00 sec)

mysgl> CREATE AGGREGATE FUNCTION avgcost RETURNS REAL SONAME "udf_ example.so";
Query OK, 0 rows affected (0.00 sec)

Now you can test the new UDF. To see what all the UDFs do, you should look at the udf_ example. cc file. The metaphon UDF
(the correct name for the algorithm is actually metaphone) takes a string and returns a result based on the way the string sounds.
It is similar to the more well-known soundex algorithm, but tuned more for English.

mysql> SELECT METAPHON (word) FROM words;

10 rows in set (0.00 sec)

This is not particularly useful, but at least now you know how to add functions. Test that the aggregate function is working by using
this code:

mysql> SELECT AVGCOST (id,1.5) FROM words;

1 row in set (0.00 sec)

There is only one result, as the function works with a group. You didn't use a GROUP BY clause, so the entire result set is taken as
a single group. If you grouped by the contents of id, you'd get five results, as there are five unique id values:

mysqgl> SELECT id,AVGCOST (id,1.5) FROM words GROUP BY id;

+-————- Fm— +

AVGCOST (id,1.5) |

+
|
|
I
I
|
|

+————— 4+ —

You can drop a UDF with the DROP FUNCTION statement, for example:

mysqgl> DROP FUNCTION myfunc double;

Query OK, 0 rows affected (0.01 sec)

You can view the list of available UDFs by looking at the contents of the func table in the mysql database, as follows:
mysgl> SELECT * FROM mysql.func;


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

to—m - +-———- Fomm e e et +
| name | ret | dl | type |
o - Fomm fom +
| metaphon | 0 | udf example.so | function

| avgcost | 1 | udf example.so | aggregate |
oo R o S +
2 rows in set (0.01 sec)

This implies that the user adding or removing the function needs to have INSERT or DELETE permission for the func table, or
mysql database. You would usually only give this to an administrator, as besides the security risk of access to the mysq/ database,
a UDF can potentially cause a lot of harm.

Now let's create a UDF from scratch. You're first going to create a standard (not aggregate) UDF, called count_vowels.

Standard UDFs

A standard UDF has one main function, which is named the same as the UDF and is required, and two optional functions, which
are named similarly but with _init and deinit appended to the end. All these functions must be in the same library.

The Init Function

The init function is the initialization function, called once at the beginning of processing the UDF. It checks the arguments passed
to the UDF (for example, whether they're the right type or number) and specifies details about the result (whether it can be NULL,
how many decimal places it has, and so on).

It is declared as follows:
my bool function name init (UDF_INIT *initid, UDF ARGS *args, char *message);

The function returns a Boolean type, which you set to false if the function did not pick up any errors or t rue if an error was
spotted.

The initd Parameter

The initd parameter is the UDF's main data structure. It is passed to all three functions. Any changes to the default settings are
made in this function. The structure contains the following members:

my bool maybe null This is a Boolean that specifies whether the UDF can return a NULL value (if set to
true) or not (if set to false). It's set to false by default, unless any of the function's arguments can be NULL.

unsigned int decimals Specifies the maximum number of decimals that can be returned. By default it
takes the most number of decimals passed into the main function by any of the arguments. So, if 203.2, 219.12,
and 341.456 are passed, decimals would default to 3 (based on the .456 of the last argument). You can set a
maximum limit in the init function, though.

unsigned int max_length Specifies the maximum length of the returned result. For string UDFs, the
default is the length of the longest string argument. For integers, the default is 21 characters (including the sign).
For reals, the default is 13 (including the sign and decimal point) plus the number of decimals.

char *ptr Thisis a pointer that the UDF can use—for example, to pass data across all three functions.
Allocate the memory in the init function if the pointer is used for new data.

The args Parameter

The second parameter, args, is a structure containing the arguments passed in from the query. It contains the following
members:

unsigned int arg_count Contains the number of arguments passed in from the query. If your UDF takes
a set number of arguments, check this value for error handling.

enum Item result *arg type Contains an array of types. Each element corresponds to one of the
arguments, so the total number of elements is the same as the value of arg_count. The possible types are
STRING_RESULT, INT_RESULT, and REAL_RESULT. Use this for error checking, or cast the argument into the
specific type you require.

char **args Contains an array of the actual arguments passed from the query. If the argument is constant,
it can be accessed as args->args[1i], where i is the element number of the argument. For a nonconstant
args->args[i] is 0, as the actual value from the row is passed to the main function. This is discussed further
in "The Main Function."

unsigned long *lengths An array containing the maximum possible string length for each argument
passed by the query. It differs in the main function, so see the discussion in "The Main Function."
The message Parameter

The message parameter contains a character pointer, which is used for any error messages that arise during the initialization. It
should always be given a value when the init function returns t rue, indicating an error. The default character buffer is 200 bytes,
but you'd usually want a much shorter error message than this (80 characters is the width of a standard terminal). You must also
terminate it with a null byte.

The Main Function
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The main function is the only one required for a standard UDF, and it is called once for each row returned from the query. The
return value from this function is the same as the return value for the whole UDF and can be a string, a real, or an integer. The
function should be declared as one of the following corresponding to its return value.
If the UDF returns a string:
char *function name (UDF_INIT *initid, UDF_ARGS *args, char *result,
unsigned long *length, char *is null, char *error);
If the UDF returns a real:
double function name (UDF_INIT *initid, UDF_ARGS *args,
char *is null, char *error);
If the UDF returns an integer:
long long function name (UDF_INIT *initid, UDF ARGS *args,

char *is_null, char *error);

For numeric types, the return value of the main function is simply the value. If it's a string type, the return value is a pointer to the
result, with the length stored in the 1ength argument. The result buffer is defaulted to 255 bytes, so if the result is less than this,
the pointer should be the result pointer passed into the main function. If it's more, it should be the pointer allocated in the init
function (you'll need to allocate space with malloc () and then later deallocate the space in the deinit function).

The initd Parameter

All of the attributes of this structure (discussed previously) are available to the main function. There should be no need to modify
any of these values in the main function.

The args Parameter

The attributes from this structure were discussed previously. In the main function, however, the args array contains the actual
arguments passed from each row to the function. Because these can differ in type, you must case them to the appropriate type.
For an argument of type INT  RESULT, cast args->args[i] to a long long, as follows:

long long int_val;
int_val = *((long long*) args->args[i]);

For an argument of type REAL RESULT, cast to a double, as follows:

double real val;
real val = *((double*) args->args[i]);

For an argument of type STRING RESULT, the string is available as args->args[i], and the length of the string as args-

>length[i], excluding any trailing nulls (for numeric types, args->length[i] still contains the maximum length it was given in
the init function).

The length Parameter

This is a pointer to an integer that you set to the length of the returned value (excluding trailing nulls).

The is null Parameter
Set this to 1 if the UDF returns a null value; otherwise, leave it at the default, 0.

The result Parameter

This is a pointer to a character array and is where you place the return value of the UDF; 255 bytes are allocated, so if the result is
longer, you'll need to use the ptr parameter from the init function. You'll need to allocate and deallocate this memory.

The Deinit Function

This function frees memory allocated by the init function and takes care of any other required cleanup, specifically the pointer that
may have been allocated in the init function. You declare the function as follows:

void function name_ deinit (UDF_INIT *initid)
Creating a Sample Standard UDF

After all the introductions, let's create a small UDF called count vowels. It takes one argument only (which must be a string)
and returns the number of vowels in the string. Listing 6.1 contains the UDF.

Listing 6.1: count vowels.cc

#ifdef STANDARD
#include <stdio.h>
#include <string.h>
#else

#include <my global.h>
#include <my sys.h>
#endif

#include <mysqgl.h>
#include <m_ctype.h>
#include <m_string.h>

/* These must be right or mysqgld will not find the symbol! */
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extern "C" {
my_bool count_vowels_ init (UDF_INIT *initid, UDF_ARGS *args, char *message);
void count vowels deinit (UDF_INIT *initid);
long long count_vowels (UDF_INIT *initid, UDF_ARGS *args,
char *is null, char *error);

}
/* Makes sure there is one argument passed, and that it's a string. */
my bool count_vowels_ init (UDF_INIT *initid, UDF_ARGS *args, char *message) {
if (args->arg count != 1 || args->arg type[0] != STRING RESULT) {
strcpy (message, "You can only pass one argument, and it must be a string");
return 1;
}
return 0;

}

/* no need for a deinit function, as we don't allocate extra memory */
void count_vowels_deinit (UDF_INIT *initid) {

}

/* count the number of vowels in the string */
long long count_vowels (UDF_INIT *initid, UDF_ARGS *args,char *is_null, -
char *error) {

long long num vowels = 0; /* the same type as the result of the function */
char *word = args->args[0]; /* pointer to string */
int i = 0; /* to loop through the word */
char c; /* to contain the letter */
while ( ( ¢ = word[ i++ ] ) != "\0' ) {

switch ( ¢ ) {

case 'a':

case 'e':

case 'i':

case 'o':

case 'u':

num vowels++; /* if the letter in ¢ is a vowel, increment the counter */
}

}

return num_vowels;

}

Once you've saved the file, make and compile it, and then copy it to the directory where you place your libraries, as discussed
earlier:

% make count_vowels.o
g++ -DMYSQL_SERVER -DDEFAULT_ MYSQL HOME="\"/usr/local/mysgl\""
-DDATADIR="\"/usr/local/mysqgl/var\""
-DSHAREDIR="\"/usr/local/mysql/share/mysgl\""

-DHAVE_CONFIG_H -I../innobase/include -I./../include

-I./../regex -I. -I../include -I. -03 -DDBUG_OFF
-fno-implicit-templates -fno-exceptions -fno-rtti -c repeat_str.cc

% gcc -shared -o count_vowels.so count_vowels.cc -I../innobase/include-
-I./../include -I./../regex -I. -I../include -I.

Now connect to MySQL, load the function, and run a test:

mysgl> CREATE FUNCTION count_vowels RETURNS INTEGER SONAME "count_vowels.so";
Query OK, 0 rows affected (0.02 sec)
mysql> SELECT id,word,count_vowels (word) FROM words;

| id | word | count vowels (word)

lassoo
bro

so
kisso
kisso

| 1
| 2
| 3
| 4
| 5
| 2
| 3
| 4
| 4
| 5 lassoo

10 rows in set (0.00 sec)

If you passed a nonstring argument such as from the id field, or more than one argument, you'd get the error message you
specified:

mysgl> SELECT id,word,count_vowels (id) FROM words;

ERROR:

You can only pass one argument, and it must be a string

Warning If you make a change to the UDF, be sure to DrROP the function first from MySQL before you upload it again. You're
quite likely to crash MySQL and have to restart if you don't!

Understanding Aggregate Functions
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Aggregate functions are those that can be used with a GROUP BY clause, such as suM () and AvG () . To create an aggregate
UDF, you use the same functions as with a standard UDF, except that there are two more required: the reset and add functions.
The behavior of the other functions is different as well:

The Reset Function This function is called at the beginning of each new group. Data used for group
calculations are reset here. You declare the function as follows:
char *xxx reset (UDF_INIT *initid, UDF_ARGS *args,

char *is_null, char *error);

The Add Function This is called for each row of the group except the first row. You'll probably want it to be
called for every row, in which case you'll need to call it from within the reset function.

The Main Function The main function is only called once per group of data (at the end), so it performs any
necessary calculations on the entire group of data (usually accessed by initd->ptr).

The Init Function Behaves the same as with a standard UDF, except the pt r attribute becomes much more
important in an aggregate function. It stores data about each group, which is added within the add function. The
main function can then access it to get data about the entire group.

The Deinit Function Plays the same role as with a standard UDF, except that it will almost always exist, as you
need to clean up ptr.

Creating a Sample Aggregate UDF

For the aggregate UDF, you're going to make some changes to the count vowels UDF so that it counts groups of vowels.
You're going to create a structure called data with an element count. You'll increment data->count each time you encounter a
vowel in the add function (which is called every row), and reset the value in the reset function (called once per group). Because
the add function is not explicitly called for the first row, you'll call it from the reset function to make sure the first row of the group is
also counted. Listing 6.2 contains the aggregate UDF.

Listing 6.2: count agg vowels.cc

#ifdef STANDARD

#include <stdio.h>

#include <string.h>

#else

#include <my global.h>

#include <my sys.h>

#endif

#include <mysqgl.h>

#include <m_ctype.h>

#include <m string.h> // To get strmov ()

#ifdef HAVE DLOPEN
/* These must be right or mysgld will not find the symbol! */

extern "C" {

my bool count agg vowels init( UDF_INIT* initid, UDF ARGS* args, char* message );
void count_agg _vowels deinit ( UDF_INIT* initid );

void count_agg_vowels_reset( UDF_INIT* initid, UDF_ARGS* args, —

char* is_null, char *error );

void count_agg vowels add( UDF_INIT* initid, UDF_ARGS* args,—

char* is null, char *error );

long long count_agg_vowels( UDF_INIT* initid, UDF_ARGS* args, -

char* is null, char *error );

}

struct count_agg_vowels data {
unsigned long long count;

}i

/* Count the number of vowels */

my bool

count_agg_vowels_init( UDF_INIT* initid, UDF_ARGS* args, char* message ) {
struct count_agg vowels data* data;

if (args->arg _count != 1 || args->arg type[0] != STRING RESULT) {
strcpy (message, "You can only pass one argument, and it must be a string");
return 1;

}

initid->max length = 20;

data = new struct count_agg_vowels_data;
data->count = 0;
initid->ptr = (char*)data;

return 0;

}

/* free the memory allocated to from ptr */
void
count agg vowels deinit( UDF INIT* initid ) {
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delete Initidf;ptr;
}

/* called once at the beginning of each group. Needs to call the add
function as well resets data->count to 0 for the new group */

void

count_agg_vowels_reset( UDF_INIT* initid, UDF_ARGS* args, -

char* is null, char* message ) {
struct count_agg vowels data* data = (struct count agg vowels data*)initid->ptr;
data->count = 0;
*is_null = 0;

count_agg_vowels_add( initid, args, is_null, message );

}

/* called for every row, add the number of vowels to data->count */
void
count_agg_vowels_add( UDF_INIT* initid, UDF_ARGS* args, char* is_null, -
char* message ) {

struct count_agg vowels data* data ==
(struct count_agg_vowels_data*)initid->ptr;

char *word = args->args[0]; /* pointer to string */

int T = 0;

char c;

while (
switch
case

( = word[ I++ ] ) !'= "\0' ) {

(

a
case 'e':

i

o

c
c ) {
gt
case 'i':
case '

case 'u
data->count++;

}
}
/* returns data->count, or a null if it cannot find anything */
long long
count_agg_vowels ( UDF_INIT* initid, UDF_ARGS* args, char* is_null, char* error
{
struct count_agg vowels data* data = (struct count agg vowels data*)initid->ptr;
if (!data->count)
{
*is_null = 1;
return 0;

*is null = 0;
return data->count;

}

#endif /* HAVE_DLOPEN */

% make count_agg vowels.o

g++ -DMYSQL_SERVER -DDEFAULT_ MYSQL HOME="\"/usr/local/mysgl\""
-DDATADIR="\"/usr/local/mysqgl/var\""
-DSHAREDIR="\"/usr/local/mysql/share/mysgl\""

-DHAVE_CONFIG_H -I../innobase/include -I./../include

-I./../regex -I. -I../include -I. -03 -DDBUG_OFF

-fno-implicit-templates -fno-exceptions -fno-rtti -c repeat_str.cc

% gcc -shared -o count_agg_vowels.so count_agg vowels.cc -I../innobase/include-
-I./../include -I./../regex -I. -I../include -I.

Now connect to MySQL, load the function, and run a test:

mysgl> CREATE AGGREGATE FUNCTION count_agg vowels RETURNS INTEGER
SONAME "count_vowels.so";
Query OK, 0 rows affected (0.02 sec)

mysqgl> SELECT count_agg_vowels (word) FROM words;

o +
| count_agg_vowels (word)

Bt Tt EEE +
| 21 |
E e et e +

1 row in set (0.01 sec)
mysgl> SELECT id,count_agg_vowels (word) FROM words GROUP BY id;

+-———— o +
| id | count agg vowels (word) |
O — I —— e +
| 1 5 |
| 2 2
| 31 2 |
| 4 1 6 |
| 51 6 |
t-————- e +

5 rows in set (0.00 sec)
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Troubleshooting the UDF

There are quite a few reasons that your UDF may not have worked. It's common for MySQL to crash if the UDF is not properly
implemented, so be careful about implementing an untried UDF on a running, live system. Each system will have its own
intricacies, but the following are some of the more common problems:

= Make sure you've dropped any pre-existing functions of the same name (if you're updating a function) before you
upload them or reload them. You may have to manually delete the function from the func table if you've previously
added broken UDF that you can't DrOP in the normal way.

= You can also try stopping and restarting MySQL before reloading the function though this is not usually necessary.

= Make sure the return type when you CREATE FUNCTION matches the type you return from the main function in your
code (string, real or integer).

= You may have to configure MySQL with --with-mysqld-1dflags=-rdynamic in order to implement the UDF.

= [+eevvisus [t
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Summary

MySQL allows you to add user-defined functions (UDFs). You use these as you would a normal function inside a query. There are
two kinds of UDFs: aggregate and standard. Aggregate UDFs work on groups of data and can be used with the GROUP BY clause.
Standard UDFs work on single rows of data.

Standard UDFs consist of three functions: the main function, which is required and called for every row, and the initialization and
deinitialization functions, called once at the beginning and end, respectively. Aggregate functions also utilize the add function
(called every row, in place of the main function, which is called only once at the end of every group) and the reset function (called
at the start of every group).

Toan LiD EEIE SR
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Chapter 7: Understanding Relational Databases

Overview

Just as perhaps we take movie special effects for granted until we see what the state of the art was in previous eras, so we can't
fully appreciate the power of relational databases without seeing what preceded them.

Relational databases allow any table to relate to any other table through means of common fields. It is a highly flexible system,
and most modern databases are relational.

Featured in this chapter:
= The hierarchical database model
= The network database model
= The relational database model
= Learning basic terms
= Table keys and foreign keys

= Views

Toan L2 [+ ervvious [t ]


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

[ Toam Lis | [ raivisus]fiie +]
Exploring Early Database Models

Before the advent of databases, the only way to store data was from unrelated files. Programmers had to go to great lengths to
extract the data, and their programs had to perform complex parsing and relating.

Languages such as Perl, with its powerful regular expressions ideal for processing text, have made the job a lot easier than
before; however, accessing data from files is still a challenging task. Without a standard way to access data, systems are more
prone to errors, are slower to develop, and are more difficult to maintain. Data redundancy (where data is duplicated
unnecessarily) and poor data integrity (where data is not changed in all the necessary locations, leading to wrong or outdated data
being supplied) are frequent consequences of the file access method of data storage. For these reasons, database management
systems (DBMSs) were developed to provide a standard and reliable way to access and update data. They provide an
intermediary layer between the application and the data, and the programmer is able to concentrate on developing the application,
rather than worrying about data access issues.

A database model is a logical model concerned with how the data is represented. Instead of database designers worrying about
the physical storage of the data, the database model allows them to look at a higher, or more conceptual, level, reducing the gap
between the real-world problem for which the application is being developed and the technical implementation.

There are a number of database models. First you'll learn about two common models, the hierarchical database model and the
network database model. Then you'll investigate the one that MySQL (along with most modern DBMSs) uses, the relational
model.

Understanding the Hierarchical Database Model

The earliest model was the hierarchical database model, resembling an upside-down tree. Files are related in a parent-child
manner, with each parent capable of relating to more than one child, but each child only being related to one parent. Most of you
will be familiar with this kind of structure—it's the way most filesystems work. There is usually a root, or top-level, directory that
contains various other directories and files. Each subdirectory can then contain more files and directories, and so on. Each file or
directory can only exist in one directory itself—it only has one parent. As you can see in Figure 7.1, A1 is the root directory, and its
children are B1 and B2. B1 is a parent to C1, C2, and C3, which in turn has children of its own.

Figure 7.1: The hierarchical database model

This model, although being a vast improvement on dealing with unrelated files, has some serious disadvantages. It represents
one-to-many relationships well (one parent has many children; for example, one company branch has many employees), but it
has problems with many-to-many relationships. Relationships such as that between a product file and an orders file are difficult to
implement in a hierarchical model. Specifically, an order can contain many products, and a product can appear in many orders.
Also, the hierarchical model is not flexible because adding new relationships can result in wholesale changes to the existing
structure, which in turn means all existing applications need to change as well. This is not fun when someone has forgotten a file
type and wants to add it to the structure shortly before the project is due to launch!

Developing the applications is complex also because the programmer needs to know the data structure well in order to traverse
the model to access the needed data. As you've seen in the earlier chapters, when accessing data from two related tables, you
only need to know the fields you require from those two tables. In the hierarchical model, you'd need to know the entire chain
between the two. For example, to relate data from A1 and D4, you'd need to take the route: A1, B1, C3, and D4.

Understanding the Network Database Model

The network database model was a progression from the hierarchical database model and was designed to solve some of that
model's problems, specifically the lack of flexibility. Instead of only allowing each child to have one parent, this model allows each
child to have multiple parents (it calls the children members and the parents owners). It addresses the need to model more
complex relationships, such as the orders/parts many-to-many relationship mentioned earlier. As you can see in Figure 7.2, A1
has two members, B1 and B2. B1 is the owner of C1, C2, C3, and C4. However, in this model, C4 has two owners, B1 and B2.
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Figure 7.2: The network database model

Of course, this model has its problems, or everyone would still be using it. It is more difficult to implement and maintain, and,
although more flexible than the hierarchical model, it still has flexibility problems. Not all relations can be satisfied by assigning
another owner, and the programmer still has to understand the data structures well in order to make the model efficient.

IECTSIET R
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Understanding the Relational Database Model

The relational database model was a huge leap forward from the network database model. Instead of relying on a parent-child or
owner-member relationship, the relational model allows any file to be related to any other by means of a common field. Suddenly,
the complexity of the design was greatly reduced because changes could be made to the database schema without affecting the
system's ability to access data. And because access was not by means of paths to and from files, but from a direct relationship
between files, new relations between these files could be easily added.

In 1970, when E. F. Codd developed the model, it was thought to be impractical. The increased ease of use comes at a large
performance penalty, and the hardware in those days was not able to implement the model. Since then, of course, hardware has
taken huge strides to where today even the simplest computers can run sophisticated relational database management systems.

Relational databases go hand in hand with the development of SQL, which is covered in Part |, "Using MySQL." The simplicity of
SQL—where even a novice can learn to perform basic queries in a short period of time—is a large part of the reason for the
popularity of the relational model.

ables 7.1 and 7.2 relate to each other through the stock_code field. Any two tables can relate to each other simply by creating a
field they have in common.

Table 7.1: The Product Table

| Stock_code H Description H Price |
| A416 |[ Nails, box |[$0.14 |
| co23 || Drawing pins, box | 50.08 |

Table 7.2: The Invoice Table

| Invoice_code ” Invoice_line “ Stock_code H Quantity |
[ 3804 1 | Ad16 10 |
|3804 ”2 ||0923 ||15 |

Introducing Basic Terms

The relational model uses certain terms to describe its components. If you've gone through Part |, "Using MySQL," you'll be
familiar with many of them:

= Data are the values kept in the database. On their own, the data mean very little. CA 684-213 is an example of data
in a DMV (Division of Motor Vehicles) database.

= Information is processed data. For example, CA 684-213 is the car registration number of Lyndon Manson in a
DMV database.

= A database is a collection of tables.

= Each table is made up of records (the horizontal rows in the table, also called tuples). Each record should be
unique, and can be stored in any order in the table.

= Each record is made up of fields (which are the vertical columns of the table, also called attributes). Basically, a
record is one fact (for example, one customer or one sale).

= These fields can be of various types. MySQL has many types, as you saw in Chapter 2 ("Data Types and Table
Types"), but generally the types fall into three kinds: character, numeric, and date. For example, a customer name
is a character field, a customer's birthday is a date field, and a customer's number of children is a numeric field.

= The range of allowed values for a field is called the domain (also called a field specification). For example, a
credit_card field may be limited to only the values Mastercard, Visa, and Amex.

= A field is said to contain a null value when it contains nothing at all. Null fields can create complexities in
calculations and have consequences for data accuracy. For this reason, many fields are specifically set not to
contain null values.

= A key accesses specific records in a table.

= An index is a mechanism to improve the performance of a database. Indexes are often confused with keys. They
are, strictly speaking, part of the physical structure, and keys are part of the logical structure. You'll often see the
terms used interchangeably, however.

= A view is a virtual table made up of a subset of the actual tables.

= A one-to-one (1:1) relationship is where for each instance of the first table in a relationship, only one instance of the
second table exists. An example of this would be a case where a chain of stores carries a vending machine. Each
vending machine can only be in one store, and each store carries only one vending machine (see Figure 7.3).

Vending machine Stofe

-I— Appears in —I—
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Figure 7.3: A one-to-one relationship

= A one-to-many (1:M) relationship is where for each instance of the first table in the relationship, many instances of
the second table exist. This is a common kind of relationship. An example is the relationship between a sculptor
and their sculptures. Each sculptor may have created many sculptures, but each sculpture has been created by

only one sculptor (see Figure 7.4).

Sculptor Sculpture

! Soulpts f_)dE

Figure 7.4: A one-to-many relationship

= A many-to-many (M:N) relationship occurs where, for each instance of the first table, there are many instances of
the second table, and for each instance of the second table, there are many instances of the first. For example, a
student can have many lecturers, and a lecturer many students (see Figure 7.5).

Student Lecturer

E—— 5 taught by —-e

Figure 7.5: A many-to-many relationship

= A mandatory relationship exists where for each instance of the first table in a relationship, one or more instances of
the second must exist. For example, for a music group to exist, there must exist at least one musician in that group.

= An optional relationship is where for each instance of the first table in a relationship, there may exist instances of
the second. For example, if an author can be listed in the database without having written a book (in other words, a
prospective author), that relationship is optional. The reverse isn't necessarily true, though; for example, for a book
to be listed, it must have an author.

» Data integrity refers to the condition where data is accurate, valid, and consistent. An example of poor integrity
would be if a customer telephone number is stored differently in two different locations. Another is where a course
record contains a reference to a lecturer who is no longer present at the school. In Chapter 8, "Database
Normalization," you'll learn a technique that assists you to minimize the risk of these sorts of problems: database
normalization.

Now that you've been introduced to some of the basic terms, the next section will cover table keys, a fundamental aspect of
relational databases, in more detail.

Introducing Table Keys

A key, as the term itself indicates, unlocks access to the tables. If you know the key, you know how to identify specific records and
the relationships between tables.

A candidate key is a field, or combination of fields, that uniquely identifies a record. It cannot contain a null value, and its value
must be unique. (With duplicates, you would no longer be identifying a unique record.)

A primary key is a candidate key that has been designated to identify unique records in the table throughout the database
structure. As an example, Table 7.3 shows the customer table.

Table 7.3: The Custpmer Table

| customer_code H first_name ” surname H telephone_number |
1 || John || smith || 448-2143 |
2 || charlotte || smith || 448-2143 |
|3 |[ John || smith ||9231-5312 |

At first glance, there are two possible candidate keys for this table. Either customer_ code or a combination of first_name,
surname, and telephone_number would suffice. It is always better to choose the candidate key with the least number of fields for
the primary key, so you would choose customer_code in this example. Upon reflection, there is also the possibility of the second
combination not being unique. The combination of first_name, surname, and telephone_number could in theory be duplicated,
such as where a father has a son of the same name who is contactable at the same telephone number. This system would have
to expressly exclude this possibility for these three fields to be considered for the status of primary key.

There may be many John Smiths in the average English-speaking country, but you avoid confusion by assigning each a unique
number. Once a primary key has been created, the remaining candidate keys are labeled as alternate keys.

Introducing Foreign Keys

You already know that a relation between two tables is created by assigning a common field to the two tables. This common field
must be a primary key to the one table. Consider a relation between a customer table and a sale table. The relation is not much
good if instead of using the primary key, customer_code, in the sale table, you use another field that is not unique, such as the
customer's first name. You could never know for sure which customer made the sale in that case. So, in Figure 7.6,
customer_code is called the foreign key in the sale table; in other words, it is the primary key in a foreign table.
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Figure 7.6: Setting foreign keys

Foreign keys allow for something called referential integrity. What this means is that if a foreign key contains a value, this value
refers to an existing record in the related table. For example, take a look at Table 7.4 and Table 7.5.

Table 7.4: The Lecturer Table

| code ” firstname ” surname |
| 1 ” Anne ” Cohen |
| 2 ” Leonard ” Clark |
| 3 ” Vusi ” Cave |

Table 7.5: The Course Table

| Course title ” Lecturer |
| Introduction to Programming ” 1 |
| Information Systems ” 2 |
| Systems Software ” 3 |

Referential integrity exists here, as all the lecturers in the course table exist in the lecturer table. However, let's assume Anne
Cohen leaves the institution, and you remove her from the lecturer table. In a situation where referential integrity is not enforced,
she would be removed from the lecturer table, but not from the course table, shown in Table 7.6 and Table 7.7.

Table 7.6: The Lecturer Table

| code ” firstname ” surname |
| 2 ” Leonard ” Clark |
| 3 ” Vusi ” Cave |

Table 7.7: The Course Table

| Course title ” Lecturer |
| Introduction to Programming ” 1 |
| Information Systems ” 2 |
| Systems Software ” 3 |

Now, when you look up who lectures Introduction to Programming, you are sent to a nonexistent record. This is called poor data
integrity.

Foreign keys also allow cascading deletes and updates. For example, if Anne Cohen leaves, taking the Introduction to
Programming course with her, all trace of her can be removed from both the lecturer and course table by using one statement.
The delete "cascades" through the relevant tables, removing all relevant records. Since version 3.23.44, MySQL has supported
checking of foreign key with the InnoDB table type, and cascading deletes have been supported since version 4.0.0. Remember,
though, that enforcing referential integrity does have a performance cost. Though without it, it becomes the responsibility of the
application to maintain data integrity.

Foreign keys can contain null values, indicating that no relationship exists.
Introducing Views

Views are virtual tables. They are only a structure and contain no data. Their purpose is to allow a user to see a subset of the
actual data. Views are one of the most frequent MySQL feature requests, and are due to be implemented in version 5.

A view can consist of a subset of one table. For example, Table 7.8 is a subset of the full table, shown in Table 7.9.

Table 7.8: The Student View

Student View

First_name
Surname
Grade

Table 7.9: The Student Table
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| Student

Student_id
First_name
Surname
Grade
Address
Telephone

This view could be used to allow other students to see their fellow students' marks but not allow them access to personal
information.

Or a view could be a combination of a number of tables, such as the view shown in Table 7.10. It's a combination of Table 7.11,
Table 7.12, and Table 7.13.

Table 7.10: The Student Grade View

Student Grade View

First_name
Surname

Course description
Grade

Table 7.11: The Student Table

Student

Student_id
First_name
Surname
Address
Telephone

Table 7.12: The Course Table

| Course |

| Course_id |

| Course description |

Table 7.13: The Grade Table

| Grade |

Student_id
Course_id
Grade

Views are also useful for security. In larger organizations, where many developers may be working on a project, views allow
developers access to only the data they need. What they don't need, even if it is in the same table, is hidden from them, safe from
being seen or manipulated. It also allows queries to be simplified for developers. For example, without the view, a developer would
have to retrieve the fields in the view with the following sort of query:

SELECT first_name, surname,course_description,grade FROM student,
grade, course WHERE grade.student id = student.student id AND
grade.course_id = course.course_id;

With the view, a developer could do the same with the following:

SELECT first_name, surname,course_description,grade FROM student_grade_view;

This is much more simple for a junior developer who hasn't yet learned how to do joins, and it's just less hassle for a senior

developer, too!
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Summary

Before databases, programmers stored data in files. However, accessing data from files is inefficient for the programmer, so
databases were created.

Hierarchical databases store data in a top-down, one-to-many structure. They are inflexible and also create a lot of work for the
programmers.

Network databases allow easier representation of many-to-many relationships, but they are difficult to develop and maintain.

Relational databases allow any table to relate to any other table through means of common fields. It is a highly flexible system,
and most modern databases are relational.

Table keys allow access to the records in a database. A primary key is an attribute, or a number of attributes, that uniquely
identifies a row. A foreign key is an attribute, or a number of attributes, that is a primary key in another table.

Table views are logical subsets of existing tables. They contain no data but make it easier for developers, ensure security, and so
on.

oo L R EEE
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Chapter 8: Database Normalization

Overview

This chapter introduces you to a powerful tool for optimizing your database design: normalization. Developed in the 1970s by E.F.
Codd, normalization is now a standard requirement of most database designs. By following the steps outlined in this chapter, you'll
be able to reduce data anomalies and ease maintenance.
Featured in this chapter:

= 1st normal form

= 2nd normal form

= 3rd normal form

= Boyce-Codd normal form

= 4th normal form

= 5th normal form

= Denormalization

Toan L2 [+ ervvious [t ]
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Understanding Normalization

In Part 1, "Using MySQL," you created some tables in MySQL. Perhaps you've been using MySQL for a while with small projects
where the databases contain one or two tables. But as you become more experienced and begin to tackle bigger projects, you
may find that the queries you need become more complex and unwieldy, you begin to experience performance problems, or data
anomalies start to creep in. Without some knowledge of database design and normalization, these problems may become
overwhelming, and you will be unable to take the next step in your mastery of MySQL. Database normalization is a technique that
can help you avoid data anomalies and other problems with managing your data. It consists of transforming a table through
various stages: 1st normal form, 2nd normal form, 3rd normal form, and beyond. It aims to:

= Eliminate data redundancies (and therefore use less space)
= Make it easier to make changes to data, and avoid anomalies when doing so
= Make referential integrity constraints easier to enforce

= Produce an easily comprehensible structure that closely resembles the situation the data represents, and allows for
growth

Let's begin by creating a sample set of data. You'll walk through the process of normalization first, without worrying about the
theory, to get an understanding of the reasons you'd want to normalize. Once you've done that, I'll introduce the theory and steps
of the various stages of normalization, which will make the whole process you're about to carefully go through now much simpler
the next time you do it.

Imagine you are working on a system that records plants placed in certain locations and the soil descriptions associated with
them.

The location:
Location code: 11
Location name: Kirstenbosch Gardens

contains the following three plants:

Plant code: 431
Plant name: Leucadendron
Soil category: A
Soil description: Sandstone

Plant code: 446

Plant name: Protea

Soil category: B

Soil description: Sandstone/Limestone

Plant code: 482

Plant name: Erica

Soil category: C

Soil description: Limestone

The location:
Location code: 12
Location name: Karbonkelberg Mountains

contains the following two plants:

Plant code: 431
Plant name: Leucadendron
Soil category: A
Soil description: Sandstone

Plant code: 449

Plant name: Restio

Soil category: B

Soil description: Sandstone/Limestone
There is a problem with the previous data. Tables in relational databases are in a grid, or table, format (MySQL, like most modern
databases, is a relational database), with each row being one unique record. Let's try and rearrange this data is the form of a
tabular report (as shown in Table 8.1).

Table 8.1: Plant Data Displayed As a Tabular Report

Location Location Name Plant Code Plant Name Soil Soil Description
Code Category
11 Kirstenbosch 431 Leucadendron A Sandstone
Gardens
446 Protea B Sandstone/
Limestone
” || 482 || Erica ” C ” Limestone
12 Karbonkelberg 431 Leucadendron A Sandstone
Mountains
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How are you to enter this data into a table in the database? You could try to copy the layout you see in the report above, resulting

in a table something like Table 8.2. The null fields reflect the fields where no data was entered.

Table 8.2: Trying to Create a Table with the Plant Data

Location Location Name Plant Code Plant Name Soil Category Soil Description
Code
11 Kirstenbosch 431 Leucadendron A Sandstone
Gardens
NULL NULL 446 Protea B Sandstone/
Limestone
NULL ” NULL |482 I Erica ” C “ Limestone
12 Karbonkelberg 431 Leucadendron A Sandstone
Mountains
NULL NULL 449 Restio B Sandstone/
Limestone

This table is not much use, though. The first three rows are actually a group, all belonging to the same location. If you take the
third row by itself, the data is incomplete, as you cannot tell the location the Erica is to be found. Also, with the table as it stands,
you cannot use the location code, or any other field, as a primary key (remember, a primary key is a field, or list of fields, that
uniquely identify one record). There is not much use in having a table if you can't uniquely identify each record in it.

So, the solution is to make sure that each table row can stand alone, and is not part of a group, or set. To achieve this, remove
the groups, or sets of data, and make each row a complete record in its own right, which results in Table 8.3.

Table 8.3: Each Record Stands Alone

Location Location Name Plant Code Plant Name Soil Category Soil Description

Code

11 Kirstenbosch 431 Leucadendron A Sandstone
Gardens

11 Kirstenbosch 446 Protea B Sandstone/
Gardens Limestone

11 Kirstenbosch 482 Erica C Limestone
Gardens

12 Karbonkelberg 431 Leucadendron A Sandstone
Mountains

12 Karbonkelberg 449 Restio B Sandstone/
Mountains Limestone

Note The primary keys are shown in italics in Table 8.3 and the following tables.

Notice that the location code cannot be a primary key on its own. It does not uniquely identify a row of data. So, the primary key
must be a combination of location code and plant code. Together these two fields uniquely identify one row of data. Think about it:
You would never add the same plant type more than once to a particular location. Once you have the fact that it occurs in that
location, that's enough. If you want to record quantities of plants at a location—for this example you're just interested in the spread
of plants—you don't need to add an entire new record for each plant; rather, just add a quantity field. If for some reason you would
be adding more than one instance of a plant/location combination, you'd need to add something else to the key to make it unique.

So, now the data can go in table format, but there are still some problems with it. The table stores the information that code 11
refers to the Kirstenbosch Gardens three times! Besides the waste of space, there is another serious problem. Look carefully at
the data in Table 8.4.

Table 8.4: A Data Anomaly

Location Location Name Plant Code Plant Name Soil Category Soil Description

Code

1 Kirstenbosch 431 Leucadendron A Sandstone
Gardens

11 Kirstenbosh 446 Protea B Sandstone/
Gardens Limestone

11 Kirstenbosch 482 Erica C Limestone
Gardens

12 Karbonkelberg 431 Leucadendron A Sandstone
Mountains

12 Karbonkelberg 449 Restio B Sandstone/
Mountains Limestone
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Did you notice anything strange in the data in Table 8.4? Congratulations if you did! Kirstenbosch is misspelled in the second
record. Now imagine trying to spot this error in a table with thousands of records! By using the structure in Table 8.4, the chances
of data anomalies increase dramatically.

The solution is simple. You remove the duplication. What you are doing is looking for partial dependencies—in other words, fields
that are dependent on a part of a key and not the entire key. Because both the location code and the plant code make up the key,
you look for fields that are dependent only on location code or on plant name.

There are quite a few fields where this is the case. Location name is dependent on location code (plant code is irrelevant in
determining project name), and plant name, soil code, and soil name are all dependent on plant number. So, take out all these
fields, as shown in Table 8.5.

Table 8.5: Removing the Fields Not Dependent on the Entire Key

| Location Code || Plant Code |
[11 |[ 431 |
[11 |[ 446 |
[11 || 482 |
[12 |[ 431 |
[12 || 249 |

Clearly you can't remove the data and leave it out of the database completely. You take it out and put it into a new table,
consisting of the fields that have the partial dependency and the fields on which they are dependent. For each of the key fields in
the partial dependency, you create a new table (in this case, both are already part of the primary key, but this doesn't always have
to be the case). So, you identified plant name, soil description, and soil category as being dependent on plant code. The new table
will consist of plant code as a key, as well as plant name, soil category, and soil description, as shown in Table 8.6.

Table 8.6: Creating a New Table with Plant Data

| Plant Code ” Plant Name ” Soil Category ” Soil Description |
|431 ” Leucadendron ” A ” Sandstone |
|446 ” Protea ” B ” Sandstone/Limestone |
|482 ” Erica ” C ” Limestone |
|449 ” Restio ” B ” Sandstone/Limestone |

You do the same process with the location data, as shown in Table 8.7.

Table 8.7: Creating a New Table with Location Data

| Location Code || Location Name |
| 11 ” Kirstenbosch Gardens |
| 12 ” Karbonkelberg Mountains |

See how these tables remove the earlier duplication problem? There is only one record that contains Kirstenbosch Gardens, so
the chances of noticing a misspelling are much higher. And you aren't wasting space storing the name in many different records.
Notice that the location code and plant code fields are repeated in two tables. These are the fields that create the relation,
allowing you to associate the various plants with the various locations. Obviously there is no way to remove the duplication of
these fields without losing the relation altogether, but it is far more efficient storing a small code repeatedly than a large piece of
text.

But the table is still not perfect. There is still a chance for anomalies to slip in. Examine Table 8.8 carefully.

Table 8.8: Another Anomaly

| Plant Code ” Plant Name “ Soil Category ” Soil Description |
| 431 ” Leucadendron ” A ” Sandstone |
|446 ” Protea ” B ” Sandstone/Limestone |
|482 ” Erica ” C ” Limestone |
|449 ” Restio “ B ” Sandstone |

The problem in Table 8.8 is that the Restio has been associated with sandstone, when in fact, having a soil category of B, it
should be a mix of sandstone and limestone. (The soil category determines the soil description in this example). Once again you
are storing data redundantly: The soil category to soil description relationship is being stored in its entirety for each plant. As
before, the solution is to take out this excess data and place it in its own table. What you are in fact doing at this stage is looking
for transitive relationships, or relationships where a nonkey field is dependent on another nonkey field. Soil description, although in
one sense dependent on plant code (it did seem to be a partial dependency when we looked at it in the previous step), is actually
dependent on soil category. So, soil description must be removed: Once again, take it out and place it in a new table, along with
its actual key (soil category), as shown in Table 8.9 and Table 8.10.
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Table 8.9: Plant Data After Removing the Soil Description

| Plant Code “ Plant Name || Soil Category |
|431 || Leucadendron ” A |
|446 || Protea ” B |
|482 “ Erica ” C |
|449 “ Restio ” B |

Table 8.10: Creating a New Table with the Soil Description

| Soil Category ” Soil Description |
| A ” Sandstone |
| B ” Sandstone/Limestone |
| C ” Limestone |

You've cut down the chance of anomalies once again. It is now impossible to mistakenly assume soil category B is associated
with anything but a mix of sandstone and limestone. The soil description to soil category relationships is stored in only one place:
the new soil table, where you can be sure they are accurate.

Let's look at this example without the data tables to guide you. Often when you're designing a system you don't yet have a
complete set of test data available, and it's not necessary if you understand how the data relates. I've used the tables to
demonstrate the consequences of storing data in tables that were not normalized, but without them you have to rely on
dependencies between fields, which is the key to database normalization.

At first, the data structure was as follows:
Location code
Location name

1-n Plant numbers (1-n is a shorthand for saying there are many occurrences of this field—in other words, it is
a repeating group)

1-n Plant names
1-n Soil categories
1-n Soil descriptions

This is a completely unnormalized structure—in other words, it is in zero normal form. So, to begin the normalization process, you
start by moving from zero normal form to 1st normal form.

1st Normal Form

Tables in 1st normal form follow these rules:
= There are no repeating groups.
= All the key attributes are defined.
= All attributes are dependent on the primary key.

What this means is that data must be able to fit into a tabular format, where each field contains one value. This is also the stage
where the primary key is defined. Some sources claim that defining the primary key is not necessary for a table to be in 1st normal
form, but it's usually done at this stage, and is necessary before we can progress to the next stage. Theoretical debates aside,
you'll have to define your primary keys at this point.

Tip Although not always seen as part of the definition of 1st normal form, the principle of atomicity is usually applied at this
stage as well. This means that all columns must contain their smallest parts, or be indivisible. A common example of this
is where someone creates a name field, rather than first name and surname fields. They usually regret it later.

So far, the plant example has no keys, and there are repeating groups. To get it into 1st normal form, you'll need to define a
primary key and change the structure so that there are no repeating groups; in other words, each row/column intersection contains
one, and only one, value. Without this, you cannot put the data into the ordinary two-dimensional table that most databases
require. You define location code and plant code as the primary key together (neither on its own can uniquely identify a record),
and replace the repeating groups with a single-value attribute. After doing this, you are left with the data shown in Table 8.11.

Table 8.11: 1st Normal Form

Plant Location Table

Location code
Location name
Plant code
Plant name

Soil category
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|| Soil description ||

This table is in now in 1st normal form. Is it in 2nd normal form?
2nd Normal Form

A table is in 2nd normal form if it follows these rules:
n |s in 1st normal form
= Includes no partial dependencies (where an attribute is only dependent on part of a primary key)

Tip For an attribute to be only dependent on part of a primary key, the primary key must consist of more than one field. If the
primary key contains only one field, the table is automatically in 2nd normal form if it is in 1st normal form.

Let's examine all the fields. Location name is only dependent on location code. Plant name, soil category, and soil description are
only dependent on plant code. (This assumes that each plant only occurs in one soil type, which is the case in this example). So

you remove each of these fields, and place them in a separate table, with the key being that part of the original key on which they
are dependent. For example, with plant name, the key is plant code. This leaves you with Table 8.12, Table 8.13, and Table 8.14.

Table 8.12: The Plant Location Table with Partial Dependencies Removed

Plant Location Table

Plant code
Location code

Table 8.13: Table Resulting from Fields Dependent on Plant Code

Plant Table

Plant code
Plant name
Soil category
Soil description

Table 8.14: Table Resulting from Fields Dependent on Location Code

Location Table

Location code
Location name

The resulting tables are now in 2nd normal form. Are they in 3rd normal form?

3rd Normal Form

A table is in 3rd normal form if it follows these rules:
= Is in 2nd normal form

= Contains no transitive dependencies (where a nonkey attribute is dependent on the primary key through another
nonkey attribute)

Tip If a table only contains one nonkey attribute, it is obviously impossible for a nonkey attribute to be dependent on another
nonkey attribute. Any tables like these that are in 2nd normal form are then automatically in 3rd normal form.

As only the plant table has more than one nonkey attribute, you can ignore the others because they are in 3rd normal form
already. All fields are dependent on the primary key in some way, since the tables are in 2nd normal form. But is this dependency
through another nonkey field? Plant name is not dependent on either soil category or soil description. Nor is soil category
dependent on either soil description or plant name. However, soil description is dependent on soil category. You use the same
procedure as before, removing it, and placing it in its own table with the attribute that it was dependent on as the key. You are left
with Table 8.15, Table 8.16, Table 8.17, and Table 8.18.

Table 8.15: The Plant Location Table Remains Unchanged

Plant Location Table

Plant code

Location code

Table 8.16: The Plant Table with Soil Description Removed

Plant Table

Plant code
Plant name
Soil category
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Table 8.17: The New Soil Table

Soil Table

Soil category
Soil description

Table 8.18: The Location Table Is Unchanged

Location Table

Location code

Location name

All of these tables are now in 3rd normal form. 3rd normal form is usually sufficient for most tables, because it avoids the most
common kind of data anomalies. | suggest getting most tables you work with to 3rd normal form before you implement them, as
this will achieve the aims of normalization listed at the beginning of the chapter in the vast majority of cases. The normal forms
beyond this, such as Boyce-Codd normal form and 4th normal form, are rarely useful for business applications. In most cases,
tables in 3rd normal form are already in these normal forms anyway. But any skillful database practitioner should know the
exceptions, and be able to normalize to the higher levels when required.

Boyce-Codd Normal Form

E.F. Codd and R.F. Boyce, two of the people instrumental in the development of the database model, have been honored by the
name of this normal form. E.F. Codd developed and expanded the relational model, and also developed normalization for
relational models in 1970, while R.F. Boyce was one of the creators of Structured Query Language (then called SEQUEL).

In spite of some resources stating the contrary, Boyce-Codd normal form is not the same as 4th normal form. Let's look at an

example of data anomalies, which are presented in 3rd normal form and solved by transforming into Boyce-Codd normal form,
before defining it (see Table 8.19).

Table 8.19: A Table Containing Data about the Student, Course, and Instructor Relationship

Student Course Instructor Table

Student
Course

Instructor

Assume that the following is true for Table 8.19:
= Each instructor takes only one course.
= Each course can have one or more instructors.
= Each student has only one instructor per course.
= Each student can take one or more courses.

What would the key be? None of the fields on their own would be sufficient to uniquely identify a record, so you have to use two
fields. Which two should you use?

Perhaps student and instructor seem like the best choice, as that would allow you to determine the course. Or you could use
student and course, which would determine the instructor. For now, let's use student and course as the key (see Table 8.20).

Table 8.20: Using Student and Course as the Key

Student Course Instructor Table

Student
Course
Instructor

What normal form is this table in? It's in first normal form, as it has a key and no repeating groups. It's also in 2nd normal form, as
the instructor is dependent on both other fields (students have many courses and therefore instructors, and courses have many
instructors). Finally, it's also in 3rd normal form, as there is only one nonkey attribute.

But there are still some data anomalies. Look at the data sample in Table 8.21.

Table 8.21: More Data Anomalies

| Student H Course || Instructor |
| Conrad Pienaar || Biology ” Nkosizana Asmal |
| Dingaan Fortune || Mathematics ” Kader Dlamini |
| Gerrie Jantjies || Science ” Helen Ginwala |
| Mark Thobela || Biology ” Nkosizana Asmal |
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|Conrad Pienaar “ Science ” Peter Leon |
|Alicia Ncita “ Science ” Peter Leon |
| Quinton Andrews “ Mathematics ” Kader Dlamini |

The fact that Peter Leon teaches science is stored redundantly, as are Kader Dlamini with mathematics and Nkosizana Asmal
with biology. The problem is that the instructor determines the course. Or put another way, course is determined by instructor. The
table conforms to 3rd normal form rules because no nonkey attribute is dependent upon another nonkey attribute. However, a key
attribute is dependent upon a nonkey attribute! Again, you can use the familiar method of removing this field and placing it into
another table, along with its key (see Table 8.22 and Table 8.23).

Table 8.22: Student Instructor Table after Removing Course

Student Instructor Table

Student
Instructor

After removing the course field, the primary key needs to include both remaining fields to uniquely identify a record.

Table 8.23: Resulting Instructor Course Table

Instructor Course Table

Instructor
Course

Although we had chosen course as part of the primary key in the original table, the instructor determines the course, which is why
we make it the primary key in this table. As you can see, the redundancy problem has been solved.

Thus, a table is in Boyce-Codd normal form if it meets the following conditions:
= |tis in 3rd normal form.
= Each determinant is a candidate key.

That sounds scary! For most people new to database design, these are new terms. If you followed along with this example,
however, the terms will soon become clear:

= A determinant is an attribute that determines the value of another attribute.
= A candidate key is either the key or an alternate key (in other words, the attribute could be a key for that table).

Instructor is not a candidate key (alone it cannot uniquely identify the record), yet it determines the course, so the table is not in
Boyce-Codd normal form.

Let's look at the example again, and see what happens if you chose student and instructor as the key, as shown in Table 8.24.
What normal form is the table in this time?

Table 8.24: Using Student and Instructor as the Key

Student Course Instructor Table

Student
Instructor
Course

Once again it's in 1st normal form because there is a primary key and there are no repeating groups. This time, though, it's not in
2nd normal form because course is determined by only part of the key: the instructor. By removing course and its key, instructor,
you get the data shown in Table 8.25 and Table 8.26.

Table 8.25: Removing Course

Student Instructor Table

Student
Instructor

Table 8.26: Creating a New Table with Course

Instructor Course Table

Instructor
Course

Either way you do it, by making sure the tables are normalized into Boyce-Codd normal form, you get the same two resulting
tables. It's usually the case that when there are alternate fields to choose as a key, it doesn't matter which ones you choose
initially because after normalizing the results you get the same results either way.
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4th Normal Form

Let's look at situation where redundancies can creep in even though a table is in Boyce-Codd normal form. Let's take the previous
student/instructor/course example but change one of the initial assumptions. This time, a student can have several instructors for
a single course (see Table 8.27).

Table 8.27: Student Course Instructor Data, with Several Instructors per Course

| Student “ Course || Instructor |
| Conrad Pienaar || Biology ” Nkosizana Asmal |
| Dingaan Fortune || Mathematics ” Kader Dlamini |
| Gerrie Jantjies “ Science ” Helen Ginwala |
| Mark Thobela “ Biology ” Nkosizana Asmal |
| Conrad Pienaar “ Science ” Peter Leon |
|Alicia Ncita “ Science ” Peter Leon |
| Quinton Andrews “ Mathematics ” Kader Dlamini |
| Dingaan Fortune “ Mathematics ” Helen Ginwala |

The data is the same as before, except that Helen Ginwala is teaching science to Gerrie Jantjies as well as mathematics to
Dingaan Fortune, and Dingaan Fortune is being taught by both Helen Ginwala and Kader Dlamini for mathematics.

The only possible key is a combination of all three attributes, as shown in Table 8.28. No other combination will uniquely identify a
particular record.

Table 8.28: Three Attributes as Key

Student Course Instructor Table

Student
Instructor
Course

But this still has some potentially anomalous behavior. The fact that Kader Dlamini teaches mathematics is still stored more than
once, as is the fact that Dingaan Fortune takes mathematics. The real problem is that the table stores more than one kind of fact:
that of a student-to-course relationship, as well as that of a student-to-instructor relationship. You can avoid this, as always, by
separating the data into two tables, as shown in Table 8.29 and Table 8.30.

Table 8.29: Creating a Table for the Student to Instructor Relationship

Student Instructor Table

Student
Instructor

Table 8.30: Creating a Table for the Student to Course Relationship

Student Course Table

Student
Course

This situation exists when you have multiple multivalued dependencies. A multivalued dependency exists between two attributes
when, for each value of the first attribute, there is one or more associated values of the second attribute. For each value of
student, there were many values of course. This is the first multivalued dependency. Then for each value of student, there are one
or more associated values of instructor. This is the second multivalued dependency.

Thus, a table is in 4th normal form if it meets the following criteria:
= |s in Boyce-Codd normal form

= Does not contain more than one multivalued dependency
5th Normal Form and Beyond

There are further normal forms that are mainly of academic interest, as the problems they exist to solve rarely appear in practice. |
won't go into them in much detail, but for those who are interested, the following example provides a taste (see Table 8.31):

Table 8.31: The Sales Rep Example

| Sales Rep “ Company || Product |

| Felicia Powers || Exclusive ” Books |
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|Afza| Ignesund ” Wordsworth ” Magazines |

| Felicia Powers “ Exclusive ” Magazines |

Usually you would store this data in one table, as you need all three records to see which combinations are valid. Afzal Ignesund
sells magazines for Wordsworth, but not necessarily books. Felicia Powers happens to sell both books and magazines for
Exclusive. However, let's add another condition: If a sales rep sells a certain product, and they sell it for a particular company,
then they must sell that product for that company.

Let's look at a larger data set adhering to this condition (see Table 8.32).

Table 8.32: Looking at a Larger Set of Data

| Sales Rep H Company ” Product |
| Felicia Powers || Exclusive ” Books |
| Felicia Powers || Exclusive ” Magazines |
|Afza| Ignesund || Wordsworth ” Books |
| Felicia Powers || Wordsworth ” Books |
| Felicia Powers || Wordsworth ” Magazines |

Now, with this extra dependency, you could normalize Table 8.32 further into three separate tables without losing any facts, as
shown in Table 8.33, Table 8.34, and Table 8.35.

Table 8.33: Creating a Table with Sales Rep and Product

| Sales Rep ” Product |
| Felicia Powers ” Books |
| Felicia Powers ” Magazines |
|Afza| Ignesund ” Books |

Table 8.34: Creating a Table with Sales Rep and Company

| Sales Rep ” Company |
| Felicia Powers ” Exclusive |
| Felicia Powers ” Wordsworth |
|Afza| Ignesund ” Wordsworth |

Table 8.35: Creating a Table with Company and Product

| Company ” Product |
| Exclusive ” Books |
| Exclusive ” Magazines |
| Wordsworth ” Books |
| Wordsworth ” Magazines |

Basically, a table is in 5th normal form if it cannot be made into any smaller tables with different keys (most tables can obviously
be made into smaller tables with the same key!).

Beyond 5th normal form, you enter the heady realms of domain key normal form, a kind of theoretical ideal. Its practical use to a
database designer is similar to that of the concept of infinity to a bookkeeper—i.e., it exists in theory, but is not going to be used in
practice. Even the most corrupt executive is not going to expect that of the bookkeeper!

For those interested in pursuing this academic and highly theoretical topic further, | suggest obtaining a copy of An Introduction to

Database Systems by C.J. Date (Addison-Wesley, 1999).
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Understanding Denormalization

Denormalization is the process of reversing the transformations made during normalization for performance reasons. It's a topic
that stirs controversy among database experts; there are those who claim the costs are too high and never denormalize, and there
are those who tout its benefits and routinely denormalize.

For proponents of normalization, the thinking is as follows: Normalization creates more tables as you proceed toward the higher
normal forms, but more tables mean there are more joins to be made when data is retrieved, which in turn slows down your
queries. For that reason, to improve the speed of certain queries, you can override the advantages to data integrity and return the
data structure to a lower normal form.

| suggest a practical approach, taking into account the limitations of SQL, and MySQL in particular, but being cautious not to
needlessly denormalize. The following tips will help you in your decision:

= [f your performance with a normalized structure is acceptable, you should not denormalize.

= If your performance is unacceptable, make sure denormalizing will cause it to become acceptable. Also investigate
alternatives, such as better hardware, which may avoid the need to denormalize. It's hard to undo structural
changes later.

= Be sure you are willing to trade the decreased data integrity for the increase in performance.

= Consider possible future scenarios, where applications may place different requirements on the data.
Denormalizing to enhance performance of a specific application makes your data structure dependent on that
application, when in an ideal situation it will be application independent.

Table 8.36 introduces a common structure where it may not be in your best interests to denormalize. Can you tell which normal
form the table is in?

Table 8.36: Customer Table

Customer Table

ID

First name
Surname
Address line 1
Address line 2
Town

ZIP code

Table 8.36 must be in 1st normal form because it has a primary key and there are no repeating groups. It must be in 2nd normal
form because there's only one key, so there cannot be any partial dependencies. And 3rd normal form? Are there any transitive
dependencies? It looks like it. ZIP code is probably determined by the town attribute. To make it into 3rd normal form, you should
take out ZIP code, putting it in a separate table with town as the key. In most cases, | would suggest not doing this though.
Although this table is not really in 3rd normal form, separating this table is not worth the trouble. The more tables you have, the
more joins you need to do, which slows the system down. The reason you normalize at all is to reduce the size of tables by
removing redundant data (which can often speed up the system). But you also need to look at how your tables are used. Town
and ZIP code would almost always be returned together, as part of the address. In most cases, the small amount of space you
save by removing the duplicate town/ZIP code combinations would not offset the slowing down of the system because of the extra
joins. In some situations, this may be useful, perhaps where you need to sort addresses according to ZIP codes or towns for
thousands of customers, and the distribution of the data means that a query to the new, smaller table can return the results
substantially quicker. In the end, experienced database designers can go beyond rigidly following the steps, as they understand
how the data will be used. And that is something only experience can teach you. Normalization is just a helpful set of steps that
most often produces an efficient table structure and not a rule for database design.

Tip I've seen some scary database designs out there, almost always because of not normalizing rather than too much
normalization. So if you're unsure, normalize!

[oam L. [+ reinsus a1
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Summary

Database normalization is a process performed on your tables to make them less likely to fall prey to various common kinds of
data anomaly:

= 1st normal form contains no repeating groups and guarantees that all attributes are dependent on a primary key.
= 2nd normal form contains no partial dependencies.
= 3rd normal form contains no transitive dependencies.

= For practical purposes, 3rd normal form is usually sufficient; indeed, overnormalizing can lead to performance
issues, with the database having to perform too many joins.

= Boyce-Codd normal form ensures each determinant is a candidate key.
= 4th normal form contains no more than one multivalued dependency.
= 5th normal form ensures tables cannot be reduced to smaller tables with different keys.

= Domain key normal form is a theoretical ideal beyond the scope of this book.

Toan Lo [+erivious Pt ]


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

[ Team LiB | [ PRwvisuE]
Chapter 9: Database Design

Overview

Databases exist because of the need to change data into information. Data are the raw and unprocessed facts. Information is
obtained by processing the data into something useful. For example, the millions of names and telephone numbers in a phone
book are data. Information is the telephone number of the fire department when your house is burning down.

A database is a large repository of facts, designed in such a way that processing the facts into information is easy. If the phone
book was structured in a less convenient way, such as with the names and numbers placed in chronological order according to
when the numbers were issued, converting the data into information would be much more difficult. Not knowing when the fire
department was issued their latest phone number, you could search for hours. By the time you find the number, your house would
be a charred pile of ash. So, it's a good thing your phone book is designed as it is.

A database is much more flexible; a similar set of data to what's in your phone book could be ordered by MySQL according to
name, telephone number, address, or chronologically. But databases are of course more complex, containing many different kinds
of information. People, job titles, and a company's products can all mingle to provide complex information. But this complexity
makes the design of databases more complex as well. Poor design could make for slow queries, or it could even make certain
kinds of information impossible to reach. This chapter introduces good database design.

Featured in this chapter:
= The database lifecycle
= Entity-relationship modeling
= Common mistakes in database design
= Real-world example: creating a publishing tracking system

= Concurrency control with transactions

[1ean Lo R R
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The Database Lifecycle

Like everything else, databases have a finite lifespan. They are born in a flush of optimism and make their way through life
achieving fame, fortune, and peaceful anonymity, or notoriety as the case may be, before fading out once more. Even the most
successful database at some time is replaced by another, more flexible, and up-to-date structure, and so begins its life anew.
Although exact definitions may differ, there are generally six stages of the database lifecycle:

Analysis The Analysis phase is where the stakeholders are interviewed and any existing system is examined to
identify problems, possibilities, and constraints. The objectives and scope of the new system are determined.

Design The Design phase is where a conceptual design is created from the previously determined
requirements, and a logical and physical design are created that will ready the database for implementation.

Implementation The Implementation phase is where the database management system (DBMS) is installed,
the databases are created, and the data are loaded or imported.

Testing The Testing phase is where the database is tested and fine-tuned, usually in conjunction with the
associated applications.

Operation The Operation phase is where the database is working normally, producing information for its users.

Maintenance The Maintenance phase is where changes are made to the database in response to new
requirements or changed operating conditions (such as heavier load).

Database development is not independent of systems development, often being one component of the greater systems
development process. The stages of systems development basically mirror the stages of a database lifecycle but are a superset.
Whereas database design deals with designing the system to store the data, systems design is also concerned with the processes
that will impact on the data.

Phase 1: Analysis

Your existing system can no longer cope. It's time to move on. Perhaps the existing paper system is generating too many errors,
or the old Perl script based on flat files can no longer handle the load. Or perhaps an existing news database for a website is
struggling under its own popularity and needs an upgrade. This is the stage where the existing system is reviewed.

Depending on the size of the project, the designer may be an individual, responsible for the database implementation and coding,
or may be a whole team of analysts. For now, the term designer will represent all these possibilities.

The following are the steps in the Analysis phase:
1. Analyze the organization.

2. Define any problems, possibilities, and constraints.
3. Define the objectives.
4. Agree on the scope.

When reviewing a system, the designer needs to look at the bigger picture—not just the hardware or existing table structures, but
the whole situation of the organization calling for the redesign. For example, a large bank with centralized management would
have a different structure and a different way of operating from a decentralized media organization, where anyone can post news
onto a website. This may seem trivial, but understanding the organization you're building the database for is vital to designing a
good database for it. The same demands in the bank and media organizations should lead to different designs because the
organizations are different. In other words, a solution that was constructed for the bank cannot be unthinkingly implemented for
the media organization, even when the situation seems similar. A culture of central control at the bank may mean that news
posted on the bank website has to be moderated and authorized by central management, or may require the designer to keep
detailed audit trails of who modified what and when. On the flip side, the media organization may be more laissez-faire and will be
happy with news being modified by any authorized editor. Understanding an organization's culture helps the designer to ask the
right questions. The bank may not ask for the audit trail, it may simply expect it; and when the time comes to roll out the
implementation, the audit trail would need to be patched on, requiring more time and resources.

Once you understand the organization structure, you can question the users of any existing system as to what their problems and
needs are, what constraints exist currently, and what the objectives of the new database system are, as well as what constraints
will exist then. You need to question different role players, as each can add a new understanding as to what the database may
need. For example, the media organization's marketing department may want to track movements from one news article to
another on its website, but the editorial department may want detailed statistics about the times of day certain articles are read.
You may also be alerted to possible future requirements. Perhaps the editorial department is planning to expand the website,
which will give them the staff to cross-link web articles. Keeping this future requirement in mind could make it easier to add the
cross-linking feature when the time comes.

Constraints can include hardware ("We have to use our existing database server, an AMD Duron 900MHz") or people ("We only
have one data capturer on shift at any one time"). Constraints also refer to the limitations on values. For example, a student's
grade in a university database may not be able to go beyond 100 percent, or the three categories of seats in a theatre database
are small, medium, and large.

It is rarely sufficient to rely on one level of management, or an individual, to supply objectives and current problems, except in the
smallest of organizations. Top management may be paying for the database design, but lower levels will need to use it, and their
input is probably even more important for a successful design.

Of course, although anything is possible given infinite time and money, this is almost never forthcoming. Determining scope, and
formalizing it, is an important part of the project. If the budget is for one month's work but the ideal solution requires three, the
designer must make clear these constraints and agree with the project owners on which facets are not going to be implemented.
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Phase 2: Design

The Design phase is where the requirements identified in the previous phase are used as the basis to develop the new system.
Another way of putting it is that the business understanding of the data structures is converted into a technical understanding. The
what questions ("What data are required? What are the problems to be solved?") are replaced by how questions ("How will the
data be structured? How is the data to be accessed?").

This phase consists of three parts: the conceptual design, the logical design, and the physical design. Some methodologies merge
the logical design phase into the other two phases. Note that this chapter is not aimed at being a definitive discussion of database
design methodologies (there are whole books written on that!); rather it aims to introduce you to the topic.

Conceptual Design

The purpose of the conceptual design phase is to build a conceptual model based upon the previously identified requirements but
closer to the final physical model. The most useful and common conceptual model is called an entity-relationship model.

Entities and Attributes

Entities are basically people, places, or things you want to keep information about. For example, a library system may have book,
library, and customer entities. Learning to identify what should be an entity, what should be a number of entities, and what
should be an attribute of an entity takes practice, but there are some good rules of thumb. The following questions can help to
identify whether something is an entity:

= Can it vary in number independently of other entities? For example, person height is probably not an entity, as it
cannot vary in number independently of person. It is not fundamental, so it cannot be an entity in this case.

= |s it important enough to warrant the effort of maintaining? For example, customer may not be important for a
grocery store and will not be an entity in that case, but it will be important for a video store and will be an entity in
that case.

= |s it its own thing that cannot be separated into subcategories? For example, a car-rental agency may have different
criteria and storage requirements for different kinds of vehicles. vehicle may not be an entity as it can be broken
up into car and boat, which are the entities.

= Does it list a type of thing, not an instance? The video game blow-em-up 6 is not an entity, rather an instance of
the game entity.

= Does it have many associated facts? If it only contains one attribute, it is unlikely to be an entity. For example, city
may be an entity in some cases, but if it contains only one attribute, city name, it is more likely to be an attribute of
another entity, such as customer.

The following are examples of entities involving a university with the possible attributes in parentheses:
m Course (name, code, course prerequisites)
m Student (first name, surname, address, age)
mBook (title, ISBN, price, quantity in stock)

An instance of an entity is one particular occurrence of that entity. For example, the student Rudolf Sono is one instance of the
student entity. There will probably be many instances. If there is only one instance, consider whether the entity is warranted.
The top level usually does not warrant an entity. For example, if the system is being developed for a particular university,
university will not be an entity because the whole system is for that one university. However, if the system was developed to
track registration at all universities in the country, then university would be a valid entity.

Relationships

Entities are related in certain ways. For example, a customer can belong to a library and can take out books. A book can be found
in a particular library. Understanding what you are storing data about, and how the data relate, leads you a large part of the way to
a physical implementation in the database.

There are a number of possible relationships:

Mandatory For each instance of entity A, there must exist one or more instances of entity B. This does not
necessarily mean that for each instance of entity B, there must exist one or more instances of entity A.
Relationships are optional or mandatory in one direction only, so the

A-to-B relationship can be optional while B-to-A is mandatory.

Optional For each instance of entity A, there may or may not exist instances of entity B.

One-to-one relationship (1:1) This is where for each instance of entity A, there exists one instance of entity B,
and vice versa. If the relationship is optional, there can exist zero or one instances, and if the relationship is
mandatory, there exists one and only one instance of the associated entity.

One-to-many relationship (1:M) For each instance of entity A, many instances of entity B exist, while for each
instance of entity B, only one instance of entity A exists. Again, these can be either optional or mandatory
relationships.

Many-to-many relationship (M:N) For each instance of entity A, many instances of entity B exist, and vice
versa. These can be either optional or mandatory relationships.

There are numerous ways of showing these relationships. Figure 9.1 shows student and course entities. In this case, each
student must have registered for at least one course, but a course does not necessarily have to have any students registered. The
student-to-course relationship is mandatory, and the course-to-student relationship is optional.
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Figure 9.1: A many-to-many relationship

Figure 9.2 shows invoice line and product entities. Each invoice line must have at least one product (but no more than one);
however, each product can appear on many invoice lines or none at all. The invoice line-to-product relationship is mandatory,
while the product to-invoice-line relationship is optional.

Imvoice lime Product
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Figure 9.2: A one-to-many relationship

Figure 9.3 shows husband and wife entities. Each husband must have one and only one wife, and each wife must have one, and
only one, husband. Both relationships are mandatory.

Hushand Wifia

-I— Is married 1o —I—

Figure 9.3: A one-to-one relationship

An entity can also have a relationship with itself. Such an entity is called a recursive entity. Take a person entity: If you're
interested in storing data about which people are brothers, you will have an "is a brother to" relationship. In this case, the
relationship is an M:N relationship.

Conversely, a weak entity is an entity that cannot exist without another entity. For example, in a school, the scholar entity is
related to the weak entity "parent/guardian.” Without the scholar, the parent or guardian cannot exist in the system. Weak entities
usually derive their primary key, in part or in totality, from the associated entity. Parent/guardian could take the primary key
from the scholar table as part of its primary key (or the entire key if the system only stored one parent/guardian per
scholar).

The term connectivity refers to the relationship classification (1:1, 1:M, or M:N).

The term cardinality refers to the specific number of instances possible for a relationship. Cardinality limits list the minimum and
maximum possible occurrences of the associated entity. In the husband and wife example, the cardinality limit is (1,1), and in the
case of a student who can take between one and eight courses, the cardinality limits would be represented as (1,8).

Developing an Entity-Relationship Diagram

An entity-relationship diagram models how the entities relate to each other. It's made up of multiple relationships, the kind that
you've seen in Figures 9.1, 9.2, and 9.3. In general, these entities go on to become to the database tables.

The first step in developing the diagram is to identify all the entities in the system. In the initial stage, it is not necessary to identify
the attributes, but this may help to clarify matters if the designer is unsure about some of the entities. Once the entities are listed,
relationships between these entities are identified and modeled according to their type: one-to-many, optional, and so on. There
are many software packages that can assist in drawing an entity-relationship diagram, but any graphical package should suffice.

Once the initial entity-relationship diagram has been drawn, it is often shown to the stakeholders. Entity-relationship diagrams are
easy for nontechnical people to understand, especially if they are guided through the process. This can help identify any errors
that have crept in. Part of the reason for modeling is that models are much easier to understand than pages of text, and they are
much more likely to be viewed by stakeholders, which reduces the chances of errors slipping through to the next stages, when
they may be more difficult to fix.

Tip It's important to remember that there is no one right or wrong answer. The more complex the situation, the more possible
designs that will work. Database design is an acquired skill, though, and more experienced designers will have a good
idea of what works and of possible problems at a later stage, having gone through the process before.

Once the diagram has been approved, the next stage is to replace many-to-many relationships with two one-to-many
relationships. A DBMS cannot directly implement many-to-many relationships, so they are decomposed into two smaller
relationships. To achieve this, you have to create an intersection, or composite entity type. Because intersection entities are less
"real-world" than ordinary entities, they are sometimes difficult to name. In this case, you can name them according to the two
entities being intersected. For example, you can intersect the many-to-many relationship between student and course by a

student-course entity (see Figure 9.4).
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Figure 9.4: Creating the student-course intersection entity

The same applies even if the entity is recursive. The person entity that has an M:N relationship "is brother to" also needs an
intersection entity. You can come up with a good name for the intersection entity in this case: brother. This entity would contain
two fields, one for each person of the brother relationship—in other words, the primary key of the first brother and the primary key
of the other brother (see Figure 9.5).

Figure 9.5: Creating the brother intersection entity

Logical and Physical Design

Once the conceptual design is finalized, it's time to convert this to the logical and physical design. Usually, the DBMS is chosen at
this stage, depending on the requirements and complexity of the data structures. Strictly speaking, the logical design and the
physical design are two separate stages, but are often merged into one. They overlap because most current DBMSs (including
MySQL) match logical records to physical records on disk on a 1:1 basis.

Each entity will become a database table, and each attribute will become a field of this table. Foreign keys can be created if the
DBMS supports them and the designer decides to implement them. If the relationship is mandatory, the foreign key must be
defined as NOT NULL, and if it is optional, the foreign key can allow nulls. For example, because of the invoice line-to-product
relationship in the previous example, the product code field is a foreign key in the invoice line table. Because the invoice line must
contain a product, the field must be defined as NoT NULL. Currently, InnoDB tables do support foreign key constraints, and
MyISAM tables do not support foreign keys in version 4, but they probably will in version 4.1. A DBMS that does support foreign
keys uses ON DELETE CASCADE and ON DELETE RESTRICT clauses in their definitions. ON DELETE RESTRICT means that
records cannot be deleted unless all records associated with that foreign key are deleted. In the invoice line-to-product case, on
DELETE RESTRICT in the invoice line table means that if a product is deleted, the deletion will not take place unless all associated
invoice lines with that product are deleted as well. This avoids the possibility of an invoice line existing that points to a nonexistent
product. ON DELETE CASCADE achieves a similar effect but more automatically (and more dangerously!). If the foreign key was
declared with ON DELETE CASCADE, associated invoice lines would automatically be deleted if a product was deleted. ON UPDATE
CASCADE is similar to ON DELETE CASCADE, in that all foreign key references to a primary key are updated when the primary key
is updated.

Normalizing your tables is an important step when designing the database (see Chapter 8, "Database Normalization"). This
process helps avoid data redundancy and improves your data integrity.

Novice database designers usually make a number of common errors. If you've carefully identified entities and attributes and
you've normalized your data, you'll probably avoid these errors. However, designers who rush through the design process often
end up with large tables of unrelated data. Implementing the following tips will help you to avoid some of the more frequently made
errors:

= Keep unrelated data in different tables. People who are used to using spreadsheets often make this mistake
because they are used to seeing all their data in one two-dimensional table. A relational database is much more
powerful; don't "hamstring" it in this way.

= Don't store values you can calculate. Let's say you're interested in three numbers: A, B, and the product of A and B
(A * B). Don't store the product. It wastes space and can easily be calculated if you need it. And it makes your
database more difficult to maintain: If you change A, you also have to change all of the products as well. Why waste
your database's efforts on something you can calculate when you need it?
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= Does your design cater to all the conditions you've analyzed? In the heady rush of creating an entity-relationship
diagram, you can easily overlook a condition. Entity-relationship diagrams are usually better at getting stakeholders
to spot an incorrect rule than spot a missing one. The business logic is as important as the database logic and is
more likely to be overlooked. For example, it's easy to spot that you cannot have a sale without an associated
customer, but have you built in that a customer cannot be approved for a sale of less than $500 if another approved
customer has not recommended them?

Are your attributes, which are about to become your field names, well chosen? Fields should be clearly named. For
example, if you use £1 and £2 instead of surname and first name, the time saved in less typing will be lost in
looking up the correct spelling of the field or in mistakes where a developer thought £1 was the first name, and £2
the surname. Similarly, try to avoid the same names for different fields. If six tables have a primary key of code,
you're making life unnecessarily difficult. Rather, use more descriptive terms, such as sales code or
customer_code.

Don't create too many relationships. Almost every table in a system can be related by some stretch of the
imagination, but there's no need to do this. For example, a tennis player belongs to a sports club. A sports club
belongs to a region. The tennis players then also belong to a region, but this relationship can be derived through the
sports club, so there's no need to add another foreign key (except to achieve performance benefits for certain kinds
of queries). Normalizing can help you avoid this sort of problem (and even when you're trying to optimize for speed,
it's usually better to normalize and then consciously denormalize rather than not normalize at all).

Conversely, have you catered to all relations? Do all relations from your entity-relationship diagram appear as
common fields in your table structures? Have you covered all relations? Are all many-to-many relationships broken
up into two one-to-many relationships, with an intersection entity?

Have you listed all the constraints? Constraints include a gender that can only be m or f, ages of schoolchildren that
cannot exceed 20, or e-mail addresses that need to have an at sign (@) and at least one period (.); don't take these
limits for granted. At some stage the system will need to implement them, and you're going to either forget to do so,
or have to go back to gather more data if you don't list these up front.

Are you planning to store too much data? Should a customer be asked to supply their eye color, favorite kind of
fish, and names of their grandparents if they are simply trying to register for an online newsletter? Sometimes
stakeholders want too much information from their customers. If the user is outside the organization, they may not
have a voice in the design process, but they should always be thought of foremost. Consider also the difficulty and
time taken to capture all the data. If a telephone operator needs to take all this information down before making a
sale, imagine how much slower they will be. Also consider the impact data has on database speed. Larger tables
are generally slower to access, and unnecessary BLOB, TEXT, and VARCHAR fields lead to record and table
fragmentation.

Have you combined fields that should be separate? Combining first name and surname into one name field is a
common mistake. Later you'll realize that sorting names alphabetically is tricky if you've stored them as John Ellis
and Alfred Ntombela. Keep distinct data discrete.

Has every table got at least a primary key? There had better be a good reason for leaving out a primary key. How
else are you going to identify a unique record quickly? Consider that an index speeds up access time tremendously,
and when kept small it adds very little overhead. Also, it's usually better to create a new field for the primary key
rather than take existing fields. First name and surname may be unique in your current dataset, but they may not
always be. Creating a system-defined primary key ensures that it will always be unique.

Give some thought to your other indexes. What fields are likely to be used in the condition to access the table? You
can always create more fields later when you test the system, but add any you think you need at this stage.

Are your foreign keys correctly placed? In a one-to-many relationship, the foreign key appears in the "many" table,
and the associated primary key in the "one" table. Mixing these up can cause errors.

Do you ensure referential integrity? Foreign keys should not relate to a primary key in another table that no longer
exists.

Have you covered all character sets you may need? German letters, for example, have an expanded character set,
and if the database is to cater to German users it will have to take this into account. Similarly, dates and currency
formats should be carefully considered if the system is to be international.

= |s your security sufficient? Remember to assign the minimum permissions you can. Do not allow anyone to view a
table if they do not need to do so. Allowing malicious users to view data, even if they cannot change it, is often the
first step in for an attacker.

Phase 3: Implementation

The Implementation phase is where you install the DBMS on the required hardware, optimize the database to run best on that
hardware and software platform, and create the database and load the data. The initial data could be either new data captured
directly or existing data imported from a MySQL database or other DBMS. You also establish database security in this phase and
give the various users that you've identified access applicable to their requirements. Finally, you also initiate backup plans in this

phase.

The following are steps in the Implementation phase:

1. Install the DBMS.
. Tune the setup variables according to the hardware, software, and usage conditions.
. Create the databases and tables.

. Load the data.

a A W N

. Set up the users and security.
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6. Implement the backup regime.
Phase 4: Testing

The Testing phase is where the performance, security, and integrity of the data are tested. Usually this will occur in conjunction
with the applications that have been developed. You test the performance under various load conditions to see how the database
handles multiple concurrent connections or high volumes of updating and reading. Are the reports generated quickly enough? For
example, an application designed with MyISAM tables may prove too slow because the impact of the updates was
underestimated. The table type may have to be changed to InnoDB in response.

Data integrity also needs to be tested, as the application may have logical flaws that result in transactions being lost or other
inaccuracies. Further, security needs to be tested to ensure that users can access and change only the data they should.

The logical or physical designs may have to be modified. Perhaps new indexes are required (which the tester may discover after
careful use of MySQL's ExPLAIN statement, explained in Chapter 4, "Indexes and Query Optimization"), or certain tables may
need to be denormalized for performance reasons (see Chapter 8).

The testing and fine-tuning process is an iterative one, with multiple tests performed and changes implemented.

The following are the steps in the Testing phase:
1. Test the performance.

2. Test the security.
3. Test the data integrity.

4. Fine-tune the parameters or modify the logical or physical designs in response to the tests.
Phase 5: Operation

The Operation phase takes place when the testing is complete and the database is ready to be rolled out for everyday use. The
users of the system begin to operate the system, load data, read reports, and so on. Inevitably, problems come to light. The
designer needs to manage the database's scope carefully at this stage, as users may expect all their desires to be pandered to.
Poor database designers may find themselves extending the project well beyond their initial time estimate, and the situation may
also become unpleasant if the scope has not been clearly defined and agreed upon. Project owners will feel wronged if their
needs are not met, and the database designers will feel overworked and underpaid. Even when scope has been well managed,
there will always be new requirements. These then lead into the next stage.

There are numerous strategies for implementing a rollout. The low-key approach often works well, where the relatively low number
of users in the early stage make bug fixing easy. Hugely publicized rollouts often end with egg on the stakeholders' faces, as the
best testers of all, the users, invariably find an unforeseen bug, which is best done away from the spotlight. Alternatively, rollouts
can occur in a distributed manner, where a pilot branch or office is selected, and when the system has proven its stability, it's
rolled out to the remaining branches.

The following are the steps in the Operation phase:

1. Hand over operation of the database to the users.

2. Make any final changes based on problems discovered by users.
Phase 6: Maintenance

The database Maintenance phase incorporates general maintenance, such as maintaining the indexes, optimizing the tables,
adding and removing users, and changing passwords, as well as backups and restoration of backups in case of a failure. (See
Chapter 10, "Basic Administration," for more information about maintenance.) New requirements also start to be requested, and
this may result in new fields, or new tables, being created.

As the system and organization changes, the existing database becomes less and less sufficient to meet the organization's
needs. For example, the media organization may be amalgamated with media bodies from other countries, requiring integration of
many data sources, or the volumes and staff may expand (or reduce) dramatically. Eventually, there comes a time, whether it's 10
months after completion or 10 years, when the database system needs to be replaced. The maintenance of the existing database
begins to drain more and more resources, and the effort to create a new design is matched by the current maintenance effort. At
this point, the database is coming to the end of its life, and a new project begins its life in the Analysis phase.

The following are the steps in the Maintenance phase:
1. Maintain the indexes (for example, with MySQL's ANALYZE).

. Maintain the tables (MySQL's OPTIMIZE).
. Maintain the users (MySQL's GRANT and REVOKE).
. Change passwords.

2
3
4
5. Back up.
6. Restore backups.
7

. Change the design based upon new requirements.
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Real-World Example: Creating a Publishing Tracking System

You'll now walk through the database design process with a step-by-step example. The Poet's Circle is a publisher that publishes
poetry and poetry anthologies. It is keen to develop a new system that tracks poets, poems, anthologies, and sales. The following
sections show the steps taken from the initial analysis to the final, working database.

Poet's Circle Database Phase 1: Analysis

The following information is gleaned from speaking to the various stakeholders at Poet's Circle: They want to develop a database
system to track the poets they have recorded, the poems they write, and the publications they appear in, as well as the sales to
customers that these publications make.

The designer asks various questions to get more detailed information, such as "What is a poet, as far as the system goes? Does
Poet's Circle keep track of poets even if they haven't written or published poems? Are publications recorded even before there are
any associated poems? Does a publication consist of one poem or many? Are potential customer details recorded?" The following
summarizes the responses:

= Poet's Circle is a publisher that bases its choices of publications on an active poetry community on its website. If
enough of the community wants a poem published, Poet's Circle will do so.

= A poet can be anybody who wants to be a poet, not necessarily someone who has a poem captured in the system
or someone who has even written a poem.

= Poems can be submitted through a web interface, by e-mail, or on paper.

= All captured poems are written by an associated poet, whose details are already in the system. There can be no
poems submitted and stored without a full set of details of the poet.

= A publication can be a single poem, a poetry anthology, or a work of literary criticism.

= Customers can sign up through a web interface and may order publications at that point in time or express interest
in receiving updates for possible later purchases.

= Sales of publications are made to customers whose details are stored in the system. There are no anonymous
sales.

= A single sale can be for one publication, but many publications can also be purchased at the same time. If more
than one customer is involved in this sale, Poet's Circle treats it as more than one sale. Each customer has their
own sale.

= Not all publications make sales—some may be special editions, others never sell any copies!
Poet's Circle Database Phase 2: Design

Based on this information, you can begin your logical design and should be able to identify the initial entities:
m Poet
= Poem
= Publication
= Sale
= Customer

The Poet's Circle is not an entity or even an instance of the publisher entity. Only if the system were developed for many
publishers would publisher be a valid entity.

Neither website nor poet