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Have you ever been assigned a project and realized that you had no idea
how you were going to accomplish it? Many developers have experi-
enced this feeling when asked to interface their code with a database.

With a few exceptions, most developers were busy learning Lisp, linked lists,
and big-O notation during their formal education instead of learning the funda-
mentals of relationship database management systems. When the time comes
to interface their code with a database, they turn to a book like the one you are
holding. 

Your challenge might be to write a Web-based system using servlets and Enter-
prise JavaBeans (EJBs) to transfer shipping records from the home office in
Bend, Oregon, to a satellite shipper in New Jersey. Or perhaps your father just
opened his new medical office and you volunteered to create a scheduling sys-
tem over the weekend. 

Whatever the situation, interfacing an application to a database is one of the
most fundamental tasks a developer is required to perform. This book is
designed for developers who either have a pressing task ahead of them or who
are curious about how to read database information into their application. 

By combining MySQL, the number-one open source database available, with
Java, the most portable language ever developed, you can create an undis-
putable champion. So, sit back in your desk chair with a hot chocolate and get
ready to supercharge your coding.

Introduction
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What’s in This Book

The primary goal of MySQL and Java Developer’s Guide is to provide a com-
prehensive approach to writing code from a Java application to a MySQL data-
base using the industry standard: JDBC. As you will see later in this
Introduction, the chapter titles indicate what area of database connectivity and
manipulation they cover. The chapters are ordered to reflect the JDBC specifi-
cation, but we aren’t here to simply describe the specification. 

We wrote all of the material in the book to highlight how MySQL’s Connector/J
JDBC driver achieves the interfacing of MySQL with Java while maintaining the
spirit of the specification. With this in mind, we provide example code using all
major forms of Java development, including

■■ Applications

■■ Applets

■■ Servlets

■■ JSPs

■■ EJBs

As you work in Java and JDBC, you will see the true power of the specification.
You can write database access code in a Java application and move the code to
a servlet with little if any changes. In the case of EJBs and container-managed
persistence, we devoted a full chapter to dealing with database access without
the cumbersome details of SQL.

We designed the layout of the book to move you through the entire process of
writing Java code needed to access a back-end database. Developing the data-
base is one of the first things that you must accomplish in this process. While
we don’t delve deeply into the theory of database development, you learn how
to create databases in MySQL, administer those databases, and handle such
details as granting access permissions. From there, we take you into an exami-
nation of the MySQL Connector/J driver and how it accomplishes its goal of
portable database access. The remainder of the book steps you through Java
code that highlights how to accomplish database tasks such as the following:

■■ Querying and updating

■■ Handling ResultSets

■■ Using transactions

■■ Handling typing issues between JDBC and MySQL

■■ Working with metadata

■■ Addressing efficiency issues

I N T R O D U CT I O Nxvi
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Once you’re familiar with these concepts, we present a complete application
that pulls it all together. Our application illustrates how you can create to a sim-
ple authorization service. Using a combination of JSP, servlets, and EJBs, the
service allows new users to create accounts, recall the account, and verify a
username/password combination. The system is designed to be interactive
using JSP pages, which are handled on the server using servlets. The JSPs can
be bypassed using the servlets directly. All of the critical information is kept on
the database for persistence and management needs.

After reading this book, you should know how to interface Java to MySQL and
be able to use the many examples for reference.

NOTE
All the code and examples in this book can be found on the the support Web site at
www.wiley.com/compbooks/matthews.

Who Should Read This Book

This book is written for Java developers who need to interface their code to a
back-end database. The book’s specifics deal with MySQL and Connector/J, but
this doesn’t limit the information because JDBC is designed to be portable
against many databases. If you aren’t using MySQL, you still find valuable infor-
mation.

You don’t need to know much about databases—we have included several
chapters that provide all of the basics necessary to create databases and make
sure they are operational. Keep in mind that we didn’t intend these chapters to
replace a good reference on MySQL, though.

We do expect that you are an experienced Java developer who is comfortable
with the language. This book explains a combination of Java delivery methods,
including applications, applets, beans, and EJBs; you may want to begin with
what you know best and expand from there.

The Technology Used

In this book, we use the latest Java Developments Kits (JDK) available from
Sun at the time of writing. The JDKs we used include J2SE 1.4.0 and J2EE 1.3.1.
The Java examples are used in a mixed environment, including Windows
2000/XP, Linux Mandrake, and Linux Slackware. For the most part, we devel-
oped the examples using simple text editors and compiled them using the Java
command-line compiler. However, all the examples should work just fine in an
IDE such as JBuilder.

MySQL and Java Developer’s Guide xvii
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Two different versions of MySQL are used throughout this book: 4.0.4 and
3.23.52. JDBC connectivity is handled using MySQL’s Connector/J driver, and
we cover both versions 2.0.14 and development 3.0.1.

Book Organization

The first four chapters of this book provide an overview of databases, JDBC,
and installation of the tools you will be using. The remainder of the book is an
in-depth guide to building database applications with MySQL, Connector/J,
JDBC, and Java.

Chapter 1: An Overview of MySQL
MySQL is one of the most popular open source database systems available
today, and it is used as the back-end data storage device for many personal
and corporate Web sites. Java is the most portable language in use today and
continues to be improved with each new release. In this chapter, we provide
a brief overview of each product and begin the discussion of how to interface
the two and thus allow Java applications to have access to a vast array of
information. 

Chapter 2: JDBC and Connector/J
As shown in Chapter 1, JDBC facilitates the interface between Java and
MySQL. The JDBC specification defines the interfaces and classes necessary
for any Java application, applet, servlet, and so forth to make calls to an under-
lying database. Because the JDBC specification isn’t specific to any one data-
base system, manufacturers create JDBC drivers for their specific database. In
this chapter, we discuss the history of JDBC, how it started, and its progress
into a version 3.0 specification. We examine in depth the MySQL JDBC driver
called Connector/J, and look at its history as the MM.MySQL JDBC driver as
well as its future.

Chapter 3: Working with MySQL SQL
Before we delve into the concepts surrounding the interface between Java
and MySQL, this chapter provides a basic overview of databases and SQL.
Topics include basic concepts behind databases, simple database design,
database normalization, and data manipulation. 

Chapter 4: Installing MySQL, Java, and Connector/J

INTRODUCTIONxviii
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All of the coding examples in this book are built using MySQL as the primary
database, Java as our coding language, and Connector/J, MySQL’s JDBC dri-
ver. Although the installation of these components isn’t overly difficult, this
chapter provides comprehensive instructions for obtaining all of the neces-
sary components and performing a step-by-step installation. We also provide
simple examples for testing the installation.

Chapter 5: Using JDBC with Java Applications and
Applets

This chapter is the first in a series on the use of Java to access a MySQL data-
base using JDBC. Some of the basic functionality discussed includes loading
the JDBC driver, connecting to a local or remote database, building JDBC
statements in preparation for queries, executing queries against the MySQL
database, working with ResultSets, and accessing MySQL-specific functional-
ity through JDBC.

Chapter 6: Achieving Advanced Connector/J Functionality
with Servlets

At this point, you’ve learned the basics, and it’s time to expand into the more
advanced topics. This chapter is designed to expand your understanding of
SQL, MySQL, and JDBC. The topics include updatable ResultSets, Prepared-
Statements, date/time types, BLOBs and CLOBs, and joins. 

Chapter 7: MySQL Type Mapping
One of the fundamental issues associated with databases and programming
language is determining the correct mapping from one to the other. While
programming languages have a large variety of types, including simple ones
like integer, they also allow more complex ones, like classes. Databases, on
the other hand, are limited in their choices for the types of data that can be
stored. In the middle of this situation is the JDBC driver. This chapter dis-
cusses the types available on the MySQL database, how JDBC interprets
those types, and the resulting Java type produced by the mapping. 

Chapter 8: Transactions and Table Locking with Connector/J
In a simple world, information is stored in a single table of a database. When
you have to update information or insert a new row, you can use a single
query. However, most modern databases store information across several dif-
ferent tables to increase the normalization of the tables. In this situation,
when you have to update information or insert new rows, you must write two

MySQL and Java Developer’s Guide xix
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queries instead of one. This chapter looks at inserting multiple pieces of infor-
mation into multiple tables, what problems can arise, and how transactions can
be used to solve these problems.

Chapter 9: Using Metadata
After a query is performed against a MySQL database, the information is
returned in a ResultSet object. This object includes all of the rows and columns
specific to the query performed. In many cases, additional information is
needed about the data, including the name of the columns in the result, the pre-
cision of the data in a float column, the maximum length of a column, and
maybe even information about the server from which the data was returned. In
this chapter, we discuss pulling metadata about both the database and a Result-
Set that contains information from a query. 

Chapter 10: Connection Pooling with Connector/J
In many cases, a JDBC driver requires between 4 and 10 different communica-
tions with a database application before a connection can be established and
returned to the requesting application. If an application is constantly creating
connections, doing its business, and then closing the connection, the applica-
tion suffers in its potential performance. To overcome the connection perfor-
mance problem, you can use a connection pool. This chapter provides a
comprehensive introduction to connection pools, presents valuable statistics
for creating database connections, and demonstrates how to use the connec-
tion pooling mechanisms within JDBC.

Chapter 11: EJBs with MySQL
Enterprise JavaBeans (EJBs) provide the framework for building applications
that can handle the rigors of enterprise-level applications. In addition, EJBs can
be distributed across a network or a farm of servers. In this chapter, we cover
the basic EJB programming model, using DataSources and JNDI, and building
session beans to access MySQL. We also discuss container-managed persis-
tence and bean-managed entity beans.

Chapter 12: Building a General Interface for MySQL
All of the chapters to this point have featured relatively simple examples using
Java applications, applets, servlets, and JSP to illustrate the finer points of
accessing a MySQL database using Java and Connector/J. This chapter pulls it

INTRODUCTIONxx
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all together using a Certificate Authority application. Using JSP, servlets, and
EJB, the application shows how to create new accounts, request certificates,
and enable the verification of certificates. All of the information, including
the binary certificate, is stored in a MySQL database with multiple tables.

Chapter 13: Database
Administration

Once you have a good knowledge of the MySQL database system as well as
the fundamentals described in the previous chapters for accessing the data
from Java, you must learn some database administration basics. In this chap-
ter, we examine many of the functions within MySQL that benefit administra-
tors, such as granting/revoking permissions, providing security within the
server, and recovering from disasters.

Chapter 14: Performance and Tuning
Once the application is written and the information is safely sitting in a data-
base, the users get the final say on whether or not the application meets their
performance requirements. If the application isn’t running at an appropriate
level, you have a couple of options. First, you can profile the Java code to
determine where the application is spending the most time and then rework
the code associated with the problem areas. Second, you can tune the MySQL
server and create indexes for the database tables. In this chapter, we provide
the necessary information on performing these two options.

Appendix A: MySQL Development and Test Environments
We developed and tested all of the code in this book on several different test
architectures in order to provide a representative reference. This appendix
briefly describes those environments and lists the installed software. In addi-
tion, we offer some notes for reproducing the configuration.

Appendix B: Databases and Tables
In this appendix, we list all databases and tables used in the examples
throughout this book.

Appendix C: The JDBC API and Connector/J
This appendix is a comprehensive review of the entire JDBC API, with anno-
tations for Connector/J. Code snippets are provided to show at a quick glance
how to use the various interfaces, classes, and methods.

MySQL and Java Developer’s Guide xxi
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Appendix D: MySQL Functions and Operators
The list of MySQL functions and operators in this appendix will help you deter-
mine when the database should handle computations versus the application.
Each function and operator is described, and an example of its use is given.

Appendix E: Connector/J Late-Breaking Additions
The most current, up-to-date additions to Connector/J as it moves from gamma
to production version.

INTRODUCTIONxxii
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In this chapter, we explain why you might choose to use a database system
with your software. We also provide an overview of the MySQL database
server and the Connector/J JDBC driver.

For many years, large corporations have enjoyed the ability to deploy relational
database management systems (RDBMSs) across their enterprise. Companies
have used these systems to collect vast amounts of data that serve as the “fuel”
for numerous applications that create useful business information.

Until recently, RDBMS technology has been out of reach for small businesses
and individuals. Widely used RDBMS systems such as Oracle and DB2 require
complex, expensive hardware. License fees for these systems are in the tens to
hundreds of thousands of dollars for each installation. Businesses must also
hire and retain staff with specialized skill sets to maintain and develop these
systems. Smaller enterprises have relied on systems like Microsoft Access and
FoxPro to maintain their corporate data.

Early on, during the explosive growth of the Internet, open source database
systems like mSQL, Postgres (now PostgreSQL), and MySQL became available
for use. Over a relatively short amount of time, the developers of these systems
have provided a large subset of the functionality provided by the expensive
commercial database systems. These open source database systems also run
on less-expensive commodity hardware, and have proven in many cases to be
easier to develop for and maintain than their commercial counterparts.

An Overview of MySQL

C H A P T E R 1
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Finally, smaller businesses and individuals have access to the same powerful
level of software tools that large corporations have had access to for over a
decade.

Why Use an RDBMS?

Almost every piece of software that has been developed needs to persist or
store data. Once data has been persisted, it is natural to assume that this data
needs to be retrieved, changed, searched, and analyzed.

You have many options for data persistence in your software, from rolling your
own code, to creating libraries that access flat files, to using full-blown RDBMS
systems. Factors to consider when choosing a persistence strategy include
whether you need multiuser access, how you will manage storage require-
ments, whether you need transactional integrity, and whether the users of your
software need ad hoc query capability. RDBMSs offer all of this functionality.

Multiuser Access
Many programs use flat files to store data. Flat files are simple to create and
change. The files can be used by many tools, especially if they are in comma- or
tab-delimited formats. A large selection of built-in and third-party libraries is
available for dealing with flat files in Java. The java.util.Properties class
included with the Java Development Kit is one example.

Flat file systems can quickly become untenable when multiple users require
simultaneous access to the data. To prevent corrupting the data in your file, you
must lock the file during changes, and perhaps even during reads. While a file is
locked, it cannot be accessed by other users. When the file becomes larger and
the number of users increases, this leads to a large bottleneck because the file
remains locked most of the time—your users are forced to wait until they can
have exclusive access to the data.

RDBMSs avoid this situation by employing a number of locking strategies at
varying granularities. Rather than using a single lock, the database system can
lock an individual table, an individual page (a unit of storage in the database,
usually covering more than one row), or an individual row. This increases
throughput when multiple users are attempting to access your data, which is a
common requirement in Web-based or enterprise-wide applications.

Storage Transparency
If you use flat files in your software, you are also responsible for managing their
storage on disk. You have to figure out where and how to store the data, and
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every time the location or layout of the files changes, you are required to
change your software. Once the datasets your software is storing become
numerous or large, the storage management process becomes cumbersome.

Using a database system gives you “storage transparency.” Your software does
not care where and how the data is stored. The data can even be stored on some
other computer and accessed via networking protocols. 

Transactions
When you have more than one user accessing and changing your data, you want
to make these changes transactional. Transactions group operations on your
data into units of work that meet the ACID test. The ACID test concept is best
illustrated with a commonly used example from the banking industry. 

Jack and Jill share a joint checking account with a balance of $1000. They 
are both performing various operations, such as deposits, withdrawals, and
transfers, on the account. Let’s see how the four aspects of the ACID test come
into play:

■■ Atomicity: All changes made during a transaction are made successfully,
or in the case of failure, none are made. If any operation fails during the
transaction, then the entire transaction is rolled back, leaving your data in
the state it was before the transaction was started. For example, suppose
Jack is making a transfer of $500 from his checking account to a savings
account. Sometime between the withdrawal of the $500 from the checking
account and the deposit of $500 to the savings account, the software run-
ning the banking system crashes. Jack’s $500 has disappeared! With atom-
icity, either the entire transfer would have happened, or none of it would
have happened, leaving Jack a much happier customer than he is now.

■■ Consistency: All operations transform the database from one consistent
state to another consistent state. Consistency is defined by how the data-
base schema is designed and whether integrity constraints such as foreign
keys are used. The database management system is responsible for ensur-
ing that transactions do not violate the database schema or integrity con-
straints. For example, the bank’s database developers have declared in the
database schema that the balance of an account cannot be empty, or “null.”
If any transaction attempts to set the balance to an empty value, the trans-
action will be aborted and any changes rolled back.

■■ Isolation: A transaction’s changes are not made visible to other transac-
tions until they are committed under the atomicity rule described earlier.
This is best demonstrated by what happens when month-end reports are
generated. Let’s say that Jack is performing the transfer transaction out-
lined in the atomicity example, and at the same time you are generating his
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monthly statement. Without isolation, the monthly statement might show
the withdrawal from the checking account but not the deposit into the sav-
ings account. This discrepancy would make it impossible for Jack or the
bank to balance their books.

■■ Durability: Once completed, a transaction’s changes are never lost
through system or hardware crashes. If Jill has paid for $50 worth of gro-
ceries with her debit card at the grocery store and the transaction suc-
ceeds, even if the database software crashes immediately after the
transaction competes, it won’t forget that her checking account balance is
$50 lower.

Until recently, MySQL did not comply with all components of the ACID test.
However, with the new BDB and InnoDB table types (supported in MySQL 3.23
and MySQL 4.0), MySQL can now pass the ACID test.

Not all software requires the robustness (or the associated overhead) of trans-
action semantics. MySQL is one of the only databases that enable you to decide
what level of robustness you need on a table-by-table basis. This becomes
important when you are trying to maximize performance, especially when
much of the data is read-only (such as in a product catalog).

Searching, Modifying, and Analyzing Data
Any time you store a significant amount of data with your software, your users
want to search, modify, and analyze the data you have stored. If you are using
flat files, you most likely have to develop this functionality yourself.

As your data stored in flat files takes up more and more space, it takes longer
and longer to search. A common solution to this problem is to create an index
for your data. Indexes are basically shortcuts to finding a particular piece of
data, usually using some sort of key. If you need to develop indexing function-
ality yourself, you have to learn about data structures, such as hashes and B-
trees, and how to store these indexes alongside your data. In addition, you must
learn how to implement the index in your software. If you use an RDBMS, you
can tell the database system what data you think people will search on, and it
does all of the fancy indexing for you.

Users of your software also want to retrieve, modify, and analyze the data you
have stored. They expect that your system knows how to compute such values
as sums, averages, minimums, and maximums to be used for updating related
data or analyzing existing data. They expect that your software will be able to
sort the data or group the data by similar attributes. All of this functionality
requires you to implement numerous functions and algorithms. If you use an
RDMBS, all of these features are built in.
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Ad Hoc Queries
It is likely that your software will need to retrieve stored data using arbitrary
parameters, otherwise known as ad hoc queries. This becomes difficult with
flat files because they are not self-describing, and every file layout is different.
You also need to consider how you are going to read the data for these queries
from your persistent storage mechanism.

Many RDBMSs use SQL (Structured Query Language) for manipulating data.
SQL is a declarative language in that you declare what data you want, not the
procedure for how to get it. SQL is also an accepted and widely used standard,
so a large set of tools are available (JDBC and Enterprise Java Beans, among
them) to help you work with it.

After outlining all of the benefits of an RDBMS, I hope you are ready to consider
using one for your software projects. The next question to ask is “Why choose
MySQL?”

Why Choose MySQL?

As was the case with many other open source projects, MySQL was first cre-
ated by someone who needed a better tool to get a specific job done. Monty
Widenius and David Axmark started out with another open source project
(MSQL), but found that it lacked some features that they needed. They decided
to develop their own database system that met their specific requirements.
They started building MySQL by using some low-level database storage code
they had already developed for other projects and layered a multithreaded
server, SQL parser, and client-server protocol on top. They also structured the
API for MySQL to appear very similar to MSQL in order to make it easier for
developers to port their MSQL-based software to MySQL.

MySQL was eventually released in source-code form, under a proprietary license.
Eventually, this license was changed to the GNU General Public License (GPL),
which in most cases allows the software to be used without license cost. How-
ever, in certain situations you must purchase a commercial license. The exact
terms of the license are available in the documentation that ships with MySQL or
on the Web at www.mysql.com. Commercial support is also available for those
who need it from MySQL-AB, the company that was created by Monty and David
to support the continued development of the MySQL software.

The requirements that Monty and David originally had for MySQL were that it
be as fast as possible, while still being stable, simple to use, and able to meet the
needs of the majority of database developers. Even today, feature requests for
future MySQL development are weighed carefully against these original
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requirements, and are implemented only when and if the original requirements
can be met as much as possible.

Over the years, MySQL has evolved into an RDBMS that has the following core
features:

■■ Portability: MySQL runs on almost every flavor of Unix, as well as Win-
dows and MacOS X. You can obtain binaries or source code for the MySQL
server as well as the tools that access it. More ports of the software
become available every day. It is almost a given that MySQL will run on
whatever operating system you have available.

■■ Speed: Using techniques such as efficient indexing mechanisms, in-
memory temporary tables, and highly optimized join algorithms, MySQL
executes most queries much faster than most other database systems.

■■ Scalability: Because of its modularity and its flexibility in configuration,
MySQL can run in systems varying in size from embedded systems to large
multiprocessor Unix servers hosting databases with tens of millions of
records. This scalability also allows you to run a copy of MySQL on a
developer-class machine, and later use the same database system on a
larger machine in production. Because it is multithreaded, MySQL effi-
ciently utilizes resources for multiple users, compared to other database
servers that start full-fledged processes for each user. It is not uncommon
to hear of MySQL installations supporting thousands of concurrent users. 

■■ Flexibility: MySQL lets you choose the table types you need to meet your
software’s requirements, ranging from in-memory heap tables, fast on-disk
MyISAM tables, merge tables that group together other sets of tables to
form larger “virtual” tables, and transaction-safe tables such as InnoDB.
MySQL is also very tunable and includes many parameters that can be
changed to increase performance for a given solution. However, MySQL
comes with sensible defaults for these parameters, and many users never
have to tune MySQL to reach a performance they are happy with.

■■ Ease of use: MySQL is easy to install and administer. While other data-
base systems require special knowledge and training, not to mention spe-
cial operating system configurations, MySQL can be installed in less than
10 minutes if you’ve done it before. Even if you are a newcomer, you
should be able to install MySQL in under an hour. Once it’s installed,
MySQL requires little maintenance and administration other than adding or
changing user permissions and creating or removing databases.

■■ Fine-grained security model: You can restrict users’ rights from an entire
database down to the column level based on login name, password, and the
hostname that users are connecting from. This allows you to create secure
systems by partitioning responsibilities and capabilities of different users
and applications to prevent unauthorized modification or retrieval of data.
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