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Preface

Preface

Welcome to Java Database Programming Bible. This book is for readers who are already
familiar with Java, and who want to know more about working with databases. The JDBC
Application Programming Interface has made database programming an important
aspect of Java development, particularly where Web applications are concerned.

The ease with which Java enables you to develop database applications is one of the
main reasons for Java's success as a server-side development language. Database
programming is perhaps the key element in developing server-side applications, as it
enables such diverse applications as auction sites, XML-based Web services,
shipment-tracking systems, and search engines.

What this Book Aims to Do

The aims of this book are to give you a good understanding of what a relational database
is, how to design a relational database, how to create and query a relational database
using SQL, and how to write database-centric applications in Java. There are many
books that cover individual aspects of the aforementioned topics, such as SQL or JDBC.
The intention of this book is to provide a single source of information and application
examples covering the entire subject of relational databases.

When | first started to develop database-driven applications in Java, | was working with a
database administrator who was responsible for the database side of the project. This is a
fairly common approach to managing larger database-driven applications, since it places
responsibility for the database in the hands of a database expert and allows the Java
programmer to concentrate on his or her own area of expertise. The disadvantages of this
approach only became apparent when some of my code proved to be unacceptably slow
because of database design considerations that failed to take into account the needs of
the business logic.

Working on subsequent smaller projects enabled me to manage my own databases and
develop an understanding of how to design databases that work with the business logic. |
also learned about the tradeoffs involved in using indexes and the importance of
normalization in designing a database. Perhaps the most important thing | learned was
that, thanks to the design of the JDBC API and the universality of the SQL language,
much of what you learn from working with one database-management system is directly
applicable to another.

Although this book aims to give you a good overall understanding of Java database
programming and, in particular, to cover the JDBC API thoroughly, it is impossible to

cover either all of the different JDBC drivers currently available or all the variations of the
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SQL language in a book of this nature. The examples in this book were developed using a
number of different JDBC drivers and RDBMS systems; Part |l of the book addresses the
ease with which you can use the same code with different drivers and different
database-management systems.

You will find, as you work with a variety of different Relational Database Management
Systems, that the SQL standards are really just guidelines. SQL has as many different
dialects as there are relational database management systems. So although the
examples in this book should work with only minor changes on virtually any RDBMS, you
would be well advised to read a copy of the documentation for your own
database-management system.

Who Should Read this Book

This book is aimed at all levels of programmers, including those with no prior database
experience. However, you should already have some experience with Java basics and
Swing, so no attempt has been made to explain this book's examples at that level. The
server-side applications are introduced with a brief discussion of servlets and Java Server
Pages, supported by the information in Appendix B on downloading and installing the
Apache HTTP server and the Tomcat servlet and JSP eengine. If you are looking for a
beginner-level Java book, consider Java 2 Enterprise Edition Bible (ISBN 0-7645-0882-2)
by Justin Couch and Daniel H. Steinberg. For the beginning- to-intermediate-level
programmer, Java Database Programming Bible introduces all the various technologies
available to you as a J2EE programmer. If you have never used J2EE before, this book
will show you where to start and the order in which to approach your learning.

For the more advanced-level programmer, this book serves as a guide to expanding your
horizons to include the more concentrated areas of programming. Use this book as a
guide to exploring more possibilities within the area that you have already been working
on or to find new ways to address a problem. Finally, you can use this book to learn about
new areas that you may have not heard of before. Because of the breadth of J2EE, it is
always possible that new topics exist that you haven't heard of. Even after six-plus years
of Java programming experience, | am constantly finding new items popping up that |
want to learn about.

How to Use this Book

This book is divided into a number of parts. Each part covers a different aspect of the
technology, while the chapters focus on individual elements. The examples in the various
chapters are intended to provide a set of practical applications that you can modify to suit
your own needs.
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The depth of coverage of each aspect of the technology is sufficient for you to be able to
understand and apply Java database programming in most of the situations you will
encounter. However, this book assumes that you are comfortable downloading and
working with the Javadocs to ferret out the details of an API. Unlike some books, Java
Database Programming Bible does not reproduce the Javadocs within its covers.

This book's approach is to present the different aspects of the technology in the context of
a set of realworld examples, many of which may be useful as they are, although some
may form the foundation of your own applications. For example, the book presents JDBC
core API in the context of a simple Swing application for the desktop, while the extension
APl is covered in a series of server-side Web applications.

Since | have never read a programming book from cover to cover, | don't expect you to,
either. Individual chapters and even examples within chapters are intended to stand by
themselves. This necessarily means that there is a certain amount of repetition of key
concepts, with cross-references to other parts of the book that provide more detail.

If you don't have much of an understanding of database technology, | do recommend that
you read Part |, which introduces the basic concepts. If you know something about the
JDBC core API, but you are not familiar with the extension API, you might want to read
just the JDBC chapter in Part | to see how it all fits together.

This book is made up of six parts that can be summarized as follows.
Part I: Introduction to Databases, SQL, and JDBC

The introductory chapters discuss what a relational database is and how to create and
work with one. This part is concerned mainly with the big picture, presenting overviews of
the technology in such a way that you can see how the parts fit together. This part
contains an overview of the SQL language, as well as an explanation of JDBC as a
whole.

Part II: Using JDBC and SQL in a Two-Tier Client/Server Application

Part Il presents the JDBC core APl and SQL in the context of a series of desktop
applications. These applications are combined in the final chapter of this part to form a
Swing GUI that can be used as a control panel for any database system. A key concept
presented in this part of the book is the way that JDBC can be used with any RDBMS
system by simply plugging in the appropriate drivers.

Part lll: A Three-Tier Web Site with JDBC

One of the most common Java database applications is the creation of dynamic Web
sites using servlets, JSPs, and databases. This part discusses the JDBC extension APl in
the context of developing a Web application. It also talks about using JDBC and SQL to
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insert large objects such as images into a database, and retrieving them for display on a
Web page.

Part IV: Using Databases, JDBC, and XML

Another big application area for Java and database technologies is the use of XML. This
part introduces XML and the Document Object Model, and it presents different ways to
work with Java, databases, and XML. This part also discusses the design of a simple
JDBC driver and a SQL engine to create and query XML documents.

Part V: EJBs, Databases, and Persistence

Applications using Enterprise Java Beans are another significant area where Java and
databases come together. This part introduces EJBs and persistence, and it compares
bean-managed persistence with container-managed persistence.

Part VI Database Administration

The final major topics we discuss are often overlooked in books about database
programming: database administration, and tuning. This oversight might be
understandable if all databases had a dedicated administrator, but in practice it frequently
falls to the Java developer to handle this task, particularly where smaller systems are
involved.

Appendixes

The appendixes are a comparison of some major SQL dialects and a guide to installing
Apache and Tomcat.

Companion Web Site

Be sure to visit the companion Web site, where you can download all of the code listings
and program examples covered in the chapters. The URL for the website is:
http://www.wiley.com/extras.

Conventions Used in this Book

This book uses special fonts to highlight code listings and commands and other terms
used in code. For example:

This is what a code listing looks like.

In regular text, monospace fontis used to indicate items that would normally appear in
code.
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This book also uses the following icons to highlight important points:

Note The Note icon provides extra information to which you need to pay
special attention.
Tip The Tip icon shows a special way of performing a particular task.

Caution The Caution icon alerts you to take care when performing certain
tasks and procedures.
Cross-Reference  The Cross-Reference icon refers you to another part of the book or

another source for more information on a topic.

Acknowledgments
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encouragement, and my co-authors, Kunal Mittal, who also acted as the technical editor,
and Andrew Yang, the EJB guru, for their contributions.
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Chapter 1: Relational Databases

In This Chapter

The purpose of this chapter is to lay the groundwork for the rest of the book by explaining
the underlying concepts of Relational Database Management Systems. Understanding
these concepts is the key to successful Java database programming. In my experience,
just understanding how to handle the Java side of the problem is not enough. It is
important to understand how relational databases work and to have a reasonable
command of Structured Query Language (SQL) before you can do any serious Java
database programming.

Understanding Relational Database Management Systems

A database is a structured collection of meaningful information stored over a period of
time in machine-readable form for subsequent retrieval. This definition is fairly
intuitive and says nothing about structure or methodology. By this definition, any file
or collection of files can be considered a database. However, to be useful in practical
terms, a database must form part of a system that provides for the management of
the data it contains. Seen from this perspective, a database must be more than a
mere collection of files. It must be a complete system.

A practical database management system combines the physical storage of data with
the capability to manage and interact with the data. Such a system must support the
following tasks:

= Creation and management of a logical data structure

] Data entry and retrieval

= Manipulation of the data in a logical and consistent manner
. Storage of data reliably over a significant period of time

Prior to the development of modern relational databases, a number of different
approaches were tried. In many cases, these were simple, proprietary data-storage
systems designed around a specific application. However, large corporations, notably
IBM, were marketing more general solutions.

The Relational Model

The big step forward in database technology was the development of the relational
database model. The relational database derives from work done in the late 1960s by
E.F. Codd, a mathematician at IBM. His model is based on the mathematics of set
theory and predicate logic. In fact, the term relational has its roots in the mathematical
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terminology of Codd's paper entitled "A relational model of data for large shared data
banks," which was published in Communications of the ACM, Vol. 13, No. 6, June
1970, pp. 377-387. In this paper, Codd uses the terms relation, attribute, and tuple
where more common programming usage refers totable, column, and row,
respectively.

The importance of Codd's ideas is such that the term "database" generally refers to a
relational database. Similarly, in common usage, a Database Management System,
or DBMS, generally means a Relational Database Management System. The terms
are used interchangeably in this chapter, and throughout the book.

Codd's model covers the three primary requirements of a relational database:
structure, integrity, and data manipulation. The fundamentals of the relational model
are as follows:

. A relational database consists of a number of unordered tables.

= The structure of these tables is independent of the physical storage medium used to store the
data.

= The contents of the tables can be manipulated using nonprocedural operations that return tables.

The implementation of Codd's relational model means that a user does not need to
understand the physical structure of the data in order to access and manage data in
the database. Rather than accessing data by referring to files or using pointers, the
user accesses data through a common tabular architecture. The relational model
maintains a clear distinction between the logical views of the data presented to the
user and the physical structure of the data stored in the system.

Codd based his model on a simple tabular structure, though his term for a table was a
relation. Each table is made up of one or more rows (or tuples). Each row contains a
number of fields, corresponding to the columns or attributes of the table.

Throughout the rest of this book, the more common programming terms are used:
table, column, and row. Generally, only database theorists use Codd's original
terminology; in that context, you are most likely to see references to relations,
attributes, and tuples.

The tabular structure Codd defines is simple and relatively easy for the user to
understand. It is also sufficiently general to be capable of representing most types of
data in virtually any kind of structure. An additional advantage of a tabular structure is
that tables are amenable to manipulation by a clearly defined set of mathematical
operations that generate results that are also in the form of tables. These
mathematical operations lend themselves readily to implementation in a high-level
language. In fact, Codd's rules require that a high level language be incorporated in
the RDBMS for just this purpose. That language has evolved into the Structured
Query Language, SQL, discussed in subsequent chapters.
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The use of a high-level language to manipulate the data at the logical level is an
important feature, providing a level of abstraction which lets the user insert or retrieve
data from the tables based on attributes of the data rather than its physical structure.
For example, rather than requiring the user to retrieve a number stored in a certain
location on disk, the use of a high-level query language allows the user to request the
checking balance of a particular customer's account by account number or customer
name.

A further advantage of this approach is that, while the user defines his or her requests
in logical terms, the database management system (DBMS) can implement them in a
highly optimized manner with respect to the physical implementation of the storage
system. By decoupling the logical operations from the physical operations, the DBMS
can achieve a combination of user friendliness and efficiency that would not
otherwise be possible.

Codd's Rules

When Codd initially presented his paper, the meaning of the relational model he
described was not widely understood. To clarify his ideas, Codd published his famous
Fidelity Rules, which are summarized in Table 1-1. In theory, a RDBMS must conform
to these rules. As it turns out, some of these rules are extremely difficult to implement
in practice, so no existing RDBMS complies fully.

Table 1-1: Codd's Rules
Rule Name Description

0 Foundation Rule A RDBMS must use its relational facilities exclusively to
manage the database.

1 Information Rule All data in a relational database must be explicitly
represented at the logical level as values in tables and in
no other way.

2 Guaranteed Access Rule Every data element must be logically accessible through
the use of a combination of its primary key name,
primary key value, table name, and column name.

3 Systematic Nulls Rule The RDBMS is required to support a representation of
missing and inapplicable information that is systematic,
distinct from all regular values, and independent of data

type.

4 Dynamic Catalog Rule The database description or catalog must also be stored
at the logical level as tabular values. The relational
language must be able to act on the database design in
the same manner in which it acts on data stored in the
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Table 1-1: Codd's Rules

Rule Name Description
structure.
5 Sub Language Rule An RDBMS must support a clearly defined

data-manipulation language that comprehensively
supports data manipulation and definition, view
definition, integrity constraints, transactional boundaries,
and authorization.

6 View Update Rule Data can be presented to the user in different logical
combinations called views. All views must support the
same range of data-manipulation capabilities as are
available for tables.

7 High Level Language An RDBMS must be able to retrieve relational data sets.
Rule It has to be capable of inserting, updating, retrieving, and
deleting data as a relational set.

8 Physical Data Data must be physically independent of application
Independence Rule programs.

9 Logical Data Applications software must be independent of changes
Independence Rule made to the base tables.

10 Integrity Independence Integrity constraints must be specified separately from
Rule application programs and stored in the catalog. It must

be possible to change such constraints when
appropriate without unnecessarily affecting existing

applications.
11 Distribution Independence Existing applications should continue to operate
Rule successfully when a distributed version of the DBMS is

introduced or when existing distributed data is
redistributed around the system.

12 Non Subversion Rule If an RDBMS has a low-level (record-at-a-time) interface,
that interface cannot be used to subvert the system or to
bypass a relational security or integrity constraint.

Rather than explaining Codd's Rules in the order in which they are tabulated, it is
much easier to explain the practical implementation of a RDBMS and to refer to the
relevant rules in the course of the explanation. For example, Rule 1, the Information
Rule, requires that all data be represented as values in tables; it is important to
understand the idea of tables before moving on to discuss Rule 0, which requires that
the database be managed in accordance with its own rules for managing data.
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Tables, Rows, Columns, and Keys

Codd's Information Rule (Rule 1) states that all data in a relational database must be
explicitly represented at the logical level as values in tables and in no other way. In
other words, tables are the basis of any RDBMS. Tables in the relational model are
used to represent collections of objects or events in the real world. A single table
should represent a collection of a single type of object, such as customers or
inventory items.

All relational databases rely on the following design concepts:

= All data in a relational database is explicitly represented at the logical level as values in tables.
= Each cell of a table contains the value of a single data item.

" Cells in the same column are members of a set of similar items.

= Cells in the same row are members of a group of related items.

. Each table defines a key made up of one or more columns that uniquely identify each row.

The preceding ideas are illustrated in Table 1-2, which shows a typical table of names
and addresses from a relational database. Each row in the table contains a set of
related data about a specific customer. Each column contains data of the same kind,
such as First Names, or Middle Initials, and each cell contains a unique piece of
information of a given type about a given customer.

Table 1-2: Customers Table

ID FIRST_NAME MI LAST_NAME STREET CITY ST ZIP

100 Michael A Corleone 123 Pine New York NY 10006

101 Fredo vV Corleone 19 Main New York NY 10007

103 Francis X Corleone 17 Main New York NY 10005

106 Kay K Adams 109 Newark NJ 12345
Maple

107 Francis F Coppola 123 Hollywood CA 23456
Sunset

108 Mario S Puzo 124 Vine Hollywood CA 23456

The ID column is a little different from the other columns in that, rather than
containing information specific to a given customer, it contains a unique, system
assigned identifier for the customer. This identifier is called the primary key. The
importance of the primary key is discussed in Chapter 2.

This simple table illustrates two of the most significant requirements of a relational
database, which are as follows:

-10-
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= All data in a relational database is explicitly represented at the logical level as values in tables.
= Every data element is logically accessible through the use of a combination of its primary key
name, primary key value, table name, and column name.

It is also apparent from the example that the order of the rows is not significant. Each
row contains the same information regardless of whether the rows are ordered
alphabetically, ordered by state, or, as in the example, ordered by ID.

Codd's Foundation Rule (Rule 0) states that a RDBMS must use its relational facilities
exclusively to manage the database; his Dynamic Catalog Rule (Rule 4) states that
the database description or catalog must also be stored at the logical level as tabular
values and that the relational language must be able to act on the database design in
the same manner in which it acts on data stored in the structure.

These rules are implemented in most RDBMS systems through a set of system tables.
These tables can be accessed using the same database management tools used to
access a user database. Figure 1-1 shows a SQL Server display of the tables in the
Customers database discussed in this book. The system tables are normally
displayed in lower case in SQL Server, so | usually use upper case names for my own
application specific tables. The table syscolumns, for example, is SQL Server's table
of all the columns in all the tables inthis database. If you open it, you will find entries
for each of the columns specified in the Customers Table shown above, as well as
every other column used anywhere in the database.

Hawe [ Derem [ Tupe [ Creste Crate
[T CONTACT_INFO e User W02 IR
[T COMTACTDATA da Uem SRR 1018 2340
[T CUSTOMERS dba Uger 4502 T 0308 Ak
T DOCUMENTS doa User DA 200 20 A
e Sytesn BNES 1015 054N
s Usen 12540 24052 P
e Uees 12708 TH 44 10PM
dba Uger 12850 11222 PM
o Uses 12070 12516 P
e Uses ANEME L ADIPM
[ SIGHFICANT_DTHERS 1 Uses 402 TR0 AN
T Stock [ ] Liger 1278700 103755 AW
[T nyrsbocatiorg da Sybem AL 20019 AM
™ syrcodumng o Sytem 114358 200 194M
T syicommeneris i Syl MALHE 2001944
315.!'..}(1:\(1\,‘.'. (i ] Syham 1113558 S0 13 AN
) nyaflegroues: dbo Syatem 11158 30013 M
™ asafen o System AL 200194
[T ageafien e Syten AL 203194
i P fi Syl NAVE 3001948
jms EELE B IR dba Sytem 11703458 20013 AN
] symiradesas dbay Sytem 190550 20015 AW
T apriradesicey: ooy Syhem AL 200 194N
] tarirrebeses b Syt AL 200194
) syvaoecis ks Sylem AL 3001948
T svspermitsions e Syimm 1012550 300 3 A
T ssrpectects o Sytem A5 200 T HAM
T apurebasermons oo Syazbem TIALS 20019 AM
[T sty b Sylem MAE 2001948
:]::,-:-.'.n' = System 171550 2000015 AN
i | |

Figure 1-1: SQL Server creates application tables (uppercase) and system tables (lowercase) to
manage databases.
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Codd's Physical Data Independence Rule (Rule 8), which states that data must be
physically independent of application programs, is also clearly implemented through
the tabular structure of an RDBMS. All application programs interface with the tables
at a logical level, independent of the structure of both the table and of the underlying
storage mechanisms.

Nulls

In a practical database, situations arise in which you either don't know the value of a
data element or don't have an applicable value. For example, in Table 1-2, what if you
don't know the value of a particular data item? What if, for example, Francis Xavier
Corleone changed his name to just plain Francis Corleone, with no middle initial?
Does that blow away the whole table? The answer lies in the concept of systematic
nulls.

Codd's Systematic Nulls Rule (Rule 3) states that the RDBMS is required to support a
representation of missing and inapplicable information that is systematic, distinct from
all regular values, and independent of data type. In other words, a relational database
must allow the user to insert a NULL when the value for a field is unknown or not
applicable. This results in something like the example in Table 1-3.

Table 1-3: Inserting NULLs into a Table

ID FIRST_NAME M1 LAST_NAME STREET CITY ST ZIP
103 Francis <NULL> Corleone 17 Main New NY 10005
York

Clearly, the requirement to support NULLS means that the RDBMS must be able to
handle NULL values in the course of normal operations in a systematic way. This is
managed through the ability to insert, retrieve, and test for NULLS and to specify
NULLS as valid or invalid column values.

Primary Keys

Codd's Guaranteed Access Rule (Rule 2) states that every data element must be
logically accessible through the use of a combination of its primary key name, primary
key value, table name, and column name. This is guaranteed by designating a
primary key that contains a unique value for each row in the table. Each table can
have only one primary key, which can be any column or group of columns in the table
having a unique value for each row.

It is worth noting that, while most relational database management systems will let
you create a table without a primary key, the usability of the table will be
compromised if you fail to assign a primary key. The reason for this is that one of the
strengths of a relational database is the ability to link tables to each other. These links
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between tables rely on using the primary key as a linking mechanism, as discussed in
Chapter 2.

Primary keys can be simple or composite. A simple key is a key made up of one
column, whereas a composite key is made up of two or more columns. Although there
IS no absolute rule as to how you select a column or group of columns for use as a
primary key, the decision should usually be based upon common sense. In other
words, you should base your choice of a primary key upon the following factors:

= Use the smallest number columns necessary, to make key access efficient.

= Use columns or groups of columns that are unlikely to change, since changes will break links
between tables.

= Use columns or groups of columns that are both simple and understandable to users.

In practice, the most common type of key is a column of unique integers specifically
created for use as the primary key. The unique integer serves as a row identifier or ID
for each row in the table. Oracle, in fact, defines a special ROW_ID pseudo column,
and Access has an AutoNumber data type commonly used for this purpose. You can
see how this works in Table 1-2.

Another good reason to use a unique integer as a primary key is that integer
comparisons are far more efficient than string comparisons. This means that
accessing data using a single integer as a key is faster than using a string or, in the
case of a multiple column key, several integers or strings.

Note  Since primary keys are used as unigue row identifiers, they can never
have a NULL value. The NOT NULL integrity constraint must be applied to
a column designated as a primary key. Many Relational database
Management Systems apply the NOT NULL constraint to primary keys
automatically.

Foreign Keys

A foreign key is a column in a table used to refe rence a primary key in another table.
If your database contains only one table, or a number of unrelated tables, you won't
have much use for your primary key. The primary key becomes important when you
need to work with multiple tables. For example, in addition to the Customers Table
(Table 1-2), your business application would probably include an Inventory Table, an
Orders Table, and an Ordered Items Table. The Inventory Table is shown in Table
1-4.

Table 1-4: Inventory Table
ltem_Number Name Description Qty Cost

1001 Corn Flakes Cereal 178 1.95

-13-
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Table 1-4: Inventory Table

ltem_Number
1002
1003
1004
1005
1006
1007
1008
1009

1010

Name

Rice Krispies
Shredded Wheat
Oatmea
Chocolate Chip
Fig Bar

Sugar Cookies
Cola

Lemon

Orange

Description
Cereal
Cereal
Cereal
Cookies
Cookies
Cookies
Soda

Soda

Soda

Qty
97
103
15
217
162
276
144
96

84

Cost

1.87

2.05

0.98

1.26

1.57

1.03

0.61

0.57

0.71

Notice that the Inventory Table includes an Item_Number column, which is the
primary key for this table.

When a customer places an order, two additional tables come into use. The first of
these is the Ordered Items Table, which lists the inventory items and quantities in

each order. This is shown in Table 1-5.

Table 1-5: Ordered Items Table

ID

5000

5001

5002

5003

5004

5005

5006

5007

5008

5009

5010

-14-
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In addition to its primary key, the Ordered Items Table contains two foreign keys. In
this case, they are the Item_Number, from the Inventory Table, and the
Order_Number, from the Orders Table. The Orders Table is shown in Table 1-6.

Table 1-6;: Orders Table

Order_Number Customer_ID Order_Date Ship_Date
2 101 12/8/01 12/10/01
3 103 12/9/01 12/11/01
4 104 12/9/01 12/11/01
6 120 12/12/01 12/14/10
5 106 12/10/01 12/12/01
7 121 12/14/01 12/16/01

The Orders Table contains all the information defining the customer's order. Its
primary key is the Order_Number column, and it contains the foreign key column
Customer_ID, pointing to the Customers table, to identify the customer placing the
order.

Notice that the way these tables have been designed eliminates redundancy. No item
of information is saved in more than one place, and each piece of information is
saved as a single row in the appropriate table.

Cross-Reference  Eliminating redundancy is an important aspect of database
design. By ensuring that information is stored in only one
place, the problems resulting from discrepancies between
different copies of the same data item are eliminated.

It is easy to understand how the keys are used if you analyze one of the orders. For
example, you can find out all about the customer who placed order 4 by looking up
customer 104 in the Customers Table. Similarly, by referring to the Ordered_Items
Table, you can see that the items ordered on order 4 were 5 of inventory item 1002
and 2 of inventory item 1003. Looking these numbers up in the Inventory Table tells
you that inventory item number 1002 refers to Rice Krispies, while inventory item
number 1003 refers to Shredded Wheat.

By combining the information in these tables, you can see that order 4 was placed by
customer 104, Vito Corleone, on 12/9/01, and that he ordered 5 boxes of Rice
Krispies and 2 boxes of Shredded Wheat, inventory numbers 1002 and 1003,
respectively, for shipment on 12/11/01. This information is obtained by matching up
the various keys, using a SQL statement such as the following:
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SELECT c.First_Name, c.Last_Name, i.Name, 0i.Qty
FROM CUSTOMERS ¢, ORDERS o, ORDERED_ITEMS oi,
INVENTORY i
WHERE 0.0Order_Number = 4 AND
c.Customer_ld = o.Customer_Id AND
i.tem_Number = oi.ltem_Number AND
0.0Order_Number = oi.Order_Number;

SQL commands such as the SELECT command shown above are reviewed briefly
later in this chapter and are discussed in considerable detail in subsequent chapters.

Relationships

As illustrated in the preceding discussions of primary and foreign keys, they are
defined to model the relationships among the different tables in a database. These
tables can be related in one of three ways:

. One-to-one
= One-to-many
= Many-to-many

One-to-one relationships

In a one-to-one relationship, every row in the first table has a corresponding row in
the second table. This type of relationship is often created to separate different types
of data for security reasons. For example, you might want to keep confidential
information such as credit-card data separate from less restricted information.

Another common reason for creating tables with a one -to-one relationship is to
simplify implementation. For example, if you are creating a Web application involving
several forms, you might want to use a separate table for each form.

Other reasons for breaking a table into smaller parts with one -to-one relationships
between them are to improve performance or to overcome inherent restrictions such
as the maximum column count that a database system supports.

Tables related in a one -to-one relationship should always have the same primary key.
This is used to perform joins when the related tables are queried together.

One-to-many relationships

In a one-to-many relationship, every row in the first table can have zero, one, or many
corresponding rows in the second table. But for every row in the second table, there
is exactly one row in the first table. For example, there is a one-to-many relationship
between the Orders Table and the Ordered_ltems Table reviewed previously.
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One-to-many relationships are also sometimes called parent-child or master-detail
relationships because they are commonly used for lookup tables. The relationship
between the Orders Table and the Ordered_ltems Table is an example of a
one-to-many relationship, where a single order corresponds to multiple ordered
items.

Many-to-many relationships

In a many-to-many relationship, every row in the first table can have many
corresponding rows in the second table, and every row in the second table can have
many corresponding rows in the first table. Many-to-many relationships can't be
directly modeled in a relational database. They must be broken into multiple
one-to-many relationships.

The Ordered_ltems Table illustrates how a many-to-many relationship can be broken
into multiple one-to-many relationships. In the customer orders example illustrated by
Tables 1-4 through 1-6, orders and inventory are related in a many-to-many
relationship; multiple inventory items can correspond to a single order, and a single
inventory item can appear on multiple orders. The Ordered_Items Table is used to
implement a one -to-many mapping of inventory items to orders.

Views

Codd's View Update Rule (Rule 6) states that data can be presented to the user in
different logical combinations, called views. All views must support the same range of
data-manipulation capabilities as are available for a table.

Views are implemented in a relational database system by allowing the user to select
data from the database to create temporary tables, known as views. These views are
usually saved by name along with the selection command used to create them. They
can be accessed in exactly the same way as normal tables.

Frequently, views are used to create a table that is a subset of an existing table.

Table 1-7 is a typical example, showing rows from Table 1-2 (where Last_ Name =
'‘Corleone’, and City = 'New York’).

Table 1-7: View of New York Corleones

ID FIRST_NAME MI LAST _NAME STREET CITY ST ZIP
100 Michael A Corleone 123 Pine New York NY 10006
101 Fredo X Corleone 19 Main New York NY 10007

103 Francis X Corleone 17 Main New York NY 10005
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Normalization

Normalizationis the process of organizing the data in a database by making it
conform to a set of rules known as the normal forms. The normal forms are a set of
design guidelines that are designed to eliminate redundancies and to ensure
consistent dependencies. Apart from wasting space, redundant data creates
maintenance problems. For example, if you save a customer's address in two
locations, you need to be absolutely certain to make any required changes in both
locations.

It is important to ensure that data dependencies are consistent so that you can
access and manipulate data in a logical and consistent manner. A glance at the
examples shown in Tables 1-2 and 1-4 through 1-6 reveals how related data items
are stored in the same table, separate from unrelated items.

Although normalization enhances the integrity of the data by minimizing redundancy
and inconsistency, it does so at the cost of some impact on performance.
Data-retrieval efficiency can be reduced, since applying the normalization rules can
result in data being redistributed across multiple records. This can be seen from the
examples shown in Tables 1-2 and 1-4 through 1-6, where information pertaining to a
single order is distributed across four separate tables.

A database that conforms to the normalization rules is said to be in normal form. If the
database conforms to the first rule, the database is said to be in first normal form,
abbreviated as 1NF. If it conforms to the first four rules, the database is considered to
be in fourth normal form (4NF).

First normal form

The requirements of the first normal form are as follows:

= All records have the same number of fields.
= All fields contain only a single data item.
= There must be no repeated fields.

The first of these requirements, that all occurrences of a record type must contain the
same number of fields, is a built-in feature of all database systems.

The second requirement, that all fields contain only one data item, ensures that you
can retrieve data items individually. This requirement is also known as the atomicity
requirement. Requiring that each data item be stored in only one field in a record is
important to ensure data integrity.

Finally, each row in the table must be identified using a unique column or set of
columns. This unique identifier is the primary key.
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Second normal form

The requirements of the second normal form are as follows:

= The table must be in first normal form.
= The table cannot contain fields that do not contain information related to the whole of the key.

The second normal form is only relevant when a table has a multipart key. In the
example shown in table 1-8, which shows inventory for each warehouse, the primary
key, which is the unique means of identifying a row, consists of two fields, the Name
field and the Warehouse field.

Second normal form requires that a table should only contain data related to one
entity, and that entity should be described by its primary key. The Warehouse
Inventory table is intended to describe inventory items in a given warehouse, so all
the data describing the inventory item itself is related to the primary key.

In the example of Table 1-8, the second row shows that there are 97 cases of Rice
Krispies in warehouse #2, purchased at a unit cost of $1.95, and 103 cases of Rice
Krispies in warehouse #7, purchased at a unit cost of $2.05. The warehouse address,
however, describes only part of the key, namely, the warehouse, so it does not
belong in the table. If this information is stored with every inventory item, there is a
potential risk of discrepancies between the address saved for a given warehouse in
different rows, since there is no clearly defined master reference. In addition, of
course, storing the same data item in muitipie locations is very inefficient in terms of
space, and requires that any change to the data item be made to all rows containing
the data item, rather than to a single master reference.

Table 1-8: Warehouse Inventory Table

Name Warehouse Address Description Qty Cost
Corn Flakes Warehouse #2 123 Pine Cereal 178 1.95
Rice Krispies Warehouse #2 123 Pine Cereal 97 1.95
Rice Krispies Warehouse #7 24 Holly Cereal 103 2.05
Oatmeal Warehouse #7 24 Holly Cereal 15 0.98

The solution is to move the warehouse address to a Warehouse table linked to the
Inventory table by a foreign key. The resulting tables would look like Tables 1-9 and
1-10. These tables are in the second normal form.

Table 1-9: Inventory Table in 2NF

Name Warehouse Description Qty Cost
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Table 1-9: Inventory Table in 2NF

Name Warehouse Description Qty Cost
Corn Flakes Warehouse #2 Cereal 178 1.95
Rice Krispies Warehouse #2 Cereal 97 1.95
Rice Krispies Warehouse #7 Cereal 103 2.05
Oatmeal Warehouse #7 Cereal 15 0.98

Table 1-10: Warehouse Table in 2NF

Warehouse Address
Warehouse #2 123 Pine
Warehouse #7 24 Holly

In summary, the second normal form requires that any data that is not directly related
to the entire key should be removed and placed in a separate table or tables. These
new tables should be linked to the original table using foreign keys. In the example of
Tables 1-9 and 1-10, the Warehouse column is both part of the primary key of Table
1-9, and the foreign key pointing to Table 1-10.

Third normal form

The requirements of the third normal form are as follows:

. The table must be in second normal form.
= The table cannot contain fields that are not related to the primary key.

Third normal form is very similar to second normal form, with the exception that it
covers situations involving simple keys rather than compound keys. In the example
used to explain the second normal form, a compound key was used because
inventory items of the same type, such as Rice Krispies, could have different
attributes such as Warehouse number. If you are tracking unique items, such as
employees, you can have a similar situation, but with a simple key, as shown in Table
1-11:

Table 1-11: Employee Table

Name Department Location
Jones Sales 43 Elm
Smith Production 17 Main
Williams Shipping 123 Pine
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In the example of Table 1-11, the Location column describes the location of the
Department. The employee is located there because he or she belongs to that
department. As in the example for the second normal form, columns that do not
contain data describing the primary key should be removed to a separate table. In this
instance, that means that you should create a separate Departments table,
containing the Department name and location, using the Department column in the
Employees table as a foreign key to point to the Departments table. The resulting
tables are shown in Tables 1-12 and 1-13.

Table 1-12: Normalised Employee Table

Name Department
Jones Sales

Smith Production
Williams Shipping

Table 1-13: Departments Table

Department Location
Sales 43 EIm
Production 17 Main
Shipping 123 Pine

Fourth normal form
The requirements of the fourth normal form are as follows:

. The table must be in third normal form.
. The table cannot contain two or more independent multivalued facts about an entity.

For example, if you wanted to keep track of customer phone numbers, you could
create a new table containing a Customer_ID number column, a phone number
column, a fax number column, and a cell-phone number column. As long as a
customer has only one of each listed in the table, there is no problem. However, if a
customer has two land line phones, a fax, and two cell phones, you might be tempted
to enter the numbers as shown in Table 1-14.

Table 1-14: Phone Numbers Table which violates 4NF

CUSTOMER_ID PHONE FAX CELL
100 123-234-3456 123-234-3460 121-345-5678

100 123-234-3457 <NULL> 121-345-5679
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Since there is no relationship between the different phone numbers in a given row,
this table violates the fourth normal form, in that there are two or more independent
multivalued facts (or phone numbers) for the customer on each row. The
combinations of land line, fax, and cell phone numbers on a given row are not
meaningful.

The main problem with violating the fourth normal form is that there is no obvious way
to maintain the data. If, for example, the customer decides to give up the cell phone
listed in the first row, should the cell phone number in the second row be moved to
the first row, or left where it is? If he or she gives up the land line phone in the second
row and the cell phone in the first row, should all the phone numbers be consolidated
into one row? Clearly, the maintenance of this database could become very
complicated.

The solution is to design around this problem by deleting the phone, fax, and cell
columns from the original table, and creating an additional table containing
Customer_ID as a foreign key, and phone number and type as data fields (see Table
1-15). This will allow you to handle several phone numbers of different types for each
customer without violating the fourth normal form.

Table 1-15: Phone Numbers Table

CUSTOMER_ID NUMBER TYPE
100 123-234-3456 PHONE
100 123-234-3457 PHONE
100 123-234-3460 FAX
100 121-345-5678 CELL
100 121-345-5679 CELL

Fifth normal form

The requirements of the fifth normal form are as follows:

" The table must be in fourth normal form.
= It must be impossible to break down a table into smaller tables unless those tables logically have
the same primary key as the original table.

The fifth normal form is similar to the fourth normal form, except that where the fourth
normal form deals with independent multivalued facts, the fifth normal form deals with
interdependent multivalued facts. Consider, for example, a dealership handling
several similar product lines from different vendors. Before selling any product, a
salesperson must be trained on the product. Table 1-16 summarizes the situation.
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Table 1-16: SalesPersons

Salesperson Vendor Product
Jones Acme Widget Printer
Jones Acme Widget Copier
Jones Zeta Products Printer
Jones Zeta Products Copier

This table contains a certain amount of redundancy, which can be removed by
converting the data to the fifth normal form. Conversion to the fifth normal form is
achieved breaking the table down into smaller tables, as shown in Tables 1-17, 1-18,
and 1-19.

Table 1-17: SalesPersons by Vendor

Salesperson Vendor
Jones Acme Widget
Jones Zeta Products

Table 1-18: SalesPersons by Product

Salesperson Product
Jones Printer
Jones Copier

Table 1-19: Products by Vendor

Vendor Product
Acme Widget Printer
Acme Widget Copier
Zeta Products Printer
Zeta Products Copier

Boyce-Codd normal form

Boyce-Codd normal form (BCNF) is a more rigorous version of the third normal form
designed to deal with tables containing the following items:

] Multiple candidate keys
= Composite candidate keys
. Candidate keys that overlap
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A relational table is in BCNF only if every column on which some of the columns are
fully functionally dependent is a candidate key. In other words, if the table has a
number of columns or groups of columns which could be used as the primary key
(so-called candidate keys), then to be in BCNF, the table must be in third normal form
for each of those candidate keys.

Normalization in Practice

Most databases can be considered to be adequately normalized when they are in the
fifth normal form. In the fifth normal form, a database has the following important
properties:

= All records have the same number of fields.

= All fields contain only a single data item.

= There are no repeated fields.

. All fields contain data related to the whole of the primary key.

= The table does not contain two or more independent multivalued facts about the key.

= The table does not contain two or more interdependent multivalued facts about the key.

Additional normal forms address situations that only apply in special situations. For
example, Boyce-Codd normal form requires that a table be in third normal form for
every column or group of columns which has the properties which could qualify it for
use as the primary key. In practice, the database designer will usually designate a
primary key, so the Boyce-Codd normal form will not be relevant, as other candidate
keys will not be used, so the third normal form is adequate.

High Level Language

Codd's Sub Language Rule (Rule 5) and his High Level Language Rule (Rule 7)
concern the availability of a language for use with the database. Descriptions of these
rules are restated here:

= Sub Language Rule — An RDBMS must support a clearly defined data-manipulation language
that comprehensively supports data manipulation and definition, view definition, integrity
constraints, transactional boundaries, and authorization.

] High Level Language Rule — An RDBMS must be able to retrieve relational data sets. It has to
be capable of insert, update, retrieve and delete data as a relational set.

The main features of this language are that it must have a linear syntax and must
support the following functions:

. Data-definition operations (including view definitions)
= Data update and retrieval operations

= Data-integrity constraints

=  Transaction management
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= Data-security constraints
The standard implementation of these rules is the Structured Query Language (SQL).
Structured Query Language

The Structured Query Language (SQL) was first developed by IBM in the 1970s and
was later the subject of several ANSI standards. As a result of the way that the
requirements for a high-level database language are defined, SQL is usually
considered to be composed of a number of sublanguages. These sublanguages are
as follows:

. Data Definition Language (DDL) is used to create, alter, and drop tables and indexes.

= Data Manipulation Language (DML) is used to insert, update, and delete data.

= Data Query Language (DQL) is used to query the database using the SELECT command.

. Transaction Control Commands are used to start, commit, or rollback transactions.

= Data Control Language (DCL) is used to grant and revoke user privileges and to change
passwords.

Despite the conventional division of SQL into a number of sublanguages, statements
from any of these constituent sublanguages can be used together. The convention is
really just a reflection of the way Codd's rules define the requirement for a high level
language, with sublanguages for different functions.

The next three sections provide a brief outline of the sublanguages used to perform
the basic database functions of creating databases and tables, populating the tables
with data, and retrieving the data. These functions are performed by the DDL, the
DML, and the DQL sublanguages.

Data Definition Language

Data definition operations are handled by SQL's Data Definition Language, which is

used to create and modify a database. The SQL2 standard refers to DDL statements
as "SQL Schema Statements.” The SQL standard defines a Schema as a high level

abstraction of a container object which contains other database objects.

A good example of the use of the DDL is the creation of a table. When a table is
created, various parameters are set for each column. These include the following:

. Data types. These include CHARACTER,INTEGER, FLOAT, and so on.
= Data constraints. These include such restrictions as whether NULLS are permitted.
= Default values. Default values can be assigned for each column.

The basic form of the CREATE TABLE command is:
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CREATE TABLE tableName
( columnName dataType|[(size)] [constraints] [default value],...);

Integrity constraints and triggers

It is obvious from the earlier discussion of primary and foreign keys that the idea of
linking tables through the use of keys cango completely haywire if a primary key has
either a NULL value or a value that is not unique. Problems like this are handled using
constraints. The main types of constraint are as follows:

= NULL or NOT NULL constraint specifies whether a field is required to contain valid data or
whether it can be left empty.

= The UNIQUE constraint specifies that no two records can have the same value in a particular
column.

] The PRIMARY KEY constraint specifies that this column is the primary key for the table.

In addition to defining constraints, the SQL language allows the user to specify
security rules that are applied when specified operations are performed on a table.
These rules are known as triggers, and work like stored procedures, with the
exception that, instead of being called by name, they are triggered automatically by
the occurrence of a database event such as updating a table.

A typical use of a trigger might be to check the validity of an update to an inventory
table. The following code snippet shows a trigger that automatically rolls back or
voids an attempt to increase the cost of an item in inventory by more than 15 percent:

CREATE TRIGGER FifteenPctRule ON INVENTORY FOR INSERT, UPDATE AS
DECLARE @NewCost money

DECLARE @OIldCost money

SELECT @NewCost = cost FROM Inserted

SELECT @OldCost = cost FROM Deleted

IF @NewCost > (@OIdCost * 1.15)

ROLLBACK Transaction

Transaction management and the SQL ROLLBACK command are discussed later in
this chapter and in more detail in subsequent chapters.

Data Manipulation Language

The Data Manipulation Language comprises the SQL commands used to insert data
into a table and to update or delete data. SQL provides the following three statements
you can use to manipulate data within a database:

- INSERT
- UPDATE
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- DELETE

The INSERT statement is used to insert data into a table, one row or record at a time.
It can also be used in combination with a SELECT statement to perform bulk inserts
of multiple selected rows from another table or tables.

The UPDATE command is used to modify the contents of individual columns within a
set of rows. The UPDATE command is normally used with a WHERE clause, which is
used to select the rows to be updated.

The DELETE command is used to delete selected rows from a table. Again, row
selection is based on the result of an optional WHERE clause.

Data Query Language

The Data Query Language is the portion of SQL used to retrieve data from a
database in response to a query. The SELECT statement is the heart of a SQL query.
In addition to its use in returning data in a query, it can be used in combination with
other SQL commands to select data for a variety of other operations, such as
modifying specific records using the UPDATE command.

The most common way to use SELECT, however, is as the basis of data retrieval
commands, or queries, to the database. The basic form of a simple query specifies
the names of the columns to be returned and the name of the table they can be found
in. A basic SELECT command looks like this:

SELECT columnNamel, columnName2,.. FROM tableName;

In addition to this specific form, where the names of all the fields you want returned
are specified in the query, SQL supports a wild-card form. In the wild-card form, an
asterisk (*) is substituted for the column list, as shown here:

SELECT * FROM tableName;

The wild card tells the database management system to return the values for all
columns.

The real power of the SELECT command comes from the use of the WHERE clause.
The WHERE clause allows you to restrict the query to return the requested fields from
only records that match some specific criteria. For example, you can query the
Customers Table shown in Table 1-2 by using this statement:

SELECT * FROM Contact_Info WHERE Last_Name = '‘Corleone’;
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The result of this query is to return all columns from any row containing the
Last_Name "Corleone". The order in which the columns are returned is the order in
which they are stored in the database; the row order is arbitrary.

Comparison operators

In addition to the equality operator used in the preceding example, SQL supports a
full range of standard comparison operators, including special operators used to test
for the presence or absence of a NULL value in a column:

. Equality (=)

= Inequality (<>)

= Greater Than (>) and Greater Than or Equal To (>=)
= Less Than (<) and Less Than or Equal To (<=)

" IS NULL

Ll IS NOT NULL

Comparison operations can be combined using the basic logical operators: AND, OR
and NOT.

Another way of combining operations is to nest subqueries. The syntax for nesting
subqueries uses parentheses to indicate nesting levels as shown below:

SELECT *
FROM Tables
WHERE
(SUBQUERY
(SUBQUERY
(SUBQUERY)));

Sorting the results of a query

A common requirement when retrieving data from an RDBMS by using the SELECT
statement is to sort the results of the query in alphabetical or numeric order on one or
more of the columns. Sorting result is done using the ORDER BY clause in a
statement like this:

SELECT First_Name, Last_Name, City, State
FROM CUSTOMERS

WHERE Last_Name = 'Corleone’

ORDER BY First_Name;

Joining tables
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The information in a practical database is usually distributed across several tables,
each of which contains sets of logically related data. A typical example of such a
database is shown in Tables 1-2 and 1-4 through 1-6.

When a customer places an order, an entry is made in the Orders Table, assigning an
order number and containing the Customer number and the order date. Then entries

are added to the Ordered_Items Table, recording the order number, item number,
and quantity.

One of the most powerful features of SQL is its ability to combine data from several
tables by using JOINS. For example, the following SQL statement performs a JOIN
on the ORDERS, CUSTOMERS, ORDERED _ITEMS and INVENTORY Tables to
total the purchases each customer makes:

SELECT LAST_NAME + "' + FIRST_NAME AS NAME,
SUM(0i.QTY * COST * 1.6) AS PURCHASES

FROM ORDERS o, CUSTOMERS c, ORDERED_ITEMS oi,
INVENTORY i

WHERE O.CUSTOMER_NUMBER = C.CUSTOMER_NUMBER AND
O.ORDER_NUMBER = OI.ORDER_NUMBER AND
OLITEM_NUMBER = LLITEM_NUMBER

GROUP BY LAST_NAME + "' + FIRST_NAME;

Here are the results of this query:

NAME PURCHASES
Adams,Kay 11.14
Corleone,Francis 11.87
Corleone,Fredo 22.69
Corleone,Vito 21.52

This example also illustrates the use of aliases both for column names and for tables,
as well as SQL's ability to perform arithmetic and String computations. Here the alias
NAME has been assigned to the concatenation of the Last_ Name and First_ Name
fields, and the alias PURCHASES to the calculated product of quantity, cost, and the
1.6 markup through the use of the expression:

SELECT LAST_NAME +'' + FIRST_NAME AS NAME,
SUM(0i.QTY * COST * 1.6) AS PURCHASES

The use of aliases and SQL's mathematical capabilities are discussed thoroughly in
subsequent chapters.
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Reporting functions

SQL supports a number of aggregation functions that can be used to provide
statistical or summary information about groups of data elements. The standard
aggregation functions include the following:

" Sum and Count
= Average and Standard Deviation
. Maximum and Minimum
Note Different SQL dialects expand on this basic set of aggregate functions.
You are advised to refer to the documentation provided by the supplier of
your particular RDBMS for details of the aggregate functions provided.

A good practical example of the use of aggregate functions is the creation of a simple
sales report. The following query creates a result set that lists states and the total cost
of goods sold and sales by state:

SELECT STATE, SUM(0i.QTY * COST) AS TOTAL,
SUM(0i.QTY * COST * 1.6) AS SALES

FROM ORDERS 0, CUSTOMERS ¢, ORDERED_ITEMS o,
INVENTORY |

WHERE O.CUSTOMER_NUMBER = C.CUSTOMER_NUMBER AND
O0.ORDER_NUMBER = O.ORDER_NUMBER AND
OLITEM_NUMBER = LITEM_NUMBER

GROUP BY STATE;

The resulting table looks like this:

STATE TOTAL SALES
NJ 20.41 32.65
NY 21.6 34.56

The last three sections have presented a brief discussion of creating databases and
tables, populating the tables with data, and retrieving the data. For the very simplest
of database operations, these capabilities may be sufficient. However, in real world
applications, more complex situations arise in two main areas:

= In many practical applications, a complete operation cannot be expressed in a single SQL
statement, so a means of handling multiple interdependent statements is required.

= There is frequently a need, particularly in larger installations, to provide some means of ensuring
the security of an application.
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These requirements are handled by the Transaction Control Commands and the Data
Control Language, respectively. Since these topics require some explanation, the
respective sublanguages are reviewed in the appropriate sections below.

Transaction Management and the Transaction Control Commands

Transaction management refers to the capability of an RDBMS to execute database
commands in groups, known as transactions. A transaction is a group or sequence of
commands, all of which must be executed in order and all of which must completed
successfully.

The Transaction Control Commands are used to control transactions.

The ACID Test

A commonly used expression in data processing is the ACID test. The ACID test
defines a set of properties that a database management system must have in order to
be adequate for handling transactions. These properties are as follows:

] Atomicity

= Consistency
) Isolation

= Durability

A discussion of the preceding properties follows.

Atomicity

Transactions must be atomic. Specifically, a transaction must be executed in its
entirety and committed as a whole or rolled back as a whole, so that either all
changes that constitute a transaction take effect or none of them take effect. A classic
example of an atomic transaction is a transfer of funds from a checking account to a
savings account. Clearly, you want both the deduction from savings and the addition
to checking to take place, failing which, neither should take place. When atomicity is
not guaranteed, you have an accounting nightmare.

Consistency

The consistency requirement defines a transaction as legal only if it obeys
user-defined integrity constraints. Essentially, these constraints define legal database
states and proscribe transactions that cause transitions from a legal state to an illegal
state. For example, if you are making a transfer of funds from a checking account to a
savings account and your business rules require that such a transfer be logged to
another table, any problems updating that table will violate the integrity constraint and
will require that the entire transaction be rolled back.
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Isolation

Isolation means that the effects of a transaction must be invisible to other
transactions until the current transaction is complete. For example, if you are making
a transfer of funds from a checking account to a savings account, the intermediate
balances after savings have been debited, but before checking has been credited,
must not be available to an outside transaction. If the intermediate balances are
available to an outside transaction, you might, for example, generate an insufficient
funds warning, since the funds will show up in neither account.

Durability

The durability requirement demands that, once committed, the results of a transaction
be preserved in some form of long term storage. In other words, once a funds transfer
has been made from savings to checking, the DBMS must sawe it to persistent
storage.

Transaction Management in SQL

If anything goes wrong during the transaction, the database management system
allows the entire transaction to be cancelled, or "Rolled Back." If, on the other hand, it

completes successfully, the transaction can be saved to the database, or
"Committed."

A transaction typically involves several related commands, as in the case of a bank
transfer. If a client orders a transfer of funds from his savings account to his checking
account, at least these two database-access commands must be executed:

. The savings account must be debited.
= The checking account must be credited.

If one of these commands is executed and the other is not, the funds will either vanish
from the savings account without appearing in the checking account, or the funds will
be credited to the checking account without being withdrawn from the savings
account.

The solution is to combine logically related commands into groups that are committed
as a single transaction. If a problem arises, the entire transaction can be rolled back,
and the problem can be fixed without serious adverse impact on business operations.

SQL supports this requirement through the COMMIT and ROLLBACK commands.
The COMMIT command commits changes made from the beginning of the
transaction to the point at which the command is issued, and the ROLLBACK
command undoes them.
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In addition, most databases support the AUTOCOMMIT option, which tells the
database management system to commit all commands individually as they are
executed. This option can be turned on or off with the SET command. By default, the
AUTOCOMMIT option is usually on.

Cross-Reference Chapter 3 provides a comprehensive overview of SQL;
Chapters 5 through 9 give detailed examples of the use of SQL
in the context of the JDBC Core API. Appendix A provides a
comparison of common SQL dialects.
Database Security and the Data Control Language

Databases generally represent a significant investment of time and effort and are
frequently a major corporate asset. As such, ensuring the security of a database is an
important administrative consideration. The most important aspects of database
security are as follows:

= Ensuring that database access is restricted to authorised and qualified personnel, generally by
some extension of the password principle

= Ensuring the consistency of the database where many users are accessing and up-dating it
simultaneously

. Ensuring the physical integrity of the database. At the very least, this involves making provision
for back up and reloading.

Most database management systems incorporate proprietary tools to manage
database security. In general, the access-control mechanisms are similar and use the
SQL language.

Managing Database Users

A user, in database terms, is anyone who has access to the database. Most database
management systems provide the capability of defining different users and groups of
users with different access privileges and different operational roles. When a
database is created, its creator has owner privileges. These allow the user to create
the database and any of its components. After creation, the database may also be
accessed by users who are assigned lower privileges. Data entry clerks, for example,
may only have sufficient privileges to enter limited data into specific tables.

Creating a user

To add individual users to a database, the database administrator must create
database users. This is done using the CREATE USER command. When you create
a user, you can assign a password, certain basic permissions, and an expiration date,
all in one command. You can also add the user to an existing user group.

Altering or dropping a user
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During the lifetime of a database user, you may need to make modifications to his or
her password or access expiration date. Similarly, you may want to modify a user's
privileges. These functions are handled using the ALTER USER command.

Ultimately, you may need to remove an individual's access to the database entirely.
This is done using the DROP USER command.

User Privileges

Database management systems define sets of privileges that can be assigned to
users. These privileges correspond to actions that can be performed on objects in the
database. This approach provides a fine degree of control of database access,
allowing the database administrator to do anything he or she may need to do, while
restricting clerical personnel to a lower and potentially less damaging level of access.

When a new database is created, the default owner of the database is the user who
executes the CREATE command. To allow other users to work with the database,
you need to assign them the privileges to do so. Privileges can be assigned either to
individual users or to groups of users.

User privilege levels

User privileges can be assigned at two different levels. Users can be restricted both
at the level of the types of actions they can perform, such as READ, MODIFY, or
WRITE, and at the level of the types of database objects they can access.

Access level privileges can generally be assigned at the following levels:

= Global level access to all databases on a given server

= Database level access to all tables in a given database
] Table level access to all columns in a given table

= Column level access to single columns in a given table

It is obvious from the range of different access privileges provided that security is a
major consideration in database implementation. Normally, the management of user
privileges is an administrative function, handled by the database administrator.

Granting and revoking user privileges

The SQL GRANT command is used to grant users the necessary access privileges to
perform various operations on the database. In addition to granting a user specified
access privileges, the GRANT command can be used to allow the user to grant a
privilege to other users. There is also an option allowing the user to grant privileges
on all subtables and related tables.
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The REVOKE command is used to revoke privileges granted to a user. Like the
GRANT command, REVOKE can be applied at various levels.

Users Groups and Roles

In addition to defining individual users, many systems also allow the database
administrator to organize users into logical groups with the same privileges. Like
users, user groups and roles are managed using SQL commands.

A database role defines what operations a user or group can do on the database,
such as "Create Databases," "Backup Databases," and so on. In other words, roles
are simply predefined sets of user privileges.

Creating, altering and dropping groups

Groups are created in much the same way as individual users. Groups are also
similar to individual users in that groups can be made part of other groups. When a
group is made a part of another group, it inherits the permissions of that group, along
with its own. In this way, you can create an entire hierarchy of groups and users and
manipulate them in accordance with your system needs.

When a group is altered or dropped, only the group is affected. Any users in a group
that is dropped simply lose their membership in the group. The users are otherwise
unaffected. Similarly, when a group is altered by dropping a user, only the group is
affected. The user simply loses his or her membership in the group but is otherwise
unaffected.

Creating roles

User roles are simply a predefined set of user privileges. Most RDBMS systems
support the following roles or their equivalents:

] Owner — A user who can read or write data and create, modify, and delete the database or its
components

= Writer — A user allowed to read or write data

" Reader — Someone allowed to read data but not write to the database

= Public — The lowest possible status in terms of privileges

User roles are a neat administrative feature designed to save time for database
administrators. Like groups, roles can be defined by the database administrator as
required.

Database Architectures
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Codd's Distribution Independence Rule (Rule 11) states that existing applications
should continue to operate successfully when a distributed version of the DBMS is
introduced or when existing distributed data is redistributed around the system. The
need for distributed systems was seen even in the early days of computing.

In modern systems, distribution is accomplished in several different ways. The type of
distribution Codd was talking about would now be considered internal to the RDBMS,
so a database might be distributed across a sizeable cluster of systems and yet its
distribution would be transparent to the Java database programmer, who would
access it as a single RDBMS. From the perspective of the Java database
programmer, a multitier architecture is a far more common form of distribution.

The system architectures that are most common in database applications are the
two-tier and three-tier models. In other words, the Java application either accesses
the database directly or as part of a middle tier server application. A new variation,
which might be called single tier, is the Java Data Objects (JDO) based application, in
which JDO supplies persistence, with no specific persistence code being written by
the Java programmer. Container managed persistence in Enterprise JavaBeans
Applications also abstracts the persistence code, though in a fundamentally different
way, and as part of a multi-tier architecture.

Java Data Objects

In Java, as in any other object-oriented language, the programmer is accustomed to
working primarily with objects. Relational databases, on the other hand, are
organized around smaller data items, which might be considered similar to object
attributes. For example, a customer object in Java might have a number of attributes
such as firstName and lastName, stored individually in separate columns in a
database record.

The JDO architecture supports the concept of transparent persistence, which is
intended to hide the details of the underlying persistence mechanism from the
application. The Java business logic is simply developed in the customary way. The
business logic classes are then enhanced at the byte-code level to generate a
persistence-capable version of the class. Almost all user-defined classes can be
made persistent in this way.

Once the business logic classes have been compiled and enhanced, the application
that uses the enhanced business classes can be developed. The persistence
management of the business objects is transparent. In other words, the application
developer never needs to fetch and store objects or their attributes at the JDBC/SQL
level.

Note  Although a JDO application looks and behaves like a single-tier
application, the underlying persistence mechanism can be implemented
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using a local RDBMS or a multitier EJB based architecture. In either case,
completely transparent persistence is achieved.

Two-Tier Model

In the two-tier model, a Java application is designed to interact directly with a
database. Application functionality is divided into these two layers:

. Application layer, including the JDBC driver, business logic, and user interface
= Database layer, including the RDBMS

The interface to the database is handled by a Java Database Connectivity (JDBC)
Driver appropriate to the particular database management system being accessed.
The JDBC Driver passes SQL statements to the database and returns the results of
those statements to the application.

A client/server configuration like the one shown in Figure 1-2 is a special case of the
two-tier model, where the database is located on another machine, referred to as the
server. The application runs on the client machine, which is connected to the server
over a network. Commonly, the network is an intranet, using dedicated database
servers to support multiple clients, but it can just as easily be the Internet.

= Olenl e o Horvor
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Figure 1-2: A two-tier client/server configuration is typical of office applications.

Part 1l of this book illustrates the use of basic JDBC and SQL functionality in the
context of a basic two-tier application. That application uses simple Swing
components to create a generic RDBMS graphical user interface (GUI). The inherent
flexibility of a Java/JDBC approach to developing database applications enables you
to access a wide range of RDBMS systems, including Oracle, Sybase, SQL Server,
and MySQL, as well as MS Office applications, using this GUI.

Three-Tier Model

In the three-tier model, the client typically sends requests to an application server,
forming the middle tier. The application server interprets these requests, and formats
the necessary SQL statements to fulfill these requests, and sends them to the
database. The database processes the SQL statements and sends the results back
to the application server, which then sends them to the client.
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These are some advantages of a three-tier architecture:

= Performance can be improved by separating the application server and database server.
= Business logic is clearly separated from the database.
] Client applications can use a simple protocol such as CGI to access services.

The three-tier model shown in Figure 1-3 is common in Web applications. In this
scenario, the client tier is frequently implemented in a browser on a client machine;
the middle tier is implemented in a Web server with a servlet engine; and the
database management system runs on a dedicated database server.
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Figure 1-3: The three-tier model is typical of Web applications.

These are the main components of a three-tier architecture:

= Client tier — Typically, this is a thin presentation layer that may be implemented using a Web
browser.

= Middle tier — This tier handles the business or application logic. This may be implemented
using a servlet engine such as Tomcat or an application server such as JBOSS. The JDBC driver
also resides in this layer.

= Data source layer — This component includes the RDBMS.

Part Ill of this book illustrates additional capabilities of the JDBC API. It provides a
three-tier application that uses a Web browser as the client, an Apache/Tomcat
server as the middle tier, and a relational database management system as the
database tier.

Summary

This chapter has given an overview of how Relational Database Management
Systems work. The key building blocks of relational databases have been introduced,
and will be reviewed in more detail in subsequent chapters. The following key topics
have been discussed:

= Creating and normalising databases and their constituent tables.
. Using primary and foreign keys to link tables

= Using the Structured Query Language

. Understanding transactions and transaction management
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In addition, this chapter explored the underlying theory of relational databases
developed by E.F. Codd, and summarized in Codd's rules and the ACID test.
Although these specific topics are not discussed again, they are important in
understanding why relational databases work the way they do.

Chapter 2 explores the design of a simple, but non-trivial database for an XML based
application presented in Part V. The design is derived from a specification for a legal
invoicing system which uses XML to transmit invoices from legal firms to large
corporate clients. The central topics discussed are the practical design of the tables
required, and of the primary and foreign keys used to link them. Particular attention is
also given to database integrity.
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Chapter 2: Designing a Database

In This Chapter

Like most of the chapters in this book, this one is built around an example. In this
case, the example is a time and materials tracking and billing system. The objective is
to build a system capable of handling time and materials tracking and invoicing in
accordance with the Legal Electronic Data Exchange Standard (LEDES). Being a
published business, this is a good benchmark for a practical commercial application.

A primary consideration that went into defining the document structure was its
compatibility with existing legacy systems. LEDES mimics the existing paper process,
reflecting current time and materials invoicing practices in the legal profession.

Note  Although the LEDES terminology derives from the legal profession, the
system is recognizable as a special case of a time and materials billing
system capable of handling multiple projects or matters within a single
invoice.

Database Design Considerations

The most important consideration in designing a database is the application and its
requirements. For instance, the examples discussed in Chapter 1 refer to a
Customers Table, containing the names, addresses, and phone numbers of individual
customers. This is a good approach when all the customers have unique addresses.
However, when an application needs to store information about individuals at a
corporation, many of those individuals work at the same location, so they have the
same address. In this case, it makes sense to have separate tables for contacts and
locations.

Like most organizations using time and materials billing, the legal profession focuses
a lot of effort on tracking the hours expended on a given project. Although lawyers
use slightly different terminology, and charge much higher rates, the process is much
like billing for contract programming. Usually, lawyers bill on a project basis, though
they call a project a matter. The legal term for tracking hours expended on a project is
capturing time. Members of a law firm whose time is billable are referred to as
timekeepers. Their time is billable at various predefined levels, ranging from partner
to clerk.

On of the most important aspects of any kind of system engineering is identifying the
needs of the users. In this application, the primary users are as follows:

= Lawyers capturing time
. Book keepers generating invoices
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= Management tracking projects

In addition, there is a database-management requirement involving the addition of
new clients and overall database maintenance. In other words, this is a fairly typical
time and materials billing system.

The next step is to identify the underlying purpose of the application, since you can
generally work out the rest of the application once you understand its underlying
purpose. In this case, the underlying purpose is the generation of invoices for billable
hours.

The Project Specification

Ideally, any application is designed in response to a detailed specification. Although it
does not describe the entire accounting process in a typical law firm, the LEDES 2000
specification is a great help here, as it defines exactly what is required in an electronic
invoice and how the invoice should be formatted. Originally, Price Waterhouse
Coopers developed LEDES as an ASCIll-based electronic billing standard. In its
current form, LEDES 2000 defines an XML file format intended to serve as a standard
file format that the legal industry can use for the electronic exchange of information.
Initially, the focus is on billing information.

LEDES 2000 defines the following major data-content elements:

] Generating firm

. Destination client

. Alternative fee arrangements (time & expense, flat fee, contingency, and staged billing)
= Fee sharing

. Discount schedules

. Taxes

= Electronic funds transfer reference support

= Multiple clients

= Multiple matters within an invoice

The core of the LEDES specification is captured in the XML invoice document it
specifies. Listing 2-1 is a slightly simplified example of a LEDES 2000 invoice. The full
LEDES specification can be accessed at http://www.ledes.org/.

Listing 2-1: LEDES 2000 sample invoice

<?xml version="1.0"?>

<IDOCTYPE ledesxml SYSTEM "ledes2000.dtd">

<ledesxml>
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<!I-- Law firm originating invoice -->
<firm>
<If tax_id>12-3456789</If tax_id>
<If_id>100001</If_id>
<If_name>Dewey, Cheatham &amp; Howe</If _name>
<If_address>
<address_info>
<address_1>101 Penny Lane</address_1>
<city>Philadelphia</city>
<state_province>PA</state_province>
<zip_postal_code>12345</zip_postal_code>
<phone>123-456-7890</phone>
<fax>123-456-7899</fax>
</address_info>
</If_address>
<If_remit_address>
</If_remit_address>
<If_billing_contact_Iname>Dewey</If _billing_contact_Iname>
<If_billing_contact_fname>Oliver</If_billing_contact_fname>
<If_billing_contact_id>cont005</If_billing_contact_id>
<If_billing_contact_phone>123-456-7891</If_billing_contact_phone>
<If_billing_contact_fax>123-456-7899</If_billing_contact_fax>
<If_billing_contact_email>
Dewey@HoweDeweyCheatham.com
</If_billing_contact_email>

</firm>

<!I-- Client receiving invoice -->
<client>
<cl_id>cl0536</cl_id>
<cl_name>Acme Insurance</cl_name>
<cl_address>
<address_info>
<address_1>303 North Market Blvd</address_1>
<city> Philadelphia </city>
<state_province>PA</state_province>
<zip_postal_code>12346</zip_postal_code>
<phone>123-456-8000</phone>
<fax>123-456-8009</fax>
</address_info>
</cl_address>
<cl_tax_id>45-6789012</cl_tax_id>
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<!I-- Invoice Proper -->

<invoice>

<!I-- Invoice header -->

<inv_id>i200011</inv_id>
<inv_date>19990915</inv_date>
<inv_due_date>19991015</inv_due_date>
<inv_currency>USD</inv_currency>
<inv_start_date>19990814</inv_start_date>
<inv_end_date>19990914</inv_end_date>
<inv_desc>Legal services August - September 1999</inv_desc>
<inv_payment_terms>10/50</inv_payment_terms>
<inv_generic_discount>0.10</inv_generic_discount>
<inv_total_net_due>998.64</inv_total_net_due>

<!l-- Subject of Invoice -->

<matter>
<cl_matter_id>cIm345690</cl_matter_id>
<If_matter_id>Ifm439878</If _matter_id>

<matter_name>Kiwi Electronics vs. Mary Replogle</matter_name>
<If_managing_contact_Iname>Cheatham</If_managing_contact_Iname>
<If_managing_contact_fname>Igor</If_managing_contact_fname>
<If_contact_id>Ifct00</If_contact_id>
<If_contact_phone>415-123-4569</If _contact_phone>
<If_contact_email>

Cheatham@HoweDeweyCheatham.com

</If _contact_email>
<cl_contact_Iname>Norian</cl_contact_Iname>
<cl_contact_fname>Mike</cl_contact_fname>
<cl_contact_id>clct0O1</cl_contact_id>
<cl_contact_phone>916-921-4511</cl_contact_phone>
<cl_contact_email>mnoy@acmeins.com</cl_contact_email>
<eft_agreement_number>eft8746186</eft_agreement_number>
<matter_billing_type>hour</matter_billing_type>
<matter_final_bill>N</matter_final_bill>
<matter_total_detail_fees>950.00</matter_total_detail fees>
<matter_total_detail_exp>48.64</matter_total_detail _exp>
<matter_tax_on_fees>0.00</matter_tax_on_fees>
<matter_tax_on_exp>0.00</matter_tax_on_exp>
<matter_adj_on_fees>0.00</matter_adj_on_fees>
<matter_adj_on_exp>0.00</matter_adj_on_exp>
<matter_perc_shar_fees>0.35</matter_perc_shar_fees>
<matter_perc_shar_exp>0.35</matter_perc_shar_exp>
<matter_net_fees>950.00</matter_net_fees>
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<matter_net_exp>48.64</matter_net_exp>
<matter_total_due>998.64</matter_total_due>

<!I-- Individual Timekeeper Billing Summary -->

<tksum>
<tk_id>tk002</tk_id>
<tk_Iname>Cheatham</tk_Iname>
<tk_fname>Igor</tk_fname>
<tk_level>partner</tk_level>
<tk_rate>400.00</tk_rate>
<tk_hours>2.5</tk_hours>
<tk_cost>1000.00</tk_cost>

</tksum>

<l-- Individual Timekeeper Billing Summary -->

<tksum>
<tk_id>tk001</tk_id>
<tk_Iname>Dewey</tk_Iname>
<tk_fname>Oliver</tk_fname>
<tk_level>partner</tk_level>
<tk_rate>450.00</tk_rate>
<tk_hours>0.2</tk_hours>
<tk_cost>90.00</tk_cost>

</tksum>

<!I-- ltemised Fees Section ( can contain several items ) -->

<fee>
<charge_date>19990823</charge_date>
<tk_id>tk002</tk_id>

<charge_desc>Review and study file for hearing.</charge_desc>
<acca_task>L230</acca_task>
<acca_activity>Al0l</acca_activity>
<cl_code_1>clc888</cl_code_1>
<charge_type>U</charge_type>
<units>1.0</units>
<rate>400.00</rate>
<base_amount>400.00</base_amount>
<discount_type>Percent</discount_type>
<discount_amount>0.00</discount_amount>
<discount_percent>10</discount_percent>
<total_amount>360.00</total_amount>

</fee>

<!I-- ltemised Expense Section(can contain several items ) -->
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<expense>
<charge_date>19990910</charge_date>
<tk_id>tk002</tk_id>
<charge_desc>special photocopy expense.</charge_desc>
<acca_expense>el0l</acca_expense>
<charge_type>U</charge_type>
<units>608</units>
<rate>0.08</rate>
<base_amount>48.64</base_amount>
<total_amount>48.64</total_amount>

</expense>

</matter>
</invoice>

</client>

</ledesxml>

From the comments in Listing 2-1, it is easy to identify the main constituents of a
LEDES 2000 invoice, which are as follows:

= Originating law firm data
" Client data

= Invoice header data, including information on:
" Alternative fee arrangements (time & expense, flat fee, contingency, and staged billing)
. Fee sharing
. Discount schedules
= Taxes
" Electronic funds transfer reference support

= Matter invoiced
] Summary of timekeeper fees
= Itemized fees and expenses

In addition, you can see that the format can support multiple clients and multiple
matters if required. All in all, LEDES 2000 is a flexible eXtensible Markup Language
(XML) specification for electronic billing. The only simplification made in Listing 2-1 is
to drop the XML element that defines the software vendor and version information,
which would probably not be saved as a database item anyway.

Cross-Reference In Chapter 17, which is about using JDBC and XML together,
you will find a more detailed discussion of the eXtensible
Markup Language.

Designing the Tables
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According to a widely quoted remark commonly attributed to C.J. Date, one of the
gurus of the relational database world, the primary principles of database design are
"nothing more than formalized common sense." Or, as David Adams and Dan Beckett
express it in their book Programming 4th Dimension: The Ultimate Guide: "The
purpose of formal normalization is to ensure that your common sense and intuition
are applied consistently to the entire database design." Since Chapter 1 discusses
database design from a theoretical viewpoint, this chapter uses a common-sense
approach and ties the results back to the rules of normalization.

Cross-Reference See Chapter 1 for a discussion of normalization.

Client and contact data

The obvious first step is to design a Client Table. At first glance, it looks as if you can
do this by simply mapping the relevant portion of the XML of Listing 2-1 to a table.
However, bear in mind the following considerations:

. The client is frequently a corporation, represented by an individual or individuals involved in a
specific matter.

= The client company may often assign different employees to handle different aspects of a given
matter.

= Each individual may have a different phone number, mail drop, or cell phone, but all may have
the same mailing address.

= A corporation may operate out of a number of different locations.

Since one of the guiding principles of database design is to avoid storing the same
item of information in two or more places, these considerations mean that the
information about a client has to be divided into a number of different tables. The best
place to start is with the lowest level of data, in this case the address. Addresses are
stored in a table by themselves, separate from, but linked to, the clients or individuals
by a foreign key in the Client or Contact Tables (see Table 2-1).

Table 2-1: Address_Info Table

id address_1 city state zip country phone fax

1004 123 Penny New NY 1006 USA 555 - 123 555 - 123
Lane York - 4670 - 4690

1005 711 Quarter New NY 1007 USA 555 - 119 555 - 119
St York - 3232 - 3239

The next level of information concerning a client is the contact person. This table uses
a foreign key, address _id, to link to an address. It also contains individual phone
numbers and e-mail addresses.
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Table 2-2 raises the question of handling data items that may also be stored
elsewhere. For example, the partners may have their own fax lines, although other
employees do not. An obvious way to handle this is to add a fax column to the
Contacts Table. However, you should use this column only for personal fax numbers
and should set it to NULL for employees who do not have their own fax numbers. You
can then write your queries to return the shared fax number if no personal fax number
is found. If you fail to do this and you insert the common fax number for each
employee, you will be duplicating data.

Table 2-2: Contacts Table

id |fname |lname company_i |address |email phone cell
d _id

100 [Oliver Dewey 1001 1004 o.dewey@dsh.com |555-123-456 444-123-333
1 7 3

100 |Ichabo |Cheat-ha (1001 1004 i.cheatham@dsh.co [555-123-456 444-123-333
2 d m m 8 4

100 Anne [Howe 1001 1004 a.howe@dsh.com 555-123-456 1444-123-333
3 9 5

Having dealt with the lower levels of client data, you are now ready to create the
Client Table itself. This has now become rather simple, since all it needs to contain is
the client name, tax id, and address id, as illustrated in Table 2-3.

Table 2-3: Client Table

ID FIRM_ID NAME ADDRESS_ID TAX_ID
2001 cl0536 Acme Insurance 1001 45-6789012
2002 cl7324 Clark Plumbing 1002 52-6783716

The Firm_ID column is shown her to illustrate the kinds of apparently extraneous
information you can expect to find when working with any legacy system. LEDES
includes the Firm_ID field as a concession to legacy accounting systems their
members are using. Many of these systems contain data fields which may not be
pertinent to the needs of the LEDES system, but which are significant to the member
firm.

The relationships among these tables is shown in Figure 2-1. The address_id
columns in the Client and Contact Tables are foreign keys linking them to the primary
key in Address_info.
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Figure 2-1: Foreign keys link the Client and Contacts Tables to the primary key of the
Address_Info table.

The tables conform to the requirements of the first normal form discussed in Chapter
1, for the following reasons:

. All records in any one table have the same number of fields.
= All fields contain only a single data item.
= There are no repeated fields.

Finally, each row in the table is identified using a unique column or set of columns.
This unique identifier is the primary key.

The tables conform to the requirements of the second and third normal forms, which
are as follows:

. The tables are in first normal form.
] The tables cannot contain fields that are not related to the primary key.
= The tables contain no fields that do not contain information related to the whole of the key.

Since the second normal form applies to tables that have a multipart key, and none of
these tables do, conformity is by default. However, multipart keys are not common.

Boyce-Codd normal form is a more rigorous version of the third normal form designed
to deal with tables containing:

= Multiple candidate keys
= Composite candidate keys
= Candidate keys that overlap

As it turns out, the Client Table, with its Firm_ID and Tax_ID columns, has multiple

candidate keys. Assuming that the legacy Firm_ID column is unique, and knowing
that tax id codes should be unique, the Boyce-Codd normal form applies to this table.
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In practice, you are unlikely to encounter a problem with BCNF, since the purpose of
assigning a unique ID column rather than relying on supposedly unique legacy data is
to prevent problems of this sort.

Law firm data

Having created the tables required to manage the clients, you can move on to setting
up the tables for the law firm itself. However, after a moment's thought, you will
probably realize that the tables you have created will handle all the data for the law
firm, too.

Billable items

In a time and materials invoicing system, there are two kinds of billable items: fees
and expenses. Fees are charged in a number of different ways, the most common of
which is hourly. Expenses are simply charged on a unit basis, as in the case of photo
copies, which are billed per page copied. In either case, the id of the law firm
employee, or timekeeper, making the charge is provided.

The first table required for billable items, then, is the Timekeeper Table. This table
includes a foreign key identifying the individual in the Contacts Table, as well as
columns for level and hourly rate. The LEDES specification defines the following
levels:

. Partner

. Associate

= Paralegal

= Legal Assistant
) Secretary

" Clerk

. Other

These levels are best stored in a Lookup Table of billing levels, accessed by a foreign
key in the Timekeeper Table. Hourly rates, too, should be stored in a Lookup Table,
to allow for increases. These two tables contain only an id column and a
corresponding level or billing rate, so they are not shown here. The resulting
Timekeeper Table might look like Table 2-4.

Table 2-4. Timekeeper Table

id contact_id level _code default_rate_code
1000 2001 1 1
1001 2002 1 2
1002 2007 5 9
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Notice how this structure allows for two partners to bill at different rates. It is also
intended that the rate code be overridden if the terms of a contract require it.

The billable items are stored in a table that contains the date, a reference to the
matter or project, and the id of the timekeeper, as well as information about the
specific activity being billed. | have called the table Billable Items, as it is structured
such that expense items can be inserted as easily as billable hours.

The Billable_Items Table shown in Table 2-5 contains foreign keys linking it to the
Timekeeper Table and the Client_Matter table, as shown in Figure 2-2.

e

|

| =

Figure 2-2: The Billable_Items table is linked to the Client_Matter and Timekeeper tables.

Table 2-5: Billable Iltems Table

id date matter_id tk_id task_code activity_code units rate_code description
1 4/12/02 7001 2002 L530 E112 300 0 Court fees
2 4/12/02 7001 2002 L110 A101 2.5 1 Review File

The task and activity columns refer to the industry standard Litigation Code Set
developed by the American Bar Association, the American Corporate Counsel
Association, and a sponsoring group of major corporate law departments. A copy of
the Litigation Code Set can be purchased from the ABA Member Services
Department, or viewed on line at:

http://http://www.abanet.org/litigation/lithews/practice/utbms. pdf

In the example of Table 2-5, E112 is the Litigation Code Set code for court fees, while
the rate code 0 is used to handle fixed-cost items, as opposed to items billed on a
per-unit basis. This permits the merging of unit billings with fixed cost billings without
introducing additional columns to handle them separately.

If you add an extra column to handle fixed-cost billings, you introduce a possible
ambiguity, because it becomes possible to enter both fixed and unit billings in a single
row. This violates the requirements of the fourth normal form because it creates
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nonmeaningful combinations of column values. By handling the situation through the
rate code, you can use just one table, conforming to the requirements of the fourth
normal form.

The tables also meet the requirements of the fifth normal form, which are as follows:

" The table must be in fourth normal form.
= It must be impossible to break down a table into smaller tables unless those tables logically have
the same primary key as the original.

By separating address information into a table separate from the Contacts and
Clients tables, you can see that if this separation is necessary to conform to the fifth
normal form. The addresses do not logically share the same primary key as either
contacts or clients.

Matter or Project Tables

Having designed the simpler tables, it is time to move on to handling the Client Matter,
or Project, Tables. These tables encapsulate the information specific to the service
the law firm is performing for the client. As such, they contain the following:

. Matter Data

. Name

" Client reference number

" Law firm reference number
. Law firm managing contact
. Law firm billing contact

. Client primary contact

= Billing Data

" Billing type

" Electronic funds transfer agreement number
" Tax rate information

. Fee sharing information

. Discount agreements information

" Invoice currency and payment terms

. Invoice Data

. Date

. Due date
= Amount

" Staffing

The Matter Table and Billing Rates Table are separate; in an ongoing relationship
with a client, a law firm may establish a billing agreement that applies to a number of
individual matters, so billing data is not strictly specific to a single matter. Conversely,
a billing agreement may be renegotiated during the life of a matter.
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The Client Matter Table illustrated in Table 2-6 contains the columns billing_cid and
client_cid, which are foreign keys pointing to entries in the contacts table, and are
labeled with a _cid suffix to denote contact_id in order to avoid confusion with
client_id.

Table 2-6: Client Matter Table

id client_i client_re nam billing_rat manager_i billing_ci client_ci
d f e e d d d
1000 1201 ref-3711 Jones 2 1004 1007 2001
1 \Y
Biddle
1000 1296 b7997 Jones 1 1001 1007 2093
2 Y
Biddle

The Billing Rates Table shown in Table 2-7 includes a type code that simply points to
a Lookup Table of billing types, including the following:

" Time and Materials

" Flat Fee

= Contingency

= Fee Sharing

Table 2-7: Billing Rates Table

id type_code discount_type discount tax_rate_fees tax_rate_exp terms
1 1 1 15 5 5 1
2 1 1 125 5 5 3

Discount types is also a reference to a Lookup Table containing the entries FLAT and
PERCENT. Based on the selected discount type, the discount contains either a flat
discount amount or a percentage discount rate. The terms column contains another
lookup code pointing to a table of payment terms such as 10/30, which means that
the billing firm accepts a 10 percent discount if the invoice is paid in full within 30
days.

Generating an Invoice

Generating an invoice involves retrieving a list of all open matters and summarizing
the billable items outstanding against each open matter. For the purposes of this
example, a Dedicated Billings Table will be created. This table has a one-to-one
relationship with the Client Matter Table, as shown in Figure 2-4.
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The process involved in creating an invoice is to scan the Billings Table for matters
where the status indicates that the matter is still open. (When a client matter has been
resolved, and the final invoice paid, the status is set to indicate that the matter is
closed.) The links between the tables are shown in Figure 2-3.
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Figure 23: Invoices are generated by creating a list of billable items which have not been
previously invoiced.

The next step is to compare the Invoiced_Items Table against the Billable_Items
Table to find items associated with an open Client_Matter that have not been invoiced.
Items that have not been invoiced are added to the Invoiced_Items Table, with their
Invoice_ID set to indicate which invoice they were billed on. The Invoiced_ltems
Table is shown in Table 2-8.

Table 2-8: Invoiced Items Table

id matter_id item_id invoice_id
10001 2006 2031 1007
10007 2119 2047 1063

Another way to handle this is to add an Invoice_Id column to the Billable_Items Table.
The Invoice_Id is then updated when the item is invoiced. The advantage of this
approach is that you are not adding a new table with a one-to-one relationship with an
existing table. The disadvantage is that updating a table can be slow compared to
adding a new row.

Table 2-9 shows the Invoice Table. The Invoice Number column provides a legacy
system compatible invoice number, and the start date and end date columns identify
the billing period covered by the invoice. The Billing Rate Id column is a foreign key
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pointing to the Billing Rate Table holding information about payment terms, discounts,
and so forth.

Table 2-9: Invoice Table

id

1

2

invoice_number

2001

2002

date

4/14/02

4/14/02

start_date

3/1/02

3/1/02

end_date

3/31/02

3/31/02

billing_rate_id

1021

1021

description

Services,
March 2002

Services,
March 2002

Invoices are generated by creating a list of billable items which have not been
previously invoiced. Billable items which have not been previously invoiced are
identified using the links between the tables shown in Figure 2-3.

The relationships between the main tables used to create an invoice are shown in
Figure 2-4. Notice the one to one relationship between the Billings and Client_Matter
tables mentioned earlier.

atler_kd

e PRt e

Figure 2-4: These tables are used to create the invoice header.

By combining the data from all these tables, you can generate an invoice containing
all the information in Listing 2-1. In addition to itemizing the individual fee and
expense items, the LEDES 2000 invoice format requires that fees be summarized by
timekeeper. This is done by using the foreign key tk_id in the Billable Items Table.

The final step is to create the invoice header using data from the Clients and Contacts
Tables. The procedure to create the invoice header is straightforward, and follows the
same basic steps as have been outlined in describing the detail sections of the

invoice.
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This completes the table definitions required to implement the requirements of the
LEDES specification. The next step is to ensure that the referential integrity
requirements of the database have been met.

Referential Integrity

In addition to the definitions of the normal forms, the relational model defines certain
integrity rules that are a necessary part of any relational database. There are two
types of integrity rules: general and database-specific.

General Integrity Rules

The relational model specifies these two general integrity rules that apply to all
databases:

= Entity integrity rule
] Referential integrity rule

The entity integrity rule states that primary keys cannot contain NULLs. Obviously,
you can't use a NULL to uniquely reference a row, so this is just common sense. It's
important to note that, if you use composite keys, this rule requires that none of the
individual columns making up the composite key contain NULLs. Most databases
enforce this rule automatically when a primary key is declared.

The referential integrity rule states that the database must not contain any unmatched
foreign-key values. In other words, all references through foreign keys must point to
primary keys identifying rows that actually exist.

The referential integrity rule also means that corrective action must be taken to
prevent changes or deletions to a row referenced by a foreign key leaving that foreign
key with no primary key to reference. This can be handled in the following ways:

] Such changes can be disallowed.

= Changes can be cascaded, so that deleting a row containing a referenced primary key results in
deleting all linked rows in dependent tables.

= The dependent foreign-key values are set to NULL.

The specific action you take depends on the circumstances. Many relational
database systems support the automatic implementation of one or more of these
ways of handling attempted violations of the referential integrity rule. For example, an
attempt to insert a row with a foreign key that cannot be found in the appropriate table
results in a SQL exception message such as the following:

INSERT statement conflicted with COLUMN FOREIGN_KEY constraint
'FK_CONTACTS_ADDRESS_INFOQO'. The conflict occurred in database 'LEDES',

-55-



Chapter 2:Designing a Database

table 'ADDRESS_INFO', column 'id".

Database-Specific Integrity Rules

Database-specific integrity rules are all other integrity constraints on a specific
database. They are handled by the business logic of the application. In the case of
the LEDES application discussed in this chapter, they include the following:

= The extensive use of lookup tables to manage such matters as billing and discount schedules
= Validation rules on time captured by employees of the law firm

Many of the integrity constraints can be handled by SQL Triggers, but some are be
handled by the Java business logic. Triggers are SQL procedures triggered by events
such as insertions or changes to the database.

Cross-Reference  Triggers are discussed in Chapter 3.

Summary

This chapter has illustrated a common-sense application of the normal forms to the
design of a database. The main topics covered are the following:

= Using primary and foreign keys to link tables
" Applying the normalization rules
= Explaining general and database-specific integrity rules

Chapter 3 presents an overview of the SQL language, which you use to work with
your relational database.
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Chapter 3: SQL Basics

In This Chapter

As discussed in Chapter 1, a clearly defined data-manipulation language is an
important part of any Relational Database Management System. Codd defined the
requirements of the language to include comprehensive support of data manipulation
and definition, view definition, integrity constraints, transactional boundaries, and
authorization. He also specified that the language must have the capability to insert,
update, retrieve and delete data as a relational set.

The language that has been adopted across virtually the entire database world is the
Structured Query Language (SQL). The purpose of this chapter is to provide a
comprehensive overview of the Structured Query Language.

The SQL Language

Structured Query Language (SQL) is a development of an IBM product of the 1970s
called Structured English Query Language (SEQUEL). Despite its name, SQL is far
more than a simple query tool.

As discussed in Chapter 1, in addition to being used to query a database, SQL is
used to control the entire functionality of a database system. To support these
different functions, SQL can be thought of as a set of the following sublanguages:

= Data Definition Language (DDL)

. Data Manipulation Language (DML)
= Data Query Language (DQL)

= Data Control Language (DCL)

Unlike Java and most other computer languages, SQL is declarative rather than
procedural. In other words, instead of writing a class to perform some task, in SQL
you issue a statement that updates a table or returns a group of records.

The American National Standards Institute (ANSI) has published a series of SQL
standards, notably SQL92 and SQL99 (also known as SQL-2 and SQL-3). These
standards define several levels of conformance. SQL92 defines entry level,
intermediate, and full; SQL99 defines Core SQL99 and Enhanced SQL99.You can
get a copy of the ANSI SQL standard from the American National Standards
Institute's Web store:

http://webstore.ansi.org/ansidocstore/dept.asp

The pertinent documents are:
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Framework (SQL/Framework)
= ANSI/ISO/IEC 9075-2-1999 Information Technology - Database languages - SQL - Part 2:
Foundation (SQL/Foundation)
= ANSI/ISO/IEC 9075-3-1999 Information Technology - Database Languages - SQL - Part 3:
Call-level Interface (SQL/CLI)
= ANSI/ISO/IEC 9075-4-1999 Information Technology - Database languages - SQL - Part 4:
Persistent Stored Modules (SQL/PSM)
= ANSI/ISO/IEC 9075-5-1999 Information Technology - Database Languages - SQL - Part 5: Host
Language Bindings (SQL/Bindings)

ANSI/ISO/IEC 9075-1-1999 Information Technology - Database Language - SQL Part 1:

One of the difficulties you encounter when working with SQL is that each provider
uses a slightly different dialect of the language. In the main, these differences amount
to enhancements, in that they add to the functionality of SQL. However, they do mean
that your SQL statements may not be entirely portable from one implementation to

another.

Cross-Reference

SQL Data Types

Chapters 5 through 10 provide detailed examples of the use of
SQL in the context of the Java Database Connectivity (JDBC)
Core API. Appendix A provides a guide to common SQL

commands.

SQL supports a variety of different data types that are listed in Table 3-1, together
with JDBC data types to which they are mapped. It is important to realize that
different SQL dialects support these data types in different ways, so you should read
your documentation regarding maximum string lengths, or numeric values, and which
data type to use for large-object storage.

Table 3-1: Standard SQL Data Types with Their Java Equivalents

SQL type
BINARY
BIT

CHAR

DATETIME

DECIMAL
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Java Type
byte[]
boolean

String

java.sgl.Date

java.math.BigDecimal

Description
Byte array. Used for binary large objects.
Boolean 0 / 1 value

Fixed-length character string. For a CHAR
type of length n, the DBMS invariably
assignd n characters of storage, padding
unused space.

Date and Time as: yyyy-mm-dd hh:mm:ss

Arbitrary-precision signed decimal numbers.
These can be retrieved using either
BigDecimal or String.
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Table 3-1: Standard SQL Data Types with Their Java Equivalents

SQL type
FLOAT
INTEGER

LONGVARBINARY

LONGVARCHAR

NCHAR

NUMERIC

NTEXT

NVARCHAR

REAL
SMALLINT
TIME

TIMESTAMP

VARBINARY

VARCHAR

Java Type
double
int

byte[]

String

String

java.math.BigDecimal

String

String

float
short
java.sql.Time

java.sgl.Timestamp

byte[]

String

Description
Floating-point number, mapped to double
32-bit integer values

Variable-length character string. JDBC
allows retrieval of a LONGVARBINARY as a
Java input stream.

Variable-length character string. JDBC
allows retrieval of a LONGVARCHAR as a
Java input stream.

National Character Unicode fixed-length
character string

Arbitrary-precision signed decimal numbers.
Can be retrieved using either BigDecimal or
String.

Large string variables. Used for character
large objects.

National Character Unicode variable-length
character string

Floating-point number, mapped to float
16-bit integer values
Thin wrapper around java.util.Date

Composite of a java.util.Date and a separate
nanosecond value

Byte array

Variable-length character string. For a
VARCHAR of length n, the DBMS assigns
upto n charcters of storage, as required.

Many SQL dialects also support additional data types, such as a MONEY or
CURRENCY type. These are handled in Java using the most appropriate getter and

setter methods.

Data of any SQL data type can be retrieved using the getObject() method. This is
particularly useful if you don't know the data type, and can derive it elsewhere in the
application. In addition, data of many types can be retrieved using getString(), and
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various other getter methods you might not expect to work, since JDBC will attempt to
perform the required data type

Data Definition Language

SQL's Data Definition Language (DDL) is used to create and modify a database. In
other words, the DDL is concerned with changing the structure of a database. The
SQL2 standard refers to DDL statements as "SQL Schema Statements” and specifies
only aspects of the DDL that are independent of the underlying operating system and
physical-storage media. In practice, all commercial RDBMS systems contain
proprietary extensions to handle these aspects of the implementation.

The main commands in the DDL are CREATE, ALTER, and DROP. These
commands, together with the database elements they can work with, are shown in
Table 3-2.

Table 3-2: DDL Commands
COMMAND DATA-BASE [TABLE |[VIEW |INDEX |FUNC-TION |[PROCE-DURE |TRIGGER

CREATE YES YES YES YES YES YES YES
ALTER NO YES YES NO NO NO NO
DROP YES YES YES YES YES YES YES

Creating, Dropping, and Altering Databases and Tables

The basic SQL command used to create a database is straightforward, as you can
see here:

CREATE DATABASE CONTACTS;

Most RDBMS systems support extended versions of the command, allowing you to
specify the files or file groups to be used, as well as a number of other parameters
such as log-file names. If you plan to use more than the basic command, refer to the
documentation for your specific RDBMS.

The SQL command used to remove a database is as simple as the CREATE
DATABASE command. The SQL DROP command is used:

DROP DATABASE CONTACTS;

Relational databases store data in tables. Most databases may contain a number of
different tables, each containing different types of data, depending on the application.
Tables are intended to store logically related data items together, so a database may
contain one table for business contacts, another for projects, and so on.
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A table is a set of data records, arranged as rows, each of which contains individual
data elements or fields, arranged as columns. All the data in one column must be of
the same type, such as integer, decimal, character string, or date.

In many ways, a table is like a spreadsheet. Each row contains a single record. Unlike
the rows in a spreadsheet, however, the rows in a database have no implicit order.
Table 3-3 illustrates the way tables are designed to contain rows of related,
unordered data elements.

Table 3-3: Part of a Database Table

Contact_ID |First Name |[MI |Last Name |Street City State |(Zip

1 Alex M Baldwin 123 Pine Washington |DC 12345
St

2 Michael Q Cordell 1701 York |(Columbia MD 21144
Rd

It is immediately obvious that all fields within a given column have a number of
features in common:

] They are similar in type.
= They form part of a column that has a name.
. All fields in a column may be subject to one or more constraints.

When a table is created, data types and field lengths are set for each column. These
assignments are set using a statement of the following form:

CREATE TABLE tableName
( columnName dataType[(size)] [constraints] [default value],...);

Note The table and column names must start with a letter and can be followed
by letters, numbers, or underscores.

Integrity constraints

In addition to selecting data type and length, there are various constraints that may
have to be applied to the data stored in a column. These constraints are called
integrity constraints because they are used to ensure the consistency and accuracy
of the data. They are as follows:

*  NULL or NOT NULL
= UNIQUE

*  PRIMARY KEY

*  FOREIGN KEY

NULL or NOT NULL
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Unlike most languages, SQL makes specific provision for empty data fields by
allowing you to set them to NULL. A SQL NULL is defined to be a representation of
missing or inapplicable data that is systematic and distinct from all regular values and
independent of data type. This means you can insert aNULL when the value for a
field is unknown or not applicable without any risk that the NULL will be
misinterpreted as a zero or a space. The NULL or NOT NULL constraint lets you
specify whether a field is required to contain valid data or whether it can be left empty.
Keys fields, for example, can never be NULL.

UNIQUE

The UNIQUE constraint is used to specify that all the values in a given column must
be unique. It is used primarily when defining columns that are to be used as keys.

PRIMARY KEY

The primary key is used by the database-management systems as a unique identifier
for a row. For example, a sales order management system might use the
Customer_ID as the primary key in a table of customer names and addresses. This
Customer_ID is inserted into the Orders Table as a foreign key, linking customer
billing and shipping information to the order.

FOREIGN KEY

The DBMS uses the foreign key to link two tables. For example, when you create a
table of customers, you might, for marketing reasons, wish to create a table of their
spouses or significant others. The SQL command you use to do this is shown in the
second listing under the next section, "Creating a Table."

Creating atable

Listing 3-1 displays the CREATE TABLE statement used to create the table shown in
Table 3-3. The statement defines the table name, followed in parentheses by a series
of column definitions. Column definitions simply list the column or field name,
followed by the data type and the optional constraints. Column definitions are
separated by commas, as shown in the example of Listing 3-1.

Listing 3-1: CREATE TABLE Statement

CREATE TABLE CONTACT_INFO

(CONTACT_ID INTEGER NOT NULL PRIMARY KEY,
FIRST_NAME VARCHAR(20) NOT NULL,

MI CHAR(1) NULL,

LAST_NAME VARCHAR(30) NOT NULL,

STREET VARCHAR(50) NOT NULL,
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CITY VARCHAR(30) NOT NULL,
STATE CHAR(2) NOT NULL,
ZIP VARCHAR(10) NOT NULL);

The example of Listing 3-2 illustrates the creation of a foreign key. The column
defined as a foreign key, SIGNIFICANT_OTHER, is used to link separate entries in
the customers table.

Listing 3-2: Creating a table containing a foreign key

CREATE TABLE SIGNIFICANT_OTHERS(CUSTOMER_NUMBER INT NOT
NULL PRIMARY KEY, SIGNIFICANT_OTHER INT,
FOREIGN KEY (SIGNIFICANT_OTHER) REFERENCES CUSTOMERS);
Cross-Reference The use of Primary Keys and Foreign Keys to link tables was
discussed in Chapter 1. Linking tables in JOINS is an
important aspect of the use of SQL to retrieve data. Chapter 9
discusses JOINS in more detail.

Altering a table

The ALTER TABLE command is primarily used to add, alter, or drop columns. For
example, to add a column for FAX numbers to the Customers Table, you can use the
following command:

ALTER TABLE CUSTOMERS ADD FAX VARCHAR(20);

To change the column width, use this command:

ALTER TABLE CUSTOMERS ALTER COLUMN FAX VARCHAR(30);

Finally, to drop the column completely, use this command:
ALTER TABLE CUSTOMERS DROP COLUMN FAX;

Dropping atable

You remove a table from the database completely by using the DROP command. To
drop the Customers Table, use the following command:

DROP TABLE CUSTOMERS;
Creating, Altering, and Dropping a View

A view is very similar to a table. Like a table, it has a name that can be used to access
it in other queries. In fact, views are sometimes called temporary tables.
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Creating a view

Rather than being created as a fundamental part of the underlying database, a view is

created using a query, as shown here:

CREATE VIEW ViewCorleones AS
SELECT *
FROM CUSTOMERS
WHERE Last_Name = 'Corleone’

Now you can execute a query just as if this view were a normal table:

SELECT *
FROM ViewCorleones
WHERE State = 'NJ'

This query would return this result set:

FIRST_NAME Ml LAST_NAME STREET CITY
Sonny A Corleone 123 Walnut Newark
Vito G Corleone 23 Oak St Newark

STATE ZIP

NJ 12346

NJ 12345

Since a view is really nothing more than a named result set, you can create a view by
joining multiple tables. One way to retrieve data from multiple tables is to use an
INNER JOIN. The following code snippet shows how to use an INNER JOIN to create

a view called "Orders_by Name":

CREATE VIEW Orders_by Name AS
SELECT c.LAST_NAME + ', '+ c.FIRST_NAME AS Name,
COUNT(i.Item_Number) AS Items, SUM(0i.Qty * i.Cost)
AS Total
FROM ORDERS o INNER JOIN
ORDERED_ITEMS oi ON
0.0Order_Number = 0i.Order_Number INNER JOIN
INVENTORY i ON
oi.ltem_Number = i.ltem_Number INNER JOIN
CUSTOMERS c ON
0.Customer_Number = c. CUSTOMER_NUMBER
GROUP BY c.LAST_NAME + ', '+ c.FIRST_NAME

In effect, any result set returned that a SELECT statement returns can be used to
create a view. That means you can use nested queries, JOINS, or UNIONS as well

as simple SELECTS.
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Cross-Reference  in depth later in this chapter. There are also extensive
examples in subsequent chapters, particularly in Chapter 7.

Altering a view

Since a view is created using a SELECT command, views are altered using the
ALTER command to issue a new SELECT command. For example, to alter the view
you have just created, use the following command:

ALTER VIEW ViewCorleones AS
SELECT FIRST_NAME,LAST_NAME
FROM CUSTOMERS
WHERE Last_Name = 'Corleone’

You can use a view for updating or deleting rows, as well as for retrieving data. Since
the view is not a table in its own right, but merely a way of looking at a table, rows
updated or deleted in the view are updated or deleted in the original table.

For example, you can use the view created earlier in this chapter to change Vito
Corleone's street address, using this SQL statement:

UPDATE ViewCorleones
SET Street = '19 Main'
WHERE First_Name = 'Vito'

This example illustrates one of the advantages of using a view. A lot of the filtering
required to identify the target row is done in the view, so the SQL code is simpler and
more maintainable. In a nontrivial example, this can be a worthwhile improvement.

Note  Views are, in a sense, queries that you can save by name, because
database management systems generally save views by associating the
SELECT statement used to create the view with the name of the view and
execute the SELECT when you want to access the view. The downside is
that this obviously adds some overhead each time you use a view.

Data Manipulation Language

The Data Manipulation Language (DML) is used to insert data into a table and, when
necessary, to modify or delete data. SQL provides the three following statements you
can use to manipulate data within a database:

. INSERT
- UPDATE
- DELETE

These statements are discussed in the following sections.
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The INSERT Statement

The INSERT statement, in its simplest form, is used to insert data into a table, one
row or record at a time. It can also be used in combination with a SELECT statement
to perform bulk inserts of multiple selected rows from another table or tables. INSERT
can only be used to insert e ntire rows into a table, not to insert individual fields directly
into a row.

The basic form of the INSERT statement looks like this:

INSERT INTO tableName (colNamel, colName2, ...) VALUES (valuel, value2, ...);

To insert name and address information into the Customers Table, use an INSERT
statement like this:

INSERT INTO Customers

(First_Name, MI, Last_Name, Street,City, State, ZIP, Phone)

VALUES

('Michael',’X",'Corleone’,'123 Green','New York','NY','12345','111-222-3333");

Notice how the field names have been specified in the order in which you plan to
insert the data. You can also use a shorthand form, such as the following, if you know
the column order of the table:

INSERT INTO Customers VALUES
(‘Michael','X','Corleone’,'123 Green','New York','NY','12345','111-222-3333");

When the Customers Table is defined, the Ml field is defined as NULLABLE. The
correct way to insert a NULL is like this:

INSERT INTO Contact_Info
(FName, MI, LName, Email)
VALUES
(‘Michael',NULL,'Corleone’,'offers@cosa_nostra.com’);
Note  String data is specified in quotes ('), as shown in the examples. Numeric
values are specified without quotes.

There are some rules you need to follow when inserting data into a table with the
INSERT statement:

] Column names you use must match the names defined for the column. Case is not significant.
= Values you insert must match the data type defined for the column they are being inserted into.
. Data size must not exceed the column width.

= Data you insert into a column must comply with the column's data constraints.
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These rules are obvious, but breaking them accounts for a lot of SQL exceptions,
particularly when you save data in the wrong field order. Another common error is to
try and insert the wrong number of data fields.

Using INSERT ... SELECT

Another common use of the INSERT statement is to copy subsets of data from one
table to another. In this case, the INSERT statement is combined with a SELECT
statement, which queries the source table for the desired records. The advantage of
this approach is that the whole process is carried out within the RDBMS, avoiding the
overhead of retrieving records and reinserting them externally.

An example of a situation where you might use INSERT...SELECT is the creation of a
table containing only the first and last names from the Customers Table. To insert the
names from the original Customers Table, use a SQL INSERT...SELECT command
to select the desired fields and insert them into the new Names Table. Here's an
example:

INSERT INTO Names
SELECT First_Name, Last Name FROM Customers;

Essentially, This command tells the database management system to perform two
separate operations internally:

1. A SELECT to query the Customers Table for the FName and LName fields from all records
2. An INSERT to input the resulting record set into the new Names Table

By performing these operations within the RDBMS, the use of the INSERT...SELECT
command eliminates the overhead of retrieving the records and reinserting them.

Using the WHERE clause with INSERT ... SELECT

The optional WHERE clause allows you to make conditional queries. For example,
you can get all records in which the last name is "Corleone" and insert them into the
Names Table with the following statement:

INSERT INTO Names
SELECT First_Name, Last Name FROM Customers WHERE Last_Name =
'Corleone’;

The UPDATE Statement

The UPDATE command is used to modify the contents of individual columns within a
set of rows. The UPDATE command is normally used with a WHERE clause, which is
used to select the rows to be updated.
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A frequent requirement in database applications is the need to update records. For
example, when a contact moves, you need to change his or her address. The way to
do this is with the SQL UPDATE statement, using a WHERE clause to identify the
record you want to change. Here's an example:

UPDATE Customers
SET Street = '55 Broadway', ZIP = '10006'
WHERE First_Name = 'Michael' AND Last_Name = 'Corleone’;

This statement first evaluates the WHERE clause to find all records with matching
First Name and Last_Name. It then makes the address change to all of those
records.

Caution If you omit the WHERE clause from the UPDATE statement, all records
in the given table are updated.

Using calculated values with UPDATE

You can use the UPDATE statement to update columns with calculated values. For
example, if you add stock to your inventory, instead of setting the Qty column to an
absolute value, you can simply add the appropriate number of units with a calculated
UPDATE statement like the following:

UPDATE Inventory
SET Qty = QTY + 24
WHERE Name = 'Corn Flakes';

When you use a calculated UPDATE statement like this, you need to make sure that
you observe the rules for INSERTS and UPDATES mentioned earlier. In particular,
ensure that the data type of the calculated value is the same as the data type of the
field you are modifying, as well as being short enough to fit in the field.

Using Triggers to Validate UPDATES

In addition to defining constraints, the SQL language allows you to specify security
rules that are applied when specified operations are performed on a table. These
rules are known as triggers, as they are triggered automatically by the occurrence of
a database event such as updating a table.

A typical use of a trigger might be to check the validity of an update to an inventory
table. The following code snippet shows a trigger that automatically rolls back or
voids an attempt to increase the cost of an item in inventory by more than 15 percent.

CREATE TRIGGER FifteenPctRule ON INVENTORY FOR INSERT, UPDATE AS
DECLARE @NewCost money
DECLARE @OIldCost money
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SELECT @NewCost = cost FROM Inserted
SELECT @OldCost = cost FROM Deleted
IF @NewCost > (@OIldCost * 1.15)
ROLLBACK Transaction;

The SQL ROLLBACK command used in this code snippet is one of the Transaction
Management commands. Transaction management and the SQL ROLLBACK
command are discussed in the next section.

Using transaction management commands with UPDATE

Transaction management refers to the capability of a relational database
management system to execute database commands in groups, known as
transactions. A transaction is a group or sequence of commands, all of which must be
executed in order and all of which must complete successfully. If anything goes
wrong during the transaction, the database management system allows the entire
transaction to be cancelled or "rolled back." If, on the other hand, it completes
successfully, the transaction can be saved to the database or "committed.”

In the SQL code snippet below, there are two update commands. The first attempts to
set the cost of Corn Flakes to $3.05, and the cost of Shredded Wheat to $2.15. Prior
to attempting the update, the cost of Corn Flakes is $2.05, so the update clearly
violates the FifteenPctRule trigger defined above. Since both updates are contained
within a single transaction, the ROLLBACK command in the FifteenPctRule trigger
will execute, and neither update will take effect.

BEGIN transaction;

UPDATE Inventory

SET Cost = 3.05

WHERE Name = 'Corn Flakes';
UPDATE Inventory

SET Cost = 2.15

WHERE Name = 'Shredded Wheat',
COMMIT transaction;

Although all SQL commands are executed in the context of a transaction, the
transaction itself is usually transparent to the user unless the AUTOCOMMIT option is
turned off. Most databases support the AUTOCOMMIT option, which tells the
RDBMS to commit all commands individually as they are executed. This option can
be used with the SET command:

SET AUTOCOMMIT [ON | OFF] ;

By default, the SET AUTOCOMMIT ON command is executed at startup, telling the
RDBMS to commit all statements automatically as they are executed. When you start
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to work with a transaction, turn Autocommit off; then issue the commands required by
the transaction. Assuming that everything executes correctly, the transaction will be
committed when the COMMIT command executes, as illustrated above. If any
problems arise during the transaction, the entire transaction is cancelled by the
ROLLBACK command.

Cross-Reference  Transaction management and the ACID test are discussed in
Chapter 1. The examples in Chapter 6 illustrate the use of the
COMMIT and ROLLBACK commands.

Using UPDATE on Indexed Tables

When a table is indexed for rapid data retrieval, and particularly when a clustered
index is used for this purpose, updates can be very slow unless you understand and
use the indexes correctly. The reason for this is that the purpose of an index is to
provide rapid and efficient access to a table. In most situations, speed of data
retrieval is considered to be of paramount performance, so tables are indexed to
enhance the efficiency of data retrieval.

A limiting factor in retrieving data rapidly and efficiently is the performance of the
physical storage medium. Performance can be optimized for a specific index by tying
the layout of the rows on the physical storage medium to that index. The index for
which the row layout is optimized is commonly known as the clustered index.

If you fail to take advantage of indexes, and in particular, of the clustered index, when
planning your update strategy, your updates may be very slow. Conversely, if your
updates are slow, you would be well advised to add an index specifically to handle
updates, or to modify your update strategy in light of the existing indexes.

The DELETE Statement

The last DML command is the DELETE command, which is used for deleting entire
records or groups of records. Again, when using the DELETE command, you use a
WHERE clause to identify the records to be deleted.

Using the DELETE command is very straightforward. For example, this is the
command you use to delete records containing the First_Name: "Michael" and the
Last_ Name: "Corleone":

DELETE FROM Customers
WHERE First_Name = 'Michael' AND Last_Name = 'Corleone’;

Without the WHERE clause, all rows throughout the entire table will be deleted. If you
are using a complicated WHERE clause, it is a good idea to test itin a SELECT
statement before using it in a DELETE command.
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Caution INSERT, DELETE and UPDATE, can cause problems with other
tables, as well as significant problems within the table you are working
on. Delete with care.

Data Query Language

Probably the most important function of any database application is the ability to
search for specific records or groups of records and return them in the desired form.
In SQL, this capability is provided by the Data Query Language (DQL). The process
of finding and returning formatted records is known as querying the database.

The SELECT Statement

The SELECT statement is the basis of data retrieval commands, or queries, to the
database. In addition to its use in returning data in a query, the SELECT statement
can be used in combination with other SQL commands to select data for a variety of
other operations, such as modifying specific records using the UPDATE command.

The basic form of a simple query specifies the names of the columns to be returned
and the name of the table or tables in which they can be found. A basic SELECT
command looks like this:

SELECT columnNamel, columnName2,.. FROM tableName;

Using this query format, you can retrieve the first name and last name of each entry in
the Customers Table by using the following SQL command:

SELECT First_Name, Last Name FROM Customers;

In addition to this form of the command, where the names of all the fields you want
returned are specified in the query, SQL supports this wild card form:

SELECT * FROM tableName;

The wild card, "*", tells the database management system to return the values for all
columns.

The WHERE Clause

Under normal circumstances, you probably do not want to return every row from a
table. A practical query needs to be more restrictive, returning the requested fields
from only records that match some specific criteria.

To make specific queries, use the WHERE clause. The WHERE clause was
introduced earlier in this chapter under the section "Data Manipulation Language.”
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This clause lets you retrieve, for example, the records of all customers living in New
York from the Customers Table shown in Table 3-4.

Table 3-4: The CUSTOMERS Table

FIRST_NAME Ml LAST_NAME STREET CITY STATE ZIP

Michael A Corleone 123 Pine New York NY 10006
Fredo X Corleone 17 Main New York NY 10007
Sonny A Corleone 123 Walnut Newark NJ 12346
Francis X Corleone 17 Main New York NY 10005
Vito G Corleone 23 Oak St Newark NJ 12345
Tom B Hagen 37 Chestnut Newark NJ 12345
Kay K Adams 109 Maple Newark NJ 12345
Francis F Coppola 123 Sunset Hollywood CA 23456
Mario S Puzo 124 Vine Hollywood CA 23456

The SQL query you use to retrieve the records of all customers living in New York is
as follows:

SELECT * FROM Customers WHERE City = 'New York’;

The result of this query returns all columns from any row with the CITY column
containing "New York." The order in which the columns are returned is the order in
which they are stored in the database; the row order is arbitrary.

To retrieve columns in a specific order, the column names must be specified in the
desired order in your query. For example, to get the data in First_ Name, Last Name
order, issue this query:

SELECT First_Name, Last Name FROM Customers WHERE Last_Name = 'Corleone’;

To get the order reversed, use this query:

SELECT Last_Name, First Name FROM Customers WHERE Last_Name = 'Corleone’;
Note Unlike rows in a spreadsheet, records in a database table have no implicit
order. Any ordering you need has to be specified explicitly, using the SQL
ORDER BY command.

SQL Operators
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The queries discussed so far have been very simple, but in practice you will
frequently be using queries that depend on the values of a number of fields in various
combinations. SQL provides a number of operators to enable you to create complex
gueries based on value comparisons.

Operators are used in expressions to define how to combine the conditions specified
in a WHERE clause to retrieve data or to modify data returned from a query. SQL has
several types of operators:

For convenience, SQL operators can be separated into these five main categories:

" Comparison operators

. Logical operators

= Arithmetic operators

= Set operators

= Special-purpose operators

Comparison operators

One of the most important uses for operators in SQL is to define the tests used in
WHERE clauses. SQL supports the following standard-comparison operators, as well
as a special IS NULL operator, and its complement, IS NOT NULL, used to test for a
NULL value in a column:

. Equality (=)

= Inequality (<>)

= Greater Than (>) and Greater Than or Equal To (>=)
] Less Than (<) and Less Than or Equal To (<=)

" IS NULL

Ll IS NOT NULL

Numeric and character comparisons

All the comparison operators in SQL work equally well on both numeric and character
variables. This means that you can compare character variables using an equality
test in exactly the same way as you test a numeric value. The query:

SELECT * FROM Customers WHERE Last_Name = 'Corleone’;

Is every bit as valid as the query:

SELECT * FROM Inventory WHERE Part_Number = 1903;

If you use the greater-than or less-than operators for comparisons of CHAR or
VARCHAR values, the comparison is performed lexically. For example, to find
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customers named "Michael,” or whose names come after "Michael" in the alphabet,
you can use this query:

SELECT *
FROM CUSTOMERS
WHERE first_name >= 'Michael’;

This query returns a result set like the one shown in Table 3-5.

Table 3-5: Results of a Lexical String Comparison

ID FIRST_NAME Ml LAST_NAME STREET CITY STATE ZIP
100 Michael A Corleone 123 Pine New NY 10006
York

102 Sonny A Corleone 123 Newark NJ 12346
Walnut

104 Vito G Corleone 23 Oak St Newark NJ 12345

105 Tom B Hagen 37 Newark NJ 12345
Chestnut

Using the IS NULL operator

SQL's special NULL value represents an absence of data, so it can't be evaluated
using the comparison operators. SQL provides special IS NULL and IS NOT NULL
operators to test for NULL. If, for example, you add a column to the Customers Table
for FAX numbers, leaving it NULL when a contact doesn't have a fax number, you can
query the table for contacts with faxes as follows:

SELECT * FROM Customers WHERE FAX IS NOT NULL,;

Using the LIKE and NOT LIKE operators

In addition to the comparison operators, SQL adds these dedicated operators for
testing for a substring within CHAR and VARCHAR variables:

- LIKE
NOT LIKE

The LIKE operator, and its negation, the NOT LIKE operator, combined with
wildcards provide a very powerful tool for String comparison. The wildcards are as
follows:

= Underscore ( _ ), the single character wild card
= Percent ( % ), the multicharacter wild card
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For example, to find all records in the Customers Table with last names starting with
"C," write a query using LIKE as follows:

SELECT * FROM Customers WHERE Last_Name LIKE 'C%",

Similarly, to find all records where the last name contains the letter "0" in the second
place, the query looks like this:

SELECT * FROM Customers WHERE Last_Name LIKE '_0%";

NOT LIKE works in much the same way as LIKE. For example, to find all records in
the Customers Table with the last name NOT starting with the letter "C," write a query
using NOT LIKE such as the following:

SELECT * FROM Customers WHERE Last_Name NOT LIKE 'C%",

Using the concatenation operator

The concatenation operator (+ or ||) is used to append one string to another string.
For example, to return the last name, followed by the first name and separated by
commas, use this query:

SELECT Last_Name + ', ' + First. Name AS NAME FROM Customers;

Caution  The concatenation operator is one of the SQL features that vary from
one flavor of SQL to another. SQL Server, MS Access, and Sybase, for
example, accept '+', whereas Oracle accepts '||".

Logical operators

It is frequently necessary to combine two or more comparisons in aWHERE clause.
SQL provides these standard logical operators for this purpose:

. AND
- OR
. NOT

Using the AND operator

The AND operator is used to combine two or more comparisons, all of which must
evaluate to TRUE for the comparison to be valid. If either expression is false, AND
returns FALSE. For example, to find all records in the Customers Table with a last
name of Corleone who live in New York, use this query:

SELECT * FROM Customers WHERE Last_Name = 'Corleone’ AND City = 'New York’;

Using the OR operator
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The OR operator is used to combine two or more comparisons, any one of which can
evaluate to TRUE for the comparison to be valid. For example, to find all records in
the Customers Table who live in New York City or in New Jersey, use this query:

SELECT * FROM Customers WHERE City = 'New York' OR State = 'NJ';

Using the NOT operator

The NOT operator is used to invert the result of a comparison. For example, the
previous example can be modified as follows to find all to find all customers with a last
name of Corleone who do not live in New York City or in New Jersey:

SELECT * FROM Customers
WHERE Last_Name = 'Corleone’ AND NOT ( City = 'New York' OR State = 'NJ');

Combining logical operators using parentheses

Logical operators can be combined using parentheses (()). For example, the queries
shown in the preceding two code snippets that use the AND and OR operators can be
combined to form a query that returns all records in the Customers Table with a last
name of Corleone who live in New York City or New Jersey:

SELECT * FROM Customers
WHERE Last_Name = 'Corleone' AND ( City = 'New York' OR State = 'NJ');

Arithmetic operators

SQL supports the common arithmetic operators for addition (+), subtraction (-),
multiplication (*), and division (/). In addition, SQL supports the modulo operator (%),
which returns the remainder of the division of one integer by another.

Using arithmetic operators in the WHERE clause

The first and most obvious use of arithmetic operators is in the WHERE clause. The
following example uses the LESS THAN operator to identify items in the inventory
shown in Table 3-6 with a Qty below 24

SELECT *
FROM INVENTORY
WHERE Qty < 24;

Table 3-6: Inventory

ID Name Description Qty Cost
1001 Corn Flakes Cereal 130 1.95
1002 Rice Krispies Cereal 97 1.87
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Table 3-6: Inventory

ID Name Description Qty Cost
1003 Shredded Wheat Cereal 103 2.05
1004 Oatmeal Cereal 15 0.98
1005 Chocolate Chip Cookies 217 1.26
1006 Fig Bar Cookies 162 157
1007 Sugar Cookies Cookies 276 1.03
1008 Cola Soda 144 0.61
1009 Lemon Soda Soda 96 0.57
1010 Orange Soda Soda 84 0.71

This query returns the following result:

ID Name Description Qty Cost
1004 Oatmeal Cereal 15 0.98
You can also perform a calculation in a WHERE clause. For example, if you normally
mark up the cost of an item by 60% to get the sales price, you can perform this

calculation in the WHERE clause. To list only items whose retail price is below 100.00,
use this format:

SELECT Name,Description,Cost,Cost*1.6 AS Retail
FROM Inventory
WHERE Cost * 1.6 < 100;

Creating calculated result columns

Arithmetic operators are also very useful for creating a calculated result field. For
example, you can calculate a retail price by marking up a cost as follows:

SELECT ID,Name,Description,Cost,Cost*1.6 AS Retail
FROM Inventory;

This query returns the additional column "Retail," as shown in Table 3-7.

Table 3-7: Calculated Result Fields
ID Name Description Cost Retail

1001 Corn Flakes Cereal 1.95 3.12
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Table 3-7: Calculated Result Fields

ID Name Description Cost Retail
1002 Rice Krispies Cereal 1.87 2.99
1003 Shredded Wheat Cereal 2.05 3.28
1004 Oatmeal Cereal 0.98 157
1005 Chocolate Chip Cookies 1.26 2.02
1006 Fig Bar Cookies 1.57 251
1007 Sugar Cookies Cookies 1.03 1.65
1008 Cola Soda 0.61 0.98
1009 Lemon Soda 0.57 0.91
1010 Orange Soda 0.71 1.14

Caution When you create a calculated field in a result, you should always use
AS to assign a hame to the field, because there is no defined naming
convention for calculated fields in SQL. Different variants of SQL
assign different arbitrary names.

Using Aliases

In the preceding example, the key word AS was used in the expression command.
Using the optional AS clause lets you assign a meaningful name to an expression,
which makes referring back to the expression easier. An alias can be used as a
normal column name when you need to refer to the column elsewhere in a
statement, as you will see in further examples in future chapters. In this example,
AS assigns the name, or alias, "Retail" to the calculated value column.

When assigning and using an alias, you must bear in mind the order in which SQL
processes the various clauses constituting the command, since the output of one
clause is the input to the next one. The order in which the subclauses of a SQL
command are processed is shown in the following list:

*FROM clause
*WHERE clause
*GROUP BY clause
*HAVING clause
*SELECT clause
*ORDER BY clause

Since you use AS to assign an alias in the SELECT clause, the alias can't be used
as part of the WHERE clause, since that has already been executed by the time
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you get to the SELECT. It can, however, be used in an ORDER BY. For example,
you can order the inventory table by retail as follows:

SELECT ID,Name,Description,Cost,Cost*1.6 AS Retail
FROM Inventory ORDER BY Retail;

Set operators

Set operators allow you to combine ResultSets returned by different queries into a
single ResultSet. The main set operators are as follows:

= UNION and UNION ALL return the combined results of two queries.
= INTERSECT returns only the rows that both queries find.
= EXCEPT returns the rows from the first query that are not present in the second.

Using UNION and UNION ALL

UNION ALL returns the results of two queries; while UNION does the same thing, but
it removes duplicate results. For example, you can use a UNION to combine the
results of a query for all customers with the last name "Adams" with a query for all
customers in New York with the last name "Corieone.” Here's an example:

SELECT *

FROM Customers

WHERE Last_Name = 'Corleone’ AND City = 'New York'
UNION

SELECT *

FROM Customers

WHERE Last_Name = '‘Adams’;

UNION, used by itself, returns the results of the two queries without any repetitions.
UNION ALL, on the other hand, returns the results of the two queries including all
repetitions.

Using INTERSECT and EXCEPT

The INTERSECT and EXCEPT operators adhere to the same syntax as the UNION
operator. You should check with the documentation for the DBMS you are using to
ensure that these operators are supported before using one of them.

Special-purpose operators

SQL also provides a number of operators to perform functions which, in most other
languages, require special procedural code. Since SQL is not a procedural language,
these are particularly useful features of the language.
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The IN operator

The IN operator is a powerful way of comparing fields against a list. For example, to
find contacts in New York State or New Jersey, you can use this query:

SELECT *
FROM Customers
WHERE State IN ('NY', 'NJ";

IN also works with numbers. If you want to select items from the Inventory Table by ID,
use this query:

SELECT *
FROM Inventory
WHERE ID IN (1001, 1003, 1004);

The BETWEEN operator

The BETWEEN operator is used to select fields with values between specified limits.
Referring again to the Inventory Table, you can query for items with costs in the $1.03
to $1.95 range using this query:

SELECT *
FROM Inventory
WHERE Cost BETWEEN 1.03 AND 1.95;
Note ~ BETWEEN returns values withinits defined range inclusive of the limits,

so if you try the query against the Inventory Table, it will return rows with
costs of 1.03 and 1.95.

The DISTINCT operator

A basic SELECT statement tells the database management system to return all
records matching the query in the ResultSet. For example, you cab request all
Last_Names from customers using this query:

SELECT Last_Name
FROM Customers;

Using the data shown in Table 3-4, this gives youfive repetitions of "Corleone."

The DISTINCT operator tells the database management system not to return
duplicate records in aResultSet. For example, to return all Last_Names from the
Customers Table with no duplicates, use this query:

SELECT DISTINCT Last_Name
FROM Customers;
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When this operator is applied to the results, you see only the last name "Corleone"
once, despite the fact that there are several different Corleones in the table.

Note  There is also a keyword ALL, as in SELECT ALL, but since ALL is implied
unless DISTINCT is used, the expression SELECT ALL is rarely, if ever,
used.

The TOP operator
The TOP operator specifies that only the first n rows are to be output from the query

result set, or, optionally, the top n percent of the rows. When specified with
PERCENT, n must be an integer between 0 and 100:

SELECT TOP 25 PERCENT *
FROM Inventory;

The result set from this query is shown in Table 3-8.

Table 3-8: Top n Records

ID Name Description Qty Cost
1001 Corn Flakes Cereal 130 1.95
1002 Rice Krispies Cereal 97 1.87
1003 Shredded Wheat Cereal 103 2.05

If the query includes an ORDER BY clause, the first n rows (or n percent of rows)
ordered by the ORDER BY clause are output. If the query has no ORDER BY clause,
the order of the rows is arbitrary.

Escape Sequences

Escape sequences are used to handle situations where a character has a
particular meaning to SQL, and you want to use it in a different way. A typical
example is the use of the apostrophe (‘). A problem that arises frequently in
normal free-form text is the use of the apostrophe. Since the apostrophe is, in
effect, a single quote, SQL reads it as aCHAR or VARCHAR terminator and
throws a SQL error when it tries to handle the rest of the String.

The solution is simple: simply double up the apostrophe. These two other
characters sometimes need to be escaped:

=0% percent
= _underscore
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They are handled by defining an escape character at the end of the query in which
the characters are used. The escape character is defined in curly braces ({}) using
the keyword escape:

{escape 'escape-character'}

For example, the following query finds names that begin with an underscore. It
uses the backslash (\) character as an escape character:

SELECT name

FROM variables
WHERE Id LIKE "\ %' {escape \};

Using Subqueries

The use of queries is not limited to situations where you want to return a result set to
the user. It is frequently useful to create a result set so that you can use it within
another SQL statement. Asubquery is used as part of another SQL statement.

Subqueries can be nested inside any of the following types of SQL statements:

. SELECT or SELECT...INTO

. INSERT...INTO

] DELETE

. UPDATE

= Inside another query or subquery

Subqueries are used to provide an intermediate result set to be operated on by
another part of the SQL statement. For instance, you can use a subquery to return
cost data about all the cookies in your inventory and then use this cost data with a
comparison operator in another query. In this case, you use a SELECT statement to
provide a set of values to be evaluated in the WHERE or HAVING clause of the main
statement.

Subqueries can be used in WHERE or HAVING clauses as the right-hand side of the
following comparison and expressions:

= Comparisons using ANY, ALL or SOME
. Expressions using IN or NOT IN
= Expressions using EXISTS or NOT EXISTS

Using the ANY, SOME, and ALL operators
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In many cases, a subquery used in a comparison returns more than one value, so
special predicates are required to operate on the results of the subquery before
making the comparison.

For example, if you want to find out which inventory items cost more than cookies,
you can use a subquery like this:

(SELECT cost FROM inventory
WHERE Description = 'Cookies’);

The result of this subquery is several rows of cookie costs, so you need to select
which cost you want to use. The ANY or SOME predicates, which are synonymous,
can be used to retrieve records in the main query that satisfy the comparison with any
records retrieved in this subquery:

SELECT * FROM INVENTORY

WHERE cost >= ANY
(SELECT cost FROM inventory
WHERE Description = 'Cookies');

This query returns al inventory items with a cost greater than or equal to the
lowest-cost cookies in the Inventory Table, as shown here:

ltem_Number Name Description Qty Cost
1001 Corn Flakes Cereal 178 1.95
1002 Rice Krispies Cereal 97 2

1003 Shredded Wheat Cereal 103 2.05
1005 Chocolate Chip Cookies 217 1.26
1006 Fig Bar Cookies 162 1.57
1007 Sugar Cookies Cookies 276 1.03

The ALL predicate can be used to retrieve only records in the main query that satisfy
the comparison with all records retrieved in the subquery. If you change ANY to ALL
in the preceding example, the query returns only those inventory items that cost more
than all cookies:

ltem_Number Name Description Qty Cost
1001 Corn Flakes Cereal 178 1.95
1002 Rice Krispies Cereal 97 2
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ltem_Number Name Description Qty Cost
1003 Shredded Wheat Cereal 103 2.05
1006 Fig Bar Cookies 162 1.57

Using the IN and NOT IN operators

As you recall from the section on operators earlier in this chapter, the IN predicate is
used to compare values against a list. For example, to return all customers in either
NY or NJ, you can use the IN predicate to check the customer's state against a list
containing 'NY"' and 'NJ'. Here's an example:

SELECT * FROM CUSTOMERS
WHERE STATE IN ('NY','NJ);

Also, you can use the IN predicate with a subquery to populate the list. The following
code snippet uses a subquery to create a list of item numbers from the Orderd_Items
Table and uses the IN predicate to return the corresponding inventory data:

SELECT *
FROM INVENTORY
WHERE Item_Number IN
(SELECT Item_Number
FROM Ordered_ltems
WHERE Order_Number = 2);

The result set this query returns looks like this:

ltem_Number Name Description Qty Cost
1001 Corn Flakes Cereal 178 1.95
1004 Oatmeal Cereal 15 0.98
1005 Chocolate Chip Cookies 217 1.26
1010 Orange Soda 84 0.71

In addition, you can use the IN predicate with the NOT operator to select all inventory
items that are not included in the select list. Note that you can only specify one
SELECT list item when using the IN predicate, since the list is returned for
comparison with a single item.

Using the EXISTS and NOT EXISTS predicates

-84-



Chapter 3:SQL Basics

EXISTS and NOT EXISTS are predicates. That is, they return true or false. They are
used in true/false comparisons to determine whether the subquery returns any
records. For example, you can use a subquery to return a result set of Ordered Items
matched up by Order Number and Customer Number to the customer who has
ordered them. Then you can find out what kinds of cookies he or she has ordered
using the comparison Description = 'Cookies' with the EXISTS predicate, as shown
here:

SELECT DISTINCT Name
FROM Inventory
WHERE Description = 'Cookies' AND EXISTS
(SELECT *
FROM Customers ¢, Ordered_Items oi, Orders o, Inventory i
WHERE c.Customer_Number = o0.Customer_Number AND
0i.0rder_Number = 0.0Order_Number AND
oi.ltem_Number = i.ltem_Number);

This query returns this result set:

Name
Chocolate Chip
Fig Bar

Sugar Cookies

Notice the use of the asterisk (*) as the SELECT list for the subquery. Conventionally,
you use an asterisk with the EXISTS predicate because EXISTS only returns true or
false, so there is nothing to be gained by being more specific.

Note  The EXISTS predicate stops the search as soon as it finds a single match
and is therefore much faster and more efficient than a query that
continues to check for additional rows that match.

Correlated subqueries

As a rule, the main FROM list should only contain tables that are referenced in the
main SELECT. In this case, the main SELECT clause includes only inventory. You
can also use table name aliases in a subquery to refer to tables listed in a FROM
clause outside the subquery, as in the following example. This usage is known as a
correlated subquery:

SELECT c.First_ Name, c.Last_Name, o0.Order_Number, i.ltem_Number, i.Name
FROM Customers c, Inventory i, Orders o
WHERE i.Description = 'Cookies’ AND EXISTS
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(SELECT *
FROM Ordered_ltems oi
WHERE c.Customer_Number = o.Customer_Number AND
0i.0rder_Number = 0.0Order_Number AND
oi.ltem_Number = i.ltem_Number);

In this example, most of the tables the subquery accesses are defined in the main
query. This query returns the following result set:

First_Name Last_Name Order_Number Item_Number Name
Fredo Corleone 2 1005 Chocolate Chip
Francis Corleone 3 1006 Fig Bar
Kay Adams 5 1006 Fig Bar
Kay Adams 5 1007 Sugar Cookies

Correlated subqueries depend on a value in the outer query. A reference to a table in
the outer query is called acorrelated reference. Correlated queries are executed
repeatedly, once for each row of the table identified in the outer-level query, so they
can be extremely inefficient. It is frequently worth rewriting correlated queries as joins
where possible, though in some cases the SQL engine may be able to optimize the
correlated subquery.

Nesting subqueries

Just as you can use a subquery within a query, you can also use a subquery within
another subquery. Subqueries can be nested as deeply as your implementation of
SQL allows. The syntax for nesting subqueries looks like this:

SELECT *
FROM Tables
WHERE
( SUBQUERY
(SUBQUERY
(SUBQUERY)));

Additional uses of subqueries

Just as you can use calculated values, or even literals, in place of simple data-field
values in the SELECT clause of a query, you can also use the results subqueries
return. This can be useful if you want to create a summary comparing the cost of an
item against another value retrieved from the table, such as an average cost of all
similar items. Here's an example:
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SELECT Name, Cost,
(SELECT AVG(Cost) FROM Inventory WHERE Description = 'soda’) AS Average
FROM Inventory WHERE Description = 'soda’;

Notice how the entire subquery replaces the column name, so that the AS clause
used to name the column appears outside the parentheses defining the subquery.
The results of this query look like this:

Name Cost Average
Cola 0.61 0.63
Lemon 0.57 0.63
Orange 0.71 0.63

Using a subquery with the INSERT command

You can use subqueries in the INSERT command just as easily as you can in a
SELECT command. Consider an example where you might want to insert selected
records from one table into another. One way to do this is to use a subquery to select
the desired subset from the source table.

In the following example, a subquery is used to select the Customer_Numbers of
customers from New Jersey. Then the appropriate fields are selected from customers
with the selected Customer_Numbers, and inserted into the Employees Table:

INSERT INTO Employees (Employee_ID, First_Name, Last_Name)
SELECT Customer_Number, First_ Name, Last_Name
FROM Customers
WHERE Customer_Number IN
(SELECT Customer_Number
FROM Customers
WHERE State = 'NJ);

Using a subquery with the UPDATE command

A more common usage of a subquery is with the UPDATE command. This example
uses a subquery to select the Customer_Number of the customer to be updated from
the Customers Table. You then use this customer number in the WHERE clause of

the UPDATE command as shown here:

UPDATE Employees
SET First_ Name = 'Alfie’
WHERE Employee ID IN
(SELECT Customer_Number
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FROM Customers
WHERE First_ Name = 'Sonny');

One advantage of using a subquery is that you can easily test the subquery by itself
to make sure you are getting the correct data set. Then, once it checks out OK, you
can plug the subquery into the actual update command.

Using a subquery with the DELETE command

Finally, here's an example ofthe use of a subquery with DELETE. This example uses
a subquery to select the Employee_IDs of all employees so that they can be deleted

from the Customers Table:

DELETE FROM Customers
WHERE Customer_Number IN
(SELECT Employee ID FROM Employees);

Sorting the Results of a Query

A common requirement when retrieving data from a database is to sort the results of
the query in alphabetic or numeric order on one or more of the columns. Results are

sorted using the ORDER BY clause in a statement like this:

SELECT First_Name, Last_Name, City, State
FROM CUSTOMERS

WHERE Last_Name = 'Corleone’

ORDER BY First_Name;

This gives you a list of all the Corleones sorted in ascending order by first name, as

shown in Table 3-9.

Table 3-9: Records Sorted Using ORDER BY

First_Name Last_Name
Francis Corleone
Fredo Corleone
Michael Corleone
Sonny Corleone
Vito Corleone

City

New York
New York
New York
Newark

Newark

State

NY

NY

NY

NJ

NJ

The default sort order is ascending. This can be changed to descending by adding

the DESC keyword as shown here:
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SELECT *

FROM CUSTOMERS

WHERE Last_Name = 'Corleone’
ORDER BY First_Name DESC;

Sorting on multiple columns is also easy to do by using a sort list. For example, to sort
the data in ascending order based on Last_Name and then sort duplicates using the
First._ Name in descending order, the SQL statement is as follows:

SELECT First_Name, MI, Last_Name, Street, City, State, Zip
FROM CUSTOMERS
ORDER BY Last_Name, First. Name DESC;
Note  When no ORDER BY clause is used, the order of the output of a query is
undefined.

The rules for using ORDER BY are as follows:

" The ORDER BY clause must be the last clause in the SELECT statement.

= Default sort order is ascending.

= You can specify ascending order with the keyword ASC.

= You can specify descending order with the keyword DESC.

= You can use column names or expressions in the ORDER BY clause.

] The column names in the ORDER BY clause do not have to be specified in the select list.
= NULLS usually occur first in the sort order.

Summarizing the Results of a Query

Another common reporting requirement is to break down the data a query returns into
various groups so that it can be summarized in some way. The GROUP BY clause
enables you to combine database records to perform calculations such as averages
or counts on groups of records.

The GROUP BY clause combines records with identical values in a specified field into
a single record for this purpose, as shown in the following example:

SELECT Description, COUNT(Description) AS 'Count’, AVG(Cost) AS 'Average
Cost'

FROM Inventory

GROUP BY Description;

The results of this query will be as follows:

Description Count Average Cost

Cereal 4 1.745
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Description Count Average Cost
Cookies 3 1.2866
Soda 3 0.63

Notice that the name given to the "Count" column was quoted, since COUNT is a
SQL keyword.

Because the GROUP BY clause combines all records with identical values in one
column into a single record, each of the column names in the SELECT clause must
be either a column specified in the GROUP BY clause or a column function such as
COUNT() or AVG(). This means that you can't SELECT a list of individual customers
by name and then count them as a group using GROUP BY. However, you can group
on more than one column, just as you can use more than one column with the
ORDER BY clause.

Every column name specified in the SELECT statement must also be mentioned in
the GROUP BY clause. Not mentioning the column names in both places gives you
an error. The GROUP BY clause returns a row for each unique combination column
in the GROUP BY clause.

Aggregate Functions

Aggregate functions return a single value from an operation on a column of data. This
differentiates them from the arithmetic, logical, and character operators discussed
earlier in this chapter, which operate on individual data elements.

Most Relational Database Management Systems support the following aggregate
functions:

. SUM Sum of column values

= AVG Average of column values

. STDEV Standard deviation of column values
. COUNT  Count of rows in column

" MAX Maximum value in column

= MIN Minimum value in column

Aggregate functions are used to provide statistical or summary information about
groups of data elements. These groups may be created specifically using the
GROUP BY clause, or the aggregate functions may be applied to the default group,
which is the entire result set.

Here's a good practical example of the use of most of the common aggregate
functions:
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SELECT DESCRIPTION, COUNT(DESCRIPTION) AS 'COUNT', AVG(COST)
AS 'AVERAGE COST', MIN(COST) AS 'LOWEST COST', MAX(COST)
AS 'HIGHEST COST'

FROM INVENTORY

GROUP BY DESCRIPTION;

This query generates the following results:

Description Count Average Cost Lowest Cost Highest Cost
Cereal 4 1.745 0.98 2.05
Cookies 3 1.2866 1.03 1.57
Soda 3 0.63 0.57 0.71

Note  The fundamental difference between aggregate functions and standard
functions is that the former use the entire column of data as their input and
produce a single output.

Using the HAVING Clause to Filter Groups

There are going to be situations where you'll want to filter the groups themselves in
much the same way as you filter records using the WHERE clause. For example, you
may want to analyze your sales by state, but ignore states with a limited number of

customers.

To filter groups, apply a HAVING clause after the GROUP BY clause. The HAVING
clause lets you apply a qualifying condition to groups so that the RDBMS returns a
result only for the groups that satisfy the condition.

HAVING clauses can contain one or more predicates connected by ANDs and ORs.
Each predicate compares a property of the group (such as COUNT (State)) with either
another property of the group or a constant.

The following example shows the use of the HAVING clause to compute a count of
customers by state, filtering out results from states with only one customer:

SELECT DESCRIPTION, STATE, COUNT(STATE) AS 'COUNT’,
SUM(0i.QTY * i.COST) AS TOTAL

FROM CUSTOMERS ¢, ORDERS o, ORDERED_ITEMS o,
INVENTORY |

WHERE ¢.CUSTOMER_NUMBER = 0.CUSTOMER_NUMBER AND
0.ORDER_NUMBER = 0i.ORDER_NUMBER AND
i.ITEM_NUMBER = 0i.ITEM_NUMBER

GROUP BY STATE, DESCRIPTION

HAVING COUNT(STATE) > 1;
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This query yields a result set that looks like this:

DESCRIPTION STATE COUNT TOTAL
Cereal NJ 2 14.1
Cereal NY 2 4.88
Cookies NJ 2 5.74
Cookies NY 2 11.32
Soda NY 2 5.4

You can also apply a HAVING clause to the entire result set by omitting the GROUP
BY clause. In this case, the DBMS treats the entire table as one group, so there is at
most one result row. If the HAVING condition is not true for the table as a whole, no
rows will be returned.

HAVING enables you to use aggregate functions in a comparison statement,
providing for aggregate functions what WHERE provides for individual rows.

Using Indexes to Improve the Efficiency of SQL Queries

You can improve database performance significantly by using indexes. An index is a
structure that provides a quick way to look up specific items in a table or view. In
effect, an index is an ordered array of pointers to the rows in a table or view.

When you assign a unique id to each row as a key, you are predefining an index for
that table. This makes it much faster for the DBMS to look up items by id, which is
commonly required when you are doing joins on the id column.

SQL's CREATE INDEX statement allows you to add an index for any desired column
or group of columns. If you need to do a search by customer name, for example, the
fact that the table has a built-in index on the primary key doesn't help, so the DBMS
has to do a brute force search of the entire table to find all customer names matching
your query. If you plan on doing a lot of queries by customer name, itobviously
makes sense to add an index to the customer name column or columns. Otherwise,
the task is like looking up names in a phone list that hasn't been alphabetized.

The SQL command to add an index uses the CREATE INDEX key word, specifying a
name for the index and defining the table name and the column list to index. Here's
an example:

CREATE INDEX STATE_INDEX ON MEMBER_PROFILES(STATE);

To remove the index, use the DROP INDEX command as follows:
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DROP INDEX MEMBER_PROFILES.STATE_INDEX;

Notice how the name of the index has to be fully defined by prefixing it with the name
of the table to which it applies.

Formatting SQL Commands

The SQL engine ignores excess whitespace, so you can and should insert line breaks
for clarity. Conventionally major clauses such as the FROM clause and the WHERE
clause are placed on their own lines, unless the command is so brief as to be trivial. A
good basic approach when you are not quite sure how to format a command is to go
for readability.

Key words, table names, and column names are not case-sensitive, but the contents
of the records within a table are case-sensitive. This means that with a little thought,
you can use case to help make your SQL statements more readable.

Caution Although SQL ignores case in commands, table names, column
names, and so on, case can matter when you are using a hame in a
WHERE clause, so 'Corleone’ and 'CORLEONE' are not necessarily
the same.

Using SQL Joins

Recall that the information in a practical database is usually distributed across several
different tables, each of which contains sets of logically related data. The example
introduced in Chapter 1 represents a typical database containing the four following
tables:

= Customers contains customer humber, name, shipping address, and billing information.
= Inventory contains item number, name, description, cost, and quantity on hand.

= Orders contains order number, customer number, order date, and ship date.

= Ordered_Items contains order number, item number, and quantity.

When a customer places an order, an entry is made in the Orders Table, assigning an
order number and containing the customer number and the order date. Then entries
are added to the Ordered_Items Table, recording order number, item number and
guantity. To fill a customer order, combine the necessary information from each of
these tables.

A few rows of each of these tables are shown in Tables 3-10 through 3-13.

Table 3-10: Customer Table
Customer_Number |First_Name Ml Last_Name |Street City State |Zip
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Table 3-10: Customer Table

Customer_Number |First_Name Ml

100
101
102

Table 3-11: Inventory Table

ltem_Number
1001
1002
1005
1006
1008

1010

Table 3-12: Orders Table

Order_Number
2

3

Table 3-13: Ordered Items Table

ID

5000

5001

5004

5005

Order_Number
2
2
3

3

Item_Number

1001

1004

1006

1009

Last Name |Street City State |Zip
Michael A Corleone 123 Pine  |[New York NY 10006
Fredo X Corleone |17 Main New York NY 10007
sSonny A Corleone 123 Walnut Newark NJ 12346
Name Description Qty Cost
Corn Flakes Cereal 130 1.95
Rice Krispies Cereal 97 1.87
Chocolate Chip Cookies 217 1.26
Fig Bar Cookies 162 1.57
Cola Soda 144 0.61
Orange Soda Soda 84 0.71
Customer_Number Order_Date Ship_Date
101 12/8/01 12/10/01
103 12/9/01 12/11/01

Qty

One of the most powerful features of SQL is its ability to combine data from several
different tables using the JOIN statement. Using JOINS, you are able to produce a
detailed invoice showing the customer name, shipping address, and billing
information, with a detailed list of the items ordered, including description, quantity,
unit price, and extended price ( unit price * quantity ).

Using keys in a JOIN
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The most important thing to understand when discussing SQL JOINS is the use of
primary and foreign keys. Database-management systems use the two following
kinds of keys:

] Primary keys
= Foreign keys

In each of the four tables in the sample database, there is an identifier such as
customer number or item number. These identifiers are the primary keys and are
used to provide a unique reference to a given record. A primary key is a column that
uniquely identifies the rest of the data in any given row. For example, in the
Customers Table, the Customer_Number column uniquely identifies that customer.
For this to work, no two rows can have the same key or, in this instance,
Customer_Number.

A foreign key is a column in a table where that column is a primary key of another
table. For example, the Orders Table contains one column for Order_Number, which
is the primary key for the Orders Table, and another column for the
Customer_Number, which is a foreign key. In effect, the foreign key acts as a pointer
to a row in the Customers Table.

The purpose of these keys is to establish relationships across tables, without having
to repeat data in every table. This concept encapsulates the power of relational
databases.

Accessing data from multiple tables with Equi-Joins

SQL Joins work by matching up equivalent columns in different tables by comparing
keys. The most common type of Join is an Equi-Join, where you look for items in one
table which have the same item number as items in another.

Writing SQL JOIN Commands

There are two ways to write SQL JOIN statements. The first is through the specific
use of the key word JOIN:

SELECT First_Name, Last_ Name, Order_Number
FROM CUSTOMERS c INNER JOIN
ORDERS 0 ON c.Customer_Number = o.Customer_Number;

This statement will return exactly the same results as the short form:

SELECT First_Name, Last_Name, Order_Number
FROM CUSTOMERS ¢, ORDERS o
WHERE c.Customer_Number = 0.Customer_Number;
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The result set which will be returned by either statement is:

First Name Last_Name Order_Number
Fredo Corleone 2
Francis Corleone 3
Vito Corleone 4
Kay Adams 5

For example, the Ordered Items Table provides a link between the order number and
the items in the Inventory Table. To get a detailed list of the inventory items
corresponding to order number 2, you can write the following SQL JOIN command:

SELECT Orders.Order_number, Ordered_Items.ltem_number,
Ordered_Items.Qty, Inventory.Name,
Inventory.Description

FROM Orders, Ordered_lItems, Inventory

WHERE Orders.order_number = Ordered_Items.order_number AND
Inventory.ltem_Number = Ordered_Items.ltem_Number AND

Orders.order_number = 2;

Notice how the columns used in the WHERE clause comparison are the key columns
of the various tables. This yields the following ResultSet:

Order_number Item_number Qty Name Description
2 1001 2 Corn Flakes Cereal
2 1004 1 Oatmeal Cereal

Non-Equi-Joins

In addition to Equi-Joins, you can do Non-Equi-Joins, Joins where the relationship is
not equal, though they are not very common. For example, since there are only two
orders in the Orders Table, you can get the other order using the Non-Equi-Join, as

shown here:

SELECT c.Last_ Name + ', ' + c.First. Name AS Customer, 0i.Qty,
i.Name, i.Description, i.Cost * 1.6 AS Price_Each,
i.Cost * 1.6 * 0i.Qty AS Price

FROM Orders o, Customers ¢, Ordered_Items oi, Inventory i

WHERE 0.0Order_number = 0i.Order_number AND
c.Customer_Number = o.Customer_Number AND
i.ltem_Number = oi.ltem_Number AND o0.Order_number <> 2;
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Inner and Outer Joins

The Joins discussed so far have been Inner Joins. An Inner Join exists between two
tables and includes only rows with matching rows in the both tables. The easiest way
to understand the terminology of Inner and Outer Joins is to look at Figure 3-1, where
the Customer_Number columns in the Customers and Orders Tables have been
overlapped or "Joined."

Firsl_Mame WM Last_Mame Customer Order Crdes_Deat Ship_Drate
Husnber  Mumber
Michasl A Codleons [ 101
Fredo X Corleors | 102
Sonny A Corleorse | 103
Francis ¥ Corleors | 104
Wit G Coteors 105
B Hagen 106
Ky K Adarmg 107
F  Coppaola 108
S Puzo 109

3 12An 1219140
4 1280 124140

2 1A 120001
5 12001 121201

Figure 3-1: Tables joined on customer number

The two tables are shown in the rounded boxes; the joined fields are shaded.

Using an Inner Join, as shown in the last example, you can only list customers who
have placed an order, so their customer numbers fall into the shaded area of
Figure3-1. If you want a list of all customers, together with the dates of any orders
they have placed, you can't get there with an Inner Join.

An Outer Join can include not only records that are inside the union of the sets or
tables but records that are outside the union of the sets. In other words, in addition to
the set members that share customer numbers, you can get customers in the lower,
or "Outer," part of the joined tables.

These are the three different types of Outer Joins:

» LEFT OUTER JOIN (*=)
= RIGHT OUTER JOIN (=%
»  FULL OUTER JOIN

The terms LEFT, RIGHT, and FULL describe which of the tables' unmatched columns
to include in the Join relative to the order in which the tables appear in the JOIN
command.

LEFT OUTER JOIN

The LEFT OUTER JOIN operator includes all rows from the left side of the join. This
includes all the customers who have not placed any orders, as shown here:

SELECT c.Last_Name, c.First. Name, 0.Order_Date
FROM Customers ¢ LEFT OUTER JOIN
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Orders o0 ON c.Customer_number = o.Customer_Number;

The result set this query generates is shown in Table 3-14. Note the NULLS listed
under order date where the customer hasn't actually placed an order.

Table 3-14: Results of Left Outer Join

Last_Name First_Name Order_Date
Corleone Michael <NULL>
Corleone Fredo 12/8/01
Corleone Sonny <NULL>
Corleone Francis 12/9/01
Corleone Vito 12/9/01
Hagen Tom <NULL>
Adams Kay 12/10/01
Coppola Francis <NULL>
Puzo Mario <NULL>

RIGHT OUTER JOIN

It is important to note that "left" and "right" are completely dependent on the order of
the tables in the SQL statement, so you can turn this into a RIGHT OUTER JOIN by
reversing the order of the tables in the JOIN command. Here's an example:

SELECT c.Last_ Name + ', ' + c.First_ Name AS Customer,
0.Order_Date

FROM ORDERS o RIGHT OUTER JOIN
CUSTOMERS c ON c.customer_number = o.customer_number;

OUTER JOIN commands can also be written in a shorthand similar to the form we
use for our INNER JOIN. The form for the LEFT OUTER JOIN uses the "*=" operator,

as shown here:

SELECT c.Last_ Name + ', ' + c.First. Name AS Customer,
0.0Order_Date

FROM CUSTOMERS c, ORDERS o

WHERE c.customer_number *= o.customer_number;

The form for the RIGHT OUTER JOIN uses the "=*" operator as follows:
SELECT c.Last_ Name + ', ' + c.First_ Name AS Customer,
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0.Order_Date
FROM ORDERS o0, CUSTOMERS ¢
WHERE o.customer_number =* c.customer_number;
Note In the shorthand version, the type of JOIN depends on both the order of
the tables in the FROM clause and the position of the asterisk in the *=
operator.

FULL OUTER JOIN

A "full outer join" includes all unmatched rows from both tables in the result. For
example, to find any orders in the Orders Table with customer humbers that do not
match any entries in our Customers Table, you can execute a Full Outer Join to show
all the entries in both tables. Here's an example:

SELECT c.Last_Name, c.First. Name, 0.Order_Date
FROM Customers ¢ FULL OUTER JOIN
Orders o0 ON c.Customer_number = o.Customer_Number;

The result set generated by this join is the same as the results shown in Table 3-14,
since all orders have a corresponding customer. However, if, for some reason, an
order placed on 12/12/01existed in the Orders Table with no corresponding entry in
the Customers Table, the additional row shown at the bottom of Table 3-15 would be
generated.

Table 3-15: Results of FULL OUTER JOIN

Last_Name First_ Name Order_Date
Corleone Michael <NULL>
Corleone Fredo 12/8/01
Corleone Sonny <NULL>
Corleone Francis 12/9/01
Corleone Vito 12/9/01
Hagen Tom <NULL>
Adams Kay 12/10/01
Coppola Francis <NULL>
Puzo Mario <NULL>
<NULL> <NULL> 12/12/01

Using NOT EXISTS
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Now you know how to use INNER JOINS to find records from two tables with
matching fields, and how to use OUTER JOINS to find all records, matching or
nonmatching. Next, consider a case in which you want to find records from one table
that don't have corresponding records in another.

Using the Customers and Orders Tables again, find all the customers who have not
placed an order. The way to do this is to find customer records with customer
numbers that do not exist in the Orders Table. This is done using NOT EXISTS:

SELECT c.Last_ Name + ', ' + c.First_ Name AS Customer
FROM CUSTOMERS ¢
WHERE NOT EXISTS
(SELECT *
FROM orders o
WHERE o.customer_number = c.customer_number);

Self-joins

A self-join is simply a normal SQL join that joins a table to itself. You use a self-join
when rows in a table contain references to other rows in the same table. An example
of this situation is a table of employees, where each record contains a reference to
the employee's supervisor by Employee_ID. Since the supervisor is also an
employee, information about the supervisor is stored in the Employees Table, as
shown in Table 3-16, so you use a self-join to access it.

Table 3-16: Employees Table

EMPLOYEE_ID FIRST_NAME LAST_NAME SUPERVISOR
100 Michael Corleone 104

101 Fredo Corleone 100

102 Sonny Corleone 100

103 Francis Corleone 100

104 Vito Corleone 99

105 Tom Hagen 100

106 Kay Adams 100

107 Francis Coppola 100

108 Mario Puzo 100

Since a join implicitly requires two table names, identifying the tables to be joined, you
can create a self-join by using table-name aliases to give each reference to the table
a separate name. To get a list of employees and their supervisors, create a self-join
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by creating two separate references to the Employees Table, using two different
aliases:

SELECT e.Last_Name, e.First_ Name,

boss.Last Name + ', ' + boss.First_ Name AS Boss
FROM EMPLOYEES e, EMPLOYEES boss
WHERE e.supervisor = boss.employee_id

The preceding SQL code is effectively creating what looks like two identical tables, E
and Boss, and joining them using an Inner Join. This approach allows you to get the
employee information from one reference to the table and supervisor information from
the other, as shown here:

Last_Name First_Name Boss

Corleone Michael Corleone, Vito
Corleone Fredo Corleone, Michael
Corleone Sonny Corleone, Michael
Corleone Francis Corleone, Michael
Hagen Tom Corleone, Michael
Adams Kay Corleone, Michael
Coppola Francis Corleone, Michael

You can turn this into an Outer Self-Join very easily, as follows:

SELECT e.last_name, e.first_name,

boss.last name + ', ' + boss.first_name AS Boss
FROM EMPLOYEES e, employees boss
WHERE e.supervisor *= boss.employee _id;

This returns one additional row, since the Employee_ID of Vito's supervisor does not
appear in the Employees Table. His boss appears as <NULL>, as shown here:

Last_Name First_Name Boss

Corleone Michael Corleone, Vito
Corleone Fredo Corleone, Michael
Corleone Sonny Corleone, Michael
Corleone Francis Corleone, Michael
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Last Name
Corleone
Hagen
Adams

Coppola

First Name
Vito
Tom
Kay

Francis

Boss

<NULL>
Corleone, Michael
Corleone, Michael

Corleone, Michael

Cartesian Products

Cartesian products, or cross products, are something you normally want to avoid.
The Cartesian product of a Join occurs when every record in one table is joined on
every record of the other, so the Cartesian product of two tables 100-rows long is

10,000 rows.

Cartesian products are normally an error, caused by a bad or nonexistent WHERE
clause. In the case of a small table like the ones in our examples, this is not a
major problem; but on a large database, the time taken to generate cross products

of thousands of rows can be significant.

Using the UNION Operator to Combine Queries

Another way to combine data from two separate sources is to use the UNION
operator. The default action of the UNION operator is to combine the results of two or
more queries into a single query and to eliminate any duplicate rows. When ALL is

used with UNION, duplicate rows are not eliminated.

In the following example, the first query returns the names and addresses of all the
Corleones; the second returns all customers in New Jersey. The UNION operator
combines the results, removing the duplicate records that are generated for

Corleones in New Jersey:

SELECT First_Name, Last_Name, Street, City, State
FROM Customers

WHERE Last_Name = 'Corleone’

UNION

SELECT First_Name, Last_Name, Street, City, State
FROM Customers
WHERE State = 'NJ'

ORDER BY Last_Name, First_Name;
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You can use ORDER BY, as shown, to sort the combined answer set by adding the
ORDER BY clause after the last query. Here is the result:

First_ Name Last_Name Street City State
Kay Adams 109 Maple Newark NJ
Francis Corleone 17 Main New York NY
Fredo Corleone 19 Main New York NY
Michael Corleone 123 Pine New York NY
Sonny Corleone 123 Walnut Newark NJ
Vito Corleone 23 Oak St Newark NJ
Tom Hagen 37 Chestnut Newark NJ

You do not have to use the same columns in each query. Only the column counts and
column types need to match. However, if you create a UNION of two result sets with
different columns, you have to apply the ORDER BY clause using the column
number.

EXCEPT operator

The EXCEPT operator creates a result set by including all rows that the first query
returns but not rows that the second query returns. The default version eliminates all
duplicate rows; EXCEPT ALL does not. The following statement will return the names
and addresses of all Corleones except those living in New Jersey:

SELECT First_Name, Last_Name, Street, City, State
FROM Customers

WHERE Last_Name = 'Corleone'

EXCEPT

SELECT First_Name, Last_Name, Street, City, State
FROM Customers

WHERE State = 'NJ'

INTERSECT operator

The INTERSECT operator creates a result set by including only rows that exist in
both queries and eliminating all duplicate rows. When you use ALL with INTERSECT,
the duplicate rows are not eliminated. The following statement will return the names
and addresses of Corleones living in New Jersey:

SELECT First_Name, Last_Name, Street, City, State
FROM Customers
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WHERE Last_Name = 'Corleone’

INTERSECT

SELECT First_Name, Last_Name, Street, City, State
FROM Customers

WHERE State = 'NJ';

Data Control Language

The Data Control Language (DCL) provides the tools to manage the database and
control such aspects as user-access privileges. Since a database usually represents
a significant investment in time and effort, managing users is an important aspect of
database management.

A user is anyone who has access to the database. Users can be granted different
privileges, ranging from read-only access to a limited portion of the database, all the
way up to unlimited access to the entire RDBMS.

Managing Users

To add individual users to a database, the database administrator must create
database users. This is done using the CREATE USER command. When you create
a user, you can assign a password, certain basic permissions and an expiration date,
all in one command. You can also add the user to an existing user group.

After creating a user, you may need to modify his or her privileges, perhaps to add the
right to modify or delete certain tables or to change the user's password. These
functions are handled using the ALTER USER command.

Finally, you may need to remove an individual's access to the database entirely. This
is done using the DROP USER command.

User privileges

Relational Database Management Systems define sets of privileges that can be
assigned to users. These privileges correspond to actions that can be performed on
objects in the database. User privileges can be assigned at two different levels. Users
can be restricted both at the level of the types of actions they can perform, such as
READ, MODIFY, or WRITE, and at the level of the types of database objects they can
access.

Access-level privileges can generally be assigned at the following levels:

= Global level access to all databases on a given server
= Database level access to all tables in a given database
= Table-level access to all columns in a given table
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= Column-level access to single columns in a given table

Normally, the management of user privileges is an administrative function that the
database administrator handles.

Frequently, user privileges are assigned by defining a user's role. Database roles are
simply predefined sets of user privileges. Like users, user groups and roles are
managed using SQL commands. Most RDBMSes support the following roles or their
equivalents:

= Owner — A user who can read or write data and create, modify, and delete the database or its
components

= Writer — A user who is allowed to read or write data

" Reader — Someone who is allowed to read data but not write to the database

= Public — The lowest possible in terms of privileges

User roles are a neat administrative feature designed to save time for the database
administrator. Like groups, roles can be defined by the database administrator as
required.

Managing user groups

In addition to defining individual users, many systems allow the database
administrator to organize users into logical groups with the same privileges. Groups
are created in much the same way as individual users. The general syntax for
CREATE GROURP is as follows:

CREATE GROUP group_name WITH USER userl, user2

Like users, groups are dropped using the DROP command, as shown here:

DROP GROUP group_name

To add a user to a group, use the ALTER GROUP ADD command; to delete users,
use the ALTER GROUP DROP command, as shown here:

ALTER GROUP group_name ADD USER username], ... ]
ALTER GROUP group_name DROP USER username [, ... ]

A significant difference between adding and dropping groups as opposed to adding
and dropping individual users is that when a group is altered or dropped, only the
group is affected. Any users in a group that is dropped simply lose their membership
in the group. The users are otherwise unaffected. Similarly, when a group is altered
by dropping a user, only the group is affected. The user simply loses his or her
membership in the group but is otherwise unaffected.
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Granting and revoking user privileges

The SQL GRANT command is used to grant users the necessary access privileges to
perform various operations on the database. In addition to granting a user specified
access privileges, the GRANT command can be used to allow the user to grant a
privilege to other users. There is also an option allowing the user to grant privileges
on all subtables and related tables. These two versions of the GRANT command look
like this:

GRANT privilege ON table_name TO user_name;
GRANT SELECT ON PRODUCTS WITH GRANT OPTION TO jdoe;

The REVOKE command is used to revoke privileges granted to a user. Like the
GRANT command, this command can be applied at various leels.

The REVOKE command is used to revoke privileges from users so that they cannot
do certain tasks on the database. Just like the GRANT command, this command can
be applied at various levels. It is important to note that the exact syntax of this
command might differ as per your database. For example, the following command
revokes the SELECT privileges from John Doe, on the Products Table.

REVOKE SELECT ON PRODUCTS FROM jdoe

Creating and Using Stored Procedures

A stored procedure is a saved collection of SQL statements that can take and return
user-supplied parameters. You can think of a stored procedure as a method or
function, written in SQL. There are obviously a number of advantages to using stored
procedures, including:

] Stored procedures are precompiled, so they will execute fast.
= Stored procedures provide a standardised way of performing common tasks.

Almost any SQL statement can be used as a stored procedure. All that is required is
to provide a procedure name and a list of variables:

CREATE PROCEDURE procedure_name
@parameter data_type,
@parameter data_type = default_value,
@parameter data_type OUTPUT

AS
sql_statement [ ...n ]

Variable names are specified using an at sign @ as the first character. Otherwise the
name must conform to the rules for identifiers. Variable names cannot be used in
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place of table names, column names, or the names of other database objects. They
can only be used to pass values to and from the stored procedure.

In addition to the variable name, you must specify a data type. All data types can be
used as a parameter for a stored procedure. You can also specify a default value for
the variable, as shown in the example.

If you want to return a value to the caller, you must specify the variable used for the
returnvalue using the OUTPUT keyword. You can then set this value in the body of
the stored procedure.

The AS keyword is used to identify the start of the SQL statement forming the body of
the stored procedure. A very simple stored procedure with no parameter variables
might look like:

CREATE PROCEDURE LIST_ORDERS_BY_STATE
AS
SELECT
0.0rder_Number,
c.Last Name + ', ' + c.First. Name AS Name,
c.State
FROM Customers c,Orders o
WHERE c.Customer_Number = o.Customer_Number
ORDER BY c.State,c.Last_Name;

To execute this stored procedure, you simply invoke it by name. The following code
shippet shows how:

LIST_ORDERS_BY_STATE;

The stored procedure will return a result set which looks like:

Order_Number Name State
5 Adams, Kay NJ
4 Corleone, Vito NJ
2 Corleone, Fredo NY
3 Corleone, Francis NY

Using Input Parameters in a Stored Procedure

The following code snippet shows how you can use input parameters in a stored
procedure. This particular store procedure was designed to handle the input from an
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HTML form. Notice that the variable names are not required to be the same as the
column names:

CREATE PROCEDURE INSERT_CONTACT_INFO
@FName VARCHAR(20), @MI CHAR(1), @LName VARCHAR(30),
@Street VARCHAR(50), @City VARCHAR(30), @ST CHAR(2),
@ZIP VARCHAR(10), @Phone VARCHAR(20), @Email VARCHAR(50)
AS
INSERT INTO CONTACT _INFO

(First_Name, MI, Last_Name,

Street, City, State, ZIP, Phone, Email)
VALUES

(@FName, @MI, @LName,

@Street, @City, @ST, @ZIP, @Phone, @Email);

The SQL statement used to call this procedure is very similar to the statement shown
in the previous example. The only difference is the use of the input parameters
obtained from the HTML form:

INSERT_CONTACT_INFO 'Charles', 'F', 'Boyer', '172 Michelin’,
'‘Detroit’, 'MI', '76543", '900-555-1234’, ‘charles@boyer.net'

Using Output Parameters in a Stored Procedure

Creating a stored procedure which uses output parameters is also quite
straightforward. The example shows a stored procedure which returns a validation
message when a UserName, Password pair is checked against a table:

CREATE PROCEDURE CHECK_USER_NAME
@UserName varchar(30),
@Password varchar(20),
@PassFail varchar(20) OUTPUT
AS
IF EXISTS(Select * From Customers
WHERE Last_Name = @UserName
AND
First Name = @Password)
BEGIN
SELECT @PassFail = "PASS"
END
ELSE
BEGIN
SELECT @PassFail = "FAIL"
END
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You can check the output from this stored procedure by declaring a variable such as
@PFValue and passing it to the stored procedure as an OUTPUT, as shown below.
In this example, the result is stored to a new table, PWCHECK:

DECLARE @PFValue VARCHAR(20)
EXECUTE CHECK_USER_NAME 'Corleone’, 'Michael', @PFValue OUTPUT
INSERT INTO PWCHECK

VALUES ('Corleone’, 'Michael', @PFValue)

Summary

This chapter provides a brief but fairly comprehensive overview of SQL. You should
now be able to create and populate a database and to use SQL to perform fairly
complex queries.

Specifically, you learn about using SQL when:

] Creating and populating databases and tables
= Querying a database

. Using primary and foreign keys to join tables
= Managing database security

Chapter 4 discusses Java Database Connectivity (JDBC), which enables you to use

your knowledge of SQL in a Java application. Much of the rest of the book explains
how to do this in the context of a variety of practical applications.
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Chapter 4: Introduction to JDBC

In This Chapter

. Understanding DriverManager and different types of JDBC drivers

= Using JDBC DataSources for simple, pooled, and distributed connections
= Using Statements, PreparedStatements, and CallableStatements

= Using transactions, isolation levels, and SavePoints

= Using ResultSets and Rowsets

. Using MetaData

= Mapping of SQL data types in JDBC

JDBC is a Java Database Connectivity API that lets you access virtually any tabular
data source from a Java application. In addition to providing connectivity to a wide
range of SQL databases, JDBC allows you to access other tabular data sources such
as spreadsheets or flat files. Although JDBC is often thought of as an acronym for
Java Database Connectivity, the trademarked API name is actually JDBC.

What Is JDBC?

JDBC is a Java Database Connectivity API that lets you access virtually any tabular
data source from a Java application. In addition to providing connectivity to a wide
range of SQL databases, JDBC allows you to access other tabular data sources such
as spreadsheets or flat files. Although JDBC is often thought of as an acronym for
Java Database Connectivity, the trademarked APl name is actually JDBC.

JDBC defines a low-level API designed to support basic SQL functionality
independently of any specific SQL implementation. This means the focus is on
executing raw SQL statements and retrieving their results. JDBC is based on the
X/Open SQL Call Level Interface, an international standard for programming access
to SQL databases, which is also the basis for Microsoft's ODBC interface.

The JDBC 2.0 API includes two packages: java.sql, known as the JDBC 2.0 core API,
and javax.sgl, known as the JDBC Standard Extension. Together, they contain the
necessary classes to develop database applications using Java. As a core of the
Java 2 Platform, the JDBC is available on any platform running Java.

The JDBC 3.0 Specification, released in October 2001, introduces several features,
including extensions to the support of various data types, additional MetaData
capabilities, and enhancements to a number of interfaces.

The JDBC Extension Package (javax.sql) was introduced to contain the parts of the
JDBC API that are closely related to other pieces of the Java platform that are
themselves optional packages, such as the Java Naming and Directory Interface
(JNDI) and the Java Transaction Service (JTS). In addition, some advanced features
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that are easily separable from the core JDBC API, such as connection pooling and
rowsets, have been added to javax.sql. Putting these advanced facilities into an
optional package instead of into the JDBC 2.0 core API helps to keep the core JDBC
API small and focused.

The main strength of JDBC is that it is designed to work in exactly the same way with
any relational database. In other words, it isn't necessary to write one program to
access an Oracle database, another to access a Sybase database, another for SQL
Server, and so on. JDBC provides a uniform interface on top of a variety of different
database-connectivity modules. As you will see in Part |l of this book, a single
program written using JDBC can be used to create a SQL interface to virtually any
relational database. The three main functions of JDBC are as follows:

. Establishing a connection with a database or other tabular data source
= Sending SQL commands to the database
= Processing the results

Listing 4-1 provides a simple example of the code required to access an Inventory
database containing a table called Stock, which contains the names, descriptions,
guantities, and costs of various items. The three steps required to use JDBC to
access data are clearly illustrated in the code.

Listing 4-1: Simple example of JDBC functionality

package java_databases.ch04;

import java.sql.*; // imports the JDBC core package

public class JdbcDemo{
public static wid main(String args[]{

int qty;
float cost;
String name;
String desc;
/I SQL Query string
String query = "SELECT Name,Description,Qty,Cost FROM Stock";

try {
Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); // load the JDBC driver

Connection con = DriverManager.getConnection ("jdbc:odbc:Inventory™);
/I get a connection
Statement stmt = con.createStatement();
ResultSet rs = stmt.executeQuery(query); // execute query
while (rs.next()) { // parse the results
name = rs.getString("Name");
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desc = rs.getString("Description™);
qty = rs.getint("Qty");
cost = rs.getFloat("Cost");
System.out.printin(name+", "+desc+"\t: "+qty+"\t@ $"+cost);
}
con.close();
}
catch(ClassNotFoundException e){
e.printStackTrace();
}
catch(SQLException e){
e.printStackTrace();

The example illustrates the following main steps required to access a database and
retrieve data from a ResultSet using the JDBC API:

. Load a JDBC driver.

" Get a connection to the database.
. Create a statement.

. Execute a SQL query.

" Retrieve data from the ResultSet.

The ResultSet provides the methods necessary to loop through the results and get
the individual database fields using methods appropriate to their respective types.
Here's an example:

Steiner 10 x 50 Binoculars 10 $799.95
Steiner 8 x 30 Binoculars 30 $299.95
PYGMY-2 Night Vision Monocular 20 $199.95

The JDBC API defines standard mappings between SQL data types and Java/JDBC

data types, including support for SQL99 advanced data types such as BLOBs and
CLOBs, ARRAYs, REFs, and STRUCTSs.

Note This example uses the JDBC.ODBC bridge. JDBC supports a wide range

of different drivers of four distinctly different types. These are discussed in
the section on driver types later in this chapter.

-112-



Chapter 4:Introduction to JDBC

The JDBC API can be used directly from your application or as part of a multi-tier
server application as shown in the next section.

Two-Tier and Three-Tier Models

The JDBC API supports both two-tier and three-tier models for database access. In
other words, JDBC can either be used directly from your application or as part of a
middle-tier server application.

Two-Tier Model

In the two-tier model, a Java application interacts directly with the database.
Functionality is divided into these two layers:

. Application layer, including the JDBC driver, business logic, and user interface
= Database layer, including the RDBMS

The interface to the database is handled by a JDBC driver appropriate to the
particular database management system being accessed. The JDBC driver passes
SQL statements to the database and returns the results of those statements to the
application.

 — o |
I I 2 DBEMS
[= Clent | i

[ S——
Java Application S JDBC

Figure 4-1: Two-tier client/server configuration

A client/server configuration is a special case of the two -tier model, where the
database is located on another machine, referred to as the server. The application
runs on the client machine, which is connected to the server over a network.
Commonly, the network is an intranet, using dedicated database servers to support
multiple clients, but it can just as easily be the Internet.

Part Il of this book illustrates the use of basic JDBC and SQL functionality in the
context of a basic two-tier application using simple Swing components to create a
generic RDBMS GUI. The inherent flexibility of a Java/JDBC approach to developing
database applications enables you to access a wide range of RDBMS systems,
including Oracle, Sybase, SQL Server, and MySQL as well as MS Office applications,
using this GUI.
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Three-tier Model

In the three-tier model illustrated in Figure 4-2, commands are sent to an application
server, forming the middle tier. The application server then sends SQL statements to
the database. The database processes the SQL statements and sends the results
back to the application server, which then sends them to the client.

2 I | e | | ear
P i - nakiall - i
s Applcabon e - =

Figure 4-2: Three-tier model typical of Web applications

These are some advantages of three-tier architecture:

= Performance can be improved by separating the application server and database server.
= Business logic is clearly separated from the database.
. Client applications can use a simple protocol such as CGI to access services.

The three-tier model is common in Web applications, where the client tier is
frequently implemented in a browser on a client machine, the middle tier is
implemented in a Web server with a servlet engine, and the database management
system runs on a dedicated database server.

The main components of a three-tier architecture are as follows:

= Client tier, typically a thin presentation layer that may be implemented using a Web browser

= Middle tier, which handles the business logic or application logic. This may be implemented
using a servlet engine such as Tomcat or an application server such as JBOSS. The JDBC driver
also resides in this layer.

. Data-source layer, including the RDBMS

Part 1l of this book illustrates additional capabilities of the JDBC API in a three-tier
application that uses a Web browser as the client, an Apache/Tomcat server as the
middle tier, and a relational database management system as the database tier.

SQL Conformance

Although SQL is the standard language for accessing relational databases, different
RDBMS systems support a large number of different dialects of SQL. These
differences range from such minor details as whether a SQL statement needs a
closing semicolon to major variations such as the absence of support for stored
procedures or some types of joins in some database systems.
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Another major difference is that many database management systems offer a lot of
advanced functionality that SQL standards do not cover. These advanced features
may be implemented in ways that are not consistent across different database
systems. A very important design requirement of the JDBC API is that it must support
SQL as it is rather than as the standards define it.

One way the JDBC API deals with this problem is by allowing any SQL String to be
passed to an underlying DBMS driver. This feature means that an application is free
to use whatever functionality a given DBMS might offer. The corollary is that some
database management systems return an error response to some commands.

The JDBC API supports this ability to pass any SQL String to a database
management system through an escape mechanism that provides a standard JDBC
syntax for several of the more common areas of SQL divergence. For example, there
are escapes for date literals and for stored procedure calls.

An additional support mechanism is provided by way of the DatabaseMetaData
interface, which provides descriptive information about the DBMS. This is especially
useful in cross-platform applications, where it can help you to adapt your application
to the requirements and capabilities of different database management systems.

Just as there are variations in the implementation of the SQL standard, there can be
variations in the level of a JDBC driver's compliance to the definition of the API. The
concept of JDBC compliance is discussed in the next section.

JDBC Compliance

Sun created the "JDBC COMPLIANT™" designation to indicate that you can rely on a
vendor's JDBC implementation to conform to a standard level of JDBC functionality.
Before a vendor can use this designation, the vendor's driver must pass Sun's JDBC
conformance tests. These conformance tests check for the existence of all of the
classes and methods defined in the JDBC API, and, as far as possible, they check
that the SQL Entry Level functionality is available.

The java.sql.Driver method jdbcCompliant() reports whether the driver is JDBC
Compliant. A driver may only report "true" when this method is called if it passes the
JDBC compliance tests; otherwise, it is required to return false. This method is not
intended to encourage the development of nonrJDBC compliant drivers. It exists
merely in recognition of the fact that some vendors are interested in using the JDBC
API and framework for lightweight databases that do not support full database
functionality or for special databases such as document-information retrieval, where a
SQL implementation may not be feasible.

Sun defines the three following levels of JDBC compliance:
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= JDBC 1.0 API Compliance, which requires implementation of the following interfaces:

. java.sql.Driver

. java.sgl.DatabaseMetaData (excluding those portions defined in the JDBC 2.0 and 3.0
extensions)

" java.sgl.ResultSetMetaData (excluding portions defined in the JDBC 2.0 and 3.0
extensions)

. java.sgl.Connection

. java.sgl.Statement

" java.sgl.CallableStatement

" java.sgl.PreparedStatement

. java.sql.ResultSet

= JDBC 2.0 API Compliance, which requires:

" JDBC 1.0 API Compliance
" Full implementation of the DatabaseMetaData interface extensions defined in JDBC 2.0
. Implementation of additional JDBC 2.0 ResultSet methods
= JDBC 3.0 API Compliance, which requires:
. JDBC 2.0 API Compliance
. Implementation of java.sql.ParameterMetaData
" Implementation of java.sql.Savepoint
" Full implementation of the DatabaseMetaData interface extensions defined in JDBC 3.0

Driver developers can ascertain that their drivers meet the JDBC Compliance
standards by using the test suite available with the JDBC API.

Having discussed how variations in SQL implementations, and variations in JDBC
compliance are handled, it is time to move on to the actual workings of the JDBC API.
The next section discusses how JBC actually works.

How Does JDBC Work?

The key interfaces in the JDBC Core API are as follows:

= java.sgl.DriverManager. In addition to loading JDBC drivers, the DriverManager is responsible
for returning a connection to the appropriate driver. When getConnection() is called, the
DriverManager attempts to locate a suitable driver for the URL provided in the call by polling the
registered drivers.

. java.sql.Driver. The Driver object implements the acceptsURL(String url)method, confirming its
ability to connect to the URL the DriverManager passes.

= java.sgl.Connection. The Connection object provides the connection between the JDBC API and
the database management system the URL specifies. A Connection represents a session with a
specific database.

= java.sgl.Statement. The Statement object acts as a container for executing a SQL statement on
a given Connection.
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= java.sqgl.ResultSet. The ResultSet object controls access to the results of a given Statement in a
structure that can be traversed by moving a cursor and from which data can be accessed using a
family of getter methods.

The DriverManager

The java.sql.DriverManager provides basic services for managing JDBC drivers.
During initialization, the DriverManager attempts to load the driver classes referenced
in the "jdbc.drivers" system property. Alternatively, a program can explicitly load
JDBC drivers at any time using Class.forName(). This allows a user to customize the
JDBC drivers their applications use.

A newly loaded driver class should call registerDriver() to make itself known to the
DriverManager. Usually, the driver does this internally.

When getConnection() is called, the DriverManager attempts to locate a suitable
driver from among those loaded at initialization and those loaded explicitly using the
same classloader as the current applet or application. It does this by polling all
registered drivers, passing the URL of the database to the drivers' acceptsURL()
method.

There are three forms of the getConnection() method, allowing the user to pass
additional arguments in addition to the URL of the database:

public static synchronized Connection getConnection(String url) throws
SQLException
public static synchronized Connection getConnection(String url,
String user,
String password)
throws SQLEXxception

public static synchronized Connection getConnection(String url,
Properties info)
throws SQLException
Note When searching for a driver, JDBC uses the first driver it finds that can
successfully connect to the given URL. It starts with the drivers specified
in the sql.drivers list, in the order given. It then tries the loaded drivers in
the order in which they are loaded.

JDBC drivers

To connect with individual databases, JDBC requires a driver for each database.
JDBC drivers come in these four basic varieties.

= Types 1 and 2 are intended for programmers writing applications.
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= Types 3 and 4 are typically used by vendors of middleware or databases.

A more detailed description of the different types of drivers follows.

JDBC driver types

The four structurally different types of JDBC drivers are as follows:

= Type 1: JDBC-ODBC bridge plus ODBC driver
. Type 2: Native-API partly Java driver

= Type 3:JDBC-Net pure Java driver

= Type 4: Native-protocol pure Java driver

These types are discussed in the following sections.

Type 1: JDBC-ODBC bridge plus ODBC driver

The JDBC-ODBC bridge product provides JDBC access via ODBC drivers. ODBC
(Open Database Connectivity) predates JDBC and is widely used to connect to
databases in a non-Java environment. ODBC is probably the most widely available
programming interface for accessing relational databases.

The main advantages of the JDBC-ODBC bridge are as follows:

= It offers the ability to connect to almost all databases on almost all platforms.
= It may be the only way to gain access to some low-end desktop databases and applications.

Its primary disadvantages are as follows:

= ODBC drivers must also be loaded on the target machine.
] Translation between JDBC and ODBC affects performance.

Type 2: Native-API partly Java driver

Type 2 drivers use a native APl to communicate with a database system. Java native
methods are used to invoke the API functions that perform database operations.

A big advantage of Type 2 drivers is that they are generally faster than Type 1 drivers.
The primary disadvantages of Type 2 drivers are as follows:

= Type 2 drivers require native code on the target machine.
] The Java Native Interface on which they depend is not consistently implemented amongdifferent
vendors of Java virtual machines.

Type 3:JDBC-Net pure Java driver
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Type 3 drivers translate JDBC calls into a DBMS independent net protocol that is then
translated to a DBMS protocol by a server.

Advantages of Type 3 drivers are the following:

= Type 3 drivers do not require any native binary code on the client.
] Type 3 drivers do not need client installation.
= Type 3 drivers support several networking options, such as HTTP tunneling.

A major drawback of Type 3 drivers is that they can be difficult to set up since the
architecture is complicated by the network interface.

Type 4: Native-protocol pure Java driver

The Type 4 driver is a native protocol, 100-percent Java driver. This allows direct
calls from a Java client to a DBMS server. Because the Type 4 driver is written in
100-percent Java, it requires no configuration on the client machine other than telling
your application where to find the driver. This allows a direct call from the client
machine to the DBMS server. Many of these protocols are proprietary, so these
drivers are provided by the database vendors themselves.

Native protocol pure Java drivers can be significantly faster than the JDBC ODBC
bridge. In Part Il of this book, performance of the Opta2000 driver from FNet is
compared with the performance of the JDBC-ODBC bridge in a simple SQL Server
application. Although this comparison is not intended to be anything more than a
trivial indicator of the difference between the two, the Opta2000 driver's performance
IS clearly faster.

Cross-Reference  To learn more about available drivers, you can visit the Web
site Sun maintains at:

http://java.sun.com/products/jdbc/industry.html

This Web site provides an up-to-date listing of JDBC-driver
vendors.

JDBC DataSource

The DataSource interface, introduced in the JDBC 2.0 Standard Extension API, is
now, according to Sun, the preferred alternative to the DriverManager class for
making a connection to a particular source of data. This source can be anything from
a relational database to a spreadsheet or a file in tabular format.

A DataSource object can be implemented in these three significantly different ways,
adding important and useful capabilities to the JDBC API:
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= The basic DataSource that produces standard Connection objects that are not pooled or used in
a distributed transaction

= A DataSource that supports connection pooling. Pooled connections are returned to a pool for
reuse by another transaction.

= A DataSource that supports distributed transactions accessing two or more DBMS servers

With connection pooling, connections can be used over and over again, avoiding the
overhead of creating a new connection for every database access. Reusing
connections in this way can improve performance dramatically, since the overhead
involved in creating new connections is substantial.

Distributed transactions are discussed later in this chapter. They involve tables on
more than one database server. The JDBC DataSource can be implemented to
produce connections for distributed transactions. This kind of DataSource
implementation is almost always implemented to produce connections that are
pooled as well.

DataSource objects combine portability and ease of maintenance with the ability to
provide connection pooling and distributed transactions. These features make
DataSource objects the preferred means of getting a connection to a data source.

DataSources and the Java Naming and Directory Interface

A DataSource object is normally registered with a Java Naming and Directory
Interface (JNDI) naming service. This means an application can retrieve a
DataSource object by name from the naming service independently of the system
configuration.

JNDI provides naming and directory functionality to Java applications. It is defined to
be independent of any specific directory-service implementation so that a variety of
directories can be accessed in a common way.

The JNDI naming services are analogous to a file directory that allows you to find and
work with files by name. In this case, the JNDI naming service is used to find the
DataSource using the logical name assigned to it when it is registered with the JNDI
naming service.

The association of a name with an object is called a binding. In a file directory, for
example, a file name is bound to a file. The core JNDI interface for looking up, binding,

unbinding, renaming objects, and creating and destroying subcontexts is the Context
interface.

Context interface methods include the following:

= bind(String name,Object obj) — Binds a name to an object
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= listBindings(String name)— Enumerates the names bound in the named context, along with the
objects bound to them.
. lookup(String name)— Retrieves the named object

Obviously, using JNDI improves the portability of an application by removing the need
to hard code a driver name and database name, in much the same way as a file
directory improves file access by overcoming the need to reference disk cylinders and
sectors.

Deploying and Using a Basic Implementation of DataSource

A JDBC DataSource maintains information about how to locate the data as a set of
properties, such as the data-source name, the server name on which it resides, and
the port number.

Deploying a DataSource object consists of three tasks:

] Creating an instance of the DataSource class
= Setting its properties
. Registering it with a INDI naming service

The first step is to create the BasicDataSource object and set the ServerName,
DatabaseName, and Description properties:

com.dbaccess.BasicDataSource ds = new com.dbaccess.BasicDataSource();
ds.setServerName("jupiter");

ds.setDatabaseName("CUSTOMERS");

ds.setDescription("Customer database");

The BasicDataSource object is now ready to be registered with a JNDI naming
service. The JNDI APl is used in the following way to create an InitialContext object
and to bind the BasicDataSource object ds to the logical name jdbc/customerDB:

Context ctx = new InitialContext();
ctx.bind("jdbc/customerDB", ds);

The prefix jdbc is a INDI subcontext under the initial context, much like a subdirectory
under the root directory. The subcontext jdbc is reserved for logical names to be
bound to DataSource objects, sojdbc is always the first part of a logical name for a
data source.

To get a connection using a DataSource, simply create a JNDI Context, and supply
the name of the DataSource object to its lookup() method. The lookup() method
returns the DataSource object bound to that name, which can then be used to get a
Connection:
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Context ctx = new InitialContext();

DataSource ds = (DataSource)ctx.lookup(“jdbc/customerDB");

Connection con = ds.getConnection("myUserName”, "myPassword");

Note The BasicDataSource object described repesents a vendor's

implementation of the basic DataSource, which may have a vendor
specific name. The Opta2000 driver, for example, calls it a
TdsDataSource. The Connection object that the basic implementation of
the DataSource.getConnection method returns is identical to a
Connection object that the DriverManager.getConnection method returns.

Using a DataSource object is optional unless you are writing applications that include
connection pooling or distributed transactions. In such cases, as discussed in the
next few paragraphs, the use of a DataSource object with built-in connection pooling
or distributed-transaction capabilities offers obvious advantages.

Connection Pooling

Creating and destroying resources frequently involves significant overhead and
reduces the efficiency of an application. Resource pooling is a common way of
minimizing the overhead of creating a new resource for an operation and discarding it
as soon as the operation is terminated. When resource pooling is used, a resource
that is no longer needed after a task is completed is not destroyed but is added to a
resource pool instead, making it available when required for a subsequent operation.

Because establishing a connection is expensive, reusing connections in this way can
improve performance dramatically by cutting down on the number of new connections
that need to be created.

The JDBC 2.0 API introduces the ConnectionPoolDataSource interface. This object is
a factory for PooledConnection objects. Connection objects that implement this
interface are typically registered with a JNDI service.

To deploy a DataSource object to produce pooled connections, you must first deploy
a ConnectionPoolDataSource object, setting its properties appropriately for the data
source to which it produces connections:

ConnectionPoolDataSource cpds = new ConnectionPoolDataSource();
cpds.setServerName("Jupiter");
cpds.setDatabaseName("CUSTOMERS ");
cpds.setPortNumber(9001);

cpds.setDescription("Customer database");

The ConnectionPoolDataSource object is then registered with the JNDI naming
service:
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Context ctx = new InitialContext();
ctx.bind("jdbc/pool/customerDB ", cpds);
Note  The logical name associated with cpds has the subcontext pool added
under the subcontext jdbc, which is similar to adding a subdirectory to
another subdirectory in a hierarchical file system.

After the ConnectionPoolDataSource object has been registered with a JINDI naming
service, deploy a DataSource object implemented to work with it.

Only two properties need to be set for the DataSource object, since the information
required for connection has already been set in the ConnectionPoolDataSource
object. These are as follows:

] dataSourceName
= description

The dataSourceName is then set to the logical name of the
ConnectionPoolDataSource, as shown here:

PooledDataSource ds = new PooledDataSource();
ds.setDescription("Customer database pooled connection source");
ds.setDataSourceName("jdbc/pool/customerDB *);

Context ctx = new InitialContext();

ctx.bind("jdbc/customerDB", ds);

You have now deployed a DataSource object that an application can use to get
pooled connections to the database.

Caution It is especially important to close pooled connections in a finally block,
so that even if a method throws an exception, the connection will be
closed and put back into the connection pool.

Another situation in which using a DataSource object is required is when you need to
implement distributed transactions. In such cases, as discussed in the next few
paragraphs, the use of a DataSource object with built-in distributed-transaction
capabilities is the best solution.

Distributed Transactions

In a three-tier architecture, it is sometimes necessary to access data from more than
one database server in a distributed transaction. This situation can be handled very
effectively using a DataSource implemented to produce connections for distributed

transactions in the middle tier.

As with connection pooling, two classes must be deployed:
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= An XADataSource, which produces XAConnections supporting distributed transactions
= A DataSource object that is implemented to work with it

DataSources implemented to produce connections for distributed transactions are
almost always implemented to produce connections that are pooled as well. The
XAConnection interface, in fact, extends the PooledConnectioninterface.

The XADataSource object needs to be deployed first. This is done by creating an
instance of XATransactionalDS and setting its properties, as shown here:

XATransactionalDS xads = new XATransactionalDS();
xads.setServerName("Jupiter");
xads.setDatabaseName("CUSTOMERS");
xads.setPortNumber(9001);
xads.setDescription("Customer database");

Next, the XATransctionDS needs to be registered with the JNDI naming service, as
shown here:

Context ctx = new InitialContext();
ctx.bind("jdbc/xa/CustomerDB", xads);
Note  The logical name associated with xads has the subcontext xa added
under the subcontext jdbc, in the same way as the subcontext poolis
added in the connection-pooling example.

Finally, the DataSource object is implemented to interact with xads, and other
XADataSource objects are deployed:

TransactionalDS ds = new TransactionalDS();

ds.setDescription("Customers distributed transaction connections
source");

ds.setDataSourceName("jdbc/xa/CustomerDB ");

Context ctx = new InitialContext();

ctx.bind("jdbc/CustomerDB", ds);

Now that instances of the TransactionalDS and XATransactionalDS classes have
been deployed, an application can use the DataSource to get a connection to the
CUSTOMERS database. This connection can then be used in distributed
transactions. The following code to get the connection is very similar to the code to
get a pooled connection:

Context ctx = new InitialContext();
DataSource ds = (DataSource)ctx.lookup("jdbc/CustomerDB");

Connection con = ds.getConnection("myUserName", "myPassword");
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Distributed Transaction Management

The primary difference between using a regular connection and using a connection
intended for distributed transactions is that all distributed transactions are committed
or rolled back by a separate transaction manager in the middle tier. So the application
should not do anything that can interfere with what the transaction manager is doing.
This means that application code should never call these methods:

. Connection.commit
] Connection.rollback
= Connection.setAutoCommit(true)

A connection created for distributed transactions can, of course, also be used for
nondistributed transactions, in which case these restrictions do not apply.

Note A Connection object that can be used for distributed transactions has its
auto-commit mode turned off by default, unlike a regular connection for
which the default is to have its auto-commit mode turned on.

Connection

A Connection object represents a connection with a database. A connection session
includes the SQL statements that are executed and the results that are returned over
that connection. A single application can have one or more connections with a single
database, or it can have connections with many different databases.

Opening a connection

The standard way to establish a connection with a database is to call the method
getConnection() on either a DataSource or a DriverManager. The Driver method
connect uses this URL to establish the connection.

A user can bypass the JIDBC management layer and call Driver methods directly.
This can be useful in the rare case that two drivers can connect to a database and the
user wants explicitly to select a particular driver. Usually, however, it is much easier to
just let the DataSource class or the DriverManager class open a connection.

Database URLSs

A URL (Uniform Resource Locator) is an identifier for locating a resource on the
Internet. It can be thought of as an address. A JDBC URL is a flexible way of
identifying a database so that the appropriate driver recognizes it and establishes a
connection with it. JDBC URLSs allow different drivers to use different schemes for
naming databases. The odbc subprotocol, for example, lets the URL contain attribute
values.
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The standard syntax for JDBC URLs is shown here:

jdbc:<subprotocol>:<subname>

The three parts of a JDBC URL are broken down as follows:

= Jdbc — The protocol. The protocol in a JDBC URL is always jdbc.

= <subprotocol> — The name of the driver or connectivity mechanism, which may be supported by
one or more drivers

= <subname> — A unique identifier for the database

For example, this is the URL to access the contacts database through the
JDBC-ODBC bridge:

jdbc:odbc:contacts

The odbc subprotocol

The odbc subprotocol has the special feature of allowing any number of attribute
values to be specified after the database name, as shown here:

jdbc:odbc:<data-source-name>[;<attribute-name>=<attribute-value>]*

Attributes passed in this way may include user id and password, for example.

Having established a connection to the database, you are now in a position to
execute a SQL statement. The next section discusses SQL statements.

SQL Statements

Once a connection is established, it is used to pass SQL statements to the database.
Since there are no restrictions imposed on the kinds of SQL statements that may be
sent to a DBMS using JDBC, the user has a great deal of flexibility to use
database-specific statements or even non-SQL statements.

The JDBC core API provides these three classes for sending SQL statements to the
database:

= Statement. A Statement object is used for sending simple SQL statements. Statements are
created by the method createStatement().

= PreparedStatement. A PreparedStatement is a SQL statement that is precompiled and stored in
a PreparedStatement object. This object can then be used to execute this statement multiple
times.

= CallableStatement. CallableStatement is used to execute SQL stored procedures.
CallableStatements are created by the method prepareCall().
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Statement

A Statement object is used for executing a static SQL statement and obtaining the
results it produces. Statement defines these three methods for executing SQL
statements, which handle SQL commands returning different kinds of results:

] executeUpdate(String sql): Execute a SQL INSERT, UPDATE, or DELETE statement, which
returns either a count of rows affected or zero.

. executeQuery(String sql): Execute a SQL statement that returns a single ResultSet.

= execute(String sql): Execute a SQL statement that may return multiple results.

The executeUpdate method is used for SQL commands such as INSERT, UPDATE,
and DELETE, which return a count of rows affected rather than a ResultSet; or for
DDL commands such as CREATE TABLE, which returns nothing, in which case the
return value is zero.

The executeQuery method is used for SQL queries returning a single ResultSet. The
ResultSet object is discussed in detail later in this chapter.

A significant difference introduced in JDBC 3.0 is the ability for a Statement to have
more than one ResultSet open. If you are using a driver that does not implement
JDBC 3.0, a Statement can have only one ResultSet open at a time; if you need to
interleave data from different ResultSets, each must be generated by a different
Statement; otherwise, any execute method closes the current ResultSet prior to
executing.

The execute method is used to execute a SQL statement that may return multiple
results. In some situations, a single SQL statement may return multiple ResultSets
and/or update counts. The execute method returns boolean true if the SQL statement
returns a ResultSet and false if the return is an update count. The Statement object
defines the following supporting methods:

= getMoreResults
= getResultSet
. getUpdateCount

These methods let you navigate through multiple results. You can use getResultSet()
or getUpdateCount() to retrieve the result and getMoreResults() to move to any
subsequent results.

An example of the use of a simple statement is shown in Listing 4-1.

PreparedStatement
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PreparedStatements are nothing more than statements that are precompiled.
Precompilation means that these statements can be executed more efficiently than
simple statements, particularly in situations where a Statement is executed
repeatedly in a loop.

PreparedStatements can contain placeholders for variables known as IN parameters,
which are set using setter methods. A typical setter method looks like this:

public void setObject(int parameterindex, Object x) throws SQLException
An example of this is the following line, which sets integer parameter #1 equal to 2:

pstmt.setint(1, 2);

Use of PreparedStatements is fairly intuitive, as shown in Listing 4-2.

Listing 4-2: Using a PreparedStatement

package java_databases.chO4;
import java.sql.*;

public class PreparedStmt{
public static void main(String args[]){
int qty;
float cost;
String name;
String desc;
String query = ("SELECT * FROM Stock WHERE Item_Number = ?";
try {
Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");
Connection con =
DriverManager.getConnection ("jdbc:odbc:Inventory");
PreparedStatement pstmt = con.prepareStatement(query);
pstmt.setint(1, 2);
ResultSet rs = pstmt.executeQuery();
while (rs.next()) {
name = rs.getString("Name");
desc = rs.getString("Description™);
gty = rs.getint("Qty");
cost = rs.getFloat("Cost");
System.out.printin(name+", "+desc+"\t: "+qty+"\t@ $"+cost);
}
}

catch(ClassNotFoundException e){
e.printStackTrace();
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}
catch(SQLException e){

e.printStackTrace();
}

The JDBC PreparedStatement provides setter methods for all SQL data types. The
setter methods used for setting IN parameter values must specify types that are
compatible with the defined SQL type of the input parameter.

You can explicitly convert an input parameter to a particular JDBC type by using the
method setObject. This method can take a third argument, which specifies the target
JDBC type. The driver converts the Java Object to the specified JDBC type before
sending it to the database. If no JDBC type is given, the driver will simply map the
Java Object to its default JDBC type. This allows an application to be generic,
accepting input for a parameter at run time.

The methods setBytes and setString are capable of sending unlimited amounts of
data. You can also handle large amounts of data by setting an IN parameter to a Java
input stream.

JDBC provides these three methods for setting IN parameters to input streams:

] setBinaryStream(for streams containing uninterpreted bytes)
= setAsciiStream (for streams containing ASCII characters)
. setUnicodeStream (for streams containing Unicode characters)

When the statement is executed, the JDBC driver makes repeated calls to the input
stream, reading its contents and sending them to the database as the actual
parameter value.

The setNull method allows you to send a NULL value to the database as an IN
parameter. You can also send a NULL to the database by passing a Java null value
to a setXXX method.

CallableStatement

The CallableStatement object allows you to call a database stored procedure from a
Java application. A CallableStatement object contains a call to a stored procedure; it
does not contain the stored procedure itself, as the stored procedure is stored in the
database. In the example of Listing 4-3, we create and use a stored procedure.

Listing 4-3: Creating and using a stored procedure
package java_databases.ch04;
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import java.sql.*;

public class CallableStmt{
public static void main(String args[]){
int orderNo;
String name;
String storedProc = “"create procedure SHOW_ORDERS_BY_STATE "+
"@State CHAR (2) "+
"as "+
"select c.Last_ Name+', '+c.First Name AS Name,"+
"0.0rder_Number "+
"from CUSTOMERS c, ORDERS o "+
"where c.Customer_Number = o.Customer_Number "+
"AND c.State = @State "+
"order by c.Last_Name;";

try {
Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");
Connection con = DriverManager.getConnection ("jdbc:odbc:Customers");
Statement stmt = con.createStatement();
stmt.executeUpdate(storedProc);
CallableStatement cs = con.prepareCall(“{call SHOW_ORDERS_BY_STATE(?)}");
cs.setString(1,"NJ");
ResultSet rs = cs.executeQuery();
while (rs.next()) {
name = rs.getString("Name");
orderNo = rs.getint("Order_Number");
System.out.printin(name+": "+orderNo);

}

catch(ClassNotFoundException e){
e.printStackTrace();

}

catch(SQLException e){
e.printStackTrace();

Notice the JDBC escape sequence used to call the stored procedure. This allows
stored procedures to be called in a standard way for all database management
systems.
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CallableStatement extends PreparedStatement, so a CallableStatement object can
take input parameters as a PreparedStatement object can. A CallableStatement can
also take output parameters or parameters that are for both input and output.

This escape syntax used to call a stored procedure has two forms: one that includes
a result parameter and one that does not. Here's an example:

{?= call <procedure-name>[<argl>,<arg2>, ...]}
{call <procedure-name>[<argl>,<arg2>, ...]}

Question marks (?) serve as placeholders for parameters defined in the stored
procedure using the @Name convention as shown in the example. IN parameter
values are set using the set methods inherited from PreparedStatement. If used, the
result parameter must be registered as an OUT parameter using the
registerOutParameter() method before one of the execute methods is called.
Consider this example:

cstmt.registerOutParameter(l, java.sql.Types.VARCHAR);

OUT parameter values can be retrieved after execution using get methods
appropriate to the data types of the values.

Listing 4-4 is an example of a simple stored procedure that checks a user name and
password against the database, returning the String "PASS" if a match is found or

"FAIL" otherwise:

Listing 4-4: Stored procedure with input and output parameters

CREATE PROCEDURE CHECK_USER_NAME
@UserName varchar(30),
@Password varchar(20),
@PassFail varchar(20) OUTPUT

As

IF EXISTS(Select * From Customers

Where UserName = @UserName
And

Password = @Password)

SELECT @PassFail = "PASS"

else

SELECT @PassFail = "FAIL"

Because of limitations imposed by some relational database management systems, it
is recommended that, for maximum portability, all of the results generated by the
execution of a CallableStatement object be retrieved before OUT parameters are
retrieved.
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In cases where a CallableStatement object returns multiple ResultSet objects, all of
the results should be retrieved using the method getMoreResults before OUT
parameters are retrieved.

Listing 4-5 illustrates how you would retrieve an output parameter from a stored
procedure in a JDBC application.

Note  Stored procedures can contain more than one SQL statement, in which
case they produce multiple results, in which case the execute method
should be used.

Listing 4-5: Getting an output parameter from a stored procedure

package java_databases.ch04;
import java.sql.*;

public class CheckPassword{
public static void main(String args[]){
try {
Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");
Connection con =
DriverManager.getConnection (“jdbc:odbc:Customers”,"user","pwd");

CallableStatement cs =

cs.setString(1,"Corleone™);
cs.setString(2,"Vito");
cs.registerOutParameter(3, java.sql.Types.VARCHAR);
cs.executeUpdate();
System.out.printin(cs.getString(3));
con.close();

}

catch(ClassNotFoundException e){
e.printStackTrace();

}

catch(SQLException e){
e.printStackTrace();

There are many situations in which it is important that a group of SQL statements be
executed in its entirety. A classic example is a series of statements that debit one
bank account and credit another. In this situation, it is highly undesirable from the
bank's viewpoint to credit the second account if, for some reason, the system fails to
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debit the first account. The issue of managing a series of SQL statements as asingle
transaction is discussed in the next section.

Transactions

The capability to group SQL statements for execution as a single entity is provided
through SQL's transaction mechanism. A transaction consists of one or more
statements that are executed, completed, and either committed or rolled back as a
group. When the method commit or rollback is called, the current transaction ends,
and another one begins.

In the context of database transactions, the term commit means that the change is
made permanently in the database, and the term rollback means that no change is
made in the database.

A new JDBC connection is usually in auto-commit mode by default, meaning that
when a statement is completed, the method commit is called on that statement
automatically. The commit occurs when the statement completes or the next execute
occurs, whichever comes first. In the case of statements returning a ResultSet, the
statement completes when the last row of the ResultSet has been retrieved or the
ResultSet has been closed. In advanced cases, a single statement may return
multiple results as well as output parameter values. Here, the commit occurs when all
results and output parameter values have been retrieved.

Auto-commit mode is controlled by this method:

public void setAutoCommit(boolean autoCommit) throws SQLEXxception

If auto-commit mode has been disabled, a transaction will not terminate until either
the commit method or the rollback method is called explicitly, so it will include all the
statements that have been executed since the last invocation of the commit or
rollback method. In this case, all the statements in the transaction are committed or
rolled back as a group.

When a SQL statement makes changes to a database, the commit method makes
those changes permanent, and it releases any locks the transaction holds. The
rollback method, on the other hand, simply discards those changes.

Clearly, in a situation such as our preceding bank-transfer example, we can prevent
one step in the funds transfer if the other fails by disabling auto-commit and grouping
both updates into one transaction. If both updates are successful, the commit method
is called, making the effects of both updates permanent; if one fails or both fail, the
rollback method is called, restoring the account balances that existed before the
updates were executed.
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Most JDBC drivers support transactions. In fact, a JDBC-compliant driver must
support transactions. DatabaseMetaData supplies information describing the level of
transaction support a DBMS provides.

Transaction Isolation Levels

The basic concept of transaction management allows us to manage simple conflicts
arising from events such as a failure to complete a linked series of SQL commands.
However, other types of conflict can occur that require additional levels of
management.

For example, consider the case of a multiuser application, where one transaction has
initiated a transfer between two accounts but has not yet committed it, when a second
transaction attempts to access one of the accounts in question. If the first transaction
is rolled back, the value the second transaction reads will be invalid. Depending on
the application, this situation may be acceptable, but in many financial applications, it
would probably be quite unacceptable.

JDBC defines five levels of transaction isolation that provide different levels of conflict
management. The lowest level specifies that transactions are not supported at all,
and the remainder map to the four isolation levels that SQL-92 defines. These are as
follows:

" Read Uncommitted
= Read Committed

= Repeatable Read

. Serializable

The highest specifies that while one transaction is operating on a database, no other
transactions may make any changes to the data that transaction reads.

SQL-92 isolations levels are stated in terms of three prohibited operation sequences,
called phenomena. These are as follows:

. Dirty Read. This occurs if one transaction can see the results of the actions of another
transaction before it commits.

= Non-Repeatable Read (also called Fuzzy Read). This occurs if the results of one transaction
can be modified or deleted by another transaction before it commits.

= Phantom Read. This occurs if the results of a query in one transaction can be changed by
another transaction before it commits.

The SQL-92 isolation levels are defined in terms of which of these phenomena can
occur for a given isolation level, as shown in Table 4-1.

Table 4-1: SQL-92 Isolation Levels
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Isolation Level Dirty Read Non-Repeatable Read Phantom Read
Read Uncommitted YES YES YES

Read Committed NO YES YES
Repeatable Read NO NO YES
Serializable NO NO NO

From Table 4-1, you can see that if Read Committed is supported, you will never
experience a DIRTY READ, but you might experience aNON-REPEATABLE READ
or aPHANTOM READ. Similarly, if Repeatable Read is supported, you will never
experience a DIRTY READ or a NON-REPEATABLE READ, but you might
experience a PHANTOM READ.

Table 4-1 lists isolation levels in terms of the level of isolation afforded, in that Read
Uncommitted is less restrictive than Read Committed. Typically, the higher the level
of isolation, the greater the locking overhead and the lower the concurrency between
users, so the slower the application executes. This means a trade off occurs between
performance and data consistency when making a decision about what isolation level
to use.

The current level of isolation can be queried using this method:

public int getTransactionlsolation()

This method returns the following isolation level codes:

= TRANSACTION_NONE: Transactions are not supported.

] TRANSACTION_READ_COMMITTED: Dirty reads are prevented; nonrepeatable reads and
phantom reads can occur.

= TRANSACTION_READ_UNCOMMITTED: Dirty reads, nonrepeatable reads, and phantom

reads can occur.

TRANSACTION_REPEATABLE_READ: Dirty reads and nonrepeatable reads are prevented;

phantom reads can occur.
TRANSACTION_SERIALIZABLE: Dirty reads, nonrepeatable reads, and phantom reads are
prevented.

Control over the isolation level of a connection is provided by this method:

con.setTransactionlsolation(TRANSACTION_ISOLATION_LEVEL_XXX);

For example, you can instruct the DBMS to allow a value to be read before it has
been committed with the following code:

con.setTransactionlsolation(TRANSACTION_READ_UNCOMMITTED);
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When you create a new Connection object, its transaction isolaton level is usually set
to the default for the underlying database. You can call the method setlsolationLevel
to change the transaction isolation level, and the new level is in effect for the rest of
the connection session.

You can also change the transaction isolation level for just one transaction by setting
it before the transaction begins and resetting it after the transaction ends.

Caution  Changing the transaction isolation level during a transaction is not
usually recommended because it triggers an immediate call to the
commit method, causing any changes up to that point to be made
permanent.

Transaction Savepoints

Transaction savepoints are JDBC 3.0 enhancements that offer finer control over
transaction commit and rollback. During a transaction, a named savepoint may be
inserted between operations to act as a marker, so that the transaction may be rolled
back to that marker, leaving all of the operations before the marker in effect.

The following example shows a Savepoint being set after the first update, and the
transaction being rolled back to that Savepoint, removing two subsequent updates.
(The arguments updatel, update2 and update3 represent SQL commands.)

con.setAutoCommit(false);
Statement stmt = con.createStatement();

stmt.executeUpdate(updatel);
Savepoint savePointl = con.setSavepoint("SavePoint1");

stmt.executeUpdate(update?);
stmt.executeUpdate(update3);

con.rollback(savePointl);
con.commit();

Multithreading

The JDBC specifications require that operations on all the java.sql objects be thread
safe. This means that they must be able to handle a situation where several threads
call the same object simultaneously. Some drivers may provide this full concurrency,
and others may execute one statement and wait until it completes before sending the
next.
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Note  One specific use of multithreading is to cancel a long-running statement.
This is done by using one thread to execute the statement and another to
cancel it with its Statement.cancel() method.

It is sometimes more efficient to submit a set of update statements to the database for
processing as a batch. Support for batch updates is part of the JDBC 2.0 API, as
discussed in the next section.

Batch Updates

A batch update is a set of update statements submitted to the database for
processing as a batch. This can be more efficient than sending update statements
separately. Support for batch updates is part of the JDBC 2.0 API.

Under the JDBC 1.0 API, updates must be submitted to the database individually, so
that even though multiple update statements can be part of the same transaction,
they are processed individually.

Under the JDBC 2.0 API, the Statement, PreparedStatement and CallableStatement

support a batch list, which may contain statements for updating, inserting, or deleting
a row. The batch list may also contain DDL statements such as CREATE TABLE and
DROP TABLE.

Note  Only statements that produce an update count can be used in a batch
update. Statements that return a ResultSet object, such as a SELECT
statement, cannot be used in a batch.

Commands used to manage batch updates include the following:

. AddBatch (add SQL commands to the batch list)
= clearBatch (empty the batch list)
. executeBatch (execute all statements in the list as a batch)

Note  The batch list associated with a Statement is initially empty.

The code for inserting new rows as a batch might look like this:

con.setAutoCommit(false);
Statement stmt = con.createStatement();

stmt.addBatch("INSERT INTO CUSTOMERS VALUES('Homer', 'Simpson')");
stmt.addBatch("INSERT INTO CUSTOMERS VALUES('Bart’, 'Simpson')");
stmt.addBatch("INSERT INTO CUSTOMERS VALUES('‘Marge', 'Simpson')");

int [] updateCounts = stmt.executeBatch();
con.commit();
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con.setAutoCommit(true);

The DBMS executes the commands in the batch list in the order in which they are
added, returning an array of integer update counts.

The array of update counts represents the results of successfully executed
commands in the batch list in the order in which they are executed.

You will get a BatchUpdateExceptionif any of the SQL statements in the batch do not
execute successfully.

Since the array of update counts represents the results of successfully executed
commands, you can easily identify the problem command from the length of the
returned array.

Note  You should always disable auto-commit mode during a batch update so
that, if any errors occur, they can be handled properly. As shown in the
example, you need to issue a specific commit() command to commit the
updates.

BatchUpdateException extends SQLException, adding an array of update counts
similar to the array the executeBatch method returns. You can retrieve this array
using the getUpdateCounts() method, as shown here:

try {
/...

} catch(BatchUpdateException b) {
System.err.print("Update counts: ");
int [] updateCounts = b.getUpdateCounts();
for (inti = 0; i < updateCounts.length; i++) {
System.err.printin(updateCountsJi]);

Since the update counts are in the same order as the commands, you can tell which
commands in the batch have executed successfully.

Cross-Reference Exception handling, SQLExceptions, and SQLWarnings are
discussed in more detail at the end of this chapter.

The results returned by a SQL query are held in a java.sgl.ResultSet. This objects is
discussed in the next section.

ResultSets
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A ResultSetis the data a SQL Query returns, consisting of all the rows that satisfy the
conditions of that query arranged in rows accessible through the ResultSet's
methods.

ResultSets are arranged as a table, with the column headings and values returned in
the order specified in the statement, satisfying the conditions of the query. For
example, if this is your query:

SELECT Name,Description,Qty,Cost FROM Stock
Your result set might look like Table 4-2.

Table 4-2: Organization of a ResultSet

Name Description Qty Cost

Steiner 10 x 50 Binoculars 10 799.95
Steiner 8 x 30 Binoculars 30 299.95
PYGMY-2 Night Vision Monocular 20 199.95

A ResultSet maintains a cursor that points to the row of data accessible through the
getter methods of the ResultSet. Each time the ResultSet.next() method is called, the
cursor moves down one row.

Initially, the cursor is positioned before the first row, so you need to call next() to set
the cursor on the first row, making it the current row. Since next()returns a boolean
true if a valid data row is available, this design approach makes for a clean while loop
for accessing row data, as shown in Listing 4-6.

Listing 4-6: Retrieving a ResultSet

package java_databases.ch04;

import java.sql.*;

public class PrintResultSet{
public static void main(String args[]){
String query = "SELECT Name,Description,Qty,Cost FROM Stock";
PrintResultSet p = new PrintResultSet(query);
}
public PrintResultSet(String query){
try {
Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");
Connection con = DriverManager.getConnection ("jdbc:odbc:Inventory");
Statement stmt = con.createStatement();
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ResultSet rs = stmt.executeQuery(query);

System.out.printin("Name\tDescription\tQty\tCost");

while (rs.next()) {
System.out.print(rs.getString("Name")+"\t");
System.out.print(rs.getString("Description™)+"\t");
System.out.print(rs.getint("Qty")+"\t");
System.out.printin(rs.getFloat("Cost"));

}

catch(ClassNotFoundException e){
e.printStackTrace();

}
catch(SQLException e){

e.printStackTrace();

ResultSet rows are retrieved in sequence from the top row down as the cursor moves
down one row with each successive call to next().

A cursor remains valid until the ResultSet object or its parent Statement object is
closed.

Note Column names used as input to ResultSet getter methods are case
insensitive.

Data is retrieved from a ResultSet using getter methods that reference the column
containing the data. The ResultSet getter methods provide for data-type specific
retrieval of column values from the current row. Within each row, column values may
be retrieved in any order.

The getter methods the ResultSet object provides are listed in Table 4-3. Each getter
method has two variants: one that references the column by name and one by
column number. For brevity, only one variant of each is listed in Table 4-3.

Caution Columns are numbered from left to right, starting with column 1, not
column O.

Table 4-3: ResultSet getter Methods

Data Type Method

BigDecimal getBigDecimal(String columnName, int scale)
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Table 4-3: ResultSet getter Methods
Data Type

boolean

byte

byte[]

double

float

int
java.io.lnputStream
java.io.lnputStream
java.io.lnputStream
java.sql.Date
java.sql.Time
java.sgl.Timestamp
long

Object

short

String

Method

getBoolean(String columnName)
getByte(String columnName)
getBytes(String columnName)
getDouble(String columnName)
getFloat(String columnName)
getint(String columnName)
getAsciiStream(String columnName)
getUnicodeStream(String columnName)
getBinaryStream(String columnName)
getDate(String columnName)
getTime(String columnName)
getTimestamp(String columnName)
getLong(String columnName)
getObject(String columnName)
getShort(String columnName)

getString(String columnName)

Data can be retrieved using either the column name or the column number. For

example, the previous example uses column names. However, you can get the same

results using column numbers, assuming you know what they are. Here's an

example:

ResultSet rs = stmt.executeQuery("SELECT First_Name, Last Name FROM Customers");

while (rs.next()){

System.out.printin(rs.getString(2)+e, *+rs.getString(1));

The option of using column names is provided so that if you specify column names in
a query, you can use the same names as the arguments to getter methods.

A problem that can arise using column names is that if you do a join on two tables, it
is possible for a SQL query to return a result set that has more than one column with
the same name. If you then use the column name as the parameter to a getter
method, it will return the value of the first matching column name.
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Some database management systems, such as Oracle, get around this by letting you
use fully qualified columns names of the form table_name.column_name to resolve
this situation; but others, such as MSAccess, do not, so if there are multiple columns
with the same name, using the column index is more portable. It may also be slightly
more efficient to use column numbers.

Caution Column values should be read only once. Subsequent reads are not
guaranteed to return valid data.
Scrollable ResultSets

One of the features added in the JDBC 2.0 API is the ScrollableResultSet, which
supports the ability to move a result set's cursor in either direction. In addition to
methods that move the cursor backwards and forwards, there are methods for getting
the cursor position and moving the cursor to a particular row.

Creating a Scrollable ResultSet

The type of ResultSet a java.sql.Statement object returns is defined when the
Statement is created by the Connection.createStatement method. These are the two
forms of the Connection.createStatement method:

public Statement createStatement() throws SQLEXxception
public Statement createStatement(int rsType, int rsConcurrency) throws
SQLEXxception

The first of these methods is discussed in the examples earlier in this chapter. The
second variant allows the user to create scrollable and updateable ResultSets.

The first argument, rsType, must be one of the three following constants added to the
ResultSet interface to indicate the type of a ResultSet object:

- TYPE_FORWARD_ONLY
. TYPE_SCROLL_INSENSITIVE
- TYPE_SCROLL_SENSITIVE

Specifying the constant TYPE_FORWARD_ONLY creates a nonscrollable result set
(that is, one in which the cursor moves forward only). If you also specify
CONCUR_READ_ONLY for the second argument, you will get the default ResultSet
identical to the ResultSet created with the no-argument variant.

To get a scrollable ResultSet object, you must specify either
TYPE_SCROLL_INSENSITIVE or TYPE_SCROLL_SENSITIVE. The difference
between these two types of scrollable result sets is that a result set defined using
TYPE_SCROLL_INSENSITIVE does not reflect changes made while it is still open,
and one that is TYPE_SCROLL_SENSITIVE does. Of course, you can always see
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changes, regardless of the type of result set, by closing the result set and reopening
it.

The second argument must be one of the two ResultSet constants for specifying
whether a result set is read-only or updateable: CONCUR_READ_ONLY or
CONCUR_UPDATABLE. If you specify a result-set type, you must also specify
whether the result set is read-only or updateable.

The ResultSet.getType() method checks whether the ResultSet object is scrollable:

if(rs.getType()==ResultSet. TYPE_FORWARD_ONLY)
System.out.printin("FORWARD_ONLY");
else

System.out.printin("SCROLLABLE");

Cursor Control

Once you have a scrollable ResultSet object, you can use it to move the cursor
around in the result set. As with a ResultSet that is not scrollable, the cursor is initially
positioned before the first row.

In addition to the ResultSet.next() method, which is used to move the cursor forward,
one row at a time, scrollable ResultSets support the method ResultSet.previous(),
which moves the cursor back one row.

Both methods return false when the cursor goes beyond the result set (to the position
after the last row or before the first row), which makes it possible to use them in a
while loop. Listing 4-7 replaces the default ResultSet of Listing 4-6 with a scrollable
ResultSet navigated using both next() and previous().

Listing 4-7: Scrollable ResultSet

public void printResultSet(String query){
try {

Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");

Connection con = DriverManager.getConnection (“jdbc:odbc:Inventory");

Statement stmt = con.createStatement(
ResultSet. TYPE_SCROLL_INSENSITIVE,
ResultSet. CONCUR_READ_ONLY);

ResultSet rs = stmt.executeQuery(query);

ResultSetMetaData md = rs.getMetaData();

int nColumns = md.getColumnCount();
for(int i=1;i<=nColumns;i++){

System.out.print(md.getColumnLabel(i)+((i==nColumns)?"\n":"\t"));
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if(i==2)System.out.print("\t");
}
while (rs.next()) {
for(int i=1;i<=nColumns;i++){
System.out.print(rs.getString(i)+((i==nColumns)?"\n":"\t"));

}
while (rs.previous()) {
for(int i=1;i<=nColumns;i++){
System.out.print(rs.getString(i)+((i==nColumns)?"\n":"\t"));

}

catch(ClassNotFoundException e){
e.printStackTrace();

}

catch(SQLException e){
e.printStackTrace();

As you can see from the screen shot of Figure 4 -3, the example first prints three rows
in first-to-last order and prints them again in reverse:

Mo Description Oty Cost

Greiner 10 x 50 Binoculars i TIT . LR
Gtoinor 8 = A8 Binoculars a8 a9 . rana
PYCMY =2 Might Vision Momocular 28 199 . 9588
Py =2 Might Uisdon Momocular 28 19%. 9588
Greimer 8 = J0 Binoculara ] 297 LR
Btaingr 10 x 50 Binoculars id 7T . ILEE

pross any koy to exit...

Figure 4-3: Printing rows from a scrollable result set

Moving the Cursor to a Designhated Row

In addition to using the next() and previous() methods to scroll forward and backward,
you can move the cursor to a particular row by using the following methods:

= first()

. last()

= beforeFirst()

= afterLast()

= absolute(int rowNumber)
= relative(int rowNumber)

The effect of the first four of these is apparent from the method names.
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The method absolute(int rovNumber) moves the cursor to the row number indicated
in the argument. If the number is positive, the cursor moves to the given row number
from the beginning. If the number is negative, the cursor moves to the given row
number from the end.

Note Row numbers count from 1, so calling absolute(1)puts the cursor on the
first row, and calling absolute(-1) puts the cursor on the last row.

The method relative(int rowNumber) lets you specify how many rows to move from
the current row and in which direction to move. A positive number moves the cursor
forward the given number of rows; a negative number moves the cursor backward the
given number of rows.

Getting the Cursor Position

In addition to positioning the cursor, you can get its position by using one of these
methods:

= isFirst()

= isLast()

= isBeforeFirst()
= isAfterLast()

] getRow()

Again, the behavior of these methods is apparent from their names.

Note The method isAfterLast() returns false when the cursor is not after the last
row and when the result set is empty, so a returned value of false from the
method isAfterLast() cannot be used to indicate that data is available.

Updatable ResultSets

An UpdatableResultSet is, as the name suggests, updatable. You can make updates
to the values in the ResultSet itself, and these changes are reflected in the database.

To create an UpdatableResultSet object, you need to call the createStatement
method with the ResultSet constant CONCUR_UPDATABLE as the second
argument. The Statement object created produces an updatable ResultSet object
when it executes a query.

Note  An updatable ResultSet object does not necessarily have to be scrollable.

Once you have an UpdatableResultSet object, you can insert a new row, delete an
existing row, or modify one or more column values.
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Caution Specifying that a result set be updatable does not guarantee that the
result set you get will actually be updatable. Drivers that do not support
updatable result sets will return one that is read-only. In addition, to get
an updatable result set, the query must generally specify the primary
key as one of the columns selected, and it should select columns from
only one table.

Since requesting an UpdatableResultSet does not guarantee that you will actually get
one, depending on the driver in use, you should check whether the ResultSetis
updatable using ResultSet.getConcurrency(). Listing 4-8 illustrates opening a
scrollable updatable ResultSet and using getConcurrencyto ensure that it is
updatable.

Listing 4-8: Opening an updatable ResultSet

Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");
Connection con = DriverManager.getConnection ("jdbc:odbc: Contacts");
Statement stmt = con.createStatement(
ResultSet. TYPE_SCROLL_INSENSITIVE,
ResultSet. CONCUR_UPDATABLE);
ResultSet rs = stmt.executeQuery(query);
ResultSetMetaData md = rs.getMetaData();

if(rs.getConcurrency()==ResultSet. CONCUR_UPDATABLE)
System.out.printin("UPDATABLE");

else
System.out.printin("READ_ONLY");

int nColumns = md.getColumnCount();
for(int i=1;i<=nColumns;i++){
System.out.print(md.getColumnLabel(i)+((i==nColumns)?"\n":"\t"));
}
while (rs.next()) {
rs.updateString("Street”, "123 Main");
rs.updateRow();
for(int i=1;i<=nColumns;i++){
System.out.print(rs.getString(i)+((i==nColumns)?"\n":"\t"));

If the driver does not support the definition of UpdatableResultSet, the Statement
object may throw a SQL "Optional feature not implemented" exception.

Updating a ResultSet
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To appreciate the simplicity of using UpdatableResultSet instead of SQL UPDATES,
it is worth looking first at what is involved in using Statement.executeUpdate() to
change a customer address. The code to make this change looks like this:

stmt.executeUpdate(
"UPDATE Customers SET Street = '123 Main Street' +
"WHERE First_Name = 'Vito' AND Last_Name = 'Corleone™);

This is simple enough when you know how to identify the record to be updated, but
consider how much more complicated it would be if your application were displaying
the ResultSet in a JTable. Unless you go to considerable trouble to keep track of the
current record, it is quite difficult to identify to the RDBMS which record to update.

Using an UpdatableResultSet simplifies the situation considerably. All you need to do
is set the cursor to the desired row and change the column value using a
data-type-specific update method. Here's an example:

rs.updateString("Street"”, "123 Main");

Since updates made to an UpdatableResultSet always affect the current row, you
must make sure you have moved the cursor to the correct row prior to making an
update.

Most of the ResultSet.update methods take two parameters: the column to update
and the new value to put in that column. As with the getter methods, the column may
be specified using either the column name or the column number.

Table 4-4 summarizes the update methods for the UpdatableResultSet, showing only
the variant using column name as the specifier for reasons of space.

Note A special update method, updateNull(), is used for setting column values
to NULL.

Table 4-4. ResultSet Update Methods

Data Type Method

BigDecimal updateBigDecimal(String columnName, BigDecimal x)
boolean updateBoolean(String columnName, boolean x)

byte updateByte(String columnName, byte x)

byte[] updateBytes(String columnName, byte[] x)

double updateDouble(String columnName, double x)

float updateFloat(String columnName, float x)

int updatelnt(String columnName, int x)
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Table 4-4. ResultSet Update Methods

Data Type Method

java.io.lnputStream updateAsciiStream(String columnName, InputStream x, int length)
java.io.lnputStream updateUnicodeStream(String columnName, InputStream X, int length)
java.io.lnputStream updateBinaryStream(String columnName, InputStream X, int length)
java.sgl.Date updateDate(String columnName, Date x)

java.sgl.Time updateTime(String columnName, Time x)

java.sgl.Timestamp updateTimestamp(String columnName, Timestamp x)

long updateLong(String columnName, long x)

Object updateObject(String columnName, Object x)

Object updateObiject(String columnName, Object x, int scale)

short updateShort(String columnName, short x)

String updateString(String columnName, String x)

NULL updateNull(String columnName)

Note that after updating a column value in the ResultSet, you must call the
ResultSet's updateRow() method to make a permanent change in the database
before moving the cursor, since changes made using the update methods do not take
effect until updateRow() is called.

Caution If you move the cursor to another row before calling updateRow(), the
updates will be lost, and the row will revert to its previous column
values.

You can specifically cancel updates any time before calling updateRow() by calling
the cancelRowUpdates() method. Once you have called updateRow(), however, the
cancelRowUpdates() method no longer works.

Inserting a New Row
In addition to supporting updates, an UpdatableResultSet supports the insertion and
deletion of entire rows. The ResultSet object has a row called the insert row, which is,

in effect, a dedicated row buffer in which you can build a new row.

The new row is created in a manner very similar to the row updates discussed earlier.
Simply follow these steps:

1. Move the cursor to the insert row, which is done by calling the method moveTolnsertRow().
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2. Set a new value for each column in the row by using the appropriate update method.
3. Call the method insertRow() to insert the new row into the result set and, simultaneously, into the
database.

Listing 4-9 demonstrates the use of the UpdatableResultSet to insert a new row into a
database.

Listing 4-9: Using UpdatableResultSet to insert a new row

Class.forName("sun.jdbc.odbc.JdbcOdbcDriver";
Connection con = DriverManager.getConnection (“jdbc:odbc:Contacts");
Statement stmt = con.createStatement(
ResultSet. TYPE_SCROLL_INSENSITIVE,
ResultSet. CONCUR_UPDATABLE);
ResultSet rs = stmt.executeQuery(query);
rs.moveTolnsertRow();

rs.updatelnt("Contact_ID", 150);
rs.updateString("First_Name", "Nigel");

rs.updateString("Last_Name", "Thornebury");

rs.insertRow();

If you insert a row without supplying a value for every column in the row, the default
value for the column will be used if there is one. Otherwise, if the column accepts
SQL NULL values, a NULL will be inserted. Failing either of those, a SQLException
will be thrown.

You will also get a SQLExceptionif a required table column is missing in the
ResultSet you use to insert the row, so the query used to get the ResultSet object
should generally select all columns, though you will probably want to use a WHERE
clause to limit the number of rows returned by your SELECT statement.

Caution If you move the cursor from the insert row before calling the method
insertRow(), you will lose all of the values you have added to the insert
row.

To move the cursor from the insert row back to the result set, you can use any of the
methods that put the cursor on a specific row: first, last, beforeFirst, afterLast, and
absolute. You can also use the methods previous and relative because the result set
maintains a record of the current row while accessing the insert row.

In addition, you can use a special method: moveToCurrentRow(), which can be called
only when the cursor is on the insert row. This method moves the cursor from the

insert row back to the row that was previously the current row.
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Deleting a Row

Deleting a row in an UpdatableResultSet is very simple. All you have to do is move
the cursor to the row you want to delete and call the method deleteRow().

The example in the following code snippet shows how to delete the third row in a
result set by getting the ResultSet object, moving the cursor to the third row, and
using the deleteRow() method:

Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");
Connection con = DriverManager.getConnection ("jdbc:odbc:Contacts");
Statement stmt = con.createStatement(
ResultSet. TYPE_SCROLL_INSENSITIVE,
ResultSet. CONCUR_UPDATABLE);
ResultSet rs = stmt.executeQuery(query);
rs.absolute(3);
rs.deleteRow();
Caution Be aware that different JDBC drivers handle deletions in different ways.
Some remove a deleted row so that it is no longer visible in a result set,
and others insert a blank row where the deleted row used to be.

When you make a change to a ResultSet, the change may not necessarily be visible.
The next section explains the reasons.

Seeing Changes in ResultSets

Changes made to a ResultSet are not necessarily visible, either to the ResultSet itself
or to other open transactions. In this context, the terms visible and not visible have
the following meanings:

] An update is visible if the updated value can be retrieved by calling the appropriate getter method
after making an update.
. An update is not visible if the getter method still returns the initial column value.

Similarly, an inserted row is visible if it appears in the ResultSet after calling
insertRow(). Deletions are visible if deleted rows are either removed from the result
set or if deleted rows leave a hole in the result set.

There are a number of factors affecting the visibility of changes, including the
following:

= JDBC driver implementation
= Transaction isolation level in effect
] Result-set type
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An application can determine if the changes a result set makes are visible to the
result set itself by calling these DatabaseMetaData methods:

= ownUpdatesAreVisible(int ResultSet. TYPE_XXX)
] ownDeletesAreVisible(int ResultSet. TYPE_XXX)
= ownlinsertsAreVisible(int ResultSet. TYPE_XXX)

The DatabaseMetaData interface also provides the following methods that allow an
application to determine whether a JDBC driver can detect changes for a particular
result-set type:

= insertsAreDetected(ResultSet. TYPE_XXX)
. deletesAreDetected(ResultSet. TYPE_XXX)
= updatesAreDetected(ResultSet. TYPE_XXX)

If these methods return true, the following methods can be used to detect changes to
a ResultSet:

= waslnserted()
] wasDeleted()
= wasUpdated()

Remember that if you modify data in a ResultSet object, the change will always be
visible if you close the ResultSet and reopen it by executing the same query again
after the changes have been made.

Another way to get the most recent data is to use the method refreshRow(), which
gets the latest values for a row straight from the database. This is done by positioning
the cursor to the desired row and calling refreshRow(), as shown here:

rs.absolute(3);
rs.refreshRow();
Note  The result set should be TYPE_SCROLL_SENSITIVE; if you use the
method refreshRow() with a ResultSet object that is
TYPE_SCROLL_INSENSITIVE, refreshRow() does nothing.

Another way to get data from a database is to use a RowSet object. RowSets add
JavaBeans support to the functionality of the ResultSet, as explained in the next
section.

RowSets

A RowSet is an object that contains a set of rows from a result set or some other
source of tabular data, like a file or spreadsheet. RowSet is an extension of ResultSet,
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with the added feature that it adds JavaBeans support to the JDBC API. Similarly, the
RowSetMetaData interface extends the ResultSetMetaData interface.

Being JavaBeans, RowSets follow the JavaBeans model for setting and getting
properties and for event notification, so they are easy to combine with other
components in an application.

RowSets make it easy to send tabular data over a network. They can also be used as
a wrapper, providing scrollable result sets or updatable result sets when the
underlying JDBC driver does not support them.

There are two main types of RowSets: connected and disconnected.

= A connected RowSet, like a ResultSet, maintains a connection to a data source for as long as the
RowsSet is in use.

= A disconnected RowSet gets a connection to a data source to load data or to propagate changes
back to the data source, but most of the time it does not have a connection open.

While it is disconnected, a RowSet does not need a JDBC driver or the full IDBC API,
so its footprint is very small.

Because it is not continually connected to its data source, a disconnected RowSet
stores its data in memory. It maintains MetaData about the columns it contains and
information about its internal state. It also includes methods for making connections,
executing commands, and reading and writing data to and from the data source.

Implementations of RowSets include the following:

= JDBCRowSet — A connected RowSet that serves mainly as a thin wrapper around a ResultSet
object to make a JDBC driver look like a JavaBeans component

= CachedRowSet — A disconnected RowSet that caches its data in memory

= WebRowSet — A connected RowSet that uses the HTTP protocol internally to talk to a Java
servlet that provides data access

Creating a Rowset and Setting Properties

Since RowSets are JavaBeans, they contain setter and getter methods for retrieving
and setting properties.

These methods include the following:

= setCommand — The SQL command to be executed

. setConcurrency — Read only or updatable

= setType — Scrollable or foward only

. setDataSourceName — Used with DataSource access
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= setUrl — used with DriverManager access
= setUsername

= setPassword

= setTransactionlsolation

You need only set those properties that are needed for your particular use of a
RowSet.

The following lines of code make the CachedRowSet object crset scrollable and
updatable.

CachedRowSet crset = new CachedRowSet();

crset.setType(ResultSet. TYPE_SCROLL_INSENSITIVE);
crset.setConcurrency(ResultSet. CONCUR_UPDATABLE);
crset.setCommand("SELECT * FROM Customers");
crset.setDataSourceName("jdbc/customers”);

crset.setUsername("myName");

crset.setPassword("myPwd");

crset.setTransactionlsolation(Connection. TRANSACTION_READ_COMMITTED);
crset.addRowSetListener(listener);

If the DriverManager were being used to make a connection, you would set the
properties for a JDBC URL, a user name, and a password. The preferred means of
getting a connection is to use a DataSource object with the owner's user name and
the owner's password.

Now that the CachedRowSet has been created and initialized, all that remains is to
call the execute() method; the RowSet uses the information in its properties to make a
connection and execute the query. The data in the RowSet can then be accessed
and updated.

Rowset Events
A RowSetEvent is generated when something important happens in a RowSet, such
as a change in a column value. Being JavaBeans, RowSets can use the Java event

model to notify listeners when the RowSet is changed.

These are the RowSetListener methods:

. rowChanged (Called when the RowSet is changed)
= rowSetChanged(Called when a RowSet is inserted, updated, or deleted)
. cursorMoved (Called when a RowSet's cursor is moved)))
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In addition to obtaining the data stored in the database, it is frequently ver useful to be
able to obtain data about the database and its contents. This capability is supported
by the MetaData objects discussed in the next section.

MetaData

MetaData is information about the database or its contents made available by the
JDBC API.

These are the main types of MetaData accessible from JDBC:

] DatabaseMetaData
] ResultSetMetaData
. ParameterMetaData

DatabaseMetaData

The DatabaseMetaData interface provides information about the underlying database
as a whole. The interface defines over 150 different methods providing the following
types of information about the database:

" General information about the data source

. Data-source limits

. Levels of transaction support

. Feature support

= Information about the SQL objects that the source contains

Many of the DatabaseMetaData methods return information in ResultSets, allowing
you to use ResultSet methods such as getString and getint to retrieve this information.
If a given form of MetaData is not available, these methods should throw a
SQLEXxception.

Some of the DatabaseMetaData methods take arguments that are String patterns
conforming to the normal wild-card rules for SQL Strings. For pattern String
arguments, "%" means match any substring of zero or more characters, and "_"
means match any one character. If a search pattern argument is set to null, that
argument'’s criteria will be ignored in the search.

If a driver does not support a MetaData method, a SQLEXxception will normally be
thrown. In the case of methods that return a ResultSet, either a ResultSet (which may
be empty) is returned or a SQLEXxception is thrown.

A DatabaseMetaData object is created using the Connection.getMetaData() method.
It can then be used to get information about the database, as in the following example,
which gets the names of the tables in the database:
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Connection con = DriverManager.getConnection ("jdbc:odbc:Customers");
DatabaseMetaData dbmd = con.getMetaData();
ResultSet rs = dbmd.getTables(null,null,"%",new String[J{"TABLE"});

General information about the underlying database is accessible from the
DatabaseMetaData interface by using methods such as these:

= getURL()

= getUserName()

= getDatabaseProductName()

= getSQLKeywords()

] nullsAreSortedHigh() and nullsAreSortedLow()

Useful methods for retrieving information about supported functionality include the
following:

= supportsBatchUpdates()

] supportsStoredProcedures()
= supportsFullOuterJoins()

= supportsPositionedDelete()

These methods are provided to determine limits the database imposes:

. getMaxRowsSize()

= getMaxStatementLength()
= getMaxConnections()

= getMaxColumnsinTable()

Useful methods for retrieving information about SQL objects and their attributes
include the following:

= getSchemas()

] getCatalogs()

= getTables()

. getPrimaryKeys()
= getProcedures()

The transaction-support capabilities of the database management system can be
gueried using these methods:

= supportsMultipleTransactions()
= getDefaultTransactionlsolation()
= supportsSavePoints()

Note  Many of the DatabaseMetaData methods have been added or modified in
JDBC 2.0 and JDBC 3.0, so if your driver is not JDBC 2.0 or JDBC 3.0
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compliant, a SQLException may be thrown.

ResultSetMetaData

Information about the columns in a ResultSet is available by calling the getMetaData()
method. The ResultSetMetaData object returned gives the number, types, and
properties of its ResultSet object's columns.

Some of the methods available to access ResultSetMetaData are as follows:

. getColumnCount() — Returns the number of columns in the ResultSet

= getColumnDisplaySize(int column)— Returns the column's normal max width in chars
= getColumnLabel(int column) — Returns the column title for use in printouts and displays
= getColumnName(int column) — Returns the column name

= getColumnType(int column) — Returns the column's SQL datatype index

. getColumnTypeName(int column)— Returns the name of the column's SQL data type
= getPrecision(int column)— Returns the number of decimal digits in the column

. getScale(int column) — Returns the number of digits to right of the decimal point

= getTableName(int column) — Returns the table name

= isAutolncrement(int column) — Returns true if the column is automatically numbered
. isCurrency(int column) — Returns true if the column value is a currency

= isNullable(int column)}— Returns true if the column value can be set to NULL

Listing 4-10 illustrates the use of the ResultSetMetaData methods getColumnCount
and getColumnLabel in an example where the column names and column count are
unknown.

Listing 4-10: Using ResultSetMetaData

public void printResultSet(String query){
try {
Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");
Connection con = DriverManager.getConnection
("jdbc:odbc:Inventory");

Statement stmt = con.createStatement();
ResultSet rs = stmt.executeQuery(query);
ResultSetMetaData md = rs.getMetaData();

int nColumns = md.getColumnCount();
for(int i=1;i<=nColumns;i++){

System.out.print(md.getColumnLabel(i)+((i==nColumns)?"\n":"\t"));

}
while (rs.next()) {

for(int i=1;i<=nColumns;i++){
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System.out.print(rs.getString(i)+((i==nColumns)?"\n":"\t"));

}
}

catch(ClassNotFoundException e){
e.printStackTrace();

}

catch(SQLException e){
e.printStackTrace();

Notice in particular the use of the getColumnLabel method. This method returns the
preferred display name for the column, defaulting to the column name if no specific
label is assigned.

ParameterMetaData

The PreparedStatement method getMetaData() retrieves a ResultSetMetaData
object containing a description of the columns that will be returned when the
PreparedStatement is executed. Here's an example:

PreparedStatement ps = con.PrepareStatement("SELECT * FROM CUSTOMERS");
ResultSetMetaData md = ps.getMetaData();
int cols = md.getColumnCount();

The method getParameterMetaData() returns a ParameterMetaData object
containing descriptions of the IN and OUT parameters the PreparedStatement uses,
as shown here:

PreparedStatement ps = con.PrepareStatement("SELECT * FROM CUSTOMERS");
ParameterMetaData pd = ps.getParameterMetaData();
int pType = pd.getParameterType(1);
Note  Support for ParameterMetaData is provided as part of the JDBC 3.0 API,
and requires JDK 1.4

JDBC Mapping of SQL Data Types

The JDBC Core API provides automatic type conversion between SQL data types
and Java data types. Table 4-5 summarizes these conversions.

Table 4-5: Standard Mapping from SQL Types to Java
SQL type Java Type Description

CHAR String Fixed-length character string. For a CHAR type
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Table 4-5: Standard Mapping from SQL Types to Java

SQL type

VARCHAR

LONGVARCHAR

NUMERIC

DECIMAL

BIT
TINYINT
SMALLINT
INTEGER
BIGINT
REAL
FLOAT
DOUBLE
BINARY
VARBINARY

LONGVARBINARY

DATE
TIME

TIMESTAMP

Cross-Reference
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Java Type

String

String

java.math.BigDecimal

java.math.BigDecimal

boolean
byte
short
int

long
float
double
double
byte[]
byte[]

byte[]

java.sql.Date
java.sgl.Time

java.sgl.Timestamp

Description

of length n, the DBMS invariably assigns n
characters of storage, padding unused space.

Variable-length character string. For a
VARCHAR of length n, the DBMS assigns up
to n charcters of storage, as required.

Variable-length character string. JDBC allows
retrieval of a LONGVARCHAR as a Java input
stream.

Arbitrary-precision signed decimal numbers.
Can be retrieved using either BigDecimal or
String.

Arbitrary-precision signed decimal numbers.
Can be retrieved using either BigDecimal or
String.

Yes / No value

8 bit integer values

16 bit integer values

32 bit integer values

64 bit integer values

Floating point number, mapped to float
Floating point number, mapped to double
Floating point number, mapped to double
Retrieve as byte array.

Retrieve as byte array.

Retrieve as byte array. JDBC allows retrieval of
a LONGVARCHAR as a Java input stream.

Thin wrapper around java.util.Date
Thin wrapper around java.util.Date

Composite of a java.util.Date and a separate
nanosecond value

In addition to the data types supported by the JDBC Core API,
JDBC 2.0 and JDBC 3.0 have introduced support for other data
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types. These are discussed in the next few paragraphs.

Some databases allow for certain columns to be given automatically generated key
values. In this case, an insert statement is not responsible for supplying a value for
the column. The database generates a unique value for the column and inserts the
value. This is often used for generating unique primary keys. A problem with this
approach is that it may be difficult to get the value after the insert is executed. The
JDBC 3.0 specification defines a more functional Statement interface that provides
access to these values after an insert.

Assume a table called USERS with three columns. The FIRST_NAME column and
LAST_NAME column are varchars. The USER_ID column is auto-generated and
should contain a unique identifier for each user in the table. Here's an example:

Statement stmt = conn.createStatement();
String SQLInsert = "INSERT INTO Users (First_Name, Last_Name) "+
"VALUES('Robert', 'Conners")");

stmt.executeUpdate(SQLInsert);
ResultSet rs = stmt.getGeneratedKeys();

SQL3 Data Types

The JDBC 2.0 Extension APl adds support for the new data types commonly referred
to as SQL3 types. The JDBC 3.0 Extension API extends this support. These new data
types support the two following major new features:

= Very large data objects
= Object relational data types

The SQL3 data types are being adopted in the next version of the ANSI/ISO SQL
standard. The JDBC API extensions provide interfaces that represent the mapping of
these SQL3 data types into the Java programming language. With these new
interfaces, you can work with SQL3 data types the same way you do other data

types.

Object Relational Databases

Object relational databases are simply an extension to normal relational database
management systems supporting the use of an object-oriented-design approach to

the database world.

For example, in a normal RDBMS, you might create a table of names and addresses,
containing these columns:
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First_Name VARCHAR (20)
MI CHAR(1)

Last Name VARCHAR(30)
Street VARCHAR(50)
City VARCHAR(30)
State CHAR(2)

Zip CHAR(10)

In another application, you might create a second table of names and addresses,
perhaps this time with different field sizes or even additional fields.

From a design viewpoint, the ability to define a class or structure can be used across
the board is very attractive.

An object relational database provides the necessary tools to support this approach
with User Defined Data Types (UDTS).

Using SQL3 Data Types

The new SQL3 data types that the JDBC 2.0 Extension supports include the
following:

. BLOB (Binary Large Object), which can store very large amounts of data as raw bytes
] CLOB (Character Large Object), which can store very large amounts of character data
= ARRAY, which can store an array as a column value

= User Defined Types

= Structured, object relational types

*=  The DISTINCTtype

The following list provides the JDBC 2.0 interfaces that map SQL3 types. We discuss
them in more detail later in this chapter.

= A Blob instance maps an SQL BLOB value.

. A Clob instance maps an SQL CLOB value.

] An Array instance maps an SQL ARRAY value.

= A Struct instance maps an SQL structured type value.
. A Ref instance maps an SQL REF value.

SQL3 data types are retrieved, stored, and updated in the same way as other data
types, using the methods shown in Table 4-6.
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Table 4-6: SQL3 Data Type Reference Methods

SQL3 type get set update
BLOB getBlob seBlob updateBlob
CLOB getClob setClob updateClob
ARRAY getArray setArray updateArray
Structured type getObject setObject updateObject
REF ( structured type) getObject setObject updateObiject

Note At the time of this writing, the update methods are scheduled for future
release. Until then, you can use the method updateObject, which works
just as well.

Here's an example of accessing one of these new data types. The following code
fragment retrieves a CLOB value, Notes, from a patient's medical records.

ResultSet rs = stmt.executeQuery(

"SELECT Notes FROM Patients WHERE SSN = 123-45-6789");
rs.next();
Clob notes = rs.getClob("Notes");

Because a SQLBLOB, CLOB, or ARRAY object may be very large, an instance of
any of these types is actually a SQL locator or logical pointer to the object in the
database that the instance represents. JDBC provides the tools to manipulate them
without having to bring all of their data from the database server to your client
machine. This feature can make performance significantly faster.

If you want to bring the data of a BLOB or CLOB value to the client, you can use the
following methods in the Blob and Clob interfaces provided for this purpose:

= getAsciiStream()(Gets the CLOB value designated by this Clob object as a stream of ASCII
bytes)

= getCharacterStream() (Gets the Clob contents as a Unicode stream)

= getSubString(long pos, int length)(Returns a copy of the specified substring in the CLOB value
designated by this Clob object)

= length()(Returns the number of characters in the CLOB value designated by this Clob object)

] position(Clob searchstr, long start) (Determines the character position at which the specified
Clob object searchstr appears in this Clob object)

= position(String searchstr, long start) (Determines the character position at which the specified
substring searchstr appears in the CLOB)
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Both Blob and Clob objects provide methods for materializing the object's value on
the client, for getting the length of the object, and for performing searches within the
object's value.

The JDBC 3.0 API Extensions add methods to alter the values of BLOBS and CLOBS
directly, using these methods:

=  Blob.setBytes()
- Clob.setString()

A JDBC Array object materializes the SQL ARRAY it represents as either a result set
or a Java array.

For example, after retrieving the SQL ARRAY value in the column Meds as a
java.sql.Array object, the following code fragment materializes the ARRAY value on
the client. It then iterates through Medications, the Java array that contains the
elements of the SQL ARRAY value.

ResultSet rs = stmt.executeQuery(
"SELECT MEDS FROM Patients WHERE SSN = 123-45-6789");
while (rs.next()) {
Array Medications = rs.getArray("MEDS");
String[] meds = (String[])Medications.getArray();
for (int i = O; i < meds.length; i++) {
. . . Il code to display medications

The ResultSet method getArray returns the value stored in the column MEDS of the
current row as the java.sql.Array object Medications, as shown here:

Array Medications = rs.getArray("MEDS");

The variable Medications contains a locator, which means that it is a logical pointer to
the SQL ARRAY on the server; it does not contain the elements of the ARRAY itself.

In the following line, getArray is the Array.getArray method, returning a Java Object
that is cast to an array of String objects before being assigned to the variable meds.

String[] meds = (String[])Medications.getArray();

Thus, the Array.getArray method materializes the SQL ARRAY elements on the client
as an array of String objects we can iterate through and display.

Creating User Defined Data Types
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SQL allows the user to create user defined data types or UDTs with the CREATE
TYPE statement. There are two main kinds of data type which the user can create:

= The structured data type
] The DISTINCT type

Creating a structured data type

The following SQL statement creates the new data type ADDRESS and registers it
with the database as a data type, so it is available for use as the data type for a table
column or as an attribute of a structured type:

CREATE TYPE ADDRESS

(
STREET VARCHAR(40),
APT_NO INTEGER,
CITY VARCHAR(40),
STATE CHAR(2),
ZIP CHAR(5)

)i

In this definition, the new type ADDRESS has five attributes, which are equivalent to
fields in a Java class. The attribute STREET is a VARCHAR(40); the attribute
APT_NO is an INTEGER,; the attribute CITY is a VARCHAR(40); the attribute STATE
is a CHAR(2); and the attribute ZIP is a CHAR(5).

Creating a DISTINCT type

A DISTINCT type can be thought of as a structured type with only one attribute.
DISTINCT types are always based on another data type, which must be a predefined
type; they cannot be based on another UDT. DISTINCT types are retrieved or set
using the appropriate method for the underlying type.

For example, a Social Security Number (SSN), which is never going to be used for
arithmetic operations, and may be a good candidate for special handling, can be
created using the command. Here's an example:

CREATE TYPE SSN AS CHAR(9);

This is the equivalent SQL Server command:

EXEC sp_addtype SSN, 'VARCHAR(9)'

Now that User Defined Data Types for Address and Social Security Number have
been created, they can be used to define a new UDT, as shown here:
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CREATE TYPE EMPLOYEE

(
EMP_ID INTEGER,
LAST_NAME VARCHAR(40),
FIRST_NAME VARCHAR(40),
RESIDENCE ADDRESS,
SOCIAL SSN

This definition can be created in a JDBC application by opening a connection and
creating a Statement in the normal way, then executing the following code to send the
definition of the structured type EMPLOYEE to the database.

String createEmployee = "CREATE TYPE EMPLOYEE ("+
"EMP_ID INTEGER,"+
"LAST_NAME VARCHAR(40),"+
"FIRST_NAME VARCHAR(40),"+
"RESIDENCE ADDRESS,"+
"SOCIAL SSN);";

stmt.executeUpdate(createEmployee);

On occasion, your code may generate errors. Java handles these errors by throwing
SQLEXxceptions, as discussed in the next section.

Exceptions and Logging

There are several types of exceptions which can be thrown during data base access.
The most common is the SQLEXxception.

SQLException

The SQLException class extends java.lang.Exception to provide information on
database-access errors. Each SQLEXxception provides the following information:

= The Java exception message String, available using the getMessage() method

] The SQLState String, which follows the XOPEN SQLState conventions, available using the
getSQLState() method

= A vendor-specific, integer-error code, available using the getErrorCode() method. Normally, this
isthe actual error code that the underlying database returns.

SQLEXxception also lets you get the next exception, which can be used to provide
additional error information.

SQLWarning
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The SQLWarning class extends SQLException to provide information on
database-access warnings. Warnings are silently chained to the object whose
method causes the warning to be reported and are returned by the getWarnings()
method of that class.

In addition to the inherited methods of SQLEXxception, SQLWarning provides methods

to get the next SQLWarning for additional information or to add a warning to the
chain.

BatchUpdateException

A BatchUpdateException provides information about problems arising during batch
updates. BatchUpdateException extends SQLException, adding an array of update
counts similar to the array returned by the executeBatch method. You can retrieve

this array by using the getUpdateCounts() method as follows:

int [] updateCounts = b.getUpdateCounts();

Since the update counts are in the same order as the commands, you can tell which
commands in the batch have executed successfully.

Logging

In all but the simplest applications, it is worth incorporating some degree of error and
event logging. The most basic form of logging, of course, is the use of System.err and
System.out to report exceptions and significant events.

In a practical application, simply dumping exception messages to the system console
is generally inadequate. It is preferable to use dedicated logging files or perhaps even
a database to manage event logs and error logs.

It is easy to implement a file-based error and event-logging system by simply
redirecting the basic System.err stream and by defining a PrintWriter for use by the
Exception class for dumping a StackTrace.

Listing 4-11 extends the example of Listing 4-1 to demonstrate two different ways to
log exceptions to an error-logging file:

= Define a PrintWriter for use with the printStackTrace() method.
= Redirect System.err to a logging file by using System.setErr().

Listing 4-11: Logging errors to a file

package java_databases.ch04;

import java.io.*;
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import java.sql.*;
import java.util.*;

public class Logging{
public static void main(String args[]){
PrintWriter errLog = null;
PrintStream stderr = null;
try{
FileOutputStream errors = new FileOutputStream ("StdErr.txt",
true);
stderr = new PrintStream (errors);
errLog = new PrintWriter(errors,true);
}
catch (Exception e){
System.out.printin ("Redirection error: Unable to open SystemErr.txt");

}
System.setErr ( stderr );

int qty;

float cost;

String name;

String desc;

String query = "SELECT Name,Description,Qty,Cost,Sell_Price FROM Stock";

try {
Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");

Connection con = DriverManager.getConnection
("jdbc:odbc:Inventory");
Statement stmt = con.createStatement();
ResultSet rs = stmt.executeQuery(query);
while (rs.next()) {
name = rs.getString("Name");

desc = rs.getString("Description");

qty rs.getint("Qty");

cost = rs.getFloat("Cost");

System.out.printin(name+", "+desc+"\t: "+qty+"\t@ $"+cost);

}

catch(ClassNotFoundException e){
e.printStackTrace(errLog);

}

catch(SQLException e){
System.err.printin((new GregorianCalendar()).getTime());
System.err.printin(“*Thread: "+Thread.currentThread());
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System.err.printin("ErrorCode: "+e.getErrorCode());
System.err.printin("SQLState: "+e.getSQLState());
System.err.printin("Message:  "+e.getMessage());
System.err.printin("NextException: "+e.getNextException());
e.printStackTrace(errLog);
System.err.printin();

}

try{
stderr.close ();

}

catch (Exception e){

System.out.printin("Redirection error: Unable to close SystemErr.txt");

}

A practical point worth noting is that the example saves current time and the current
thread as part of the logged-error information.

Caution Remember to open your error-logging file for append. Otherwise, you
see only the last error. Also, it is a good idea to set autoFlush = true as
shown, so that errors are written to the file immediately.

This query is used in Listing 4-11:
String query = "SELECT Name,Description,Qty,Cost,Sell_Price FROM Stock";

This query attempts to SELECT a nonexistent column, so a SQL Exception is thrown,
resulting in logging the following error messages to the error log:

Sun Dec 30 14:43:44 EST 2001

Thread: Thread[main,5,main]

ErrorCode: -3010

SQLState: 07001

Message: [Microsoft][ODBC Microsoft Access Driver] Too few parameters.
Expected 1.

NextException: null

java.sql.SQLException: [Microsoft][ODBC Microsoft Access Driver] Too few
parameters. Expected 1.

at sun.jdbc.odbc.JdbcOdbc.createSQLEXxception(JdbcOdbc.java:6031)

at sun.jdbc.odbc.JdbcOdbc.standardError(JdbcOdbc.java:6188)

at sun.jdbc.odbc.JdbcOdbc.SQLEXxecDirect(JdbcOdbc.java:2494)

at sun.jdbc.odbc.JdbcOdbcStatement.execute(JdbcOdbcStatement.java:314)
at
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sun.jdbc.odbc.JdbcOdbcStatement.executeQuery(JdbcOdbcStatement.java:229)
at java_databases.ch04.Logging.main(Logging.java:30)

Summary

Part | is an introduction to database management systems, SQL, and JDBC,
providing a theoretical overview of the topics as a basis for the more detailed
explanations in subsequent chapters.

This chapter provides an overview of the use of the JDBC API. In this chapter, you
learn about the building blocks of a JDBC-based application:

= Using the DriverManager and different types of JDBC drivers

= Using JDBC DataSources for dimple, pooled, and distributed connections
= Using connections

= Using Statements, PreparedStatements and CallableStatements

= Using transactions, isolation levels and SavePoints

= Handling batch updates

= Using ResultSets and Rowsets

= Using MetaData

. JDBC Mapping of SQL Data Types

= Exceptions and loggin
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Part II: Using JDBC and SQL in a
Two-Tier Client/Server Application

Chapter List

Chapter 5 Creating a Table with JDBC and SQL

Chapter 6 Inserting, Updating, and Deleting Data
Chapter 7: Retrieving Data with SQL Queries

Chapter 8 Organizing Search Results and Using Indexes
Chapter 9 Joins and Compound Queries

Chapter 10: Building a Client/Server Application

Part Overview

Part 1l expands the overviews of Part | by presenting a series of application examples that cover two
major topics in depth: The JDBC core API and SQL basics. These topics are covered in the context of
a series of Swing-based desktop applications. Each chapter starts with a detailed discussion of a
major element of the SQL language, followed by a presentation of a JDBC application using the SQL
commands discussed.

Individual chapters are dedicated to using basic SQL commands to create, populate, and query
databases, as well as to using the various SQL operators to build more complex queries. The Java
examples use the JDBC core API to connect to a database and execute the SQL commands.

Another chapter is devoted to showing how to perform SQL joins and compound queries. Inner and
outer joins, selfjoins, and unions are discussed, as are ordering and grouping the results of these
joins.

The final chapter in Part 1l brings together the examples in the previous chapters to create a Swing GUI
that can be used as a control panel for any database system. This chapter goes on to explain how
JDBC can be used with any RDBMS system by simply plugging in the appropriate drivers. The
examples compare the effects on performance of plugging in a commercial pure Java driver in place of
Sun's JDBC-ODBC bridge.
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Chapter 5: Creating a Table withJDBC and SQL

This chapter discusses various ways in which JDBC and SQL enable you to create tables and
manipulate the content therein.

Creating the Database

Before we can create a table, we need to create a database. This has to be done using the Database
Management System itself, because JDBC requires an existing database to make a connection.

DBMS packages that support a GUI, such as MS Access, SQL Server, Sybase, and Oracle, provide a
simple graphical way to do this, generally in the form of a wizard, which guides you through the
necessary steps. If you are running a command line DBMS such as MySQL, start the package; at the
command prompt, type the following:

CREATE DATABASE CONTACTS;

Although the material in this book applies to any JDBC driver, assume that you are using the
JDBC-ODBC bridge. Once you have created the database, register it with the ODBC Data Source
Administrator utility. If, in fact, you are using a different driver, the examples still work fine; all you need
to do is to specify the name of the driver you are using when you register the driver with the
DriverManager.

Assuming that you are, in fact, using the JDBC-ODBC bridge, you will need to register your newly
created database with the ODBC Data Source Administrator utility. If, in fact, you are using a different
driver, the examples still work fine: all you need to do is to specify the name of the driver you are using
when you register the driver with the DriverManager.

Once you have created a database, you are ready to start creating tables. The SQL commands used
to create tables are discussed in the next section.

Using Tables

Relational databases store data in tables. A given database may contain one or more tables,
depending on the application. Tables are intended to store logically related data items together, so a
database may contain one table for business contacts, another for projects, and so on.

Each table in a database is like a spreadsheet. When you create a table, you tell the RDBMS how
many columns each row has. Each record in the database consists of one row in this table.

A database is more restrictive than a spreadsheet in that all the data in one column must be of the
same type, such as integer, decimal, character string, or date. Another difference between a
spreadsheet and a database is that unlike the rows in a spreadsheet, the rows in a database have no
implicit order. This is significant; although you may insert records in some order, there is no guarantee
that they will be returned in that order when you query the database.

Cross-Reference
The design of relational databases and the organization of tables is
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discussed in Chapter 1.

Records and Fields, Rows and Columns

A table (see Table 5-1) is a set of data records, arranged as rows, each of which contains individual
data elements or fields, arranged as columns. Here and in subsequent chapters in this part of the book,
we are working with a simple Name and Address Table. Each row in this table is a record containing
information about a single individual or entity.

Successive fields within the record contain different pieces of information about the person or entity,
such as first name, middle initial, last name, and so on. These fields are arranged logically in columns,
so that the first column contains first names, the second, middle initials, and so on.

Table 5-1: Example of a Table

First_ Name Ml Last Name Street City State Zip
Alex M Baldwin 123 Pine St Washington DC 12345
Michael Q Cordell 1701 York Rd Columbia MD 21144

It is immediately obvious that all fields within a given column have the following features in common:

. They are similar in type; for example, all M.1. fields contain zero or one character, and all zips are
numeric.

= They form part of a column that has a name.

. As you will see shortly, all fields in a column may be subject to one or more constraints.

Note
The table and column names must start with a letter and can be followed by letters,

numbers, or underscores. Do not use any SQL reserved keywords as names for tables

or column names (such as "select," "create," "insert," and so on).

Create this table using the SQL CREATE command. Before you can do this, there are some decisions
you need to make regarding data types, field lengths, and constraints.

SQL Data Types

As we see in Chapter 2, SQL supports a variety of data types. Table 5-2 lists SQL data types with the
corresponding java.sgl data types.

Table 5-2: Standard Mapping from SQL Types to Java
SQL type Java type Description

CHAR String Fixed-length character string. For a CHAR type of
length n, the DBMS invariably assigns n
characters of storage, padding unused space.

VARCHAR String Variable-length character string. For a VARCHAR
of length n, the DBMS assigns up to n charcters
of storage, as required.
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Table 5-2: Standard Mapping from SQL Types to Java

SQL type

LONGVARCHAR

NUMERIC

DECIMAL

BIT
TINYINT
SMALLINT
INTEGER
BIGINT
REAL
FLOAT
DOUBLE
BINARY
VARBINARY

LONGVARBINARY

DATE
TIME

TIMESTAMP

Java type

String

java.math.BigDecimal

java.math.BigDecimal

boolean
byte
short

int

long
float
double
double
byte[]
byte[]

byte[]

java.sqgl.Date
java.sqgl.Time

java.sgl.Timestamp

Description

Variable-length character string. JDBC allows
retrieval of a LONGVARCHAR as a Java input
stream.

Arbitrary-precision signed decimal nhumbers. Can
be retrieved using either BigDecimal or String.

Arbitrary-precision signed decimal numbers. Can
be retrieved using either BigDecimal or String.

Yes/No value

8 bit integer values

16 bit integer values

32 bit integer values

64 bit integer values

Floating point number, mapped to float
Floating point number, mapped to double
Floating point number, mapped to double
Retrieve as byte array

Retrieve as byte array

Retrieve as byte array. JDBC allows retrieval of a
LONGVARCHAR as a Java input stream.

Thin wrapper around java. util.Date
Thin wrapper around java.util.Date

Composite of a java.util.Date and a separate
nanosecond value

As you can see from Table 5-2, most of the fields we will be using can be handled using the VARCHAR
type. The zip code is perhaps also best handled using a VARCHAR, since we will not be using it for

arithmetic; nine-digit zips are frequently entered with a hyphen as a separator.

Note

VARCHAR is preferrable to CHARACTER because when you use CHARACTER(n), the
DBMS always assigns n characters to the field, padding the field to fill unallocated space;

when you use VARCHAR(n), the DBMS assigns up to n characters, as required.

Integrity Constraints
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In addition to selecting data type and length, there are various integrity constraints you may need to
apply to the data stored in a column. Integrity constraints are important to ensure consistency and
accuracy.

NULL or NOT NULL

In addition to assigning a data type to a field, SQL lets you specify whether a field is required to contain
valid data or whether it can be left empty. In our example, you may decide that you require first name
and last name, but you may not be particularly concerned about middle initials. In this case, set the
constraints for first name and last name to NOT NULL and the constraint for middle initial to NULL.

Note
Most database systems default to NULL.

UNIQUE

The UNI QUE constraint specifies that no two records can have the same value in a particular column.
They must each be unique. An employee id, for example, should be unique.

PRIMARY KEY

The primary key is used by the database management systems as a unique identifier for a row.
Probably the best choice for a primary-key field is an integer, because integers are much faster to
process than, for example, long strings when processing the table. This is one reason why Oracle
provides a ROWID field that is incremented for each row that is added, and MSAccess offers an
AutoNumber option, making the field always a unique key by default.

Note
NULL, UNI QUE, and PRI MARY KEY are the constraints most commonly used, but various

database management systems offer custom constraints, such as Oracle's CHECK,
which lets you define syntactic and logical checks to be performed on field values prior to
insertion.

This brief review of data types, constraints and keys should have given you enough background to
start creating a table. The use of SQL to create tables is covered in the next section.

Creating a Table

Now that you know enough about the data you intend to store in your table, you are ready to give your
table a name and write the SQL command to create it. Tables are created using the CREATE TABLE
statement with a table name, followed in parentheses (()) by a series of column definitions. Here's an
example:

CREATE TABLE tabl eNane ( col umNanme dataType [constraints],...);

Column definitions simply list the column or field name, followed by the data type and the optional
constraints. Column definitions are separated by commas, as shown here:

CREATE TABLE CONTACT | NFO

(CONTACT_I D | NTEGER NOT NULL PRI MARY KEY,

FI RST_NAVE VARCHAR(20)  NOT NULL,
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M CHAR( 1) NULL

LAST_NAME VARCHAR( 30) NOT NULL,

STREET VARCHAR( 50) NOT NULL,

aTY VARCHAR( 30) NOT NULL,

STATE CHAR( 2) NOT NULL,

ZIP VARCHAR(10)  NOT NULL);
Caution

Notice the semicolon terminating the command. Most dialects of SQL work with
semicolons, but some, such as Transact-SQL, require the keyword GO. We use
semicolons in our examples.

The next section will show you how to use the SQL CREATE TABLE from a Java application.

Creating a Table Using JDBC

The JDBC API is made up of a small number of important classes and interfaces that handle the tasks
of loading a suitable driver for your database, connecting to the database, creating and executing a
SQL command, and handling any returned records. The primary classes we use for this example are
as follows:

= DriverManager

. Driver

) Connection

. Statement

DriverManager

The DriverManager is responsible for loading JDBC drivers and for returning a connection to the
appropriate driver. The DriverManager locates a suitable driver for the URL provided in the
get Connect i on() call by polling the registered drivers.

Driver

For the examples in this book, we use the JDBC ODBC bridge. The first thing we do is load the
sun. j dbc. odbc. JdbcOdbcDri ver by name, using Cl ass. f or Nane() .Then we register it with
the DriverManager, using this command:

Dri ver Manager . regi sterDriver(new JdbcQdbcDriver());

Connection

We next request a connection to the database from the DriverManager using the following command:

get Connection(j dbc: dri ver Nanme: dat abaseNane) ;
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The DriverManager polls all registered drivers to find the first one that can create a connection to the
URL. Variations on this command let you give the database a user name and password or pass a Java
Properties object with the URL:

get Connection(String url,String user, String password);

get Connection(String url, Properties info);

A connection represents a session with a specific database, providing the context in which our SQL
statements are executed and results are returned.

Statement

The term St at enent refers to the Java class that passes the SQL Query to the database via the
connection rather than to the SQL Query itself. A St at ement object is used for executing a static SQL
statement and obtaining the results it produces.

The actual SQL command you pass to the database is the command you have just created when we
were discussing the CREATE command. JDBC does not put any restrictions on the SQL commands
you send to the database, but you must ensure that the data source you are connecting to supports
whatever SQL you are using. JDBC allows any query string to be passed to an underlying DBMS
driver, so an application may use as much SQL functionality as desired at the risk of receiving an error
on some DBMSs. In fact, an application query need not even be SQL, or it may be a specialized
derivative of SQL. If the database engine reports a problem, a SQLException will be thrown, providing
information on the database-access error.

Listing 5-1 contains the code for creating a table using JDBC.

Listing 5-1: Creating a table using JDBC

package jdbc_bi bl e. part 2;

i mport java.sql.*;

i mport sun.jdbc. odbc. JdbcOdbcDri ver;

public class Tabl eMaker {
static String jdbcDriver = "sun.jdbc.odbc. JdbcGdbcDriver";
static String dbNane = "Contacts";

static String url = "jdbc:odbc:";

static String SQ.Create =

" CREATE TABLE CONTACT_I| NFO (" +
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"CONTACT_ID | NTEGER NOT NULL PRI MARY KEY, "+
"FIRST_NAME ~ VARCHAR(20) NOT NULL,"+

"M CHAR( 1) NULL, " +

"LAST_NAME  VARCHAR(30) NOT NULL,"+

" STREET VARCHAR(50) NOT NULL, "+
"ClTY VARCHAR(30) NOT NULL, "+
" STATE CHAR( 2) NOT NULL, " +
"ZIP VARCHAR(10) NOT NULL"+

")t

publ i c Tabl eMaker () {
regi sterDriver();

}

public void setDatabaseName(String dbNane) {
t hi s. dbName=dbNane;

}

public void registerDriver(){

try {
Cl ass. for Name(j dbcDri ver);

}
cat ch( Cl assNot FoundException e){

Systemerr.print(e.get Message());
}
cat ch( SQLException e){

Systemerr.println(e. get Message());

}
public void execute(String SQLConmand) {

url += dbNane;
Connecti on con;

St at ement stnt;

try {

con = Driver Manager. get Connection(url);
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stm = con.createStatement();
stm . execut e( SQLConmand) ;
con. close();

}

cat ch( SQLException e){

Systemerr.println(e. get Message());

}
finally {
try {
if (con!=null) {
con. cl ose();
}
if (stmt !'=null) {
stm.close();
}
} catch (Exception ex) { // ignore }
}
}

public static void main(String[] args) {

Tabl eMaker tabl eMaker = new Tabl eMaker () ;

t abl eMaker . execut e( SQLCreate) ;

Compile and execute the example, and you should be able to see the new table in your database.
Using a GUI-based system, you are able to see the table when you open the database. With a

command line DBMS like MySQL, you need to type the following at the command prompt:

SHOW TABLES;

In addition to creating a table, you may find it necessary to alter an existing table. This can be done

using the ALTER TABLE command.

Altering a Table with ALTER TABLE

Now that you have built your table, it looks as if you should have included fields for phone number and
e-mail address. Many database management systems let you use SQL to modify tables with the
ALTER TABLE command. The ALTER TABLE command enables you to do these two things:

. Add a column to an existing table
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= Modify a column that already exists

This is the syntax for the ALTER TABLE command:
ALTER TABLE t abl eNamre ADD col utmmNanme dat aType;

For example, to add a phone number field to the CONTACT_I NFO table, use this command:
ALTER TABLE CONTACT_I| NFO ADD PHONE VARCHAR(16);

You can use MODI FY to change a column constraint from NOT NULL to NULL using this command:

ALTER TABLE t abl eNamre MODI FY col uimNane dataType NULL; >

In much the same way, you can use MODI FY as follows to change the width of a column using:

ALTER TABLE t abl eNanme MODI FY col umName dat aType; >

cadtion You can always increase the width of a column, but you can't reduce the width below
that of the widest value anywhere in the column. Similarly, you can only change a
column's constraints from NOT NULL to NULL if there are no NULL values in the
column.

Note

Implementations of the MODIFY clause tend to be specific to a database management
system. Some allow the use of the MODIFY clause; others do not.

These are the SQL statements that are required to insert phone number and e-mail address columns:
ALTER TABLE CONTACT_I NFO ADD PHONE VARCHAR(16);

ALTER TABLE CONTACT_I| NFO ADD EMAI L VARCHAR(50) NOT NULL;

Just as you can create a table using JDBC, you can also alter a table using JDBC. As you can see
from the example of Listing 5-2, the code to alter a table looks very much like the Tabl eMaker . j ava
example, with the exception that a new method, execute(String[] SQ.Command) has been
added. This method loops through an array of SQL commands to execute each of the ALTER TABLE
commands.

Listing 5-2: Altering a table using JDBC

| MPORT JAVA. SQL. *;

I MPORT SUN. JDBC. ODBC. JDBCODBCDRI VER,;

PUBLI C CLASS TABLEMODI FI ER{
STATI C STRI NG JDBCDRI VER = " SUN. JDBC. ODBC. JDBCODBCDRI VER";
STATI C STRI NG DBNAME = " CONTACTS";

STATI C STRI NG URL = "JDBC: ODBC: CONTACTS";
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STATIC STRING ] SQLALTER = {
" ALTER TABLE CONTACT_I| NFO ADD PHONE VARCHAR(16);",
" ALTER TABLE CONTACT_| NFO ADD EMAI L VARCHAR(50); ",
b
PUBLI C TABLEMODI FI ER() {
REG STERDRI VER() ;
}
PUBLI C VO D REG STERDRI VER() {
TRY {
CLASS. FORNAME( JDBCDRI VER) ;
DRI VERVMANAGER. REGI STERDRI VER( NEW J DBCODBCDRI VER() ) ;
}
CATCH( CLASSNOTFOUNDEXCEPTI ON E) {
SYSTEM ERR. PRI NT( E. GETMESSAGE() ) ;
}
CATCH( SQLEXCEPTI ON E) {
SYSTEM ERR. PRI NTLN( E. GETMESSAGE() ) ;

}
PUBLI C VO D EXECUTE( STRING[] SQLCOVMAND) {

TRY {
CONNECTI ON CON

DRI VERMANAGER. GETCONNECTI ON( URL) ;
STATEMENT STMT = CON. CREATESTATEMENT() ;
FOR( 1 NT 1=0; | <SQLCOMVAND. LENGTH; | ++) {
STMT. EXECUTE( SQLCOMVANDI | ]) ;
}
CON. CLOSE() ;
}
CATCH( SQLEXCEPTI ON E) {
SYSTEM ERR. PRI NTLN( E. GETMESSAGE() ) ;

}
PUBLI C STATIC VO D MAI N(STRING ] ARGS) {

TABLEMODI FI ER TABLEMODI FI ER = NEW TABLEMODI FI ER() ;
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TABLEMODI FI ER. EXECUTE( SQLALTER) ;

From time to time, you may need to delete a table. Deleting tables, like creating and altering tables, is
easy to do using SQL and JDBC.

Deleting or Dropping a Table

Deleting a table with SQL is done using the DROP TABLE command. The DROP TABLE command
deletes a table along with all its associated views and indexes. Here's the syntax for the DROP TABLE
command:

DROP TABLE tabl e_nane;

To drop the CONTACT _I NFQ, issue this command:
DROP TABLE CONTACT_I NFG;

Since the code used to drop a table is very similar to the code used to create or alter a table, a
dedicated Java example for DROP TABLE, is not provided. The Table Builder example discussed in the
next section includes an example of the code required to drop a table in listing 5-3.

Creating a Swing-based Table Builder

To illustrate the topics covered in this chapter, we build a Swing-based Table Builder. This application
forms the basis of a complete database management console, which, with only minor modifications,
works with any database management system.

The Table Builder uses Model View Controller (MVC) architecture, both for clarity, and because MVC
designs are easier to understand, build, and maintain. The first step is to create the controller portion of
the MVC architecture.

The controller responds to user inputs from the various view elements and commands the model to
execute the user's commands. User inputs come from JMenus, dialog boxes, and JinternalFrames.

The sequence of events is as follows:
1. User selects a database.
2. User assigns a table name.
3. User defines the required fields for the table.
4. SQL CREATE TABLE command is issued to create the desired table.

The controller interacts with the model using classes based on the code we look at in Listing 5-1.

The view portion of the MVC architecture is handled by the usual JMenu items, together with a

JOpt i onPane to deal with single-value inputs such as database name and table name, and dedicated
JI nt er nal Fr anes to handle anything more complicated. The view components interact with the
controller only for initialization and to return the data they are designed to collect. The model portion of
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the MVC architecture performs the actual JDBC functions, connecting to the database and issuing the
CREATE TABLE command.

Controller

Base your controller on a JFr ane, which also hosts the view components. If you want to be a purist,
you can create the JFr ane separately and subclass it for the controller; but as the only view-related
code in this class is in the constructor, | feel it is acceptable to use the JFr ane as the controller.

In addition to constructing the JFr ane, the constructor adds a JDeskt opPane to handle the
JI nt er nal Franes, a JMenu class, and the Acti onLi st ener forthe JMenu.

The sel ect Dat abase() method is called when the user selects the "Database" menu option. This
method prompts the user for the database name using a JOptionPane; after saving the database
name, it enables the New Table menu item and the Drop Table menu item.

When either the New Table menu item or the Drop Table menu item is selected, a JOptionPane is
displayed to get the table name, and then, depending on the menu selection, either the
TableBuilderFrame is displayed to allow the user to create the table, or a JOptionFrame is displayed to
confirm that the table should be dropped.

The di spl ayTabl eBui | der Fr ame() method is called when the user responds to a prompt for the
table name. It launches the Tabl eBui | der Fr anme, setting an Act i onLi st ener,
CommandLi st ener, to receive the completed CREATE TABLE command from the JI nt er nal Fr ane.

The ConmandLi st ener ultimately passes the CREATE TABLE command to the JDBC SQLTool ki t
class, which connects to the database and creates the table. (See Listing 5-3.)

Listing 5-3: Swing-based Table Builder — the main JFrame

package jdbc_bi bl e. part 2;

i mport java.awt.*;
i mport java.awt.event.*;
i mport javax.sw ng. *;

i mport javax.sw ng.event.*;

public class DBManager extends JFranme{
JMenuBar nenuBar = new JMenuBar () ;
JDeskt opPane desktop = new JDeskt opPane();
String database = null;

String tabl eName = null;
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String menuSel ection = null;
Tabl eBui | der Frame t abl eMaker = nul |

Dat abaseUtilities dbUtils = null;

Tabl eMenu tabl eMenu = new Tabl eMenu() ;

MenulLi st ener menulLi stener = new MenulLi stener();

publ i ¢ DBManager () {
set JMenuBar (nmenuBar) ;
setTitl e("JDBC Dat abase Bible");
get Cont ent Pane() . set Layout (new Bor der Layout ());
get Cont ent Pane() . add( deskt op, Border Layout . CENTER) ;

set Si ze(new Di nensi on(640, 480));

menuBar . add(t abl eMenu) ;

tabl eMenu. set Menuli st ener (nmenuli st ener);

set Visible(true);

private void di spl ayTabl eBui | der Franme() {
t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;
t abl eMaker = new Tabl eBui | der Frane(t abl eNane) ;
t abl eMaker . set ConmandLi st ener (new ConmmandLi st ener());
deskt op. add(t abl eMaker);

t abl eMaker . set Vi si bl e(true);

private void sel ect Dat abase(){
dat abase = JOpti onPane. showl nput Di al og(t hi s, " Dat abase: ",
"Sel ect dat abase", JOpti onPane. QUESTI ON_MESSAGE) ;

dbUtils = new DatabaseUtilities();
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dbUti | s. set Excepti onLi stener (new Excepti onLi stener());

t abl eMenu. enabl eMenul t em( " New Tabl e", true);

t abl eMenu. enabl eMenul ten(" Drop Tabl e", true);

private void execut eSQLCommand(String SQLCommand) {
dbUtils. execut e( SQLCommand) ;

private void dropTabl e(){
t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;
int option = JOptionPane. showConfirnDi al og(nul |,
"Dr oppi ng tabl e "+tabl eNane,
" Dat abase " +dat abase,
JOpt i onPane. OK_CANCEL_OPTI ON) ;
i f (option==0){

execut eSQLCommand( " DROP TABLE " +t abl eNane) ;

cl ass MenulLi stener inplenments ActionListener{
public void actionPerfornmed(Acti onEvent event){

String menuSel ection = event. get Acti onCommand() ;

i f (menuSel ection. equal s("Dat abase")){
sel ect Dat abase() ;

telse i f(nmenuSel ection. equal s("New Tabl e")){
di spl ayTabl eBui | der Franme() ;

}el se if(menuSel ection. equal s("Drop Tabl e")){
dropTabl e();

lel se if(menuSel ection. equal s("Exit")){

System exit(0);
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cl ass ExceptionLi stener inplenents ActionListener{
public void actionPerformed(Acti onEvent event){
String exception = event. getActi onConmmand() ;
JOpt i onPane. showvessageDi al og(nul |, excepti on,

"SQL Error", JOptionPane. ERROR_MESSAGE) ;

cl ass CommandLi stener inplenments ActionLi stener{

public void actionPerformed(Acti onEvent event){

String SQLConmand = event. get Acti onCommand() ;
execut eSQLCommand( SQLComand) ;

public static void main(String args[]){

DBManager dbm = new DBManager ();

View

The view is handled primarily by these two classes:
. Tabl eMenu.
" Tabl eBui | der Fr ane

TableMenu

Tabl eMenu displays and handles inputs from a basic JMenu used to select a database and identify a
table. Being the first menu on the JMenuBar , the Tabl eMenu also handles the Exi t function.

Tabl eMenu extends a simple base class DBMenu (see Listing 5-4), which provides common
functionality. The main purpose of DBMenu is to simplify menu creation and to provide a common point
for hooking an event listener into the menu items so that they do not have to be set up individually from
the controller.
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Listing 5-4: DBMenu (the base class for TableMenu)

package jdbc_bi bl e. part 2;

i mport java.awt.*;
i mport java.awt.event.?*;

i mport javax.sw ng. *;

public class DBMenu extends JMenu{
JMenul tem dbl t em
JMenul tem newl tem
JMenul t em openl t em

JMenultemexitltem

Acti onLi st ener nenulLi stener = null

Menul t enli st ener itenlLi stener = new Menul tenli stener();

publ i c DBMenu() {
}
public void enabl eMenultem(String itemName, bool ean enabl e) {
Conmponent c[] = get MenuConponents();
for(int i=0;i<c.length;i++){
if(c[i] instanceof JMenultem {
JMenultemmenultem= (JMenultemc[i];

i f(menultem get Text (). equal s(itemName)) menul tem set Enabl ed(enabl e);

}

public void set MenuLi st ener (Acti onLi st ener menuLi stener){

t hi s. nenuLi st ener = nmenuli st ener

cl ass Menul tenlistener inplements ActionListener{
public void actionPerfornmed(Acti onEvent event){

String action = event. get Acti onComand();
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i f (menuLi stener!=null) menuLi stener. actionPerformed(event);

}

DBMenu is supported by DBMenul t em which extends JMenul t emto provide a simple base class for
the creation of the JMenul t ens. This DBMenultem base class is shown in Listing 5-5:

Listing 5-5: DBMenultem (a convenience class for easy JMenultem creation)

package jdbc_bi bl e. part 2;

i mport java.awt.event.*;

i mport javax.sw ng. *;

public class DBMenultem extends JMenulten{
public DBMenultem(String nane, char hotkey,
ActionLi stener itenLi stener, bool ean enabl ed) {
super (nane, (i nt) hot key) ;
set Acti onCommand( nane) ;
set Enabl ed( enabl ed) ;

addActionLi stener (itenLi stener);

Using these convenience classes, the creation of our custom menus becomes very simple, as you can
see from Listing 5-6.

Listing 5-6: Table Menu

package jdbc_bi bl e. part 2;

i mport javax.sw ng. *;

public class Tabl eMenu extends DBMenu{
JMenul tem dbl tem
JMenultem newi t en

JMenul t em openl tem
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JMenultemexitltem

publ i c Tabl eMenu() {
set Text (" Tabl e");
set Acti onCommand( " Tabl e");

set Mhenonic((int)' T);

dbltem = new DBMenult en(" Dat abase", 'D ,itenListener,true);
newltem = new DBMenulten("New Table",' T ,itenLi stener, fal se);
openltem = new DBMenultem("Drop Table",' D ,itenListener,false);

exitltem= new DBMenultem "Exit",' X' ,itenLi stener,true);

add(dbltem;
addSeparator();
add(newi tem;
add(openltem;
addSeparator();
add(exitltem;

TableBuilderFrame

Tabl eBui | der Fr ame is the heart of the MVC view. Tabl eBui | der Fr ane extends

Jl nternal Franme, containing a JTabl e used to set up the fields for the database table, a

JText Ar ea, which provides a preview o the generated SQL command, and a Create Table button,
which fires an Act i onEvent to the controller, sending it the generated SQL command.
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[E3J0AC Database Gihle - Database: Comacts

CFIATE TABLE Tantact _Info

Fiame WARCHAR(ZD) HOT SULL,

HE  CHARGL),

WSame  VARCHAR(ID) NHOT NURE.

Email WARCHAR(S0D) HOT NULL [ONIQUE )@

Hame | _D HITE | HULL LINIZE PRIMARY KEY
F Hamg AR CHAR it HOT HULL | | 154
Wl CHAR i 1 |
LHame VARCHER 30 NOT HULL

Craate Tabl !

Figure 5-1: TableBuilderFrame generates SQL from table entries.

Tabl eBui | der Fr ame is, in turn, built around a Jt abl e, which has been customized by adding
JConmboBox components as column editors for such fields as DataType.

The method set CommandLi st ener () is called by the MVC controller so that Tabl eBui | der Fr are
can pass the controller the generated SQL command when the Create Table button bar at the bottom
of the frame is pressed by the user.

Listing 5-8: TableBuilderFrame

package jdbc_bi bl e. part2;

i mport java.awt.*;
i mport java.awt.event.?*;
i mport javax.sw ng. *;

i mport javax.sw ng.event.*;

/**

* Tabl eBui | der Frame: a di splay which builds SQL CREATE st atenents
* <p/>

* Tabl eBui | der, which extends JTable, is a key conponent.

*/

cl ass Tabl eBui | der Franme ext ends JI nternal Frame{

protected int nRows = 15;

protected int nColums = 6;
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protected JTabl e tabl e;
protected JText Area SQLPane = new JText Area();
protected JButton createButton = new JButton("Create Table");

protected ActionLi stener commandLi stener = null;

protected String tableName = null;
protected String SQ.Command = "";

protected String SQ.CommandRoot = "";

publ i c Tabl eBuil der Franme(Stri ng tabl eName) {
set Si ze( 600, 400) ;
set Location(10, 10);
set Cl osabl e(true);
set Maxi m zabl e(true);
setlconifiable(true);
set Resi zabl e(true);
get Cont ent Pane() . set Layout (new Bor der Layout ());
t hi s. t abl eName=t abl eNane;
SQLConmandRoot = " CREATE TABLE "+t abl eNane;
setTitl e( SQLConmandRoot ) ;
init();

set Visi bl e(true);

/1 initialise the Jlnternal Frame
private void init(){
tabl e = creat eTabl e( nRows) ;
Tabl eChangeli st ener nodel Li st ener = new Tabl eChangelLi stener ();
t abl e. get Mobdel (). addTabl eMbdel Li st ener ( nodel Li st ener);
JScrol | Pane sql Scroll er = new JScrol | Pane( SQLPane) ;
JScrol | Pane tabl eScroll er = new JScrol | Pane(tabl e);
JSplitPane splitter = new
JSplitPane(JSplitPane. VERTI CAL_SPLI T, sql Scrol |l er, tabl eScrol |l er);

splitter.setDividerLocation(100);
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get Cont ent Pane() . add(splitter, BorderLayout. CENTER) ;
get Cont ent Pane() . add( cr eat eButt on, Bor der Layout . SOUTH) ;
creat eButton. addAct i onLi st ener (new ButtonLi stener());
}
private JTabl e createTabl e(i nt nRows){
String[] dataTypes = {"CHAR', "VARCHAR', "I NT", "FLOAT", " DATE"};
String[] defNull = {"" "NULL","NOT NULL"};
String[] defUnique = {"","UNI QUE"};
String[] defPriKey = {""," PRI MARY KEY"};
String[] col Names =
{" Name", " Dat aType", "SI ZE", "NULL", " UNI QUE", " PRI MARY KEY"};
String[][] rowbData = new String[ nRows][col Nanes. | engt h];
for(int i=0;i<nRows;i++){
for(int j=0;j<col Nanes.length;j++)rowbatali][j]="";
}
JConboBox dTypes = new JConboBox(dat aTypes);
JConboBox nul | Defs = new JConboBox(defNull);
JConmboBox uni queDefs = new JConboBox(def Uni que) ;
JConboBox pri maryKDefs = new JConboBox(def Pri Key);
JTabl e tabl e = new JTabl e(rowDat a, col Nanes) ;
t abl e. get Col umMbdel (). get Col uim( 1) .
set Cel | Edi t or (new Def aul t Cel | Edi t or (dTypes));
t abl e. get Col umMbdel (). get Col uim( 3) .
set Cel | Edi t or (new Defaul t Cel | Edi t or (nul | Defs));
t abl e. get Col utmMbdel (). get Col utm( 4) .
set Cel | Edi t or (new Def aul t Cel | Edi t or (uni queDefs));
tabl e. get Col uimModel () . get Col um(5) .
set Cel | Edi t or (new Def aul t Cel | Edi t or (pri maryKDefs));
return tabl e;
}
public String parseTabl e(){
String tablevalues = "";
int rows = tabl e. get RowCount () ;

int cols = tabl e. get Col umCount();
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i f (rows>=0&&col s>=0){
tabl eval ues += "\ n( ";
for(int i=0;i<rows;i++){
String rowbData = "";
for(int j=0;j<cols;j++){
String field = (String)table.getValueAt(i,j);
if(field =null){
i f(field.length()==0)break;
i f(j ==2)rowDat a+="(";
else if(i>0||j>0)rowbata += " ";

rowData += field;

i f(j==2)rowbData+=")";

}
i f(rowDat a. | engt h() ==0) br eak;

t abl eval ues += rowbDat a+",\n";

}
i f(tabl eval ues.endsWth(",\n")){

int tvLen = tabl evVal ues. | ength()-2;

i f(tvLen>0)tabl eVal ues = tabl evVal ues. substring(0,tvLen);

}

tabl eval ues += " );";

return tabl evVal ues;

/1 CommandLi stener is set by the MVC Controller nodule as a call back to

/!l return the SQL conmand
public void set CoomandLi st ener (Acti onLi stener commuandLi st ener){

t hi s. commandLi st ener =conmandLi st ener;

}

/] Listener for the CreateButton

cl ass ButtonListener inplements ActionListener{
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public void actionPerformed(Acti onEvent event){
String action = event. get Acti onComand() ;
i f (commandLi stener! =null){
ActionEvent evt = new ActionEvent(this, 0, SQL.Conmand) ;

commandLi st ener. acti onPerforned(evt);

/1 Listener for Edit events on the JTable
cl ass Tabl eChangelLi st ener inpl enments Tabl eMbdel Li st ener{
publ i ¢ Tabl eChangelLi stener (){

}
public void tabl eChanged( Tabl eMbdel Event event){

SQLConmand = SQLCommandRoot +par seTabl e() ;

SQLPane. set Text ( SQLConmand) ;

Model

The model portion of the MVC model is nothing more than the JDBC class we build earlier in the
chapter. This version has been edited slightly to remove the embedded SQL command strings and the
mai n() method we use to test it.

We have also changed the exception handling to fire an ActionEvent to an ExceptionListener
registered by the controller, which pops up a JOptionPane to display exceptions from the SQLToolkit
rather than printing them to the console. (See Listing 5-9.)

Listing 5-9: DatabaseUtilities — the JDBC code

package jdbc_bi bl e. part 2;

i mport java.awt.event.*;
i mport java.sql.*;
i mport java.util.Vector;

i mport sun.jdbc. odbc. JdbcQdbcDri ver;
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public class DatabaseUtilities{
static String jdbcDriver = "sun.jdbc. odbc. JdbcQdbcDri ver";
static String dbNane = "Contacts";
static String url Root = "jdbc: odbc:";

private ActionLi stener exceptionListener = null;

publ i c DatabaseUtilities(){
registerDriver();
}
public void setDatabaseName(String dbNane) {
t hi s. dbNane=dbNane;
}
public void registerDriver(){
try {
Cl ass. forName(j dbcDri ver);
Dri ver Manager . regi sterDriver(new JdbcOdbcDriver());
}
cat ch(Cl assNot FoundException e){
report Exception(e. get Message());
}
cat ch( SQLException e){

report Exception(e. get Message());

}
public void execute(String SQ.Conmand) {

String url = url Root +dbNane;

try {

Connection con Dri ver Manager . get Connection(url);
Statenent stnt = con.createStatenment();

st m . execut e( SQLConmand) ;

con. close();

}
cat ch( SQLException e){
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report Exception(e. get Message());

}

public void setExceptionLi stener(ActionListener exceptionListener){
this. exceptionLi stener=exceptionLi st ener;
}
private void reportException(String exception){
i f (exceptionListener!=null)({
Acti onEvent evt = new ActionEvent(this, 0, exception);
exceptionLi stener. acti onPerfornmed(evt);
}el se{

Systemerr.println(exception);

Summary

Having read this chapter, you should have a good understanding of the following topics:
. How a relational database stores data in the rows and columns that make up tables
= Records and fields are and how they relate to rows and columns

= Integrity constraints

. Creating a table with SQL CREATE

= Removing a table with SQL DROP

= Modifying a table with SQL ALTER

= Using JDBC and Swing to create a Table Builder

In Chapter 6, we discuss the SQL | NSERT command and use it to populate our Name and Address
Table with data.
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Chapter 6: Inserting, Updating,and Deleting Data

In This Chapter

The preceding chapter explains how to create a database and how to add, delete, and modify
database tables. This chapter explains how to insert data into a table and, when necessary, modify or
delete data.

Related topics covered in this chapter include a review of transaction control, which is important to
understand when you are inserting and deleting interdependent data items. Transaction control is also
covered at a more theoretical level in Chapter 1.

The use of the SQL commands is illustrated in the context of a series of Java examples, including a
discussion of the use of the JDBC Dat abaseMet aDat a object to obtain information about a database.

Inserting Data Using SQL INSERT

Once you have created a database and its constituent tables, it is important to know how to add, delete
and modify its contents. SQL provides the three following statements you can use to manipulate data
within a database:

- I NSERT

- UPDATE

. DELETE
INSERT

The | NSERT statement, in its simplest form, is used to insert data into a table, one row or record at a
time. It can also be used in combination with a SELECT statement to perform bulk inserts of multiple
selected rows from another table or tables. | NSERT can only be used to insert entire rows into a table,
not to insert individual fields directly into a row.

UPDATE

The UPDATE command is used to modify the contents of individual columns within a set of rows. The
UPDATE command is normally used with a WHERE clause. As this chapter explains, the WHERE clause
is used to select the rows to be updated. Clearly, it is important to choose the rows you are updating

correctly; otherwise, you may find yourself updating records you have not planned on changing.

DELETE

DELETE is used to delete selected rows from a table. As in the case with the UPDATE command, row
selection is based on the result of an optional WHERE clause. Again, you need to be careful when you
make the selection, or you may delete records you mean to leave intact.

The INSERT Statement

The basic form of the | NSERT statement looks like this:
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| NSERT | NTO t abl eName (col Nanmel, col Nane2, ...) VALUES (val uel, value2, ...);

To insert name and address information into the Contact_Info Table we create in Chapter 5, use a SQL
| NSERT statement like this:

I NSERT | NTO Cont act _Info
(FNarme, M, LNane, Emil)
VALUES

("Mchael',"' X" ,"Corleone'," ' offers@osa_nostra.com);

Notice how the field names have been specified in the order in which you plan to insert the data. This
insert will work just as well if you use the following command:

I NSERT | NTO Contact _Info
(Emai |, LNane, FName, M)
VALUES

('of fers@osa_nostra.conm ,' Corl eone',' Mchael',' X );

You can also use a shorthand form if you know the column order of the table. Here's an example:
I NSERT | NTO Contact _Info
VALUES

('"Mchael',"' X ,"'Corleone','offers@osa_nostra.com);

Note
String data is specified in single quotes (), as shown in the examples. Numeric values

are specified without quotes.

Follow these rules when inserting data into a table with the | NSERT statement:

= The column names you use must match the names defined for the column.

= The values you insert must match the data type defined for the column they are being inserted
into. You can't, for example, put string data into a numeric field.

= The data size must not exceed the column width, so you can't put 30 character names into 20
character fields.

= The data you insert into a column must comply with the column's data constraints; for example,
you can't put the last names of all members of the Corleone family into a column if you have
constrained that column as UNI QUE.

These rules are obvious, but breaking them accounts for a lot of SQL exceptions, particularly when you
save data in the wrong field order. Another common error is to try and insert the wrong number of data
fields.

When the Contact_Info Table is defined, the Ml field is defined as NULLABLE. The correct way to
insert a NULL is this:
I NSERT | NTO Contact _Info

(FName, M, LNane, Email)
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VALUES

("M chael ', NULL, ' Corl eone', ' of fers@osa_nostra.com );

Caution
NULL values are not the same as spaces. A NULL value means that the value is

empty. It is neither a zero, in the case of an integer, nor a space, in the case of a
string.

Using INSERT with JDBC

The code required to use | NSERT with JDBC is illustrated in Listing 6-1. This example is similar in
appearance to the code of Listing 5-1, which illustrates how to create a table using JDBC. This helps
illustrate how the JDBC API provides a means of passing any desired SQL command to a database
management system.

Listing 6-1: Using INSERT with JDBC

package jdbc_bi bl e. part 2;

i mport java.awt.event.*;
i mport java.sqgl.*;

i mport sun.jdbc. odbc. JdbcOdbcDri ver;

public class Datal nserter{
static String jdbcDriver = "sun.jdbc. odbc. JdbcCdbcDri ver";
static String dbNane = "Contacts";

static String url Root = "jdbc: odbc:";

public Datal nserter(){
registerDriver();

}

public void setDatabaseName(String dbName) {
t hi s. dbNane=dbNane;

}
public void registerDriver(){

try {

Cl ass. for Nanme(j dbcDriver);

Driver Manager.regi sterDriver(new JdbcQdbcDriver());
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cat ch(Cl assNot FoundException e){
Systemerr.println(e.get Message());

}

cat ch( SQLException e){

Systemerr.println(e.get Message());

}

}

public void execute(String SQ.Conmand) {
String url = url Root +dbNane;
try {

Connection con = Driver Manager. get Connection(url);

St at ement stnt con. createStatenment();
stm . execut e( SQLConmand) ;
con. close();

}

cat ch( SQLException e){

Systemerr.println(e.get Message());

}

public static void main(String args[]){
Dat al nserter inserter = new Datalnserter();
String SQLCommand = "1 NSERT | NTO CONTACT I NFO "+
"(First_Name, M, Last_Nane, Street,City, State, Zip) "+
"VALUES " +

"("Mchael',"J"," Corl eone',' 86 Horsehead
Blvd' ," NY','NY','12345");";

i nserter.execute(SQCommand) ;

If you compile and execute the example, you should be able to see the new record in your
Contact_info Table. Using a DBMS with a GUI-based management console, you are able to see the
table and its contents when you open the database. With a command line DBMS such as MySQL, you
need to go to the command prompt and type the following command:

SELECT * FROM Cont act _I nf o;
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Using INSERT ... SELECT

The | NSERT statement illustrated in the example of Listing 6-1 is primarily intended for inserting
records into a table one at a time. For applications such as storing information from membership
applications or entering employee records, this is the perfect solution. However, there are times when
you want to copy subsets of data from one table to another. On these occasions, doing the transfer
one record at a time introduces a lot of overhead because each record has to be individually retrieved
from one table and inserted into another other.

SQL allows you to handle these situations by combining the | NSERT command with a SELECT
command, which queries the database for the desired records. The advantage of this approach is that
the whole process is carried out within the RDBMS, avoiding the overhead of retrieving records and
reinserting them externally.

The SELECT statement

The SELECT statement is used to query the database for specific rows. This is the basic form of the
SELECT statement:

SELECT

Fiel d1, Field2,

FROM

Tabl eName

[ VHERE ... ]:

In place of a comma-delimited list of field names, you can supply the asterisk wildcard character, *, to
request all fields:

SELECT * FROM Tabl eNane;

Cross-Reference
The SELECT statement is discussed in detail in Chapter 7.

An example of a situation where you might use | NSERT. . . SELECT is the creation of a table
containing only the first and last names from the Contact_Info Table. As illustrated in Chapter 5, the
SQL command to create the table is as follows:

CREATE TABLE Names

(First_Nanme VARCHAR(20), Last_Nanme LNane VARCHAR(30));

To insert the corresponding data from the original Contact_Info Table, use a SQL | NSERT. . . SELECT
command to select the desired fields from the Contact_Info Table, and insert them into the new Names
Table. Here's an example:

I NSERT | NTO Names

SELECT First_Name, Last_ Nanme FROM Cont act | nfo;

Essentially, this command tells the database management system to perform these two separate
operations internally:
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A SELECT (to query the Contact_Info Table for the FName and LName fields from all
records)

An | NSERT (to input the resulting record set into the new Names Table

By performing these operations within the RDBMS, the use of the | NSERT. . . SELECT command
eliminates the overhead of retrieving the records and reinserting them.

The WHERE clause

The optional WHERE clause allows you to make conditional queries; for example, you can get all
records where the last name is "Corleone™ and insert them into the Names Table with this statement:
| NSERT | NTO Nanes

SELECT First_Name, Last_Nane FROM Contact | nfo WHERE Last_ Nane =

' Cor | eone';

Using INSERT ... SELECT with JDBC

As with any other SQL command, it is easy to use | NSERT ... SELECT with JDBC. If you substitute
the code snippet of Listing 6-2 for the mai n() of Listing 6-1 and run the example again, you will create
a Name Table populated with the first and last names.

Listing 6-2: Using INSERT ... SELECT with JDBC

public static void main(String args[]){

Dat al nserter inserter = new Datal nserter();

String SQ.Command = "I NSERT | NTO NAMES "+
"SELECT First_Name, Last _Nanme FROM CONTACT | NFO "+
"WHERE Last Nane = ' Corl eone'; ";

i nserter.execute(SQLCommand) ;

Once you have data in a table, you are likely to have to update it to reflect changes in data fields like
addresses or inventory item count. The next section shows how to use the SQL UPDATE command to
modify data in a table.

The UPDATE Statement

A frequent requirement in database applications is updating records. For example, when a contact
moves, you need to change his or her address. Do this with the SQL UPDATE statement, using a
WHERE clause to identify the record you want to change. Here's an example:
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UPDATE Contact _Info
SET Street = '55 Broadway', ZIP = '10006'

WHERE First_Nane = 'Mchael' AND Last_Name = ' Corl eone';

This statement first evaluates the WHERE clause to find all records with matching First_ Name and
Last_Name. It then makes the address change to all of those records.

Caution
If you omit the WHERE clause from the UPDATE statement, all records in the given

table are updated.

Using Calculated Values with UPDATE

You can also use the UPDATE statement to update columns with calculated values. For example, if you
add stock to your inventory, instead of setting the Qty column to an absolute value, you can simply add
the appropriate number of units with a calculated UPDATE statement like this:

UPDATE | nvent ory
SET Qy = QIY + 24

VWHERE Nanme = ' Corn Fl akes';

When you use a calculated UPDATE statement like this, you need to make sure that you observe the
rules for | NSERTS and UPDATES mentioned earlier. In particular, ensure that the data type of the
calculated value is the same as the data type of the field you are modifying, as well as short enough to
fit in the field.

Common Problems with UPDATE

Two common problems can result from the use of calculated values:

= Truncation can result from number conversions, such as conversion from a real number to an
integer.

= Overflow occurs when the resulting value is larger than the capacity of the column. This causes
the database system to return an error.

Problems of this type can be avoided if you observe the rules for | NSERTS and UPDATES mentioned
earlier.

Listing 6-3: Using UPDATE with JDBC

package jdbc_bi bl e. part 2;

i mport java.awt.event.?*;

i mport java.sql.*;

i mport sun.jdbc. odbc. JdbcQdbcDri ver;
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public class Dat aUpdater{
static String jdbcDriver = "sun.jdbc.odbc. JdbcGdbcDriver™;
static String dbName = "Contacts";
static String url Root = "jdbc: odbc:";

private ActionListener exceptionListener = null;

publ i ¢ DataUpdater () {
registerDriver();
}
public void setDat abaseName(Stri ng dbName) {
t hi s. dbNane=dbNane;
}
public void registerDriver(){
try {
Cl ass. forNanme(j dbcDri ver);
Driver Manager . regi sterDriver(new JdbcCQdbcDriver());
}
cat ch(Cl assNot FoundException e){
System err.println(e.get Message());
}
cat ch( SQLException e){

Systemerr.println(e.get Message());

}

}

public void execute(String SQ.Comrand) {
String url = url Root +dbNane;
try {

Connection con Dri ver Manager . get Connecti on(url);

St at enent stnt con.createStatenent();
stm . execut e( SQLConmand) ;
con. close();

}
cat ch( SQLException e){

Systemerr.println(e. get Message());
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}

public static void main(String args[]){
Dat aUpdat er inserter = new DataUpdater();
String SQLCommand = "UPDATE CONTACT_I NFO " +
"SET STREET = '58 Broadway', ZIP ="'10008" "+
"WHERE First_Name = 'Mchael' AND "+

"Last _Name =' Corl eone';";

i nserter.execute(SQComrand) ;

Once again, the basic Java code used to issue the SQL command remains unchanged. To try it out,
compile and execute the example; you should be able to see the modified record in your Contact_Info
Table.

Transaction Management with COMMIT and ROLLBACK

Transaction management refers to the capability of a relational database management system to
execute database commands in groups, known as transactions. A transaction is a group or sequence
of commands, all of which must be executed in order and must complete successfully. If anything goes
wrong during the transaction, the database management system will allow the entire transaction to be
cancelled or "rolled back." If, on the other hand, it completes successfully, the transaction can be
saved to the database or "committed."

A transaction typically involves several related commands, as in the case of a bank transfer. If Client A
orders a transfer of funds to Client B, at least two database-access commands must be executed:

= Client A's account must be debited.

= Client B's account must be credited.

If one of these commands is executed but the other is not, the funds will either vanish from Client A's
account without appearing in Client B's account, or, perhaps worse from the viewpoint of the bank, the
funds will be credited to Client B's account without being withdrawn from Client A's account, leaving
the bank in the hole.

This situation obviously becomes dramatically more complicated in the real world, where a large
financial institution, with hundreds or thousands of users all accessing the database at the same time,
can potentially have vast numbers of incomplete transactions active at any given moment.

The solution is to combine logically related commands into groups that are committed as a single
transaction. If a problem arises, the entire transaction can be rolled back and the problem fixed without
serious adverse impact on business operations.
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The primary commands used in managing transactions are COVMM T and ROLLBACK. As their names
suggest, the COM T command commits changes made from the beginning of the transaction to the
point at which the command is issued, and the ROLLBACK command undoes them. In addition, most
databases support the AUTOCOW T option, which tells the RDBMS to commit all commands
individually, as they are executed. This option can be used with the SET command. For example:

SET AUTOCOM T [ON | OFF] ;
By default, the SET AUTOCOVM T ON command is executed at startup, telling the RDBMS to commit all

statements automatically as they are executed. If you do not want these commands to be
automatically executed, set the AUTOCOVM T option to off as follows:

SET AUTOCOW T OFF,;

When you start to work with a transaction, turn Aut oconmi t off; then issue the commands required by
the transaction, and, assuming that everything executes correctly, commit the transaction using this
command:

COW T;
If any problems should arise during the transaction, you can cancel the entire transaction by using the
following command:

RCOLLBACK,;

Note
Transaction-management syntax varies considerably from one database management

system to the next, but the basic syntax shown previously is supported by all common
database management systems.

The use of COMM T and ROLLBACK in a JDBC example is very straightforward. Here's a modification to
the example of Listing 6-3, which specifically turns Aut ocomri t on. Simply insert the
con.set Aut oCommi t (true) line into the stnt. execut e( SQLCommand) method, as shown:

public void execute(String SQ.Conmand) {

String url = url Root +dbNane;

try {
Connection con = Driver Manager. get Connection(url);
con. set Aut oComm t (true);
Statenent stnt = con.createStatenment();
stm . execut e( SQLConmand) ;
con. close();

}

cat ch( SQLException e){

Systemerr.print(e.get Message());
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Adding the set Aut oConmmi t (t rue) line tells the database management system to commit all
changes automatically. If you compile and execute the modified code, you should get exactly the same
results as you do when you run the original example.

Now modify the code to turn Aut oconmmi t off, using set Aut oConmi t (f al se), as shown here:
public void execute(String SQ.Conmand) {

String url = url Root +dbNane;

try {
Connection con = Driver Manager. get Connection(url);
con. set Aut oCommi t (f al se) ;
Statenent stnt = con.createStatenent();
stm . execut e( SQLConmand) ;
con. close();

}

cat ch( SQLException e){

Systemerr.print(e.get Message());

This time, when you run the example, it throws an "Invalid Transaction State" exception, and the
update has not been made. The exception is thrown because we have not terminated the transaction
before closing the connection.

Now alter the code in the try block to the following; the change is made as before, because we have
specifically told the database management system to commit the change:

try {
Connection con = DriverManager. get Connection(url);
con. set Aut oCommi t (f al se) ;
Statenent stnt = con.createStatenent();
stm . execut e( SQLConmand) ;
con.comit();

con. close();

If you change the try block by replacing the con. commi t () with con. rol | back(), the change will
be rolled back, so no change will be visible. This time, however, no exception is thrown, as you can
see here:

try {
Connection con = Driver Manager. get Connection(url);
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con. set AutoCommi t (f al se);

Statenment stnt = con.createStatenent();
stm . execut e( SQLConmand) ;

/'l con.commit();

con. rol |l back();

con. close();

You can check to see if the UPDATE has been executed by inserting a SELECT statement to read the
updated value of the Street field after the update command is executed but before it is rolled back. The
try block now looks like this:

try {

Connection con = Driver Manager. get Connection(url);

con. set Aut oCommi t (f al se) ;
Statenent stnt = con.createStatenent();

st . execut e( SQLCommand) ;

String query = "SELECT Street FROM Contact _Info "+

"WHERE First _Nanme = 'M chael' AND Last Nane =' Corl eone';";
ResultSet rs = stnt.executeQery(query);
rs.next();

Systemout.println("Street = "+rs.getString(1));

con. rol |l back();

con. close();

When you run this version, it shows that the new value of Street matches the update, but when you
look in the database, the previous value is still there because the change has been rolled back.

Cross-Reference
Recor dSet s and the SELECT are discussed in detail in Chapter 7.

The DELETE Statement

The last data-manipulation command is DELETE, which is used for deleting entire records or groups of
records. Again, when using the DELETE command, you use a WHERE clause to identify the records to
be deleted.
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Use of the DELETE command is very straightforward. For example, this is the command you use to
delete records containing the First_Name: "Michael" and the Last_Name: "Corleone":

DELETE FROM Contact _Info

WHERE First Nane = 'Mchael' AND Last Name = 'Corl eone';

Caution
INSERT, DELETE, and UPDATE can cause referential integrity problems with other

tables, as well as significant problems within the table you are working on. Delete with
care.

A Swing-Based Table Editor

To illustrate the topics covered in this chapter, the Swing-based table builder created in Chapter 5 is
extended by the addition of a table editor (see Figure 6-1). The table editor is based on components
derived from components built in Chapter 5. A new Edit menu (with Insert, Update, Delete,

JMenul t ens) and a new JTabl e ina JI nt er nal Fr anme (for handling the Insert, Edit, and Delete
functions) are also added.

& Java Dalabass Bibls

Table EdE \iew

[ INSERT INTO Contact_irfo VALUES Lt ek E
NEERT IMTO Cantact_infn WALUES [ Michast W, Fo, "1 08 Sepubeda’ 14" CA° S 23"
NSERT INTO Condacl_ifo WVALUES {'Jemes’, W, Taar’, "1 1 3 Sunsel, Hoilywood, 'CA, 93333

e e |
FIRET MAME | M | LAST MAME STREET CIY | ETATE[ 2@
Il heaad A Foel 108 Sepuiaeda LA A 234 L=
Jamos T 113 Bunset Halwoed _CA___ 192333 )
i
=
nsert Data

Figure 6-1: Inserting data with SQL INSERT

The events are as follows:
1. The user selects a database.
2. The user selects an action: Insert, Update, or Delete.
3. The user selects the table.
4. A Tabl eEdi t frame is displayed for user interaction.
5. A SQL command is created dynamically and executed on command.

The first step in building the table editor is to create the Edit menu by subclassing the DBMenu
convenience class. The DBMenultems Insert, Update, and Delete to the Edit menu are added and
hooked into the Jframe, which forms the basis of the Mai nFr ane class.

Listing 6-4: Edit menu with insert, update, and delete items
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package jdbc_bi bl e. part 2;

i mport java.awt.*;

i mport java.awt.event.*;
i mport java.util.Vector;
i mport javax.sw ng. *;

i mport javax.sw ng. event.*;

public class EditMenu extends DBMenu{
JMenulteminsertltem
JMenul t em updat el tem
JMenul tem del eteltem

JMenultemexitltem

public EditMenu(){
set Text ("Edit");
set Acti onCommand("Edit");

set Mhenonic((int)' E);

insertltem = new DBMenultem("Insert”,'1',itenListener,false);
updateltem = new DBMenultem("Update",' U ,itenlListener, false);

del eteltem = new DBMenulten("Del ete",' D ,itenlistener, fal se);

add(insertlitem;
add(updatel tem;
add(del eteltem;

As discussed in Chapter 5, the DBMenu base class and the DBMenul t emclass are simply
convenience classes for building menus. Using these convenience classes simplifies the menu code
considerably.

TableEditFrame

Tabl eEdi t Fr ane, shown in Listing 65, is very similar to the Tabl eBui | der Fr ane discussed in
Chapter 5. It extends JI nt er nal Frame and contains a JTabl e used to set up the fields for the
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database table. It also contains a JText Ar ea, which provides a preview of the generated SQL
command, and an "Insert Data" button.

Listing 6-5: TableEditFrame

package jdbc_bi bl e. part 2;

i mport java.awt.*;

i mport java.awt.event.*;

i mport java.util.Event Object;

i mport java.util.EventlListener;
i mport java.util.Vector;

i mport javax.sw ng. *;

i mport javax.sw ng. event.*;

i mport javax.sw ng.table.*;

[ %
* Tabl eEdi t Frane extends Jlinternal Frane to create a display which builds
* SQL CREATE statenents

* <p/>

* Tabl eBui |l der, which extends JTable, is a key conponent.

*/

cl ass Tabl eEdi t Frane extends Jl nt ernal Franme{
protected JTabl e table;
protected JText Area SQLPane = new JText Area();
protected JButton insertButton = new JButton("lnsert Data");
protected Dat abaseUtilities dbUtils;
protected String tableName = null;
protected String col Nanes[] = null;
protected String dataTypes[] = null;
protected String SQ.Conmand[] = null;

protected String SQ.CommandRoot = "";
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public Tabl eEdit Frane(String tabl eNanme, DatabaseUtilities dbUils){
set Si ze( 600, 400) ;
set Location(10, 10);
set Cl osabl e(true);
set Maxi m zabl e(true);
setlconifiable(true);
set Resi zabl e(true);
get Cont ent Pane() . set Layout (new Bor der Layout ());
t hi s. t abl eNanme=t abl eNane;
this.dbUils=dbUils;
SQ.ConmandRoot = "I NSERT | NTO " +t abl eNane+" VALUES ";
set Titl e( SQLConmandRoot ) ;
init();

set Visible(true);

/1 initialise the Jlnternal Frame
private void init(){
col Nanes = dbUtil s. get Col utmNanes(t abl eNane) ;
dat aTypes = dbUtil s. get Dat aTypes(t abl eNane) ;
tabl e = creat eTabl e(col Nanes, 15);
Tabl eChangeli st ener nodel Li stener = new Tabl eChangelLi stener();
t abl e. get Mbdel (). addTabl eMbdel Li st ener (nodel Li st ener);
JScrol | Pane sql Scroll er = new JScrol | Pane( SQLPane) ;
JScrol | Pane tabl eScroller = new JScrol | Pane(table);
JSplitPane splitter = new JSplitPane(JSplitPane. VERTI CAL_SPLIT,
sqgl Scrol |l er, tabl eScrol l er);
splitter.setDividerLocation(100);
get Cont ent Pane() . add(splitter, Border Layout. CENTER) ;
get Cont ent Pane() . add(i nsert Button, Border Layout . SOUTH) ;

i nsert Button. addActi onLi st ener (new ButtonLi stener());
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protected JTabl e createTabl e(String[] col Nanes,int nRows){
String[][] rowbData = new String[ nRows][col Nanes. | engt h];
for(int i=0;i<nRows;i++){
for(int j=0;j<col Nanes.length;j++)rowbatali][j]="";
}
JTabl e tabl e = new JTabl e(rowDat a, col Nanes) ;

return tabl e;

public Vector parseTabl e(){

int rows = tabl e. get RowCount () ;

int cols t abl e. get Col umCount () ;

Vector tabl eval ues = new Vector();

i f (rows>=0&&col s>=0){
for(int i=0;i<rows;i++){
String rowbata = "";
for(int j=0;j<cols;j++){
String field = (String)tabl e.getVal ueAt(i,j);
if(field.length()>0){

field = fixApostrophes(field);

if(j>0)rowbata += ", ";

i f(dataTypes[j].equal s("CHAR") | |
dat aTypes[j]. equal s("VARCHAR"))
rowbData += "'"+field+"'";

el se

rowData += fiel d;

}

i f(rowDat a. | engt h() ==0) br eak;

t abl evVal ues. addEl enent (" ( " + rowbData + " );\n");
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return tabl eVal ues;

private String fixApostrophes(String in){

i nt n=0;

while((n=in.indexOr (""", n))>=0){

in =in.substring(0,n)+"""+in.substring(n);
n+=2;

}

return in;

/1 Listener for the Insert Button
cl ass ButtonListener inplements ActionListener{
public void actionPerformed(Acti onEvent event) {

dbUtils. execut e( SQLConmand) ;

/1 Listener for Edit events on the JTable
cl ass Tabl eChangelLi st ener inpl enments Tabl eMbdel Li st ener{
publ i ¢ Tabl eChangelLi stener () {

}

public void tabl eChanged( Tabl eMbdel Event event){
Vect or rowData = parseTabl e();
SQLConmand = new String[rowData. size()];
SQLPane. set Text ("");
for(int i=0;i<rowData.size();i++){
i f(rowData.el enent At (i)==null)break;
SQ.Conmand[i] = SQLComrandRoot +( Stri ng) rowDat a. el enent At (i) ;
SQLPane. append( SQLCommand[i]);
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The par seTabl e() method has been modified slightly and now returns a vector of Strings. This
change supports the ability to issue several SQL | NSERT commands as a result of a one-button click.

An additional change has been made to the Tabl eChangeli st ener, which now accesses the
Dat abaseUti | i ti es class directly rather than through the event system. Again, this has been done
to support the ability to issue several SQL commands in response to a button click.

The Controller Class

The Dat abaseManager class is shown in Listing 6-6. It is based on the class used in Chapter 5. It
incorporates additional code to hook in the new menu and a new method,
di spl ayTabl eEdi t Frame(), to display the new JI nt er nal Frame, Tabl eEdi t Frane.

Listing 6-6: DatabaseManager — Controller class

package jdbc_bi bl e. part 2;

i mport java.aw.*;

i mport java.aw.event.*;
i mport java.util.Vector;
i mport javax.sw ng. *;

i mport javax.sw ng.event.*;

public class DBManager extends JFranme{
JMenuBar nenuBar = new JMenuBar () ;
JDeskt opPane desktop = new JDeskt opPane();
String database = null;
String tabl eName = null;
String menuSel ection = null;
Tabl eBui | der Frame t abl eMaker = null;
Tabl eEdi t Frane tabl eEditor = nul | ; /!l added for Chapter 6

Dat abaseUtilities dbUils = null;

Tabl eMenu tabl eMenu = new Tabl eMenu() ;

Edi t Menu edi t Menu = new Edi t Menu() ; /1 added for Chapter 6
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MenuLi st ener menulLi stener = new MenulLi stener();

publ i ¢ DBManager () {
set JMenuBar (nenuBar) ;
setTitl e("JDBC Dat abase Bible");
get Cont ent Pane() . set Layout (new Bor der Layout ());
get Cont ent Pane() . add( deskt op, Bor der Layout . CENTER)

set Si ze(new Di nensi on(640, 480));

menuBar . add(t abl eMenu) ;

t abl eMenu. set MenuLi st ener ( nenuli st ener) ;

menuBar . add( edi t Menu) ; /1 added for Chapter 6

edi t Menu. set MenulLi st ener (nmenuli st ener) ;

set Visible(true);

private void di splayTabl eBui | der Frame(){
t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;
t abl eMaker = new Tabl eBui | der Frane(t abl eNane) ;
t abl eMaker . set ConmmandLi st ener (new ConmandLi st ener ());
deskt op. add(t abl eMaker);

t abl eMaker . set Vi si bl e(true);

private void displayTabl eEditFrame(){ // added for Chapter 6
t abl eNanme = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;
t abl eEdi tor = new Tabl eEdi t Frane(t abl eNane, dbUtils);
deskt op. add(t abl eEdi tor);

tabl eEdi tor. set Vi si bl e(true);
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private void sel ect Dat abase(){
dat abase = JOpti onPane. showl nput Di al og(thi s,
"Dat abase: ", " Sel ect dat abase",
JOpt i onPane. QUESTI ON_MESSAGE) ;
dbUtils = new DatabaseUtilities();

dbUtil s. set Excepti onLi stener (new Excepti onLi stener());

t abl eMenu. enabl eMenul t em( " New Tabl e", true);

t abl eMenu. enabl eMenul tem( " Drop Tabl e", true);

edi t Menu. enabl eMenul ten("I nsert"”, true);
edi t Menu. enabl eMenul t en{" Updat e", true);

edi t Menu. enabl eMenul ten{ " Del ete", true);

private void execut eSQLCommand(String SQLComrand) {
dbUtils. execut e( SQLCommand) ;

private void dropTabl e(){

t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;

int option = JOpti onPane. showConfirnDi al og(nul |,
"Droppi ng tabl e "+tabl eNane,
" Dat abase " +dat abase,
JOpt i onPane. OK_CANCEL_OPTI ON) ;

i f (option==0){

execut eSQLCommand(" DROP TABLE "+t abl eNane) ;

cl ass MenulLi stener inplenments ActionListener{

public void actionPerformed(Acti onEvent event){

-215-



Chapter 6:1nserting, Updating, and Deleting Data

String menuSel ection = event. get Acti onCommand() ;
i f (menuSel ection. equal s(" Dat abase")) {
sel ect Dat abase() ;
telse i f(nmenuSel ection. equal s("New Tabl e")){
di spl ayTabl eBui | der Frane() ;
telse i f(nmenuSel ection. equal s("Drop Tabl e")){
dropTabl e();
}lel se if(menuSel ection. equal s("lInsert")){
di spl ayTabl eEdi t Frame() ;
lel se if(menuSel ection. equal s("Exit")){

System exit(0);

cl ass ExceptionLi stener inplenents ActionListener{
public void actionPerformed(Acti onEvent event){
String exception = event. get Acti onConmand() ;
JOpti onPane. showMessageDi al og(nul |, exception,

"SQL Error", JOptionPane. ERROR_MESSAGE) ;

cl ass CommandLi stener inplenents ActionListener{

public void actionPerformed(Acti onEvent event){

String SQLConmand = event. get Acti onCommand() ;
execut eSQLCommand( SQLCommand) ;

public static void main(String args[]){

DBManager dbm = new DBManager () ;
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One-of-the-mosttsefu-tootsprovicec-by-IDBEtsthe—capabitity-toretrreve-mformatiomrabout the data

returned in a Resul t Set . This information is obtained using the JDBC Resul t Set Met aDat a object
reviewed in the next section.

JDBC ResultSetMetaData

In addition, two methods have been added that use the Resul t Set Met aDat a class to get information
about the table being edited. The two Met aDat a objects that follow are capable of returning the table
information required:

. Dat abaseMet aDat a, which returns information at the database level

. Resul t Set Met aDat a, which returns information at the Resul t Set level

The reason for using the Resul t Set Met aDat a object in this example is to restrict the column
information to just the columns being displayed and to defer discussion of the Dat abaseMet aDat a
object until Resul t Set s have been discussed, since it makes heavy use of Resul t Set s to return
information.

JDBC Resul t Set Met aDat a provides access to different kinds of information about the data in a
table, including column names and data types. Some of the most useful Resul t Set Met aDat a
methods are the following:

= i nt get Col unmCount ()

] String get Col utmName(i nt col um)

= String get Col uimTypeNanme(i nt col um)

The following usage is very straightforward. To get the names of all columns in atable, for example, a
simple query is executed to return a Resul t Set used to get the Resul t Set Met aDat a. This is then
gueried for the desired information.

String SQLConmand = "SELECT * FROM "+t abl eNane+";";

try {
Connection con = Driver Manager. get Connection(url);
Statenent stnt = con.createStatenent();
ResultSet rs = stnt.execut eQuery(SQ.Conmand) ;

Resul t Set Met aData nd = rs. get MetaDat a();

String[] col umNanes new Stri ng[ nd. get Col umCount ()] ;
for(int i=0;i<columNames.|ength;i++)({

col umNares[i] = nd. get Col umLabel (i +1);
}

con. close();
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Cross-Reference
Resul t Set Met aDat a methods and usage are discussed in Chapter 4;

usage examples are in Chapter 10.

In the expanded version of the Dat abaseUti|iti es class shown in Listing 6-7, a second version of
the execut e() method has been added. This new version accepts a String array argument so that it
can loop through a number of SQL | NSERT commands.

Listing 6-7: DatabaseUtilities — JDBC code

package jdbc_bi bl e. part 2;

i mport java.awt.event.?*;
i mport java.sql.*;
i mport java.util.Vector;

i mport sun.jdbc. odbc. JdbcOdbcDri ver;

public class DatabaseUtilities{
static String jdbcDriver = "sun.jdbc. odbc. JdbcCdbcDri ver";
static String dbNane = "Contacts";
static String url Root = "jdbc: odbc:";

private ActionListener exceptionListener = null;

publ i c DatabaseUtilities(){
registerDriver();

}

public void setDatabaseNanme(String dbNane) {
t hi s. dbNane=dbNane;

}

public void registerDriver(){
try {
Cl ass. forName(j dbcDri ver);
Driver Manager . regi sterDriver(new JdbcCQdbcDriver());
}
cat ch(Cl assNot FoundException e){

report Exception(e. get Message());
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cat ch( SQLException e){
report Exception(e. get Message());

}

}

public void execute(String SQ.Conmand) {
String url = url Root +dbNane;
try {

Connection con = Driver Manager. get Connection(url);
Statenent stmt = con.createStatenent();
stm . execut e( SQLConmand) ;
con. close();
}

cat ch( SQLException e){
report Exception(e. get Message());

}
public void execute(String[] SQ.Conmand) {

String url = url Root +dbNane;

try {

Connection con Dri ver Manager . get Connecti on(url);

con.createStatenent ();

St at ement stnt

for(int i=0;i<SQLConmand. | ength;i ++){
stm . execut e( SQLConmand[i]);

}

con. close();
}
cat ch( SQLException e){
report Exception(e. get Message());

}
public String[] getCol umNanes(String tabl eNane){

Vect or dataSet = new Vector();
String[] columNanes = null;

String url = url Root +dbNane;
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String SQLCommand = "SELECT * FROM "+t abl eName+"; ";

try {

Connection con = Driver Manager. get Connection(url);
Statenent stnt = con.createStatenent();
ResultSet rs = stnt.execut eQuery(SQ.Conmand) ;

Resul t Set Met aData nd = rs. get Met aDat a() ;

col umNanes = new String[ nd. get Col umCount ()] ;
for(int i=0;i<columNanes.|ength;i++){
col umNames[i] = nd. get Col umLabel (i +1);
}
con. close();
}
cat ch( SQLException e){
report Exception(e. get Message());
}
return col umNanes;
}
public String[] getDataTypes(String tabl eNane){
Vect or dataSet = new Vector();
String[] dataTypes = null;
String url = url Root +dbNane;

String SQLCommand = "SELECT * FROM "+t abl eName+";";

try {

Connection con Dri ver Manager . get Connecti on(url);

St at ement stnt

con. createStatenent ();
ResultSet rs = stnt.execut eQuery(SQ.Conmand) ;

Resul t Set Met aData nd = rs. get Met abDat a() ;

dat aTypes = new String[ md. get Col umCount ()];
for(int i=0;i<dataTypes.length;i++){

dat aTypes[i] = nd. get Col umTypeNane(i +1);
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}

con. close();
}
cat ch( SQLException e){

report Exception(e. get Message());
}

return dataTypes;
}
public void set ExceptionLi stener (ActionLi stener exceptionListener){
this. exceptionLi st ener=exceptionLi st ener;
}
private void reportException(String exception){
i f (exceptionListener!=null)({
Acti onEvent evt = new ActionEvent(this, 0, exception);
exceptionLi stener. acti onPerfornmed(evt);
}el se{

Systemerr.println(exception);

Summary

In this chapter, you learned about:

= Using SQL | NSERT to populate a table

= Using SQL UPDATE to modify the contents of a table

= Using SQL DELETE to delete records from a table

= Using the SELECT clause and how to use it with | NSERT

= Using the WHERE clause and how to use it with UPDATE and DELETE

= Applying the basics of transaction control with COMM T and ROLLBACK
= Using JDBC Resul t Set Met aDat a to get information about a table

= Using JDBC and Swing to create a JDBC/SQL table editor

Chapter 7 discusses retrieving data from a database by using the SELECT command.
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Chapter 7: Retrieving Data withSQL Queries

In This Chapter

One of the most important functions of any database application is finding the records in the database
tables and returning them in the desired form. The process of finding and returning formatted records
is known as querying the database. This chapter will explore the use of the SQL SELECT command to
query the database created and populated in Chapters 5and 6.

The SELECT Statement

The SELECT statement is the heart of a SQL query. In addition to its use in returning data in a query, it
can be used in combination with other SQL commands to select data for a variety of other operations,
such as modifying specific records using the UPDATE command.

The most common use of SELECT, however, is as the basis of data-retrieval commands, or queries, to
the database. A simple query specifies the names of the columns to be returned and the name of the
table they can be found in. A basic SELECT command looks like this:

SELECT col umNanel, col ummNane2,.. FROM t abl eName;

The SQL command for selecting the First Name and Last Name of each entry in the Contact_Info table
would be as follows:

SELECT First_Name, Last_Nane FROM Contact I nfo;

In addition to this specific form, where the names of all the fields you want returned are specified in the
query, SQL also supports the following wild-card form:

SELECT * FROM t abl eNane;

The wild card, *, tells the database-management system to return the values for all columns.

Using the WHERE Clause

The real power of the SELECT command comes from the WHERE clause, which allows you to query the
database for specific data. You will have noticed that each of the commands shown above returns
values for all rows. A practical query needs to be more restrictive, returning the requested fields from
only those records that match specific criteria. For example, the WHERE clause enables you to retrieve
all records with a Last_Name Corleone from the Contact_Info table shown in Table 7-1.

Table 7-1: The CONTACT_INFO Table

FIRST_NAME Ml LAST_NAME STREET CITY STATE ZIP

Michael A Corleone 123 Pine New York NY 10006
Fredo X Corleone 17 Main New York NY 10007
Sonny A Corleone 123 Walnut Newark NJ 12346
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Table 7-1: The CONTACT_INFO Table

FIRST_NAME Ml LAST_NAME STREET CITY STATE ZIP

Francis X Corleone 17 Main New York NY 10005
Vito G Corleone 23 Oak St Newark NJ 12345
Tom B Hagen 37 Chestnut Newark NJ 12345
Kay K Adams 109 Maple Newark NJ 12345
Francis F Coppola 123 Sunset Hollywood CA 23456
Mario S Puzo 124 Vine Hollywood CA 23456

To retrieve all records containing the last name Corleone, you could use the following query:

SELECT * FROM Cont act _I nfo WHERE Last_Name = ' Corl eone’;

The result of this query will be to return all columns from any row containing the Last_ Name Corleone.
The order in which the columns are returned will be the order in which they are stored in the database,
although the row order is arbitrary.

Note
Unlike rows in a spreadsheet, records in a database table have no implicit order. You

must specify explicitly any ordering you need.

To retrieve columns in a specific order, the column names must be specified in the query. For example,
to get the data in First_ Name, Last_Name order, use the following query:

SELECT First_Name, Last_Nane FROM Contact_| nfo WHERE Last_Nane

' Corl eone' ;

To get the order reversed, use the following query:

SELECT Last _Nane, First_Nane FROM Contact_| nfo WHERE Last _Nane

' Cor | eone' ;

Formatting SQL Commands

The SQL engine ignores excess white space, so you can and should insert line breaks for clarity.
Conventionally, major clauses such as the FROMclause and the WHERE clause are placed on their own
lines, unless the command is so brief as to be trivial. For example, many Relational Database
Management Systems (RDBMS) such as SQL Server, format commands in the SQL pane
automatically to conform to this style. A good basic approach when you are not quite sure how to
format a command is to aim for readability. Remember, somebody will have to maintain what you write,
so readability is important.

Key words, table names, and column names are not case sensitive, but the contents of the records
within a table are case sensitive. This means that with a little thought, you can use case to help make
your SQL statements more readable.
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Caution
Although SQL ignores case in commands, table names, column names, and so on,

case can matter when you are using a name in a WHERE clause. Thus, 'Corleone’ and
'CORLEONE' are not necessarily the same. You should read the documentation for
your particular DBMS.

While the simple SELECT statements discussed so far in this chapter give you an idea of what can be
done in a SQL query, you are likely to need to use more complex queries in practice. The next section
discusses creating more complex queries.

Using Operators in More Complex WHERE Clauses

The queries discussed so far have been very simple, but in practice you will frequently be using
gueries that depend on the values of a number of fields in various combinations. SQL provides a
number of operators that enable you to create more complex queries based on value comparisons.

In practice, many queries will require the evaluation of more than a single condition or test. In such
cases operators are used in the WHERE clause to specify a combination of conditions which must be
evaluated. SQL has the following types of operators:

] DI STI NCT

=  TOP

" Comparison operators

= Character comparison

= Logical

= Arithmetic

. I Nand BETVEEEN

Ll Set operators

Note
There is also a keyword ALL, as in SELECT ALL, but since ALL is implied unless

DI STI NCT is used, the expression SELECT ALL is rarely, if ever, used in practice.

The DISTINCT Operator

A basic SELECT statement tells the database-management system to return all records matching the
qguery in the Resul t Set . For example, you could request all Last_Names from Contact_Info using this

query:
SELECT Last _Nane

FROM Cont act _I nf o;
Using the data shown in Table 7-1 would give you Corleone repeated five times.

The DI STI NCT operator tells the database-management system not to return duplicate records in a
Resul t Set . For example, to return all Last_Names from the Contact_Info table with no duplicates,
you would use this query:

SELECT DI STI NCT Last _Nane
FROM Cont act _I nf o;
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When this operator is applied to the results, you would only see the Last_ Name Corleone once,
despite the fact that there are several different Corleones in the table.

Note
The DI STI NCT operator is very resource intensive, so you might want to consider

filtering duplicates when iterating over the Resul t Set .

The TOP Operator

The TOP operator specifies that only the first n rows are to be output from the query result set, or,
optionally, the top n percent of the rows. When specified with PERCENT, n must be an integer between

0 and 100, as shown in the following code:
SELECT TOP 25 PERCENT *
FROM | nvent ory;

The result set from running this query against a table containing 12 rows is shown in Table7-2.

Table 7-2: ResultSet Containing the TOP 25 Percent of the Table

ID Name Description Qty Cost
1001 Corn Flakes Cereal 130 1.95
1002 Rice Krispies Cereal 97 1.87
1003 Shredded Wheat Cereal 103 2.05

If the query includes an ORDER BY clause, the first n rows (or n percent of rows) ordered by the ORDER
BY clause are output. If the query has no ORDER BY clause, the order of the rows is arbitrary.

Cross-Reference
The ORDER BY clause is discussd in Chapter 8.

Comparison Operators

SQL supports the following standard comparison operators, as well as a special operator used to test
for a NULL value in a column:

. Equality (=)

= Inequality (<>)

= Greater than (>) and greater than or equal to (>=)

= Less than (<) and less than or equal to (<=)

" IS NULL

Ll IS NOT NULL

Using the equals and not equals operators

Comparison operators work on strings as well as on numbers. Thus, to find all records in the
Contact_Info database with a Last_Name of Corleone, you would use an equals (=) query like the

following:

SELECT * FROM Contact I nfo WHERE Last_Name = ' Corl eone’;
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Conversely, to find all records in the Contact_Info database with any other Last Name, you would use
a not equals (<>) query like this:

SELECT * FROM Contact I nfo WHERE Last_Nanme <> ' Corl eone';

Using the greater than and less than operators

The greater than (>) and less than (<) operators can also be used for lexical comparison of CHAR and
VARCHAR values, so to find all records in the Contact_Info database with a Last Name that comes
after Corleone alphabetically, you would use a query like this:

SELECT * FROM Cont act I nfo WHERE Last_Name > ' Corl eone’;

Similarly, you can combine the greater than and equals operators to find all records in the Contact_Info
database with a last name including or after Corleone in the alphabet. Here's an example:

SELECT * FROM Contact I nfo WHERE Last_Nanme >= ' Corl eone';

Using the IS NULL Operator

As mentioned in Chapters 5and 6, in the discussions about creating and populating database tables,
the value in a field can sometimes be NULL, indicating that there is nothing in the field. It is important to
understand that this really does mean nothing, rather than, for example, a value of zero in the case of a
numeric field, or white space in the case of a CHAR or VARCHAR field.

Since the NULL represents an absence of data, it can't be evaluated using Greater Than, Equals, or
Less Than. SQL provides a special | S NULL operator to test for NULL. If, for example, you added a
column to the Contact_Info table for Cell Phone numbers, leaving it NULL when you don't have a
contact's cell phone number, you could query the table for contacts without cell phones using this
code:

SELECT * FROM Contact I nfo WHERE Cel | _Phone |'S NULL;

Using the IS NOT NULL operator

Another common requirement is to find records where a specific field is I S NOT NULL. For example, to
qguery the Contact_Info table for contacts with cell phones you could use this code:

SELECT * FROM Cont act I nfo WHERE Cel | _Phone IS NOT NULL;

Note
You can't test for NULL using equality ( =) or inequality ( <>) operators, since, by

definition, there is nothing in the field.

CHAR and VARCHAR Operators

In addition to letting you use the comparison operators to work with strings, SQL adds these dedicated
string operators for use with CHAR and VARCHAR variables:

. LI KE

" NOT LI KE

= String concatenation
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Using the LIKE and NOT LIKE operators

The LI KE operator — and its negation, the NOT LI KE operator — combined with the wild card provide
a very powerful tool for string comparison. The wild cards are as follows:

= Underscore (_ ), the single character wild card

. Percent ( % ), the multi-character wild card

For example, to find all records in the Contact_Info table with last name starting with "C," you would
write a query using LI KE as follows:

SELECT * FROM Cont act I nfo WHERE Last_Name LIKE ' C% ;

Similarly, to find all records where the Last_Name contains the letter "0" in the second position, the
guery would look like this:

SELECT * FROM Contact _Info WHERE Last_Name LIKE ' _0% ;

NOT LI KE works in very much the same way as LI KE. For example, to find all records in the
Contact_Info table with last name NOT starting with the letter "C," you would write a query using NOT
LI KE as follows:

SELECT * FROM Contact I nfo WHERE Last_Nanme NOT LIKE ' C% ;

Using the concatenation operator

The concatenation operator is used to concatenate two strings. It is represented by the symbol, +, in
SQL, Access, and Sybase; Oracle accepts || as the concatenation operator. For example, to return the
last name followed by the first name separated by commas, you would use the following query:

SELECT Last_Nanme + ', ' + First_Nanme AS NAME FROM Cont act I nfo;

Caution
The concatenation operator is one of the SQL features that varies from one flavor of

SQL to another (as mentioned above). It is frequently worth checking the
documentation for the version of SQL you are using when you encounter problems.

Logical Operators

SQL provides several logical operators to combine two or more conditions in the WHERE clause of a
SQL statement. These logical operators are as follows:

. AND
" OR
" NOT

Using the AND operator

The AND operator is used to combine two or more comparisons, all of which must evaluate to TRUE for
the comparison to be valid. If any of the expressions are false, AND returns FALSE. For example, to
find all records in the Contact_Info table with a Last Name of Corleone who live in New York, you
would use this query:

SELECT * FROM Cont act | nfo WHERE Last _Nanme = ' Corl eone' AND City ="' New York';
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Using the OR operator

The OR operator is used to combine two or more comparisons, any one of which can evaluate to TRUE
for the comparison to be valid. For example, to find all records in the Contact_Info table who live in

New York City or in New Jersey, you would use this query:

SELECT * FROM Contact _Info WHERE City = 'New York' OR State = 'NJ';

Combining logical operators using parentheses

Like arithmetic operators, logical operators can be combined using parentheses (()). For example, to
find all to find all records in the Contact_Info table with a last name of Corleone who live in New York
City or in New Jersey, you would use this query:

SELECT * FROM Cont act _Info
WHERE Last_Name = 'Corleone' AND ( City = 'New York' OR State = 'NJ' );

Using the NOT operator

The NOT operator is used to reverse the result of a comparison. If the condition it applies to evaluates
to TRUE, using the NOT operator makes it FALSE. Conversely, if the condition after the NOT is FALSE, it
becomes TRUE when you use the NOT operator. For example, to find all to find all records in the
Contact_Info table with a last name of Corleone who do not live in New York City or in New Jersey, you
would use this query:

SELECT * FROM Cont act _Info
WHERE Last_Name = ' Corl eone' AND NOT ( City = 'New York' OR State = '"NJ' );

Arithmetic Operators

SQL supports the common arithmetic operators for addition (+), subtraction (-), multiplication (*), and
division (/). In addition, SQL supports the modulo operator (%), which returns the remainder from the
division of one integer by another.

Note
The modulo operator only works with integers. Dividing a float by a valid divisor always

gives a float, and thus, no remainder.

Table 7-3 shows a very simple inventory. This inventory will be used in discussing how to work with
arithmetic operators.

Table 7-3: Inventory

ID Name Description Qty Cost
1001 Corn Flakes Cereal 130 1.95
1002 Rice Krispies Cereal 97 1.87
1003 Shredded Wheat Cereal 103 2.05
1004 Oatmeal Cereal 15 0.98
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Table 7-3: Inventory

ID Name Description Qty Cost
1005 Chocolate Chip Cookies 217 1.26
1006 Fig Bar Cookies 162 1.57
1007 Sugar Cookies Cookies 276 1.03
1008 Cola Soda 144 0.61
1009 Lemon Soda Soda 96 0.57
1010 Orange Soda Soda 84 0.71

The first, and most obvious use of arithmetic operators is in the WHERE clause. The following example
uses the LESS THAN operator to identify items that are running low:

SELECT *
FROM | NVENTORY

VWHERE Qy < 24;
The preceding query will return the following result:
ID Name Description Qty Cost

1004 Oatmeal Cereal 15 0.98

Creating calculated result fields

Another very useful application of arithmetic operators is to create a calculated result field as part of
the results returned from a query. For example, you can calculate a retail price by marking up a cost as

follows:

SELECT 1D, Nane, Descri ption, Cost, Cost*1.6 AS Retail

FROM | nvent ory;

This query returns the additional column (or field) "Retail," as shown in Table 7-4.

Table 7-4: Calculated Result Fields

ID Name Description Cost Retail
1001 Corn Flakes Cereal 1.95 3.12
1002 Rice Krispies Cereal 1.87 2.992
1003 Shredded Wheat Cereal 2.05 3.28
1004 Oatmeal Cereal 0.98 1.568
1005 Chocolate Chip Cookies 1.26 2.016
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Table 7-4: Calculated Result Fields

ID Name Description Cost Retail
1006 Fig Bar Cookies 1.57 2.512
1007 Sugar Cookies Cookies 1.03 1.648
1008 Cola Soda 0.61 0.976
1009 Lemon Soda 0.57 0.912
1010 Orange Soda 0.71 1.136
Aliases

In the preceding example, the expression command uses the key word AS. Using the optional AS
clause enables you to assign a meaningful name, or alias, to an expression, which makes it easier to
refer back to the expression later on. An alias can be used as a normal column name when you need
to refer to the column elsewhere in a statement, as you will see in examples later in the book. In this
example, AS assigned the name (alias) "Retail" to the calculated value column.

When assigning and using an alias, you must bear in mind the order in which SQL processes the
various clauses constituting the command, since the output of one clause is the input to the next one.
The order in which the subclauses of a SQL command are processed is shown in the following list:

" FROMclause

. VWHERE clause

. GROUP BY clause

" HAVI NG clause

" SELECT clause

" ORDER BY clause

Since you used AS to assign an alias in the SELECT clause, you can't use the alias as part of the
predicate in a WHERE clause, since the WHERE clause has already been executed by the time you get to
the SELECT. The alias can, however, be used in an ORDER BY, if, for example, you wanted to order the
inventory table by Retail, as shown here:
SELECT 1D, Nane, Descri ption, Cost, Cost*1.6 AS Retail
FROM | nvent ory ORDER BY Retail;
Tip
When you create a calculated field in a result, you should always use AS to assign a name
to the field. This is because there is no defined nhaming convention for calculated fields in
SQL. Different variants of SQL assign different arbitrary names.

Arithmetic operators can also be used in the WHERE clause. For example, to list only items whose retalil
price is below 100, you would use the following code:

SELECT Nane, Descri pti on, Cost, Cost*1.6 AS Retai l
FROM | nvent ory
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WHERE Cost * 1.6 < 100;

You can also create more complex calculations as required. The following query will return the profit on
each item as well as the retail price:

SELECT Nane, Descri ption, Cost, Cost*1.6 as Retail,Cost*1.6 - Cost AS Profit
FROM | nvent ory

VWHERE Cost * 1.6 < 100;

The preceding code will generate the results in Table 7-5.

Table 7-5: More Complex Calculated Columns

Name Description Cost Retail Profit
Cola Soda 0.61 0.976 0.366
Lemon Soda 0.57 0.912 0.342

Miscellaneous Operators: IN and BETWEEN

The | N operator provides a simple way to compare fields against a list. For example, to find contacts in
New York State or New Jersey, you can use this query:

SELECT *

FROM Cont act _Info

VWHERE State IN ('NY', "NJ');

I N also works with numbers. For example, if you wanted to select items from the inventory table by | D,
you could use this query:

SELECT *

FROM | nvent ory

VWHERE ID IN (1001, 1003, 1004);

The BETWEEN operator, as its name suggests, helps you select fields with values that fall between

specified limits. Referring again to the Inventory table (Table 7-3), you can query for items with costs in
the $1.03-$1.95 range using the query. Here's an example:

SELECT *
FROM | nvent ory

WHERE Cost BETYOUEN 1.03 AND 1. 95;

Note
BETWVEEN returns values within its defined range inclusive of the limits, so if you try the

query against the Inventory table, it will return rows with costs of 1.03 and 1.95.

Set Operators
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Set operators allow you to combine Resul t Set s returned by different queries into a single
Resul t Set . These are the main set operators:

= UNI ON returns the combined results of two queries.

= | NTERSECT returns only the rows found by both queries.

= EXCEPT returns the rows from the first query that are not present in the second.

Caution
The | NTERSECT and EXCEPT operators are not supported by all SQL dialects.

UNI ON, together with the variant UNI ON ALL, works on most SQL versions.

Using UNION and UNION ALL

UNI ON ALL returns the results of two queries. UNI ON does the same thing, but it removes duplicate
results. Let's say you wanted to invite all the New York and New Jersey Corleones to a party and
introduce them to Kay Adams. You could use a UNI ON to combine the two queries into one guest list.
Here's an example:

SELECT *

FROM Cont act _I nfo

VWHERE Last _Nanme = 'Corl eone' AND (City = 'New York' OR
State = "NJ')

UNI ON

SELECT *

FROM cont act _i nfo

VWHERE first _name = 'Kay';

UNI ON, used by itself, returns the results of the two queries without any repetitions. UNI ON ALL, on the
other hand, returns the results of the two queries including all repetitions.

Using INTERSECT and EXCEPT

The | NTERSECT and EXCEPT operators adhere to the same syntax as the UNI ON operator. You
should check with the documentation for the DBMS you are using to ensure that these operators are
supported before committing to using one of them.

Escape Sequences

Escape sequences are of valuable use in situations where a character has a particular meaning in
SQL, and you want to use that character in a different way. A typical example is the use of the
apostrophe ().

A problem that arises when handling names is the use of the apostrophe in names of Irish origin. Since
the apostrophe is, in effect, a single quote ('), SQL reads it as a CHAR or VARCHAR terminator and
throws a SQL error when it tries to handle the rest of the string. This problem also arises fairly
frequently in normal free-form text.
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The solution is simple: you simply double up the apostrophe, as you have seen in the method
fi xApost rophes() in earlier chapters. Here's an example:

String fixApostrophes(String in){
i nt n=0;

whil e((n=in.indexOr (""", n))>=0){

in =in.substring(0,n)+"""+in.substring(n);
n+=2;

}

return in;

This simple fix is worth implementing, as it's very annoying for an Irishman to be told he has spelled his
name incorrectly (as frequently happens to me when logging on to a Web site). It's also quite surprising
how frequently apostrophes appear in normal text (as this paragraph demonstrates).

Two other characters that require escape sequences are:
] Percent (%)
= Underscore ()

These are handled by defining an escape character at the end of the query in which the characters are
used.

The escape character is defined in curly braces ({}) using the keyword escape, as follows:

{escape 'escape-character'}

For example, the following query finds names that begin with an underscore. It uses the backslash
character as an escape character:

SELECT nane
FROM vari abl es

WHERE Id LIKE "\_% {escape '\'};

Subqueries

A query is a SQL command that uses the SELECT keyword to return an array of data fields from one or
more tables. A subquery is simply a query that is used as part of another SQL statement. Subqueries
can be nested inside any of the following types of SQL statements:

" SELECT or SELECT. .. | NTO

" | NSERT. . . I NTO

. DELETE
. UPDATE
= Inside another subquery
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You can use a subquery in a WHERE or HAVI NG clause or, in rarer instances, you can use a subquery
instead of an expression in the field list of a SELECT statement.

In a subquery you use a SELECT statement to provide a set of one or more specific values to evaluate
in the WHERE or HAVI NG clause expression, or to provide the returned values of a SELECT command
directly, as part of the SELECT list.

Subqueries can be used in WHERE or HAVI NG clauses as the right-hand side of:
. A comparison using ANY, ALL, or SOVE

= An expression using | Nor NOT | N

. An expression using EXI STS or NOT EXI STS

Using the ANY, SOME, and ALL Predicates

In many cases, a subquery used in a comparison will return more than one value. Because of this, you
need special predicates to operate on the results of the subquery before making the comparison. For
example, if you want to find out which inventory items cost more than cookies, you could use a
subquery like this:

(SELECT cost FROM i nventory

VHERE Descri ption = ' Cookies');

The result of this subquery will be several rows of cookie costs, so you will need to select which cost
you want to use. The ANY or SOVE predicates, which are synonymous, can be used to retrieve records
in the main query that satisfy the comparison with any records retrieved in the subquery. The following
example returns all inventory items with a cost greater than the lowest cost cookies in the Inventory
table:

SELECT * FROM | NVENTORY
WHERE cost >= ANY
( SELECT cost FROM i nventory
WHERE Description = ' Cookies');
The ALL predicate can be used to retrieve only those records in the main query that satisfy the
comparison with all records retrieved in the subquery. If you changed ANY to ALL in the preceding

example, the query would return only those inventory items that cost more than all cookies, as
illustrated in Figure 7-1.
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Figure 7-1: Subquery using ALL

Note
When creating a subquery, the entire subquery should be enclosed in parentheses.

Using the IN and NOT IN Predicates

The | N predicate is used to retrieve the records in the main query that have a matching record in the
data set returned by the subquery. This usage is similar to the simple SELECT used with an | N list, as
shown here:

SELECT * FROM CUSTOMERS

VWHERE STATE IN (" NY','NJ');

In this example, the query returns all Customers where the State field is listed in the parenthesized | N
list, or, in other words, where the State field equals either NY or NJ.

The example shown in Figure 7-2 returns all items from the Inventory table whose item numbers can
be found in the Ordered_Items table, with Order_Number = 2.
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Figure 7-2: Subquery using IN

The NOT | N predicate, of course, reverses the selection.

Note
You can only specify one SELECT list item when using the | N predicate, since the list is

returned for comparison with a single item.
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Using the EXISTS and NOT EXISTS Predicates

The EXI STS and NOT EXI STS predicates are used in true/false comparisons to determine whether the
subquery returns any records. You will use EXI STS in a subquery to find out what kinds of cookies
have been ordered by members of the Corleone family.

The main query shown in Figure 7-3 selects the first and last names of the family member, and the
name of the preferred type of cookie for all instances of a cookie preference returned by executing an
EXI STS subquery on the tables.
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Figure 7-3: Subquery using EXISTS

Note
Conventionally, you use an asterisk(*) with the EXI STS predicate because EXI STS only

returns true or false so there is nothing to be gained by being more specific.

As a rule, the main FROMIist should only contain tables that are referenced in the main SELECT
statement. In this case, you listed Customers and Inventory in the main SELECT statement and used
their aliases in combination with the Orders and Ordered_lItems tables in the subquery.

The EXI STS statement stops the search as soon as it finds a single match. The EXI ST statement is
therefore much faster and more efficient than a query that continues to check for additional rows that
match.

Cross-Reference
You can also use table name aliases in a subquery to refer to tables listed in

a FROM clause outside the subquery, as in the example in Figure 7-3. This
capability, known as a correlated subquery, is discussed later in this chapter

Nesting Subqueries

Just as you can use a subquery within a query, you can also use a subquery within another subquery.
Subqueries can be nested as deeply as your implementation of SQL allows. The syntax for nesting
subqueries looks like this:

SELECT *

FROM Tabl es
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VHERE
( SUBQUERY
( SUBQUERY
( SUBQUERY) ) ) ;
For example, to send out special notices to customers who spend more than the average amount of

money, you could build a customer list by creating a query using two nested subqueries, as shown in
Figure 7-4.
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Figure 7-4: Using nested subqueries

Testing Subqueries

Recall that one of the nice things about subqueries is that they are easy to test as queries before
plugging them into larger queries. For example, the subquery that calculates the average cost of a
purchase is very straightforward. Here's an example:

(SELECT AVGoi.Qy * i.Cost)
FROM Ordered_ltems oi, Inventory i

WHERE oi . ltem Nunber = i.ltem Nunber)

In Eigure 7-5 you see the two subqueries combined to generate a list of all purchases above the
average cost. Note that the additional columns o0i.Order_Number and 0i.Qty * i.Cost AS 'Total' have
been added to make it easier to check the queries.
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Figure 7-5: Subquery to find above average purchases

The next section discusses a number of additional ways in which subqueries can be used.

Additional Uses of Subqueries

Earlier examples discussed how you can use calculated values, or even literals, in place of simple data
field values in the SELECT clause of a query, as in the following example:

SELECT ' Average Cost' AS Nanme, AVEoi.Qy * i.Cost)
AS ' AVG
FROM Ordered Itenms oi, Inventory i

WHERE oi . ltem Number = i.ltem Nunber;

This query returns the following result:
Name AVG

Average Cost 3.7045

Using a Subquery in the SELECT List

You can also use results returned by subqueries in the SELECT list of a query. This can be useful if you
want to create a summary table of items by category, as might be the case with the Inventory table. If,
for example, you wanted to tabulate the average cost of various types of products in the inventory, you
could use a query with subqueries in the command line, like the example shown in Figure 7-6.
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Figure 7-6: Using dubqueries in the SELECT clause

Notice how the entire subquery replaces the column name, so that the alias clauses used to name the
columns appear outside the parentheses defining the subqueries.

Using a Subquery with the INSERT Command

You can use subqueries in the | NSERT command just as easily as you can in a SELECT command.
Consider an example where you might want to insert selected records from one table into another.
One way to do this is to use a subquery to select the desired subset from the source table.

The following example uses a subquery to select the Customer_Numbers of customers from New
Jersey. Then the appropriate fields are selected from Customers with the selected
Customer_Numbers and are inserted into the Employees table.

I NSERT | NTO Enpl oyees
(Enpl oyee_|I D, First_Name, Last_Nane)
SELECT Customer _Nunber, First_Nanme, Last_Nane
FROM Cust oner s
WHERE Cust omer _Number I N
( SELECT Cust oner _Nunber
FROM Cust oner s

WHERE State = 'NJ');

Using a Subquery with the UPDATE Command

A more common usage of the subquery is with the UPDATE command. One advantage of using a
subquery is that you can very easily test the subquery by itself to make sure you are getting the correct
data set. Then, once it checks out OK, you can plug it into the actual update.

The following example uses a subquery to select the Customer_Number of the customer to be
updated from the Customers table. You then use this customer number in the WHERE clause of the
UPDATE command.

UPDATE Enpl oyees
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SET First_Name = "Alfie'
VWHERE Enpl oyee_ID IN
( SELECT Cust oner _Nunber
FROM Cust onmer s

WHERE First_Name = ' Sonny');

Using a Subquery with the DELETE Command

Finally, here's an example of the use of a subquery with the DELETE command. This example uses a
subquery to select the Customer_Numbers of all the customers with a Last_Name of Corleone. This
list of Customer_Numbers is used in the DELETE command to identify the customers to be deleted
from the Customers table. In this instance, you will get a list of all Corleones in the Customer table,
regardless of whether they are employees. You then use this customer number list in the WHERE
clause of the DELETE command and delete any employees in the list.

DELETE FROM Enpl oyees
WHERE Enpl oyee ID IN
( SELECT Cust omer _Nunber
FROM Cust oner s

WHERE Last Nane = ' Corl eone');

Correlated Subqueries

Most of the subqueries discussed so far are selfcontained, in that they refer only to tables defined
within the subquery itself. This self-contained aspect of subqueries has the advantage of making them
easy to check out as stand-alone queries. However, sometimes it's useful to use outside references in
a subquery.

Correlated subqueries are subqueries that depend on a value in the outer query. A reference to a table
in the outer query is called a correlated reference. The following example presents a correlated query

in the reference to the Customers table. In the following code, Customers appears in the FROMclause

of the outer query, but not in the FROMclause of the subquery:

SELECT c. First_Name, c.Last_Nane, i.Name, i.ltem Nunber
FROM Customers c, Inventory i
VWHERE c. Last _Nanme = ' Corl eone' AND
i .Description = "' Cookies' AND EXI STS
( SELECT *
FROM Ordered_Itens oi, Orders o
WHERE c. Cust oner _Nunber = o. Customer _Numnber AND
0i . Order _Nunber = o.Order_Nunber AND

oi . Item Number = i.ltem Number);
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Correlated queries are executed repeatedly (once for each row of the table identified in the outer-level
query), so they can be extremely inefficient. It is frequently worthwhile to rewrite correlated queries as
joins wherever possible, though in some cases the SQL engine may be able to optimize the correlated

subquery.

The next section explains how the SQL queries discussed in this chapter can be used in a JDBC

application.

JDBC ResultSets

The JDBC Resul t Set holds the data, arranged in rows and columns, returned by a query. A
Resul t Set maintains a cursor that points to the current row of data. The cursor moves down one row

each time the next () method is called. You access the data by sequencing through the rows and

requesting data from the columns using get t er methods, either by column name or by column
number. In general, using the column number will be more efficient than using the column name .

Caution

Columns are numbered from 1, not from 0.

The JDBC Resul t Set provides getter methods that convert column data from SQL data types to the

specified Java types. Each get t er method comes in these two flavors:
= get XXx(String col unmNane)
. get XXX(i nt col umNumber)

For clarity only one variant is shown in the gett er method summary in Table 7-6.

Table 7-6: ResultSet getter Methods

Data Type
BigDecimal

boolean

byte

bytef]

double

float

int
java.io.lnputStream
java.io.InputStream
java.io.lnputStream
java.sgl.Date

java.sql.Time
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Method

get Bi gDeci mal (String columNanme, int scale)
get Bool ean(String col unmNane)
getByte(String col utmNane)

get Byt es(String col unnmNane)

get Doubl e(Stri ng col utmNane)

get Fl oat (String col unmNane)
getlnt(String col umNane)

get Ascii Stream(String col unmNane)
get Uni codeStream  Stri ng col unmNane)
getBi naryStrean(Stri ng col umNane)
getDat e(String col utmNane)

get Time(String col unmNane)



Chapter 7:Retrieving Data with SQL Queries

Table 7-6: ResultSet getter Methods

Data Type Method

java.sgl.Timestamp get Ti mestanmp(String col unmNane)

long getLong(String col umNane)

Object get Obj ect (String col umNane)

short get Short (String col unmNane)

String getString(String col umNane)
Caution

Each column can be read only once with getter method. Subsequent reads return
unpredictable results.

A Resul t Set maintains a cursor that points to the current row of data. Initially the cursor is positioned
before the first row. The next () method moves the cursor to the next row and must be called before
the first get t er method is called.

When you access data with a basic, nonscrollable Resul t Set , the table rows are retrieved
sequentially. Scr ol | abl eResul t Set s add absolute positioning and reverse scrolling capabilities to
the basic Resul t Set . Within a row, you can access the column values in any order.

For the "get t er " methods, the JDBC driver attempts to convert the underlying data to the specified
Java type and returns a suitable Java value. Column names used as input to "get t er " methods are
case insensitive, in accordance with normal SQL rules.

Caution
When performing a "get XXX" using a column name, if several columns have the

same name, the value of the first matching column will be returned.

A basic Resul t Set is automatically closed by the statement that generated it when that statement is
closed, re-executed, or is used to retrieve the next result from a sequence of multiple results. This
behavior may be modified in some of the JDBC Extension APl Resul t Set s, as discussed in Chapter
4.

ResultSetMetaData

The Resul Set Met aDat a object returned by the get Met aDat a() method provides information about
a Resul t Set 's columns, such as number, types, and properties,. Chapter 4 discusses the
Resul Set Met aDat a object in some detail.

The following are some of the methods available to access Resul t Set Met aDat a:

= get Col umCount () — returns the number of columns in the ResultSet

= get Col ummLabel (i nt col utMm) — returns the column title for use in printouts and displays
= get Col umName(i nt col unm) — returns the column name

= get Col umTypeName(i nt col um) — returns the name of the column's SQL data type
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With just these four methods you have enough information to display the results of any query in a
meaningful way.

Using SELECT to return RecordSets with JDBC

The procedure for retrieving data from a database is very similar to the procedure you used to insert
data, with the exception that, since this is a query, you need to define a Resul t Set to hold the
returned data. In addition to the Resul t Set , you are also defining a Resul t Set Met aDat a object,
which will hold information about the Resul t Set . You will use this object to get the number of
columns returned, since the get Dat a method does not have any information regarding the query it is
executing.

For the purposes of the example in Listing 7-1, you will simply loop through the Resul t Set and print
the data to the system console.

Listing 7-1: Data Retrieval using JDBC

package java_dat abases. part 2;

i mport java.awt.event.*;
i mport java.sql.*;
i mport java.util.Vector;

i mport sun.jdbc. odbc. JdbcOdbcDri ver;

public class DataRetriever{
static String jdbcDriver = "sun.jdbc. odbc. JdbcQdbcDri ver";
static String dbNane = "Contacts";
static String url Root = "jdbc: odbc:";

private ActionLi stener exceptionListener = null;

public DataRetriever(){

registerDriver();

}
public void setDatabaseName(String dbNane) {

t hi s. dbNanme=dbNane;

}
public void registerDriver(){

try {
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Cl ass. for Name(j dbcDri ver);
Dri ver Manager . regi sterDriver(new JdbcOdbcDriver());
}
cat ch(Cl assNot FoundException e){
report Exception(e. get Message());
}
cat ch( SQLException e){

report Exception(e. get Message());

}
public String[][] executeQuery(String SQ.Query){
Vect or dataSet = new Vector();

String url = url Root +dbNane;

try {
Connection con = Driver Manager. get Connection(url);
Statenment stnt = con.createStatenment();
ResultSet rs = stnt.executeQuery(SQ.Query);

Resul t Set Met aData nd = rs. get MetaDat a();

i nt nColums = nd. get Col umCount () ;
while(rs.next()){
String[] rowbData = new String[ nCol unms];
for(int i=0;i<nColums;i++){

rowbData[i] = rs.getCbject(i+1).toString();

}

dat aSet . addEl enent (r owDat a) ;
}
con. close();

}
cat ch( SQLException e){

report Exception(e. get Message());
}

String[][] records = new String[dataSet.size()][];
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for(int i=0;i<records.length;i++){
records[i]=(String[])dataSet.elenentAt(i);

}

return records;

}

public void set ExceptionLi stener (ActionLi stener exceptionListener){
thi s. exceptionLi stener=exceptionLi stener;
}
private void reportException(String exception){
i f (exceptionListener!=null){
ActionEvent evt = new ActionEvent(this, 0, exception);
exceptionLi stener. acti onPerfornmed(evt);
}el se{

Systemerr.println(exception);

public static void main(String args[]){
Dat aRetri ever retriever = new DataRetriever();
retriever. set Dat abaseName(" Cont acts");
String[][] records =
retriever. executeQuery("SELECT * FROM Cont act _I nfo");
for(int i=0;i<records.length;i++){
String[] record = records[i];
for(int j=0;j<record.length;j++){
i f(j>0)Systemout.print("\t");
Systemout.print(record[j]);
}

Systemout.printlin();

The main difference between the code required to retrieve data from the table and the code you used
to insert it is the use of the Resul t Set and Resul t Set Met aDat a objects. The other difference is
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that you need to use the execut eQuer y() method of the St at enment object rather than the

execut e() method when you expect a Resul t Set to be returned. Initially, the Resul t Set 's cursor
is positioned before the first row of the returned data, so you need to execute the Resul t Set . next ()
method to point the cursor to the first row.

The Resul t Set . next () method returns a bool ean f al se if it advances the cursor beyond the end
of the Resul t Set . This makes it suitable as the basis of a VVHI LE loop to loop through the entire
Resul t Set , as shown here in Listing 7-1. Listing 7-1 also shows the use of Resul t Set Met aDat a to
get the number of columns in the Resul t Set .

Caution
Resul t Set columns count from 1, not from 0, so an exception will be thrown if you

forget this and try to use a loop which counts columns from column 0.

The next section continues the development of the JDBC Swing example started in Chapters 5and 6,
adding the capability to execute queries.

A Swing-Based SQL Query Pane

To illustrate the topics covered in this chapter, the Swing-based Table Builder will be extended by the
addition of a Query Pane (see Figure 7-7). The Query Pane is based on components you built in
Chapter 5. You will add a new View Menu to allow us to display the Query Pane, and a new
JinternalFrame for handling the Queries.
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Figure 7-7: SQL Query Pane

The View Menu

The View menu extends the DBMenu class, adding DBMenultems for the ResultSet that you are
working with in this chapter. Listing 7-2 shows the necessary code.

Listing 7-2: View menu with ResultSet item

package jdbc_bi bl e. part 2;
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i mport java.awt.*;

i mport java.awt.event.*;
i mport java.util.Vector;
i mport javax.sw ng. *;

i mport javax.sw ng. event.*;

public class ViewMenu extends DBMenu{
JMenultemresul tSetltem
JMenul tem scrol | abl eResul t Setltem
JMenul t em updat abl eResul t Set | t em

JMenultemrowSet I tem

public ViewMenu(){
set Text ("View');
set Acti onCommand(" Vi ew") ;

set Mhenonic((int)'VvV);

resultSetltem = new DBMenultenm("ResultSet",'R ,itenlListener,false);
scrol | abl eResul t Setltem

= new DBMenul tem("Scrol | able ResultSet","' S ,itenli stener, fal se);
updat abl eResul t Set It em

= new DBMenul t em( " Updat abl e ResultSet",' U ,itenLi stener, fal se);

rowSetltem = new DBMenulten("RowSet",'W,itenlistener, false);

add(resultSetltem;

add(scrol | abl eResul tSetltem;
add(updat abl eResul t Setltem ;
add(rowSet I tem ;

TableQueryFrame

Tabl eQuer yFr ame is very similar to the Tabl eBui | der Fr anme discussed in Chapter 5. It extends
JI nt er nal Fr ane and contains a Jt abl e, which is used to display the fields returned in the
Resul t Set , a JText Ar ea that provides an editable text area in which you can create queries, and an
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"Execute Query" button. Otherwise, this class is simpler than its counterparts in preceding chapters as
you no longer need a par seTabl e() method or a Tabl eChangelLi st ener.

The JTabl e is preloaded using the SQL query as shown in the following:

"SELECT TOP 5 * FROM " + t abl eNane;

You use the TOP 5 limitation to prevent having to load a huge JTabl e in cases where the database
table is large. Obviously, you can change this to suit your own application.

The Tabl eQuer yFr ame class is different from its counterparts in previous chapters primarily because
it is driven by the JText Ar ea rather than by the JTabl e. The JText Ar ea is used to enter free form
SQL queries for execution when the "Execute Query" button is clicked.

The sequence of events involved in using the Tabl eQuer yFr ane (shown in Listing 7-3) example is as
follows:

1. User selects a database.

2. User selects "View ResultSet".

3. User selects the table.

4. A Tabl eQuer yFr ane is displayed showing the top five records from the table.

5. A SQL command is typed into the JText Ar ea and executed on command.

This example extends the examples of Chapters 5and 6 to create a Swing-based application that can
connect to any database-management system. This example can be used to create and populate
tables, and to execute any of the queries discussed in this chapter. The TableQueryFrame code is

shown in Listing 7-3.

Listing 7-3: TableQueryFrame

package jdbc_bi bl e. part 2;

i mport java.awt.*;

i mport java.awt.event.*;

i mport java.util.Event Object;

i mport java.util.EventListener;
i mport java.util.Vector;

i mport javax.sw ng.*;

i mport javax.sw ng.event.*;

i mport javax.sw ng.table.*;

/**

* Tabl eQueryFrame extends Jlnternal Frane to create a di splay which builds SQ
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*

CREATE st atement s
*/

cl ass Tabl eQueryFranme extends Jlnternal Frame{

protected JTabl e tabl e;

protected JScrol | Pane tabl eScroller;

protected JText Area SQLPane

new JText Area();

protected JButton queryButton

protected Dat abaseUtilities dbUtils;

protected String tabl eName nul | ;

protected String col Nanes[] nul | ;

protected String dataTypes[] nul | ;

SQLQuery
SQ.CommandRoot = "";

protected String nul | ;

protected String

new JButton("Execute Query");

publ i c Tabl eQueryFrame(String tabl eNane, DatabaseUtilities dbUtils){

System out. println(tabl eNane+", "+dbUtils);
set Si ze( 600, 400) ;

set Locati on(10, 10);

set Cl osabl e(true);

set Maxi nmi zabl e(true);

setlconifiable(true);

set Resi zabl e(true);

get Cont ent Pane() . set Layout (new Bor der Layout (
t hi s. t abl eNanme=t abl eNane;
this.dbUils=dbUtils;

setTitle("Query "+tabl eNane);

init();
set Visible(true);
}
// initialize the Jlnternal Frane

private void init(){
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col Nanes = dbUtil s. get Col umNanes(tabl eNane) ;
dat aTypes = dbUtil s. get Dat aTypes(t abl eNane) ;
SQLQuery = "SELECT TOP 5 * FROM "+t abl eNane;
Vector dataSet = dbUtils.executeQuery(SQ.Query);
tabl e = creat eTabl e(col Nanes, dat aSet) ;
JScrol | Pane sql Scroll er = new JScrol | Pane( SQLPane) ;
tabl eScrol |l er = new JScrol | Pane(tabl e);
JSplitPane splitter = new JSplitPane(JSplitPane. VERTI CAL_SPLI T,
sqgl Scrol |l er, tabl eScrol ler);
splitter.setDividerLocation(100);
get Cont ent Pane() . add(splitter, BorderLayout. CENTER) ;
get Cont ent Pane() . add( quer yBut t on, Bor der Layout . SOUTH) ;
quer yBut t on. addActi onLi st ener (new ButtonLi stener());
}
protected JTabl e createTable(String[] col Nanes, Vector dataSet) {
i nt nRows = dataSet. size();
String[][] rowbData = new String[ nRows][col Nanes. | engt h];
for(int i=0;i<nRows;i++){
Vector row = (Vector)dataSet.elenmentAt(i);
for(int j=0;j<row size();]j++)
rowDatal[i][j]=((Object)row. elenmentAt(j)).toString();
}
JTabl e tabl e = new JTabl e(rowDat a, col Nanes) ;
return tabl e;
}
/'l Listener for the Query Button
cl ass ButtonListener inplements ActionListener/{
public void actionPerformed(Acti onEvent event){
SQLQuery = SQ.Pane. get Text ();
JVi ewport viewport = tableScroller.getViewort();
vi ewport. renove(table);
col Nanes = dbUtil s. get Col utmNanmesUsi ngQuer y( SQLQuery);
Vector dataSet = dbUtils. executeQuery(SQ.Qery);

tabl e = createTabl e(col Nanes, dat aSet) ;
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vi ewport. add(table);

Changes to the DBManager class (Listing 7-4) are once again minimal, amounting to no more than
adding the hooks for the menu.

Li

sting 7-4: DBManager

package jdbc_bi bl e. part 2;

i mport java.awt.*;

i mport java.awt.event.*;

i mport java.util.Vector;

i mport javax.sw ng. *;

i mport javax.sw ng.event.*;

public class DBManager

-251-

JMenuBar nenuBar = new JMenuBar () ;

JDeskt opPane desktop = new JDeskt opPane();

String database = null;
String tabl eName = null;

String nmenuSel ection = null;

Tabl eBui | der Frane t abl eMaker = nul | ;

Tabl eEdi t Franme tabl eEditor = nul | ;

Tabl eQuer yFrane tabl eQuery

nul | ;

Dat abaseUtilities dbUils = null;

Tabl eMenu t abl eMenu = new Tabl eMenu() ;

Edi t Menu edi t Menu = new Edi t Menu() ;

Vi ewenu vi ewMenu = new Vi ewMenu();

ext ends JFranme{

/1 added for Chapter 6
/1 added for Chapter 7

/1l added for Chapter 6

/'l added for Chapter 7

MenuLi st ener menulLi stener = new MenulLi stener();

publ i ¢ DBManager () {
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set JMenuBar ( nenuBar) ;

setTitl e("Java Dat abase Bible");
get Cont ent Pane() . set Layout (new Bor der Layout ());
get Cont ent Pane() . add( deskt op, Bor der Layout . CENTER) ;

set Si ze(new Di nensi on(480, 320));

menuBar . add(t abl eMenu) ;

t abl eMenu. set MenuLi st ener (menuli st ener) ;

menuBar . add( edi t Menu) ; /! added for Chapter 6

edi t Menu. set MenulLi st ener (nenuli st ener) ;

menuBar . add(vi ewivenu) ; /1 added for Chapter 7

vi ewMenu. set MenulLi st ener (nmenuli st ener);

set Font (new Font (" Di al og", Font. PLAIN, 18));
set Visible(true);
Font font = get Graphics().getFont();

Systemout.println(font);

private void di spl ayTabl eBui | der Franme() {
t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;
t abl eMaker = new Tabl eBui | der Frane(t abl eNane) ;
t abl eMaker . set ConmandLi st ener (new ConmmandLi st ener());
deskt op. add(t abl eMaker);

t abl eMaker . set Vi si bl e(true);

private void displayTabl eEditFrame(){ // added for Chapter 6
t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;

t abl eEdi tor = new Tabl eEdi t Frane(t abl eNane, dbUtils);
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deskt op. add(t abl eEdi tor);

tabl eEdi tor. set Vi si bl e(true);

private void displayTabl eQueryFrane(){ // added for Chapter 7
t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;
tabl eQuery = new Tabl eQueryFrane(tabl eNane, dbUtils);
deskt op. add(t abl eQuery);

tabl eQuery. set Vi si bl e(true);

private String[] parseKeyVal ueString(String kvString){

String[] kvPair = null;

int equals = kvString.indexOF("=");

i f (equal s>0){
kvPair = new String[2];
kvPair[0] = kvString.substring(0,equals).trim);
kvPair[1] = kvString.substring(equal s+1).trim);

}

return kvPair;

private void sel ect Dat abase(){
dat abase = JOpti onPane. showl nput Di al og(t hi s, "Dat abase: ",
"Sel ect database", JOpti onPane. QUESTI ON_MESSAGE) ;
dbUtils = new DatabaseUtilities();
dbUti | s. set Dat abaseNane( dat abase) ;

dbUti | s. set Excepti onLi stener (new Excepti onLi stener());

t abl eMenu. enabl eMenul t em( " New Tabl e", true);

t abl eMenu. enabl eMenul tem(" Drop Tabl e", true);
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edi t Menu. enabl eMenul ten("I nsert", true);
edi t Menu. enabl eMenul t en( " Updat e", true);

edi t Menu. enabl eMenul t en{" Del ete", true);

vi ewhMenu. enabl eMenul tem(" Resul t Set ", true);

private void execut eSQLCommand(Stri ng SQLComrand) {

dbUti | s. execut e( SQLCommand) ;

private void dropTabl e(){
t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",

"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;

int option = JOptionPane. showConfirnDi al og(null,
"Droppi ng table "+t abl eNane,
" Dat abase " +dat abase,
JOpt i onPane. OK_CANCEL_OPTI ON) ;

i f(option==0){

execut eSQLCommand( " DROP TABLE " +t abl eNane) ;

cl ass MenulLi stener inplenments ActionListener{
public void actionPerformed(Acti onEvent event) {
String menuSel ection = event. get Acti onCommand() ;
i f (menuSel ection. equal s(" Dat abase")) {
sel ect Dat abase() ;
telse i f(nmenuSel ection. equal s("New Tabl e")){
di spl ayTabl eBui | der Frane() ;
}lelse if(menuSel ection. equal s("Drop Tabl e")){
dropTabl e();
lel se if(menuSel ection. equal s("lInsert")){

di spl ayTabl eEdi t Frame() ;
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}else i f(nmenuSel ection. equal s("ResultSet")){ // added for Chapter 7
di spl ayTabl eQueryFrane();
}else if(menuSel ection.equal s("Exit")){

System exit(0);

cl ass ExceptionLi stener inplenments ActionListener{
public void actionPerformed(Acti onEvent event){
String exception = event. get Acti onCommand();
JOpti onPane. showessageDi al og(nul |, exception,

"SQL Error", JOptionPane. ERROR_MESSAGE) ;

cl ass CommandLi stener inplements ActionListener{
public void actionPerformed(Acti onEvent event){
String SQ.Conmand = event. get Acti onConmand() ;

execut eSQLCommand( SQLComand) ;

public static void main(String args[]){

DBManager dbm = new DBManager () ;

It now remains to add the necessary JDBC code to run the query, as discussed in the next section.

JDBC Code

In the extended version of the Dat abaseUtiliti es classin Listing 7-5, the method

execut eQuery(String SQLQuery) has been added to return a Vect or of Vect or s containing the
row data from the table. The choice of a Vect or of Vect or s is driven partly by the inherent flexibility it
offers, and partly to demonstrate an approach that differs slightly from Listing 7-1. The method

get Col uimNamesUsi ngQuer y( St ri ng SQLComrand) has also been added. This method returns a
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String array of column names pertinent to the query, rather than all the column names for the entire
table.

Listing 7-5: DatabaseUtilities

package jdbc_bi bl e. part 2;

i mport java.awt.event.*;
i mport java.sqgl.*;
i mport java.util.Vector;

i mport sun.jdbc. odbc. JdbcOdbcDri ver;

public class DatabaseUtilities{
static String jdbcDriver = "sun.jdbc. odbc. JdbcCOdbcDri ver";
static String dbName = "Contacts";
static String url Root = "jdbc: odbc:";

private ActionLi stener exceptionListener = null;

publ i c DatabaseUtilities(){
registerDriver();
}
public void set Dat abaseNane(String dbNane) {
t hi s. dbNane=dbNane;
}
public void registerDriver(){
try {
Cl ass. for Name(j dbcDri ver);
Driver Manager.regi sterDriver(new JdbcQdbcDriver());
}
cat ch(Cl assNot FoundException e){
report Exception(e. get Message());
}
cat ch( SQLException e){

report Exception(e. get Message());
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}
public void execute(String SQ.Conmand) {
String url = url Root +dbNane;

try {

Connection con Dri ver Manager . get Connecti on(url);

St atement stnt

con.createStatenent();
stmt . execut e( SQLCommand) ;
con. close();

}

cat ch( SQLException e){

report Exception(e. get Message());

}
public void execute(String[] SQ.Conmand) {
String url = url Root +dbNane;
try {
Connection con = Driver Manager. get Connection(url);
Statenent stnt = con.createStatenent();
for(int i=0;i<SQComand. | ength;i++){
stm . execut e( SQLConmand[i]);
}
con. close();
}
cat ch( SQLException e){

report Exception(e. get Message());

}

public String[] get Col umNanes(String tabl eNane){
Vect or dataSet = new Vector();
String[] columNanes = null;
String url = url Root +dbNane;

String SQLCormand = "SELECT * FROM "+t abl eNanme+";";

try {
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}

Connection con = Driver Manager. get Connection(url);
Statenent stnt = con.createStatenent();
ResultSet rs = stnt.execut eQuery(SQ.Conmand) ;

Resul t Set Met aData nd = rs. get MetaDat a();

col umNanmes = new String[ nmd. get Col umCount ()];
for(int i=0;i<columNanes.|ength;i++){
col umNares[i] = nd. get Col umLabel (i +1);

}

con. cl ose();
}
cat ch( SQLException e){

report Exception(e. get Message());
}

return col umNanes;

public String[] getCol umNamesUsi ngQuery(String SQ.Conmand) {
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Vect or dataSet = new Vector();
String[] columNanmes = null;

String url = url Root +dbNane;

try {

Connection con = Driver Manager. get Connection(url);
Statenent stnt = con.createStatenent();
Resul t Set rs = stnt.executeQuery(SQ.Command) ;

Resul t Set Met aData nd = rs. get MetaDat a();

col umNanmes = new String[ nmd. get Col ummCount ()];
for(int i=0;i<columNanes.|ength;i++){
col umNares[i] = nd. get Col umLabel (i +1);

}

con. close();

}
cat ch( SQLException e){
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report Exception(e. get Message());

}

return col umNanes;

}

public String[] getDataTypes(String tabl eNane){

Vector dataSet = new Vector();

String[] dataTypes = null;

String url

= ur| Root +dbNane;

String SQLCommand = "SELECT * FROM "+t abl eName+";";

try {

Connection con

St at enment
Resul t Set

Resul t Set

dat aTypes

Dri ver Manager . get Connecti on(url);

stnt

con. createStatenent ();
rs = stm.executeQuery(SQ.Command) ;

Met aData nd = rs. get MetabDat a() ;

= new String[ nd. get Col umCount ()];

for(int i=0;i<dataTypes.|ength;i++){

dat aTypes[i] = nd. get Col umTypeNane(i +1);

}

con. close();

}

cat ch( SQLException e){

report Exception(e. get Message());

}

return dataTypes;

}
public Vector executeQuery(String SQLQuery){
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ResultSet rs = stnt.executeQuery(SQ.Query);

Resul t Set Met aData nd = rs. get Met aDat a() ;

int nColums = nd. get Col umCount () ;
while(rs.next()){
Vector rowData = new Vector();
for(int i=1;i<=nColums;i++){

rowDat a. addEl enent (rs. get Obj ect (i));

}

dat aSet . addEl erment (r owDat a) ;
}
con. close();

}
cat ch( SQLException e){
report Excepti on(e. get Message());
}
return dataSet;
}
public void set ExceptionLi stener (ActionLi stener exceptionListener){
thi s. exceptionLi st ener=excepti onLi st ener
}
private void reportException(String exception){
i f (exceptionListener!=null)({
Acti onEvent evt = new ActionEvent(this, 0, exception);
exceptionLi stener. acti onPerfornmed(evt);
}el se{

Systemerr.println(exception);

}
Summary

In this chapter you learned how to build and use queries and subqueries. You also learned how to use

gueries and subqueries in a SELECT command as well as in the | NSERT, DELETE, and UPDATE
commands. Other topics discussed were:

. What a Query is and how to create and execute one
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= Using SELECT FROMto retrieve all rows and columns from a table
= Using the WHERE clause to retrieve rows matching a specific query
= Using the ORDER BY clause to sort the returned data

= SQL Operators

" Escape sequences

= Subqueries using the keywords:

. EXI STS and NOT EXISTS
= ANY and ALL
= I Nand NOT | N

= Nested and correlated subqueries
JDBC Resul t Set s and Resul t Set Met aDat a

The next chapter discusses using joins to retrieve data from more than one table.
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Chapter 8: Organizing Search Results and Using

Indexes

In This Chapter

This chapter discusses various ways of organizing and analyzing the data returned by SQL queries.
These include sorting the data by one or more columns, grouping the data and performing statistical
analysis, and filtering the grouped results.

The chapter also addresses the use of indexes to make your queries more efficient. Using indexes
wisely can result in a very significant improvement in performance, while using indexes incorrectly can
result in very poor performance.

The final topic discussed in this chapter is the use of Views. Views provide a means of creating
temporary tables based on a particular query.

Using ORDER BY to Sort the Results of a Query

A common requirement when retrieving data from an RDBMS by using the SELECT statement is to sort
the results of the query in alphabetic or numeric order on one or more of the columns. You sort the
results by using the ORDER BY clause in a statement like this:

SELECT First_Name, Last_Nane, City, State

FROM CUSTOMERS

VWHERE Last_Nanme = ' Corl eone’

ORDER BY First_Narme;

This gives you a list of all the Corleones sorted in ascending order by first name, as shown in Table
8-1:

Table 8-1: Records Sorted Using ORDER BY

First_ Name Last_Name City State
Francis Corleone New York NY
Fredo Corleone New York NY
Michael Corleone New York NY
Sonny Corleone Newark NJ
Vito Corleone Newark NJ

The default sort order is ascending. This can be changed to descending order by adding the DESC
keyword as shown in the next example:

Note
The keywords ASC and DESC can be used to specify ascending or descending sort
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order.
SELECT *
FROM CUSTOMERS
VWHERE Last_Nanme = ' Corl eone’

ORDER BY First_Nanme DESC,

Sorting on multiple columns is also easy to do by using a sort list. For example, to sort the data in
ascending order based on Last_Name and then sort duplicates using the First._ Name in descending
order, the sort list is as follows:

ORDER BY Last _Nane, First_Nanme DESC;

The entire SQL statement to sort the data in ascending order based on Last_ Name and then sort
duplicates using the First_Name in descending order is shown below .

SELECT First_Name, M, Last_Nane, Street, City, State, Zip
FROM CUSTOVERS

ORDER BY Last _Nane, First_Nanme DESC;

Note
When no ORDER BY clause is used, the order of the output of a query is undefined.

These are the rules for using ORDER BY:
. ORDER BY must be the last clause in the SELECT statement.
= Default sort order is ascending.
= You can specify ascending order with the keyword ASC.
= You can specify descending order with the keyword DESC.
= You can use column names or expressions in the ORDER BY clause.
= The column names in the ORDER BY clause do not have to be specified in the select list.
= NULLS usually occur first in the sort order.
Note

The DatabaseMetaData object provides a number of methods:
bool ean nul | sAreSort edAt Start ()
bool ean nul | sAreSort edAt End()

These methods can be used to determine the sort order for NULLs when in doubt.

Another common reporting requirement is to break down the data a query returns into various groups
so that the data can be analyzed in some way. The GROUP BY clause, discussed in the next section,
enables you to combine database records to perform calculations such as averages or counts on
groups of records.

The GROUP BY Clause
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The GROUP BY clause combines records with identical values in a specified field into a single record for

this purpose, as shown in Figure 8-1, illustrating how to use GROUP BY to compute a count of
customers by state.

EJava Dataliase Bibhe

Tatila Fon Wiew

[ cmmry Curstomers & E |
IELECT State, COUNTS1ale} A5 Counl’
ROM CUSTOMERS

JGROLIF BY Blats;

Figure 8-1: Using GROUP BY to count customers by state

Because the GROUP BY clause combines all records with identical values in one column into a single
record, each of the column names in the SELECT clause must be either a column specified in the
GROUP BY clause or a column function such as COUNT() or SUM) .

This means that you can't SELECT a list of individual customers by name and then count them as a
group by using GROUP BY. However, you can group on more than one column, just as you can use

more than one column with the ORDER BY clause. You can see an example of the use of GROUP BY on
more than one column in Figure 8-2.

& Java Dalabaee Bl
Tabln Fit View
[T Ounry Customers
SELECT Dwscription, State, COUNT(stabe) AS ‘Count’,
SUM[ 8y " | Coslh AS Tobal
ROM Cuglomers ¢, Orders o, Ordered_Hems of, kvenlory |
PYHERE ¢ Cuglome_fumder = g.Cuglbmar_number AND
o Cndiée_rusmbeér = ol Ordér_numbsr AND
|- Bern_Murribiar = od Hem_Numbaer
JaROLIF BY Siale, Descripbon
JHEVING CountiState) = 1

Descripion | Statn Cortind |
Cargal i) P 134500
Corgal Y 2 4.8500
Coskies i 12 57400
Cookies i |2 [10G500
Eoda Ny 2 4 4000
Expcute Duery

Figure 8-2: Using GROUP BY on multiple columns

Note
Every column name specified in the SELECT statement is also mentioned in the GROUP
BY clause. Not mentioning the column names in both places gives you an error. The
GROUP BY clause returns a row for each unique combination of description and state.
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The most important uses of the GROUP BY clause is to group data for analytical purposes. The
functions used to analyze groups of data are called aggregate functions. The aggregate functions are
discussed in the next section.

Aggregate Functions

Aggregate functions return a single value from an operation on a column of data. This differentiates
them from the arithmetic, logical, and character functions discussed in Chapter 7, which operate on
individual data elements. Most relational database management systems support the aggregate
functions listed in Table 8-2.

Table 8-2: Commonly Supported Aggregate Functions

Sum SUM
Average AVG
Count COUNT
Standard Deviation STDEV
Maximum MAX
Minimum M N

Aggregate functions are used to provide statistical or summary information about groups of data
elements. These groups may be created specifically using the GROUP BY clause, or the aggregate
functions may be applied to the default group, which is the entire result set.

A good practical example of the use of aggregate functions is the creation of a simple sales report. In
Figure 8-3, the query creates a result set listing distinct customers and calculating the number and total
cost of the items they have bought.

& Java Dalabaze Bible

Tablo Edt View

ELECT ¢ Bsi_name + "+ ¢ firs]_ndme AS name,
COLRT( hem_numbior) AS s, EUM{0d gy ™ i cosh
A5 Tota

FROM ORDERS 0. ordaned_ieme o imvantory i,
Cuslmare £

HERE o.ordér_nurmier= ol.ardér_nurmibes AND
L.Em_numiber = ol fiem_numbar AMD
cousiome_ngmbsge = 0 cuslomer_nambar
OHROLIP BY ¢ kxel_name +°, "+ ¢ fugl_name

niamn | larms | Total
A g, K
Corleons, Francis
Carseons, Fredo
Zorienng, Wiln

[ S pe]
-
=
=1

Connectod 1o S04 5ernverComacds

Figure 8-3: Using aggregate functions

-265-



Chapter 8:0rganizing Search Results and Using Indexes

Since this example groups order data by customer, each row of the result set represents a single
customer so that customer information can be displayed. The aggregate functions act on all the
purchases customers have made, so they, too, can be included in the SELECT list:

Note
The fundamental difference between aggregate functions and standard functions is that

aggregate functions use the entire column of data as their input and produce a single
output, whereas standard functions operate on individual data elements .

In addition to using the GROUP BY clause to group your results, you may also wish to narrow your set of
groups down to a smaller subset. You can filter grouped data by using the HAVI NG clause, which is
discussed in the next section.

Using the HAVING Clause to Filter Groups

There are going to be situations where you'll want to filter the groups themselves in much the same
way as you filter records using the WHERE clause. For example, you may want to analyze your sales by
state but ignore states with a limited number of customers.

SQL provides a way of filtering groups in a result set using the HAVI NG clause. The HAVI NG clause
works in much the same way as the VWHERE clause, except that it applies to groups within a returned
result set, rather than to the entire table or group of tables forming the subject of a SELECT statement.

To filter groups, apply a HAVI NG clause after the GROUP BY clause. The HAVI NG clause lets you apply
a qualifying condition to groups so that the database management system returns a result only for the
groups that satisfy the condition. Incidentally, you can also apply a HAVI NG clause to the entire result
set by omitting the GROUP BY clause. In this case, DBMS treats the entire table as one group, so there
is at most one result row. If the HAVI NG condition is not true for the table as a whole, no rows will be
returned.

HAVI NG clauses can contain one or more predicates connected by ANDs and ORs. Each predicate
compares a property of the group (such as COUNT( St at e) ) with either another property of the group
or a constant.

Figure 8-4 shows the use of the HAVING clause to compute a count of customers by state, filtering
results from states that contain only one customer.
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Figure 8-4. Using the HAVING clause

The main similarity between the HAVI NG clause and the WHERE clause is that both allow you to use a
variety of filters in a query. The main difference is that the HAVI NG clause applies to groups within a
returned result set, while the WHERE clause applies to the entire table or group of tables forming the
subject of a SELECT statement.

Using Indexes to Improve the Efficiency of SQL Queries

You can improve database performance significantly by using indexes. An index is a structure that
provides a quick way to look up specific items in a table or view. In effect, an index is an ordered array
of pointers to the rows in a table or view.

When you assign a unique id to each row as a key, you are predefining an index for that table. This
makes it much faster for the DBMS to look up items by id, which is commonly required when you are
doing joins on the id column.

SQL's CREATE | NDEX statement allows you to add an index for any desired column or group of
columns. When you need to do a search by customer name, for example, the unique row id buys you
nothing; the DBMS has to do a brute-force search of the entire table to find all customer names
matching your query. If you plan on doing a lot of queries by customer name, it obviously makes sense
to add an index to the customer name column or columns. Otherwise, you are in the position of
someone working with a phone list that hasn't been alphabetized.

The SQL command to add an index uses the CREATE | NDEX keyword, specifying a name for the index
and defining the table name and the column list to index. Here's an example:

CREATE | NDEX STATE_I NDEX ON MEMBER_PROFI LES( STATE) ;

To remove the index, use the DROP | NDEX command.

DROP | NDEX MEMBER_PROCFI LES. STATE_| NDEX;

Notice how the name of the index has to be fully defined by prefixing it with the name of the table to
which it applies.
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The example in Listing 8-1 is a simple JDBC, with a couple of lines of additional code that calculate the
start and stop times of the query so that the elapsed can be calculated. By commenting out the
CREATE | NDEX and DROP | NDEX lines, speed improvement can easily be calculated.

Listing 8-1: Creating and dropping indexes

package java_dat abases. ch04;

i mport java.sql.*;

public class PrintlndexedResult Set{
public static void main(String args[]){
String query =
" SELECT STATE, COUNT(STATE) FROM MEMBER_PROFI LES GROUP BY STATE";
PrintlndexedResultSet p = new PrintlndexedResul t Set (query);
}
public PrintlndexedResultSet(String query){
try {
Cl ass. forName("sun. jdbc. odbc. JdbcCdbcDri ver™);
Connection con = Driver Manager. get Connection ("jdbc: odbc: Menbers");
Statenent stnt = con.createStatenent();

stm . execut eUpdat e(" CREATE | NDEX STATE_I NDEX ON
MEMBER_PROFI LES( STATE) ") ;

java.util.Date startTinme = new java. util.Date();

ResultSet rs = stnt.executeQuery(query);

Resul t Set MetaData md = rs. get MetaData();

int nColums = nd. get Col umCount () ;

for(int i=1;i<=nColums;i++){

System out . print (nd. get Col utmLabel (i) +( (i ==nCol ums) ?"\n":"\t"));

while (rs.next()) {
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for(int i=1;i<=nColums;i++){

Systemout.print(rs.getString(i)+((i==nColums)?"\n":"\t"));

}

java.util.Date endTine = new java.util.Date();
| ong el apsedTi ne = endTine.getTinme() - startTine.getTine();

Systemout.println("El apsed tinme: "+el apsedTi ne);

st . execut eUpdat e(" DROP | NDEX MEMBER PROFI LES. STATE_| NDEX") ;
}
cat ch(Cl assNot FoundException e){

e.printStackTrace();

}
cat ch( SQLException e){

e.printStackTrace();

The example in Listing 81 is run against a membership database containing approximately 150,000
members and shows an improvement of 2:1 in elapsed time for the query shown.

Once you have executed a SQL query and obtained a sorted, grouped set of data from the database, it
is frequently very useful to be able to save the query for reuse. One of the ways SQL lets you do this is
by using Views.

Views

A view is similar to a table, but rather than being created as a fundamental part of the underlying
database, it is created from the results of a query. In fact, you can think of a view as a temporary table.
Like a table, a view has a name that can be used to access it in other queries. Because views work like
tables, they can be a very useful tool in simplifying SQL queries. For example, you could create a view
based on a complex JO N, and then work with that view as a temporary table rather than embedding
the JOI N as a subquery and working with the underlying tables.

The basic syntax used to create a view is as follows:

CREATE VI EW Orders_by Nane AS SELECT ...

The SELECT statement in the code is the SELECT you use in the query you want to save as a view, as
shown here:
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CREATE VI EW Vi ewCor | eones AS
SELECT *
FROM CUSTOMERS

WHERE Last _Nane = ' Corl eone’

Now you can execute a query just as if this view were a normal table, as follows:
SELECT *
FROM Vi ewCor | eones

The result set this query returns looks like this:

FIRST_NAME MI LAST_NAME STREET CITY STATE ZIP

Michael A Corleone 123 Pine New York NY 10006
Fredo X Corleone 17 Main New York NY 10007
Sonny A Corleone 123 Walnut Newark NJ 12346
Francis X Corleone 17 Main New York NY 10005
Vito G Corleone 23 Oak St Newark NJ 12345

As with any other table, you can use more complex queries. Here's an example:
SELECT *
FROM Vi ewCor | eones

VWHERE State = ' NJ'

This query returns the following result set:

FIRST_NAME Ml LAST_NAME STREET CITY STATE ZIP
Sonny A Corleone 123 Walnut Newark NJ 12346
Vito G Corleone 23 Oak St Newark NJ 12345

You can use a view for updating or deleting rows, as well as for retrieving data. Since the view is not a
table in its own right, but merely a way of looking at a table, rows updated or deleted in the view are
updated or deleted in the original table. For example, you can use the view to change Fredo
Corleone's street address by using the following SQL statement:

UPDATE Vi ewCor | eones

SET Street = '19 Main'

WHERE First_Nane = 'Fredo’

This example illustrates one of the advantages of using a view. A lot of the filtering required to identify

the target row is done in the view, so the SQL code is simpler and more maintainable. In a nontrivial
example, this can be a worthwhile improvement.
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Figure 8-5 shows how using the view to the change Fredo Corleone's street address propagates
through to the Customers Table.
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Figure 8-5: Updating a view updates the underlying table.

Recall that a view is really nothing more than a named result set made accessible as if it were a table.
Creating a view from a complicated query is just as easy as creating one from a simple query.

One way to retrieve data from multiple tables is to use an | NNER JO N. The next example shows how
to use an | NNER JO N to retrieve data from four different tables, creating a view called
"Orders_by Name":

CREATE VI EW Or ders_by_Nane AS
SELECT c.LAST_NAME + ', ' + c.FIRST_NAMVE AS Nane,
COUNT(i.ltem Nunber) AS Itens, SUMoi.Qy * i.Cost)
AS Tot al
FROM ORDERS o I NNER JO N
ORDERED _| TEMS oi ON
0. Order _Number = oi.Order_Nunber I NNER JO N
I NVENTORY i ON

oi . I tem Nunber i.ltem Nunber |INNER JO N

CUSTOMERS ¢ ON

0. Cust oner _Nunmber = c. CUSTOVER_NUMBER

GROUP BY c. LAST_NAME +
Cross-Reference

', ' + c.FI RST_NAME
JA NS are discussed in Chapter 9.

You can now query this view in the normal way to get a summary of customer orders by name as
shown in the following table.

Name Items Total

Adams, Kay 3 6.96
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Name Iltems Total
Corleone, Francis 2 7.42

Corleone, Fredo 4 12.92
Corleone, Vito 2 13.45

This result set always reflects the underlying table; if Fredo Corleone were to buy a huge supply of
chocolate chip cookies, the next time you run the same query, you might see a result set like this one:

Name ltems Total

Adams, Kay 3 6.96

Corleone, Francis 2 7.42

Corleone, Fredo 4 135.14

Corleone, Vito 2 13.45
Note

Views are a way of saving queries by name, which can be very useful for creating reports
or updates you want to use on a regular basis. The database management system
generally saves the view by associating the SELECT statement with the view name and

executing it when you want to access the view.

Summary

In this chapter, you learn to perform the following tasks:

= Sorting the data you retrieve from a database

= Grouping the results for analysis

= Performing statistical analyses on the data you retrieve from a database
. Create and use indexes to improve performance

= Saving your queries as views

In the next chapter, you learn to retrieve data from more than one table.
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Chapter 9: Joins and Compound Queries

In This Chapter

One of the most powerful features of SQL is its ability to combine data from several tables into a single
result set. When tables are combined in this way, the operation performed is called a JOIN. There are
two primary types of JOIN, and a number of different ways in which they can be performed.

Another way to combine data from different tables into a single result set is to use the UNION operator.
This chapter discusses the different types of JOINS, and the use of the UNION operator.

Joining Tables

Chapter 2 explained how an efficient and reliable database design frequently requires the information
in a practical database will be distributed across several tables, each of which contains sets of logically
related data. A typical example might be a database containing these four tables:

= Customers, containing customer number, name, shipping address, and billing information

= Inventory, containing item number, name, description, cost, and quantity on hand

= Orders, containing order number, customer number, order date, and ship date

= Ordered_ltems, containing order number, item number, and quantity

When a customer places an order, an entry is made in the Orders Table, assigning an order number
and containing the customer number and the order date. Then entries are added to the Ordered_ltems
table, recording order number, item number, and quantity. To fill a customer order, you need to
combine the necessary information from each of these tables.

Using JO N, you are able to combine data from these different tables to produce a detailed invoice.
This invoice will show the customer name, shipping address, and billing information from the
Customers table, combined with a detailed list of the items ordered from the Ordered_Items table,
supported by detailed description, quantity, and unit price information from the inventory table.

Cross-Reference
Primary and Foreign Keys are also discussed in Chapter 1, which provides

a more theoretical overview of Relational Database Management Systems.

Types of Joins

There are two major types of Joins: Inner Joins and Outer Joins. The difference between these two
types of Joins goes back to the basic Set Theory underlying relational databases. You can imagine the
keys of two database tables, A and B as intersecting sets, as shown in Figure 9-1.
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Figure 9-1: Primary and Foreign keys are used to define intersecting data sets.

Inner Joins

The Inner Join of these two sets is the intersection of the sets. For example, to retrieve all the
information required to invoice a client, you would require the name and address information from table
A, joined on the order information from table B. The intersection of these sets is the set of primary keys
in the Customers table and the set of foreign keys in the order information table that match the required
Customer_ID. The Inner Join of the two tables is the subset of the rows in the name and address table,
which has the required Customer_ID, and the subset of the rows in the order information table, which
references that Customer_ID. This is shown as the shaded portion of Figure 9-1.

Outer Joins

There are three kinds of Outer Joins:

= Full Outer Joins, which, in Set Theory terms, are Unions of the sets. A Full Outer Join includes
all of both joined sets. This would correspond to the entire area of both circles in Figure 9-1.

= Left Outer Joins, which are the entire set on the left, plus the contents of the intersection. This
would correspond to the entire area of the left circle A, plus the shaded area in Figure 9-1.

= Right Outer Joins, which are the entire set on the left, plus the contents of the intersection. This
would correspond to the entire area of the right circle B, plus the shaded area in Figure 9-1.

It is important to note that it is really the keys that form the members of the sets, since only the keys are
alike. The row data itself, being different from one table to another, can't intersect with row data from
another table. This observation underscores the importance of keys in linking tables, which is reviewed
in the next section.

Note
Although this discussion of Joins in terms of sets was illustrated using only two sets, the

concept applies to any number of tables or sets.

Since the use of JOINS is heavily dependent on using keys, the next section reviews what primary and
foreign keys are, and how they are used.

Keys

First, it is important to understand keys. In each of the four tables in the example, there is an identifier
such as customer number or item number. These identifiers are called keys and are used primarily to
provide a unique reference to a given record. Database management systems use two kinds of keys:
" Primary keys
= Foreign keys
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Primary Keys

A primary key is a column that uniquely identifies the rest of the data in any given row. For example, in
the Customers Table, the Customer_Number column uniquely identifies that customer. For this to work,
no two rows can have the same key (or, in this instance, Customer_Number), so a key is a good
example of the use of the UNI QUE constraint. A clear benefit of using a unique integer as a row
identifier is that a list of integers is far faster to search than an array of First Name/Last Name
character variables. Another obvious benefit of using unique keys is that your system can support
more than one customer with the same name, as the Customer_Number is your primary means of
identifying customers.

Foreign Keys

A foreign key is a column in a table where that column is a primary key of another table. For example,
the Orders Table contains one column for Order_Number, which is its own primary key, and another
column for Customer_Number, which is a foreign key.

The purpose of these keys is to establish relationships across tables, without having to repeat data in
every table. This concept encapsulates the power of relational databases. You see many examples of
the use of both primary keys and foreign keys in the Joins you work with in this chapter.

Using Inner Joins

An Inner Join between two or more tables, as discussed, represents the intersection of the sets of keys
matching some query. The most common form of query used in creating an Inner Join involves the
selection of rows that have a key equal to some patrticular value. A typical example might be to find
data from a number of tables where the Customer_ID equals that of a specific customer. Joins using
this equality test are called Equi-Joins, and are discussed in the next section.

Using Equi-Joins

SQL Joins work by matching up equivalent columns in different tables by comparing keys. The most
common type of Join is an Equi-Join, where you look for items in one table that have the same item
number as items in another. The first example demonstrates how Equi-Joins work.

The examples throughout Part 1l have used variations on the Customers table shown in Table 9-1 and
the Inventory table shown in Table 9-2. These tables form the basis of an order management
database.

Table 9-1: Customer Table

Customer_Numb First_ Nam M Last_Nam Street City Stat Zip

er e | e e

100 Michael A Corleone 123 New NY 1000
Pine York 6

101 Fredo X Corleone 17 New NY 1000
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Table 9-1: Customer Table

Customer_Numb First_Nam M Last_Nam Street City Stat Zip
er e | e e
‘ Main York | | 7
102 Sonny A Corleone 123 Newark NJ 1234
Walnut 6
103 Francis X Corleone 17 New NY 1000
Main York 5
104 Vito G Corleone 23 Oak Newark NJ 1234
St 5
105 Tom B Hagen 37 Newark NJ 1234
Chestn 5
ut
106 Kay K Adams 109 Newark NJ 1234
Maple 5
107 Francis F Coppola 123 Hollywoo CA 2345
Sunset d 6
108 Mario S Puzo 124 Hollywoo CA 2345
Vine d 6
Table 9-2: Inventory Table
ltem_Number Name Description Qty Cost
1001 Corn Flakes Cereal 130 1.95
1002 Rice Krispies Cereal 97 1.87
1003 Shredded Wheat Cereal 103 2.05
1004 Oatmeal Cereal 15 0.98
1005 Chocolate Chip Cookies 217 1.26
1006 Fig Bar Cookies 162 1.57
1007 Sugar Cookies Cookies 276 1.03
1008 Cola Soda 144 0.61
1009 Lemon Soda Soda 96 0.57
1010 Orange Soda Soda 84 0.71

In addition to the Customers table and the Inventory table you need atable that lists the orders by

order number, using one record per order, and containing the customer number of the customer
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placing the order, together with information such as order date and ship date. The Orders Table, as
shown in Table 9-3, maps orders to customers.

Table 9-3: Orders Table

Order_Number Customer_Number Order_Date Ship_Date
2 101 12/8/01 12/10/01
3 103 12/9/01 12/11/01

Finally, you need a table listing every item in each order. This table contains the order number, item
number, and quantity for each ordered item, as shown in Table 9-4.

Table 9-4: Ordered Items Table

ID Order_Number ltem_Number Qty
5000 2 1001 2
5001 2 1004 1
5002 2 1005 3
5003 2 1010 6
5004 3 1006 4
5005 3 1009 2

The structure of these tables follows the basic principle of keeping related data items together and
separated from unrelated items. There is never, for example, a direct relationship between inventory
items and customers. The customer interacts with inventory through the mechanism of placing an
order. The order links to the inventory through the Ordered_Items Table and to the customer via the
customer number. The Ordered_Items Table provides a link between the order number and the items
in the Inventory Table.

Once the data has been divided logically among these four tables, as illustrated in Tables 9-1 through
9-4, you can write the following SQL command to get a list of the products in order number 2:
SELECT Orders. Order _nunber, Ordered_Itens.|tem nunber,

Ordered_Itens. @y, Inventory. Nane,

I nventory. Description
FROM Orders, Ordered_ltens, Inventory
WHERE Orders.order_number = Ordered_Iltens. order_nunber AND

I nventory.ltem Nunber = Ordered_Itens.|tem Number AND

Orders. order _nunber = 2;

Notice how the columns used in the WHERE clause comparison are the key columns of the various
tables. The dotted notation allows you to tell the database management system which table to look in
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for each use of a given field, so the WHERE clause tells the DBMS to return data from the various tables
where the Order_Number fields match up and equal 2. This gives the following ResultSet:

Order_number Item_number Qty Name Description
2 1001 2 Corn Flakes Cereal

2 1004 1 Oatmeal Cereal

2 1005 3 Chocolate Chip Cookies

2 1010 6 Orange Soda

Although this approach of prefixing the column name by the table name works well, it is rather verbose.
Conventionally, SQL queries are made using short aliases for the table names. The use of aliases is
discussed in the next section.

Using an alias for the table name in a query
Conventionally, SQL queries are made using short aliases for the table names. Frequently, the alias is
a single letter, as shown here:
SELECT o. Order _numnber, oi.ltem nunmber, oi.Qy, i.Nane,
i .Description
FROM Orders o, Ordered Itens oi, lnventory i
WHERE o. Order _nunber = oi.Order_nunmber AND

i.ltem Nunber = oi.ltem Nunber AND o. Order_nunber = 2;

The alias is defined in the FROMclause, since that is where the tables are identified, and is used
throughout the rest of the query.

Caution
The most important aspect of using aliases succesfully is to understand the order in

which parts of a SQL statement are executed. The use of aliases is discussed in more
detail in chapter 7.

Figure 9-2 shows the results produced by executing this query using the Swing Database Query tool
built in Chapter 7.

& Java Databae Bible
Tatiln Eof View

| 7 oy imanntary 2 B
SELECT o Ovder_number, od Hemi_numiber, o0 Gy, L Mame,
| Description
ROM Cudses 0, Drdered_Rems of, Insantory i
NWHERE 0.0rder_numiber = ok Drdar_numbar AND
I neam_Mumibar = od em_HNurmbear AND oOided_nisnbar= 2;

eder_numbar| Hem_number | O | Name | Descrpbon
1l 2 Cain Flakes Sl

LT i Catmeal Caresl

1005 3 Chiocolate Chip | Cookaes
1010 L] Oeanmps Soda

Exgcutn Cuary
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Figure 9-2: Using aliases to simplify queries

Figure 9-3 illustrates a slightly more complex query, involving all four tables and using calculated
results in columns, with names assigned in the query.

& Java Databaze Bible

Table EdE View

D Oury Cuestomers & —I

SELECT ¢ Lasl_Mames", "«c Firgl_Marma AS Cusiomer, ob Gy, | Name,
I.Descripiion, | Cost™ 1.6 AS Price_Each, | Cost™ 1.6 ™ 0l Ofy AS Price

FROM Cudaers 0, Customars ¢, Ordensd_Rams o, Imeantory |
AHERE 0.0rder_numiber = oi.Order_number AMD

¢ Custormer_Muwmber = o Cusbaener_Hurnber AW
Bem_Mumiber = od Bem_Sumber A0 o Coder_number = 2

Customer | Ok Marme | DescripbonPrice Each Prica |

Corenns, Fredo ¥ |Com Flakes Cangal 312000 64000 fai
Corlegna, Fredo 1 Qatmed Cangal 1.56800 I S5e00 |
Corsepne, Frefo 3 (Chocolale Chip (Cookies 20600 BB
Corenne, Fredn & Quangs Snda 113600 6 81600 f=
Exetute Query
- |

Figure 9-3: Returning calculated results from a Join

The example shown in Figure 9-3 does not take into account the possibility that you might want to write
a query where a customer is listed only once. To handle situations where this is the case, you need a
way to eliminate duplicate names from a result set.

Using DISTINCT to eliminate duplicates

There are many situations in which you may not want data to be repeated in a result set. For example,
if you are planning a special sale on cookies, you might want to send a mailer to only customers who
have bought cookies. Obviously, you want a list where each customer appears only once. This means
that you need to tell SQL to eliminate duplicate names.

To find which orders include cookies, perform an Equi-Join on the Inventory, Ordered_Items, and
Orders Tables. Then join the results on customers to get the name and address information for the
mailer.
The basic Join looks like this:
SELECT c.first_name, c.last_nane, c.street, c.city, c.state,
c.zip
FROM ORDERS o, customers c, ordered_itens oi,
i nventory i
WHERE i . description = 'Cookies' AND
i.itemnunber = oi.itemnunber AND

oi . order _nunber = o.order_nunber AND

0. cust oner _nunber c. cust omer _number ;
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The result, as it stands, is not quite what you are looking for, in that Kay Adams appears twice because
she bought cookies twice. The solution is to insert the keyword DI STI NCT into the SELECT clause,
telling the SQL engine to return only one instance of each record, as shown in Figure 9-4.

& Java Dadabace Bible
Tabla EdT View

[ tmery imentony ol

ELECT DASTINGT c.firsl_namss, ¢ isl_namae, £ sbree), ¢ city, ¢ shila e S5p
FROMGROERE o, customers ¢, arderod_ibarns ol,
Iy |
MYHERE | desoniption s Conkiss’ AND
| e A = ol Bem_rumier AND
chorder_number = arder_number AND
o tusterner_number = ¢ oustomer_number,

firsi_name | last_name | siresl gy | $lale ip
Francis  Coddone (17 MEn Mewvork Ny 10005
Fresdn Cotaone 17 Main B ey ok L1l 10007
Hay Adans 105 Maple  Miwark 1] 12384
Exncutn Duerny
—~ ~ |

Figure 9-4: Using DISTINCT to eliminate duplicate records

Using Non-Equi-Joins

The Joins used up to this point have all been Equi-Joins, or Joins where the values of the keys used to
make the join have been equal to each other. However, it seems reasonable that you should be able to
do Non-Equi-Joins or Joins where the relationship is not equal. For example, since there are only two
orders in the Orders Table used in the previous example, you can get the other order using the
Non-Equi-Join. Here's an example:

SELECT c.Last_Nanme + ', ' + c.First_Name AS Custoner, oi.Qy,
i .Name, i.Description, i.Cost * 1.6 AS Price_Each,
i.Cost * 1.6 * 0i.Qy AS Price
FROM Orders o, Custoners ¢, Ordered_Itens oi, lInventory i
WHERE 0. Order _nunber = oi.Order_number AND
c. Cust oner _Nunber = o. Customner_Nunber AND

i.ltem Nunber = oi.ltem Nunber AND o. Order_nunber <> 2;

Using Outer Joins

The Joins discussed so far have been Inner Joins. An Inner Join is a Join between two tables. An inner
Join includes only rows with matching rows in the both tables. A set oriented way of visualising Joins
was shown in Figure 9-1. Another easy way to visualize this is by drawing a diagram like Figure 9-5,
where the Customer_Number columns in the Customers and Orders Tables intersect in the shaded
area to identify an Inner Join.
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Firsi_Marmse MI Lasi_Mame Customer Order Cirdee_Doatr Ship_Drate
Husnber  Mumber
Bhichasl A Lorleors 1 2 12801 2hm
Fredo X Corlears 102 3 1280 1241
Sonny A, Corloons 103 4 12801 12410
Francis ¥ Corleors 104 B 12001 120240
ilo G Corleons 105
Toim B Hagen 106
Ky K Adarmg 107
Francis F  Coppaola 108
darg 5 Puzo 1

Figure 9-5: Tables joined on customer number

The two tables are shown in the rounded boxes, and the Joined fields are shaded.

Using an Inner Join, as shown in the last example, you can only list customers who have placed an
order, so their customer numbers fall into the shaded area of Figure 9-5. If you want a list of all
customers, together with the dates of any orders they have placed, you can't get there with an Inner
Join.

An Outer Join can include not only records inside the union of the sets or tables, but records outside
the union of the sets, as well. In other words, in addition to the set members that share customer
numbers, you can get customers in the lower, or "Outer," part of the joined tables.

There are three types of Outer Joins:
" LEFT OUTER JAO N (*=)

" Rl GHT OUTER JO N (=*)

. FULL OUTER JO N

The terms LEFT, RIGHT, and FULL describe which of the tables' unmatched columns to include in the
Join relative to the order in which the tables appear in the JO N command.

LEFT OUTER JOIN

The LEFT OQUTERJO N operator includes all rows from the left side of the Join, as shown in Figure 9-6.

& Java Dalahaee Bible

Tably Edt View
| 5 ey O o B
SELECT ¢ Lasl_Mame = '+ ¢ Fosl_Mame AS Cusioms, -
o Cudar_Date b
ROM CLUSTOMERS ¢ LEFT OUTER JOIN 1
CRDERS o ON ¢ cuslamar_number = acustamer_number, =
— E Cusinmer ] Grder_Date
Corseons, Michael spLILL=
orienng, Fredo 40911203 G0 90:00.0
Corleone, Sonny «pLLL=
Cortenng, Frantis J001-12-09 000°00.0
Corlgnng, vin 200111 209 00 00.00.0
Hagen, Tom spLiLL=
padams, Kay 401-13-10 G0 00:00.0
Coppola, Francis =pLLL=
Fuli, Mana “MLULL= |
ExeceAn Oy |
i — =

Figure 9-6: Executing aLEFT OUTER JOIN

RIGHT OUTER JOIN
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It is important to note that "left" and "right" are completely dependent on the order of the tables in the
SQL statement, so you can turn this into a Rl GHT OUTER JO N by reversing the order of the tables in
the JO N command. Here's an example:

SELECT c.Last _Nanme + ', ' + c.First_Nanme AS Custoner,
0. Order _Dat e
FROM ORDERS o RI GHT OUTER JA N
CUSTOMERS ¢ ON c. customer _nunber = o0.custoner_nunber;
OUTER JOA N commands can also be written in shorthand similar to the form we use for our | NNER
JA N. This is the form for the LEFT OUTER JO N:
SELECT c.Last_Nanme + ', ' + c.First_Name AS Custoner,
0. Order _Date
FROM CUSTOMERS c, ORDERS o

WHERE c. customer _nunmber *= 0. customer_nunber;

The form for the RI GHT OUTER JO N follows:

SELECT c.Last_Nanme + ', ' + c.First_Name AS Custoner,
0. Order _Date

FROM ORDERS o, CUSTOMERS c

WHERE o. customer _nunmber =* c.customer_nunber;

Note
In the shorthand version, the type of JOIN depends on both the order of the tables in the

FROM clause, and the position of the asterisk in the *= operator.

FULL OUTER JOIN

A FULL OUTER JO Nincludes all unmatched rows from both tables in the result. For example, to find
any orders in the Orders Table with customer numbers that do not match any entries in our Customers
Table, you can execute a Full Outer Join to show all the entries in both tables, as shown in Figure 9-7.

& Java Dalabaie Hible

Tabla GO - View
(] Oy Imaeestaary e
PSELECT ¢ Lasi_Mame =° '+ ¢ Fesl_Mams A5 Customes:,
o Qudar_Date
BFROM GRDERS o FULL QUTER JOIN
CUSTOMERS ¢ OM €. cuslomer_siumber = o Cuglomer_number,
Cuslomar | Drger Dale
Corkepne, Michaal spLLL»
Corlenna, Frado 20011 2-C8 00000 0
Cordeong, Sonmy TR
Corenns, Francis 20011 2-0:8 00:00:00.0
Corleona, Yo J$0071-12-08 00:00:00.0
e, Tom sBLLL»
B arn s, Kay 20011 210 000000, 0
Coppola, Frantis apLiLL =
Fuzo, Mana “HULL*
cMILILL> J0071-12-14 0000000
hLILL= J001-12-12 00000:00.0
Expcue Cury
- |
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Figure 9-7: Full Outer Join

The preceding examples have illustrated the use of JO NS to find records from two tables with some

degree of commonality. The next section discusses how to obtain result sets which specifically exclude
those matching selected criteria.

Using NOT EXISTS

Now you know how to use | NNER JO NSto find records from two tables with matching fields and how
to use OQUTER JO NS to find all records, matching or nonmatching. Next, consider the case where you
want to find records from one table that don't have corresponding records in another.

Using the Customers and Orders Tables again, find all the customers who have not placed an order.
The way to do this is to find customer records with customer numbers that do not exist in the Orders
Table. Do this by using NOT EXI STS, as shown in Figure 9-8.

& Java Databace Bible

Tabiln Eft View
5 Owery Orders Fof @]

ELECT ¢ Lasl_hame s e ¢ Fasl_Mame AS Cusiamss
FROM CUSTOMERS ¢
BPYHERE NOT EXISTS
{BELECT"
FROM orders o
WHERE o custormer_number = € custorer_rumsr)

| — Cupomed
Corleona, Michaal

Corenng, Sonmy

Hagen, Tom

Coppila, Frangis

Puea, Mana

I_ Expcuto Dueny

|
Figure 9-8: Using NOT EXISTS to find records in one table with no corresponding entry in another
table.

SELECT c.Last_Nane + ', ' + c.First_Name AS Custoner
FROM CUSTOMERS c
WHERE NOT EXI STS
( SELECT *
FROM orders o
WHERE o. cust omer _nunber = c. cust oner_nunber);

In addition to joining tables to each other, it is sometimes useful to join a table to itself. The next section
discusses how and why you would perform a Self-Join on a table.

Using Self-Joins
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A Self-Join is simply a normal SQL join that joins a table to itself. Use a SelfJoin when rows in a table
contain references to other rows in the same table. Here's an example of this situation in a table of
employees, where each record contains a reference to the employee's supervisor by Employee_ID:

EMPLOYEE_ID FIRST_NAME LAST_NAME SUPERVISOR
100 Michael Corleone 104

101 Fredo Corleone 100

102 Sonny Corleone 100

103 Francis Corleone 100

104 Vito Corleone 99

105 Tom Hagen 100

106 Kay Adams 100

107 Francis Coppola 100

108 Mario Puzo 100

Since the supervisor is also an employee, information about the supervisor is stored in the Employees
Table, so you use a Self-Join to access it. Do this by using table-name aliases to give each reference
to the table a separate name.

To get a list of employees and their supervisors, create a Self-Join by creating two separate references
to the Employees Table, using two different aliases. An example is shown in Figure 9-9.

& Java Databae Bible

Tatlp Edt View
SELECT & La®i_Wame, & Firsl_Mame,
s s lasi_naena + | ' + boss Arsl_nams AS Bots

ROM EMPLOYEEE &, amiployess BO55
WHERE o supenigor m bogss. employes_id,

Last_Namse | Fsl_Mame Boce |
Corleong Wichaal Corleona, Vilo
Corleone Freda Corleona, Michaal
Corkepne Sonm Corkeons, Michaal
Corleong Francks Corlgona, Wichagl
Hagen Tam Corleons, Michasl
Alams KAy Corleons, Wichasl
Coppola Francis Corleona, Michaal

L Excetn Ouory

Figure 9-9: Using a SelfJoin

The preceding SQL code is effectively creating what looks like two identical tables, e and boss, and
joining them using an Inner Join, so that you can get employee information from one reference to the
table and supervisor information from the other:

You can turn this into an Outer SeltJoin very easily, as follows:

SELECT e.l ast_nane, e.first_nane,
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boss. | ast_name + ',

FROM EMPLOYEES e,

enpl oyees boss

+ boss.first_nane AS Boss

WHERE e. supervi sor *= boss. enpl oyee_i d;

This returns one additional row; the Employee_ID of Vito's supervisor does not appear in the
Employees Table, so his boss is shown as <NULL> in the example of Figure 9-10.

& Java Dalabate Hibls

Tablo Edd View
SELECT & Lasy_Wame, & Firsl_Marmss
Bosslasl_namna + | + boss Arel_namp AS Boss
ROMENPLOYEEE &, amployses Boss
WHERE 8. supenisor s boss. emploee_id,

Lasl_Nane | First_Marras Bods
Corleong Michasl Cofenna, Viln
Carieona Fredn Careona, Michanl
Corkenns Sonmy Corseong, Michasl
Coreong Frantiq Coreong, Wichas!
Corlenns Wilt ahLILL=
Hagen T Coreons, Wichagl
Iadarns Kay Coreong, Michagl
Copgpinla Francis Coreona, Michagl
Fuzo Wasio Corigong, Wichagl

Expcuie Cueny
= — |

Figure 9-10: Using an Outer SelfJoin

In addition to using joins, you can combine data from two separate sources using the UNI ON operator.

The next section describes the UNI ON operator.

Using the UNION Operator to Combine Queries

Another way to combine data from two separate sources is to use the UNI ON operator. The default
action of the UNI ON operator is to combine the results of two or more queries into a single query and to
eliminate any duplicate rows. When ALL is used with UNI ON, duplicate rows are not eliminated.

In Eigure 9-11, the first query returns the names and addresses of all the Corleones, and the second
returns all customers in New Jersey. The UNI ON operator combines the results, removing the duplicate

records that are generated for Corleones in New Jersey.
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Figure 9-11: Using the UNION operator to combine two result sets

Understanding Cartesian Products

Cartesian Products, or cross products, are something you normally want to avoid. The Cartesian
Product of a Join occurs when every record in one table is joined on every record of the other, so
the Cartesian Product of two tables of 100 rows each is10,000 rows.

Cartesian Products are normally an error, caused by a bad or nonexistent WHERE clause. In the
case of a small table like the ones in our examples, this is not a major problem, but on a large
database, the time taken to generate cross products of thousands of rows can be significant.

You can use ORDER BY to sort the combined answer set by adding the ORDER BY clause after the last
guery. You do not have to use the same column in each query. Only the column counts and column
types needs to match. If you create a UNI ON of two result sets with different columns, you have to
apply the ORDER BY clause using the column number. An example of this usage is shown in Figure

9-12.
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Figure 9-12: Using ORDER BY on a UNION
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Two further set operators are supported by some SQL dialects. These are the EXCEPT operator, and
the INTERSECT operator, which are discussed in the following paragraphs.

EXCEPT Operator

The EXCEPT operator creates a result set by including all rows returned by the first query but not
returned by the second query. The default version eliminates all duplicate rows, but EXCEPT ALL does
not.

INTERSECT Operator

The | NTERSECT operator creates a result set by including only rows that exist in both queries and by
eliminating all duplicate rows. When you use ALL with | NTERSECT, the duplicate rows are not
eliminated.

Summary

In this chapter, you learn about the following topics:
. I NNER JOI NS and QUTER JO NS
" EQUI - JO Ns

" NON- EQUI - JOI Ns

= QUTER JO Ns

" LEFT OUTER JO NS

. RI GHT OUTER JO NS

" FULL OUTER JO NS

= SELF-JONS

. Cartesian Products

. The UNI ON operator

The next chapter discusses MetaData and moves on to combine the topics discussed thus far to build
a complete client/server application.
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Chapter 10: Building a Client/Server Application

In This Chapter

The aim of this chapter is to round out the discussion of the Java Database Connectivity (JDBC) core
application programming interface (API). Also, this chapter extends the code examples using simple
components in a client/server architecture. In addition, the chapter combines those examples to create
a complete, general-purpose database-management console application. This application forms the
basis of a generic toolkit for working with any data source from a flat file to a full object relational
database.

In the process of creating this application, the capabilities of the MetaData objects in the core API are
explored. The chapter also explains how to connect to different databases and use different drivers
within a single application.

To add to the functionality of this database management application, the chapter discusses measuring
and displaying the time taken to execute a query. The examples illustrate the significant difference in
performance between a good commercial pure Java driver and the jdbc-odbc bridge provided by Sun as
a basic implementation of JDBC.

Using Different Databases and Drivers

To demonstrate the flexibility of JDBC, you can create copies of the Contacts database under a variety
of RDBMS systems and listed them in a JConboBox. The JConboBox is displayed in a
JOpt i onPane used to select the database, as illustrated in Figure 10-1.

Ry

Figure 10-1: Selecting different databases using a JComboBox

With this new dialog box, the user can select any of a number of versions of the Contacts test database.
Once the selection has been made, a second dialog box is displayed to enable the selection of a JDBC
driver.

Although the use of other drivers is mentioned briefly at the beginning of Chapter 5, the examples in
earlier chapters all use the JDBC-ODBC bridge, leaving the choice of database management system
open. The reason for this is to get straight into the nuts and bolts of creating and working with a
database.

As discussed in Chapter 4, the JDBC-ODBC bridge has one significant advantage when working with a
variety of databases: it can be used with virtually any RDBMS, whereas most other drivers are
database-system specific. On the other hand, it has the disadvantage of being less efficient than, for
example, a pure Java driver optimized for a specific RDBMS (just how much less efficient is
demonstrated by the query-timing code discussed later in this chapter).

The DriverManager can load a JDBC driver in two ways:
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= During initialization, when the DriverManager loads drivers listed in the "j dbc. dri vers"
system property.
= Using Cl ass. f or Nane() , when a program can also explicitly load JDBC drivers at any time

When get Connecti on() is called, the DriverManager attempts to locate a suitable driver from
amongst those loaded at initialization and those loaded explicitly. It does this by polling all registered
drivers, passing the URL of the database to each driver's accept sURL() method.

To illustrate explicit loading of a JDBC driver, a new JOpt i onPane with a JConboBox listing several
different JDBC drivers has been added to the DBManager class. This makes it possible for the user to
select the SQL Server version and use either the JdbcOdbcDr i ver or the Opta2000 pure Java driver.
Note
For brevity, the String arrays driving these JOpt i onPanes are restricted to only a few
sample items.

In addition to these changes, a couple of new features have been included to the application to add the

following functionality:

= Window Menu has been added, together with some supporting code that allows the user to
perform such window-management tasks as cascading and tiling the JinternalFrames used to
display result sets and other information.

= Help Menu has been added to allow the user to access information about the database
management system and the JDBC driver in use.

= StatusPanel has been added to the bottom of the JFrame to support a message and a timer
display showing the time required to execute a statement.

= Code has been added to get the system time before and after connecting to the database. The
elapsed time in milliseconds is calculated from the difference between these times and is displayed
on the status bar added to the bottom of the JFrame.

The code for the Window Menu and the Help Menu is simiiar to the menus shown in earlier chapters.
Listing 10-1 shows the cascade and tile functions supported.

Listing 10-1: The Window Menu

package JavaDat abaseBi bl e. part 2;
i mport java.awt.*;
i mport javax.sw ng.*;

public class W ndowMenu extends DBMenu{
publ i c W ndowivenu() {
set Text ("W ndow') ;
set Act i onCommand(" W ndow") ;
set Bor der Pai nt ed(f al se);
add(new DBMenultem " Cascade",' C ,itenlListener,true));
add(new DBMenultem("Til e horizontally",'H ,itenlLi stener,true));
add(new DBMenultem("Tile vertically",'V ,itenListener,true));
}
}

The window-management functions are implemented in the DBManager class through the cascade(),
tileVertically(), andtil eHorizontally() methods. The sel ect ed() method is used to
identify the currently selected JI nt er nal Fr ane in order to position it correctly.

The St at usPanel class is also very simple. It incorporates a couple of JLabel s added to the CENTER
and EAST areas of a JPanel with Bor der Layout , as shown in Listing 10-2. The St at usPanel is
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added to the SOUTH area of the main JFr ane. JavaBean style-setter methods are used to set the
messages the Status Panel displays.

Listing 10-2: Status Panel

package JavaDat abaseBi bl e. part 2;

i mport java.awt.*;

i mport javax.sw ng. *;

public class StatusPanel

JLabel nsgLabel = new JLabel ();
JLabel tinmerLabel = new JLabel ();
public StatusPanel (){
set Layout (new Border Layout());
add(nmsgLabel , Bor der Layout . CENTER) ;
add(ti mer Label , Bor der Layout . EAST) ;
}
public StatusPanel (String message){
this();
set Message( message) ;

}

public void set Message(String nessage) {

msgLabel . set Text (nessage) ;

}

public void setTinmerMg(String nmessage){

ti mer Label . set Text (nmessage) ;

ext ends JPanel {

The Expanded DBManager Class

Since the changes to the DBManager class are fairly extensive, the whole class is shown in Listing 10-3,
rather than showing the changes piecemeal. Comments have been added to identify the changes
specific to this chapter.

Listing 10-3: The DBManager class

package JavaDat abaseBi bl e. part 2;

i mport java.awt.*;

i mport java.awt.event.*;

i mport javax.sw ng. *;

public class DBManager extends JFrame{
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JDeskt opPane desktop = new JDesktopPane();
St at usPanel statusBar = new StatusPanel ("Ready");
String database = null;

String jdbcDriver = null;

String tableName = null;

String nenuSel ection = null;

Tabl eBui | der Frame tabl eMaker = nul |

Tabl eEdi t Frane tabl eEditor = null;

Tabl eQueryFrane tabl eQuery = null;

Dat abaseUtilities dbUtils = null

I nfoDi al og i nfoDlg = null

Tabl eMenu t abl eMenu = new Tabl eMenu() ;
Edi t Menu edi t Menu new Edit Menu();

Vi ewenu vi ewenu = new Vi ewMenu();

W ndowMenu wi ndowMenu = new W ndowvenu();
Hel pMenu hel pMenu = new Hel pMenu();

MenuLi st ener menuli stener = new MenulLi st ener();

publ i c DBManager () {
set JMenuBar (menuBar) ;
setTitle("Java Dat abase Bible");
set | conl mage((new I magel con("od. gif")).getlmage());
get Cont ent Pane() . set Layout (new Border Layout ());
get Cont ent Pane() . add( deskt op, Bor der Layout . CENTER)
get Cont ent Pane() . add( st at usBar, Bor der Layout . SOUTH) ;
set Si ze(new Di mensi on(480, 320));

menuBar . add(t abl eMenu) ;
t abl eMenu. set MenulLi st ener ( menuli st ener) ;

menuBar . add( edi t Menu) ;
edi t Menu. set MenuLi st ener ( menulLi st ener) ;

menuBar . add( vi ewiMenu) ;
vi ewenu. set MenulLi st ener (menulLi st ener);

menuBar . add(w ndowvenu) ; /1 added for Chapter 10
wi ndowiVenu. set MenuLi st ener (menulLi st ener);

menuBar . add( hel pMenu) ; /1 added for Chapter 10
hel pMenu. set MenulLi st ener (nmenuli st ener);
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setVisible(true);

private void di splayTabl eBui |l der Frame() {

t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;

t abl eMaker = new Tabl eBui | der Frame(t abl eNane) ;
t abl eMaker . set ConmrandLi st ener (new CommandLi stener());
deskt op. add(t abl eMaker);
t abl eMaker . set Si ze(deskt op. get Si ze());
t abl eMaker. set Vi si bl e(true);

private void displayTabl eEditFranme(){
t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;
tabl eEdi tor = new Tabl eEdi t Frane(t abl eName, dbUtil s);
deskt op. add(t abl eEdi tor);
t abl eEdi t or. set Si ze(deskt op. get Si ze() ) ;
t abl eEdi tor. set Vi si bl e(true);

private void displayTabl eQueryFrame(){
t abl eNanme = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;
tabl eQuery = new Tabl eQuer yFrame(tabl eName, dbUtil s);
deskt op. add(t abl eQuery);
tabl eQuery. set Si ze(deskt op. get Si ze()) ;
tabl eQuery. set Vi si bl e(true);
}
/1 added for Chapter 10
private void displaylnfobial og(){
i nfoDl g = new I nfoDi al og(dbUtils);
Rect angl e r = get Bounds();
i nf oDl g. set Bounds(r. x+r.w dt h-250, r.y+10, 240, 360) ;
i nfoDl g. setVisible(true);

private void sel ect Dat abase() {
/1l revised for Chapter 10
String[] databases = { "MSAccessContacts", "M/SQ.Contacts",
"Oracl eContacts", "SQ.ServerContacts",
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"SybaseCont acts" };

dat abase = (String)JOpti onPane. showl nput Di al og(null, "Database:",
"Sel ect database"”, JOptionPane. QUESTI ON_MESSAGE,
nul |, databases, databases[0]);

dbUtils = new Dat abaseUtilities();

/! added for Chapter 10
dbUtils. setJdbcDriver Name(sel ect JIDBCDri ver());

i f (dat abase. equal s("SQLServer Contacts") &&

j dbcDriver.equal s("cominet.tds. TdsDriver"))

dbUti | s. set Dat abaseUr| ("] dbc: i net dae7: 1 ocal host: 1433");
dbUtils. set User Nane("dba");
dbUtils. set Password("sa");

i f(!dbUtils.connectToDat abase(dat abase)){
st at usBar . set Message("Error connecting to "+database);
return,;
}
/1 added for Chapter 10
SstatusBar. set Message("Retrieving MetaData from "+dat abase);
statusBar. repaint();

Systemout.println("Retrieving MetaData from " +dat abase);

java.util.Date startTime = new java.util.Date();

Met aDat aFrame dbTree = new Met aDat aFr ame( dat abase, dbUtils);
java.util.Date endTime = new java.util.Date();

Il ong el apsed = endTinme.getTinme() - startTinme.getTinme();
stat usBar.set Ti mer Msg("El apsed time = "+el apsed+" ns");

deskt op. add(dbTree);
dbTree. set Si ze(deskt op. get Si ze());
dbTree. set Vi si bl e(true);

t abl eMenu. enabl eMenul t em( " New Tabl e", true);
t abl eMenu. enabl eMenul tem( " Drop Tabl e", true);

edi t Menu. enabl eMenul tem( "I nsert", true);
edi t Menu. enabl eMenul t en( " Updat e", true);
edi t Menu. enabl eMenul ten( " Del ete", true);
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vi ewMenu. enabl eMenul t em( " Resul t Set ", true);

hel pMenu. enabl eMenul t em( " Dat abase | nfo",true);

}
/1 added for Chapter 10

private String sel ectJDBCDriver (){
String[] drivers = { "sun.jdbc. odbc.JdbcCQdbcDri ver",

"cominet.tds. TdsDriver"};

j dbcDriver = (String)JOptionPane. showl nput Di al og(null, "JDBCDriver:",
"Sel ect JDBC Driver", JOptionPane. QUESTI ON_MESSAGE,
null, drivers, drivers[0]);

return jdbcDriver;

private void executeSQLCommand(String SQLComrand) {
dbUti | s. updat e( SQLConmand) ;

private void dropTabl e(){
t abl eName = JOpti onPane. showl nput Di al og(this, "Table:",
"Sel ect table",JOpti onPane. QUESTI ON_MESSAGE) ;

int option = JOptionPane. showConfirnDi al og(null,
"Droppi ng tabl e "+tabl eNane,
" Dat abase "+dat abase,
JOpt i onPane. OK_CANCEL_OPTI ON) ;

i f(option==0){

execut eSQLCommand(" DROP TABLE " +t abl eNan®e) ;

}
/1l added for Chapter 10

private int selected(){
Jinternal Frane[] jif = desktop.getAllFranmes();
for(int i=0;i<jif.length;i++){

if(jif[i].isSelected())return i;

}
return O;

}

/1 added for Chapter 10

private void cascade(){
Jinternal Frane[] jif = desktop.getAllFrames();
int j = selected();
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int nJifs = jif.length;
j=(j <ndifs-1)?j +1:0;
Di mensi on d = desktop. getSize();
for(int i=0;i<ndifs;i++){
jifli].setBounds(
new Rect angl e(i *20,i *20, d. wi dt h-nJi fs*20, d. hei ght -nJi fs*20));
jif[i].toFront();
j =(j <ndifs-1)7?j+1:0;

}

/'l added for Chapter 10

private void tileVertically(){
Jinternal Frane[] jif = desktop.getAllFrames();
int j = selected();
int nJifs = jif.length;
Di mensi on d = desktop. getSize();
for(int i=0;i<ndifs;i++){

jif[i].setBounds(new
Rectangl e(i*d.width/nJifs,0,d.width/nJifs,d. height));

jiflil.toFront();
j=(j<nldifs-1)7?j+1:0;

}
/1 added for Chapter 10
private void tileHorizontally(){
Jinternal Frane[] jif = desktop.getAllFrames();
int j = selected();
int nJifs =jif.length;
Di mensi on d = desktop. getSize();
for(int i=0;i<ndifs;i++){
jifli].setBounds(
new Rectangl e(0,i*d. height/nJifs,d.w dth,d. height/nJifs));
jif[i].toFront();
j =(j <ndifs-1)7?j+1:0;

cl ass MenuLi stener inplenents ActionListener{
public void actionPerformed(Acti onEvent event) {
String nmenuSel ection = event. get Acti onCommand() ;
i f (menuSel ection. equal s("Dat abase")){
sel ect Dat abase() ;
}telse if(menuSel ection. equal s("New Tabl e")){
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di spl ayTabl eBui | der Frane() ;

}el se if(nmenuSel ection. equal s("Drop Table")){
dropTabl e();

}else if(menuSel ection.equal s("Insert")){
di spl ayTabl eEdi t Frame() ;

}else if(nmenuSel ection. equal s("ResultSet")){
di spl ayTabl eQueryFrane() ;

}lel se if(menuSel ection. equal s("Cascade")){// added for Chapter 10
cascade();

}else if(menuSel ection.equal s("Tile vertically")){
tileVertically();

}else if(nmenuSel ection.equals("Tile horizontally")){
tileHorizontal ly();

}el se if(menuSel ection. equal s("Dat abase I nfo")){
di spl ayl nf oDi al og();

}else if(menuSel ection.equal s("Exit")){
System exit(0);

cl ass ExceptionLi stener inmplements ActionListener{
public void actionPerformed(Acti onEvent event)
String exception = event.getActi onCommand() ;
JOpti onPane. showvessageDi al og(nul |, exception
"SQL Error", JOptionPane. ERROR_MESSAGE)

cl ass CommandLi stener inplenents ActionLi stener{

public void actionPerformed(Acti onEvent event){

String SQLCommand = event. get Acti onCommand();
execut eSQLCommand( SQLComand) ;

}

public static void main(String args[]){
DBManager dbm = new DBManager () ;

}

The simplest way to illustrate the use of a JDBC application with different databases and different
drivers is to move on to the next topic and to use the new version of the DBManager class as the basis
of the examples.
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The most noticeable effects of modifying the example to handle different RDBMS systems and different
drivers are how minimal the required changes are and how pronounced a difference it makes to use the
Opta2000 driver instead of the j dbc: odbc bridge in terms of speed.

Using DatabaseMetaData

The DatabaseMetaData interface provides the following types of information about the database:
] General information about the data source, including:

= Database product name and version
. Driver name
. Database URL
" Feature support, such as:
- SQL92 Support level
- SQL keywords recognized
Ll Transaction Isolation levels supported
= Support of features such as batch updates
. Data-source limits including:
= The maximum number of columns in a table
= The maximum lengths of column and table names
] Information about the SQL objects the source contains, such as:
= The types of tables in a catalog
] The names of all tables of each type
. Information about all columns in the tables

Many of the DatabaseMetaData methods return information in Resul t Set s, allowing you to use

Resul t Set methods such as get String() and get | nt () to retrieve this information. If a given form
of metadata is not available, these methods throw a SQLException. The next section illustrates how to
retrieve information about the database.

Retrieving Information about the Database

Figure 10-2 illustrates the kind of information you can get about a database using the

Dat abaseMet aDat a object. The JTr ee displays the types of tables in the database, with the table
names of each type of table displayed as child nodes of the table type. Tables can be expanded to
display column names, and the columns themselves can be expanded to show information about the
column.
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Figure 10-2: Tree view of tables in a database
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Figure 10-2 also shows how long the application takes to get all the metadata for the display using the
sun. j dbc. odbc. JdbcOdbcDri ver. Contrast this elapsed time of nearly seven seconds with the
elapsed time of just over two seconds for the Opta2000 driver, shown in Figure 10-3. Although the
timing methodology used is by no means rigorous, the results speak for themselves.
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Figure 10-3: Additional DatabaseMetaData information

Many of the Dat abaseMet aDat a methods take so-called "String pattern” arguments. These are
arguments that may contain a mixture of Strings and wildcards. The wild cards conform to the normal
wildcard rules for SQL Strings:

. "%" means match any substring of O or more characters.

= " " means match any one character.

If a search-pattern argument is set to null, that argument's criteria will be ignored in the search.
Cross-

Reference SQL escapes and wildcards are discussed in Chapter 3.

If a driver does not support a metadata method, a SQLExcept i on will normally be thrown. In the case

of methods that return a ResultSet, either a ResultSet (which may be empty) is returned or a
SQLExcepti on is thrown.

After connecting to the SQLServerContacts database, the Dat abaseMet aDat a object is first queried

for all table types, then for all tables within a type, then for columns within a table, and finally for
information about the columns themselves. The results are used to populate the JTr ee.

A Dat abaseMet aDat a object is created using the Connect i on. get Met aDat a() method. It is then
used to get information about the database, as in the example shown in Listing 10-4, which gets the
types of the tables in the database.

Listing 10-4: Retrieving table types

public Vector getTabl eTypes()({
Vector typeVector = new Vector();

try{
Connection con = DriverManager. get Connecti on(url, user Name, password);
Dat abaseMet aDat a dbnd = con. get Met aDat a() ;
Resul t Set rs = dbnd. get Tabl eTypes();
Resul t Set Met aData nd = rs. get Met abDat a() ;
while(rs.next()){
typeVect or. addEl emrent (rs. get String(1));
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}

cat ch( SQLException e){
report Exception(e);

}

return typeVector;

}

The method get Tabl eTypes() returns a ResultSet containing a single String column per row,

identifying the table type. Typically, these types are as follows:
= TABLE

. VIEW
- SYSTEM TABLE

Using this table-type information, you can get the actual table names using the get Tabl es() method.
An example is shown in Listing 10-5.

Listing 10-5: Retrieving tables

public Vector getTables(String[] types){

Vect or tabl eVector = new Vector();

try{
Connection con = DriverManager. get Connecti on(url, user Name, password) ;
Dat abaseMet aDat a dbnd con. get Met aDat a() ;
Resul tSet rs = dbnd. get Tabl es(nul!,nul!l, "%, types);
Resul t Set Met aData nd = rs. get Met abDat a() ;
i nt nCol ums = nd. get Col umCount () ;
while(rs.next()){

t abl eVect or. addEl enent (rs. get Stri ng(" TABLE_NAME") ) ;

}
cat ch( SQLException e){

report Exception(e);

}

return tabl eVector;

}

The code to get the table names is similar to that used to get the table types. The most significant
difference is in the argument list for the get Tabl es() method. Since these types of arguments are
fairly common when using metadata methods, it is worth discussing them in some detail.
The get Tabl es() method takes these four arguments:
get Tabl es(Stri ng catal og,

String schemaPattern,

String tabl eNanePattern,

String[] types);

Here are explanations of each argument:
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= Cat al og — a pair of double quotes (
tables.

= SchemaPat t er n — a pair of double quotes (
retrieves all tables.

= Tabl eNanmePat t er n — This is a table-name pattern similar to the argument used with SQL
"LIKE". The"%" matches any substring of O or more characters, and "_" matches any one character.

= Types — an array of table types to include; null returns all types.

) retrieves tables without a catalog, and null retrieves all

) retrieves tables without a schema, and null

The get Tabl es() method returns a ResultSet containing descriptions of the tables available in a
catalog. The result set contains the columns shown in Table 10-1.

Table 10-1: Columns Returned by getTables()

Column Column Name Type Contents
1. TABLE_CAT String table_catalog (may be null)
2 TABLE_SCHEM String table_schema (may be null)
3. TABLE_NAME String table_name
4 TABLE_TYPE String table_type: "TABLE", "VIEW", "SYSTEM TABLE",
etc.
5. REMARKS String remarks explanatory comment on the table
Note

Some databases may not return information for all tables.

The Dat abaseMet aDat a object also provides a mechanism to retrieve detailed information about the
columns in a table through the use of the get Col unms() method. Like the get Tabl es() method, the
get Col umms() method returns a ResultSet. The method's argument list is also similar in that it takes a
number of String patterns:

public ResultSet getColums(String catal og,
String schemaPattern,
String tabl eNanePattern,

String col umNamePattern);

Here are explanations of each argument:

= Cat al og — A pair of double quoutes (
tables.

= SchemaPat t er n — The double quotes (
all tables.

. Tabl eNamePat t er n — This is a table name pattern similar to the argument used with SQL
"LIKE". The "%" matches any substring of 0 or more characters; " " matches any one character.

] col umNanePat t er n— This is a column name pattern similar to the argument used with SQL
"LIKE". The "%" matches any substring of O or more characters; " " matches any one character.

) retrieves tables without a catalog, and null retrieves all

) retrieve tables without a schema, and null retrieves

Using the table information that the code in Listing 10-5 returns, you can get column information using
the get Col utms() method. An example is shown in Listing 10-6.

Listing 10-6: Retrieving column data

public Vector getColumms(String tabl eName){
Vector colums = new Vector();
Hasht abl e col umbDat a;

try{
Connection con = DriverManager. get Connecti on(url, user Nanme, password);
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}

Dat abaseMet aDat a dbnd = con. get Met aDat a() ;
String catal og = con. getCatal og();
Resul tSet rs = dbnd. get Col unms(cat al og, "% , t abl eNane, "%') ;
Resul t Set Met aData nmd = rs. get Met aDat a() ;
i nt nColums = nd. get Col umCount () ;
String val ue;
whil e(rs. next()){
col utmbDat a = new Hasht abl e();
for(int i=1;i<=nColums;i++){
value = rs.getString(i);
i f(val ue==null)val ue="<NULL>";
col umbat a. put ( nd. get Col utmLabel (i), val ue);
}

col ums. addEl enent ( col utmbDat a) ;

cat ch( SQLException e){

}

report Exception(e);

return col ums;

}

The code examples of Listings 10-5, 10-5, and 10-6 are additions to the Dat abaseUtiliti es class.
Further examples of the use of DatabaseMetaData are given later in this chapter.

Note
Many of the DatabaseMetaData methods have been added or modified in JDBC 2.0 and

JDBC 3.0, so if your driver is not JDBC 2.0 or JDBC 3.0 compliant, a SQLEXxception
may be thrown by some DatabaseMetaData methods.

Displaying DatabaseMetaData in a JTree

The class required to display the table and column data retrieved from the Dat abaseMet aDat a object
is an extension of JI nt er nal Frame. This is used to display a JTree ina JScr ol | Pane, as shown

in Listing 10-7.

Listing

10-7: Displaying DatabaseMetaData in a JTree

package JavaDat abaseBi bl e. part 2;

i mport
i mport
i mport
i mport
i mport
i mport
i mport
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cl ass Met aDat aFrame extends Jlnternal Frame{

protected JTree tree;

protected JScrol | Pane JTreeScroller = new JScroll Pane();
protected DatabaseUtilities dbUtils;

protected String dbNane;

protected String[] tableTypes;

protected JPanel JTreePanel = new JPanel ();

public MetaDat aFrame(String dbNane, DatabaseUtilities dbUtils){
set Location(0,0);
set Cl osabl e(true);
set Maxi m zabl e(true);
setlconifiable(true);
set Resi zabl e(true);
get Cont ent Pane() . set Layout (new Border Layout ());
t hi s. dbNane=dbNarre;
this.dbUils=dbUils;
setTitl e(dbNanme) ;
init();
set Vi si bl e(true);

/1l initialise the JInternal Frame
private void init(){
JTreePanel . set Layout (new Border Layout (0,0));
JTreePanel . set Background( Col or. white);
JTreeScrol | er. set Opaque(true);
JTreePanel . add(JTreeScrol | er, Border Layout . CENTER) ;
Def aul t TreeMbdel treeMbdel = createTreeMdel (dbNane);
tree = new JTree(treehbdel);
tree. set Border (new EnptyBorder(5,5,5,5));
JTreeScrol | er. get Viewport (). add(tree);
JTreePanel . set Vi si bl e(true);
JTreeScrol | er.setVisible(true);
tree. set Root Vi si bl e(true);
tree.setVisible(true);
get Cont ent Pane() . add(JTr eePanel , Bor der Layout . CENTER) ;

/'l Create a TreeModel using DefaultMutabl eTreeNodes
protected DefaultTreeModel createTreeMdel (String dbName){
Def aul t Mut abl eTreeNode treeRoot = new Defaul t Mut abl eTr eeNode( dbNane) ;

-303 -



Chapter 10:Building a Client/Server Application

Vector tabl eTypes = dbUtil s. get Tabl eTypes();
for(int i=0;i<tableTypes.size();i++){
Def aul t Mut abl eTr eeNode t abl eTypeNode =
new Def aul t Mut abl eTr eeNode( (String)tabl eTypes. el enentAt(i));
treeRoot . add(t abl eTypeNode) ;
String[] type = new String[]{(String)tabl eTypes.elenmentAt(i)};
Vector tables = dbUtils. getTabl es(type);
for(int j=0;j<tables.size();j++){
Def aul t Mut abl eTr eeNode t abl eNode =
new Def aul t Mut abl eTr eeNode(t abl es. el ement At (j));
t abl eTypeNode. add(t abl eNode) ;
Vector colums = dbUtils.getColums((String)tables.elenmentAt(j));
for(int k=0; k<col umms. si ze(); k++){
Hasht abl e col umbData = (Hasht abl e) col ums. el enent At (k) ;
Def aul t Mut abl eTr eeNode col utmNode =
new Def aul t Mut abl eTr eeNode( col unmmDat a. get (" COLUMN_NAME") ) ;
col utmNode. add( new Def aul t Mut abl eTr eeNode( " TYPE_NAME:
"+col utmbDat a. get (" TYPE_NAME")) ) ;
col umNode. add( new Def aul t Mut abl eTr eeNode( " COLUVN_SI ZE:
"+col utmbat a. get (" COLUMN_SI ZE")) ) ;
col utmNode. add( new Def aul t Mut abl eTr eeNode(" | S_NULLABLE:
"+col umbDat a. get ("I S_NULLABLE")));
t abl eNode. add( col unmNode) ;

}

}

return new Default TreeMbdel (treeRoot);
}
}
Most of the work in Listing 10-7 is done in the cr eat eTr eeMbdel () method. This method first calls

the get Tabl eTypes() method shown in Listing 10-4 to get a vector of table-type names. These are
used to create DefaultMutableTreeNodes attached to the root node representing the selected database.

For each table type, a vector of table names of that type is returned by the get Tabl es() method

shown in Listing 10-5. These are used to create DefaultMutableTreeNodes that are attached to the
table-type nodes representing each of the tables.

Finally, for each table, a vector of Hashtables of column descriptors is obtained by calling the

get Col umms() method shown in Listing 10-6. This information is used to create the column node and
column-information child nodes shown in Figure 10-2. Only a small amount of the available column
information is used in this display for reasons of clarity. Additional fields that the get Col urms()
method makes available include those listed in Table 10-2.

Table 10-2: Column Information Provided by getColumns()
Column Name Type Meaning

TABLE_CAT String table catalog (may be null)
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Table 10-2: Column Information Provided by getColumns()

Column Name Type Meaning
TABLE_SCHEM String table schema (may be null)
TABLE_NAME String table name
COLUMN_NAME String column name
DATA _TYPE short SQL type from java.sql.Types
TYPE_NAME String Data source dependent type name
COLUMN_SIZE int column size.
DECIMAL_DIGITS int the number of fractional digits
NUM_PREC_RADIX int Radix (typically either 10 or 2)
NULLABLE int " columnNoNulls - might not allow NULL values
= columnNullable - definitely allows NULL values
Ll columnNullableUnknown - nullability unknown
REMARKS String comment describing column (may be null)
COLUMN_DEF String default value (may be null)
CHAR_OCTET_LENGTH int the maximum number of bytes in the column
ORDINAL_POSITION int index of column in table (starting at 1)
IS_NULLABLE String = "NO" means column definitely does not allow
NULLSs.
" "YES" means the column might allow NULL
values.
= An empty string means nullability unknown.

In addition to information about the structure of the database, you will frequently find it useful to know
something about the capabilities of the RDBMS itself. The methods supported by the
Dat abaseMet aDat a object to provide this type of information are discussed in the next section.

Retrieving Information about RDBMS Functionality

In addition to describing the structure of the database, the Dat abaseMet aDat a object provides

methods to access to a great deal of general information about the RDBMS itself. Some of the
information you can retrieve about the database-management system is illustrated in Figure 10-3.

The example shown in Figure 10-3 shows that the SQLServerContacts database is running under SQL
Server 7, using the Opta2000 pure Java driver from i-net Software. Also listed are some of the features
that this database configuration supports.

The elapsed time shown in the status bar is the time to access and display the tree view of the
DatabaseMetaData, as shown in Figure 10-2. The difference between the elapsed time of just over two
seconds using the Opta2000 driver and nearly seven seconds using the jdbc-odbc bridge illustrated in
Figure 10-3 is significant. The code required to retrieve this information is shown in Listing 10-8.

Listing 10-8: Retrieving information about the RDBMS

package JavaDat abaseBi bl e. part 2;

-305-



Chapter 10:Building a Client/Server Application

i mport java.awt.*;

i mport java.util.Hashtable;
i mport java.util.Vector;

i mport javax.sw ng. *;

i mport javax.sw ng.JTr ee;

i mport javax.sw ng. border.*;

i mport javax.sw ng.tree.*;

public class InfoDial og extends JDi al og{
protected DatabaseUtilities dbUtils = null;

prot ected JPanel dblnfoPanel = new JPanel ();

protected JPanel featuresPanel = new JPanel ();

protected JPanel topPanel = new JPanel (new BorderLayout());
protected JPanel centerPanel = new JPanel (new BorderLayout());
protected JPanel bottomPanel = new JPanel (new BorderLayout());

public InfoDial og(DatabaseUtilities dbUtils){
this.dbUils=dbUils;
setTitl e("Database | nfo");
get Cont ent Pane() . set Layout (new Bor der Layout () );

String[] dblnfo = dbUtils. dat abasel nfo();

dbl nf oPanel . set Layout (new Gri dLayout (dbl nfo.length, 1, 2,2));

for(int i=0;i<dblnfo.length;i++){

dbl nf oPanel . add(new JLabel (dblnfo[i]));

}

dbl nf oPanel . set Bor der (new ConpoundBor der (
new Bevel Bor der (Bevel Bor der. LOAERED) ,
new EnptyBorder(2,2,2,2)));

t opPanel . add( new JLabel (" Database and Driver:"), Border Layout. NORTH) ;

t opPanel . add( dbl nf oPanel , Bor der Layout . CENTER) ;
get Cont ent Pane() . add(t opPanel , Bor der Layout . NORTH) ;

String[] features = dbUtils.featuresSupported();

f eat uresPanel . set Layout (new Gri dLayout (features.length,1,2,2));

for(int i=0;i<features.length;i++){

f eat ur esPanel . add( new JLabel (features[i]));

}

f eat ur esPanel . set Bor der (new ConpoundBor der (
new Bevel Bor der (Bevel Bor der. LOAERED) ,
new EnptyBorder(2,2,2,2)));

cent er Panel . add(new JLabel (" Supported Features:"), BorderLayout. NORTH);
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cent er Panel . add(f eat ur esPanel , Bor der Layout . CENTER) ;
get Cont ent Pane() . add( cent er Panel , Bor der Layout . CENTER) ;

}

Clearly, this example illustrates only a small percentage of the data available through the use of the
Dat abaseMet aDat a object. It is well worth referring to the Javadocs available on the Sun Web site at:
http://java.sun.com j2se/ 1.4/ docs/ api/javal sql / package-sunmary. htnl .

Note

A shorter link is http: //j ava. sun. com docs/ . This takes you to he main Javadocs
page, and you can navigate from there.

In addition to Dat abaseMet aDat a methods, JDBC provides a large number of useful methods for
accessing information about the Resul t Set returned by a query. The next section discusses these
methods.

Using ResultSetMetaData

The Resul t Set Met aDat a object is similar to the Dat abaseMet aDat a object, with the exception that
it returns information specific to the columns in a Resul t Set .

Information about the columns in a ResultSet is available by calling the get Met aDat a() method on
the ResultSet. The Resul t Set Met aDat a object returned gives the number, types, and properties of its
Resul t Set object's columns.

Table 10-3 shows some of the more commonly used methods of the Resul t Set Met aDat a object.
Table 10-3: ResultSetMetaData Methods

ResultSetMetaData method Description

get Col unmCount () Returns the number of columns in the ResultSet

get Col umbDi spl aySi ze(i nt col umm) Returns the column's max width in chars

get Col unmmLabel (i nt col umm) Returns the column title for use in displays

get Col utmNane(i nt col um) Returns the column name

get Col ummType(int col um) Returns the column's SQL data-type index

get Col unmmTypeNane(i nt col um) Returns the name of the column's SQL data type

get Preci sion(int colum) Returns the number of decimal digits in the column

get Scal e(i nt col um) Returns the number of digits to the right of the
decimal point

get Tabl eNanme(i nt col um) Returns the table name

i sAut ol ncrenment (i nt col umm) Returns true if the column is autonumbered

i sCurrency(int colum) Returns true if the column value is a currency value

i sNul | abl e(int col um) Returns true if the column value can be set to NULL

Listing 10-9 illustrates the use of the Resul t Set Met aDat a methods get Col utmCount and
get Col unmLabel in an example where the column names and column count are unknown.

Listing 10-9: Using ResultSetMetaData

public void printResultSet(String query){
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try {
Cl ass. forNanme("sun. j dbc. odbc. JdbcCdbcDri ver");

Dri ver Manager . get Connecti on ("jdbc: odbc: I nventory");

Connection con
Statenent stm = con.createStatenent();

ResultSet rs = stnt.executeQuery(query);
Resul t Set Met aData nd = rs. get Met aDat a() ;

i nt nColums = nd. get Col umCount () ;
for(int i=1;i<=nColums;i++){
System out . pri nt (nd. get Col utmLabel (i) +( (i ==nCol urms) ?"\n":"\t"));
}
while (rs.next()) {
for(int i=1;i<=nColumms;i ++){
Systemout.print(rs.getString(i)+((i==nColums)?"\n":"\t"));

}
catch(Exception e){

e.printStackTrace();

1

This example will print the ResultSet returned by a query to a file called "rs.txt". The command line to
run the example is:

java printResultSet jdbc:odbc: Contacts "SELECT * FROM CONTACT_I NFO'

The output is tab delimited, so that it can easily be imported into MSWord. The example first retrieves
the column count for the ResultSet, then loops through the columns to get the column labels, which are
printed as the first line. It then loops through all the rows, retrieving the data in an inner loop. Table 10-4
shows the ResultSet output by the command line shown above.

Table 10-4: Formatting a ResultSet using ResultSetMetaData

FIRST_NAME Ml LAST_NAME STREET CITY STATE ZIP

Michael A Corleone 123 Pine New York NY 10006
Fredo X Corleone 17 Main New York NY 10007
Sonny A Corleone 123 Walnut Newark NJ 12346
Francis X Corleone 17 Main New York NY 10005
Vito G Corleone 23 Oak St Newark NJ 12345
Tom B Hagen 37 Chestnut Newark NJ 12345
Kay K Adams 109 Maple Newark NJ 12345
Francis F Coppola 123 Sunset Hollywood CA 23456
Mario S Puzo 124 Vine Hollywood CA 23456
Michael J Fox 109 Sepulveda LA CA 91234
James A Caan 113 Sunset Hollywood CA 92333
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Summary

This chapter combines the examples in Chapters 5-9 to create the basis of a useful database-
management tool and test platform. In the process, you learn about:

] Using DatabaseMetaData

= Using ResultSetMetaData

= Comparing the performance of different drivers

In Part 2 as a whole, you learn how to use the JDBC Core API to create, maintain, and query a
database. You also gain hands-on experience in creating a practical client/server application

Part 1ll explores the JDBC 2.0 Extension API in the context of a web application example. Web
applications tend to be heavily database oriented, since they frequently involve a lot of form handling,
and the need to upload and download large data items using streams and large data base objects.

-309 -



Part 111:A Three-Tier Web Site with JDBC

Part lll: A Three-Tier Web Site with
JDBC

Chapter List

Chapter 11: Building a Membership Web Site

Chapter 12: Using JDBC DataSources with Servlets and JavaServer Pages
Chapter 13: Using PreparedStatements and CallableStatements

Chapter 14: Using Blobs and Clobs to Manage Images and Documents
Chapter 15: Using JSPs, XSL, and Scrollable ResultSets to Display Data

Chapter 16: Using the JavaMail APl with JDBC

Part Overview

A significant part of Java's success has been its application to server-side programming. One of the
most widespread applications of Java is the creation of dynamic Web sites using servlets, JSPs, and
databases. This part discusses the JDBC Extension API in the context of developing a membership-
based Web application.

The Web application employs a three-tier architecture built around an Apache/Tomcat-based Web
server that implements the business logic in Serviets and Java Server Pages. The Web server uses
JDBC to connect to a database server.

Since this part deals with Web applications, it includes an introduction to using Servlets and Java Server
Pages. Basic handling of HTML forms is also discussed.

More advanced form handling using Pr epar edSt at ement s and Cal | abl eSt at enent s is discussed
in a subsequent chapter. This chapter also discusses how to create stored procedures in SQL.

A relatively new feature in most databases is support for large objects such as images and entire
documents. Examples of uploading and storing image files as binary large objects, and downloading
them for display, are the subjects of another chapter.

In addition to discussing straightforward HTML applications, the possibilities of retrieving data as XML
are discussed. Examples illustrate how to use the same XML document to create two completely
different Web pages using an XSL transformation. This example also illustrates the use of scrollable
ResultSets.

This part closes with a chapter on writing an e-mail application. The application uses JDBC and SQL
with the JavaMail API to automate e-mail generation and to read and save e-mail to a database.
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Chapter 11: Building a Membership Web Site

In This Chapter

An area in which Java and databases are used together very frequently is in creating dynamic Web
sites. Part Il of this book illustrates the use of the JDBC Extension API in the context of a membership
Web site. The Web site is built around a membership database that incorporates a number of different
tables. This chapter discusses the design of this database.

The application design uses a three-tier architecture built around an Apache/ Tomcat-based Web server.
Apache and Tomcat provide HTTP service and Servlet/Java Server Pages (JSP) support, respectively.
Several alternative products can handle these tasks very adequately, but Apache and Tomcat have
several advantages over most of the others, not the least of which is that they both run on all common
platforms. Appendix B is a guide to downloading and installing Apache and Tomcat. Both are easy to
install and run on Windows or Linux/Unix platforms.

Another important reason for selecting the Apache server to provide HTTP service and is that Apache is
the most widely used server on the Internet at the present time, having been selected for over 60

percent of all web sites. This means, of course, that Apache is the server you are most likely to be using.
Similarly, Tomcat was chosen as the Servlet and JSP engine since Sun selected Tomcat as the
reference implementation for servlets and JSP applications, thus there is a high probability that you will
use it at some time. A final advantage is that both are available for free download from j akar t a. or g.

Designing a Multi-Tier System

Partitioning a design into tiers allows you to apply various off-the-shelf technologies as appropriate for a
given situation. For example, a browser displaying Web pages generated from JSP pages and servlets
in the Web tier handles the client tier. This means that all you have to do is comply with the HTTP

specifications and avoid any technologies that all the browsers you expect to encounter do not support.

Since the browser and the RDBMS are, essentially, off-the-shelf products with clearly defined interfaces,
the following chapters concentrate on the business and presentation logic required to interface to them.
The interface to the browser is handled through the Web server, which serves static Web pages and
provides a front end for Tomcat. Tomcat is responsible for serving the dynamic Web content created in
Java using servlets and JSP pages.

The structure of the three-tier system is shown in Figure 11-1. On the left is the client machine running a
standard Web browser; in the center is the Web server; and on the right is the database server.

oo oo
— Apache &
" _ % [l .=‘!'l| - e M| Teornal -C -
Wty Brrwvper Wik Server RODEMS Serves

Figure 11-1: Three-tier Internet application

The business and data-presentation logic is handled using Java and JSPs in the Web-server tier. The
database itself can use virtually any RDBMS. The examples in the following chapters are based on SQL
Server and the Opta2000 drivers from Inet Software. This choice was made largely because the
Opta2000 drivers are a good example of a family of pure Java drivers that support the JDBC Extension
API, the primary topic of Part Il of this book. Opta2000 drivers are available for most major databases.

Just as you will almost certainly have no trouble figuring out how to change parts of the sample code
that refer to my user name, password, and server nhame, | am sure you will have no trouble figuring out
how to switch to a different RDBMS using different drivers. The degree of difficulty involved in either
case is similar.
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The examples concentrate on the servlets and JSPs, and the JavaBeans encapsulating the business
logic. These examples also illustrate various aspects of the JDBC Extension API.

Cross-

Reference One of the strengths of JDBC is that it is designed to plug and play with
virtually any relational database management system with a minimum of
effort. The use of different relational database management systems is
discussed in Part Il, with extensive examples in Chapter 10.

The first step in designing the Web site is to define the functionality of the site and to design the
underlying database. Designing the database around the Web pages it supports makes the Java code
simpler and faster to implement. The functional requirements of the membership Web site application
are discussed in the next section.

Functional Requirements

The following chapters describe a membership web site that allows members to auction their vehicles
over the Internet. The main reason for choosing this theme is to exploit the opportunities it provides to
discuss the following important JDBC topics in the context of practical examples:

= HTML form handling with servlets, JSP, and JDBC

= Using scrollable Resul t Set s in a search engine

= Using updatable Resul t Set s to allow a member to call up and modify his or her profile

= Handling image upload, storage, and retrieval using HTML forms and blobs

= Using the JavaMail API with JDBC to send and receive e-mail

The use of XML and XSLT to create different Web pages from the same Resul t Set is also discussed
in the context of using updateable Resul t Set s to display data in one format and edit it in another
format. The examples in Part IV discuss the use of XML with JDBC in more detail.

The sample application supports the functionality common to most commercial catalog sites as well as
the normal features of a membership site. These include the following:

] Member login

] New member registration

= Member data entry

= Upload and storage of large objects such as images

" Site search

= Summary page display, with thumbnail photos

= Links from the summary pages to detail pages

= Automated email support

The best way to understand the logical structure of the Web site is to use a block diagram. The logical
structure of the Web site discussed in Chapters 11 through 16 is illustrated in Figure 11-2.
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Figure 11-2: Structure of Web site developed in Chapters 11-16

The member login and registration process involves displaying HTML forms and processing their input.
The examples use both servlet and Java Server Page approaches using JavaBeans to encapsulate
logic functions. In addition to handling simple text-based forms, Chapter 14 shows you how to upload
images from a browser page and store them in a database.

Having reviewed the functional requirements of the application, you are ready to design the database.
The design of the database for this application is discussed in the next section.
Cross-
Reference The theoretical aspects of database design, are discussed in Part I. It is
particularly important to understand the use of primary anf foreign keys, as
well as the Normal Forms. Both of these topics are discussed in Chapter 2.

Designing the Database

As a catalog site, the sample application has to support the basic functionality common to most
commercial catalog sites. The primary functions supported include the following:

= Handling member logins

= Member registration

] Data entry

= Site search, with a summary display capability

= Detailed display of database items

. Database-driven e-mail using the JavaMail API

The examples don't get into secure sockets and payment handling because those topics are not really
database related. The subject of this chapter is the overall design of the Web site and the underlying
database.

Handling Member Logins

Users are first required to respond to a login-request form, with the usual user name and password
combination. There are three possible outcomes to a login attempt:

= Successful login with the correct username and password, permitting site access

= Failed login attempt with a valid user name but an invalid password

] Failed login attempt with an invalid user name
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For the purposes of this application, login with a valid user name and a bad password results in a
prompt for an e-mail reminder, and completely erroneous logins lead the user along a registration trail.
Although this is a simplistic approach, it serves to illustrate the technology and provides a starting point
for a more complete solution.

The Login Table itself is very simple. It uses only the three columns illustrated in Table 11-1. The
UserName column is the primary key and, as such, is indexed for speed of access. The price of fast
access for returning users is that inserting new users is slower because of the need to build the index.

Table 11-1: Login Table

UserName Password MemberID
axman hatchet 7
batman robin 3
cat balou 8
garfield lasagna 1
snoopy peanuts 2

The Password column is used simply for user validation, as shown in the examples in Chapter 12. The
MemberlID column, however, is the key to accessing all the other tables.

The importance of the MemberID field lies in the fact that it is the unique identifier used to access
member-specific datafrom all the other tables. In most of the tables, MemberID is also the primary key,
since each member has only one entry in most of the tables.

Some of the tables, however, have their own primary keys and use MemberID as a foreign key. For
example, all member photos are stored as binary large objects (blobs) in the Photos Table. This table
contains a unique PhotolD, which is the primary key, and the MemberID, which is a foreign key used to
associate the photo with a specific member. The Photos Table also contains a column for the photos
themselves, as well as a descriptor column used for selecting individual photos.

Member Registration

When a new member goes into the registration process, the system displays an HTML form for the
member to complete. The data from the form is then saved to the Contact_Info table, shown in Table
11-2.

Table 11-2: Contact_Info Table

| FNAM M LNAME STREE CIT S ZIP PHON EMAIL
D E | T Y T E
1 Vito A Corleon 123 New N 1000 212- vito@home.co
e Main St York Y 2 555- m
0000
2 Fred A Tagliatell 123 Phil P 1234 123- fat@cn.com
e Main a. A 5 456-
7890
7 Al X Edwards 123 New N 1234 123- axman@abc.co
Pine York Y 5 456- m
1111

The Contact_Info Table is the only place in the database where the name and address information of
the members is stored. The primary use of the Contact_Info table is for billing and administrative
purposes.
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The primary key for the Contact_Info Table is MemberID (shown in the tables as ID because of space
limitations). Columns in the Contact_Info Table that require indexes are the following:

= ID — used extensively, any time you need data from the table.

= City, State, Zip — used in regional searches.

After completing the registration form, the member will be given the option of entering vehicle
information for the auction part of the site. Vehicle data is stored primarily in the Product_Info and
Options tables.

Data Entry

The vehicle data will be divided amongst a number of tables, both for convenience in data entry and to
improve the efficiency of searches. The primary table will be the Product_Info table, which will contain
such data as the make, model and year of the vehicle. Secondary tables will be used for less important
data such as the optional accessories and photos of the vehicles.

The primary table: Product_Info

The Product_Info Table, shown in Table 11-3, is used in most of the searches, so it is important to
ensure that it can be searched efficiently. This means that many of the columns will be indexed.

The primary key is Vehicle_ID. This key will also be used as the primary key of the Options table with
which the Product_Info table will have a one-to-one relationship. Note the use of the Member_ID
column as a foreign key linking the vehicle to its owner in the Contact_Info table.

Table 11-3: Product_Info Table

Vehicle_ID Member_ID Make Body Model Year Color
1000 1 Honda Coupe Civic 1996 Red
1001 1 Mitsubishi SUV Montero 2000 Green
1002 2 GM Pickup Sonoma 1999 Red

The Product_Info Table is updated using an HTML form, as shown in Figure 11-3. The data-entry form
uses combo boxes extensively to minimize data-entry errors. It is particularly important to ensure that all
terms that may be used in searches are input using combo boxes. The reason for this is purely practical:
given the opportunity, a certain percentage of the users will enter data in the wrong place or in a format
that makes it useless in a search, so free text fields are used only where no search capability is
provided.

Wehicle Description

ks [-:-E'llr—:l

Body Stye [Gelect =] { Convertible, Coups, SUV.. )
Mosdel =

Téar Selec -

Engine m [ 6 cytindar, Doaasd )
Transmission m [ Avtamatic, 5 Spoed . |
Calor Selec ¥

Location ﬁ { Viakicke 2ip code )
Reserve Price i { Minimum sccaptable price )

Procaed o Opsions Page |

Figure 11-3: Data-entry form using combo-boxes to reduce data-entry errors
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The Product_Info Table is worth looking at from the viewpoint of breaking a single table into two or more
separate tables. In an application like this, there is a high probability that most searches will be
conducted for vehicles of a specific type, such as pickups or SUVs. Breaking a large table into several
separate, smaller tables organized by common search categories will obviously speed up searches.

Note that you can also enforce some restrictions on searches to improve response times. For example,
dividing your database by regions is probably practical, since it is unlikely that members will really need
to search beyond their local area. Using a combo box in a search form is an excellent way to do this.

Secondary tables populated using check boxes

Apart from the special tables used to store photographs and large blocks of free text, the remaining
tables are all very similar, storing boolean variables to identify specific characteristics such as product
options. These tables are intended to be easy to search.

In a larger application, where database items may be described by a large number of different
characteristics, you may prefer to split the descriptions among a number of tables to simplify data entry.
In this way, each table can map to a single HTML form. Dedicated JSP pages can handle the form data
by using the same generic SQLI nser t Bean before forwarding the user to the next page.

The SQLI nsert Bean uses an enumeration to iterate through the http request parameters and create a
SQL insert statement that saves the data. Listing 11-1 illustrates this technique.

Listing 11-1: Generic form handling using an enumeration

/1 use Enumeration to get param nanes and val ues from HTTP request

for (Enumerati on e=request. get Paranet er Nanes(); e. hasWor eEl ement s(); ) {
pNames[i] = (String)e.nextEl ement();
Values[i] = request. getParameter(pNanmes[i]);

++ij

/1l create fieldNanes and fieldValues Strings for SQ | NSERT conmand
String fieldNames = "ID,";
String fieldvalues = "'" + nenberID + "' ,";

/1 append paraneter nanmes and values to fieldNanmes and fi el dval ues
for(int j=0;j<i;j++){
i f(!pNanmes[j].equal s("DBNanme") &&
I pNanes[j]. equal s(" Tabl eNarme") &&
I pNanes[j].equal s("Subm tButton")){

fiel dNames += pNanes[j] + ",";

fieldvalues += "'" + fixApostrophes(Values[j]) + "',";

/1 strip trailing commas
fiel dNames = fiel dNames. substring(O0,fieldNanes.length()-1);
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fieldValues = fieldval ues. substring(0,fieldValues.length()-1);

// create SQ. command
SQ.Conmand = "I NSERT INTO " + tableName + " ("+fiel dNames+") "+

"VALUES ("+fiel dval ues+")";
Cross-
Reference Chapter 12 explains how servlets and JSP pages work and how to use them
to handle HTML forms.

This generic approach to handling the form data means that although the table structures have to track
the HTML forms, the middle-tier code can be independent of both. This approach makes maintenance
much easier, since you may find that you have to add new tables or modify existing tables.

Like the Product_Info Table, most of the tables are completed using data from forms designed to
minimize data-entry errors. In this case, most of the entries are made using check boxes, as shown in

Figure 11-4.

Select Oplions:

T AM_FM_Radio I Casselte I Singke CD

™ Muli CD

I Power Windows | T Power Locks ™ Air Condiioning
™ Rear Air Cond I Tik Steering T Powveer Steenng
" ABS I Cruise Control

™ Cverhead Console | T Extended Calb ™ Sun Roof

™ Maon Rool I Alloy Wheels I Raof Rack

I~ Tow Package I Four Wheal Driva

™ Banch Seat I Bucket Seats I© Fower Seats

™ Child Seat I Leather Seats

Jither options I

Chick heee fo procaed |

Figure 11-4: Data entry form using check boxes

As you can see, a single free-form text field supports the check boxes, as shown in Figure 11-4. Again,
the rationale for this approach is to minimize data-entry errors. The check boxes map to boolean
variables that are quick and easy to search. Assuming that most of the popular options are covered by
the check boxes, the free-form text entries can simply be ignored for search purposes.

Table 11-4 shows a simplified subset of the table completed using the HTML form of Figure 11-5. The
most significant column in Table 11-4 is the Li st column, which is used to provide a summary of the
items in the table for display purposes. The data for this column is synthesized when the table is
updated by creating a string from all the data-entry field names, plus the contents of the "Other options”
field.
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Vehicle Search

Baody Style Comsertble ¥ | Comventible, Cowpe, SLV. . )
hlake: Aty -
Model Arry =
el Arry vl
Engine ldu'“,-—:l { 6 cytindev, Dupsad, )
Transmission [ =] { Atamalic, 5 Speed |, )
Color [fey B
Location li { Your i codw )
Price Rangsa Arty ¥

Eech I

Figure 11-5: Database searches are performed using an HTML Search Form

Table 11-4: Part of Options Table

Tow_Bar 4WD Other List
0 0 AM/FM Radio, Cassette, Moon roof, Power
windows
0 1 Entertainment AM/FM Radio, CD Changer, Moon roof
center
1 0 AM/FM Radio, CD, Power locks,Power
windows

Tables used for photos and text objects

The tables discussed up to this point are structured so that they are easy to search. Support for easy
searching has been carried through to the HTML forms used to populate the tables. The database
includes the following additional tables that are not searchable:

= Photos, which contains member photos as blobs

= BodyText, which contains free-form text

These tables are also accessed using the MemberID. The Photos Table uses MemberID as a foreign
key, because the primary key is the PhotolD. The Photos Table is interesting primarily because it stores
the photos as blobs. These require special handling, since they are accessed as streams or byte arrays
using pointers known in SQL terminology as locators. Uploading photos from a browser is also an
interesting topic, since it involves special handling not included in the basic HTML form support that the
servlet object provides.

Cross-
Reference Chapter 14 explains how to use a servlet to upload images from a browser

page and store them in a database as blobs.
Once the data has been stored in the database, it is accessible to members via a search form. The
search capabilities of the Web site are discussed in the next section.

Searching the Database

Searches of the database are carried out using the search form illustrated in Figure 11-5. Notice the
similarities between the search form and the data entry form of Figure 11-3.

The results of a search are presented in summary form, showing several database item summaries per
page. Each summary item includes a thumbnail image that is downloaded from the database using a
servlet. The general appearance of a summary is shown in Figure 11-6.
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Foursd 17 vahigies matching query Papa 2ol &

1896 Honda Civic EX

Fied Coups with mooa-roof. 110000 mikes. AMFM
Cassele Ar Conditicning. Moon Roof

+ Powed roof v CruiSa comnired
& Poweer windows s Frontwhes| &ve

2000 Mitsubishi Montero

Gognidi WEtsubishi Mombeno SUV, 17 000 miles, AN
CD Changer Entertanment cerfer. Air Condiorang

» Paild Fool o CHESE CorEal
s Pover windows « Front wheed direa
1999 GM Sonoma

Rad G Sondma pickup. 22000 miles. AMFM
Casselte. CO. Air Condbonng

= Poadd windows + Frong whs drive
o Cruise control

[Prwe] e

Figure 11-6: The Summary pages provide summaries of several of the items in the database.

From a summary page, the user is able to click the thumbnail image and select a more detailed page.
The detailed page is actually retrieved as XML and processed with an XSL stylesheet on the server to

create the detail page, a sample of which is shown in Figure 11-7.

» AMFW Cassete
e Air Conditioning

1586 Honda Civic EX

Red coupe with moanroof, 110,000 miles

s Power doors » Cruise control
« Powerwindows |« Frontwheel dove
w Powvesr roof

Ernail offar or describe proposed axchange

Click hara 1o sand

Figure 11-7: The detail page displays a larger image and additional information.

The XML approach to creating the detail page is selected primarily to illustrate the use of an updateable
ResultSet, which is displayed either as the profile shown previously or as a preloaded XML form ready
for editing. Generating the two completely different display formats from the same XML document is
made possible using XSLT to transform the XML into different HTML documents.
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Database-Driven E-mail

The detail page includes a text area that allows the user to send an e-mail to the owner of the vehicle.
E-mails are handled through a JavaMail application, which obtains the sender and recipient information
from the database and forwards the message.

The final chapter of Part Ill of this book illustrates the use of JDBC with the JavaMail API. The
combination of JDBC and JavaMail lets you send e-mails to members automatically. It also allows you
to receive e-mails and save them directly to a database.

Summary

This chapter provides an overview of the design of a three-tier, database-driven Web site application.
The object of the chapter is to review practical aspects of the application in terms of the way the
database tables relate to the pages the user views. In addition, the chapter looks at the following topics:
= Using primary and foreign keys

= Using indexes for better performance

Chapter 12 discusses Java servlets and JSP pages and how to use them to handle HTML forms.
Subsequent chapters expand this base to discuss much of the JDBC Extension API.
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Chapter 12: Using JDBC DataSources with Servlets
and Java Server Pages

In This Chapter

Servlets and Java Server Pages (JSP) extend the power of Java technology to server-side applications.
They are Java technology's answer to CGI programming, for they enable the developer to build dynamic
Web pages combining user input with information from corporate data sources.

Server-side Java offers significant improvements in efficiency over the traditional Perl CGI, where a new
process is started for each HTTP request, since the overhead of starting the process can dominate the
execution time of the CGI program. With servlets and JSP applications, each request is handled by a
lightweight Java thread, in a Java Virtual Machine that stays up all the time, rather than as a
heavyweight operating system process.

Another major advantage of Java servlets and JSP pages is, of course, that they allow you to use a
single development language across an entire application. You can write applications for an Apache
server running on a Solaris platform but can do all your development and checkout under Linux or any
other OS that supports Java.

This chapter provides a brief introduction to using servlets and JSP to create dynamic Web pages.
These Web pages are driven by a membership database, accessed using the Dat aSour ce object.

Using JDBC DataSources

Database Connecti ons obtained using the Dat aSour ce interface, introduced in the JDBC 2.0
Standard Extension API, offer the user considerably more capability than the basic Connecti on
objects that the Dri ver Manager provides; Dat aSour ce objects can support connection pooling and
distributed transactions. These features make Dat aSour ce objects the preferred means of getting a
Connect i on to any source of data. This source can be anything from a relational database to a
spreadsheet or a file in tabular format.

There are three types of standard Dat aSour ce objects, each of which offers unique advantages:
= The basic Dat aSour ce that produces standard Connect i on objects just like those the
Dri ver Manager produces
= A Pool edDat aSour ce that supports connection pooling. Pooled connections are returned to a

pool for reuse by another transaction.
= A Di stri but edDat aSour ce that supports distributed transactions accessing two or more

DBMS servers.

With connection pooling, connections can be used over and over again, avoiding the overhead of
creating a new connection for every database access. Reusing connections in this way can improve
performance dramatically, since the overhead involved in creating new connections is substantial.

Distributed transactions involve tables on more than one database server. When a Dat aSour ce is
implemented to support distributed transactions, it is almost always implemented to produce
connections that are pooled as well.

A Dat aSour ce object is normally registered with a INDI naming service. JNDI naming services are
analogous to a file directory that allows you to find and work with files by name. This means that an
application can retrieve a Dat aSour ce object by name from the naming service in a manner
independent of the system configuration.

Preparatory to discussing the use of JDBC Dat aSour ce objects in a Web application, the next section
gives a brief introduction to Java servlets.
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Using Servlets to Create Dynamic Web Pages

Servlets are Java classes that run in a servlet engine and receive and service client requests. Although

they are not tied to a specific protocol, the most common use of servlets is to create dynamic Web

pages. An online catalog is a classic example of a dynamic Web application. Requests from a client can

be received by a servlet that gets the data from a database, formats it, and returns it to the client.

Note

The Tomcat servlet engine, from htt p: //j akart a. apache. org/tonctat/ is used in
all the examples in this book. Tomcat was chosen because it is the servlet container
used in the official reference implementation for the Java Servlet and Java Server
Pages technologies. Commercial servlet containers such as JRun should work just as
well.

Creating a Simple Servlet

Servlets are created by implementing j avax. servl et. Servl et. All servlets implement this interface.
Servlets are typically created by extending j avax. servl et. Generi cSer vl et, which implements the
servlet interface, or by extending j avax. servl et. http. Htt pServl et, which is the base class for
servlets that service HTTP requests.

The servlet interface defines so called life-cycle methods, which are called by the servlet engine to
handle the major-life cycle tasks. These life-cycle tasks are initialization, client request service,
destruction, and garbage collection.

Much of the work a servlet does is handled in the client request service methods. These are the two
most important client request service methods of the Ht t pSer vl et class:

= doCet , which must be overridden to support HTTP GET requests

= doPost , which must be overridden to support HTTP POST requests

CET and POST are the CGI methods used to transfer request parameters to the server. The primary

difference between the two is that the parameters in the GET request are appended to the host URL,
whereas the parameters in the POST request are passed separately.

Another important reason for using the POST method is that it can transfer more data than the GET
method . The maximum length of the parameters in a GET request is specified as 256 characters.

Typical uses for HTTP servlets include the following:

] Processing and/or storing data an HTML form submits

= Creating dynamic Web pages

= Managing state information for applications such as an online shopping cart

Servlets offer many advantages over traditional CGI scripts and are the backbone of today's application
servers. In spite of their power, however, they are relatively easy to write and deploy, as the simple
"Hello World" example of Listing 12-1 demonstrates.

Listing 12-1: A simple servlet

i mport java.io.*;
i mport javax.servlet.*;
i mport javax.servlet.http.*;

public class HelloServlet extends HttpServlet{
protected void doGet (HttpServl et Request req, Ht pServl et Response resp)
throws Servl et Exception, | OException

{
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resp. set Content Type("text/htm ");

PrintWiter out = resp.getWiter();
out.println("<HTM.>");

out. println("<HEAD><TI TLE>Hel | 0 Ser vl et </ Tl TLE></ HEAD>") ;
out. println("<BODY><Hl1>Hel | o Servlet Worl d</Hl></BODY>");
out.println("</HTM.>");

out.close();

}

The next section expands on the basic example of Listing 12-1 to create a simple Login servlet.

Creating and Deploying a Login Servlet

As mentioned in Chapter 11, the examples in Part Il of this book are geared toward building a simple
membership Web site. The Web site in the examples is based on SQL Server, using the Opta2000
JDBC driver. The Opta2000 driver is an excellent example of an efficient, modern, pure Java driver.

One reason for choosing the Opta2000 driver is to illustrate the use of a different driver, since most of
the sample code in Part 1l uses the JDBC-ODBC bridge. A more practical consideration is that the
JDBC-ODBC bridge is slow compared with Opta2000 and other commercial drivers. As | point out in

Part 1, and illustrate in Chapter 10, JDBC does such a great job of supporting different RDBMS systems
and drivers that using a different driver or database involves only a couple of minor changes in the code.

The HTTP server used in the examples is Apache, currently the most widely used and one of the
easiest to install. The servlet engine is Apache Tomcat; it has been chosen by Sun as the reference
implementation, it works well, and both Apache and Tomcat are available as free downloads from the
Apache Software Foundation at ht t p: / / ww. apache. or g/ . Like Tomcat, Apache can be installed
on Linux, Windows, and most other major platforms.

Cross-

Reference Installation and setup of Apache and Tomcat are covered in Appendix 2.

Implementing a Membership Web Site

The first step in implementing a membership Web site, obviously, is handling member logins. The Web-
site design discussed in Chapter 11 calls for a dedicated table for user names and passwords. The
design of this table is extremely simple, as shown in Table 12-1.

Table 12-1: Login Table Containing Usernames and Passwords

UserName Password MemberlID
garfield lasagna 1
snoopy peanuts 2
batman robin 3

When the table is created, the UserName column is defined as the primary key, because this column is
used in a WHERE clause when a member logs in. The Password column is a simple VARCHAR field,
used only for validation. The MemberID column is important because all the other tables containing
member information use a MemberlID column as their primary key to facilitate looking up member
information in other tables. MemberID is defined with the IDENTITY constraint so that the DBMS
automatically assigns a new, unigue number to the field. The SQL CREATE statement used to create
this table is shown below:

CREATE TABLE LOG N(
User Name VARCHAR(20) PRI MARY KEY,
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Passwor d VARCHAR(20) NOT NULL,
Menber I D i nt | DENTI TY);

Notice that the UserName column has been defined as the primary key but not as a clustered key,
because the physical layout of a SQL Server database is ordered on the clustered key, if assigned. This
means that if a new member is added with a clustered key value within the current range of clustered
key values, as might easily be the case, the entire table will be reshuffled to reflect the change. This
clearly has an adverse impact on performance if you sign up a lot of new members.

The importance of the MemberID column is easiest to understand when you consider a situation where
you have to access member information from another table. When the user logs in, the first thing you do
is look up his UserName and password in the Login Table. This lookup also returns the MemberID,
which can be used to look up any other data you may need. Table 12-2 illustrates a member name and
address table that can be indexed by MemberID for rapid access.

Table 12-2: Member Name and Address Table

Memberl FNAM LNAME STREE CIT S ZIP EMAIL

D E T Y T

1 Giorgio Corleon 123 NY N 1000 gcorleone@hotmail.co
e Main St Y 2 m

Creating the Login Page

The user interface between the member and the database is based on the use of HTML forms.
Members log in to the Web site by using a simple HTML form. The screen shot of Figure 12-1 shows
the HTML form in an Opera browser window. The HTML for the login form is shown in Listing 12-2.

o fF W E
Febosd  Home Mokt Pred Fiter
| O3 Mermber Ligin i D0 Newpage
ifF O & [riip rrdbekis o w] o] | =] Seach | [illid =]
Please log in: =
Teernase:
Password:
||

Figure 12-1: HTML login form displayeTj in the Opera browser

Listing 12-2: Using HTML to create a basic login form

<htm >

<head>

<title>Menber Login</title>

</ head>

<body bgcol or="#c0c0c0" >

<f orm met hod="POST" action="servl et/ Logi nServlet">

<t abl e>

<tr>

<td col span=2>
<h3>Pl ease | og in:</h3>
</td>
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</tr>

<tr>
<t d>
User namne:
</td>
<t d>

<i nput type="text" name="username"><br>
</td>
</[tr>
<tr>
<td>
Passwor d:
</td>
<td>
<i nput type="password" name="password"><br>
</td>
</tr>
<tr>
<td col span=2>&nbsp; </t d>
</tr>
<tr>
<t d>
<i nput type="submt" val ue="SUBM T" name="subnitButton">
</td>
</[tr>
</tabl e>
</ fornp
</ body>
</htm >

As you can see from Listing 12-2, the act i on method uses the POST method to call the LoginServlet.
The two input fields UserName and Password are passed as parameters to the servlet. The GET
method can work just as well and is, in fact, implemented in the servlet code. POST is normally preferred
because it offers more flexibility. The code for the servlet itself is shown in the next section.

Creating the Servlet

The login servlet is not much more complex than the simple "Hello World" example of Listing 12-1. In
this more practical example, the base class methods that need to be overridden are as follows:

init()
doPost ()
doCet ()

The code of Listing 12-3 shows the use of the i nit () method to load the JDBC driver. The

doCet () and doPost () methods are overridden to handle the user request. The wri t ePage()
method simply exists to separate HTML output from JDBC code.
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Listing 12-3: Login servlet

i mport java.io.*;

i mport java.sql.*;

i mport javax.sqgl.*;

i mport javax.servlet.*;

i mport javax.servlet.http.*;

public class Dat aSourcelLogi nServl et extends HttpServl et
private static String dbUserNane = "sa";

private static String dbPassword = "dba";

private Connection con = null;
private DataSource ds = null;

public void init(ServletConfig config) throws Servl et Exception{
super.init(config);
try{
Cl ass. forName("com i net. pool . Pool Dri ver").new nstance();
cominet.tds. TdsDat aSource tds = new comi net.tds. TdsDat aSource();
tds. set Server Narme( "JUPI TER" );
t ds. set Dat abaseNanme( " MEMBERS" );
tds. set User ( dbUser Nanme );
tds. set Passwor d( dbPassword );
ds = tds;
}
cat ch(Exception e){
Systemerr.println(e.getMessage());

}
public void doGet (HttpServl et Request request, HttpServl et Response response)

throws Servl et Exception, | OException
{

doPost (request, response) ;

}

public void doPost (Htt pServl et Request request, HttpServl et Response
response)

t hrows Servl et Exception, | OException

{
response. set Cont ent Type("text/htm");
PrintWiter out = new PrintWiter(response.getWiter());

int id=-1;
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String menberPwd = nul | ;
String user Name

request. get Par anet er ("user nane");

String password request. get Paranet er (" password");

try {
Connection con = ds. get Connecti on(dbUser Nane, dbPasswor d) ;

St at ement stmt;

ResultSet rs = nul|;

String SQLQuery = "SELECT * FROM LOGd N WHERE User Nanme =

""+user Name+"';";
stm = con.createStatenent();
rs = stm.executeQuery(SQ.Qery);
while(rs.next()){
id =rs.getlnt("MenberlD");
menber Pwd = rs. getString("Password");
}
con. close();
}cat ch( SQLException e){
Systemerr.println(e.get Message());
}
Request Di spat cher di spatcher = null;
if(id==-1){
di spat cher =
get Ser vl et Cont ext (). get Request Di spat cher ("/j dbc/ Newivenber. htm ") ;
}telse if(!nmenber Pwd. equal s(password)) {

di spat cher =
get Ser vl et Cont ext (). get Request Di spatcher ("/j dbc/ BadPassword. htm ") ;
}el sef
di spat cher =
get Ser vl et Cont ext (). get Request Di spat cher ("/j dbc/ Wel coneBack. htm ") ;
}
di spat cher. forward(request, response);

}

The login servlet works by getting the UserName and Password inputs from the

Ht t pSer vl et Request object and plugging the UserName into a simple SQL query. The query
returns matching rows from the LOGIN table. A series of simple checks on the returned values is used
to create the appropriate response to the user.

JDBC initialization is performed in the i ni t () method. In this example, the Opta2000 driver is being
used, but you can substitute whichever driver you prefer by simply substituting the appropriate driver
name and URL into the appropriate String variables.
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Unlike the examples in Part Il, which use the "classic" JDBC Core API approach of getting a
Connecti on from the Dri ver Manager, this servlet illustrates the preferred way of getting a

connection, which is to use a j avax. sql . Dat aSour ce. You can, of course, use the Dri ver Manager
instead.

Cross-
Reference The j avax. sql . Dat aSour ce is discussed in Chapter 4and is used

throughout the examples in Part 11l of this book.

Notice that, in addition to the doPost () method, the doGet () method has been minimally
implemented with a simple call to doPost () . The main reason for doing this is to make it easier to
check out the servlet from a browser by simply typing the entire GET string into the browser's address
window. Here's an example:

http://jdbc.j-
machi nes. coni servl et/ Logi nSer vl et ?User Nane=OneFi sh&Passwor d=TwoFi sh

The Resul t Set the SQL query returns is used to determine whether a MemberID has been assigned
to this UserName. If not, the servlet forwards the user to the new member sign up page. Similarly, if the
UserName is recognized but the password is bad, the user is forwarded to a page that lets the user
retry or request that the password be e-mailed. If the UserName and password are found in the
database, the user is forwarded to the welcome page.

Forwarding is handled using a j avax. ser vl et .Request Di spat cher object. To geta

Request Di spat cher, use the Ser vl et Cont ext object's get Request Di spat cher () method,
passing it the desired URL as an argument. Notice the format of this argument: a slash ("/") followed by
the relative path, ending with the name of the resource. This is very important to remember, since, as
soon as you call the servlet, you move from the HTTP server's environment, which may be a virtual
host's root directory under Apache, to the servlet environment, which will probably be somewhere under
Tomcat's root directory.

You should use forwarding when the servlet's job is done and the next page is logically decoupled from

the servlet's functions to such an extent that another resource can handle it. Remember, however, that

if you have already written any output from the servlet, using a Ser vl et Qut put St r eamor a

Print Witer,youcan'tuse the Request Di spat cher . f or war d method; it will throw an

Il egal St at eExcepti on. In this case, you can use the Request Di spat cher. i ncl ude() method
instead.

Deployment

To deploy the login servlet, you have to put the class file into the appropriate directory. This is the usual
path for a simple Tomcat installation:

TOMCAT/ VEBAPPS/ ROOT/ VEEB- | NF/ CLASSES

Tomcat maintains a configuration file that defines URL mappings, so that the / servl et/ pathis
mapped to this directory. You can set up your own mappings as needed by editing this file.

To use the Opta2000 driver, you need to put the Opt a2000. j ar into a suitable directory and modify
Tomcat's class path in the t ontat . properti es file in the Tontat / conf directory. In this example,
the . j ar file is saved in the /| i b directory, and Tomcat's class path is modified by adding this line in
the t ontat. properti es file:

wr apper . cl asspat h=Ii b/ Opt a2000. j ar

To make the use of servlets even easier, Sun came up with the idea of Java Server Pages, or JSPs. A
brief introduction to JSPs is given in the next section.

Using Java Server Pages
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The login servlet example in Listing 12-3 shows how easy it is to write and deploy Java server-side
applications using JDBC. There is also an even easier way — you can use Java Server Pages.

Java Server Pages provide a means of using Java code within an HTML page. Simply write the static
HTML parts of the page in the normal way, and embed the Java code inside special tags. The Java is
executed in the JSP engine, and the result is sent to the client as HTML.
Note
Java Server Pages are not limited to generating HTML. JSP technology is also a great
way of generating XML, as you will see in Part IV.

You can use these four main types of elements in constructing a Java Server Page:
= Markup language elements, which, in the case of a Web page, are HTML

= Scripting elements, which let you specify a block of Java code

. JSP directives, which control the JSP structure and environment

] Actions, which let you specify execute commands such as loading a parameter

A special type of tag identifies the JSP-specific elements so that they are not confused with markup
language tags. These tags take one of the two following forms:

" <% %

= <jsp: />

Although Java Server Pages offer a lot of advantages over basic servlets, they actually build on servlet
technology. The JSP engine compiles the JSP to a servlet the first time the page is requested, though
there are various ways of forcing the compile to ensure that the first real user doesn't see any delay due
to the translation. The simplest way to do this, of course, is to call the JSP page yourself to force a
compile.

The easiest way to demonstrate the advantages of Java Server Pages is to rework the login example to
use JSP. Since the JSP engine can serve static HTML as easily as dynamic HTML, even the login form
can be turned into a JSP page. The login form shown in Listing 12-4 is basically the same form shown
in Listing 12-1. All that is required to make it a JSP page is to save it where the JSP engine can find it
and name it Logi nForm j sp.

Listing 12-4: A login form using JSP

<htm >
<head>
<title>Menber Login</title></head>
<body bgcol or="#c0c0c0" >
<f or m met hod="POST" acti on="ProcessLogin.jsp">
<t abl e>
<tr>
<td col span=2><h3>Pl ease | og in: </ h3></td>
</[tr>
<tr>
<td>User name: </td>
<td><i nput type="text" nanme="usernane"></td>
</[tr>
<tr>
<t d>Passwor d: </t d>
<t d><i nput type="password" nane="password"></td>
</tr>

<tr><td col span=2></td></tr>
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<tr>
<td></td>
<t d><i nput type="submt" val ue="SUBM T" nanme="subnitButton"></td>
</tr>
</ fornp
</ body>
</htm >

The only significant difference between | ogi n. ht M and Logi nFor m j sp is that the action parameter
has been changed to pointto ProcessLogi n.j sp. The UserName and Password parameters are
passed to the new action method just as they are to LoginServlet.

A simple JSP page that picks up the HTTP request parameters and echoes them to the client is shown
in Listing 12-5. The example illustrates how you can combine HTML and embedded Java in a single
JSP page using a number of JSP-specific tags:

] <% %> delimiters for in-line Java scriptlets

] <%-expressi on % output the evaluated value of the expression

] <%@ page % directive defining page properties

Listing 12-5: Using a JSP page to display CGI parameters

<HTM.>

<HEAD>

<Tl TLE>

Di spl ay Login Paraneters

</ Tl TLE>

</ HEAD>

<BODY>

<%@ page | anguage="j ava" %

<%
String user Name=r equest . get Paranet er ("user nanme");
String password=request. get Paraneter("password");

%>

User Nane = <% user Name%<p/ >
Password = <%password%<p/ >
</ BODY>

</ HTML>

This example can be extended by including the SQL query code used in the JDBC servlet example of
Listing 12-3. This approach combines both the JDBC code and the HTML generation, emulating the
behavior of the original servlet example. However, writing the JSP page this way is messy, since it
combines Java and HTML in a single page.

A much better way to structure the JSP page is to encapsulate the JDBC logic in a JavaBean, which
acts as the model in a model-view-controller (MVC) structure. The view is provided by a JSP page,
using the <j sp: f orwar d / > directive. The action method of the Logi nFor m j sp calls a controller
JSP, which loads the bean, passes it the request parameters, and forwards the user to the appropriate
view JSP, depending on the results of the SQL the JavaBean executes.

Before implementing the MVC approach to handling the login form, it is worth reviewing the use of
JavaBeans with JSP pages. The next few paragraphs give a brief overview.
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Using JavaBeans with Java Server Pages

One of the most useful features of Java Server Pages is that JSP directly supports the use of
JavaBeans through the <j sp: useBean> tag. Java Beans, as you probably know, are Java classes that
can be loaded by name and otherwise conform to a specific set of rules. These rules include the
following:
= Being a public class: public class JavaBean
= Having a public, no argument constructor: public JavaBean ()
= Using private data fields only: private St ri ng message
= Providing public, no-argument access methods for its private data fields:

" public get Message()

. public set Message(String message)
= Supporting introspection — the ability of an external class to query a bean for its behavior.

A big advantage of using JavaBeans in JSP applications is that they allow you to implement the logic of
the JSP page as a separate Java class and "plug it in." This approach offers these significant
advantages:

. Separation of content from logic

. Reusable plug-in components for common tasks

When they are used with Java Server Pages, JavaBeans have two primary functions. They can be used
as logic blocks, where their primary purpose is to separate logic from display, and as storage classes,
where their primary purpose is data storage.

Loading by Name: the <jsp:useBean> tag

The ability to load and execute a JavaBean by name is the real key to using JavaBeans as pluggable
components. Since the JavaBean is linked into the JSP at runtime rather than at compile time, the JSP
can be edited and updated separately from the business logic in the JavaBean.

To call a Java Bean from a JSP, simply write this:
<j sp: useBean i d="Test Bean" cl ass="java_database_bhi bl e. Test Bean"/ >

The <j sp: useBean> element has a number of attributes. Of these, the most commonly used are the

following:
= i d="beanl nst anceName". The id attribute assigns a local name to the JavaBean for

references within the JSP page. The i d is case sensitive and must be used consistently throughout

the scope of the bean.
= scope="page | request | session | application". The scope attribute defines the

scope in which the bean exists and the in which variable named in i d is available. The default
value is page.

= cl ass="package. cl ass". The cl ass attribute defines the JavaBean class to load if the
JavaBean with the specified i d has not already been loaded in the defined scope. The new bean is
instantiated using the new keyword and the class constructor.

Note
The <j sp: useBean> tag first looks for the bean instance with the specified name and

instantiates a new one only if it cannot find the bean instance within the specified scope.
If the bean has already been created by another <j sp: useBean> element, the value of
i d must match the value of id used in the original <j sp: useBean> element.

Scope

Once a JavaBean has been loaded, it can be accessed from various parts of your application,
depending on its scope. In other words, the scope of a JavaBean defines that part of your application
that can access the bean. The default value is page scope. The meanings of the different scopes are

as follows:
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= page scope — The bean is accessible within the JSP page with the <jsp:useBean> element or
any of the page's static include files until the page sends a response to the client or forwards a
request to another file.
= request scope — The bean is accessible from any JSP page processing the same request until a
JSP page sends a response to the client or forwards the request to another file.
= session scope — The bean is accessible from any JSP page in the same session as the JSP
page that creates the bean. The bean exists across the entire session, and any page that
participates in the session can use it. The page in which you create the bean must have a <% @
page %> directive with session=true.
= application — The bean is accessible from any JSP page in the same application as the JSP
page that creates the bean. The bean exists across an entire JSP application, and any page in the
application can use the bean.
Caution
When using the <jsp:useBean> tag, the closing "/" at the end of the tag is very
important. If you forget the "/*, the tag will work, but it will work unpredictably. For
example, | have spent hours trying to find what | thought was a scope problem
before noticing that | had lost the closing slash in one of a number of JSP pages
using the bean.

Properties: the <jsp:getProperty> and <jsp:setProperty>tags

JavaBean properties are private data fields that can be accessed through predefined "accessor"
methods or getter and setter methods. Property getter and setter method names follow specific rules
called design patterns. By using these design pattern-based method names, JSP pages can access a
JavaBean's properties through these directiwes:

<j sp: set Property name="Test Bean" property="service" value="I|ogin"/>
<j sp: set Property nanme="Test Bean" property="usernane"

val ue=' <%r equest . get Paranet er ("user nanme") %'/ >

<j sp: set Property nanme="Test Bean" property="password"/>

<j sp: get Property name="Test Bean" property="nessage"/>

Notice the different ways in which you can set the value of a JavaBean parameter. The first example
shows how you can set the parameter using a static value. The second shows the use of an evaluation
expression to set the value. In the third case, the value is set implicitly to the value of the same name in
the CGI query parameters. A fourth variant is discussed later in this chapter, under the heading
"Introspection.”

Using JavaBeans, you can get away from using in-line Java code completely. Simply code the logic as
a JavaBean, and load the JavaBean by name, using the j sp: get Property and j sp: set Property
tags to access its properties.

Using <jsp:setProperty> for initialization

Recall that the JSP engine only loads a new instance of the bean if it can't find an existing instance in
scope. This means you can use a bean as a storage container that keeps track of the application's data
anywhere within its scope. This raises the question of how the bean is initialized. The answer is to nest
the initialization inside the <jsp:useBean> element itself, as shown here:

<j sp: useBean i d="Test Bean" cl ass="JavaDat abaseBi bl e. Test Bean"/ >
<j sp: set Property name="Test Bean" property="nessage" val ue="goodbye"/>
</jsp: useBean>

Any <jsp:setProperty> elements nested within the <jsp:useBean> element are executed only when the
bean is first loaded and run. These nested elements are not executed if the bean is found within the
current scope. The idea here is that the first time the bean is used, it is initialized; in subsequent
references; however, it is assumed that you actually want the data stored in the bean by earlier
references.
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Introspection

Introspection refers to the ability to look inside a JavaBean and identify the methods available to the
user. For example, introspection allows the JSP engine to look at the JavaBean properties that can be
set from the JSP page. This means that the JSP engine can handle most of the details of setting
properties automatically, as shown here:

<j sp:setProperty name=" TestBean" property="*"/>

Using the "*" wildcard as the value of the property attribute in a <j sp: set Pr opert y> tag tells the JSP
engine to use introspection to identify the JavaBean's properties and match them by name with the
parameters the form passes. This approach is illustrated in Listing 12-6.

Listing 12-6: Using a JSP with the <jsp:useBean/> tag

<htnm >

<head>

<title>ParaneterTestBean</title>

</ head>

<body>

<%@ page | anguage="j ava" %

<j sp: useBean i d="Par anet er Test Bean"

cl ass="JavabDat abaseBi bl e. ch12. Par anet er Test Bean"/ >

<j sp: set Property name="Par amet er Test Bean" property="*"/>

User Nane:

<j sp: get Property name="Par anet er Test Bean" property="username"/><p/ >
Passwor d:

<j sp: get Property name="Par anet er Test Bean" property="password"/>.
</ body>

</htm >

Much nicer, isn't it? Of course, if you don't have a one-to-one match between the parameter names and
the bean properties, you can always resort to mapping them by hand. Incidentally, this technique also
works for saving values from radio buttons, where the JavaBean property is set to the selected radio-
button value.

You can test the use of JSP and JavaBeans using the simple JavaBean of Listing 12-7. This is the
JavaBean originally used with the JSP code of Listing 12-6.

Listing 12-7: Simple JavaBean illustrating getter and setter methods

package JavaDat abaseBi bl e. ch12;

public class ParaneterTest Bean extends java.l ang. Obj ect{
protected String usernane;
protected String password,

publ i ¢ Paranet er Test Bean(){

}

public void setUsername(String usernamne)
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this. usernane = usernane;
}

public void setPassword(String password){
this. password = password,;
}

public String getUsernane(){

return usernane;
}

public String getPassword(){

return password;

}
}

If you are working with checkboxes, where you specify the same name, but different values for each
checkbox, the only difference is that you must specify the JavaBean property as a String array.
Unfortunately, you can't get String-array values as easily. The solution in this case is to use a scriptlet,
as shown here:

<%
String[] checkBoxes = fornmHandl er. get CheckBoxes();
for(int i=0;i< checkBoxes.|ength;i++){
if(i>0)out.print(",");
out.print(" "+ checkBoxes [i]);

}

%
Using built-in JSP objects in a JavaBean
The JSP API provides access to a range of useful information about the client and about the JSP's

context through a set of built-in, implicit objects. The javax.servlet.jsp.PageContext object is the general
point of access for most of the built-in JSP objects. These objects are as follows:

= request
=  response
= out

" session

= application

= pageContext
. page

. exception

request

The request object encapsulates the current request from the browser. The servlet container creates a
Ser vl et Request object and passes it to the servlet's service method. A Ser vl et Request object

provides such data as parameter name and values, attributes, and an input stream. Useful request
object methods include the following:

- get QueryString()

= get Header (Stri ng header Nane)

= get Cooki es()

response

The Ser vl et Response object is designed to assist a servlet in sending a response to the client. The
servlet container creates a Ser vl et Response object and passes it to the servlet's service method.
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The Ser vl et Response object allows you to set response parameters such as content type. You can
also get an OutputStream from the response object for binary writes.

out

The out object is the instance of JspWriter used to write output to the client. The ability to access the
JspWriter directly allows you to send output directly from a scriptlet.

session

The session object is an instance of HttpSession. It encapsulates session information in the form of
objects that can be written and read by beans or JSP pages within the session scope.

application
The application object is an instance of the ServletContext object.
pageContext

The pageContext object is the general point of access for most of the built-in objects; for example, to get
the session object, you can call:

Ht t pSessi on sessi on = pageCont ext. get Sessi on();

page

The page object is a reference to the current page.

exception

The exception object is used by an error page to access the exception that causes the error page to be

displayed.

Automatic Type Conversion

Clearly, when you create a JavaBean, you may want to use property variables of various types, such as
i nt egers and doubl es. The values of the request parameters sent from the client to the server are
always of type St ri ng. These values are converted to other data types automatically, using the
appropriate val ueOf (Stri ng) expression.

val ueOf (String)

JSP's automatic type conversion uses the methods listed in Table 12-2 to perform conversions.
Table 12-2: Automatic Type Conversions Supported by JSP

Data Type Conversion Method

boolean or Boolean java.lang.Boolean.valueOf(String)
byte or Byte java.lang.Byte.valueOf(String)

char or Character, java.lang.Character.valueOf(String)
int or Integer java.lang.Integer.valueOf(String)
double or Double java.lang.Double.valueOf(String)
integer or Integer java.lang.Integer.valueOf(String)
float or Float java.lang.Float.valueOf(String)

long or Long java.lang.Long.valueOf(String)
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Creating and Deploying a JDBC LoginBean

The simple example of Listings 12-6 and 12-7 provide the basics of a JSP-based and JavaBean-based
login form handler. Using the Logi nFor m j sp of Listing 12-4, the user enters his or her name and

password and clicks the Submit button to call ProcessLogi n. j sp.

ProcesslLogi n. j sp is an extended version of the JSP page illustrated in Listing 12-6. These are the
main differences:

= ProcesslLogi n. j sp has no HTML content. It acts as a pure controller.

= A <jsp:forward /> tag is used to display the view portion of the MVC structure.

Like the JSP page illustrated in Listing 12-6, the ProcessLogi n. j sp relies on a JavaBean to handle
the business logic. In this instance, the bean incorporates the JDBC code illustrated in the servlet
example of Listing 12-3.

Since the functionality of the Pr ocessLogi n. j sp page is reduced to launching the JavaBean and
interpreting the response, the resulting MVC controller is simple and easily understood. All it does is
accept the form inputs, pass them to the LoginBean, and select one of three pages to forward the user
to, depending on his or her login status. The resulting JSP code is shown in Listing 12-8.

Listing 12-8: ProcessLogin.jsp

<%@ page | anguage="j ava" %

<j sp: useBean i d="Logi nBean" cl ass="JavaDat abaseBi bl e. ch12. Logi nBean"/ >
<j sp: set Property name="Logi nBean" property="*"/>

<%

String status = Logi nBean. validate();

String nextPage = "Menber Wel cone.jsp”;

i f(status. equal s("New Menmber")) nextPage = "NewMenmber Form j sp”;

i f(status. equal s("Bad Password")) nextPage = "BadPasswordForm jsp";

%

<j sp: forward page="<%next Page%"/>

Like the servlet example of Listing 12-3, the JSP version uses page forwarding. In Java Server Pages,
this function is implemented by the <j sp: f or war d/ > tag.

The LoginBean is also relatively simple. Unlike the servlet, which incorporates a certain amount of
HTML generation and other overhead, the LoginBean is simply a logic block. Setup is handled when the
bean is instantiated, and the JSP page sets username and password. Listing 12-9 shows the simplicity
of the LoginBean.

Listing 12-9: LoginBean

package JavaDat abaseBi bl e. ch12;
i mport java.sql.*;

i mport javax.sql.*;

i mport javax.servlet.*;

i mport javax.servlet.http.*;

public class Logi nBean extends java.l ang. Obj ect{
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1
7]
Q

private static String dbUser Name

private static String dbPassword "dba"
private Connection con = null

protected String usernane;

protected String password;

publ i c Logi nBean(){

}

public void setUsername(String usernane)
this. usernane = usernane;

}

public void setPassword(String password){
this. password = password,

}

public String getUsernane(){
return usernane;

}

public String getPassword(){
return password;

}

public String validate(){
int id=-1;
String menber Pwd = nul | ;

try {
Cl ass. forName("com i net. pool . Pool Dri ver");
cominet.tds. TdsDat aSource tds = new comi net.tds. TdsDat aSource();
tds. set Server Narme( "JUPI TER" );
t ds. set Dat abaseNanme( " MEMBERS" );
tds. set User ( dbUser Nanme );
tds. set Passwor d( dbPassword );

Dat aSource ds = tds;

Connection con = ds. get Connecti on(dbUser Nane, dbPasswor d) ;
Statenment stnt;

ResultSet rs = null;

String SQLQuery = "SELECT * FROM LOd N WHERE User Nane = '" +
username + "';"; [/ for clarity

stm = con.createStatenent();

rs = stm.executeQuery(SQ.Qery);

while(rs.next()){
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id=rs.getlnt("MenberlD");
menber Pwd = rs. getString("Password");
}
con. cl ose();
stnt.close();

}cat ch( Cl assNot FoundExcepti on el){
Systemerr.println(el. get Message());
}cat ch( SQLException e2){
Systemerr.println(e2. get Message());
}
if(id==-1){
return "New Menber";
lelse if(!nmenber PWd. equal s(password)) {
return "Bad Password";
}el sef
return "Menber#" +i d;

Note

In order to use the "*" wildcard to set JavaBean properties from a JSP page, the
property names must match the variable names used in the HTML form. Property
names are case sensitive.

The LoginBean of Listing 12-9 returns a String indicating the user's login status. The three possible
return values are as follows:

] "New Member"
] "Bad Password"
] "Member#nnn"

The JSP page deals with each of these possible return values by forwarding the user to the appropriate
JSP page. In the case of a registered member, the user is simply forwarded to the welcome page of the
main site. Someone logging on with an unknown user name is considered a new member and is
forwarded to the Member Registration trail, discussed in the next chapter. If the user name is
recognized, but the password is not, the user is offered the option of retrying, signing on as a new
member, or having the correct password sent to his or her e-mail address.

Summary

This chapter gives you a look at the use of the JDBC Dat aSour ce object as a means of obtaining
database connections. Other topics covered include the following:

= Creating Dynamic Web Pages

= Using the Ht t pSer vl et object

. Implementing a Membership Web Site

. Using Java Server Pages

= Using JavaBeans with Java Server Pages

Chapter 13 covers creating and populating the basic membership database tables. The examples are
based on the use of Pr epar edSt at enent s and Cal | abl eSt at enent s.
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Chapter 13: Using PreparedStatements and
CallableStatements

In This Chapter

All of the discussions and examples up to this point have been about how to use the JDBC API to
execute SQL statements. The subject of what actually happens when the SQL statement is passed to
the DBMS has not been considered. The purpose of this chapter is to address two significant ways in
which you can improve the performance of a Java database application by improving the execution
performance of your SQL statements.

One of the main drawbacks of using the basic j ava. sql . St at enent is that every time the basic
St at enent object is executed, the SQL command is passed to the RDBMS, where it has to be parsed

and compiled before it can be executed. Most versions of SQL allow the user to define stored
procedures, which are, in effect, precompiled SQL statements or groups of statements. Stored
procedures, being precompiled, execute faster and more efficiently than statements that have to be
parsed and compiled each time they are used.

To eliminate the overhead of repeated parsing and compilation of the SQL command, JDBC provides
the user with two ways of using precompiled SQL statements: the Pr epar edSt at enent object and the
Cal | abl eSt at ement object. Using Pr epar edSt at enent s and Cal | abl eSt at ement s greatly
increases the efficiency of an application when a specific SQL command is executed frequently or
repeatedly, as is the case when handling forms for a Web site.

The three different flavors of the St at enent object are intended to be used in very different situations.
The first situation arises when you want to execute a statement just once. This is the ideal place to use
a basic java.sql.Statement. If you want to execute a SQL command repeatedly in a loop, and then
discard it, the best approach is to use a Pr epar edSt at enent , which is parsed, compiled and cached
temporarily by the RDBMS. Finally, if you have a statement or group of statements you want to execute
frequently, the Cal | abl eSt at enent is ideal, since it is compiled and stored permanently in the
RDBMS to be called by name when needed.

Creating and Using a PreparedStatement

The main difference between a basic St at ement object and a Pr epar edSt at ement object is that
when the Pr epar edSt at ement is used, the SQL command is sent to the DBMS when the

Pr epar edSt at ement is created, so that it can be precompiled and saved in a cache. This means that
when the Pr epar edSt at enment is executed, the database management system can run the

Pr epar edSt at emrent 's SQL statement without having to compile it first.

Using Pr epar edSt at enent s improves efficiency; when you execute the Pr epar edSt at enent , it is
once again parsed, but no recompile occurs. Instead, the precompiled statement is found in the cache

and is reused. For an application that requires the repeated execution of a SQL command in a loop, the
use of Prepar edSt at ement s can greatly improve the performance of the database.

Pr epar edSt at ement objects can be used for SQL statements with no parameters or for SQL
statements that take parameters. Pr epar edSt at ement s can contain placeholders for variables known
as IN parameters, which are set using setter methods. The JDBC Pr epar edSt at enent provides

set t er methods for all SQL data types.

Creating a PreparedStatement Object

Prepar edSt at ement s, like St at enent s, are created using a Connect i on. For example, you can
easily replace the St at ement object in the LoginBean developed in Listing 12-9 with a
Pr epar edSt at emrent, as shown in Listing 13-1.
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Listing 13-1: Using a PreparedStatement

Cl ass. forNanme("com i net. pool . Pool Driver");

cominet.tds. TdsDat aSource tds = new cominet.tds. TdsDat aSource();
tds. set Server Name( "JUPI TER" );

t ds. set Dat abaseName( " MEMBERS" );

tds. set User ( dbUser Nanme );

tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Name, dbPasswor d) ;

String SQLQuery = "SELECT * FROM LOd N WHERE User Nane = ?;";
PreparedSt at ement pstnt = con. prepareSt at enent (SQLQuery);
pstnt.setString(1, usernane);

ResultSet rs = pstnt.executeQuery();
while(rs.next()){
id =rs.getlnt("MenberlD");
menber Pwd = rs. get String("Password");
}

con. close();

The main difference between the Pr epar edSt at enent used in this example and the St at enent

object used in Chapter 12 lies in the form of the SQL command. In this example, a "?" is used as a
place holder for the variable UserName, which is set using the pst nt. set Stri ng() method. There

are corresponding setter methods in the Pr epar edSt at enent for all SQL data types.

You need to supply values to be used in place of all placeholders before you can execute a
Prepar edSt at ement . Once a Pr epar edSt at ement parameter has been set to a given value, it
retains that value until it is reset to another value or until the method cl ear Par anet er s is called.

Using PreparedStatement in a Loop

The real efficiency gain in using Pr epar edSt at ement objects occurs when you use them repeatedly
(for example, when you need to execute a SQL command in a loop). If you need to use the same SQL

command frequently from different instances of the Java class, a better alternative is the use of a
Cal | abl eSt at ement .

An example of using a Pr epar edSt at ement in a loop is shown in Listing 13-2. A simple f or loop sets
the parameters of the Pr epar edSt at ement from the Orders array. The data is then inserted into the
Ordered_Items Table, which is similar to the table of the same name used in the examples of Part Il.

Listing 13-2: Using a PreparedStatement in a loop

package JavaDat abaseBi bl e. chl3;

i mport java.sqgl.*;

i mport javax.sql.*;
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public class PStatenment {

private static String dbUser Nane
private static String dbPassword

"
o
o
g)-

public static void main(String args[]){
int[][] Oders = {{1001, 327, 2},
{1001, 412, 1},
{1001, 906, 5},
{1002, 111, 7},
{1002, 112,19} };

try {
Cl ass. forName("com i net. pool . Pool Driver");

cominet.tds. TdsDat aSource tds = new comi net.tds. TdsDat aSource();
tds. set Server Narme( "JUPI TER" );

t ds. set Dat abaseNanme( " MEMBERS" );

tds. set User ( dbUser Nanme );

tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Nane, dbPasswor d) ;

String SQLCmd =

"] NSERT | NTO ORDERED_| TEMS ( ORDER_NUMBER, | TEM NUMBER, QTY)
VALUES(?, 2, ?)";

PreparedSt at ement pstnt = con. prepareSt at enent (SQLCd) ;

for(int i=0;i<5;i++){
pstnt.setint(1l, Orders[i][0]);
pstnt.setlnt(2, Oders[i][1]);
pstnt.setInt(3, Oders[i][2]);
pstnt . execut eUpdat e() ;

}

con. close();

}cat ch( Cl assNot FoundExcepti on el){
Systemerr.println(el. get Message());

}cat ch( SQLException e2){
Systemerr.println(e2. get Message());
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Table 13-1: Ordered_Items Table

ID Order_Number ltem_Number Qty
1 1001 327 2

2 1001 412 1

3 1001 906 5

4 1002 111 7

5 1002 112 19

Values Returned by PreparedStatements

The kinds of values a Pr epar edSt at ement can return are exactly the same as for a basic

St at enent . Although the execut eQuer y() method used in Listing 13-1 returns a Resul t Set object
containing the results of the query, the return value for the execut eUpdat e() method in Listing 13-2 is
an i nt that indicates how many rows are updated in the table. For example, you can wrap the

pst nt . execut eUpdat e() of Listing 13-2 in the following Syst em out . pri ntl n() method call:

Systemout. println(pstnt.executeUpdate());

This results in a series of ones being printed to the console. When the execut eUpdat e() method is
used to execute a DDL statement, such as CREATE TABLE, it returns a zero.

This section illustrated the most efficient way to execute a SQL command repeatedly in a loop when you
have no expectation of using the command again later. If you have a statement or group of statements
you want to execute frequently, the Cal | abl eSt at enent is a better solution, as illustrated in the next
section.

Creating and Using a CallableStatement

The Cal | abl eSt at ement object allows you to call a database stored procedure from a Java
application. The Cal | abl eSt at enent object is similar to the Pr epar edSt at enent , which it extends;
but whereas a Pr epar edSt at enent actually contains the SQL command, a Cal | abl eSt at ement
object contains a call to a procedure stored in the database; it does not contain the stored procedure
itself. For an application such as a Web site, with a large number of users executing the same SQL
statements repeatedly, the use of Cal | abl eSt at ement can greatly improve the performance of the

database.

Since Cal | abl eSt at enent extends Pr epar edSt at enent , a Cal | abl eSt at enent object can
take input parameters like a Pr epar edSt at ement object can. A Cal | abl eSt at ement can also take
output parameters or parameters that are for both input and output.

The input parameters are defined in the SQL CREATE PROCEDURE statement, using syntax of this form:
@aram nane type [(size)]

The @ symbol preceding the parameter name identifies the name as a parameter to the SQL engine.
The type and size fields correspond to the normal SQL data type fields used in creating a table.

Creating a Stored Procedure
Reverting to the membership Web site example, the first step a user takes is to log in. A basic login

form is developed in Chapter 12. In the event that the username and password is not recognized, the
user is given the opportunity to register as a new member.
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One of the first tables to be updated for a new member is Contact_Info. This occurs by having the new
member complete a basic new-member registration form. After completing the member registration form,
applicants for membership are forwarded to a series of additional forms. These are used to complete

the member's entries in the Contact_Info and Member_Profile Tables.

The Contact_Info Table contains such data as the member's real name and address and his or her e-
mail address. The layout of the Contact_Info Table is shown in Table 13-2.

Table 13-2: Contact_Info Table

ID FNAME Ml LNAME STREET CITY ST ZIP EMAIL
1 Giorgio A Corleone 123 Main New NY 10002 gac@cn.com
St York

Since updating the Contact_Info Table is a process that is repeated frequently, it is a good choice for
implementation using a stored procedure. The Cal | abl eSt at enment object will be used to execute the
stored procedure. Listing 13-3 illustrates the creation of a simple stored procedure to populate this table.

Listing 13-3: Creating a stored procedure

package JavaDat abaseBi bl e. chl13;

i mport java.sql.*;
i mport javax.sql.*;

public class CreateCall abl eStnt{
private static String dbUserName = "sa";

I
o
o
n)-

private static String dbPassword

public static void main(String args[]){
String createProc = "CREATE PROCEDURE | NSERT_CONTACT_I NFO "+

"@D INT, @Nanme VARCHAR(20), @1 CHAR(1), "+
"@Nanme VARCHAR(30), @treet VARCHAR(50), "+
"@ity VARCHAR(30), @T CHAR(2), "+
" @I P VARCHAR(10), @hone VARCHAR(20), "+
"@nmai |l VARCHAR(50) "+
"AS | NSERT | NTO CONTACT | NFO "+
"(ID, FNane, M, LNane, Street, City, ST, ZIP, "+
"Phone, Emmil) "+
"VALUES "+
"(@D, @Nanme, @1, @Nane, @treet, @ity, "+
" @T, @l P, @hone, @mil);";

try {
Cl ass. forNanme("com i net. pool . Pool Driver");

cominet.tds. TdsDat aSource tds = new cominet.tds. TdsDat aSource();
tds. set Server Name( "JUPI TER" );
t ds. set Dat abaseName( " MEMBERS" );
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tds. set User ( dbUser Name ) ;
tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Name, dbPasswor d) ;

Statenent stm = con.createStatenent();
st nt . execut eUpdat e( cr eat eProc);

}

cat ch(Cl assNot FoundException e){
e.printStackTrace();

}

cat ch( SQLException e){
e.printStackTrace();

Calling a Stored Procedure

Stored procedures are called using a simple escape syntax defined by enclosing the call in curly braces.
When the driver encounters the curly braces, it will translate the command they enclose into the native
SQL used by the database to call the stored procedure. This syntax has two forms: one that has a result
parameter and one that does not. Here's an example:

{?= call <procedure-nanme>[<argl>, <arg2>, ...]}

{call <procedure-nane>[<argl> <arg2>, ...]}

Question marks (?) serve as placeholders for parameters defined in the stored procedure using the
@\ame convention as shown in the example. | N parameter values are set using the set methods
inherited from Pr epar edSt at enent .

When calling a stored procedure, a Cal | abl eSt at enent object is created using the Connecti on
method pr epar eCal | (). The argument of the prepar eCal | () method is the escape String, with
guestion marks as place holders for each of the input parameters. Values for each of these parameters
are assigned using the setter methods of the Cal | abl eSt at ement object; then the

Cal | abl eSt at ement is executed. The following code fragment shows how the stored procedure
created in Listing 13-3 can be called:

String[] newMenber = {"Fred","A","Tagliatelle","123 Ziti",
"Penne", " PA", "12345", " 123- 456- 7890", "f at @ast a. com'};
Cal | abl eSt at ement cs =

con. prepareCal |l ("{call
| NSERT_CONTACT _INFQ(?,?,?,2,2,2,2,2,2,?2)}");

cs.setlnt(1, 2);

for(int i=0;i<newMenber.|ength;i++){
cs.setString(i+2, newMenber[i]);

}

Systemout. println(cs. executeUpdate()+" row updated");
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Calling stored procedures that return ResultSets is just as easy. For example, a simple stored
procedure, GET_LOGIN_FOR_USER, which gets the login data for a given UserName, can be defined
as follows:

CREATE PROCEDURE GET_LOGI N_FOR_USER @SERNAME VARCHAR( 20)
AS SELECT *
FROM LOG N
WHERE USERNAME = @JSERNAME;

The example in Listing 13-4 shows how to call the stored procedure GET_LOGIN_FOR_USER.

Listing 13-4: Calling a stored procedure that returns a ResultSet

package JavaDat abaseBi bl e. chl13;

i mport java.sql.*;
i mport javax.sqgl.*;

public class Call abl eGet Logi n{
private static String dbUserName = "sa";
private static String dbPassword

I
o
o
m-

public static void main(String args[]){
try {

Cl ass. forNanme("com i net. pool . Pool Driver");
cominet.tds. TdsDat aSource tds = new cominet.tds. TdsDat aSource();
tds. set Server Name( "JUPI TER" );
t ds. set Dat abaseName( " MEMBERS" );
tds. set User ( dbUser Nanme );
tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Nane, dbPasswor d) ;

Cal | abl eSt at ement c¢s = con.prepareCall ("{call GET_LOG N FOR USER(?)}");
cs.setString(1,"garfield");

ResultSet rs = cs. executeQuery();

Resul t Set Met aData nd = rs. get Met aDat a() ;

while(rs.next()){
for(int i=1;i<=nd.getCol umCount ();i++){
System out . print (md. get Col utmLabel (i) +"\t=\t");
i f(nd. getCol umType(i)==java. sql. Types. | NTEGER)
Systemout.printin(rs.getlint(i));
el se
Systemout.println(rs.getString(i));
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}
cat ch( Cl assNot FoundExcepti on e){

e.printStackTrace();

}
cat ch( SQLException e){
e.printStackTrace();

}

Note that the sequence of events is the same as in the previous example:
1. The Cal | abl eSt at enent is created using prepareCal | ().
2. The Cal | abl eSt at enent 's parameters are set.
3. The Cal | abl eSt at enent is executed, in this instance returning a Resul t Set .

In this example, a simple type check is performed on the returned values to ensure that the right getter
method is used to retrieve the data.

Using a StoredProcedure from a JSP Bean

Now that the stored procedure has been created, it is called from a JavaBean instantiated from a JSP
page. The JSP page itself is called from the action method of the HTML form displayed as part of the
member-registration process. The form itself is shown in Figure 13-1.

[ I

Choose a Usar Nanw Chooss a password
[
EMail Addrass
[
Sireal Address
I
Informnation éndered babow this linge will be used by our seach ang
City StateProvince DpPostal code
[ [Frenze ehonee =] |
Click hare o procead |

Figure 13-1: A basic name and address form used to provide data for the Contact_info Table

The HTML to create this form is shown in Listing 13-5. Note that a simple validation script has been
included to ensure that at least some data is entered for each of the important fields. This form is saved
as Newiermber For m j sp and is called from t hePr ocessLogi n. j sp form handler shown in Listing

12-8.

Listing 13-5: Registration form NewMemberForm.jsp

<! DOCTYPE HTML PUBLIC "-//WBC//DTD HTML 4.0 Transitional//EN'>
<HTM_>
<HEAD>
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<TI TLE>
Menmber Regi stration
</ TITLE>

<SCRI PT | anguage=JavaScriptl.1 >
function validate(form{
if( formelements["firstName"].val ue==" "|
formel ements["| ast Name"] . val ue=="" |
formelements["email"].val ue=="" |
formelements["city"].value=="" |
formelenments["state"].val ue=="7?"|
formel ements["zip"].val ue=="" ) {
alert("Please enter first name, |ast nane, emmil, city, state and
zip.");
return false;
} return true;

}
</ SCRI PT>

<META content="text/htm ; charset=wi ndows-1252" http-equi v=Cont ent - Type>
</ HEAD>

<BODY bgCol or=#ffffff>

<BASEFONT face=Arial size=3>

<FORM acti on=ProcessNAForm j sp nmet hod=POST target=_self
onSubmit="return validate(this);">
<TABLE cel | Paddi ng=0 BORDER=0>
<TR>
<TD>
<TABLE cel | Paddi ng=0 BORDER=1>
<TR>
<TD val i gn=cent er >
</ P>
<SMALL>
<CENTER>
<FONT col or =#f f 0000>
Informati on contained in the shaded portion of this page will be
kept
confidenti al
</ FONT>
</ CENTER>
<SMALL>
</ TD>
</ TR>
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<TR>
<TD>
<TABLE cel | Paddi ng=4 cel | Spaci ng=0 BGCOLOR="#AAAAAA" W DTH="100% >
<TBCODY>
<TR>
<TD vAl i gn=bottone
<TABLE cell Spaci ng=0 cel | Paddi ng=0 Bor der =0>
<TR>
<TD>

Fi rst Nanme<BR><| NPUT maxLengt h=30 name=fir st Nane
Si ze=26>

</ TD>
<TD vAl i gn=bottom al i gn=ri ght >
M I . <BR><I NPUT maxLengt h=1 nanme=m size=2>
</ TD>
</ TR>
</ TABLE>
</ TD>
<TD vAl i gn=bottone
Last Name<BR><l| NPUT maxLengt h=30 name=| ast Nane si ze=30>
</ TD>
</ TR>
<TR>
<TD vAl i gn=botton®

Choose a User Nanme<BR><I| NPUT maxLengt h=30 nane=user nanme
si ze=30>

</ TD>
<TD hei ght =43 col span=2 vAl i gn=botton
Choose a passwor d<BR><I NPUT nanme=password si ze=20>
</ TD>
</ TR>
<TR>
<TD vAl i gn=bottone
EMai | Addr ess<BR><I| NPUT maxLengt h=30 nanme=emai | size=30>
</ TD>
</ TR>
<TR>
<TD hei ght =43 vAl i gn=bott onp
Street Address<BR><|I NPUT name=Street size=30>
</ TD>
</ TR>
</ TBODY>
</ TABLE>
</ TD>
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</ TR>
<TR>
<TD val i gn=cent er >
</ P>
<SMALL>
<CENTER>
<FONT col or =#f f 0000>

Information entered below this I[ine will be used by our search
engi ne.

</ FONT>
</ CENTER>
<SMALL>
</ TD>
</ TR>
<TR>
<TD>
<TABLE cel | Paddi ng=4 cel | Spaci ng=0>
<TBODY>
<TR>
<TD hei ght =43 vAl i gn=bottom w dt h=163>
Ci t y<BR><I NPUT nane=City size=15>
</ TD>
<TD hei ght =49 vAl i gn=bottom w dt h=229>
St at e/ Provi nce<BR>
<SELECT name=State size=1>
<OPTI ON sel ected val ue="?">Pl ease choose</ OPTI ON\>
<OPTI ON val ue=aa>l live outside US or Canada</ OPTI ON>
<OPTI ON val ue=AB>Al bert a</ OPTI ON>
<OPTI ON val ue=AK>Al aska</ OPTI ON>
<OPTI ON val ue=AL>Al abama</ OPTI ON>
<OPTI ON val ue=AR>Ar kansas</ OPTI ON\>
<OPTI ON val ue=AZ>Ar i zona</ OPTI O\>
<OPTI ON val ue=BC>British Col umbi a</ OPTI ON>
<OPTI ON val ue=CA>Cal i f or ni a</ OPTI ON>
<OPTI ON val ue=CC>Col or ado</ OPTI ON\>
<OPTI ON val ue=CT>Connecti cut </ OPTI ON>
<OPTI ON val ue=DC>Di strict of Col unbi a</ OPTI ON>
<OPTI ON val ue=DE>Del awar e</ OPTI O\>
<OPTI ON val ue=FL>Fl ori da</ OPTI ON>
<OPTI ON val ue=GA>Geor gi a</ OPTI ON>
<OPTI ON val ue=HI >Hawai i </ OPTI ON>
<OPTI ON val ue=I A>l owa</ OPTI ON>
<OPTI ON val ue=I D>l daho</ OPTI ON>
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<OPTI ON val ue=I L>Il1i noi s</ OPTI ON>
<OPTI ON val ue=I N>I ndi ana</ OPTI O\>

<OPTI ON val ue=KS>Kansas</ OPTI ON>

<OPTI ON val ue=KY>Kent ucky</ OPTI ON\>
<OPTI ON val ue=LA>Loui si ana</ OPTI ON>
<OPTI ON val ue=MA>Massachusett s</ OPTI ON\>
<OPTI ON val ue=MB>Mani t oba</ OPTI ON>
<OPTI ON val ue=MD>Mar yl and</ OPTI ON>
<OPTI ON val ue=ME>Mai ne</ OPTI ON\>

<OPTI ON val ue=M >M chi gan</ OPTI ON>
<OPTI ON val ue=MN>M nnesot a</ OPTI ON>
<OPTI ON val ue=M>>M ssouri </ OPTI ON\>
<OPTI ON val ue=Ms>M ssi ssi ppi </ OPTI ON>
<OPTI ON val ue=Mr>Mont ana</ OPTI ON>

<OPTI ON val ue=NB>New Br unswi ck</ OPTI ON>
<OPTI ON val ue=NC>Nort h Car ol i na</ OPTI ON>
<OPTI ON val ue=ND>Nor t h Dakot a</ OPTI ON>
<OPTI ON val ue=NE>Nebr aska</ OPTI ON\>
<OPTI ON val ue=NF>Newf oundl and</ OPTI ON>
<OPTI ON val ue=NH>New Hanpshi r e</ OPTI ON>
<OPTI ON val ue=NJ>New Jer sey</ OPTI ON>
<OPTI ON val ue=NM>New Mexi co</ OPTI ON>
<OPTI ON val ue=NS>Nova Scoti a</ OPTI ON>
<OPTI ON val ue=NT>Nor t hwest Territories</ OPTI ON>
<OPTI ON val ue=Nv>Nevada</ OPTI ON>

<OPTI ON val ue=NY>New Yor k</ OPTI ON\>
<OPTI ON val ue=0H>Chi o</ OPTI ON>

<OPTI ON val ue=0K>Ckl ahoma</ OPTI O\>
<OPTI ON val ue=ON>Ont ari o</ OPTI ON>

<OPTI ON val ue=0OR>Or egon</ OPTI ON>

<OPTI ON val ue=PA>Pennsyl vani a</ OPTI O\>
<OPTI ON val ue=PE>Pri nce Edward | sl and</ OPTI ON>
<OPTI ON val ue=QC>Quebec</ OPTI ON>

<OPTI ON val ue=RI >Rhode | sl and</ OPTI ON\>
<OPTI ON val ue=SC>Sout h Car ol i na</ OPTI ON>
<OPTI ON val ue=SD>Sout h Dakot a</ OPTI ON>
<OPTI ON val ue=SK>Saskat chewan</ OPTI ON>
<OPTI ON val ue=TN>Tennessee</ OPT| ON>
<OPTI ON val ue=TX>Texas</ OPTI ON\>

<OPTI ON val ue=UT>Ut ah</ OPTI ON>

<OPTI ON val ue=VA>Vi r gi ni a</ OPTI O\>
<OPTI ON val ue=VT>Ver nont </ OPTI ON>

<OPTI ON val ue=WA>Washi ngt on</ OPTI ON\>
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<OPTI ON val ue=W >W sconsi n</ OPTI ON>
<OPTI ON val ue=W/>West Vi rgi ni a</ OPTI ON>
<OPTI ON val ue=Wr>Wom ng</ OPTI ON>
<OPTI ON val ue=YK>Yukon</ OPTI ON>
</ SELECT>
</ TD>
<TD hei ght =49 vAl i gn=bottom w dt h=158>
Zi p/ Post al code<BR><I NPUT name=Zi p size=15>
</ TD>
</ TR>
</ TBODY>
</ TABLE>
</ TD>
</ TR>
<TR>
<TD al i gn=cent er >
<BR/ >
<I NPUT nanme=Subni tButton type=SUBM T val ue="Click here to
proceed" >
<BR/ >
<P/ >
</ TD>
</ TR>
</ TABLE>
</ TD>
</ TR>
</ TABLE>
</ FORM>
</ BODY>
</ HTML>

After local validation by the JavaScript, the form data is passed to the JSP page ProcessNAForm j sp,
which uses the Pr ocessNABean to insert the form data into the database. ProcessNAForm j spis a
simple example of a JSP form handler. It loads the Pr ocessNABean and sets its properties using the

wild card property setter that relies on introspection to set all the properties of the JavaBean from the
form data. When the i nsert Dat a() method is called, Pr ocessNABean returns a bool ean which is

used to set the St ri ng next Page to the appropriate handler. Finally, the <j sp: f or war d> tag is
used to forward the user to the appropriate page. Listing 13-6 shows the JSP page.

Listing 13-6: ProcessNAForm.jsp

<%@ page | anguage="j ava" %

<j sp: useBean i d="ProcessNABean"

cl ass="JavaDat abaseBi bl e. ch13. ProcessNABean" scope="session"/>
<j sp: set Property name="ProcessNABean" property="*"/>

<%
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String nextPage = "Menber Wl cone. j sp";
i f(ProcessNABean. i nsertData()){
next Page = "MenberProfile.jsp";

}el sef

next Page = " NewMenber Form j sp”;
}
%

<j sp: forward page="<%next Page%"/>

Operation of the ProcessNABean

The first part of the Pr ocessNABean is the collection of getter and setter methods required to access

the bean's parameters. These must be supplied for the bean introspection that the JSP engine requires
to work properly.

The real work is done in the i nsert Dat a() method. The Pr ocessNABean makes extensive use of a
Cal | abl eSt at ement object, cs. First it calls the stored procedure GET_LOG N_FOR_USER to validate
the username against the Login table. If the username is already in use, the boolean flag

user nanme_sel ecti on_ok is set to false so that the JSP page can notify the user that he or she
needs to select a different username.

Once the user has selected a valid, unique username, the Cal | abl eSt at ement object is used to call
the stored procedure SET_LOG N_FOR_USER to update the Login table with the new username and
password. The stored procedure SET_LOG N_FOR_USER is defined as follows:

CREATE PROCEDURE SET_LOGI N_FOR_USER
@JSERNAME VARCHAR( 20) ,
@ASSWORD VARCHAR( 20)
AS
| NSERT | NTO LOG N ( USERNAME, PASSWORD)
VALUES ( @JSERNANE, @PASSWORD)

The stored procedure GET_LOGQ N_FOR_USER is then called again to get the auto generated MemberID
assigned to this user. A more elegant way to do this is to use the get Gener at edKeys() method
defined in JDBC 3.0 for the St at enent object as shown here:

i f(cs.executeUpdate()!=1)ok = fal se;

Result rs = cs. get Generat edKeys();
Cross-
Reference The use of the JDBC 3.0 extension method
St at enent . get Gener at edKeys( ) is discussed in Chapter 4.

Finally, the stored procedure INSERT_CONTACT _INFO is called to insert the member data stored in
the Pr ocessNABean.

The code for the Pr ocessNABean is shown in Listing 13-7.

Listing 13-7: Calling a stored procedure from a JavaBean

package JavaDat abaseBi bl e. chl13;

i mport java.sql.*;
i mport javax.sql.*;
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public class ProcessNABean extends java.l ang. Obj ect{

sa";
"dba";

private static String dbUser Nane =

private static String dbPassword

protected String firstNanme;
protected String | astNane;
protected char m ;
protected String street;
protected String city;
protected String state;
protected String zip;
protected String phone;
protected String email;
protected String usernane;
protected String password;

public ProcessNABean() {

}

public void setUsername(String usernamne)
this. usernane = usernane;

}

public void setPassword(String password)
this. password = password;

}

public void setFirstName(String firstName){
this.firstName = firstNanme;

}

public void setLastName(String |astName){
this.lastNane = | ast Nane;

}

public void setM (char m){
this.m= m;

}

public void setStreet(String street){
this.street = street;

}

public void setCity(String city){
this.city = city;

}

public void setState(String state)({
this.state = state;
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public void setZi p(String zip){
this.zip = zip;

}

public void setPhone(String phone){
t his. phone = phone;

}

public void setEmail (String email){
this.emil = emil;

}

public String getUsernane(){
return usernamne;

}

public String getPassword(){
return password;

}

public String getFirstName(){
return firstName;

}

public String getLastNane(){
return | ast Nane;

}

public char getM (){
return m;

}

public String getStreet(){
return street;

}
public String getCity(){

return city;

}
public String getState(){
return state;

}
public String getZip(){

return zip;

}
public String getPhone(){
return phone;

}
public String getEmail (){

return email ;

}

publ i c bool ean insertData(){
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bool ean username_sel ecti on_ok = true;

try {
Cl ass. forNanme("com i net. pool . Pool Driver");

cominet.tds. TdsDat aSource tds = new cominet.tds. TdsDat aSource();

tds. set Server Name( "JUPI TER" );

t ds. set Dat abaseName( " MEMBERS" );
tds. set User ( dbUser Nanme );

tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Name, dbPasswor d) ;

Cal | abl eSt at ement cs = con. prepareCall ("{call

GET_LOG N_FOR_USER(?)}");
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cs.setString(1, usernane);
ResultSet rs = cs. executeQuery();
Resul t Set Met aData nmd = rs. get Met aDat a() ;

int id=-1;
while(rs.next()){
id=rs.getlnt("MenberliD");

i f(id>=0){
Systemout.println(id+": "+username+"; "+password);
user name_sel ecti on_ok = fal se;

}el sef

cs = con.prepareCall ("{call SET_LOG N FOR USER(?,?)}");

cs.setString(1, usernane);
cs.set String(2, password);

i f(cs.executeUpdate()!=1) usernane_sel ection_ok = fal se;

cs = con.prepareCall ("{call GET_LOG N _FOR USER(?)}");
cs.set String(1l, usernane);
rs = cs.executeQery();
while(rs.next()){
id=rs.getlnt("MenberliD");

cs = con.prepareCall ("{call
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I NSERT_CONTACT_INFO(?,?,?,?,?2,2,2,2,2,?2)}");

cs.setInt(1,id);
cs.setString(2,firstNane);
cs.setString(3,String.valueG(m));
cs.set String(4, 1 astNanme);
cs.setString(5,street);
cs.setString(6,city);
cs.setString(7,state);
cs.setString(8, zip);
cs.setString(9,"<NULL>");
cs.setString(10,emil);

i f(cs.executeUpdate()!=1) usernane_sel ection_ok = fal se;

}cat ch(Cl assNot FoundExcepti on el){
Systemerr.println(el. get Message());
}cat ch( SQLException e2){
Systemerr.println(e2. get Message());
}

return usernane_sel ecti on_ok;

Error Handling

Recall that the Pr ocessNABean notifies the ProcessNAFor m j sp page that the user needs to select
a different username by setting the boolean flag user nane_sel ect i on_ok to false. This lets the
ProcessNAFor m j sp know that a problem has arisen, so it then sends the user back to the form so he
or she can select a new username and password.

As it stands, the form is cleared when redisplayed. This is virtually guaranteed to ensure that the user
gets fed up and surfs on. The way to avoid this is to fill in the fields the user has already completed and
to present a message telling him or her what to do next.

One of the primary uses of JavaBeans in JSP applications is data storage. Since all the form data has
already been inserted into the Pr ocessNABean, completing the form for the user requires only the
addition of this line:

<j sp: useBean i d="ProcessNABean".../>

Also, include these few extra lines of code to set the properties:
Fi rst Nanme<BR><I NPUT maxLengt h=30 name=fir st Nane

val ue=' <j sp: get Property name="ProcessNABean" property="firstNane"/>'
Si ze=26>

A patrtial listing of the modified form is shown in Listing 13-8.

Listing 13-8: ProcessNAForm.jsp modified for use as an error page
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<! DOCTYPE HTM. PUBLIC "-//WBC//DTD HTM. 4.0 Transitional//EN'>
<HTM.>

<HEAD>

<TI TLE>

Menmber Regi stration

</ TI TLE>

<SCRI PT | anguage=JavaScriptl.1 >
function validate(form/{
if( formelements["firstName"].val ue==" "|
formel ements[ "] ast Nane"] . val ue=="" |
formelements["email"].val ue=="" |
formelements["city"].value=="" ||
formelenments["state"].val ue=="7?"|

formel ements["zip"].val ue=="" ) {
alert("Please enter first name, |ast nane, emmil, city, state and
zip.");
return false;
}
return true;
}
</ SCRI PT>

<META content="text/htm ; charset=wi ndows- 1252" http-equi v=Cont ent - Type>
</ HEAD>

<BODY bgCol or=#ffffff>

<BASEFONT face=Arial size=3>

<%@ page session="true" %

<j sp: useBean i d="ProcessNABean"

cl ass="JavaDat abaseBi bl e. ch13. ProcessNABean" scope="session"/>

<FORM acti on=ProcessNAForm j sp nmet hod=POST target=_self
onSubmit="return validate(this);">
<TABLE cel | Paddi ng=0 BORDER=0>
<TR>
<TD>
<TABLE cel | Paddi ng=0 BORDER=1>
<TR>
<TD val i gn=cent er >
</ P>
<SMALL>
<CENTER>
<FONT col or =#f f 0000>
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Informati on contained in the shaded portion of this page wll

be kept
confidenti al
</ FONT>
</ CENTER>
<SMVALL>
</ TD>
</ TR>
<TR>
<TD>
<TABLE cel | Paddi ng=4 cel | Spaci ng=0 Bor der =0 BGCOLOR="#AAAAAA"
W DTH="100% >
<TBODY>
<TR>
<TD vAl i gn=bot tone
<TABLE cell Spaci ng=0 cel | Paddi ng=0 Bor der =0>
<TR>
<TD>
Fi rst Nanme<BR><| NPUT maxLengt h=30 name=fir st Nane
val ue=
'<jsp:getProperty nanme="ProcessNABean"
property="firstNane"/>'
Si ze=26>
</ TD>
<TD vAl i gn=bottom al i gn=ri ght >
M | . <BR><I NPUT maxLengt h=1 nane=m val ue=
'<jsp:getProperty nane="ProcessNABean"
property="m"/>"si ze=2>
</ TD>
</ TR>
</ TABLE>
</ TD>
<TD vAl i gn=bottonp
Last Name<BR><l NPUT maxLengt h=30 nanme=| ast Nane
val ue=' <j sp: get Property nanme="ProcessNABean"
property="1I ast Name"/ >
'size=30>
</ TD>
</ TR>
<TR>
<TD vAl i gn=bottone

Choose a User Nane<BR><| NPUT maxLengt h=30 name=user nane

val ue=
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<j sp: get Property name="ProcessNABean"
property="usernane"/>'
si ze=30>
</ TD>
<TD hei ght =43 col span=2 vAl i gn=bottonp
Choose a passwor d<BR><I NPUT nanme=password si ze=20>
</ TD>
</ TR>
<TR>
<TD vAl i gn=bot t one
EMai | Addr ess<BR><I NPUT maxLengt h=30 nanme=emi |
val ue=' <j sp: get Property nanme="ProcessNABean"
property="enmil"/>
si ze=30>
</ TD>
</ TR>
<TR>
<TD hei ght =43 vAl i gn=botton®
Street Address<BR><| NPUT name=str eet
val ue=
'<jsp:getProperty nanme="ProcessNABean"
property="street"/>
si ze=30>
</ TD>
</ TR>
</ TBODY>
</ TABLE>
</ TD>
</ TR>

Noto

Listing 13-8 is only partial, showing the basic workings of the JSP page. Substitute this
into Listing 13-5, and implement the additional lines for the remaining properties to
create a complete form.

Figure 13-2 shows the use of the original form as a means of providing interactive feedback to the user.

This kind of user feedback is important in terms of ensuring that a user will take the trouble to complete
a form instead of simply surfing on.
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nformeation contaned in the shaded portion of this page will be kept confidentis

First Name Ml LastName

B | Jdag
Choose a User Name Choose a ps
|Flease make anather choice
|EMail Address
[eesdag@ 1
‘Street Address
:I'I Lemarbcn: Lans
Infarmation entered below this kre wil be wied by our sesch sngne
Ciby StatedProvince JipPostal code
1.l+,-|j:nnl City |Please chaase ﬂ ||23'15
Clhick bare 1o procesd. |

Figure 13-2: Member-registration form with user data restored and error message displayed for
user name

Using Stored Procedures with Input and Output Parameters

In addition to supplying input parameters to a stored procedure, you can get output parameters from a

stored procedure. If you decide to use an output parameter, it must be registered as an OUT parameter
using the Cal | abl eSt at enent . r egi st er Qut Par anet er () method before the execute method is
called. Here's an example:

cstnt.registerQutParaneter(1, java.sqgl.Types. VARCHAR);

OUT parameter values can be retrieved after execution using get methods appropriate to the data types

of the values. Because of limitations some relational database management systems impose, all of the
results the execution generates of a Cal | abl eSt at enrent object should be retrieved before OUT
parameters are retrieved.

Listing 13-9 gives an example of a simple stored procedure that checks a user name and password
against the database, returning the String "PASS" if a match is found or "FAIL" otherwise.

Listing 13-9: Using an output parameter with a stored procedure

CREATE PROCEDURE CHECK_USER_NAME
@Jser Nane var char (30),
@assword varchar (20),
@assFai | varchar (20) OUTPUT
As
| F EXI STS(Sel ect * From Login
Where User Name = @Jser Name

And

Password = @Password)
SELECT @PassFail = 'PASS
el se

SELECT @PassFail = "FAIL';

Note

Stored procedures can contain more than one SQL statement, in which case they
produce multiple results, and the execut e method should be used. In cases where a
Cal | abl eSt at enent object retums multiple Resul t Set objects, all of the results
should be retrieved using the method get Mor eResul t s before OUT parameters are
retrieved.
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Listing 13-10 provides an example of using the simple stored procedure of Listing 13-9. Notice the call
to the r egi st er Qut Par anmet er () method prior to calling the Cal | abl eSt at enment ' s get Stri ng

method to retrieve the output parameter.

Listing 13-10: Getting an output parameter from a stored procedure

package JavaDat abaseBi bl e. chl3;

i mport java.sqgl.*;

i mport javax.sql.*;

public class CheckPasswor d{
private static String dbUserNane = "sa";

|
o
o
g’-

private static String dbPassword =

public static void main(String args[]){

int id=-1;

String password = null;

String username = "";

i f(args. |l ength>0)username = args[O0];

try {
Cl ass. forName("com i net. pool . Pool Driver");
cominet.tds. TdsDat aSource tds = new comi net.tds. TdsDat aSource();
tds. set Server Narme( "JUPI TER' );
t ds. set Dat abaseName( " MEMBERS" );
tds. set User ( dbUser Name );
tds. set Passwor d( dbPassword );

Dat aSource ds = tds;

Connection con = ds. get Connecti on(dbUser Narme, dbPasswor d) ;

Cal | abl eSt at ement c¢cs = con. prepareCal |l ("{call
CHECK_USER_NAME(?,7?,?2)}");

cs.setString(l,"garfield");
cs.setString(2,"lasagna");
cs.regi sterQut Paraneter (3, java.sql.Types. VARCHAR);
cs. execut eUpdat e();
Systemout.println(cs.getString(3));

}

cat ch(Cl assNot FoundException e){
e.printStackTrace();

}

cat ch( SQLException e){
e.printStackTrace();
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Summary

This chapter discusses improving the efficiency of JDBC-based applications by comparing and

contrasting the three variations on the j ava. sql . St at enent object:

= java. sgl . St at ement, which performs in line execution of a SQL command. This approach is
ideal for one-shot execution of a single command, since it involves minimum overhead.

= j ava. sgl . Prepar edSt at ement, which offers a means of precompiling SQL commands. This
approach is best for executing a command in a loop, since the Pr epar edSt at enent passes the
SQL command to the SQL engine where it is parsed, compiled and cached for efficiency and speed
of execution. There is a slight overhead incurred in the precompilation and caching process.

= java. sqgl . Cal | abl eSt at enent, which allows you to call SQL stored procedures. This
approach takes advantage of SQL's ability to precompile and store procedures which can
subsequently be executed by name.

Now you know all about inserting basic data types into a database from an HTML form. Chapter 14
discusses inserting and retrieving large objects, such as images and word-processor documents, as
blobs and clobs.
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Chapter 14: Using Blobs and Clobs to Manage
Images and Documents

In This Chapter

Traditionally, relational database management systems have been designed around the need to handle
simple traditional data types such as bytes, integers, floats, and Strings. The evolution of computer
hardware and software has introduced both the need and the capability to store much larger data
objects, such as images and even video clips, economically and efficiently.

Until recently, these larger data objects have been stored in traditional file systems, resulting in
significant loss of efficiency whenever very large numbers of such objects were involved. The designers
of relational database management systems have responded by providing support for the management
and storage of these large objects within the database itself.

This chapter discusses the use of relational databases to store and retrieve large objects in various
ways. Examples include the use of servlets to upload images to a database, and to retrieve them for
display in a browser.

Large Objects

Support for large objects (LOBS) is an important feature of modern object relational databases. The
SQL3 standard defines a number of new data types for managing large objects. These data types are
supported by the JDBC extension API. The new SQL3 large object data types supported by the JDBC
2.0 extension include the following:
= ARRAY — which can store an array as a column value
. BLOB (binary large object) — which can store large amounts of data as raw bytes
= CLOB (character large object) — which can store large amounts of character data
= Structured types
= References to structured types
Caution
Different RDBMS systems use different internal types to manage large objects, so
refer to your documentation to find out which data types to use for large-object

storage.

JDBC 2.0 defines a set of interfaces that map SQL3 types. Table 14-1 shows the type mappings and
the retrieval, storage, and update methods for the different large object types.

Table 14-1: SQL3 Large Object Data Types

SQL3 type Java get set Update
Interface
BLOB java.sql.Blob getBlob setBlob updateBlob
CLOB java.sql.Clob getClob setClob updateClob
ARRAY java.sql.Array getArray setArray updateArray
SQL Structured type java.sql.Struct getObject setObject updateObject
REF to Structured Type java.sqgl.Ref getObject setObject updateObject
Note

At the time of this writing, the update methods are scheduled for future release. Until
then, you can use the method updateObject, which works just as well.

Large-object support is the database community's response to evolving requirements to manage
nontraditional data types, such as images, as well as more traditional data types, such as prices, dates,
and quantities. The traditional data types are relatively simple and typically require anywhere from a
handful of bytes for an integer value to perhaps a few tens of bytes for a name or address. Relational
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database management systems have been optimized to handle rows containing relatively small
numbers of these types of data fields.

Many modern applications require the management of much larger data objects, from images, which
may require tens of kilobytes of storage, to video clips, which may run into the hundreds of megabytes.
The earliest approach to handling large objects was to store them as files in the underlying operating
system, using the database to store only the file path and letting the application code manage the file.
Today, many enterprise RDBMS systems support large objects directly as special data types, albeit with
certain restrictions on using them in queries.

Since large objects are, by definition, large, they are managed using SQL locators. Conceptually, a
locator is similar to a C or C++ pointer which contains the location of an object rather than the object
itself. RDBMS systems use locators to manage large objects because handling them in-line destroys
the optimization that RDBMS systems perform to map data objects to physical-storage devices such as
disk sectors.

An important feature of ARRAYs, BLOBs, and CLOBs, is that, since they are accessed using locators,
you can manipulate them without having to copy all the data from the server to the client machine. In
fact, when you query a database for a large object, the locator, rather than the actual object, is returned
in the ResultSet. Using pointers in this way is more efficient than moving large quantities of data around
the system for each column, so this feature can improve performance dramatically. As a JDBC
developer, you won't have to deal with locators, but it is useful to understand the concept so you can
see why the various large-object manipulation methods work the way they do.

Once you have the locator, you must specifically ask for the large-object data. This process is known as
materializing the data. For example, to retrieve an image stored as a BLOB, you can materialize it either
as a byte array, using Bl ob. get Byt es(), or as an | nput St r eam using

Bl ob. get Bi naryStrean() .

Although this chapter focuses on the use of Blobs and Clobs, you can see from Table 14-1 that large-
object support works consistently for all of these data types. Once you understand how to handle one,
you understand them all.

Using Blobs to Store Binary Data

Blobs provide a means of storing and managing large quantities of binary data. Typical examples of
large binary data objects are audio and video clips and image files. Blobs are particularly useful in Web
applications for storing images. JDBC support for Blobs is provided by the Bl ob | nt er f ace, which

defines these access methods:
= public I nputStream get Bi naryStream()
= public byte[] getBytes(long position, int |ength)

In addition, the Bl ob interface defines the utility methods | engt h() and posi ti on(), which return
the number of bytes in the Bl ob and the offset to a contained byte array or Bl ob. The Resul t Set
method get Bl ob() is used to retrieve the locator of a Bl ob from a Resul t Set , while the method

set Bl ob() inthe Prepar edSt at ement interface can be used to set a Bl ob. In practice, a more
common way to write a Blob to a database table is to use Pr epar edSt at enent . set Bi narySt r eanm()
to transfer data directly from an | nput St r eamto the RDBMS system. An example of this approach is

shown in Listing 14-1.

Listing 14-1: Inserting a Blob into a table

package JavaDat abaseBi bl e. ch14;
i mport java.io.*;

i mport java.sqgl.*;

i mport javax.sql.*;
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public class Bl obSaver{

private static String dbUser Nane "jod";

"jod";

private static String dbPassword

public static void main(String args[]){
Bl obSaver bl obber = new Bl obSaver () ;
bl obber . savel mage(1, "Wtch","Wtch.gif");

public void savel mage(int imagelD, String description,String filenane)({
String cmd =
"I NSERT | NTO Phot os (I nagel D, Descri ption, | mage) VALUES(?,?,?)";
File ingFile = new File(filenane);
try {
Cl ass. forNanme("com i net. pool . Pool Driver");
cominet.tds. TdsDat aSource tds = new cominet.tds. TdsDat aSource();
tds. set Server Name( "MARS" );
t ds. set Dat abaseNanme( " CONTACTS" );
tds. set User ( dbUser Nanme ) ;
tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Name, dbPasswor d) ;

PreparedSt atement pstnt = con. prepareSt at enent (cnd) ;

pstnt.setlint(1l, inmagelD);
pstnt.setString(2, description);
pstnt.setBi naryStream 3, new Fil el nputStreamfil enane),
(int)imgFile.length());

pstnt . execut eUpdat e() ;
con. close();

}

cat ch( Cl assNot FoundException e){
e.printStackTrace();

}

cat ch( SQLExcepti on e){
e.printStackTrace();

}

cat ch(Fi | eNot FoundException e){
e.printStackTrace();
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}

As you can see from the listing, the method Pr epar edSt at enent . set Bi narySt rean() is very bit
as easy to use as any of the other set parameter methods. You simply use the set St r ean() methods
just like setInt () orsetString().
Note
The Blob interface makes no attempt to check whether the Blob contains an image or an
audio clip or whatever. Essentially, the Blob is defined as a means of storing large
chunks of binary data; what you do with the data is up to you.

Using Clobs to Store Text Data

Clobs are similar to Blobs in that they are designed for the storage and management of large data
objects; but in the case of Clobs, these are defined as text objects. The primary difference between
Clobs and Blobs is that the Clob interface supports character-oriented access methods such as the
following:

. public InputStream getAscii Streamn()

= publ i c Reader getCharacterStream()

. public String getSubString(long pos, int |ength)

Like the Bl ob, the Cl ob has the utility methods | engt h() and posi ti on(), which return the number
of characters in the Cl ob and the offset to a contained search String or an included Cl ob.

Note
Unlike normal String methods, get SubStri ng() starts counting from 1 rather than

from 0; to return the entire clob as a Stri ng, use get SubStri ng(1,
clob.length()).

The Resul t Set method get Cl ob() can be used to retrieve the locator of a Cl ob from a Resul t Set ,
and the method set Cl ob() inthe Pr epar edSt at enent interface can be used to set a Cl ob. As in
the case of a Bl ob, a more common way to write a Clob to a database table is to use a

set St r ean( ) method (in this case, the ones listed here):

= set Ascii Stream()

= set Uni codeSt ream()

= set Character Stream()

Using one of the set St r eam() methods lets you transfer data directly from an | nput St r eamto the
RDBMS system. Listing 14-2 illustrates the use of a Fi | eReader and the set Char act er St r ean()
method.

Listing 14-2: Saving a Clob to an RDBMS using a FileReader

public void saveDocunent (i nt menmber| D, String title,String fil enane){
String cmd =
"I NSERT | NTO Documents "+
"(Menber| D, Title, Document) VALUES(?,?,7?)";
File doc = new File(filenane);
Systemout.println(filename+" - "+doc.length());
try {
Cl ass. forName("com i net. pool . Pool Dri ver");
cominet.tds. TdsDat aSource tds = new comi net.tds. TdsDat aSource();
tds. set Server Narme( " MARS" );
t ds. set Dat abaseName( " CONTACTS" );
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tds. set User ( dbUser Name ) ;
tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Name, dbPasswor d) ;

PreparedSt atement pstnt = con. prepareSt at enent (cnd) ;

pstnt.setint(1, nenberlD);

pstnt.setString(2, title);

pstnt.set CharacterStream 3, new Fil eReader (doc),
(int)doc.length());

pstnt . execut eUpdat e() ;

con. cl ose();

}

cat ch( Cl assNot FoundExcepti on e){

e.printStackTrace();

}

cat ch( SQLException e){
e.printStackTrace();

} catch(Fil eNot FoundException e){
e.printStackTrace();

}

Uploading Images and Documents from a Browser

A common requirement in Web applications is to upload images and documents from a client machine
over the Internet. Uploading files using an HTML form is part of the HTML standard and is supported by

all

major browsers. However, in spite of being a standard capability, HTML file upload isn't very well

documented elsewhere, so it is worth reviewing how to create a servlet to handle uploads.

HTML file uploads use the multipart message format defined by the Multipurpose Internet Mail
Extensions (MIME) standard, sending each field of the form as a separate MIME part. The main points
to notice about creating the HTML upload form are as follows:

The "method" attribute of the FORM is set to "post".
The attribute "enctype = multipart/form-data" is added to the FORM element.
An INPUT element with the type "file" is used to specifiy the file to upload.

When the form is set up like this, the browser creates a file select control that lets you select the file to
upload. Listing 14-3 shows an example of a simple HTML upload form.

Listing 14-3: HTML file-upload form

<HTM_>
<BODY>
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enctype="nul ti part/formdata" nethod="post">
<I NPUT type="hi dden" nanme="ID" val ue="1">
<TABLE BORDER=1>
<TR>
<TD ALI GN="center">
Fi |l enane: <INPUT type="file" name="submit-file" size="40">
</ TD>
</ TR>
<TR>
<TD ALI GN="center">
<center>
<I NPUT type="submt" val ue="Send" >
<|I NPUT type="reset">
</ center>
</ TD>
</ TR>
</ TABLE>
</ FORM>
</ BODY>
</ HTML>

This form contains a hidden field, with the member ID field set by the JSP page or servlet that creates
the form. The form also contains a file select field. The servlet shown in Listing 14-4 echoes the upload
back to the browser, so you can look at the upload format.

Listing 14-4: Blob upload test servlet

i mport java.sql.*;

i mport javax.sqgl.*;

i mport javax.servlet.*;

i mport javax.servlet.http.*;

public class BlobTestServl et extends HttpServlet{
public void doPost( HttpServl et Request request, HtpServl et Response
response )
throws Servl et Exception, | OException{
Servl et Qut put St ream out = response. get Qut put Strean();
Buf feredlnputStreamin = new
Buf f er edl nput St rean( request . getl nput Stream());
out.println(request.getHeader("content-type"));
int ¢ = -1;
while ( (c=in.read()) >= 0 )out.wite( c );
out.close();
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If you select a GIF file for the first file, the data stream that this forms will look something like Listing 14-
5. The listing has been edited to remove most of the bytes representing the GIF image file.

Listing 14-5: Edited view of the multipart data stream

mul tipart/formdata; boundary=------------------ 7d21e01ffec
----------------------------- 7d21e01ffec

Cont ent - Di sposition: formdata; nane="ID"

----------------------------- 7d21e01ffec

Cont ent-Di sposition: formdata; nanme="submt-file";
filename="C:\Clipart\Test.gif"

Content - Type: inmage/gif

GUF898. Mmoot et et e e #.6 1Ce6e°U ;

One way to parse a data stream in multipart MIME format is to use the JavaMail APl. However, a
simpler approach is to parse the data stream yourself. This approach will be demonstrated by
developing a Bl obUpl oadSer vl et illustrates the basics of parsing a multipart MIME document.

The MIME parts are separated by boundaries, which are unique lines of text defined in the header and
guaranteed not to occur inside any MIME part. Each MIME part is made of a header section, a blank
line, and the body or payload.

The header section contains several headers defining the content and format of the body area. Headers
have a colon separated name/value pair and, optionally, several parameters separated by semicolons.
The parameters are similar to HTML attributes, with a name = value pair.

The MIME boundary is specified in the Cont ent - Type header. In the Blob upload servlet, the

get Boundar y() method parses out the boundary substring, prepends CRLF and two hyphens, and
returns the boundary as a String. This r ead() method, which is used to retrieve the payload Blob, uses
this boundary string.

The r ead() method creates a Pushbackl nput St r eamfrom the Ser vl et | nput St r eam and returns

input characters from the stream. If it encounters a boundary, it discards it, returning a flag to indicate
that a boundary has been reached. Since all normal characters are positive integers, a —1 is returned
when a boundary is encountered (unless it is the final boundary, in which case a -2 is returned).

The header area of each part, which, as you recall, corresponds to a field in the HTML form, contains a
Cont ent - Di sposi ti on header, with the value "form-data”. This Cont ent - Di sposi ti on header

contains the attribute "name" with the name of the field specified in the HTML form as its value. If the
field type is "file", the header will also contain the attribute “filename", with the name of the file being
uploaded.

The headers are parsed by the par seHeader () method, which returns a Hasht abl e of header
parameters. These are merged into the parameter Hasht abl e, since parameters such as member id
are in a different header from the file name.

Th Bl obUpl oadSer vl et has been written to output header information to the
Ser vl et Qut put St r eam so you can see the results of parsing the Ser vl et | nput St r eam Listing
14-6 shows the servlet output.

Listing 14-6: Ouput of the BlobUploadServlet
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boundary

............................. 7d2104226b0

Cont ent - Di sposition: formdata; nane="ID"

Cont ent - Di sposition: formdata; name="submt-file"; filename="C:\JDBC
Bi bl e\ Proj ect s\ Ch14\ bat her. j pg"

ID = 101

filename = C:\JDBC Bi bl e\ Proj ect s\ Chl14\ bat her.|j pg
nanme = submt-file

Content-Di sposition = formdata

Content-Type = i mage/ pj peg

...saving payl oad

The servlet is designed specifically to handle Blob uploads, but it can obviously be
modified to handle Clobs with minimal effort. You can use the Cont ent - Type
parameter to determine the uploaded file type and select the appropriate JDBC
methods when saving the data. If the uploaded file is an image, the Cont ent - Type
parameter will be i mage/ pj peg ori mage/ gi f , and so on. Similarly, if you upload a
text file, the Cont ent - Type will be set automatically to t ext / pl ai n, and MSWord
documents will have their Cont ent - Type set to appl i cati on/ nswor d, and so on.

The method savePayl oad() parses the Blob to a byte array and saves it to the DBMS table in the
method saveBl ob(). The saveBl ob() method uses the member id retrieved from a preceding
header and saved in the params Hasht abl e as one of the inputs to the Pr epar edSt at enent used to
save the Blob to the databasetable. The Biob upload servlet is shown in Listing 14-7.

Listing 14-7: Uploading images using a Blob upload servlet

i mport java.io.*;

i mport java.util.*;

i mport java.sql.*;

i mport javax.sqgl.*;

i mport javax.servlet.*;

i mport javax.servlet.http.*;

public class Bl obUpl oadServl et extends HttpServlet{

private static String dbUserName = "sa";

private static String dbPassword = "dba";

private static final char CR = 13;
10;

private static final char LF
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protected String boundary = null
prot ect ed Hashtabl e params = new Hasht abl e();

public void doPost( HttpServl et Request request,

Ht t pSer vl et Response response )

throws Servl et Exception, | OException{

Ser vl et Qut put St ream out = response. get Qut put Strean();
ServletlnputStream in = request.getlnputStream);

Buf f eredl nput Stream bin = new Bufferedl nput Strean(in);
boundary = get Boundary(request. getHeader("content-type"));

out.println("<htm ><body><pre>");
out.println("boundary =\n"+boundary);
out.println();

byte[] bytes = new byte[128];
i n.readLi ne(bytes, 0, bytes. | ength);
String line = new String(bytes);
Hasht abl e header = null;
whi | e(i n. readLi ne(bytes, 0, bytes. | engt h)>=0) {
line = new String(bytes);
if(line.startsWth("Content-Disposition:")){
out.println(line);
header = parseHeader(line);
updat ePar ans( header) ;
lelse if(line.startsWth("Content-Type:")){
par ans. put (" Cont ent - Type"
line.substring("Content-Type:".length()).trin());
}el sef
i f (header! =nul | &byt es[ 0] ==13){
i f (header. containsKey("fil ename")){
di spl ayPar ans(out) ;
out.println(" ...saving payload");
savePayl oad( par ans, bi n);
header = null;
}el sef
String name = (String)header. get("nanme");
String value = getParaneter(in).trim);
par anms. put ( nane, val ue) ;

}
Yif(line.indexOf(boundary)>=0)out. println(line);
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bytes = new byte[128];
}
out.println("</pre></body></htn >");
out.close();
}
private void di splayParans(Servl et Qut put Stream out)
throws java.io.| OException{
for (Enuneration e = parans. keys(); e. hasMreEl ements();) {
String key = (String)e. nextElenent();
out.println(" "+key+" = "+params. get(key));

}
private voi d updat eParans(Hasht abl e header){
for (Enuneration e = header. keys(); e. hasMreEl ements();) {
String key = (String)e.nextEl enent();
par ans. put (key, header. get (key));

}
private String getParanmeter(ServletlnputStream in)
throws java.io.| OException{
byte[] bytes = new byte[128];
i n.readLi ne(bytes, 0, bytes. | ength);
return new String(bytes);
}
private String getBoundary(String contentType){
int bStart = content Type.indexOf ("boundary=")+"boundary=".1ength();
return "" + CR+ LF + "--" + content Type. substring(bStart);
}
private void savePayl oad(Hasht abl e parans, Buf f er edl nput Stream i s)
throws java.io.| Oexception{

int c;

Pushbackl nput St ream i nput new Pushbackl nput Stream(i s, 128);
new Byt eArrayQut put Stream();

while ( (c=read(input, boundary)) >= 0 )out.wite( c );

Byt eArrayQut put St r eam out

int id = Integer.parselnt((String)parans.get("1D"));
saveBl ob(id, (String)parans.get("fil enanme"), out.toByteArray());
out.close();

private int read( PushbacklnputStreaminput, String boundary )
throws | OException

{
StringBuffer buffer = new StringBuffer();
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}

int index = -1;
int c;
do {
c = input.read();

buffer.append( (char)c );
i ndex++;
}while ( (buffer.length() < boundary.length()) &&
(¢ == boundary. char At (i ndex)) );

if ( ¢ == boundary.charAt (index) ){
int type = -1,
if ( input.read() =="-")
type = -2;
while ( input.read() != LF);
return type

while ( index >= 0 ){
i nput. unread( buffer.charAt(index));
i ndex--;

}

return input.read();

private Hashtabl e parseHeader (String line){

Hasht abl e header = new Hasht abl e();
String token = null;
StringTokeni zer st = new StringTokeni zer(line,";");
whi | e(st. hasMoreTokens()) {
token = ((String)st.nextToken()).trim);

String key = ;

String val "
int eq = token.indexOF ("="
if(eqg <0) eq = token.indexOr(":");
if(eq >0){
key = token.substring(0,eq).trinm();

val = token.substring(eq+l);
val = val.replace('"',"' ");
val = val.trim);

header . put (key, val );

}

return header;
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}
public void saveBl ob(int menberlI D, String description,byte[] out){

String cmd =
"I NSERT | NTO Phot os (Menberl| D, Descri ption, | nmage) VALUES(?,?,?)";
System out. println(cnmd);
try {
Cl ass. forNanme("com i net. pool . Pool Driver");
cominet.tds. TdsDat aSource tds = new com i net.tds. TdsDat aSource();
tds. set Server Name( "JUPI TER" );
t ds. set Dat abaseNanme( " MEMBERS" );
tds. set User ( dbUser Name ) ;
tds. set Passwor d( dbPassword );

Dat aSource ds = tds;

Connection con = ds. get Connecti on(dbUser Nane, dbPasswor d) ;

PreparedSt at ement pstnt = con. prepareSt at enent (cnd) ;
pstnt.setint(1l, nenberlD);

pstnt.setString(2, description);

pstnt.setBytes(3, out);

System out. println(pstnt.executeUpdate());

con. close();

}

cat ch(Cl assNot FoundException e){
e.printStackTrace();

}

cat ch( SQLException e){
e.printStackTrace();

A Servlet for Downloading Large Objects from a DBMS

The conventional way of incorporating images or other large objects in a Web page is to provide a link
to a disk file and to rely on the operating system to find the file. This works just fine when you have only
a few image files, but in a membership Web site with tens or hundreds of thousands of members, each
of whom may have several photos on file, search times become significant. One way around this is to
design a directory tree, containing hundreds of subdirectories arranged in some logical manner so that
you can navigate rapidly to the right subdirectory.

Letting your DBMS do the work is a much more elegant and attractive way to find the image files. A big

advantage of object relational database management Systems, after all, is that they are designed
specifically for this kind of thing.
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The servlet of Listing 14-8 shows how you can retrieve an image from a DBMS as a Blob and write it as
a byte array to the ServletOutputStream. The servlet also retrieves text as a Clob.
Caution
It is important when downloading non-html data to set the correct content type in the
response object. Some browsers are more sensitive to this than others.

Listing 14-8: A servlet that retrieves large objects

package JavaDat abaseBi bl e. ch14;

i mport java.io.*;

i mport java.sql.*;

i mport javax.sql.*;

i mport javax.servlet.*;

i mport javax.servlet.http.*;

public class LobServlet extends HttpServlet{
private String dbUserNane = "sa";
private String dbPassword = "dba";
protected void doGet (HttpServl et Request request, Ht pServl et Response
response)
t hrows Servl et Exception, | OException
{
Servl et Qut put Stream out = response. get Qut put Strean();
String dataType = request.getParaneter("type");
int menberl D = Integer. parselnt(request.getParanmeter("id"));
i f(dataType. equal sl gnoreCase("bl ob")) {
response. set Cont ent Type("i nmage/j peg");
out.write(getBl ob(menberliD));
}else if(dataType. equal sl gnoreCase("cl ob")){
response. set Cont ent Type("text/htm ");
out.wite(getC ob(menberliD));
}
out.flush();
out. cl ose();
}
public byte[] getBlob(int nenberlD){
String query = "SELECT | mage FROM Phot os WHERE Menber|D = ?";
Bl ob bl ob = null;
byte[] bytes = null;
String description ="";
try {
Cl ass. forNanme("com i net. pool . Pool Driver");
cominet.tds. TdsDat aSource tds = new cominet.tds. TdsDat aSource();
tds. set Server Name( "JUPI TER" );
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t ds. set Dat abaseNanme( " MEMBERS" );
tds. set User ( dbUser Nanme );

tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Nane, dbPasswor d) ;

PreparedSt atement pstnt = con. prepareSt at ement (query);
pstnt.setint(1, nenberlD);

ResultSet rs = pstnt.executeQuery();
Resul t Set Met aData nd = rs. get Met aDat a() ;
while (rs.next()) {
bl ob = rs.getBlob(1);

}
bytes = bl ob.getBytes( 1, (int)(blob.length()));
con. cl ose();

}

cat ch(Cl assNot FoundExcepti on e){
e.printStackTrace();

}

cat ch( SQLExcepti on e){
e.printStackTrace();

}

return bytes;

}
public byte[] getd ob(int nmenberlD){

String query = "SELECT Docunent FROM Docunents WHERE MenberI D = ?";

Clob clob = null;
String text = null;

try {
Cl ass. forNanme("com i net. pool . Pool Driver");

cominet.tds. TdsDat aSource tds = new cominet.tds. TdsDat aSource();

tds. set Server Name( "JUPI TER" );

t ds. set Dat abaseName( " MEMBERS" );
tds. set User ( dbUser Nanme );

tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Name, dbPasswor d) ;

PreparedSt at ement pstnt = con. prepareSt at enent (query);
pstnt.setint(1, menberlD);
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ResultSet rs = pstnt.executeQuery();
Resul t Set Met aData nd = rs. get Met aDat a() ;
while (rs.next()) {
clob = rs.getCl ob(1);

}
text = clob.getSubString(1, ((int)clob.length()));
con. cl ose();

}

cat ch(Cl assNot FoundException e){
e.printStackTrace();

}

cat ch( SQLException e){
e.printStackTrace();

}

byte[] bytes = null;

if(text!=null)bytes = text.getBytes();

return bytes;

}

The large object servlet can be used to drive a Web page by combining images saved as Blobs and text
or HTML saved as Clobs. Listing 14-9 offers a simple illustration.

Listing 14-9: Creating a Blob-based and Clob-based Web page using frames

<htm >

<head>

<title>Byron</title>

</ head>

<franeset col s="50% *">

<frame src="http://local host/servl et/ LobServl et?type=bl ob& d=1">
<frame src="http://local host/servl et/ LobServlet?type=cl ob& d=1">
</ frameset>

<body>

</ body>

</htm >

In Figure 14-1, the image is a jpeg, previously stored using ID = 1, and the text is stored in HTML form
as a Clob using the same ID. The HTML frame set simply serves to format the page, and the content is
entirely database driven. This is a simple way to drive catalog pages and similar formats.
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Figure 14-1: Blob-based and Clob-based Web page using frames

Summary

In this chapter, you learned about handling large data objects. Specifically, you were introduced to these
topics:

Saving and retrieving images and other binary data as Blobs

Saving and retrieving documents and other text data as Clobs

Handling HTML image uploads using servlets

Creating Blob-based and Clob-based Web pages using a large object retrieval servlet.

In Chapter 15, you learn about retrieving data from a DBMS using scrollable Resul t Set s.
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Chapter 15: Using JSPs, XSL, and Scrollable
ResultSets to Display Data

In This Chapter

One of the limitations of the JDBC Resul t Set is that the user is restricted to scrolling forwards through
the rows. The JDBC 2.0 API adds the ability to define a Resul t Set as scrollable so you can move the
cursor in either direction or to a particular row.

This enhancement is particularly when you need to add a graphical user interface to the Resul t Set .
The ability to move through a Resul t Set in only one direction would be very restrictive.

Scrollable ResultSets

In the Resul t Set object defined in the JDBC Core API, the only way to scroll through the rows was to
use the next () method, which moves the cursor forward to the next row. One of the features added in
the JDBC 2.0 API is the ability to define a Resul t Set as scrollable. Unlike the basic Resul t Set
which only lets you move the cursor forward, the scrollable Resul t Set lets you move the cursor in
either direction or to a particular row. In addition, the scrollable Resul t Set lets you get the cursor
position.

Creating a Scrollable ResultSet

The type of Resul t Set a j ava. sql . St at enent object returns is defined when the St at enent is
created by the Connecti on. cr eat eSt at ement method. There are two forms of the
Connecti on. cr eat eSt at enent method.

This basic version of cr eat eSt at enent () gets you a nonscrollable default Resul t Set :

public Statenment createStatenent()

The second variant allows you to create scrollable and updateable Resul t Set s, as shown here:

public Statement createStatenent(int rsType, int
rsConcurrency)

The first argument, r sType, must be one of the three following constants added to the Resul t Set
interface to indicate the type of a Resul t Set object:

=  TYPE_FORWARD ONLY

=  TYPE_SCROLL_I NSENSI TI VE

= TYPE_SCROLL_SENSI TI VE

If you want a scrollable Resul t Set object, you must specify either TYPE_SCROLL_| NSENSI TI VE or
TYPE_SCROLL_SENSI Tl VE. A Resul t Set defined using TYPE_SCROLL_I NSENSI Tl VE does not
reflect changes made while it is still open. A TYPE_SCROLL_SENSI Tl VE Resul t Set does reflect
changes made while it is still open. Of course, you can always see changes, regardless of the type of
Resul t Set by closing the Resul t Set and then reopening it.

If you specify TYPE_FORWARD_ONLY, you will get a nonscrollable result set, where the cursor moves
forward only. If you also specify CONCUR_READ_ONLY for the second argument, you will get the default
Resul t Set identical to the Resul t Set created with the no argument variant.

The second argument must be one of the two following Resul t Set constants for specifying whether a

Resul t Set is read-only or updateable:
" CONCUR_READ_ONLY

- CONCUR_UPDATABLE.
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Note
If you specify a Resul t Set type, you must also specify whether the Resul t Set is

read-only or updateable.

You can check the type of Resul t Set you have using the Resul t Set . get Type() method, as shown
here:

i f(rs.getType()==ResultSet. TYPE_FORWARD_ONLY)
System out. println("FORWARD _ONLY");

el se
System out. printl n(" SCROLLABLE") ;

Moving the Cursor in a Scrollable ResultSet

Once you have a scrollable Resul t Set object, you can move the cursor both backward and forward in
the Resul t Set by using these methods:

= Resul t Set . next (), which moves the cursor forwards to the next row

] Resul t Set . previ ous(), which moves the cursor back one row

Both methods return f al se when the cursor goes beyond the result set, so you can easily use these
methods in a whi | e loop.

In addition to using the next () and previ ous() methods to scroll forward and backward, you can

move the cursor to a designated row using these methods:

= first (), which moves the cursor to the first row

= | ast (), which moves the cursor to the last row

= bef or eFi rst (), which moves the cursor to a point just before the first row

] af t er Last (), which moves the cursor to a point just after the last row

] absol ute(i nt rowNunber), which moves the cursor to the specified row

. relative(int rowNunber), which moves the cursor the specified number of rows

The method absol ut e(i nt rowNunber) moves the cursor to the row number indicated in the
argument. If the number is positive, the cursor moves to the given row number from the beginning. If the
number is negative, the cursor moves to the given row number from the end, so absol ut e(1) moves
the cursor to the first row, and absol ut e(- 1) moves it to the last row.

The method rel ati ve(int rowNunber) lets you specify how many rows to move from the current
row and in which direction to move. A positive number moves the cursor forward the given number of
rows; a negative number moves the cursor backward the given number of rows. The effect of the first
four of these is apparent from the method names.
Note
As with the default Resul t Set that is not scrollable, a scrollable Resul t Set ' s cursor

is initially positioned before the first row.

Using Scrollable ResultSets to Create a Search Page

In the course of the last couple of chapters, you have learned how to use servlets and JSP pages to
handle HTML forms and to save form data, images, and documents to a database. This chapter
concentrates on retrieving data from the database and presenting it as a Web page.

Chapter 13 illustrates how to create and handle HTML forms using JSP pages. The chapter goes on to
develop examples showing how to handle a simple registration form. This chapter extends these
concepts to a database driven web site which members can use to buy and sell vehicles.

The Web site features a search capability, allowing members to enter search criteria and scroll through
a formatted Resul t Set . Clicking a selection takes the user to a detail page displaying more
information about an item in the database
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The starting point for a search is another form in which the user sets up his or her search criteria. A
simple search form is illustrated in Figure 15-1. The search criteria this form defines are collected using

a JSP page and a JavaBean. The search criteria are passed as inputs to a SQL stored procedure of the
form shown in Listing 15-1.

Member Search
Please 1eil ue skbout 1he person you war [0 meal
Find me a: Whaose age is:
Famela = Bz 1[5
Living in:
|-‘mm':'|:,'lr City d
Marital Statuis: Eduication:
™ Divorced ™ High School
™ Soparaled ™ Somwe College
F Single F College Graduate
™ Widowad ™ Graduate School
I Dont cam I Dont camn
Smoking Habirs: Dirimbdng Habits:
F Bon-gmaoker T Mever
T Occasional smokar F Socially
™ Hegvy smokar I Froquenily
™ Dont cam I Dont cam
[ Ciickhere o Seacch |

Figure 15-1: Search form

Listing 15-1: SQL stored procedure to return matching database items

CREATE PROCEDURE SEARCH @ODY VARCHAR(50),
@1 P VARCHAR(10), @WAKE VARCHAR(50),
@/ODEL VARCHAR(50), @ENG NE VARCHAR(50),
@'RANSM SSI ON VARCHAR(50), @PRI CE | NT, @YEARL | NT,
@EAR2 | NT AS SELECT TOP 50 *
FROM VEHI CLES
VHERE BODY LI KE @ODY AND
ZIP LIKE @l P AND MAKE LI KE @/AKE AND
MODEL LI KE @VODEL AND
ENG NE LI KE @NG NE AND
TRANSM SSI ON LI KE @RANSM SSI ON AND
PRI CE <= @RI CE AND YEAR BETVEEN
@EARL AND @YEARZ2;

The stored procedure uses the LI KE comparator so that wild cards can be used. This approach allows
a great deal of flexibility in searching the database. The HTML snippet below shows how the SELECT
element is defined to return the wild card character '%' when the OPTI ON Any is selected:

<TR>
<TD>Make: </ TD>
<TD>
<SELECT nanme=Make size=1>
<OPTI ON VALUE="9% SELECTED>Any</ OPTI ON\N>
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<OPTI ON VALUE=" Acur a" >Acur a</ OPTI ON>
<OPTI ON VALUE=" Audi " >Audi </ OPTI ON\>
<OPTI ON VALUE=" BMW >BMA&/ OPTI ON>
</ SELECT>
</ TD>
</ TR>

Notice also the use of the TOP 50 clause in the stored procedure of Listing 15-1. The TOP 50 clause

is used to limit the number of hits the search returns. If a large database is searched for common criteria,
you will get a lot of hits, which means big Resul t Set s using lots of memory. In all probability, your
users won't scroll through more than a few pages before tightening up the search criteria, so giving

them a huge Resul t Set is a waste of resources.

If you return the Resul t Set to a JavaBean, and make it scrollable, it will be easy to create pages of,
say, five database items per page that the user can scroll. You can always offer the user the option of
requesting additional blocks of 50 results based on the original search criteria by ordering the search on
the primary key and specifying that subsequent Resul t Set s have higher primary key values.

The search form shown in Eigure 15-1 calls a simple JSP page, Pr ocessSear chFor m j sp, which
uses a JavaBean to handle the query and return the results. As you can see from Listing 15-2, the JSP
page is very simple. It loads the bean, set its properties, and calls the

Sear chFor mBean. get Mat ches() method, which executes the query. It then forwards the user to
Sear chFor mResul t sPage. j sp, which displays the search results.

Listing 15-2: JSP page that loads a JavaBean to query the database

<%@ page | anguage="j ava" %

<j sp: useBean i d="Sear chFor nBean"

cl ass="JavaDat abaseBi bl e. ch15. Sear chFor nBean" scope="session"/>
<j sp: set Property name="Sear chFor nBean" property="*"/>

<%Bear chFor nBean. get Mat ches() ; %

<j sp: forward page="Sear chFor nResul t sPage. j sp"/>

The Sear chFor mBean itself is shown in Listing 15-3.

Listing 15-3: JavaBean to handle database query from a JSP page

package JavaDat abaseBi bl e. chlb5;

i mport java.sql.*;
i mport javax.sql.*;

public class SearchFormBean extends java.l ang. Qbj ect {

private static String dbUserName = "sa";
private static String dbPassword = "dba";

protected int price;
protected int year;
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protected String id;

protected String nake;
protected String nodel;
protected String col or
protected String body;
protected String engine;
protected String transm ssion;
protected String zip;

protected int index = O;

5;
0;

protected ResultSet rs = null;

protected int pageSize

protected i nt rowCount

public SearchFormBean() {

}

public void setYear(int year)({
this.year = year;

}

public void setMake(String make){
this. make = make;

}

public void setZi p(String zip){
this.zip = zip;

}

public void setMdel (String nmodel){
t hi s. nodel = nodel;

}

public void setColor(String color){
this.color = color;

}

public void setBody(String body){
this. body = body;

}

public void setEngi ne(String engine){
thi s. engi ne = engi ne;

}

public void setTransm ssion(String transm ssion){
this.transm ssion = transni ssion;

}

public void setPrice(int price){
this.price = price;
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public String getld(){
return id;

}

public String getMake(){
return make;

}

public String getZ p(){
return zip;

}

public String getMdel (){
return nodel;

}

public String getColor(){
return col or;

}

public String getBody(){
return body;

}

public String getEngine(){
return engine;

}

public String getTransm ssion(){
return transm ssion;

}

public int getPrice(){
return price;

}

public int getYear(){
return year;

}

public int getlndex(){
return index;

}

public int get RowCount(){
return rowCount;

}

public String getPage()({
return ""+(i ndex/ pageSi ze+1) +" of "+(rowCount/pageSi ze+1);

}

publ i ¢ bool ean pageForward() {
bool ean val i dRow = fal se;
i f(index<0]||index+pageSi ze>r owCount) {

i ndex=0;
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}el se{
i ndex += pageSi ze;
}
try {
val i dRow = rs. absol ut e(i ndex+1);
}cat ch( SQLException e){
Systemerr.println(e.get Message());
}

return val i dRow,
}
publ i ¢ bool ean pageBack() {
bool ean val i dRow = fal se;
i f(index<pageSi ze) {
i ndex=r owCount / pageSi ze* pageSi ze;
}el se if(index>=pageSi ze){
i ndex -= pageSi ze;
}
try {
val i dRow = rs. absol ut e(i ndex);
}cat ch( SQLException e){
Systemerr.println(e.get Message());
}
return val i dRow;
}
public bool ean sel ect Row(int row){
bool ean val i dRow = fal se;
try {
val i dRow = rs. absol ut e(i ndex+1);
i f(vali dRow) {
if(row > O)validRow = rs.relative(row);
i f(rs.getRow()<0)val i dRow=f al se;

i f(validRow){
id =rs.getString("1D");
year = rs.getlnt("year");
make = rs.getString("nmke");
zip = rs.getString("zip");
nodel = rs.getString("nodel");
body = rs.getString("body");
engine = rs.getString("engine");
transm ssion = rs.getString("transm ssion");
price = rs.getlnt("price");
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}
}cat ch( SQLException e){
Systemerr.println(e.getMessage());
}
return val i dRow,
}
/*
get Mat ches uses the stored procedure SEARCH:

CREATE PROCEDURE SEARCH @ODY VARCHAR(50),
@1 P VARCHAR(10), @MAKE VARCHAR(50),
@VODEL VARCHAR(50), @NG NE VARCHAR(50),
@'RANSM SSI ON VARCHAR(50), @RI CE I NT, @'EARL | NT,
@EAR2 | NT AS SELECT TOP 50 *
FROM VEHI CLES
WHERE BODY LI KE @ODY AND
ZIP LIKE @l P AND MAKE LI KE @WKE AND
MODEL LI KE @VODEL AND
ENG NE LI KE @&ENG NE AND
TRANSM SSI ON LI KE @RANSM SSI ON AND
PRI CE <= @RI CE AND YEAR >= @YEAR,
*/
public int getMtches(){
try {
Cl ass. forName("com i net. pool . Pool Driver");
cominet.tds. TdsDat aSource tds = new cominet.tds. TdsDat aSource();
tds. set Server Name( "JUPI TER" );
t ds. set Dat abaseNanme( "VEHI CLES" );
tds. set User ( dbUser Narme );
tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Name, dbPasswor d) ;

/1l clean up paranmeters fromfree format text fields for
Cal | abl eSt at ement

i f(nmodel ==nul I ) nodel =" 9% ;

i f(zip==null)zip="%;

Cal | abl eStatement cs = con. prepareCall ("{call
SEARCH(?,?,2,2,2,2,2,?2)}");

cs.set String(1, body);

cs.setString(2,zip);
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cs.set String(3, make);
cs.setString(4, nodel);

cs.set String(5, engine);
cs.setString(6,transni ssion);
cs.setlnt (7,price);
cs.setlnt (8,year);

rs = cs.executeQuery();

rs.last();

rowCount = rs.get Rowm);

con. cl ose();
}cat ch(Cl assNot FoundException el){

Systemerr.println(el. get Message());
}cat ch( SQLException e2){

Systemerr.println(e2. get Message());
}

return rowCount;

}

In addition to the normal getter and setter methods for its properties, the JavaBean has a number of

methods to retrieve the data and to navigate around the scrollable Resul t Set . These methods include:

= get Mat ches() . This method sets the parameters of the SQL stored procedure and calls it to get
the scrollable Resul t Set . It then gets the row count by navigating to the end of the Resul t Set
and getting the row number using get Row() . The Resul t Set is now stored in the JavaBean for
access by the other methods.

= sel ect Row(i nt row).The sel ect Row() method moves the cursor to the selected row. The
r ow argument refers to the row number within the displayed JSP page, and the integer i ndex
provides the offset to the row corresponding to the beginning of the current JSP page. The
sel ect Row() method navigates to the desired row using Resul t Set . absol ut e(i ndex) to
move the cursor to the row corresponding to the first row in the displayed JSP page. It then uses
Resul t Set . rel ati ve(row) to move to the row corresponding to the relative row within the
displayed JSP page. Finally, it sets the JavaBean's properties by getting the appropriate data from
the Resul t Set .

= pageForwar d() . The pageForwar d() method moves the row index to the row corresponding
to the top of the next page.

= pageBack() . The pageBack() method moves the row index to the row corresponding to the top
of the previous page.

= get RowCount () . The get RowCount () method returns the r owCount .

= get Page() . The get Page() method returns a String representation of the current page number
in the form "Page 1 of n".

The only slightly tricky logic involved in Listing 15-3 is in the area of moving the cursor. It is important to
remember that absolute row numbers start at 1 and that relative row numbers can never be zero.

The JSP page used to display the search results is kept separate from the JSP page that instantiates
the bean and executes the query. It includes two HTML form elements containing the page buttons and
calls separate JSP pages to handle navigation through the Resul t Set . The code for the display page

is shown in Listing 15-4.

Listing 15-4: Search-results page JSP
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<%@ page | anguage="j ava" %

<j sp: useBean i d="Sear chFor nBean"

cl ass="JavaDat abaseBi bl e. ch15. Sear chFor nBean" scope="session"/>
<htm >

<head>

<title>Summary</title>

</ head>

<body bgcol or="#ffffff">

<BASEFONT FACE="Arial ">

<TABLE BORDER="2">
<TR BGCOLOR="#EOEOEOQ" >
<TD COLSPAN="2">

<l-- header -->
<TABLE W DTH=100%
<TR BGCOLOR="#EOEOQEQ" >
<TD>
Found <% Sear chFor mBean. get RowCount () % vehi cl es matchi ng query.
</ TD>
<TD ALI G\N="RI GHT" >
Page <% Sear chFor nBean. get Page() %
</ TD>
</ TR>
</ TABLE>
</ TD>
</ TR>

<l-- results -->

<%
i f(Sear chFor mBean. get RowCount () >0) {
for(int i=0;i<3;i++){
i f(SearchFornBean. sel ect Row(i)){
%
<TR>
<TD>
<A HREF="Get Det ai | Page. j sp?nmenber | d=<%=Sear chFor nBean. get | d() %" >
<img src="http://192.168.0. 2/ servl et/ LobServl et ?type=bl ob
& d=<% (i +5230001) ¥%&descri pti on=Thunbnai | ">
</ A>
</ TD>
<TD>
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<TABLE CELLPADDI NG = 4 width = 100%

<TR>

<TD>

<9%=Sear chFor mBean. get Year () % <% Sear chFor mBean. get Make() %
<%=Sear chFor mBean. get Model () %, <% Sear chFor nBean. get Body() %.

<%=Sear chFor mBean. get Engi ne() %,
<%=Sear chFor mBean. get Transmi ssi on() %.

</ TD>

</ TR>

<TR>

<TD>

Aski ng $<%Sear chFor mBean. get Pri ce() %.

Location ( zip code ): <% SearchFornBean. get Zi p() %.
</ TD>

</ TR>

</ TABLE>

</ TD>
</ TR>
<%

}

}

%

<l-- footer -->
<TR BGCOLOR="#EOEOEQ" >
<TD COLSPAN="2">

<TABLE W DTH=100%

<TR BGCOLOR="#EOEOEQ" >

<TD W DTH="60% >

</ TD>

<TD>

<f or m METHOD="POST" ACTI ON="Sear chFor nPageBack. j sp" target= " _self">
<i nput type="submit" val ue="Prev Page"></td>

</ fornme

</ TD>

<TD>

<f or m METHOD="POST" ACTI ON="Sear chFor mPageForward. jsp" target= "_self">
<i nput type="submt" val ue="Next Page"></td>

</ fornp
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</ TD>

<TD ALI GN="RI GHT" >
</ TD>

</ TR>

</ TABLE>

</ TD>
</ TR>
</ TABLE>

</ TABLE>
</ body>
</htm >

The JSP pages that support the Prev Page and Next Page buttons are as simple as the basic
ProcessSear chFor mJSP page. Sear chFor mPageFor war d. j sp calls the bean's PageFor war d()
method to increment the page index variable by an amount equal to the page size. Here's an example:

<%@ page | anguage="j ava" %

<j sp: useBean i d="Sear chFor nBean"

cl ass="JavaDat abaseBi bl e. ch15. Sear chFor nBean" scope="session"/>
<%-Sear chFor mBean. pageFor war d() %

<j sp: forward page="Sear chFor nResul t sPage. j sp"/ >

Sear chFor nPageBack. j sp calls the Sear chFor nBean. pageBack() method to decrement the

index by the page size. Both methods wrap the index to handle transitions through the beginning and
end of the Resul t Set as shown here:

<%@ page | anguage="j ava" %

<j sp: useBean i d="Sear chFor nBean"

cl ass="JavaDat abaseBi bl e. ch15. Sear chFor nBean" scope="sessi on"/>
<9%=Sear chFor mBean. pageBack() %

<jsp: forward page="Sear chFor nResul t sPage. j sp"/ >

The page that Sear chFor nResul t sPage. j sp creates is shown in Figure 15-2.
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Feund 2 vehicles matchng query Page 1al1

1996 Honda Civic, Coups. 4-Cylinder, 5-Speaed
Askang $4500. Locabion | zip coda | 21144

A 2000 Metsubishi Montess, SUY. Diesal, Automatic
Acking §22000 Locahon { ap code § 21145

1999 G Sonorma, Pickup, B-Chnder, Manug
Askang 7500 Locabon { ap code k21146

FravPage | HetPog |

Figure 15-2: Searchresults page

As you may have noticed in Listing 15-4, the images are obtained from a servlet that returns Blobs from
the Photos Table in the database. This servlet is derived from the Large Object servlet example of
Chapter 14, Listing 14-8.

If you refer to Listing 15-4, you will notice that the images can be clicked to access a detail page for the
vehicle. The next section discusses the creation of both the detail page and an edit page from the same
XML formatted result set using an XSL transform

Using XSL to Create a Web Page from a SQL Query

The previous example shows how to create a Web page using JSP to manage its formatting. This
approach has the disadvantage that you have to understand how to use Java Server Pages to modify
your display format. Another way to manage database-driven Web page formatting is to use an XSL
stylesheet to transform XML data into HTML. A simple change to the XSLT transforms the same page
of XML into a completely different HTML page.

How XSLT Works

Extensible Stylesheet Language (XSL) provides the user with a means of transforming XML documents
from one form to another. In practice, this means you can retrieve information from a database as basic,
content-oriented XML and use an XSL stylesheet to convert it into a human-readable document.

XSL actually combines two major components: a transformation language and a formatting language.
Each of these is an XML dialect. The transformation language, XSLT, is used to define rules for the
conversion of one XML document into another, and the formatting component deals with formatting the
output.

From the viewpoint of generating HTML, the important component is the XSL Transformation Language
(XSLT). To perform a transformation, an XSLT processor reads both an XML document and an XSLT
stylesheet and outputs a new XML document.

Applying an XSL transform in Java is very simple, as you can see from the example in Listing 15-5. The
xalan library methods do most of the work.
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Listing 15-5: Applying an XSL transform

i mport org.xm .sax. SAXExcepti on;

i mport org.apache. xal an. xslt. XSLTProcessor Fact ory;
i mport org.apache. xal an. xsl t. XSLTI nput Sour ce;

i mport org.apache. xal an. xslt. XSLTResul t Tar get ;

i mport org.apache. xal an. xslt. XSLTPr ocessor;

/**

* Sanple code to apply a stylesheet to an xnml document to create an
HTM. page.

*/

public class SinpleXSLTransform
{

public static void main(String[] args)throws org.xm .sax. SAXExcepti on

{

XSLTProcessor processor = XSLTProcessor Factory. get Processor();
processor. process(new XSLTI nput Sour ce(" Menmber | nfo.xm "),

new XSLTI nput Sour ce(" Menber | nfo. xsl"),
new XSLTResul t Target (" MenberInfo. htm"));

}

XSL stylesheets can be used either on the server side or on the client side. In practice, server-side
transforms work better; different browsers implement different subsets of the specification, so results
are unpredictable. The main drawback of using XSL transforms on the server is that they tend to be
resource intensive. It is worth experimenting with different XSL transform libraries, as some perform
transforms very much faster than others.

Retrieving Data from a Database as an XML Document

Of course, before you can transform it, you need to get your Resul t Set and turn it into XML. The data
set used to create the search-results page of Figure 15-2 is derived from a single table. To create a
more detailed page, information must be combined from several different tables.

The tables accessed for the detail page include the Vehicles table, which holds the basic information
about each vehicle, and the Options table, which contains information about accessories and options.
As discussed in Chapter 11, these tables are set up so that they correlate well to the forms used for
adding vehicles to the database, as well as being more convenient for searches.

A significant aspect of the way the Options table is designed is that it contains a number of columns
representing check box selections with YES/NO values, as well as a single text entry labeled "Other" on
the HTML form. When the form data is saved to the table, the data from all of these HTML form inputs is
combined into a column labeled LIST. Designing the table this way makes it easy to search for specific
YES/NO attributes without incurring extra overhead creating a text summary of the attributes.

Cross-

Reference The design and layout of the member database used in the Web-

applications part of this book is discussed in Chapter 11.
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As shown in the SQL snippet of Listing 15-6, the Resul t Set for the detail page is based on the LIST
columns from the attribute tables. These columns are combined with information from the individual
columns of the Vehicle table. Listing 15-6 shows the SQL code required to create the stored procedure
GET_DEATI L_PAGE, which the JavaBean used to create the XML document will call.

Listing 15-6: Stored procedure for detail page

CREATE PROCEDURE GET_DETAIL_PAGE @d int
AS SELECT v.*, o.list OPTIONS
FROM Vehicles v, Options o
WHERE o.id v.id AND
v.id @ d;

Listing 15-7 shows a JavaBean that calls the stored procedure of Listing 15-6 and formats the

Resul t Set as XML. A Resul t Set Met aDat a object is used to get the column names that are used as
tag names for the XML elements. The column data Strings are appended to the XML elements as text
nodes.

Listing 15-7: JavaBean that returns a ResultSet as XML

package JavaDat abaseBi bl e. chl5;
i mport java.io.*;
i mport java.sql.*;

i mport javax.sql.*;

public class Detail PageXM.Bean{

protected static String dbUser Nane = "sa";
protected static String dbPassword = "dba";
protected String xm Header = "<?xml version=\"1.0\"?>";

protected int id;

publ i c Det ai | PageXM.Bean() {

}

public void setld(int id){
this.id=id;

}

public String getXm String(){
String xml = new String(getVehicleData());
return xm .trim);
}
public byte[] getVehicleData()/{
String root Tag = "Vehicl eDat a";
Byt eArrayCQut put Stream os = new Byt eArrayQut put Stream() ;
try {
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Cl ass. forName("com i net. pool . Pool Driver");

cominet.tds. TdsDat aSource tds = new comi net.tds. TdsDat aSource();
tds. set Server Narme( "JUPI TER" );

t ds. set Dat abaseName( " VEHI CLES" );

tds. set User ( dbUser Nanme );

tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
Connection con = ds. get Connecti on(dbUser Nane, dbPasswor d) ;

St atement stnt con. createStatenment();
Cal | abl eSt at ement cs = con. prepareCall ("{call GET_DETAI L_PAGE

(?)}")s

cs.setInt(1,id);
Resul t Set rs = cs. executeQery();
Resul t Set Met aData nmd = rs. get Met aDat a() ;

os.write(xm Header. getBytes());
os.write(("<"+rootTag+">").getBytes());

String xm ="";
int colums = nd. get Col umCount () ;
rs.next();
for(int i=1;i<=colums;i++){
i f(md. get Col umType(i)==Types. VARCHAR) {
xm =" <" +nd. get Col unmmLabel (i) +">"+
rs.getString(i)+
"</ "+nd. get Col umLabel (i) +">";
os.write(xm .getBytes());
el se if(nd. get ColumType(i)==Types. | NTEGER) {
xm =" <" +nd. get Col unmLabel (i) +">"+
rs.getlnt(i)+
"</ "+nd. get Col uimLabel (i) +">";
os.write(xm .getBytes());

}

os.write(("</"+rootTag+">").getBytes());
}cat ch( Exception e){

e.printStackTrace();

}

return os.toByteArray();
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}

public static void main(String args[]){

File f new File("Detail.xm");

int id = 1000;

Det ai | PageXM_Bean xm Bean = new Det ai | PageXM_Bean() ;

xm Bean. set 1 d(id);

try {
Fi | eQut put Stream fos = new Fil eQut put Stream(f);
fos.wite(xm Bean. get Vehi cl eData());

}cat ch( Exception e){
e.printStackTrace();

}

Although this is a simple approach to generating XML, it saves the overhead of building a DOM object
and serializing it. The get Xml Stri ng() method is simply a convenience for use in the simple JSP
page shown in Listing 15-8. Similarly, the mai n method is included to let you check out the XML by
dumping it to a file.
Cross-
Reference The advantages of the DOM-based approach to handling XML are
discussed in Part IV, which deals with XML and Java databases.

The resulting XML can be displayed in a browser using the simple JSP page shown in Listing 15-8.
Notice the use of the cont ent Type attribute in the <% @ page % directive. This attribute is required
so that the browser can recognize the data as XML and display it accordingly.

Listing 15-8: JSP page using a JavaBean to display a ResultSet as XML

<%@ page | anguage="java" content Type="text/xm "%
<j sp: useBean i d="Det ai | PageXM_Bean"
cl ass="JavaDat abaseBi bl e. ch15. Det ai | PageXM_Bean" scope="sessi on"/>
<j sp: set Property nanme="Det ai | PageXM_Bean" property="*"/>
<%Det ai | PageXM_Bean. get Xm Stri ng() %

The resulting XML is shown in Listing 15-9. Although the structure shown here is very simple, with no
nested elements, everything discussed in the examples applies equally to more complicated XML
documents.

Listing 15-9: ResultSet formatted as XML

<?xm version="1.0"?7>
<Vehi cl eDat a>

<I D>1000</ | D>
<Make>Honda</ Make>
<Body>Coupe</ Body>
<Mbdel >Ci vi c</ Model >
<Year >1996</ Year >
<Col or >Red</ Col or >
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<Zi p>21144</ Zi p>
<Engi ne>4- Cyl i nder </ Engi ne>
<Transm ssi on>5- Speed</ Transni ssi on>
<Pri ce>4500</Pri ce>
<OPTI ONS>
AM FM Radi o,
Cassette,
Power W ndows,
Power Locks,
Air Conditioning,
Tilt Steering,
Power Steering,
ABS,
Moon Roof,
Bucket Seats
</ OPTI ONS>
</ Vehi cl eDat a>

Transforming the XML Using an XSL Stylesheet

Stylesheets are valid XML documents that contain a set of XSL commands used to transform a
document. XSL stylesheets start with the xsl : st yl esheet declaration, which forms the root node of

the XML document. The stylesheet declaration consists of a version and namespace. The namespace
declares the stylesheet tag prefix and the URL of tag definitions, as shown here:

<xsl:styl esheet xm ns: xsl="http://ww.w3. org/ 1999/ XSL/ Tr ansf or nt'
version="1.0">
</ xsl : styl esheet >

The namespace prefix xsl : is used in the body of the XSL document to identify XSL processing
statements. Tags that are not prefixed with xsl : are simply copied to the output without being

processed, so you can embed HTML tags in the XSL stylesheet, and they will be sent to the output
stream unchanged.

XSLT is unlike conventional programming languages such as Java because XSLT is a rule-based,
declarative language. XSL rules define templates that specify how an XML document should be
processed. These template rules can be defined in any order.

XSL templates are used to select XML elements for processing using the match operator. Here's a
typical example of the use of the xsl : t enpl at e tag:

<xsl:tenpl ate mat ch="Vehi cl eDat a" >

</ xsl :tenpl at e>

The argument of the match operator is defined using an XPath expression. XPath simply defines the
path to a child node in much the same way as a file path defines a path to a file. For example, to select
an entire document for processing, you can match the root node, using match="/". Alternatively, you can
match the document element tag, in this case 'VehicleData'.
Caution
The difference between matching the root node, defined with "/", and matching the
document node, defined in this case with "Vehi cl eDat a", is that the XPath to a
child node is different in each case. For example, if you match the root node, using
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<xsl :tenpl at e mat ch="/ ">, the XPath from the root node to the ID node in
Listing 15-8 is "Menber | nf o/ | D". On the other hand, if you use <xsl : tenpl at e
mat ch="Menber | nf 0"> to match the document node, the XPath is simply "I D".

The only other XSL used in this example is the xsl : val ue- of expression. This expression returns the
value of the node selected using the XPath expression defined in the select attribute. For example, to
get the vehicle's color, use the following xsl : val ue- of expression:

<xsl :val ue-of select="Color"/>

This returns the value "Red" from the corresponding node in the XML document of Listing 15-8:
<Col or >Red</ Col or >

In addition to selecting values from XML documents, XSLT allows you to use your XML data in
calculations or to create and manipulate strings. An example of string manipulation to create an image
URL is shown in the following code snippet:

<xsl :variabl e nane="i mageUr| "

select="string('http://192.168.0.2/servl et/BlobServlet?id=")"/>
<xsl :variabl e name="id" select="1D"/>
<i mg>

<xsl:attribute nane="src">

<xsl :val ue- of sel ect="concat ($i mageUrl,6 $id)"/>

</xsl:attribute>
</ing>
This code snippet illustrates how you can define a String variable and concatenate the value of an XML
element to the string to create a URL. This URL is then set as the value of the sr ¢ attribute of an HTML

i mg tag. The complete stylesheet is shown in Listing 15-9. Note how the stylesheet freely combines
XSL and HTML tags as required.

Listing 15-9: XSL stylesheet

<?xm version="1.0"?>

<xsl:styl esheet xm ns: xsl="http://ww.w3. org/ 1999/ XSL/ Tr ansf or nt'
versi on="1.0">

<xsl : out put nethod="htm "/ >
<xsl: preserve-space el ements="*"/>
<xsl:tenpl ate mat ch="Vehi cl eDat a" >

<HTM_>

<HEAD>

<TI TLE>Det ai | Page</TI TLE>

<BASEFONT FACE="Arial"/>

</ HEAD>

<BODY>

<P/ >

<TABLE BORDER="1" W DTH="480" CELLPADDI NG="4">
<TR>

<TD ALI GN="CENTER" VALI GN="TOP" >

<xsl :variabl e nane="i mageUr| "
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select="string('http://192.168.0. 2/ servl et/ Bl obServlet?id=")"/>
<xsl:variabl e name="id" select="ID" />
<i ng>
<xsl:attribute nane="src">
<xsl :val ue- of sel ect="concat ($i mageUrl,6 $id)"/>
</xsl:attribute>
</ing>
</ TD>
<TD>
<xsl :val ue- of sel ect="Col or"/>
<xsl:text> </xsl:text>
<xsl :val ue-of sel ect="Year"/>
<xsl:text> </xsl:text>
<xsl :val ue-of sel ect="Make"/>
<xsl:text> </xsl:text>
<xsl :val ue-of sel ect="Model"/>.
<P/ >
<xsl :val ue-of sel ect="Engi ne"/>, <xsl:value-of select="Transm ssion"/>

Transni ssi on.

<P/ >
<xsl:val ue-of sel ect="0PTI ONS"/>
<P/ >
$<xsl : val ue-of select="Price"/>.
<P/ >

Vehicle is located in Zip code: <xsl:value-of select="Zip"/>.

</ TD>

</ TR>

<TR>

<TD COLSPAN="2">

<FORM et hod="post" action="/jsp/ProcessMessageForm jsp" target=
id="forml" nane="form">

<I NPUT type="hi dden">

<xsl:variabl e name="id" select="ID" />

_sel f"

<xsl:attribute nane="nmenberld">
<xsl :val ue- of select="%id"/>

</xsl:attribute>

</ 1 NPUT>

<TABLE BORDER="1">

<TR>

<TD>

<FONT COLOR="Dbl ue">

<EM>Cont act the seller:</EWM

</ FONT>
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</ TD>

</ TR>

<TR>

<TD>For nore information, or to arrange to see the vehicle, send a
message to the seller: </ TD>

</ TR>

<TR>

<TD ALI GN=" CENTER" >

<t ext area name="Message" col s="48" rows="4" />
</ TD>

</ TR>

<TR>

<TD ALI GN="CENTER" >

<i nput type="submit" value="Click here to send" />
</ TD>

</ TR>

</ TABLE>

</ FORM>

</ TD>

</ TR>

</ TABLE>

</ BODY>

</ HTML>

</ xsl :tenpl at e>

</ xsl : styl esheet >

Applying an XSL Transform in a JSP Page
To apply the XSL stylesheet on the server side, you need to create a JSP page. Listing 15-10 illustrates
the use of a second JavaBean to transform the XML document produced by the JavaBean of Listing 15-
7. The only property the JSP page expects is the member id.

Listing 15-10: Applying an XSL stylesheet in a JSP page

<%@ page | anguage="j ava" %
<%@ page | anguage="j ava" %
<j sp: useBean i d="Det ai | PageXM_Bean"
cl ass="JavaDat abaseBi bl e. ch15. Det ai | PageXM_.Bean"/ >
<j sp: useBean i d="Det ai | PageTr ansf or mBean"
cl ass="JavaDat abaseBi bl e. ch15. Det ai | PageTr ansf or mBean"/ >
<j sp: set Property nanme="Det ai | PageXM_Bean" property="*"/>
<%
Det ai | PageTr ansf or mBean. set Xsl Fi | eName( " Det ai | Page. xsl ") ;
%

<% new String(
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Det ai | PageTr ansf or mBean. appl yTr ansf or m( Det ai | PageXM_Bean. get Vehi cl eDat a

0)

)) %

The JavaBean required to apply the XSL transform is shown in Listing 15-11. For ease of checkout, a
main method is included.

Caution

The only deployment problem you are likely to encounter is that the path for the
stylesheet defaults to Tomcat's/bin directory unless you specify the path fully.

Listing 15-11: XSL transform bean

pa

ckage JavabDat abaseBi bl e. chl5;

i mport java.io.*;

i mport org.xm .sax. SAXExcepti on;

i mport org.apache. xal an. xslt. XSLTProcessor Fact ory;

i mport org.apache. xal an. xsl t. XSLTI nput Sour ce;

i mport org.apache. xal an. xslt. XSLTResul t Tar get ;

i mport org.apache. xal an. xslt. XSLTPr ocessor;

pu

p

p
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blic class Detail PageTransf or mBean{
private String xslFileName = null;
private byte[] xm Source = null;

private ByteArrayl nput Stream xm | nput Stream = nul | ;

publ i c Det ail PageTr ansf or mBean() {
}

public void setXm Source(byte[] xml Source){
t hi s. xm Sour ce=xm Sour ce;
xm I nput Stream = new Byt eArrayl nput St ream( xnl Sour ce) ;

public void setXslFileName(String xsl Fil eName) {
t hi s. xsl Fi | eNane=xsl| Fi | eNane;
File f = new Fil e(xslFil eNane);
if(!f.exists())Systemout.println("Cannot find file:

ublic byte[] applyTransform byte[] xm Source){
set Xm Sour ce(xm Sour ce);
return applyTransform);

ublic byte[] applyTransform)({

"+xsl Fi | eName) ;
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Byt eArrayCQut put St ream out put St ream = new Byt eArrayQut put St rean();

try{
XSLTProcessor processor = XSLTProcessor Factory. get Processor();

processor. process(new XSLTI nput Source(xm | nput Stream,
new XSLTI nput Sour ce(xsl Fi | eNane),
new XSLTResul t Tar get (out put Strean));
}catch(Exception e){
Systemerr.println(e);

}

return outputStreamtoByteArray();

public static void main(String args[]){

File f = new File("Detail.htm");

int id = 1000;

Det ai | PageXM_.Bean xm Bean = new Det ai | PageXM.Bean() ;

Det ai | PageTr ansf or mBean transformBean = new

Det ai | PageTr ansf or mBean() ;

xm Bean. setld(id);

transf ornBean. set Xsl Fi | eNanme(" Det ai | Page. xsl ") ;

try {
Fi | eQut put Stream fos = new Fi |l eQut put Stream(f);
fos.write(transfornBean. appl yTransf orm( xm Bean. get Vehi cl eData()));

}cat ch( Exception e){
e.printStackTrace();

}

Assuming you have deployed everything correctly, you should see a Web page that looks like Figure
15-3 when you call the JSP page. The simplest way to do this for checkout purposes is with a simple
HTML form, like the following:
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[ | el 1996 Handa Civic.

4-Cylinder, 5-Speed Transmission

AM FM Radio, Casaalte, Power Windows, Power Lecks,
#Aw Comditmring, ABS, Moon Roof, Bucket Seate

Asking §4500

. .' SWahicls tp loceied m Dip code: 21144

Contact the salor

Fer e information, oo bo arange 1o see the vehicle, send 3 message to (he selle

Chick heve to sand
Figure 15-3: Web page created by applying an XSL transform to an XML document built from a
ResultSet
<ht m >

<head><titl e>Get Web Page</titl e></head>
<body>
<f or m METHOD="POST" ACTI ON="GCet Det ai | Page. j sp" target= "_self">
<tabl e><tr><td align="center" col span="3">
<i nput type="text" nanme="id">
</td></tr>
<tr><td align="center" col span="3">
<i nput type="submt" val ue="Show Wb Page">
</td></tr></tabl e>
</formp
</ body>
</htm >
To call up the detail page in a practical application, make a simple modification to the JSP page of
Listing 15-4, so that when the user clicks the thumbnail image in the search form, he or she is forwarded
to the detail page.

To forward the user to the detail page in response to a mouse click on the thumbnail image, all you
need to do is wrap the thumbnail image in an HTML anchor element as shown here:

<TR>
<TD>
<A HREF="Cet Det ai | Page. j sp?menber | d=<%-Sear chFor mBean. get | d() %" >
<img src="http://192.168.0. 2/ servl et/ LobServl et ?type=
bl ob& d=<%(i +1) %>&descri pti on=Thunbnai | ">
</ A>
</ TD>
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Note the use of the <%=Sear chFor nBean. get | d() % tag to supply the member id to the JSP page.

Using an Updatable ResultSet with an XSL Stylesheet

In addition to using the ResultSet for display purposes, it is very useful to be able to update the
database using the ResultSet itself. Updatable Resul t Set s offer just this capability, in that they can
be updated directly. In other words, you can make updates to the values in the Resul t Set itself, and
these changes are reflected in the database.

The XML-based and XSLT-based approach to creating a Web page lends itself well to use with
updatable Resul t Set s. One of the advantages of XS L is that you can create a completely different

Web page from the same XML by simply applying a different stylesheet. To illustrate this capability, try
applying the stylesheet shown in Listing 15-12 to the original XML of Listing 15-9.

Listing 15-12: Creating a different Web page from the same XML

<?xm version="1.0"?>
<xsl:styl esheet xm ns:xsl="http://ww.w3. org/ 1999/ XSL/ Tr ansf or '
versi on="1.0">

<xsl :out put nethod="htm"/>

<xsl:tenpl ate match="Vehi cl eDat a">
<HTM_>
<HEAD>
<TI TLE>
Edit Detail Page
</ TI TLE>
</ HEAD>
<BASEFONT FACE="Arial"/>
<BODY>
<FORM et hod="post" acti on="ProcessVehi cl eUpdat eForm j sp">

<TABLE BORDER="1" CELLPADDI NG="4">
<TR>
<TD>Col or </ TD>
<TD>
<I NPUT type="text" name="col or">
<xsl:attribute name="val ue">
<xsl :val ue- of sel ect="Col or"/>
</xsl:attribute>
</ 1 NPUT>
</ TD>
</ TR>
<TR>
<TD>Year </ TD>
<TD>
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<INPUT type="text" name="year">
<xsl:attribute name="val ue">
<xsl :val ue-of sel ect="Year"/>
</xsl:attribute>
</ 1 NPUT>
</ TD>
</ TR>
<TR>
<TD>Make</ TD>
<TD>
<I NPUT type="text" name="rmake">
<xsl:attribute nanme="val ue">
<xsl :val ue- of sel ect="Make"/>
</xsl:attribute>
</ | NPUT>
</ TD>
</ TR>
<TR>
<TD>Model </ TD>
<TD>
<INPUT type="text" name="nodel ">
<xsl:attribute nanme="val ue">
<xsl :val ue- of sel ect="Mdel "/ >
</ xsl:attribute>
</ | NPUT>
</ TD>
</ TR>
<TR>
<TD COLSPAN="2">
<I NPUT type="subm t" val ue="CLI CK HERE TO SUBM T CHANGES"/ >
</ TD>
</ TR>
</ TABLE>

</ FORW>
</ BODY>
</ HTML>
</ xsl :tenpl at e>

</ xsl : styl esheet >

This stylesheet generates the form shown in Figure 15-4. It uses the same <xsl : val ue- of > tags to
get the data from the XML file, but this time it wraps them in an HTML form, using the
<xsl:attribute> tag, so that rather than just displaying the vehicle data, the stylesheet uses the
data to preload a form.
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Coabair Fad
Vsl |1 495
Mlake Honda

telodal Crac

CLICK. HERE TO SUBMIT CHANGES I

Figure 15-4: Form generated from the XML of Listing 15-9 using the stylesheet of listing 15-12

Caution
Bean properties are case sensitive. Use lowercase for the property names.

Note that this example only displays a small number of elements from the underlying XML. Obviously,
you can create a single large form to display the entire document for editing, or you can create a series
of smaller forms like the example in Figure 15-4, processing them sequentially.

The JSP page required to handle the update is shown in Listing 15-13. It simply passes the attributes
picked up from the form to the Updat eXM_.Bean and calls the bean's updat eVehi cl eDat a()
method. On completion, the user is forwarded to the detail Web page to view the results of the change.

Listing 15-13: JSP to process the database update form

<%@ page | anguage="j ava" content Type="text/htm "%

<j sp: useBean i d="Updat eXM_Bean"

cl ass="JavaDat abaseBi bl e. ch15. Updat eXM_Bean" scope="session"/>
<j sp: set Property name="Updat eXM_Bean" property="*"/>

<%Jpdat eXM_Bean. updat eVehi cl eDat a() ; %

<%

String id = Updat eXM.Bean. get Vehi cl el d();

String nextPage = "GetDetail Page.jsp?Detailld="+id;

%

<jsp: forward page="<%next Page%"/>

The JavaBean that updates the vehicle data is shown in Listing 15-14. This JavaBean is similar to the
code of Listing 15-7, with the exception that it creates an updatable ResultSet and includes a method to
perform the update.

Listing 15-14: Updatable ResultSet bean

package JavaDat abaseBi bl e. chlb5;
i mport java.io.*;
i mport java.sql.*;

i mport javax.sql.*;

public class MenberUpdat eXM.Bean{

protected static String dbUserNane = "sa";
protected static String dbPassword = "dba";
protected String xm Header = "<?xml version=\"1.0\"?>";
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protected String memnberld;
protected String eyecol or;
protected String haircol or;
protected String build;
protected String height;

protected Connection con;
protected Statenment stnt;
protected ResultSet rs;
protected Result Set Met aData nd;

public Member Updat eXM_.Bean() {
}
public void setMenberl d(String menmberld){
t hi s. menber | d=nenberl d;
}
public String getMenberld()({
return nmenberld;
}
public void setEyecolor(String eyecolor){
thi s. eyecol or =eyecol or;
}
public void setHaircolor(String haircolor){
t hi s. hai rcol or=hai rcol or;
}
public void setBuild(String build){
thi s. bui | d=bui I d;
}
public void setHeight(String height){
t hi s. hei ght =hei ght;
}
public String getMermber Xm String() {
String xm = new String(get MenberData());
return xm .trim);
}
public String updateMenber Dat a() {
String status = "Update successful ";
Systemout.println("ResultSet = "+rs);
try {
i f(rs.getConcurrency()==Resul t Set. CONCUR_UPDATABLE) {
System out . printl n(" UPDATABLE") ;
i nt nCol ums = nd. get Col umCount () ;
rs.updateString("eyecolor", eyecolor);
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rs.updateString("haircolor”, haircolor);
rs. updat eRow();

}

el se{
System out. printl n("READ_ONLY");
status = "Update failed";

}

}cat ch( Exception e){
e.printStackTrace();
}
return status;
}
public byte[] getMenberData(){
String rootTag = "Menberl nfo";
String SQLQuery = "SELECT i.*, "+
"mlist MJUSIC, g.list GONGOQUT, f.list FOODS, "+
"ph.list SPORTS, p.list PERSONALITY, a.list
ACTIVITIES "+
"FROM personalinfo i, MJUSIC m goingout g, foods
f, "+

"physical activities ph, personality p, activities

"WHERE mid = g.id AND mid = f.id AND mid =
ph.id AND "+

mid p.id AND mid = a.id AND mid =i.id AND
"+

"mid = "+menberld+ ;"

Byt eArrayCQut put Stream os = new Byt eArrayQut put Stream() ;
try {
Cl ass. forName("com i net. pool . Pool Driver");
cominet.tds. TdsDat aSource tds = new cominet.tds. TdsDat aSource();
tds. set Server Narme( "JUPI TER' );
t ds. set Dat abaseName( " MEMBERS" );
tds. set User ( dbUser Name );
tds. set Passwor d( dbPassword );

Dat aSource ds = tds;

con = ds. get Connecti on(dbUser Name, dbPasswor d) ;

stnt = con. createStatenent (
Resul t Set . TYPE_SCROLL_SENSI TI VE,
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Resul t Set . CONCUR_UPDATABLE) ;

rs st . execut eQuery(SQLQery);

nd rs.get MetabDat a();

i f(rs.getConcurrency()==Resul t Set. CONCUR_UPDATABLE) {
System out . printl n(" UPDATABLE") ;

}el sef
System out. printl n("READ_ONLY");

}
os.write(xm Header. getBytes());

os.write(("<"+rootTag+">").getBytes());

String xm = "";
i nt colums = nd. get Col umCount () ;
rs.next();
for(int i=1;i<=colums;i++){
i f(md. get Col umType(i)==Types. VARCHAR) {
xm =" <"+nd. get Col unmmLabel (i) +">"+
rs.getString(i)+"</"+nd. get Col umLabel (i) +">";
os.write(xm .getBytes());

}

os.write(("</"+rootTag+">").getBytes());

}catch(Exception e){
e.printStackTrace();

}

return os.toByteArray();

}

To create an updatable Resul t Set object, you need to call the cr eat eSt at ement method with these
Resul t Set constants:

" TYPE_SCROLL_SENSI Tl VE

. CONCUR_UPDATABLE

The St at enent object that is created produces an updatable Resul t Set object when it executes a
guery. Once you have an updatable Resul t Set object, you can insert a new row, delete an existing
row, or modify one or more column values.

Here are several considerations to bear in mind when using updatable ResultSets:

= An updatable Resul t Set object does not necessarily have to be scrollable.

= An updatable Resul t Set must generally specify the primary key as one of the columns selected.

] Requesting a ResultSet be updatable does not guarantee that the ResultSet you get will actually
be updatable. Drivers that do not support updatable ResultSets return one that is read-only.

= If the driver does not support the definition of Updat abl eResul t Set , the St at enent object
may throw a SQL "Optional feature not implemented" exception.
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Caution
Since requesting an Updat abl eResul t Set does not guarantee that you will

actually get one, depending on the driver in use, you should check whether the
Resul t Set is updatable using Resul t Set . get Concurrency() .

Note that setter methods are shown for the properties in the HTML form. If you don't include a setter
method for each form property, Tomcat will give you a "method not found" error message.

Notice that | leave in a couple of Syst em out . pri ntl n() statements. Before assuming that the
update works correctly, it is important to ensure that you actually have an updatable Resul t Set .
Drivers that do not support updatable Resul t Set s go through the motions, but they return a
READ ONLY Resul t Set.

Cross-

Reference Chapter 4discusses the uses of updatable Resul t Set s at greater length,
although the examples are not as detailed as the JavaBean example given
here.

Summary

In this chapter, you learned how to combine ResultSets, Java Server Pages, and XML and XSL to
create database-driven Web pages. Specifically, you learned the following:

= Using scrollable ResultSets to search a Web site

. Creating an XML document from a ResultSet

] Applying XSL stylesheets to create different Web pages from a single XML document

] Using an updatable ResultSet with an HTML form to update a database record

Chapter 16 explains how to use the JavaMail API with JDBC to send e-mail from a database and to
receive and store e-mail to a database.
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Chapter 16: Using the JavaMail APl with JDBC

In This Chapter

In the earlier days of the Internet, e-mail mainly consisted of text messages that were handled using
simple Java applications. As the popularity of e-mail has grown, its capabilities have expanded
dramatically to the point where most e-mails these days are sent in both text and HTML formats and
can include a wide range of different content types. The JavaMail API has been developed to simplify
the task of handling these more complex e-mail messages using Java. This chapter gives a brief
overview of the JavaMail API and illustrates the use of JDBC and JavaMail to send and receive e-mail.

Using E-mail Protocols

The backbone of email is a network of interconnected Simple Mail Transfer Protocol (SMPT) servers,
which store and forward e-mails. To send an e-mail, you connect to your local SMTP server and send
the e-mail using SMTP. The e-mail is then forwarded to the recipient's server and held in the recipient's
e-mail folder. The recipient later retrieves the e-mail, usually using the Post Office Protocol (POP). As
the complexity of e-mail messages has grown, so has the need to manage the different data types
contained in e-mail messages. This has led to the development of the Multipurpose Internet Mail
Extensions.

Multipurpose Internet Mail Extensions (MIME)

The Multipurpose Internet Mail Extensions (MIME) define the content of e-mail messages, attachments,
and so on. The MIME data type is defined in a Content-Type header field, used to specify the type and
subtype of data in the body of a message. These are the common MIME types:

] "text" — used to represent standard text content

] "multipart"” — used to combine several body parts, possibly of differing types, into a single
message

= "application" — used to transmit application data or binary data

= "image" — used for transmitting still-image (picture) data

= "audio" — used for transmitting audic or voice data

= "video" — used for transmitting video or moving-image data

As a user of the JavaMail API, you are able to retrieve the MIME type from the header and to use it in
deciding how to process the message.

Simple Mail Transfer Protocol (SMTP)

The SMTP is used for sending email to an SMTP server, which your Internet Service Provider (ISP)
usually manages. That SMTP server relays the e-mail message on to the recipient's SMTP server,
where it is held in an e-mail store for the recipient's retrieval. The SMTP is defined in RFC 821,
available at http://www.fags.org/rfcs/rfc821.html.

Post Office Protocol (POP)

Since the current revision is version of POP is 3, the protocol is also known as POP3. Supporting a
single mailbox for each user, POP3 is the most widely used way to download e-mail. POP3 is defined in
RFC 1939, available at http://www.fags.org/rfcs/rfc1939.html.

Note

POP3 supports only basic storage and download of e-mails. Features such as tracking
new e-mails are handled by clients such as Eudora.

The next section explains how the JavaMail APl works, and how to use it.

Using the JavaMail API
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The best way to handle e-mail is to use the JavaMail API. The JavaMail API makes handling e-mail very
straightforward, as it is designed to provide a protocol-independent means of sending and receiving
messages. You can download the JavaMail API from Sun. In addition, you need to download the Java
Activation Framework (JAF), which provides the basic MIME-type support used in most e-mail
applications.

The first step in sending an e-mail using JavaMail is to get a JavaMail Sessi on. Within the context of
the Sessi on, you create a new Message object, set its properties, and send it. These are the core

JavaMail API classes needed to do perform these tasks:
= Sessi on — defines a basic mail session

] Message — in most cases you will use j avax. mai | . i nt er net. M neMessage.

] Addr ess — normally, you use the j avax. mai | . i nt ernet. | nt er net Addr ess.

. Transport — performs the protocol-specific tasks involved in sending the message

= St or e — to receive e-mail messages, you first connect to a Mail Store.

= Fol der — a Mail Store contains folders of messages that can be downloaded and read.

The sessi on, message, address and transport classes of the core JavaMail APl are
explained below, and are illustrated in the first example, which shows you how to send an e-mail
message. The remaining classes are used when receiving e-mails messages, and are explained and
illustrated in the second example which illustrates how to receive e-mail messages.

The Sessi on object defines a basic mail session. It uses a j ava. util . Properti es objectto hold
application-level information such as the mail server, username, and password. In most cases, you can
just use the shared session, even if you are working with multiple-user mailboxes.

The Message object represents the e-mail message. Properties of the Message object include the

subject, the content, and the addresses of the sender and the recipient. A Mime Message is an e-mail
message that understands different MIME types and headers.

E-mail addresses are implemented using the Addr ess object. Normally, you use the

javax. mail.internet.Internet Address class. The Addr ess object has constructors that let
you set just an e-mail address or set an e-mail address and the name of the sender or recipient.
Note

The JavaMail API does not check the contents of an Addr ess object, so unless your
mail server prevents you, there is nothing stopping you from sending a message that
appears to be from anyone.

The Transport object handles the protocol-specific language for sending the message (usually
SMTP). You can use the default version of the class by calling the static send() method, or you can
get a specific instance from the session. Here's an example:

Transport transport = session.getTransport("sntp");
transport.connect (host, usernanme, password);
transport.sendMessage( nmessage, nessage. get Al |l Reci pients());

transport.close();
Note
The basic send() mechanism makes a separate connection to the server for each
method call. When you need to send multiple messages, it is better to get a specific
instance of Tr ansport; this keeps the connection with the mail server active between
messages.

The first example explains how to use these classes to send an e-mail message. Receiving e-mail
messages is covered in the second example.

Using JavaMail with JDBC to Send an E-mail Message
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Apart from the endless stream of advertising messages one seems to receive, one of the most common
uses of database-driven e-mail is to help a user who has forgotten his or her password. This is a fairly
simple application, and a JSP page and JavaBean can handle it easily.

To send an e-mail to a member who has lost his or her password, it is necessary to query the
Contactinfo Table to retrieve the member's e-mail address. The query also retrieves the password from
the Login Table. This is the SQL query required to retrieve the member's password and e-mail address
from the Login and Contactinfo Tables:

SELECT | . password, c.enuil

FROM LOG N |, CONTACTI NFO ¢

WHERE | . usernane = 'garfield AND
| . Member I D c. Menber | D;

For the purposes of this example, all that is required is a simple message containing the member's
password, together with a small amount of explanatory text, as the content. The member's e-mail
address, retrieved from the Contactinfo Table in the database, is plugged in to the Message object's
recipient property.

For simplicity, this example is developed in the context of a JSP application, using the member login
database developed in Chapter 12. The login JSP page can be set to redirect a user who fails the login
check to a JSP page that uses the SendMai | Bean developed in the example that follows.
Cross-
Reference The use of JSP pages and JavaBeans in database-driven Internet
applications is discussed in Chapter 12.

Using a JSP Page and JavaMail to Send E-mails

The basic SendMai | Bean is similar to the Logi nBean example in Listing 12-9, with the addition of the
JavaMail component. The example uses a Dat aSour ce object to connect to the database and retrieve
the member's password and e-mail address. If the email address is not null, the enai | Passwor d()
method is called to send the password to the user.

The inner workings of the JavaMail-based enmi | Passwor d() method are simple. The first step is to
get the System pr operti es object and insert the name of the e-mail host serving the account to be
used to send the e-mail:

props. put("mail.sntp.host", host);

The next step is to get the Sessi on object, which provides the context in which the e-mail is sent:

Sessi on session = Session. get Defaul tlnstance(props, null);

Once you have a Sessi on object, use it to create a M neMessage object as shown here:
M meMessage nmessage = new M neMessage(session);

All that remains now is to set the properties of the Message object and to send it. In addition to the
Message. Reci pi ent . TOrecipient type, the Message object defines these types:

] Message. Reci pi ent. CC

] Message. Reci pi ent. BCC

message. set From( new | nt ernet Address(from);
message. addReci pi ent (Message. Reci pi ent Type. TO new | nt er net Address(enail));

message. set Subj ect (" Password Reni nder");

message. set Text ("Hi " +menmber Nane+", Your password is: "+password);
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Finally, call Transport. send() with the populated Message object as the argument, as shown here:

Transport. send(nmessage);

The details of the SendMai | Bean are shown in Listing 16-1.

Listing 16-1: Sending e-mail by using the JavaMail APl and JDBC

package JavaDat abaseBi bl e. ch12;

i mport java.util.Properties;
i mport javax.nmail.*;

i mport javax.mil.internet.*;
i mport java.sql.*;

i mport javax.sgl.*;

i mport javax.servlet.*;

i mport javax.servlet.http.*;

public class SendMail Bean {
private static String dbUser Nane = "sa";

private static String dbPassword = "dba";

private Connection con = null;
protected String usernane;

public SendMai | Bean() {

}

public void setUsername(String usernamne)
this. usernane = usernane;

}

public String getUsernane(){
return usernamne;

}

public String getPasswor dAndEmai | Addr ess() {
String password = null;
String email = null;

try {
Cl ass. forName("com i net. pool . Pool Driver");
cominet.tds. TdsDat aSource tds = new comi net.tds. TdsDat aSource();
tds. set Server Narme( "JUPI TER' );
t ds. set Dat abaseName( " MEMBERS" );
tds. set User ( dbUser Name );
tds. set Passwor d( dbPassword );
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Dat aSource ds = tds;

Connection con = ds. get Connecti on(dbUser Nane, dbPasswor d) ;
Statenment stnt;

ResultSet rs = null;

String SQLQuery = "SELECT |.Password, c.Email FROM LOG N I, "+
" CONTACTI NFO ¢ WHERE | . Merber I D = c. Menber|I D "+
"AND User Name = '"+username+"';";

stm = con.createStatenent();
rs = stm.executeQuery(SQ.Qery);
while(rs.next()){
password = rs.getString("Password");
email = rs.getString("Email");
}

con. close();

}cat ch( Cl assNot FoundExcepti on el){
Systemerr.println(el. get Message());

}cat ch( SQLException e2){
Systemerr.println(e2. get Message());

}

i f(email==null){
return "Bad Email";

}el sef
emai | Passwor d( emai | , user nane, password) ;
return "OK";

}

public void enmail Password(String email, String nmenber Nane, String

sswor d) {
String host = "mail"
String from= "webmaster @ - machi nes. cont'

Properties props = System getProperties();

props. put("mail.sntp.host", host);

/1l Get session
Sessi on session = Session. get Defaul tlnstance(props, null);

/1 Define nessage



Chapter 16:Using the JavaMail AP1 with JDBC

M meMessage nmessage = new M neMessage(session);

try{
/1 Set the sender and recipient addresses

nmessage. set From(new I nter net Address(from));
message. addReci pi ent (Message. Reci pi ent Type. TO, new
I nt ernet Address(email));

/1 Set the subject
nmessage. set Subj ect (" Password Reni nder");

/1 Set the message content
nmessage. set Text ("Hi " +menber Nane+",\ nYour password is: "+
password+"\ nregards - "+from;

/1 Send it
Transport.send(nmessage);
}cat ch( Addr essExcepti on ae){
}cat ch( Messagi ngExcepti on ne){
}

}

The SQL query in this example is fairly efficient, since the Login Table is indexed by UserName and the
Contactinfo Table is indexed by MemberID. However, you can make the query faster by forwarding the
MemberID from the previous page, so that you need only query the Contactinfo Table.

A JSP Page for Use with the SendMailBean

Using the SendMailBean requires a JSP page to set the UserName argument and to call the method
SendMai | Bean. get Passwor dAndEnmai | () to query the database and send the e-mail. The JSP

page required to use the SendMailBean looks something like the example in Listing 16-2.

Listing 16-2: A JSP page for use with the SendMailBean

<htm >

<head>

<title>Emai| Password</title>

</ head>

<body>

<%@ page | anguage="j ava" %

<j sp: useBean i d="SendMai | Bean" scope="application"
cl ass="JavabDat abaseBi bl e. ch12. SendMai | Bean"/ >

<j sp: set Property name="SendMai | Bean" property="*"/>
<%

String userName = request. get Paraneter("username");
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String email Status = SendMai | Bean. get Passwor dAndEnai | () ;
i f(email Status. equal s("OK")){
%
H <% user Name%, <br >
Your password is being emaniled to the address we have on file.
<%
}el sef
%>
Sorry, <% user Name%, <br >
Your emmil address is not on file.

<%

%>
</ body>
</htm >

Deployment

To deploy JavaBeans for use with JSP pages, put the class files for the beans into the appropriate
directory. For a simple Tomcat installation, the usual path is as follows:

TOMCAT/ VEBAPPS/ ROOT/ VEEB- | NF/ CLASSES

Recall that servlet deployment requires you to put any jar files you need into a suitable directory and to
modify Tomcat's class path in the tomcat.properties file in the Tontat / conf directory. In this example,
the jar file is saved in the / | i b directory, and Tomcat's class path is modified by adding the following
lines to the t ontat . properti es file:

wr apper. classpath=lib/jdbc2_0-stdext.jar
wr apper. cl asspath=li b/activation.jar

wr apper.cl asspath=lib/mail.jar

wr apper . cl asspat h=Ii b/ Opt a2000. j ar

The st or e and f ol der classes of the core JavaMail are explained and illustrated in the next example
which illustrates how to receive e-mail messages.

Receiving E-mail Using the JavaMail API

Receiving e-mail with the JavaMail APl is only a little more complicated than sending e-mail. In addition
to the JavaMail objects used to send an e-mail, receiving e-mails involves the use of the St or e and
Fol der objects. The following sequence of events is similar to sending an e-mail:

. Get the default e-mail session.

. Get the POP3 message store object.

. Connect to the store, using the server name, mail-user name, and password.

. Get the default folder.

. Get the | NBOX.

. Open the | NBOX and read the messages.

O hhwWNBE

The process is started in much the same way as sending a message, but, after getting the session, you
connect to a Store instead of a Transport. Here's an example:

Store store = session.getStore("pop3");
store. connect (host, username, password);
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After connecting to the Store, get a folder and open it. Using POP3, the only folder available is the
I NBOX. Once the folder is open, you can read messages from it, as shown here:

Fol der fol der = store.getFol der ("1 NBOX");
fol der. open( Fol der. READ_ONLY) ;

Message nessage[] = fol der.get Messages();

The f ol der . get Messages() method uses lazy data retrieval. In other words, the message content is
only downloaded when specifically requested. You can get the content of a message with

get Cont ent () or write the content to a stream with wri t eTo() . The get Cont ent () method only
gets the message content, and wri t eTo() output includes headers. Here's an example:

System out. println(((M meMessage) mressage) . get Content());
Notice that the | NBOX is opened in READ_ONLY mode. Write access can be used to mark messages as

received or to delete them from the server. Listing 16-3 illustrates how easy it is to receive e-malil
messages using the JavaMail API.

Listing 16-3: Reading e-mail using JavaMail and saving it to a database

i mport javax.mail.*;
i mport javax.nmmil.internet.*;

i mport java.util.*;
i mport java.io.*;
i mport java.sql.*;

i mport javax.sql.*;

public class JavaMi |l Recei ver{
static String server="mail.home. coni;
static String usernane="user";
static String password="password";

static Mail Saver db = new Muil Saver () ;

public static void main(String args[]){
try {
recei ve(server, username, password);
}catch (Exception e){
Systemerr.println(e);

}
System exit(0);

public static void receive(String server,
String username, String password){
Store store=null;
Fol der fol der=null;
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try{
/1l -- Get the default session --
Properties props = System getProperties();
Session session = Session. get Defaul t1nstance(props, null);

/1 -- Get a POP3 nessage store, and connect to it --
store = session.getStore("pop3");

store. connect (server, usernane, password);

/Il -- Get the default folder --
fol der = store. getDefaultFolder();

if (folder == null) throw new Exception("No default folder");
/1l -- Get its INBOX --

fol der = fol der. get Fol der ("I NBOX");

if (folder == null) throw new Exception("No POP3 | NBOX");

/!l -- Open the folder for read only --

fol der. open( Fol der. READ_ONLY)

/1 -- Get the nmessage w appers and process them --
Message[] nsgs = fol der. get Messages();
int msgNum = nsgs. | engt h;
whi | e( processMessage(nsgs[--nmsgNuni));
}
catch (Exception e){
e.printStackTrace();

}
finally{
try{
if (folder!=null) folder.close(false);
if (storel=null) store.close();
}

catch (Exception e) {
e.printStackTrace();

public static bool ean processMessage(Message message){
Cal endar today = Cal endar. getl nstance();

try{
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!/l Get the header

i nformation

String subject = nmessage. get Subject();

String dateString =
String to

"unknown date";

((Internet Address) message. get Al | Reci pi ents()[0]). get Personal ();

String toEmail

((Internet Address) message. get Al | Reci pients()[0]).get Address();

String from =
((I'nternet Address) nessage.
String email =

((1nternet Addr ess) nessage.

if (to==null) to

if (frome=null from

get From()[0]). get Personal ();

getFrom()[0]). get Address();

= toEmil ;

= emi | ;
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java.util.Date date=nmessage. get Sent Date();

Cal endar nDate = Cal endar. getl nstance();
i f(date!l=null){
dateString = date.toString();
nmDat e. set Ti ne(date) ;
i f(nDat e. get (Cal endar . DAY_OF_MONTH) <
t oday. get (Cal endar . DAY_OF_MONTH)-3)return fal se

Systemout. println("DATE: "+dateString);

Systemout.println("TO "+to+" <"+toEmmil +">");
Systemout.println("FROM "+fromt" <"+emil +">"
System out. println("SUBJECT: "+subject);

Il --
Par t

Get the nmessage --
messagePar t =nessage;

Obj ect cont ent =nessagePart. get Content();

if (content instanceof Miltipart){
i =0;i<((Miultipart)content).getCount();i++){
messagePart=((Mil tipart)content). get BodyPart (i);

for(int

String content Type=messagePart . get Cont ent Type();
if (contentType.startsWth("text/plain") ||
content Type.startsWth("text/htm ")){
String nmsg = readMsg(nmessagePart);
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db. saveEmai | (dateString, from enmail, subj ect, content Type, nsQ) ;

}
}el se{
String content Type=messagePart . get Cont ent Type();
if (contentType.startsWth("text/plain") ||
content Type.startsWth("text/htm ")){
String msg = readMsg(nmessagePart);

db. saveEmai | (dateString, from ennil, subj ect, content Type, nsQ) ;

}
catch (Exception ex){
ex. print StackTrace();
}
return true;
}
private static String readMsg(Part nessagePart){
String nessage = "";
try{
String content Type=messagePart . get Content Type();
if (contentType.startsWth("text/piain")]|
content Type.startsWth("text/htm")){
I nput Stream i s = nessagePart.getlnput Strean();
Buf f er edReader reader = new BufferedReader (new
I nput St reanReader (i s));
String line = reader.readLine();
while(line!=null){
nmessage = nmessage + |line;
line = reader.readLine();

}
}cat ch( Exception e){
Systemerr.println(e);

}

return nessage;

cl ass Mail Saver {

private static String dbUser Nane
private static String dbPassword
Connection con = null;

"dbUser";
"dbPwd";
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public Mil Saver (){
try{

Cl ass. forName("com i net. pool . Pool Driver");
cominet.tds. TdsDat aSource tds = new com i net.tds. TdsDat aSource();
tds. set Server Name( "MARS" );
tds. set Dat abaseName( "EMAIL" );
tds. set User ( dbUser Nanme );
tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
con = ds. get Connecti on(dbUser Nanme, dbPasswor d) ;
}
catch(Exception e){
Systemerr.println("SQ. Exception registering driver");

public void saveEnmil (String date, String sender, String sender Enmi |,
String subject,String m neType, String nmsg){
String cmd = "INSERT | NTO EMAIL "+

"(MsgDat e, Sender, Sender Enai | , Subj ect, Cont ent Type, Message) "+
"VALUES(?,?,?,?2,2,?2)";
try {
PreparedSt atement pstnt = con. prepareSt at enent (cnd) ;

pstnt.setString(1l, date);
pstnt.setString(2, sender);
pstnt.setString(3, senderEmail);
pstnt.setString(4, subject);
pstnt.setString(5, mneType);
pstnt.setString(6, nsQ);
pstnt . execut eUpdat e() ;

}

cat ch( SQLException e){
e.printStackTrace();

}

The example of Listing 16-3 is a straightforward JavaMail application. It logs on to the SMTP server and
uses the get Messages() method to get all the messages on the server, as shown here:

Message[] nsgs = fol der. get Messages();
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int msgNum = nmsgs. | engt h;
whi | e(processMessage(nsgs|[--nmsgNuni));

The processMessage() method does the actual message processing. Note that messages are
processed in reverse order until the pr ocessMessage() method returns f al se. | do this for the
eminently practical reason that | am more interested in recent messages and do not want to loop
through the hundreds of messages on my e-mail server.

The processMessage() method parses out the date, subject, and sender information for display to
the console. It then checks the date against today's date, returning f al se if the message is more than
three days old.

If the MIME content type of the message is text or HTML, the message is saved as a Clob to a simple
E-mail Table. The table includes columns for the following items:

] Date

= Sender

= Sender E-mail Address
. Subject

] Mime Type
= Content

Note that the individual parts of a single message are saved as separate rows, so a message may be
saved over more than one row. Using an automatically incremented message id in the table helps
identify message parts separately, as does the Mime-type field.

Summary

This chapter provided an overview of the JavaMail API. Specific topics discussed were:
] Developing e-mail applications using the JavaMail API

= Sending e-mails from database-driven applications by using JavaMail

= Receiving e-mails by using the JavaMail API and saving them to a database

This chapter concludes Part lll, in which the JDBC Extension API has been discussed in the context of
Web applications. Part IV focuses on using Java databases with XML.
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Part IV: Using Databases, JDBC,and
XML

Chapter List

Chapter 17: The XML Document Object Model and JDBC
Chapter 18: Using Rowsets to Display Data

Chapter 19: Accessing XML Documents Using SQL

Part Overview

XML is a text-based markup language that is fast becoming a standard for data management and
interchange, both within an application and between applications on and off the Web. Although at first
glance an XML document looks much like an HTML Web page, there are significant differences
between the two. The foremost of these can be summed up as follows:

. HTML is primarily used to mark up text and other data with formatting information.

] XML is primarily used to structure data, either for transport or for an application's local use.

In other words, HTML documents are primarily document-centric (that is, they are designed primarily for
human consumption). XML documents, on the other hand, are primarily data-centric (that is, they are
primarily intended for machine use where some degree of human readability is desirable).

Web pages, obviously, are typical examples of document-centric applications. Examples of typical data

centric XML applications include:

. Messaging between applications via the SOAP protocol. This is primarily used by the new Web-
services paradigm.

] Remote procedure calls over HTTP using XML-RPC

= Data transport, such as the delivery of stock quotes or news headlines over the Internet

= Initialization functions that used to be handled by . i ni or. properti es files.Tomcat's web. xm
is a good example of an initialization file implemented with XML.

= Scripting in such applications as the build language ANT. The ANT build file is XML based.

Data-centric documents are also typically characterized by a regular structure, frequently because they
are machine generated. Document-centric material is frequently less regularly structured, as humans
generate it. The content of data-centric documents frequently either originates in a database, in which
case the XML document is used to publish it, or is intended to be stored in a database, in which case
the XML is used to transport it there.

In some instances, an XML document, being a data repository, can be a database in itself. For example,
the contact lists on my Linux-based PDA are saved as XML documents.

The chapters in Part IV discuss working with databases and XML. Chapter 17 reviews retrieving data
from a table and formatting the Resul t Set s as XML, as well as fetching XML data from the Internet
and saving the data to a table. The JDBC RowSet is discussed in Chapter 18, and Chapter 19 goes on
to look at creating a simple JDBC driver that allows you to access XML documents using SQL.

Note

This distinctions drawn between HTML and XML deliberately overlook the fact that well-
formed HTML is a particular application of XML. In terms of common usage, the
distinction is valid.
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Chapter 17: The XML Document Object Model and
JDBC

In This Chapter

XML is fast becoming a universal standard for exchanging data between applications. Today, many
major organizations are using XML in the daily course of business. The International Press
Telecommunications Council, for example, has defined an XML DTD to simplify news distribution and
publishing. Even local phone companies are using XML as the basis of a computerized order placement
and billing system.

This means that XML processing is steadily becoming more and more important to Java programmers.
Typically XML documents are used as a means of transferring database records between businesses.
This chapter starts with a brief introduction to XML, and then goes on to discuss how to generate XML
documents from a SQL query, and how to populate a database from an XML document.

XML versus HTML

The eXtensible Markup Language (XML) is a text-based markup language that is fast becoming a
standard for data interchange both on the Web and between applications. XML is similar to the
HyperText Markup Language (HTML) in that it uses tags enclosed in angle brackets (<>) to identify data,
as shown in Listing 17-1.

Listing 17-1: XML example

<?xm version="1.0"? >

<CONTACT_I| NFC>
<FI RST_NAME>Vi t o</ FI RST_NAME>
<LAST_NAME>Cor | eone</ LAST_NAVE>
<STREET>123 Mai n</ STREET>
<Cl TY>New York</ CITY >
<STATE>NY</ STATE>
<ZI P>12345</ ZI P>

</ CONTACT_I NFO>

Unlike HTML tags, XML tags identify and describe data rather than specifying how to display it. The
tags used to identify and describe data are application dependent, so you can use any tags you like, as
long as they follow the rules the W3C XML standard defines.

A major difference between XML and HTML is that an XML document must always be well formed.
Among other things, this means that every tag has a closing tag. For example, in HTML, you frequently
see dangling paragraph <P> and break <BR> tags. These are illegal in XML, which requires that a

closing tag be provided, either by using the form <P></ P> or <P/ >.

Another frequent usage in HTML, but illegal in XML, is incorrect nesting. Most browsers can handle
HTML with elements closed in arbitrary order, as in the following example, which combines incorrectly
closed elements with elements that simply aren't closed at all. This example displays just fine in a
browser but is unreadable as XML:

<HTM.>
<BODY>
<CENTER><FONT FACE="Ari al ">
Hel o Worl d
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</ CENTER></ FONT>

Caution
XML documents must always be well formed. Most browsers can be used to check

that HTML documents are well formed, as can XML tools such as XML-Spy.

From a programming viewpoint, XML can be handled either as a character stream, or as an object. In a
stream based parser, XML elements are identified sequentially and used to trigger an event driven
processor. When the Document Object Model is used, the entire document is parsed into a document
object, in which the various elements and attributes can be accessed by name and path in much the
same way as files are accessed in a directory tree. The next section discusses the Document Object
Model.

XML and the Document Object Model

The Document Object Model (DOM) represents an XML document as a tree. The document element is
the top level of the tree. The document element has a number of child nodes that represent the
branches of the tree. Figure 17-1 shows an XML document displayed as a tree.
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Figure 17-1: XML document displayed as a tree

The most basic component of the DOM is the Node interface. Every constituent component in a DOM
representation of an XML document is a node. The Node interface is extended by other interfaces such
as the Element interface and the Document interface. In the example shown in Figure 17-1, the
document element is the CUSTOMERS element, highlighted in the JTree representation. You can see
in the text representation on the right-hand side that the CUSTOMERS element contains the attribute
node DBNAME= " CONTACTS".

CUSTOMERS is an element node, as are CUSTOMER, FIRST_NAME, and so on. The JTree
represents elements as folders. Within the element nodes are additional element nodes, as well as text
nodes, represented by a document icon, with the actual text printed next to the icon.

Representing the XML document as a tree structure of Java objects allows the Java programmer to
create, access, and modify XML documents and their contents through one of a number of widely
available APIs. Before discussing the DOM, it is appropriate to review the structure of an XML
document.

The XML Header

An XML file must always start with a declaration that identifies the document as an XML. The minimal
header looks like this:

<?xm version="1.0"?>
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The declaration may contain additional information identifying the character set or encoding the
presence or absence of additional reference documents such as a document type definition and other
related information:

<?xm version="1.0" encodi ng="1S0 8859-1" standal one="yes" ?>

In this example, the header contains the following information:

" The XML version number is 1.0

= The character encoding is 1SO-8859-1, the HTTP default character encoding

= The documentis a standalone document, or one which requires no supporting documents such as
an external Document Type Definition

Everything that comes after the XML header constitutes the document's content.
Note
The XML version attribute is required. An XML parser will report an error if no version
attribute is supplied.

Tags and Attributes

The tags in the example of Listing 17-1 identify the content as a whole, as well as the individual
elements: the contact's first name, last name, street, city, and zip. These data elements are contained in
a hierarchical structure, defined by nesting them inside the <CONTACT _|I NFO> tag. The capability of one
tag to contain others permits XML to represent hierarchical data structures

The format of an XML document on the printed page is largely a matter of convenience. As is the case
with HTML, whitespace is not considered significant.

In addition to the tag name, XML tags can contain attributes within the tag's angle brackets. Attributes,
as in HTML, are generally used to provide additional information about an element. A good example of
a tag with attributes is the HTML <FONT> tag shown here, which contains attributes describing the font
face, size, and color:

<FONT FACE="Arial" SIZE="3" COLOR="#0000FF">Hell o Wor| d</ FONT>

As in HTML, attributes are defined as key = value pairs, separated by spaces. Unlike HTML, however,
XML requires that attribute values be quoted, separated only by whitespace. In other words, the FONT
tag shown above complies with the requirements for defining xml attributes, while the example below,
which works fine as HTML, is invalid as XML:

<FONT FACE=Arial SIZE=3 COLOR=#0000FF>Hel | o Wor | d</ FONT>

Since you can design a data structure like <message> equally well using either attributes or tags, it can
take a considerable amount of thought to figure out which design is best for your purposes. The last part
of this tutorial, "Designing an XML Data Structure,” includes ideas to help you decide when to use
attributes and when to use tags.

Elements and Nodes

The DOM represents an XML document as a tree structure, where each node contains one of the
components of the XML document. Using DOM methods, you can create and remove nodes, change
their contents, and traverse the node hierarchy.

The DOM defines a number of different types of nodes in the or g. w3c. dom Node interface. The most
commonly used of these are summarized in Table 17-1.

Table 17-1: org.w3c.dom Interface Node

org.w3c.dom Node_Type Application Example
ATTRIBUTE_NODE Attribute key="val ue"
COMMENT_NODE Comment <-- This is a coment --
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Table 17-1: org.w3c.dom Interface Node

org.w3c.dom Node_Type Application Example

>
DOCUMENT_NODE Document The enclosing Document
ELEMENT_NODE Element <NAME>. . . </ NAME>
TEXT_NODE Body Text within element Hel l o worl d

The next section shows how to use some of the widely available DOM parsing tools to process XML
documents.

Using a Java XML API — Xerces and JDOM

A number of tools are available for working with XML in Java. Among the most widely used are the
Xerces package, available for download from apache. or g. , and JDOM, available from j dom or g.

Xerces includes fully-validating parsers, implementing the W3C XML and DOM (Level 1 and 2)
standards, as well as the de facto SAX (version 2) standard. Xerces is a large, comprehensive
implementation of the full standard.

JDOM is a totally Java-oriented approach to working with XML. It seeks to provide a robust, light-weight
means of reading and writing XML data. It is certainly rather more intuitive to work with than the Xerces
API, but the differences are minor.

Having worked extensively with both, as well as with my own light-weight, custom XML API, | have

selected Xerces for the examples in the book for several reasons:

= Xerces is intended as a complete implementation of the DOM.

= The sample code is built around Xbeans, from Xbeans. or g. The origianl Xbean code uses
Xerces.

= The Xerces jar contains everything you need to implement all the examples.

Having said all that, | should point out that translating the examples from one API to the other is
relatively simple, since the sample code uses only a small part of the API. The following code snippet
shows the creation of an XML document using the Xerces API. This code is taken from the SystemTime
bean example that you'll find later in this chapter under "Using XBeans as Pluggable XML Processing
Blocks."

Docunent doc = new Docunent| nmpl () ;
El enent root = (Elenment) doc. createEl ement (" SYSTEMDATE") ;
doc. appendChild (root);

El ement year = (El enent) doc. createEl enent (" YEAR") ;
root . appendChi l d(year);
year . appendChi | d(doc. cr eat eText Node("" +cal endar . get (Cal endar. YEAR)) ) ;

The following JDOM equivalent is similar, but quite a bit simpler than the Xerces example, since it is
specifically designed to be a Java-oriented way of working with XML:

El enment root = new El ement (" SYSTEMDATE") ;
Docunent doc = new Docunent (root);

El enent year = new El ement (" YEAR");

root . addCont ent (year);
year. set Text ("" +cal endar . get (Cal endar. YEAR)) ;
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One of the main advantages of using the DOM approach to handling XML documents is that once you
have parsed the document into a DOM object, you can access any element as required. This feature is
illustrated in the next section on using Xbeans to process XML documents.

Using Xbeans as Pluggable XML Processing Blocks

One of the most straightforward ways to work with XML documents in Java is to use Xbeans. Xbeans
are the brainchild of Bruce Martin, whose work lies at the core of Xbeans. or g, an open-source project,
where you can read Bruce's excellent white paper "Creating Distributed Applications Using Xbeans."
You can also download the basic Xbean interface library from this site.

Essentially, Xbeans are pluggable XML-processing blocks. They are intended to be connected in chains,
where each Xbean performs one logical step in processing an XML document. The Xbean then passes
the document to the next Xbean in the chain as the event object in a bean event, as illustrated in Figure
17-2.

XML
> Kheanl * Khean| >
Docurment

Figure 17-2: Xbean connectivity

Connectivity is the primary key to the Xbean concept. Each Xbean in a chain performs one processing
step; then it passes the processed XML document to the next bean for further processing. This
approach makes it easy to break a project down into simple, frequently repeated operations, each of
which can be implemented as a reusable component.

Xbean connectivity is implemented using the delegation event model to communicate with other Xbeans.
The delegation event model is implemented using the DOVEvent interface, which defines a DOM
document as the event object. By firing a DOVEvent , the event source Xbean passes an XML

document as the DOVEvent object to the Event Li st ener bean.

The Xbean connectivity model is defined by two interfaces included in the package or g. Xbeans:
] DOVSour ce defines two methods, set DOMLi st ener () and get DOMLi st ener (), for setting

and getting the Xbean that receives the output.
] DOMLi st ener defines a single method, docunent Ready( DOVEvent e), which is called by the

event source Xbean to pass the XML document encapsulated in the DOVEvent .

Conventionally, the docunent Ready() method calls a pr ocessDocunent ( DOVEvent e) method,

which processes the XML document and returns it. If there is another Xbean in the chain, the processed
document is wrapped in a new DOVEvent and passed on to the next Xbean in the chain.

In practice, the simplest way to use Xbeans is to create a base class with an empty
processDocunent () method. Then extend the Xbean base class as required, overriding the
processDocunent () method to implement the desired functionality. Listing 17-2 illustrates the Xbean
base class.

Listing 17-2: XBean base class

package JavaDat abaseBi bl e. chl7. Xbeans;

i mport org. Xbeans. *;
i mport org.w3c.dom Docunent;

/**
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* XBean base class inplenents org. Xbeans interfaces.

*

* extend XBean to create useful Xbeans.
*/
public class XBean inpl enents org. Xbeans. DOML.i st ener,
or g. Xbeans. DOVSour ce{
protected DOWi stener DOM.i st ener;
protected Document processedXm Doc = null;

publi ¢ XBean(){

}
public void set DOWLi st ener ( DOMLi st ener newDonli st ener) {

DOWLi st ener = newDonli st ener;

publ i ¢ DOW.i st ener get DOWLi st ener (){
return DOM.i st ener;

public void docurment Ready( DOVEvent evt) throws XbeansException {
processedXm Doc = processDocunent (evt. get Docunment ());
i f (DOWLi stener!=null)
DOM.i st ener . docunment Ready( new DOVEvent (t his, processedXm Doc));

public void processDocunent () throws XbeansException {

}

publ i ¢ Docunent processDocunent (Docunent doc) throws XbeansException {
return doc;

}

Xbeans are normally used in chains, which implicitly have a beginning and an end. An extremely useful
ending Xbean, which extends the basic XBean of Listing 17-1, is the Seri al i zer Bean shown in
Listing 17-3. This bean simply outputs a document to a stream, defaulting to System out .

Listing 17-3: SerializerBean

package JavaDat abaseBi bl e. chl7. Xbeans;

i mport java.io.*;

i mport org. Xbeans. *;

i mport org.w3c.dom Docunent;

i mport org.apache. xm . serialize. Qut put For mat;
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i mport org.apache. xnl .serialize. XM.Serializer

/**
* Serialize a docunent to a streamor witer
*/

public class SerializerBean extends JavaDat abaseBi bl e. chl7. Xbeans. XBean
{

protected QutputStream os = System out;

protected Witer witer = null;

protected XM.Serializer serializer;

public SerializerBean(){

}

public void setQut put Stream Qut put Stream o0s) {
this.os = os;

}

public void setWiter(Witer witer){

this.witer = witer;

publ i ¢ Docunent processDocument (Docunment doc) ({
Qut put Format fmt = new QutputFormat ("xm ", null,true);
if(witer!=null){
serializer = new XM.Serializer(witer,fnt);
}
el se{
serializer = new XM.Serializer(os,fm);

i f(doc!=null){
try{
serializer.asDOVSerializer().serialize(doc);
}
catch (Exception e){
e.printStackTrace();
}
}

return doc;
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the system clock.

Listing 17-4: SystemTime bean

package JavaDat abaseBi bl e. chl7. Xbeans;

i mport java.io.*;

i mport java.util.Cal endar;

i mport java.util.G egorianCal endar;

i mport org. Xbeans. *;

i mport org.w3c.dom Docunent;

i mport org.w3c.dom El ement;

i mport org.apache. xerces. dom Docunent | npl ;

/**

* Create a w3c.dom Docunment containg systemtinme and date.
*/

public class Systenmli neBean extends JavaDat abaseBi bl e. ch17. Xbeans. XBean({

protected String textFil eName = ;

publ i c SystenTi neBean() {
}

public void processDocunent () throws XbeansExcepti on{
Gregori anCal endar cal endar = new G egori anCal endar () ;

try{
Docunent doc = new Docunent| nmpl ();

El enment root (El ement) doc. creat eEl enent (" SYSTEMDATE") ;

doc. appendChil d (root);

El enrent year = (El enent) doc. createEl enent (" YEAR") ;
root. appendChil d(year);
year . appendChi | d(doc. cr eat eText Node("" +cal endar . get (Cal endar . YEAR)) ) ;

El emrent nonth = (El enent) doc. creat eEl ement (" MONTH") ;

r oot . appendChi | d( nont h) ;

int mon = cal endar. get ( Cal endar . MONTH) +1;

nmont h. appendChi | d(doc. cr eat eText Node(Stri ng. val ueO (non)));

El ement day = (El ement) doc. createEl ement (" DAY");
r oot . appendChi | d(day) ;
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i nt mDay = cal endar. get ( Cal endar. DAY_OF_ MONTH) ;
day. appendChi | d(doc. creat eText Node(Stri ng. val uet (nbDay)));

El ement dayOf Week = (El ement) doc. creat eEl ement (" DAY_OF _WEEK") ;
r oot . appendChi | d( dayOf Week) ;

i nt wbay = cal endar. get (Cal endar . DAY_OF_WVEEK) ;

dayOf Week. appendChi | d(doc. creat eText Node(String. val ueOf (wbay)) ) ;

El emrent hour = (El enent) doc. createEl enent ("HOUR") ;

root . appendChi |l d( hour);

int h = cal endar. get (Cal endar. HOUR_OF_DAY) ;

hour . appendChi | d(doc. creat eText Node(String. val ued (h)));

El ement min = (El ement) doc. createEl ement ("M NUTE") ;
root. appendChil d(mn);

int m= cal endar. get (Cal endar. M NUTE) ;

m n. appendChi | d(doc. creat eText Node(String.value&(m));

DOML.i st ener . docunent Ready( new DOVEvent (thi s, doc));

}
catch (Exception e){
t hrow( new XbeansException("", " Syst enili nreBean",

e.toString(), e.getMessage()));

}

Now you have enough Xbeans to create a chain and experiment with the technology. Listing 17-5is a
simple test program that illustrates how to instantiate and interconnect the Xbeans.

Listing 17-5: Using Xbeans to create an output of an XML document

i mport java.io.*;
i mport java. beans. Beans;
i mport JavaDat abaseBi bl e. ch17. Xbeans. *;

public class SysTi neBeanTest ({
static public void main(String args[]) {

try{
Syst enili meBean ti mneBean = ( Syst enili meBean) Beans. i nstanti ate(null,

"JavaDat abaseBi bl e. ch17. Xbeans. Syst enili mneBean") ;

SerializerBean serializer =

(SerializerBean)Beans.instantiate(null,
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"JavaDat abaseBi bl e. ch17. Xbeans. Seri al i zer Bean") ;
ti meBean. set DOWLi st ener (serializer);
serializer.setQutputStream new Fil eQutput Stream("Ti meStanmp. xm "));
ti meBean. processDocunent () ;
}catch(Exception e){

Systemerr.println(e);

}

As you can see from the example in Listing 17-5, using Xbeans to create and process xml documents is
a simple, two-step process:

1. Instantiate the Xbeans and set any required properties,

2. Call the pr ocessDocunent () method of the first Xbean in the chain, the Syst enili meBean.

The sequence of events that follows is as follows. The Syst enili neBean first creates a new XML
document using the following code:

Docunent doc = new Docunent| nmpl ();

It then creates a root element and appends it to the document, as shown here:
El enrent root = (El enent) doc. createEl enent (" SYSTEMDATE") ;
doc. appendChil d (root);

Then it creates elements for year, month, day, and so on, appending them to the root. Here's an
example:

El emrent year = (El enent) doc. createEl enent (" YEAR") ;
root. appendChil d(year);
year . appendChi | d(doc. cr eat eText Node("" +cal endar . get (Cal endar. YEAR)) ) ;

Finally, it calls the docunent Ready() method of its registered listener, the Seri al i zer Bean, passing
it the new XML document, as shown here:

DOM.i st ener . docunment Ready( new DOVEvent (thi s, doc));

The Seri al i zer Bean, in turn, calls its own pr ocessDocunent () method to serialize the document
to the stream defined in its out put St r eamproperty. The resulting XML is shown in Listing 17-6.

Listing 17-6: XML TimeStamp generated and serialized using Xbeans

<?xm version="1.0"?>
<SYSTEMDATE>
<YEAR>2002</ YEAR>
<MONTH>3</ MONTH>
<DAY>17</ DAY>
<DAY_OF WEEK>1</ DAY_OF WEEK>
<HOUR>15</ HOUR>
<M NUTE>43</ M NUTE>
</ SYSTEMDATE>
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Creating XML Documents by Querying a Database

Creating XML documents from a database is every bit as simple as creating them from a source such
as the system clock. If you refer to the XML document shown in Figure 17-1, you will notice that it bears
a structural resemblance to a DBMS Table. This is not surprising, since document is derived from one.

There are two basic ways to create XML documents. The first is illustrated in Chapter 15, where a JSP
is used to extract data from a database and output it as XML in much the same way as JSPs are used
to output HTML. Although this approach produces perfectly valid XML, another, more flexible approach
is to create a DOM representation of the document, which can be processed as desired before
serialization.

An Xbean designed to create DOM documents using SQL queries is shown in Listing 17-7. The
processDocunent () method of this Xbean first creates a DOM document with a root element that
identifies the table name and the database in use. It then calls the method appendDat aNodes() ,
which executes the SQL query and appends an element for each row in the Resul t Set . The Customer
Number is inserted into this element as an attribute. Nested in each row are elements with tag names
set to the column name and containing the column data as a text node. This example happens to use
the jdbc-odbc bridge driver, but you can easily substitute the DataSource code from any of the
examples in Part Il of this book.

Listing 17-7: Creating an XML document using a SQL query

package JavaDat abaseBi bl e. chl7. Xbeans;

i mport java.io.*;

i mport java.sqgl.*;

i mport org. Xbeans. *;

i mport org.w3c.dom Docunent;
i mport org.w3c.dom El enent;

i mport org.apache. xerces. dom Docunent | npl ;

/**

* Query a database and return the ResultSet as an XM. docunent
*/

public class SQLQueryBean extends XBean{

private String databaseName = ;

private String tableName = ;
private String SQQuery = null;

Docunment documnent;

public SQ.QueryBean()({
}

public void setDat abaseName(String dat abaseNane) {
t hi s. dat abaseNanme = dat abaseNane;
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public void setTabl eName(String tabl eName) {
this.tabl eName = tabl eNane;

public void setSQLQuery(String SQ.Query){
this. SQLQuery = SQLQuery;

public void processDocunent () throws XbeansExcepti on{
try{

docunment = new Docunent | npl ();

i f (dat abaseNane. | engt h() >0&&t abl eName. | engt h() >0) {
String d = dat abaseNane. t oUpper Case();
String t = tabl eNane.toUpper Case();
El ement root = (El enent)documnent. createEl enent (t);
docunent . appendChild (root);
root.set Attri but e(" DBNAME", d) ;
appendDat aNodes() ;

}
el se{
t hrow new XbeansExcepti on(" SQ.LQuer yBean",
nul | , " DBName/ Tabl eNarme Undefined”, nul |);
}

DOVEvent domEvt = new DOMEvent (thi s, docunent);
DOWLi st ener . docunent Ready(donEvt) ;

}
catch (Exception e){
e.printStackTrace();

public void appendDat aNodes() {

String url = "jdbc: odbc: " +dat abaseNane;

i f (SQLQuer y==nul | ) SQLQuer y="SELECT * FROM "+t abl eNane;

try {
Cl ass. forNanme("sun. j dbc. odbc. JdbcCdbcDri ver");

Connecti on con
St at ement st
Result Set rs

Dri ver Manager . get Connecti on(url, "user", "pwd");

con. createStatenment ();
st . execut eQuery( SQLQuery);
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Resul t Set Met aDat a nd = rs.get MetabDat a();

i nt nCol ums nd. get Col utmCount () ;

docunent . get Docunent El enent () ;

El enent root

while(rs. next()){
El ement recor d=( El enent)docunent. creat eEl enent (" CUSTOVER") ;
root . appendChild (record);

for(int i=1;i<=nColumms;i ++){
String fName = md. get Col utmLabel (i) ;
String data = rs.getString(i);
i f(fName. equal s(" CUSTOVER_NUMBER") ) {
record. set Attri but e(" CUSTOVER NUMBER", String. val ueOf (data));
}el sef
Elemrent fld = (El ement)docunent. creat eEl enent (f Nare) ;
record. appendChil d(fld);
fld. appendChil d(docunent. creat eText Node(data));

con. close();

}
catch (Exception e){

e.printStackTrace();

}

The SQLQuer yBeanTest code shown in Listing 17-8 is nothing more than a modified version of Listing
17-5, with the SQLQuer yBean plugged in place of the Syst enili neBean. This also serves to illustrate
how simple it is to use Xbeans to process XML data.

Listing 17-8: Using the SQLQueryBean

package JavaDat abaseBi bl e. chl7. Xbeans;

i mport java.io.*;
i mport java. beans. Beans;
i mport JavaDat abaseBi bl e. ch17. Xbeans. *;

public class SQLQueryBeanTest {
static public void main(String args[]) {
String dat abaseName = "SQ.Server Contacts";
String tabl eName = " CUSTOMERS";
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String SQLQuery = "SELECT * FROM CUSTOMERS WHERE STATE = 'NY'";

try{
SQLQueryBean queryBean = (SQLQueryBean)Beans.instantiate(null,

"JavaDat abaseBi bl e. ch17. Xbeans. SQLQuer yBean") ;
SerializerBean serializer =

(SerializerBean)Beans.instantiate(null,

"JavaDat abaseBi bl e. ch17. Xbeans. Seri al i zer Bean") ;

guer yBean. set Dat abaseNanme( dat abaseNane) ;
qguer yBean. set Tabl eNane(t abl eNane) ;

guer yBean. set SQLQuer y( SQLQuery);

guer yBean. set DOMLi st ener (seri alizer);
serializer.setQutputStream new Fil eQut put Strean("Custonmers.xm"));
guer yBean. processDocumnent () ;

}catch(Exception e){

Systemerr.println(e);

}

The output from this example is shown in Listing 17-9. You should be able to recognize it as the XML
document shown in Figure 17-1, which is created using an Xbean designed to output a JTree.

Listing 17-9: DOM document serialized from the Customer Table

<?xm version="1.0"?>
<CUSTOMERS DBNAME=" CONTACTS" >
<CUSTOMER CUSTOVER NUMBER="100">
<FI RST_NAME>M chael </ FI RST_NAME>
<M >A</ M >
<LAST_NAME>Cor | eone</ LAST_NAME>
<STREET>123 Pi ne</ STREET>
<Cl TY>New Yor k</CI TY>
<STATE>NY </ STATE>
<Zl| P>10006</ ZI P>
<PHONE>201- 555- 1212</ PHONE>
</ CUSTOVER>
<CUSTOMER CUSTOVER NUMBER="101">
<FI RST_NAME>Fr edo</ FI RST_NAME>
<M >X</ M >
<LAST_NAME>Cor | eone</ LAST_NAME>
<STREET>19 Mai n</ STREET>
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<Cl TY>New Yor k</CI TY>
<STATE>NY </ STATE>
<Zl| P>10007</ ZI P>
<PHONE>201- 555- 1213</ PHONE>

</ CUSTOVER>

<CUSTOMER CUSTOVER _NUMBER="103">
<FI RST_NAME>Fr anci s</ FI RST_NAME>
<M >X</ M >
<LAST_NAME>Cor | eone</ LAST_NAVE>
<STREET>17 Mai n</ STREET>
<Cl TY>New Yor k</ClI TY>
<STATE>NY </ STATE>
<Zl| P>10005</ ZI P>
<PHONE>201- 555- 1215</ PHONE>

</ CUSTOVER>

</ CUSTOVERS>

Just as you can generate XML from a database, you can also populate a database using an XML data
feed. The Internet offers many sources of XML data which can be used in this way. The next section
shows the use of an Internet data source to populate a database.

Populating a Database Using XML Data Sources

XML's rise to prominence as a B2B solution has led to the introduction of a number of XML-based
services accessible over the Internet. An excellent example of such a service is the XML-based news
service on the demonstration portal maintained by Mor eover. com

Listing 17-10 illustrates the format of the top stories headline link page available at:
http://ww. noreover. com cgi -1 ocal / page?o0=xm &quer y=t op+st ori es.

The XML document contains the root tag <nor eover news>, which, in turn, contains a number of
<arti cl e> elements. Each of these elements contains 11 child elements. Together, the <articl e>
elements and their nested child elements can be envisaged as the rows of a database table with 11
columns corresponding to the 11 child elements.

Listing 17-10: XML top stories headline format from Moreover.com

<?xm version="1.0" encodi ng="i so-8859-1"7?>
<! DOCTYPE nor eover news SYSTEM
"http://p. moreover.com xnl _dt ds/ nor eover news. dtd" >

<l-- by using this feed you have read and agree to our terns and
condi tions

at http://w noreover.com site/about/ternsandconditions. htmn

If the presence of this coment has caused an error in your parser
you may

use the ol der uncomented version by using &anmp;o=xm _1 or +xm _1 in
the URL.

Using the xml _1 version still neans that you have read and agree to
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our terns
and conditions above -->
<nor eover news>
<article id="_34226715">
<url>http://c.noreover.conm click/here.pl ?x34226715</ url >
<headl i ne_t ext >
Assistant fire chief ascends to departments top role
</ headl i ne_t ext >
<source>Springfield News-Leader</source>
<nedi a_t ype>t ext </ nedi a_t ype>
<cl ust er >noreover...</cluster>
<tagline></tagline>
<docunent _url >
http://ww. springfiel dnews-1|eader.com news/
</ document _url >
<harvest _time>Mar 20 2002 2: 30AMK/ harvest _ti me>
<access_regi strati on></access_regi stration>
<access_status></access_status>

<larticle>

</ nor eover news>

The SQLI nsert Bean used to insert the content of an XML document into a database table is an
extension of the basic Xbean base class of Listing 17-2. The pr ocessDocunent () method first calls
the pr epar eSt at enent () method, which creates a Pr epar edSt at ement to handle the SQL

I NSERT command. The Pr epar edSt at enent is simply a SQL INSERT command with 11

placeholders, one for each data node in the article element (10 child elements, plus the id attribute).
Cross-
Reference Prepar edSt at enent s reduce the processing overhead of compiling a

SQL statement when it is to be used repetitivley. The advantages of using
the Pr epar edSt at ement object when performing multiple repetitions of a

SQL command is discussed in Chapter 4, with a brief example in Chapter
13.

The get Val ues() method is passed an <art i cl e> element, which it parses to retrieve the id
attribute and the child elements. These are returned in a St ri ng array, which is passed to the

i nsert Headl i ne() method. Note that a Java nul | is specifically inserted into the array for empty
child elements. These nulls are converted automatically to SQL NULLSs on insertion.

The i nsert Headl i ne() method sets the parameters of the Pr epar edSt at enent from the Stri ng
array and then calls the Pr epar edSt at enent 's execut eUpdat e() method to insert the data from
the XML document.

After looping through all the <article> elements, the Connect i on object's cl ose() method is called to
close the connection to the Dat aSour ce. If you fail to close the connection, the garbage collector will
close it for you. Listing 17-11 illustrates the use of a Pr epar edSt at ement object to insert news
headlines into the database.

Listing 17-11: SQLInsertBean
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package JavaDat abaseBi bl e. chl7. Xbeans;

i mport java.io.*;
i mport java.sql.*;
i mport javax.sql.*;

i mport org. Xbeans. *;

i mport org.w3c.dom Docunent;
i mport org.w3c.dom El ement;

i mport org.w3c.dom Node;

i mport org.w3c.dom NodelLi st;

/**

* Parse an xm docunent and insert into a database table using a

* Prepar edSt at enent

*/

public class SQLInsertBean extends JavaDat abaseBi bl e. ch17. Xbeans. XBean{

static String noreoverUrl =
"http://ww. moreover.com cgi -1 ocal / page?o=xm &quer y=t op+stori es";

private static String dbUser Nanme "sa";

"dha";

private static String dbPassword

Connection con = null;

PreparedStatement pstnt = nuli;

public SQLI nsertBean(){
}

publ i ¢ Docunent processDocument (Docunent doc) throws XbeansException {
prepareStatenent ();
El ement root = doc. get Docunent El enent () ;
NodeLi st articles = root.getEl enent sByTagNanme("article");
for(int i=0;i<articles.getLength();i++){
El emrent article = (Elenent)articles.iten(i);
i nsert Headl i ne(get Val ues(article));
}
cl oseConnection();

return doc;

private String[] getValues(El ement article){
String[] values = new String[11];
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values[0] = article.getAttribute("id");
NodeLi st dataNodes = article. get Chil dNodes();
for(int i=0,j=1;i<dataNodes. getlLength();i++){
Node dat aNode = dataNodes.iten(i);
i f (dat aNode. get NodeType() ==Node. ELEMENT_NODE) {
Node text Node = ((El enent)dataNode). getFirstChild();
i f(textNode!=null)
val ues[j ++] = textNode. get NodeVal ue();
el se
val ues[j ++] = null;

}

return val ues;

private void prepareStatenent(){
try {
Cl ass. forName("com i net. pool . Pool Driver");
cominet.tds. TdsDat aSource tds = new comi net.tds. TdsDat aSource();
tds. set Server Name( "MARS" );
t ds. set Dat abaseNanme( " MOREOVERNEWS" ) ;
tds. set User ( dbUser Name );

tds. set Passwor d( dbPassword );

Dat aSource ds = tds;
con = ds. get Connecti on(dbUser Nare, dbPasswor d) ;

String SQLChd = "I NSERT | NTO HEADLI NES
VALUES(?,?,?,2,2,2,2,2,2,2,?);";
pstnt = con. prepareSt at enent (SQLCd) ;
}cat ch( Cl assNot FoundException e){
Systemerr.println(e.get Message());
}cat ch( SQLException e){
Systemerr.println(e. get Message());

private void closeConnection(){

try {
con. close();

}cat ch( SQLException e){
Systemerr.println(e.get Message());
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private int insertHeadline(String[] val ues){

int rowslnserted = -1;

try {
for(int i=0;i<values.length;i++){

pstnt.setString(i+1, fixApostrophes(values[i]));

}
rowsl nserted = pstmt.executeUpdate();

}cat ch( SQLException e){
Systemerr.println(e.get Message());

}

return rowsl nserted,;

private String fixApostrophes(String in) {

if(in!=null){
int n=0;
whil e((n=in.indexOh (""", n))>=0){
in = in.substring(0,n)+"""+in.substring(n);
n+=2;
}
}
return in;

public static void main(String[] args){
try{
DOVPar ser Bean parser = new DOMPar ser Bean() ;
SQLI nsert Bean insertBean = new SQLI nsertBean();
SerializerBean serializer = new SerializerBean();

parser.setUrl String(noreoverUrl);
par ser. set DOVLi st ener (i nsert Bean);

/l'insertBean. set DOVLi st ener(serializer);
par ser. processDocunent () ;

}catch( Exception e){
Systemerr.println("Exception in SQ.I nsertBeanTest");
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The DOVPar ser Bean referenced In the example of Listing 1/-11 i1s shown In Listing 1/-12. Again, this
class is a simple extension of the XBean base class. Its get Xm () method returns a byte array
containing an XML document read from a file or a URL or simply passed as a Stri ng. The
processDocunent () method uses a Xerces DOMPar ser to convert the byte array to a DOM
representation of the document. The DOM document is then sent to the DOWLi st ener defined in the
XBean base class, using a DOVEvent .

Listing 17-12: DOMParserBean

package JavaDat abaseBi bl e. chl7. Xbeans;

i mport java.io.*;

i mport java.net.*;

i mport org. Xbeans. *;

i mport org.w3c.dom Docunent;

i mport org.xm . sax.|nputSource;

i mport org. apache. xerces. par sers. DOVPar ser;

public class DOWPar ser Bean extends JavaDat abaseBi bl e. ch17. Xbeans. XBean{
protected String Ul String = null;
protected String Xm String = null;
protected String Xm Fil eName = null;

publ i c DOMPar ser Bean() {
}

public void setXm String(String Xm String){
this. Xm String = Xml String;

public void setU Il String(String Url String){
this.UlString = Ul String;

public void setXm FileName(String Xm Fil eName) {
this. Xm Fil eNane = Xnl Fi | eNaneg;

public void processDocunent () {

try{
byte[] xm = getXm ();
if(xm.length > 0){
Byt eArrayl nput Stream x = new Byt eArrayl nput Streanm(xm ) ;
DOWPar ser p = new DOWParser () ;

| nput Source s = new | nput Sour ce(x);
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p. parse(s);

Docunent doc = p.get Docunent ();
DOVEvent e = new DOVEvent (this, doc);
DOMLi st ener . docunment Ready(e) ;

}
catch (Exception e){
e.printStackTrace();

}
private byte[] getXm () {
byte[] xm = new byte[4096];
i f(Xm FileName!=null){
File f = new File (Xm Fil eNane);
xm = new byte[(int)f.length()];
try {
FilelnputStreamis = new Fil el nput Stream(f);
is.read(xm , 0, (int)f.length());
} catch (Exception e) {
e.printStackTrace();
}
telse if(UlString!=null)({
URL fileURL = null;
String buffer ="";
try {
fileURL = new URL(Url String);
I nput Stream i nput Stream = fil eURL. openStream();

i nt byteCount;
whi | e((byteCount = inputStreamread(xmn))>0){
buffer += new String(xm, 0, byteCount);
}
xm = buffer.getBytes();
}
catch( Exception e ){
e.printStackTrace();
}
}el se{
if(Xm String!=null) xm = Xm String.getBytes();
}

return xm ;
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The combination of XML as a transport mechanism and relational databases as a storage medium will
become more and more common as Web-based architectures proliferate. The two technologies are

complimentary, each offering capabilities not found in the other.

Summary

In this chapter, you learn how to use the DOM to work with XML and JDBC. The main topics covered
include the following:

= Using DOM parsers to parse XML documents

= Creating and processing XML documents by using Xbeans

= Creating XML documents by querying a database

= Populating tables from XML data sources

Chapter 18 shows you how to apply this knowledge in a real-world XML application. Also, it discusses
JDBC RowSets.
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Chapter 18: Using Rowsets to Display Data

In This Chapter

RowSet s add significant new capabilities to JDBC by adding JavaBeans support to the JDBC API.
Rowset s make it easy to send tabular data over a network. They can also be used as a wrapper,
providing scrollable Resul t Set s or updatable Resul t Set s when the underlying JDBC driver does not
support them.

This chapter discusses RowSet s, comparing them with the Resul t Set s of the JDBC core APl and
illustrating the features of the different types of RowSet s.

Understanding RowSets

A RowSet is an object that contains a set of rows from a Resul t Set or some other source of tabular
data, like a file or spreadsheet. The RowSet object is an extension of Resul t Set , with the added
benefit of incorporating JavaBeans support. The RowSet object is supported by the RowSet Met aDat a
interface, which extends the Resul t Set Met aDat a interface.

A RowSet differs significantly from a Resul t Set in that it provides a set of JavaBeans properties to
connect to a JDBC data source and to read data from the data source for making connections,
executing commands, and reading and writing data to and from the data source. These properties
include the following:

. rowSet.setUrl ( url );

. rowSet . set Usernanme( login );

= rowSet . set Password( password );

. rowSet . get Connection();

= rowSet . set Command(" SELECT * FROM sysusers");

= rowSet . execut e();

Since RowSet s are JavaBeans, notice that they follow the JavaBeans model for setting and getting
properties such as the Username and Password. They also follow the JavaBeans API to handle events
such as changes in a column value. Being JavaBeans, RowSet s use the Java event model to notify
listeners when the RowSet is changed.

Rowset s make it easy to send tabular data over a network. They can also be used as a wrapper,
providing scrollable Resul t Set s or updatable Resul t Set s when the underlying JDBC driver does not
support them.

There are two main types of RowSet s — connected and disconnected. A connected RowSet , like a
Resul t Set , maintains a connection to a data source for as long as the RowSet is in use. A
disconnected RowSet gets a connection to a data source to load data or to propagate changes back to
the data source, but most of the time it does not have a connection open.

While it is disconnected, a RowSet does not need a JDBC driver or the full IDBC API, so its footprint is
very small. Since it is not continually connected to its data source, a disconnected RowSet stores its
data in memory. It also maintains metadata about the columns it contains and information about its
internal state.

Creating and Using a RowSet

The simplest way to explain how a RowSet works is to use an example. Listing 18-1 illustrates the use
of a JdbcRowSet to retrieve some names and e-mail addresses from the Contacts Table created as
part of the LEDES database in Chapter 2.
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The first thing you will notice is that the entire example centers on the methods of the RowSet . If you
are working with a Resul t Set , you will have to create and work with the following objects:

= j ava. sqgl . Connecti on

= java. sgl . St at emrent

= java. sgl . Resul t Set

When using a RowSet such as the one in Listing 18-1, set the required properties of the RowSet itself.
Then use the RowSet . execut e() method to execute the SQL command. The JdbcRowSet is
implemented as a wrapper around a Resul t Set object that makes it possible to use the ResultSet as a
JavaBeans component. Because a JdbcRowSet is a connected RowSet , continually maintaining its
connection to the database using a JDBC driver, it effectively makes the driver a JavaBeans component.

Listing 18-1: Using a RowSet

package JavaDat abaseBi bl e. ch18;

i mport java.sql.*;
i mport cominet.tds. JDBCRowSet ;

public class JDBCRowSet Exanpl e{

public static void main(String[] argv){

String url = "jdbc:inetdae7:|ocal host: 1433?dat abase=LEDES";
String login = "jod";

String password = "jod";

try {

Cl ass. forName("cominet.tds. TdsDriver").new nstance();

JDBCRowSet rowSet = new JDBCRowSet () ;

//set url,login and password;
rowSet.setUrl ( url );
rowSet . set Usernanme( login );

rowSet . set Password( password );

//get the driver version

Dat abaseMet aDat a dbnd = rowSet. get Connecti on(). get Met aDat a() ;
Systemout.println("Driver Name:\t" + dbnd. get Dri ver Nanme() ) ;
Systemout.println("Driver Version:\t" + dbnd. getDriverVersion());

//set the sql command
rowSet . set Coomand( " SELECT | D, FNane, LNane, EMai | FROM CONTACTS") ;

|/ execute the command
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rowSet . execut e();

/!l read the data and put it to the console
while (rowSet.next()){
for(int j=1; j<=rowSet.getMetaData().getColumCount(); j++)({
Systemout.print( rowSet.getChject(j)+"\t");
}
System out.println();
}
rowSet . cl ose();
} catch(Exception e) {
e.printStackTrace();

}

The results of the JDBCRowSet Exanpl e of Listing 18-1 returns are shown in Table 18-1.
Table 18-1: Results the JDBCRowSetExample Returns

ID FName LName EMail

2001 Oliver Dewey o.dewey@dsh.com
2002 Ichabod Cheatham i.cheatham@dsh.com
2003 Anne Howe a.howe@dsh.com

Making a RowSet Scrollable and Updatable
Among the enhancements of the JDBC Extension API was the ability to make Resul t Set s scrollable
and updatable. The same capabilities can be added to a RowSet by setting the appropriate properties.

Listing 18-2 shows how simply the RowSet created in Listing 18-1 can be made scrollable.

Listing 18-2: Making a RowSet scrollable

package JavaDat abaseBi bl e. chl18;

i mport java.sql.*;
i mport com i net.tds. JDBCRowSet ;

public class JDBCRowSet Exanpl e{

public static void main(String[] argv){

String url = "jdbc:inetdae7:1ocal host: 1433?dat abase=LEDES";
String login = "jod";
String password = "jod";

try {
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Cl ass. forName("cominet.tds. TdsDriver").new nstance();

JDBCRowSet rowSet = new JDBCRowSet () ;

//set url,login and password;
rowSet.set Ul ( url );

rowSet . set Username( login );
rowSet . set Passwor d( password );

// make the rowset scrollable
rowSet . set Type(Resul t Set . TYPE_SCROLL_| NSENSI Tl VE) ;

//set the sql command
rowSet . set Command( " SELECT | D, FNane, LNane, EMai | FROM CONTACTS") ;

/ / execute the command
rowSet . execute();

/1l read the data and put it to the console
while (rowSet.next()){
for(int j=1; j<=rowSet.getMetaData().getColumCount(); j++){
Systemout.print( rowSet.getChject(j)+"\t");
}
Systemout.println();
}
while (rowSet. previous()){
for(int j=1; j<=rowSet.getMetabData().getColumCount(); j++){
Systemout.print( rowSet.getChject(j)+"\t");
}
Systemout.println();
}
rowSet . cl ose();
} catch(Exception e) {
e.printStackTrace();

}

The output of the example in Listing 18-2 is the same as the output of Listing 18-1, except that the
results are printed again in reverse order using the RowSet . pr evi ous() method to step backwards
through the rows. You can use the other cursor-control and scrolling methods inherited from the
Resul t Set in exactly the same way.

In much the same way, you can very easily make a RowSet updatable. An updatable RowSet allows
you to make updates to the values in the RowSet itself. These changes are reflected in the database
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when the RowSet . updat eRow() method is called. A RowSet is made updatable by setting its
concurrency property to Resul t Set . CONCUR_UPDATABLE. Once you have an updatable RowSet , you
can insert a new row, delete an existing row, or modify one or more column values.

Since requesting an updatable RowSet does not guarantee that you will actually get one, you should
check whether the RowSet is updatable by using RowSet . get Concur rency() . Listing 18-3 illustrates
the use of the r owSet . set Concurrency( Resul t Set . CONCUR_UPDATABLE) method to make a
RowSet updatable and the use of RowSet . get Concurrency() to ensure that the RowSet actually is
updatable.

Listing 18-3: Making a RowSet updatable

package JavaDat abaseBi bl e. chl18;

i mport java.sql.*;
i mport cominet.tds. JDBCRowSet ;

public class JDBCUpdat abl eRowSet {

public static void main(String[] argv){

"jdbc:inetdae7:1ocal host: 1433?dat abase=LEDES";
String login = "jod";

"jod";

String url

String password

try {
Cl ass. forName("cominet.tds. TdsDriver").new nstance();

JDBCRowSet rowSet = new JDBCRowSet () ;

//set url,login and password;
rowSet.setUrl ( url );

rowSet . set Usernanme( login );
rowSet . set Passwor d( password );

/I make the rowset scrollable and updatabl e
rowSet . set Type(Resul t Set. TYPE_SCROLL_| NSENSI Tl VE) ;
rowSet . set Concurrency( Resul t Set . CONCUR_UPDATABLE) ;

//set the sql command
rowSet . set Comand(
"SELECT | D, FNane, LNanme, EMai | "+
"FROM CONTACTS WHERE FNane = 'Ichabod'");

// execute the command
rowSet . execute();
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/1 check whether the RowSet can be updated

i f(rowSet. get Concurrency()==Resul t Set. CONCUR_UPDATABLE)
Systemout. println("Rowset is UPDATABLE");

el se
Systemout.println("Rowset is READ ONLY");

/1l update the record and output it to the console
while (rowSet.next()){
rowSet . updat eStri ng(" FNane", "lgor");
rowSet . updat eRow( ) ;
for(int j=1; j<=rowSet.getMetabData().getColumCount(); j++){
Systemout.print( rowSet.getChject(j)+"\t");
}
Systemout. println();
}
rowSet . cl ose();
} catch(Exception e) {
e.printStackTrace();

Updating a RowSet

As you can see from the code in Listing 18-3, the use of an updatable RowSet is considerably simpler
than using the SQL UPDATE command with a conventional St at enent . execut eUpdat e() .This is
particularly true when you consider that updates made to an updatable RowSet always affect the

current row, so there is no need to find the row to update. Of course, this does mean that you must
make sure you have moved the cursor to the correct row prior to making an update.

RowSet updates use the update methods inherited from the Resul t Set . Most of the
Resul t Set . updat e methods take two parameters: the column to update and the new value to put in
that column. The column may be specified using either the column name or the column number.

Table 18-2 summarizes the update methods for the Resul t Set, showing only the variant using column
name as the specifier for reasons of space.

Table 18-2: ResultSet Update Methods

Data Type Method

BigDecimal updateBigDecimal(String columnName, BigDecimal x)
boolean updateBoolean(String columnName, boolean Xx)

byte updateByte(String columnName, byte x)

byte[] updateBytes(String columnName, byte[] x)

double updateDouble(String columnName, double x)

float updateFloat(String columnName, float x)

int updatelnt(String columnName, int x)
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Table 18-2: ResultSet Update Methods

Data Type Method
java.io.lnputStream updateAsciiStream(String columnName, InputStream x, int length)
java.io.lnputStream updateUnicodeStream(String columnName, InputStream X, int length)
java.io.InputStream updateBinaryStream(String columnName, InputStream x, int length)
java.sgl.Date updateDate(String columnName, Date x)
java.sql.Time updateTime(String columnName, Time X)
java.sgl. Timestamp updateTimestamp(String columnName, Timestamp x)
long updateLong(String columnName, long x)
Object updateObject(String columnName, Object x)
Object updateObiject(String columnName, Object x, int scale)
short updateShort(String columnName, short x)
String updateString(String columnName, String x)
NULL updateNull(String columnName)
Caution

After updating a column value, you must call the updat eRow() method to make a
permanent change in the database before moving the cursor, since changes made
using the update methods do not take effect until updat eRow( ) is called. If you
move the cursor to another row before calling updat eRow( ) , the updates will be
lost, and the row will revert to its previous column values.

Inserting a New Row

In addition to supporting updates, an updatable RowSet supports the insertion and deletion of entire
rows. The updatable RowSet object inherits from Resul t Set the insert row, which is, in effect, a
dedicated row buffer in which you can build a new row.

The new row is created in a manner very similar to the row updates discussed earlier. The following
steps are involved:
1. Move the cursor to the insert row by calling the method nmoveTol nsert Row() .
2. Set a new value for each column in the row using the appropriate update method.
3. Call the method i nsert Rowto insert the new row into the Resul t Set and, simultaneously, into
the database.

Listing 18-4 demonstrates the use of the updatable RowSet to insert a new row into a database.

Listing 18-4: Inserting a new row in an updatable RowSet

package JavaDat abaseBi bl e. ch18;

i mport java.sql.*;
i mport cominet.tds. JDBCRowSet ;

public class JDBCUpdat abl eRowSet | nsert {

public static void main(String[] argv){
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String url
String login

String password

try {

"jdbc:inetdae7:1ocal host: 1433?dat abase=LEDES";
"jod";
"jod";

Cl ass. forName("cominet.tds. TdsDriver").new nstance();

JDBCRowSet

/1set
rowSet .
rowSet .
rowSet .

// make the rowset

rowSet =

new JDBCRowSet () ;

url,login and password;
setUl ( url );
set User nanmge(

login );

set Passwor d( password );

scrol | abl e and updat abl e

rowSet .
rowSet .

set Type( Resul t Set. TYPE_SCROLL_I NSENSI TI VE) ;
set Concurrency(Resul t Set . CONCUR_UPDATABLE) ;

//set the sql

command

rowSet .

set Command( " SELECT * FROM CONTACTS");

/ / execute the command

rowSet .

execute();

i f(rowSet. get Concurrency()==Resul t Set. CONCUR_UPDATABLE)

System out. printl n(" Rowset

el se

System out . printl n(" Rowset

// nmove to the Insert

r owSet .

/1l update the fields of the Insert

rowsSet .
rowSet .
rowSet .
rowSet .
rowSet .
rowSet .

I/
rowSet .

insert the Insert

i s UPDATABLE");

i s READ ONLY"):

Row

nmoveTol nsert Row() ;

Row
updat el nt ("conpany_i d", 1050);

1004);
“Nigel");

"Thor nebury");
"555-456-0123");

"555-456-0129");

updat el nt ("address_info_id",
updat eStri ng(" FNane",
updat eStri ng(" LNane",
updat eStri ng(" phone",
updat eString("fax",

Row into the table
i nsert Row() ;
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/1l output all rows to the console
rowSet . beforeFirst();
while (rowSet.next()){
for(int j=1; j<=rowSet.getMetabData().getColumCount(); j++){
Systemout.print( rowSet.getObject(j)+"\t");
}
Systemout.println();

}

rowSet . cl ose();

} catch(Exception e) {
e.printStackTrace();

}

If you insert a row without supplying a value for every column in the row, the default value for the
column will be used if there is one. Otherwise, if the column accepts SQL NULL values, a NULL will be
inserted. Failing either of those, a SQLExcept i on will be thrown.

Caution

A SQLExcept i on will be thrown if a required table column is missing in the
updatable RowSet , so the query used to get the updatable RowSet object should
generally select all columns.

Deleting a Row

Deleting a row in an updatable RowSet is very simple. All you have to do is move the cursor to the row
you want to delete and call the method del et eRow() . The example in the following code snippet
shows how to delete the third row in a Resul t Set by moving the cursor to the third row and using the
del et eRow() method:

rowSet . absol ut e(3);
rowSet . del et eRow() ;

Seeing Changes Made to an Updatable RowSet

Changes made to an updatable RowSet are not necessarily visible, either to the RowSet itself or to
other open transactions. An application can determine if the changes a Resul t Set makes are visible
to the Resul t Set itself by calling the appropriate Dat abaseMet aDat a methods.

One way to get the most recent data from a table is to use the method r ef reshRow() , which gets the

latest values for arow straight from the database. This is done by positioning the cursor to the desired
row and calling r ef reshRow( ) , as shown here:

rs. absol ute(3);

rs.refreshRow();

Note
The RowSet should be TYPE_SCROLL_SENSI Tl VE; otherwise, r ef reshRow() does

nothing.

RowSet Events
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A RowSet Event is generated when something significant happens in a RowSet , such as a change in a
column value. Being JavaBeans, RowSet s can use the Java event model to notify listeners when the
RowSet is changed.

These are the RowSet Li st ener methods:

= r owSet Changed — Called when the rowset is changed, for example, when a SQL command is
executed

= r owChanged —Called when a row is inserted, updated, or deleted

= cur sor Moved — Called when a rowset's cursor is moved

The example of Listing 18-5 illustrates the use of RowSet events to monitor changes to a RowSet . In
this example, a RowSet Li st ener is used to report the insertion of a new row in the Contacts Table.
Note the use of the method RowSet . noveToCur r ent Row() inthe RowSet Li st ener. This method is
used to return to the current row when the cursor is on the i nsert Row. This allows the

RowSet Li st ener to report the contents of the row just added.

Listing 18-5: Using RowSet events

package JavaDat abaseBi bl e. ch18;

i mport java.sql.*;
i mport javax.sql.*;
i mport cominet.tds. JDBCRowSet ;

public class JDBCUpdat abl eRowSet | nsert {
public static void main(String[] argv){

"jdbc:inetdae7:1ocal host: 1433?dat abase=LEDES";
String |l ogin = "jod";

String url

String password "jod";

try {
Cl ass. forName("cominet.tds. TdsDriver").new nstance();

JDBCRowSet rowSet = new JDBCRowSet () ;

//set url,login and password;
rowSet.setUrl ( url );
rowSet . set Usernanme( login );

rowSet . set Password( password );
/I make the rowset scrollable and updatabl e
rowSet . set Type(Resul t Set. TYPE_SCROLL_| NSENSI Tl VE) ;

rowSet . set Concurrency( Resul t Set . CONCUR_UPDATABLE) ;

/1 add a RowSet Li stener
rowSet . addRowSet Li st ener (new RowSet ChangelLi st ener());
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//set the sql command
rowSet . set Command(" SELECT * FROM CONTACTS");

// execute the command
rowSet . execute();

/1l read the data and put it to the console
rowSet . noveTol nsert Row() ;

rowSet . updat el nt (" conpany_i d", 1050);

rowSet . updat el nt ("address_info_id", 1004);
rowSet . updat eStri ng("FName", "Nigel");

rowSet . updat eStri ng("LName", "Thornebury");
rowSet . updat eStri ng("phone", "555-456-0123");
rowSet . updateString("fax", "555-456-0129");

rowSet . i nsert Row();

//close the RowSet
rowSet . cl ose();

} catch(Exception e) {

}
cl ass RowSet ChangelLi stener inplenments RowSetLi st ener {
public void rowSet Changed( RowSet Event event) {
}
public void rowChanged( RowSet Event event){
RowSet rowSet = (RowSet)event. get Source();
try{
rowSet . noveToCur r ent Row( ) ;
for(int j=1; j<=rowSet.getMetaData().getColumCount(); j++){
Systemout.print( rowSet.getChject(j)+"\t");
}
Systemout.println();
}catch( Exception e){
}
}

public void cursorMved( RowSet Event event) {
RowSet rowSet = (RowSet)event. get Source();

try{
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Systemout.println("cursor nmoved to row "+rowSet.get Row());
}catch(Exception e){

}

}

One of the neatest features of RowSet s is that, in addition to using them like Resul t Set s, as

discussed in this section, you can also use them as data containers disconnected from the database.
The use of disconnected RowSet s is discussed in the next section.

Disconnected RowSets

As mentioned at the beginning of this chapter, there are two main types of RowSet s: connected and
disconnected. Connected RowSet s maintain a connection for as long as the RowSet is in use.
Disconnected RowSet s get a connection to a data source as needed.

Sun released a number of RowSet implementations as an early access release. These implementations

include the following:
. CachedRowSet

] JdbcRowSet
] WebRowSet

The CachedRowSet is a disconnected RowSet , intended for use as a means of caching a Resul t Set

object's rows in memory, so it doesn't require the continuous use of a database connection. All
CachedRowSet s are scrollable and updatable, and, just like any other JavaBean, they can be

serialized. This provides a means of serializing Resul t Set s and sending them to remote clients to be
updated and sent back to the server.

Being disconnected means that a CachedRowSet connects to its data source only while it is reading
data to load rows and while it is sending changes back to its underlying database. The rest of the time, it
is disconnected, even while changes are being made to it. In effect, a CachedRowSet object can be
thought of as simply a disconnected set of rows cached in a JavaBean.

Being thin and serializable, a CachedRowSet can easily be sent across a wire, and it is well suited to
sending data to a thin client, such as a PDA, because, while a CachedRowSet object is disconnected,
it can be much leaner than a Resul t Set object with the same data. The CachedRowSet class

provides a means of working with the rows of a ResultSet without the overhead associated with using
the full JDBC API.

Updating a CachedRowSet object is similar to updating a JDBCRowSet , but because the rowset is not

connected to its data source while it is being updated, one extra step is required to make a change in
the underlying data source. After calling the method updat eRow() ori nsert Row(), a

CachedRowSet object must also call the method accept Changes() in order to make a connection
and write the updates to the data source.

The Sun implementation of the CachedRowSet also requires that you specifically set the name of the

table you are working with. If you fail to do this, any attempts to update the table will throw a SQL
exception.
Note
After making changes to a CachedRowSet using updat eRow() or i nsert Row(), you

must also call accept Changes() to make a connection and write the updates to the

data source. When you are changing or inserting several rows, you need only call
accept Changes() once after all calls to updat eRow() and i nsert Row() have been
made.

Using a CachedRowSet with a PDA
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Since CachedRowSet s are JavaBeans, they can be serialized just like any other JavaBean This makes
them very useful when working with a remote client, such as a PDA.

You may recall that the database design examples in Chapter 2 revolve around a database for
managing and invoicing projects or, as lawyers prefer to call them, "matters"” for a law firm. A part of this
example included the creation of a number of tables to handle contact information. It would obviously be
useful for the employees of the firm to have a copy of the contact names and addresses in their PDAs.
An elegant way to do this is through the use of a CachedRowSet , since a CachedRowSet only needs
to connect to its data source while it is reading or updating data.

The first thing to consider in creating the contact list is the SQL query required to build the RowSet . The

contact information required for the RowSet is distributed across the three following tables because of

the nature of the application:

= The client is frequently a corporation, represented by several individuals.

= A corporation may operate out of a number of different locations.

= Each individual may have a different phone number, mail drop, or cell phone, but all may have the
same mailing address.

Since one of the principles of database design is to avoid storing the same item of information in two or
more places, this means that the information about a client has to be divided among a number of
different tables. The structure and relationships of these tables is shown in Figure 18-1.
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Figure 18-1: Tables containg contact information
Server-side code
The best way to retrieve the required contact information is to define a SQL stored procedure called
GET_CONTACT_LI ST and to call it to get the data. As you can see from Listing 18-6, the stored

procedure is relatively simple.

Listing 18-6: Stored procedure to retrieve contact data

CREATE PROCEDURE GET_CONTACT_LI ST AS

SELECT c.fNanme, c.|lNanme, f.name AS firm a.address_1 as street, a.city,
a.state_province AS state, a.zip_postal_code AS zip, c.phone

FROM CONTACTS c, Address_info a, clients f

WHERE f.address_id = a.id AND c.conpany_id = f.id

Table 18-3 shows the Resul t Set returned by the query. Obviously, you can include the contact's cell
phone number, e-mail address, and so on.
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Table 18-3: Contact List RowSet

fName IName firm street city state Zip phone
Oliver Dewey Dewey,Cheatham 123 New NY 10006 555-
and Howe Penny York 123-
Lane 4567
Ichabod Cheatham Dewey,Cheatham 123 New NY 10006 555-
and Howe Penny York 123-
Lane 4568
Anne Howe Dewey,Cheatham 123 New NY 10006 555-
and Howe Penny York 123-
Lane 4569
Michael West Acme Insurance 211 Elm New NY 10007 555-
St York 213-
2346
James Nateland Acme Insurance 211 Elm New NY 10007 555-
St York 213-
2347
Bob Guppy Nigel Watson and 17 Main New NY 10007 555-
Sons St York 213-
1114
Nigel Watson Nigel Watson and 17 Main New NY 10007 555-
Sons St York 213-
1115
Seamus Maloney Maloney's Pizza 211 Pine New NY 10007 555-
Pub, Inc St York 233-
3335

To retrieve the data as a CachedRowSet , create a CachedRowSet object and use it to execute the
stored procedure. The example shown in Listing 18-7 uses the CachedRowSet implementation from
the Sun rowset jar file, loading it using the j dbc: odbc bridge. As you can see, the code is very similar
to the JDBCRowSet examples, with the exception that rather than displaying the CachedRowSet , the
seri al i zeRows() method serializes the entire CachedRowSet bean to a file.

Listing 18-7: Executing a SQL query in a CachedRowSet

package JavaDat abaseBi bl e. ch18;

i mport java.io.*;

i mport java.sql.*;

i mport javax.sql.*;

i mport sun.jdbc.rowset.*;

public class CachedRowSet Seri al i zer{
String fName = "Contact RowSet . ser”;
public static void main(String[] argv){
CachedRowSet Seri ali zer crs = new CachedRowSet Seri ali zer();
crs.serializeRows();
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}
publ i ¢ CachedRowSet Seri al i zer(){

}

public void serializeRows(){
"j dbc: odbc: LEDES";
String login = "jod";

String url

String password
try {

"jod";

Cl ass. forNanme("sun. jdbc. odbc. JdbcCOdbcDri ver");

CachedRowSet rowSet = new CachedRowSet () ;

//set url,login and password;
rowSet.setUl ( url );
rowSet . set Username( login );

rowSet . set Passwor d( password );

/1 make the rowset scrollable and updatable

rowSet . set Type(Resul t Set. TYPE_SCROLL_| NSENSI Tl VE) ;
rowSet . set Concurrency(Resul t Set . CONCUR_UPDATABLE) ;

//set the sql command
rowSet . set Command( " GET_CONTACT_LI ST");

|/ execute the command

rowSet . execute();

Fi | eQut put Stream f Qut = new Fi |l eCut put St reamf Nane) ;
Obj ect Qut put out = new Obj ect Qut put Strean(fQut);

out.witeObject(rowSet);
out.flush();

out.close();

/1 close the RowSet
rowSet . cl ose();

}catch(Exception e) {
Systemerr.println(e.get Message());

}

Client-side code

The code at the client side is even simpler. The serialized CachedRowSet bean is deserialized, and the
RowSet s are output to the console, as shown in Listing 18-8. A practical application would probably use

the CachedRowSet bean as a component driving a simple GUI.
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Listing 18-8: Using a CachedRowSet

package JavaDat abaseBi bl e. chl18;

i mport java.io.*;
i mport sun.jdbc.rowset.*;

public class CachedRowSet Deseri ali zer{
public static void main(String[] argv){
CachedRowSet Deseri al i zer crd = new CachedRowSet Deseri ali zer();
crd. deserializeRows(argv[O0]);

publ i ¢ CachedRowSet Deseri al i zer(){
}

public void deserializeRows(String fName){
try {
FilelnputStream fln = new Fil el nput St rean{f Name) ;
oj ectlnput Stream in = new Cbj ect|nputStrean(fln);
CachedRowSet rowSet = (CachedRowSet)in.readCbject();

whi | e(rowSet . next ()){
for(int j=1; j<=rowSet.getMetaData().getColumCount(); j++)({
Systemout.print( rowSet.getChject(j)+"\t");

}
System out. println();

}

rowSet . cl ose();

}catch(Exception e) {
Systemerr.println(e.get Message());

}

Despite its name, the distinguishing feature of the WebRowSet is that it is designed to serialize and
deserialize itself in XML. The details of how it works are discussed in the next section.

Generating XML from a RowSet

The designers of the RowSet object realized that RowSet s had the potential to be very useful in XML
applications. One of the sample implementations in Sun's rowset jar is the WebRowSet . The
WebRowSet is an extension of the CachedRowSet designed to serialize and deserialize a RowSet in
XML format. The class stores an Xnl Reader object that it uses to read a RowSet in XML format and
an Xm Wit er object that it uses to write a RowSet in XML format.
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Chapter 2 discusses the design of a database intended to implement an XML-based billing standard
known as LEDES 2000 — the Legal Electronic Data Exchange Standard. Since the database structure
is quite complex, it is not discussed here. Suffice it to say that the query required to retrieve information
about billable items to be inserted in an invoice is defined in the stored procedure called

I tem se_Fees, shown in Listing 18-9.

Listing 18-9: Stored procedure to retrieve billable item data

CREATE PROCEDURE | TEM SE_FEES @atter_Id INT AS

SELECT bi.date AS charge_date, bi.tk_id,
bi . descri ption AS charge_desc, bi.task _code AS acca_t ask,
bi.activity_code AS acca_activity, rc.value AS charge_type,
bi.units, fc.rate, bi.units * fc.rate AS base_anount,
dc. val ue AS discount_type, br.discount AS discount_percent,
(bi.units * fc.rate) * (1 - br.discount / 100)
AS total anmount

FROMBillings b, Billable Itens bi, Billing Rates br,
Di scount _Codes dc, Tinekeeper tk, Fee_Codes fc,
Rat e_Codes rc

WHERE b.matter _id = bi.matter_id AND
dc.code = br.discount_type AND bi.rate_code = br.id AND
fc.code = tk.rate_code AND tk.id = bi.tk_id AND
rc.code = bi.rate_code AND bi.invoice_nunber IS NULL AND
b.status = 1 AND bi.matter_id = @wmtter_Id;

Listing 18-10 illustrates the use of the stored procedure to retrieve billable items for Matter_Id 10001. As
you can see, the XML is written to a file called f ees. xml .

Listing 18-10: Writing XML with a WebRowSet

package JavaDat abaseBi bl e. ch18;

i mport java.io.*;

i mport java.sql.*;

i mport javax.sql.*;

i mport sun.jdbc.rowset.*;

public class WebRowSet Exanpl e{
public static void main(String[] argv){

String url = "jdbc: odbc: LEDES";
String login = "jod";

String password "jod";

try {
Cl ass. forNanme("sun. j dbc. odbc. JdbcCdbcDri ver");
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WebRowSet rowSet = new WebRowSet () ;

//set url,login and password;
rowSet.setUrl ( url );
rowSet . set Usernanme( login );

rowSet . set Password( password );

//set the sql command
rowSet . set Cormand("Item se_Fees 10001;");

/ / execute the command

rowSet . execute();

/!l wite the RowSet as XM
FileWiter xmFileWiter = new FileWiter("fees.xm");
rowSet. writeXm (xm FileWiter);

//cl ose the RowSet
rowSet . cl ose();

} catch(Exception e) {
Systemerr.println(e.get Message());

}

Listing 18-11 shows the format of the XML generated by the WebRowSet . Since the WebRowSet is

actually serialized in XML format, it contains not only the row data but all the associated metadata
required to reconstruct the RowSet in its entirety.

Listing 18-11: XML generated by WebRowSet

<?xm version="1.0" encodi ng="UTF-8"?>
<! DOCTYPE RowSet PUBLIC '-//Sun M crosystens, |Inc.//DTD RowSet//EN
"http://java. sun.com j 2ee/ dt ds/ RowSet . dt d' >

<RowSet >
<properties>

<conmand>ltem se_Fees 10001; </ command>
<concurrency>1008</concurrency>
<dat asour ce><nul | / ></ dat asour ce>
<escape- processi ng>t rue</ escape- processi ng>
<fetch-directi on>0</fetch-direction>
<fetch-si ze>0</fetch-size>
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<i sol ation-1evel >2</i sol ati on-| evel >
<key- col ums>
</ key-col utms>
<map></ map>
<max-fiel d-size>0</max-field-size>
<max- r ows>0</ max- r ows>
<query-tinmeout >0</ query-ti neout >
<read- onl y>true</read-only>
<rowset -type>1004</rowset-type>
<show- del et ed>f al se</ show del et ed>
<t abl e- nanme><nul | / ></ t abl e- name>
<ur | >j dbc: odbc: LEDES</ ur | >
</ properties>
<met adat a>
<col umm- count >12</ col umm- count >
<col um-definition>
<col um-i ndex>1</ col um-i ndex>
<aut o-i ncr ement >f al se</ aut o-i ncr enent >
<case-sensitive>fal se</case-sensitive>
<currency>fal se</currency>
<nul | abl e>0</ nul | abl e>
<si gned>f al se</ si gnhed>
<sear chabl e>t rue</ sear chabl e>
<col umm-di spl ay- si ze>23</ col um- di spl ay- si ze>
<col um-1 abel >char ge_dat e</ col um- | abel >
<col umm- name>char ge_dat e</ col umm- nane>
<schema- nane></ schema- name>
<col umm- pr eci si on>23</ col ume- pr eci si on>
<col um- scal e>3</ col utm- scal e>
<t abl e- nane></t abl e- nane>
<cat al og- name></ cat al og- nane>
<col um-type>93</col um-type>
<col umm-t ype- name>dat et i ne</ col um-type- name>
</ col um-definition>
<-- the next 11 columm-definition el ements have been renoved -->
</ met adat a>
<dat a>
<r ow>
<col >1018929600000</ col >
<col >1001</ col >
<col >Repl ace Fil e</col >
<col >L140</ col >

<col >A110</ col >
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<col >F</ col >
<col >0. 1</ col >
<col >400. 0</ col >
<col >40. 0</ col >
<col >per cent </ col >
<col >12. 5</ col >
<col >35. 0</ col >
</row>
</ dat a>
</ RowSet >

The XML file generated by the WebRowSet obiject is divided into the three following main sections:
= <property> — This section contains all the property data associated with the WebRowSet bean.

= <metadata> — This section contains a metadata element describing each of the columns.
. <data> — This section contains the actual data.

Note that only one column-definition element is shown in Listing 18-11, since all 12 are very similar.

As it stands, this XML output does not meet the requirements of the LEDES 2000 specification. There
are three obvious ways to deal with this:

= Apply an XSL transform to generate the desired XML from the WebRowSet XML.

= Write a custom XmlWriter to generate the desired XML directly.

= Generate an XML document directly from a CachedRowSet .

The approach used for this example is to generate the XML directly from a CachedRowSet . The reason
for this is that the WebRowSet XML, designed to serialize the entire bean, contains far more data than is
needed for the application. Moreover, the data is organized in such a way as to make reconstitution of
the RowSet easy rather than to make it suitable for this application.

Using an XSL transform is a very heavyweight solution. Similarly, writing a custom XmlIWriter is much
more complex than just writing the required XML for the application; unless you design it to write out all
the data required to serialize the bean and support it with a corresponding XmIReader, it negates the
advantages of XML serialization without giving you any obvious benefits.

Since the XML is intended for transmission to the client as a file, it is generated by writing strings to an
Qut put St ream as shown in Listing 18-12. If you intend to do any additional processing, you can use
a Xerces Docunent object and build it as a DOM.

Listing 18-12: Generating XML using a CachedRowSet

package JavaDat abaseBi bl e. ch18;

i mport java.io.*;
i mport sun.jdbc.rowset.*;

public class CachedRowSet ToXM.{

public static void main(String[] argv){

String url = "jdbc: odbc: LEDES";
String login = "jod";
String password = "jod";
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String fNanme = "fees. xm";

try {
Cl ass. forName("sun. j dbc. odbc. JdbcCdbcDri ver");

CachedRowSet rowSet = new CachedRowSet () ;

PrintWiter out = new PrintWiter(new Fil eQutput Strean(fNane));

//set url,login and password;
rowSet.setUl ( url );
rowSet . set Username( | ogin );
rowSet . set Password( password );

//set the sgl conmand
rowSet . set Command("Iltem se_Fees 10001;");

/l execute the command

rowSet . execut e();

out.println("<?xm version=\"1.0\" encodi ng=\"UTF-8\"?>");
out.println(" <matter>");

/1l read the data and put it to the console
whi | e(rowSet . next ()){

out.println(" <fee>");
for(int j=1; j<=rowSet.getMetaData().getColumCount(); j++){
out.print(" <"+

rowSet . get Met aDat a() . get Col uimmLabel (j) +">");
out.print( rowSet.getCbject(j));
out.println( "</"+rowSet.get Met abDat a() . get Col utmLabel (j)+">");
}
out.println(" </fee>");

}

out.println(" </matter>");

/1 close the RowSet
rowSet . cl ose();
out.close();
} catch(Exception e) {
e.printStackTrace();
}
}
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The XML generated by this example is much closer to the LEDES 2000 specification, as you can see
from Listing 18-13. It still needs a little cleanup, particularly in terms of tidying up the date String. The

rest of the LEDES 2000 invoice document can be generated in much the same way.

Listing 18-13: XML invoice elements

<?xm version="1.0" encodi ng="UTF-8"?>
<matter>

<f ee>
<char ge_dat e>2002- 04- 16 00: 00: 00. 0</ charge_dat e>
<tk_i d>1001</tk_i d>
<charge_desc>Repl ace Fil e</charge_desc>
<acca_t ask>L140</acca_t ask>
<acca_activity>Al10</acca_activity>
<charge_type>F</charge_type>
<uni ts>0. 1</ unit s>
<r at e>400. 0</r at e>
<base_anount >40. 0</ base_anount >
<di scount _type>percent </ di scount _type>
<di scount _percent >12. 5</di scount _percent >
<t ot al _armount >35. 0</ t ot al _anmount >

</ fee>

<f ee>
<char ge_dat e>2002- 04- 12 00: 00: 00. 0</ char ge_dat e>
<tk_i d>1000</tk_id>
<charge_desc>Revi ew Fi | e</ charge_desc>
<acca_task>L110</acca_t ask>
<acca_activity>Al01l</acca_activity>
<charge_type>U</charge_type>
<uni ts>1.5</units>
<r at e>600. 0</ r at e>
<base_anount >900. 0</ base_anount >
<di scount _t ype>per cent </ di scount _type>
<di scount _per cent >15. 0</ di scount _per cent >
<t ot al _amount >765. 0</t ot al _anount >

</ fee>

<fee>
<char ge_dat e>2002- 04- 15 00: 00: 00. 0</ charge_dat e>
<tk_i d>1000</tk_id>
<char ge_desc>Anal yse Case</charge_desc>
<acca_t ask>L120</ acca_t ask>
<acca_activity>Al04</acca_activity>
<char ge_type>U</charge_t ype>
<uni ts>1. 0</units>
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<r at e>600. 0</r at e>
<base_anopunt >600. 0</ base_anount >
<di scount _type>percent </ di scount _type>
<di scount _percent >15. 0</ di scount _percent >
<t ot al _amount >510. 0</t ot al _anount >

</ fee>

<f ee>
<char ge_dat e>2002- 04- 15 00: 00: 00. 0</ char ge_dat e>
<tk_i d>1000</tk_id>
<charge_desc>Consult Expert</charge_desc>
<acca_task>L130</acca_t ask>
<acca_activity>Al108</acca_activity>
<charge_type>U</charge_type>
<uni ts>2. 0</ uni ts>
<r at e>600. 0</ r at e>
<base_anount >1200. 0</ base_anmount >
<di scount _t ype>per cent </ di scount _type>
<di scount _per cent >15. 0</ di scount _per cent >
<t ot al _ampunt >1020. 0</t ot al _anmount >

</ fee>

</ matter>

Summary

This chapter compared RowSet s with Resul t Set s and discussed some of the advantages of
disconnected RowSet s. Among the topics discussed are the following:

= Using RowSet s to add functionality to Resul t Set s

] Using disconnected RowSet s to transfer data between devices

. Generating XML from a RowSet

Chapter 19 shows you how to create a simple JDBC driver for XML documents. This driver allows you
to create and query XML documents using SQL.
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Chapter 19: Accessing XML Documents Using SQL

In This Chapter

XML (or eXtensible Markup Language) has become increasingly popular for a variety of applications
ranging from platform-independent data transfer, exemplified by the legal invoicing example illustrated
in Chapters 11 and 18, to use in configuration files such as the web.xml file used by the Tomcat server.
XML documents are in many ways similar to the HTML documents familiar from Web applications.

The primary difference between XML and HTML is that XML documents are based on user-defined tags,
whereas HTML tags are predefined for use by the browser. An important secondary difference is that
XML documents must be well formed in order to be machine readable.

To be well formed, a document must follow a few simple rules. The most important of these are that all
tags must be properly closed, and that when tags are nested they must be nested correctly. A properly
closed tag is a tag that either has a closing tag after its contents, or is self-closing. The following code
shippet shows examples of two properly closed tags:

<t ext >Sone text</text>

<el ement attrib="val ue"/>

Proper nesting requires that nested tags be closed in the opposite order to the order in which they were
opened. In the example below, the nest ed element is nested inside the t ag element, and is closed
before the t ag element is closed:

<t ag>
<nest ed>
</ nest ed>

</tag>

These rules are similar to the rules a programmer is used to following when using braces or
parentheses. However, it is important to realize that unlike HTML, which lets you get away with breaking
these rules, the XML parser requires that the rules be obeyed.

By enforcing the basic rules of well-formed documents, XML defines a structure which can be parsed
very easily with no knowledge of the content of a document. HTML parsers, on the other hand, can
handle ill formed documents because a knowledge of the meanings of the HTML tags is built into the
parser.

Because XML documents are well formed, they can have an inherently tabular structure, which makes
them ideal for representing data tables. This chapter explores the design of a simple JDBC driver that
exploits this structure to use XML documents as the data storage element of a simple database.

Reasons for Accessing XML Documents with SQL

Although the primary use of XML is to provide a platform-independent way to structure data for transfer
between applications, an important secondary use of XML is for local data storage. Common examples
include the following:

] XML as a replacement for properties files or INI files

. XML as a replacement for comma-delimited CSV files in text databases

= XML as a small, downloadable database for the delivery of stock quotes or news headlines

In some instances, an XML document, being a data repository, can be a database in itself. For example,
the contact lists on my Linux-based PDA are saved as XML documents.

Since the data in an XML file is stored in two different node types, there are two obvious ways to set up

a database using an XML file:
] Store each record as an element, with the field data in attributes.
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] Store each record as an element, with field data in child elements.

The advantage of using attributes is that the XML file is shorter, since the attribute name occurs only
once. If you store the data in an element, the name occurs twice: once in opening the element and once
in closing it. The attribute-based approach is shown here:

<CUSTOMER FI RST_NAME=" M chael" M ="A" LAST_NAME="Corl eone" STREET="123
Pi ne"/ >

The alternative approach, which uses child elements for each data item, is more verbose but more
structured, as shown in Listing 19-1.

Listing 19-1: Customer data record in XML

<?xm version="1.0"?>
<CUSTOMERS>
<CUSTOMER CUSTOVER_NUMBER="100">
<FI RST_NAME>M chael </ FI RST_NAME>
<M >A</ M >
<LAST_NAME>Cor | eone</ LAST_NAVE>
<STREET>123 Pi ne</ STREET>
<Cl TY>New Yor k</ClI TY>
<STATE>NY</ STATE>
<Zl| P>10006</ ZI P>
<PHONE>201- 555- 1212</ PHONE>
</ CUSTOVER>
</ CUSTOVERS>

Clearly, as exemplified by the CUSTOVER NUMBER field in Listing 19-1, you can also use a combination

of these two approaches. There is no "best" way. My Linux PDA uses the attribute-oriented approach,
presumably to save space. Most XML documents used as | NI files use the element-based approach,

presumably for readability.

The JDBC driver described in this chapter supports the insertion of data as an attribute by defining a
custom data type: ATTRI BUTE. Other data types are always inserted as child elements. In practice,
there can really only be one other type: VARCHAR, since all data in an XML document is represented as
a St ri ng. The details of the JDBC driver are discussed in the next section.

Building a JDBC-accessible XML DBMS

There are two main components required to build an XML database system incorporating a JDBC
programming interface: JDBC driver classes and the SQL engine.

In designing the JDBC API, Sun foresaw the need for implementations of a subset intended for
lightweight databases that would not provide full support for the APl and SQL 92 Entry Level. The
method j dbcConpl i ant () is defined in the j ava. sql . Dri ver interface, specifically to indicate

compliance or noncompliance with the standard.

Although building a highly efficient, fully compliant JDBC driver is a significant undertaking,
implementing a useful subset is a much simpler task.

The Implementation Base Classes
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JDBC was designed to be a rich API. In other words, there are dedicated methods to handle anything
you might want to do. These methods are specified in a set of interface classes. To create a JDBC
driver that can be registered with the Dri ver Manager , all of these interface methods must be
implemented. This is done using implementation base classes.

The implementation base classes implement all the methods defined in the interfaces in a minimal form.
These methods simply throw an exception when called. The JDBC driver classes are simply extensions
of the implementation base classes, which override the methods required to get the job done. The first
few lines of one of these implementation classes is shown in Listing 19-2 to give you the idea.

Listing 19-2: Typical implementation base class

package JavaDat abaseBi bl e. ch19. JDBCI npl ;

i mport java.sql.*;

public class JDBCStatenment|npl inplenents java.sql.Statenment {

public JDBCStatement|nmpl () {
}

public void setFetchSize(int fetchSize) throws SQLException {
t hrow new SQLException("not supported");

public int getFetchSize() throws SQLException {
t hrow new SQLException("not supported");

}

If you don't feel like typing literally hundreds of methods that only throw exceptions, you can download

the implementation classes from the Web site. Alternatively, if your application doesn't need to register
the driver with the j ava. sql . Dri ver Manager, you can simply remove the ext ends clause from the
class definitions.

Our SQL engine is also limited, but it, too, is expandable. The SQL engine handles the basic, generic
parsing of the SQL commands themselves. This code is applicable to any SQL application. Our
application implements only a subset of possible commands, allowing us to process common queries as
well as document creation and updating.

Our XML document handlers extend the basic SQL engine classes to provide XML-specific data access

and update capabilities. Obviously, if you want to create your own storage-medium handlers, perhaps
for use with arrays rather than as XML documents, you can simply plug them in place of ours.

Implementing the JDBC Classes

The inner workings of JDBC have been discussed at some length in earlier chapters — in particular, in
Chapter 4. The following brief overview discusses how the classes work together.

The XMLDriver class
The function of the Dri ver Manager is to provide basic services for managing JDBC drivers. Drivers

can be loaded either during initialization or on request, using Cl ass. f or Nane() . All drivers contain a
static initializer, as specified in Sun's JDBC API guide, that creates an instance of the driver and
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registers the newly created instance with the Dri ver Manager . Listing 19-3 shows how simple the
XML.Dr i ver is.

Listing 19-3: XMLDriver class

package JavaDat abaseBi bl e. ch19. JDBCf or XM_;

i mport java.sql.*;
i mport java.util.Properties;
i mport JavaDat abaseBi bl e. ch19. JDBCI npl . JDBCDri ver | npl ;

public class XM.Driver extends JDBCDriverlnmpl{
protected XM.Connection con;

static {
try {
java.sql.Driver Manager.registerDriver(new XM.Driver());
}cat ch( SQLException e) {
Systemerr.println(e);

public XM.Driver() {
}

publ i c bool ean acceptsURL(String url) throws SQLException {
return url.endsWth(".xm");

public Connection connect(String url, Properties info)
throws SQLException {
con = new XM.Connection(url);
return con;

}

In addition to loading JDBC drivers, the Dri ver Manager attempts to locate a suitable driver for the
specified URL and returns a connection to the appropriate driver. It does this by polling the registered

drivers' accept sURL(Stri ng url) methods.

The Dri ver Manager is also responsible for getting a j ava. sql . Connecti on to the database. It
does this by calling the driver's connect () method, passing the URL for the database. The driver then
creates a Connect i on object and returns it to the Dri ver Manager .

The XMLConnection class

-473-



Chapter 19:Accessing XML Documents Using SQL

A java. sqgl . Connecti on represents a session with a specific database or, in this case, with a

specific XML document. The XML document is defined by the URL passed to the Connect i on object.

The Connect i on object now attempts to connect to the URL. Depending on the URL protocol, this may

be done in one of the following ways:

= If the URL protocol indicates that the document is a file, the Connect i on attempts to open the file.

= If the URL protocol indicates an HTTP connection, the Connect i on attempts to connect to the
URL and to open the XML document that way.

Once a connection to an existing file or to an HTTP data source has been established, the XML

document is parsed to a DOM document. In the case of a file URL where the file does not exist, a new
DOM document is created. Listing 19-4 illustrates the XM_Connect i on class.

Listing 19-4: XMLConnection class

package JavaDat abaseBi bl e. ch19. JDBCf or XM_;

i mport java.io.*;

i mport java.net.*;

i mport java.sql.*;

i mport org.w3c.dom Docunent;

i mport org.w3c.dom El ement;

i mport org.xm . sax. | nputSource;

i mport org. apache. xerces. parsers. DOVWPar ser ;

i mport org.apache. xerces. dom Docunent | npl ;

i mport JavaDat abaseBi bl e. ch19. JDBCI npl . JDBCConnect i onl mpl ;

/**

* Set up interface to xm document & create XM.Statenment on request
*/

public class XM.Connecti on extends JDBCConnecti onl npl {
private URL url;

private Docunent xm Doc;

public XM.Connection() throws SQLException{
}

publ i c XM.Connecti on( Il nput Source xm ) throws SQ.Excepti on{
try{
DOWPar ser p = new DOWParser () ;
p. parse(xm);
xm Doc = p.get Docunent () ;
}
catch (Exception e){
Systemerr.println(e);
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public XM.Connection(URL url) throws SQ.Exception{
this.url = url;
xm Doc = set Xm Doc(url);

public XM.Connection(String UrlString) throws SQ.Excepti on{
try{
xm Doc = set Xm Doc(new URL(Url String));
}
catch (Exception e){

Systemerr.println(e);

private Document set Xm Doc(URL url){
Docunent xm Doc = nul | ;

/1 if the URL points to a file, and the file does not exist,
/1 create a new DOM docunent and return
i f(url.getProtocol (). equal slgnoreCase("file")){

File f = new File(url.getFile());

if(!f.exists()){
String rootTag = f.get Nane();
root Tag =
r oot Tag. substring(root Tag. | astl ndexCOf ("/") +1,
root Tag. i ndexOF("."));
return createXm Doc(root Tag);

}
/1 otherwi se parse the file to the DOM docunent
try{
I nput Stream s = url.openStream();
if(s!=null){
DOVPar ser p = new DOWParser () ;
p. parse(new | nput Source(s));
xm Doc = p. get Docunent () ;

}
}catch (Exception e){
Systemerr.println(".."+e);
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return xnl Doc;

/1 create an XML Docunent with the specified root tag
private Document createXm Doc(String rootTag){
xm Doc = new Docurent | nmpl () ;
El ement root = (El enent)xm Doc. creat eEl ement (r oot Tag) ;
xm Doc. appendChild (root);

return xm Doc;

/1 methods to return an XM.St at enent
public Statenment createStatenment(){
return new XM.St at enent ( xm Doc) ;

public XM.St atenent createStatenent (URL url){
return new XM.St at enent (xm Doc) ;

}

In addition to connecting to a data source, the Connect i on object is also responsible for returning a
St at enent object when its cr eat eSt at enent () method is called. The cr eat eSt at enment ()
method creates a new St at enent object, passing it the DOM document contained in the Connecti on.

The XMLStatement class

The j ava. sql . St at enment object acts as a top-level command interpreter for execut e() and
execut eQuery() methods. In this implementation, the simpler CREATE and | NSERT commands are
handled locally, and queries are handled by an XM_Quer y object.

The primary methods of the St at enent object are:

= public ResultSet executeQuery(String sql Query) - executeQuery() createsa
new XM_LQuer y object, using it to process the SQL query. The XM_Quer y object is illustrated in
Listing 19-10.

= public int executeUpdate(String sqgl String) — executeUpdate() creates a new
XM_Conmmand object, passing it to either the createTable() method or the insert() method.

= private bool ean createTabl e(XM.Command sql) — createTabl e() uses
the splitCol ums() method of XM_.Comrand to return the column list as a Vect or of
columns, which it then uses to create the table. The table is defined in the Vectors
col umNanmeVect or and col umTypeVect or.

= private bool ean insert(XM.Conmand sql) - insert() uses colummNaneVect or

and col untmTypeVect or to create an XML element for each data field, nesting them inside a row
element representing the inserted row.

Note the reference to a custom data type: ATTRI BUTE, which specifies that the data be added as an
attribute. The XMLSt at emrent object handles SQL | NSERT commands in one of two ways. If the data
type is ATTRI BUTE, the data String is inserted into the XML element as an attribute. Otherwise, it is
appended as an element. Listing 19-5 shows the code for the XMLSt at enent object.

Listing 19-5: XML Statement class
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package JavaDat abaseBi bl e. ch19. JDBCf or XM_;

i mport java.util.Vector;

i mport java.sql.*;

i mport org.w3c.dom Docunent;

i mport org.w3c.dom El ement ;

i mport org.w3c.dom Node;

i mport org.w3c.dom Nodeli st;

i mport org.w3c. dom NanmedNodeMap;

i mport org.xm . sax.|nputSource;

i mport JavaDat abaseBi bl e. ch19. JDBCI npl . JDBCSt at enent | npl ;

public class XM.Statenent extends JDBCStatenent| npl {
private | nputSource xnl;
private Docunent xm Doc;
private Vector colummNaneVector = new Vector();
private Vector columTypeVector = new Vector();

public XM.Statenment () {
}

public XM.St at enent (I nput Source xm ){
this.xm = xnml;

publ i c XM_St at enent (Docunment xm Doc) {
this.xm Doc = xm Doc;

public ResultSet executeQuery(String sql Query) throws SQLException{
XM_Query query = new XM.Query(sql Query);
return query. processbDoc(xm Doc);

public int executeUpdate(String sqgl String){
XM.Command sql = new XM.Command(sqgl String);
i f(sql.cnd. equal s("CREATE")){
createTabl e(sql);

}
i f(sqgl.cnd. equal s("1NSERT")){
insert(sql);
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return O;

private bool ean createTabl e( XM.Command sql ) {
Vect or columVector = sql.splitColums(sql.colums);
for(int i=0;i<columVector.size();i++){
String columbDef = ((String)columVector.elementAt(i)).trim);
i nt space = columbDef.indexOf (" ");
i f(space>=0){
String col Nare

col umbef . substring(0, space);
String col Type col umbDef . substri ng(space+l);
col umNaneVect or . addEl enent (col Nare) ;

col umTypeVect or . addEl enent (col Type) ;

}

return true;

private void initColumbDat a( XM.Conmand sql ) {
NodeLi st records = xml Doc. get El ement sByTagNane(sql . t abl eNane) ;
El ement record = (Elenent)records.item0);
NanmedNodeMap attribs = record. getAttributes();
for(int i=0;i<attribs.getlLength();i++){
Node n = attribs.iten(i);
i f(n.getNodeType()==Node. ATTRI BUTE_NODE) {
col utmNaneVect or . addEl enrent (n. get NodeNane() ) ;
col umTypeVect or . addEl ement (" ATTRI BUTE") ;

}
NodeLi st fields = record. get Chil dNodes();

for(int i=0;i<fields.getLength();i++){
Node n = fields.item(i);
i f(n.getNodeType()==Node. ELEMENT_NODE) {
El emrent field = (El ement)n;
col umNameVect or . addEl enent (fi el d. get TagNane()) ;
col umTypeVect or . addEl enent (" VARCHAR") ;

private bool ean insert(XM.Command sql){
i f(col umNaneVector.isEnpty())initColumbData(sql);
Vector data = sql.splitValues(sql.values);
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try{
El ement root = xml Doc. get Docunent El emrent () ;

El ement row = (El ement) xml Doc. cr eat eEl ement (sql . t abl eNane) ;
root . appendChil d(row);
for(int i=0;i<data.size();i++){

String cName

(String)col umNanmeVector. el enment At (i) ;

String cType (String)columTypeVector. el enment At (i);
String cData (String)data.elementAt(i);
if(cData.startsWth("'")&&cData.endsWth(""'")){
i f(cData.l ength()>1){
cDat a=cDat a. substring(1, cData.length()-1);

}
i f(cType. equal s("ATTRI BUTE")) {

row. set Attri bute(cNane, cDat a) ;
}el sef
El ement columm = xml Doc. creat eEl enent (cNane) ;
row. appendChi | d(col um) ;
col um. appendChi | d(xm Doc. cr eat eText Node(cData)) ;

}
}
}catch(Exception e){
Systemerr.printin("Insert error: "+e);
}
return true;

publ i ¢ Docunment get Xm Docunent (){
return xm Doc;

}

The XMLQuery object returns an XM_LResul t Set , which implements j ava. sql . Resul t Set. The
Resul t Set is a container for the data the query returns. Since this application deals with XML, the
Resul t Set is maintained as a DOM document containing the specific elements and child elements
requested.

The XMLResultSet

The most important methods of XMLResul t Set are next () and get Stri ng() . The next () method
uses the NodelLi st rows to iterate through the nodes making up the Resul t Set . When next () is first
called, it initializes the NodeLi st from the Resul t Set document. It then maintains a cursor pointing to
the current row in the i nt r owl ndex.

The get St ri ng() method shown in Listing 19-6 is implemented using only the column-name variant.
There are two reasons for this:
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= Since XMLResul t Set is intended to support data stored either as attributes or as elements;
position is meaningless.
= XML processors frequently reorder child nodes; once again, position is rendered meaningless.

Notice how get St ri ng() first looks for an attribute node and then looks for a matching element. It is
usually quicker to retrieve an attribute.

Listing 19-6: The XMLResultSet class

package JavaDat abaseBi bl e. ch19. JDBCf or XM_;

i mport java.io.*;

i mport java.sql.*;

i mport org.w3c.dom Docunent;

i mport org.w3c.dom El ement;

i mport org.w3c.dom Node;

i mport org.w3c.dom NodelLi st;

i mport org.apache. xerces. dom Docunent | npl ;

i mport org.apache. xnl . serialize. Qut put For mat ;

i mport org.apache. xm .serialize. XM.Serializer;

i mport JavaDat abaseBi bl e. ch19. JDBCI npl . JDBCResul t Set | npl ;

| **
* XMLResul tSet is based on a docunent which is built by
* XML.St at enent . execut eQuery().
* This class provides the tools to traverse the docunent
* and return nodes by row & col um.
*/
public class XM.Result Set extends JDBCResultSetl npl ({
private int row ndex = -1;
private int rowCount = 0;
public Document xm Doc;
private El enent root = null;
private El ement currentRow = null;

private NodelList rows = null;

public XM.ResultSet() throws SQLException {
xm Doc = new Docurent | nmpl () ;
root = (El enent)xnl Doc. creat eEl enent (" RESULTSET") ;
xm Doc. appendChild (root);

private void initialise(){
i f(rows==null){

root = xm Doc. get Docunent El emrent () ;
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rows = root.get Chil dNodes();
rowCount = rows. getlLength();

publ i ¢ bool ean next () {

i f(rows==null){
initialise();

}

i f(++rowl ndex == rowCount){
return false;

}el sef
current Row = (El ement)rows.iten(row ndex);
return true;

/1 scrollable ResultSet nethods
publ i ¢ bool ean previous(){
i f(rows==null){
initialise();
rowl ndex = rowCount;
}
if(--rowlindex < 0){
return false;
}el sef
currentRow = (El enent)rows.iten(row ndex);
return true;

publi c bool ean absolute(int row) throws SQLException {
if(row == 0)throw new SQLException("invalid row nunber");
bool ean onVal i dRow = true;

i f(rows==null){
initialise();
}
if(row > 0)rowl ndex = row - 1;
else if(row < 0){
rowl ndex = rowCount + row,

}
i f(row ndex<-1){
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rowl ndex=-1;
onVal i dRow = fal se;

}

i f(row > rowCount){
row ndex = rowCount ;
onVal i dRow = fal se;

}

current Row = (El ement)rows.iten(row ndex);

return onVal i dRow

public boolean relative(int row) throws SQLException {
bool ean onVal i dRow = true;
i f(rows==null){
initialise();
}

return absolute(row + row ndex + 1);

public void beforeFirst() throws SQLException {
i f(rows==null){
initialise();
}

row ndex = -1;

public void afterLast() throws SQ.Exception {
i f(rows==null){
initialise();
}
rowl ndex = rowCount;

public boolean first() throws SQLException {
i f(rows==null){
initialise();
}

return absolute(l);

public boolean last() throws SQLException {
i f(rows==null){
initialise();
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}

return absolute(-1);

/1l first look for an attribute matching the col unmNane,
/1 then look for a child el ement
public String getString(String columNane)throws SQLException{
i f(current Row==nul )
t hrow( new SQLException("lnvalid row. "+currentRow));
String value = current Row. get Attri but e(col umNane);
i f(value.length()>0){
return val ue;
}el sef
NodeLi st col s = current Row. get El ement sByTagName( col unmNane) ;
i f(cols.getLength()>0){
Node colum = cols.item(0);
NodeLi st chil dren = col um. get Chi | dNodes();
for(int i=0;i<children.getLength();i++){
if(children.iten(i).getNodeType()==Node. TEXT_NODE) {
return (String)children.item(i).get NodeVal ue();

}

return null;

public ResultSet MetaData get MetaData() throws SQLException {
return new XM.Resul t Set Met aDat a(t hi s);

/1l utility method for serializing the result set docunent
public void serializeAsFile(String fil eName){
try {
Qut put Format fmt = new Qutput Format ("xm ", null,true);
XM.Serializer serializer =
new XM.Serializer(new FileWiter(fileNane),fnt);
serializer.asDOVSerializer().serialize(xm Doc);
}
catch (Exception e){
e.printStackTrace();

}
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}

Implementing a scrollable ResultSet

As you can see from the code in Listing 19-6, it is relatively easy to implement the necessary methods
to create a scrollable Resul t Set . All that is required to convert the XM_LResul t Set to a scrollable
Resul t Set is the addition of the following methods:

. previ ous(), which moves the cursor back one row at a time

. first (), which moves the cursor to the first row

= | ast (), which moves the cursor to the last row

= bef or eFi rst (), which moves the cursor to a point just before the first row

= af t er Last (), which moves the cursor to a point just after the last row

= absol ute(i nt rowNunber), which moves the cursor to the specified row

= relative(int rowNumber), which moves the cursor the specified number of rows

These methods are pretty self-explanatory. The absol ut e() method moves the cursor to the row

number indicated in the argument. If the number is positive, the cursor moves to the given row number
from the beginning. If the number is negative, the cursor moves to the given row number from the end,
so absol ut e(1) moves the cursor to the first row, and absol ut e(-1) moves it to the last row.

The method rel ati ve(int rowNunber) lets you specify how many rows to move from the current
row and in which direction to move. A positive number moves the cursor forward the given number of
rows; a negative number moves the cursor backward the given number of rows.

The absol ut e() method is used in Listing 19-7 to handle all the other cursor movements by passing it
the computed value of the target row. For example, the method fi r st () is implemented by calling the
absol ut e() method with the argument 1. Similarly, the r el ati ve() method is implemented by
computing the target row and passing it in a call to absol ut e() .

Cross-

Reference Scrollable Resul t Set s are described in more detail in Chapter 4. Chapter

15 gives an example of the use of scrollable Resul t Set s.

Listing 19-7: Scrollable ResultSet methods

/1 scrollable ResultSet nethods
publ i ¢ bool ean previous()({
i f(rows==null){
initialise();
rowl ndex = rowCount;
}
i f(--rowlndex < 0){
return false;
}el sef
current Row = (El ement)rows.iten(row ndex);
return true;

public bool ean absolute(int row) throws SQLException {
i f(row == 0)throw new SQLException("invalid row nunber");

bool ean onVal i dRow = true;
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i f(rows==null){
initialise();
}
if(row > 0)rowl ndex = row - 1;
else if(row < 0){

rowl ndex = rowCount + row;

}
i f(rowl ndex<-1){

rowl ndex=-1;

onVal i dRow = fal se;
}

i f(row > rowCount){
rowl ndex = rowCount;
onVal i dRow = fal se;

}
currentRow = (El enent)rows.iten(row ndex);
return onVal i dRow,

public boolean relative(int row) throws SQLException {
bool ean onVal i dRow = true;
i f(rows==null){
initialise();
}

return absolute(row + rowl ndex + 1);

public void beforeFirst() throws SQLException {
i f(rows==null){
initialise();
}

rowl ndex = -1;

public void afterLast() throws SQ.LException {
i f(rows==null){
initialise();
}
rowl ndex = rowCount;

public boolean first() throws SQLException {
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i f(rows==null){
initialise();
}

return absolute(l);

public boolean last() throws SQLException {
i f(rows==null){
initialise();
}
return absolute(-1);

}

A more complete implementation of the scrollable Resul t Set requires additional methods to report
the cursor position. It also requires a mechanism to handle requests for different Resul t Set typessuch
as TYPE_FORWARD_ONLY or TYPE_SCROLL_SENSI TI VE.

The XMLResultSetMetaData class

XM_Resul t Set is supported by XM_Resul t Set Met aDat a, an implementation of the interface
Resul t Set Met aDat a. This provides such utility information as column counts, column names, column
data types, and so on. The code is shown in Listing 19-8.

Listing 19-8: XMLResultSetMetaData class

package JavaDat abaseBi bl e. ch19. JDBCf or XM_;

i mport java.sql.*;

i mport java.util.Vector;

i mport org.w3c.dom Docunent;

i mport org.w3c.dom El ement ;

i mport org.w3c.dom Node;

i mport org.w3c.dom Nodeli st;

i mport JavaDat abaseBi bl e. ch19. JDBCI npl . JDBCResul t Set Met aDat al npl ;

public class XM.Resul t Set Met aDat a ext ends JDBCResul t Set Met aDat al nmpl {
private XM.ResultSet rs;
private NodelList rows = null;
private NodeList cols = null;
private Vector colummNaneVector = new Vector();

publ i c XMLResul t Set Met aDat a( XM_LResul t Set rs) {
this.rs = rs;
El ement root = rs.xm Doc. get Docurent El erment () ;
rows = root.get Chil dNodes();
El ement currentRow = (El enment)rows.item0);
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NodeLi st children = current Row. get Chi | dNodes();
for(int i=0;i<children.getLength();i++){
if(children.iten(i).getNodeType()==Node. ELEMENT_NODE) {

col umNaneVect or . addEl ement (((El enent)children.iten(i)).get TagNane());

}

public int getColumCount()throws java.sql.SQ.Exception{
return col umNanmeVect or. si ze();

public String getColumLabel (i nt colum)throws java.sql.SQ.Exception{

return (String)col umNanmeVector. el enent At (col um);

public String getCol umName(int columm)throws java.sql.SQLException{

return (String)col umNanmeVector. el ement At (col um) ;

public int getColumType(int colum)throws java.sql.SQ.Exception{
return java.sql. Types. VARCHAR,

public String getCol umTypeName(int columm)throws java.sqgl.SQLException{
return "VARCHAR';

public String getTabl eName(int colum)throws java.sql.SQ.Exception{

return ((Element)rows.iten(0)).get TagNanme();

Implementing the SQL Engine

The SQL engine handles the parsing of the SQL commands into their various components, as well as
performing more detailed processing such as evaluating the logic of compound WHERE clauses. This
application implements only a tiny subset of the SQL-92 command set, but these are enough to process
common queries as well as to create and update XML documents.

The query subset is limited to handling the types of queries listed in Table 19-1:
Table 19-1: Supported Query Operators

Function Operator Comment
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Table 19-1: Supported Query Operators

Function Operator Comment

Equality = String.equals()

Inequality <>

Comparison LIKE Supports the % wildcard character
Negation NOT Supports all the above

The base class used to process SQL commands is XM_LCommand. This class is not XML specific,

despite its name. XML-specific functionality is handled by extending the class. That way, the class can
be used as the basis of any other SQL engine you may wish to build.

The XMLCommand class

One of the key methods of the XMLCommand class is the par seSQLCnd() method, which is used to
split the command into its main components clauses. These include the command itself, the table name,
the column names, and the WHERE clause. Additional utility methods such as spl it Fi el ds() split
these clauses into vectors of subclauses for further processing. Listing 19-9 shows the XM_.Cormrand
class.

Listing 19-9: XMLCommand class

package JavaDat abaseBi bl e. ch19. JDBCf or XM_;

i mport java.sqgl.*;
i mport java. net.*;

i mport java.util.*;

[ %
* XMLCommand is an inplenmentation i ndependent SQL conmand preprocessor
*/
public class XM.Command {

protected String SQ.String;

protected String cnmd = null;

protected String tableName = null;

protected String colums = null;

protected String val ues nul | ;
protected String fields = null;
protected String where = null;

protected String orderBy = null;

public XM.Command() {
}

public XM.Command(String SQ.String) {
this. SQLString = SQLString.toUpperCase().trim);
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parseSQLCnd( SQLSt ri ng) ;

protected void parseSQCrd(String SQ.Cnd){
cmd = SQLCd. substring(0, SQLCd. i ndexCF (" ")) ;
t abl eName = get Tabl eName( SQLCnd) ;

i nt t NameEnds SQLCnd. i ndexOF (t abl eNane) + tabl eNane. | ength();
SQLCnd. i ndexCOF (" VALUES") ;
SQLCrd. i ndexOf (" VALUES');
SQ.Crd. i ndexOf (" FROM ") ;
SQLCnd. i ndexCOF (" WHERE ") ;
SQLCd. i ndexCOF (" ORDER ") ;

SQLCnd. i ndexOF (" BY ", order | ndex);

i nt col umsEnd

i nt val uesl ndex

int from ndex

i nt wher el ndex

i nt orderl ndex

i nt order Byl ndex

i f(wherelndex>-1) wherelndex += " VALUES".|ength();
i f(val uesl ndex>-1)val uesl ndex += " VALUES".|ength();

i f(cnd. equal s(" CREATE") ) {
colums = SQLCnd. substring(tNanmeEnds).trinm();
}
el se if(cnd. equal s("1NSERT")){
col ums = SQLCnd. substri ng(t NaneEnds, col umsEnd).trim);
val ues = SQLCnd. substring(val ueslndex).trinm();
}
el se if(cnd. equal s(" SELECT")){
fields = SQLCnd. substring("SELECT".|ength(),from ndex).trinm();
i f(wherel ndex>-1){
i f(orderlndex>-1){

where = SQLCnd. substri ng(wherel ndex, order| ndex);
}el sef

where = SQLCnd. substri ng(wherel ndex) ;
}
where = where.trim);

i f(orderlndex>-1){
orderBy = SQLCnd. substring(orderBylndex).trim);

private String get Tabl eName(String SQ.Cd) {
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String tableName = null;
i f(SQLCnd. startsWth("SELECT")){
t abl eName = wor dAfter (SQ.Cnd, "FROM');
}
el se i f(SQLCnd. startsWth("INSERT")) {
tabl eName = wordAfter (SQLCnd, "INTO");
}
el se i f(SQLCnd. startsWth("UPDATE")) {
t abl eName = wor dAfter (SQLCnd, "UPDATE");
}
else if(SQCnmd. startsWth("DELETE")) {
tabl eNanme = wor dAfter (SQ.Cnd, "FROM');
}
el se i f(SQLCnd. startsWth(" CREATE")) {
t abl eName = wor dAfter (SQ.Cmd, "TABLE");
}

return tabl eNane;

protected Vector splitFields(String fields){
Vector fieldVector = new Vector();
fields = fields.trim);
if(fields.startsWth("("))fields = fields.substring(1);
if(fields.endsWth(")"))
fields = fields.substring(0,fields.length()-1);

int comma = fields.indexOF(",");
whi l e(comma >= 0){
String field = fields.substring(0,comma).trim);
fi el dVector. addEl enent (fi el d);
fields = fields.substring(comma+1).trim);
comma = fields.indexOF(",");
}
fieldVector. addEl enent (fields.trin());
return fieldVector;

protected Vector splitColums(String colums){

return splitFields(columms);

protected Vector splitValues(String val ues){
return splitFields(val ues);
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protected String wordAfter(String SQ.Cnd, String after){
String word = SQ.Cnd. substring(SQLCnd. i ndexCf (after) +
after.length()).trim);
i f(word.indexOF(" ")>-1)word = word. substring(0,word.indexOf (" "));
return word.trinm();

The XMLQuery class

The XMLQuer y class extends the basic XM_Comrand class. An XM_Quer y object is created by the
XML_St at enent when the St at ement . execut eQuer y() method is called. In its constructor,
XM_Quer y calls the par seSQLCnd() method of its base class. Listing 19-10 shows the XM_LQuery
class.

Listing 19-10: XMLQuery class

package JavaDat abaseBi bl e. ch19. JDBCf or XM_;

i mport java.io.*;

i mport java.util.StringTokenizer;
i mport java.util.Vector;

i mport java.sql.SQ.Exception;

i mport org.w3c.dom Docunent;

i mport org.w3c.dom El enent;

i mport org.w3c.dom Nodeli st;

i mport org.w3c.dom Node;

i mport org.xmnl.sax. | nput Source;

i mport org.apache. xerces. parsers. DOVPar ser ;

/**
* XMLQuery extends XM.Command to provide XL specific query processing
*/
public class XM.Query extends XM.Command{
private Docunent xm Doc;

public XM-Query(String SQLString) ({

this.SQLString = SQ.String.toUpperCase().trim);
par seSQLCnd( SQLString) ;

/1l process xm doc and build ResultSet doc
public XM_.Result Set processDoc(Docunment xm Doc) throws SQLException{
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this.xm Doc = xm Doc;
XM_Resul t Set resultSet = new XM.Resul t Set ();
NodelLi st records = xml Doc. get El ement sByTagNane(thi s. t abl eNane) ;

i f(where==null){
for(int i=0;i<records.getlLength();i++){
El ement record = (Elenent)records.iten(i);
Node i nportedNode = resultSet.xm Doc. i nportNode(record,true);
if(!fields.equals("*"))pruneFields(inportedNode);
resul t Set. xm Doc. get Docunment El emrent () . appendChi | d(i nport edNode) ;
}
}el se{
Vect or whereCl auses = splitWereC ause(where);
XM_Wher eEval uat or eval uator = new XM.\Wer eEval uat or (wher eCl auses) ;

for(int i=0;i<records.getlLength();i++){
El enent record = (Elenent)records.iten(i);
i f(evaluator.testRecord(record)){
Node i nportedNode = resultSet.xnl Doc. i nmport Node(record,true);
if(!fields.equals("*"))pruneFiel ds(inportedNode);
resul t Set. xm Doc. get Docunment El emrent () . appendChi | d(i nport edNode) ;

}

return result Set;

/1l split the WHERE cl ause into a Vector of individual tests

protected Vector splitWereC ause(String whereC ause){
Vect or where = new Vector();

String subTest = ""

String token = "";
StringTokeni zer st = new StringTokeni zer (whereCl ause," ()",true);
whil e (st.hasMreTokens()) {
token = st. next Token();
i f(token. equal s("AND") | |token. equal s("OR") | |
t oken. equal s(" (") || token. equal s(")")){
subTest = subTest.trim);
i f(subTest. | ength()>0)where. addEl enent (subTest);
wher e. addEl enent (t oken) ;
SsubTest="";

}el sef

-492-



Chapter 19:Accessing XML Documents Using SQL

subTest += token;

}
i f(subTest.trim().!length()>0){

wher e. addEl ement (subTest . trim));
}

return where;

/1l prune to include only selected fields
private void pruneFi el ds(Node record){
Vector fieldCl auses = splitFields(fields);
NodeLi st nodes = record. get Chil dNodes();
for(int i=0;i<nodes.getLength();i++){
Node n = nodes.item(i);
i f(n.getNodeType()==Node. ELEMENT_NODE) {
String tagName = ((El enent)n).get TagName();
if(!fieldCl auses.contains(tagNane))record.renoveChild(n);

}

After creating the XMLQuer y object, the XM_St at enent calls XM_Quer y's processDocunent ()
method, passing it a reference to the document being queried.

XM_Query. processDocunent () handles the actual processing of the query. It does this by first
creating an XMLResul t Set and then retrieving the XML elements corresponding to the table and
evaluating them against the WHERE clause.

Since the database is contained in an XML document, the XMLResul t Set is also returned as an XML
document. XML elements that match the WHERE clause are imported into the newly created document

and pruned of element nodes that are not itemized in the column list of the SQL query. Attribute nodes,
on the other hand, are returned without pruning in this implementation, though, of course, you can easily
change this if you wish.

The final step is to append the selected and pruned node to the root element of the XM_LResul t Set .
Once the entire XMLResul t Set has been created, it is returned in the normal way.

The XMLWhereEvaluator class

The SQL query engine itself is implemented in the XM_Wher eEval uat or class, shown later in this
section. The protected element record contains the record currently being tested, and the vector

t est Vect or contains the Strings representing the individual subtests. For example, a SQL query might
look like this:

"SELECT * FROM CUSTOMER
WHERE ( FI RST_NAME LIKE ' M6 OR CUSTOMER NUMBER = ' 102' )"

The WHERE clause is split into subtests as follows:

(
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FI RST_NAME LI KE ' M%
OR

CUSTOVER_NUMBER = ' 102'
)

The XM_Wher eEval uat or evaluates the test vector against each row element in the XML table
document to create a result String. The result String is created from the test vector by appending parens
and boolean operators such as AND and OR directly to the result String and by evaluating the subtests
containing operators. Evaluation of the subtests occurs by calling the appropriate test method for the
operator in the subtest. Only two test methods are implemented here, though implementing additional
tests is quite simple:

] i sLi ke(), which parses out the '%"' wildcard and performs the appropriate String comparison

. i sEqual (), which simply compares the Strings

These test methods return a boolean result. Negation is handled by set a boolean flag used to toggle
the true/false value the test returns. For example, if the WHERE clause is evaluated against a row
containing this element:

<FI RST_NAME>M chael </ FI RST_NAME>

The returned result String will be this:
( true OR false )

This result String, which is in i nf i x notation, is passed to the method eval uat e(Stri ng i nfix).

This method uses a simple two-stack approach to evaluate the result String and to return a boolean
result for the overall test, as shown in Listing 19-11.

Listing 19-11: XMLWhereEvaluator class

package JavaDat abaseBi bl e. ch19. JDBCf or XM_;

i mport java.io.*;

i mport java.util.*;

i mport java.sql.SQ.Exception;

i mport org.w3c.dom Docunent;

i mport org.w3c.dom El enent;

i mport org.w3c. dom NamedNodeMap;
i mport org.w3c.dom NodelLi st;

i mport org.w3c.dom Node;

i mport org.xml.sax. | nput Source;

i mport org. apache. xerces. par sers. DOVWPar ser ;

public class XM.\Wher eEval uat or{
El ement record = null;
Vector testVector = null;

publ i ¢ XM_Wher eEval uat or (Vector testVector){
this.testVector = testVector;

}
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publi ¢ bool ean testRecord(El ement record){
String test;
String results = "";
for(int i=0;i<testVector.size();i++){
test = (String)testVector.elementAt(i);
if(test.equals("OR")||test.equal s("AND") | |
test.equal s("(")||test.equal s(")")){

results += "+t est;
lelse {

i f(testWiereCl ause(record, test))results +=

true";

el se results += fal se";

}

return evaluate(results.trim));

/1 test individual where clauses
private bool ean testWhereC ause(El enent record, String whereCl ause){
bool ean not = fal se;
bool ean retval = false;
String fieldName =
wher eCl ause. substri ng(0, whereC ause. i ndexOf (" ")).trim);
wher eCl ause. substring(fieldName.length()).trim);

wher eCl ause
String test =
wher eCl ause. substri ng(0, whereC ause. i ndexOf (" ")).trim);
i f(test.equal s("NOT")){
not = true;
wher eCl ause = whereCl ause. substring(test.length()).trim);
test = whereC ause. substring(0, whereCl ause. i ndexCOF (" ")).trim();

}
String operand = whereCl ause. substring(test.length()).trim);

operand = operand.replace('\""," ").trim);
String nodeValue = record. getAttribute(fieldName);
i f (nodeVal ue. | engt h() ==0) {
NodeLi st fields = record. get El enent sByTagName(fi el dNare) ;
El enent field = (Elenment)fields.item0);
nodeVal ue = field.getFirstChild().getNodeVal ue();
}
if(test.equal s("LIKE")){
retval = isLi ke(operand, nodeVal ue);

}
if(test.equals("=")){
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retval = isEqual (operand, nodeVal ue);
}
i f(test.equals("<>")){

not = true;

retval = isEqual (operand, nodeVal ue);
}
if(not)retval = !retval
return retval

private bool ean isEqual (String operand, String nodeVal ue){
bool ean retval = false
operand = operand.trim);
i f(nodeVal ue. equal s(operand))retval = true;

return retval

private bool ean isLike(String operand, Stri ng nodeVal ue){
bool ean retval = false
i f(operand.startsWth("%)){
i f(operand. endsWth("%)){

operand = operand.replace('%,' ").trim);
i f(nodeVal ue. i ndexCOf (operand) >-1)retval = true;
}el se{
operand = operand.replace('%,' "').trim);
i f(nodeVal ue. endsWt h(operand))retval = true;
}
}else if(operand. endsWth("%)){
operand = operand.replace('%,' ").trinm();
i f(nodeVal ue. startsWth(operand))retval = true;
}el se{

operand = operand.trim);
i f(nodeVal ue. equal s(operand))retval = true;

}

return retval

protected bool ean evaluate(String infix){
int parens = 0;
Stack ops = new Stack();
Stack args = new Stack();
infix = infix.trim);
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StringTokeni zer st = new StringTokenizer(infix," ()",true);
while (st.hasMreTokens()) {
String token = st.next Token();
i f(!token.equals(" ")){
i f(token. equal s("AND") | |token. equal s("OR")){
i f(ops.size()>parens)eval uat e(ops, args);
ops. push(token);
lelse if(token.equal s("(")){
i f(args. size()>0)++parens;
}lelse if(token.equals(")")){
- - par ens;
lelse {

args. push(token);

}
whil e(!ops.empty()){
eval uat e(ops, args);
}
String result = (String)args. pop();
return (result.equals("true"))?true:fal se;
}
private void eval uate(Stack ops, Stack args){
bool ean a = (((String)args.pop()).equal s("true"))?true:false;

boolean b = (((String)args.pop()).equals("true"))?true:fal se;
bool ean ¢ = fal se;
String o = (String)ops.pop();

if(o.equals("AND"))c = a & b;
if(o.equals("OR")) ¢ = a | b;
args. push(c?"true":"fal se");

Testing the JIDBC/XML Database

You can check out the JDBC/XML database using code similar to any of the Dri ver Manager -based

examples in earlier chapters. Listing 19-12 shows a typical example using all the features of a scrollable
Resul t Set implemented by adding the optional scrollable Resul t Set methods of Listing 19-7 to the

basic XMLResul t Set of Listing 19-6.

Listing 19-12: JDBC/XML database test code

i mport java.io.*;
i mport java.net.*;
i mport java.sql.*;
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i mport java.util.*;

i mport org.w3c.dom Docunent;

i mport org.apache. xnl .serialize. Qut put For mat ;

i mport org.apache. xm .serialize. XM.Serializer;

public class XM.DBTest {
static String Ul String = "file:///c:/projects/CustomerDB. xm";

static String SQLQuery =

"SELECT * FROM CUSTOVER WHERE " +

"( FIRST_NAME LIKE ' M4 OR CUSTOVER NUMBER = '102' ) "+
"AND LAST_NAME = ' Corl eone'";

static String[] SQ.Cnd =

{ "INSERT I NTO CUSTOMER VALUES(' 101','Vito', 'Q,'Corleone', "+
"'137 Main', 'New York','NY',6'10006','201-555-1213")",
"I NSERT | NTO CUSTOVER VALUES(' 102','James', 'J',' Corleone', "+
"'123 Pine', 'New York','NY','10006','201-555-1214")",
"I NSERT | NTO CUSTOVER VALUES(' 103',"' Raquel',"'S',' Corl eone', "+
"'123 Pine', 'New York','NY','10006','201-555-1215")",
"I NSERT | NTO CUSTOVER VALUES(' 104','James', 'J','Wtherspoon',K "+
"*17 Gak',' New York','NY','10006','?201-555-1216")",
"I NSERT | NTO CUSTOMER VALUES(' 105','Fred', 'Q,'Bloggs',"+
" '22 VWl nut',' New York','NY','10006','201-555-1217")"};

public String cNum = null;
public String fNane = null;
public String IName = null;
public String street = null;
public String city = null;
public String state = null;
public String zip = null;
public String phone = null;

Docunment xm Doc = null;

public XM.DBTest () {

try{
Cl ass. for Name( " JavaDat abaseBi bl e. ch19. JDBCf or XML. XM.Dr i ver");

}
catch (Exception e){
Systemout.println(e);
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public static void main(String args[]){
XM_QueryTest test = new XM_.QueryTest();
serial i zeDocunment AsFi |l e(test.createTable(), Ul String);
serializeDocument AsFi |l e(test. updateTabl e(SQLCnd), Url String);
serializeDocunment AsFil e(test. queryTabl e( SQLQuery),
"file:///c:/projects/ResultSet.xm");
}
public Document createTabl e()({
try{
Connection con
St at ement st nt

Dri ver Manager . get Connection(Url String);

con. createStatenent ();

st mt . execut eUpdat e( " CREATE TABLE CUSTOMER " +
" ( CUSTOMER_NUMBER ATTRI BUTE, "+
"FI RST_NAME VARCHAR(30), "
"M VARCHAR( 30), "
"LAST_NAME VARCHAR(30), "
" STREET VARCHAR( 30), "
"ClTY VARCHAR( 30), "
" STATE VARCHAR( 30), "
"ZIP VARCHAR( 30), "
" PHONE VARCHAR(30))");

+ o+ o+ 4+ o+ o+ 4+

stmt . execut eUpdat e(" | NSERT | NTO CUSTOVER VALUES( "+
"*100'," M chael'," A", Corl eone', "+
"'123 Pine',' New York','NY','10006',"'201-555-
1212'");

xm Doc =

((JavabDat abaseBi bl e. ch19. JDBCf or XM.. XM_St at enent ) st nt ) . get Xml Docunent () ;

}
catch (Exception e){

Systemout.println(e);

}

return xnl Doc;

}
publ i ¢ Docunent updateTabl e(String[] SQ.Cmd) {

try{
Connection con = DriverManager. get Connection(Url String);

Statenent stm = con.createStatenent();
for(int i=0;i<SQCd.|ength;i++){
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stm . execut eUpdat e( SQLCd[i]);

}
xm Doc =

((JavabDat abaseBi bl e. ch19. JDBCf or XM.. XM_St at enent ) st nt ) . get Xml Docunent () ;

}

publ i ¢ Docunent

}

}

catch (Exception e){

System out. println(e);

}

return xnm Doc;

queryTabl e(String SQLQuery){

ResultSet rs = nul|;

try{
Connection con

St atement stnt

Dri ver Manager . get Connection(Url String);
con. createStatenent ();

rs = stnt.executeQuery(SQ.Query);

while(rs.next()){
get RowDat a(rs);

}

whil e(rs. previous()){

get RowbDat a(rs);

}

rs.first();
get RowbDat a(rs);

rs.last();
get RowbDat a(rs);

rs. absol ute(2);
get RowbDat a(rs);

rs.relative(-1)
get RowbDat a(rs);

}

catch (Exception e){

Systemout.println(e);

}

return ((JavaDat abaseBi bl e. ch19. JDBCf or XML. XM_Resul t Set) rs) . xm Doc;

private void get RowDat a( Resul t Set rs){
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cNum = rs.getString("CUSTOVER NUMBER") ;
fName = rs.getString("FlIRST_NAMVE");

| Name = rs.getString("LAST_NAME");
Street = rs.getString("STREET");

city =rs.getString("ClITY");

state = rs.getString("STATE");

zip = rs.getString("zl P");

phone = rs.getString("PHONE");

}catch (Exception e){
Systemout.println(e);

}

public static void serializeDocunentAsFil e(Docunment xm Doc, String
Ul String){

String fileName = "XM.Qut.xm";
try {
URL url = new URL(Url String);
i f(url.getProtocol ().equals("file")){
fileNanme = url.getFile().substring(l);
}
Qut put Format fm = new Qut put Format ("xm ", null, true);
XM.Serializer serializer =
new XM.Seri alizer(new FileWiter(fileName),fnt);
serializer.asDOMSerializer().serialize(xm Doc);
}
catch (Exception e){
e.printStackTrace();

}

This test code creates the XML database shown in Listing 19-13. The cr eat eTabl e() method creates
the XML document and inserts the first record. Calling the updat eTabl e() method results in the
insertion of the other records.

Listing 19-13: XML database created using XMLDBTest class

<?xm version="1.0"?>
<Cust omer DB>
<CUSTOMER CUSTOMER_NUMBER="100">
<FI RST_NAME>M chael </ FI RST_NAME>
<M >A</ M >
<LAST_NAME>Cor | eone</ LAST_NAME>
<STREET>123 Pi ne</ STREET>
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<Cl TY>New Yor k</CI TY>
<STATE>NY</ STATE>

<Zl| P>10006</ ZI P>
<PHONE>201- 555- 1212</ PHONE>

</ CUSTOVER>
<CUSTOMER CUSTOVER _NUMBER="101">

<FI RST_NAME>Vi t o</ FI RST_NAME>
<M >Q</ M >

<LAST_NAME>Cor | eone</ LAST_NAVE>
<STREET>137 Mai n</ STREET>

<Cl TY>New Yor k</ClI TY>
<STATE>NY</ STATE>

<Zl| P>10006</ ZI P>

<PHONE>201- 555- 1213</ PHONE>

</ CUSTOVER>
<CUSTOMER CUSTOMER _NUMBER="102">

<FI RST_NAME>Janes</ FI RST_NAME>
<M >J</ M >

<LAST_NAME>Cor | eone</ LAST_NAME>
<STREET>123 Pi ne</ STREET>

<Cl TY>New Yor k</ ClI TY>
<STATE>NY</ STATE>

<ZI P>10006</ ZI P>

<PHONE>201- 555- 1214</ PHONE>

</ CUSTOMVER>
<CUSTOMER CUSTOMVER_NUMBER="103">

<FI RST_NAME>Raquel </ FI RST_NAME>
<M >S</ M >

<LAST_NAME>Cor | eone</ LAST_NAME>
<STREET>123 Pi ne</ STREET>

<Cl TY>New Yor k</CI TY>
<STATE>NY</ STATE>

<Zl P>10006</ ZI P>

<PHONE>201- 555- 1215</ PHONE>

</ CUSTOMVER>
<CUSTOMER CUSTOMER_NUMBER="104">

<FI RST_NAME>Janes</ FI RST_NAME>
<M >J</ M >

<LAST_NAME>W t her spoon</ LAST_NAME>

<STREET>17 Oak</ STREET>
<Cl TY>New Yor k</CI TY>
<STATE>NY</ STATE>

<Zl| P>10006</ ZI P>
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<PHONE>201- 555- 1216</ PHONE>
</ CUSTOVER>
<CUSTOMER CUSTOVER _NUMBER="105">
<FI RST_NAME>Fr ed</ FI RST_NAME>
<M >Q</ M >
<LAST_NAME>BI oggs</ LAST_NAME>
<STREET>22 Wl nut </ STREET>
<Cl TY>New Yor k</ ClI TY>
<STATE>NY</ STATE>
<Z| P>10006</ ZI| P>
<PHONE>201- 555- 1217</ PHONE>
</ CUSTOVER>
</ Cust oner DB>

Note that although the SQL CREATE command specifies type VARCHAR ( 30) for most of the fields, this

type specification defaults to String. The reason for this is that all data is stored as a String, and the only
significance attached to data type is to check for the custom type ATTRI BUTE, which is used to denote

that the field should be added to the row element as an attribute.

Note also that the XML document must be saved after each update. The XML database actually exists
as a DOM document in memory, so it must be serialized after changes are made.

Tests are carried out using a variety of different queries. These queries include the following:
SELECT * FROM CUSTOMER

SELECT * FROM CUSTOMER WHERE FI RST_NAME LI KE ' M¥%

SELECT * FROM CUSTOMER VWHERE FI RST_NAME NOT LI KE ' M4

SELECT * FROM CUSTOMER WHERE FI RST_NAME NOT = ' M chael

SELECT * FROM CUSTOMER WHERE FI RST_NAME <> ' M chael’

SELECT * FROM CUSTOMER WHERE FI RST_NAME LIKE ' M% OR FI RST_NAME LI KE ' F%
SELECT * FROM CUSTOMER WHERE (FI RST_NAME LIKE ' M4 OR FI RST_NAME LIKE 'V%)
SELECT * FROM CUSTOMER VWHERE ( FI RST_NAME LIKE ' M#% OR CUSTOVER NUMBER =
'102' )

In addition to supporting the Resul t Set . get St ri ng() method used to set the St ri ng variables in
Listing 19-12, the XM_Resul t Set can also be retrieved as an XML document. Listing 19-14 shows the
XM.Resul t Set generated by running this query:

SELECT * FROM CUSTOMER WHERE
( FIRST_NAME LIKE ' M6 OR CUSTOMER NUMBER = '102' ) AND LAST_NAME =
' Cor | eone'’

Listing 19-14: XMLResultSet

<?xm version="1.0"?>
<RESULTSET>
<CUSTOMER CUSTOVER_NUMBER="100">
<FI RST_NAME>M chael </ FI RST_NAME>
<M >A</ M >
<LAST_NAME>Cor | eone</ LAST_NAME>
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<STREET>123 Pi ne</ STREET>
<Cl TY>New Yor k</ CI TY>
<STATE>NY</ STATE>
<Zl P>10006</ ZI P>
<PHONE>201- 555- 1212</ PHONE>

</ CUSTOVER>

<CUSTOMER CUSTOMER_NUMBER="102">
<FI RST_NAME>Janes</ Fl RST_NAME>
<M >J</ M >
<LAST_NAME>Cor | eone</ LAST_NAME>
<STREET>123 Pi ne</ STREET>
<Cl TY>New Yor k</CI TY>
<STATE>NY</ STATE>
<Zl| P>10006</ ZI P>
<PHONE>201- 555- 1214</ PHONE>

</ CUSTOVER>

</ RESULTSET>

The advantage of returning the entire XM_LResul t Set as an XML document is that many applications
are designed to work with XML. In this form, the XM_LResul t Set can be transferred between
applications or manipulated using an XSL transform.

Since the target database is defined by a URL, you are not restricted to using local XML files as
databases. Try substituting the URL htt p: / / www. nor eover. coni cgi -
| ocal / page?o=xnl &quer y=t op+stori es.

Cross-

Reference Chapter 17 discusses working with XML sources over the Internet.The
examples are based on accessing the ht t p: / / www. nor eover . conl Web
site.

Summary

In this chapter, you learn to create a JDBC driver and a simple SQL engine. The examples can be
expanded and modified to form the basis of any custom application requiring a JDBC API. The main
topics covered included the following:

= Detailed operation of a JDBC driver

. A simple, String-oriented SQL query engine

] Examples of working with XML documents

This chapter ends Part IV. Part V explores persistence in the context of Enterprise Java Beans and JDO.
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Part V: EJBs, Databases, and
Persistence

Chapter List

Chapter 20: Enterprise JavaBeans
Chapter 21: Bean-Managed Persistence
Chapter 22: Container-Managed Persistence

Chapter 23: Java Data Objects and Persistence

Part Overview

Part V is a discussion of the use databases in the context of J2EE applications using Enterprise

JavaBeans. The first chapter gives a brief overview of Enterprise JavaBeans, including descriptions of:

= The three types of Enterprise JavaBeans: session beans, entity beans, and message-driven
beans.

= Activation and passivation

. Bean-managed persistence and container-managed persistence

. Enterprise JavaBean transactions

After reading this chapter, you should have a good understanding of Enterprise JavaBeans and of the
ways they interact with databases.

Subsequent chapters discuss bean-managed persistence and container-managed persistence, with
extensive examples. They include sections on the use of JDBC and SQL in bean-managed persistence
and of the Enterprise JavaBean query language (EJBQL).

The final chapter in Part V covers Java data objects and transparent persistence. This is a new
technology that handles persistence in a manner that is completely transparent to the developer.
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Chapter 20: Enterprise JavaBeans

In This Chapter

This chapter gives a brief overview of Enterprise JavaBeans (EJBs). The features and purposes of three
types of EJBs are discussed. The fundamentals of transaction and persistence management are
reviewed. After reading this chapter, you should have a good understanding of Enterprise JavaBeans
(EJBs) and of the ways they interact with databases.

Enterprise JavaBeans Overview

The Enterprise JavaBeans Specification defines EJBs as follows: "Enterprise JavaBeans is an
architecture for component-based distributed computing. EJBs are components of the distributed
transaction-oriented enterprise applications.” In a nutshell, EJBs are server-side components that
encapsulate the business logic of an application. The business logic is the code that fulfills the purpose
of the application. For example, in an online shopping application, the EJBs might implement the
business logic in methods called sear chCat al og and checkQut . By invoking these methods, remote
clients can access the online shopping services the application provides.

An EJB typically communicates with Enterprise Information Systems (EIS) such as databases and
legacy systems and other EJBs. At the same time, different types of clients access EJBs requesting
services. The clients can be other EJBs, Web applications, servlets, or application clients.

At runtime, an EJB resides in an EJB container. An EJB container provides the deployment and runtime
environment for EJBs, including services such as security, transaction, deployment, concurrency
management, and instance life-cycle management. The process of installing an EJB in an EJB
container is called EJB deployment. EJB containers are typically part of an application server. EJBs by
nature are portable components; therefore, the application assembler can build new applications from
existing beans with minimum effort. These applications can run on any J2EE-compliant application
servers.

EJBs are designed to simplify the development of large, distributed applications. Because the EJB
container provides system-level services to enterprise beans, the bean developer can concentrate on
solving business problems. The EJB container, not the bean developer, is responsible for system-level
services such as transaction management and security authorization. Furthermore, since the
application's business logic is contained in EJBs instead of in clients, client developers can focus on the
presentation of the client. The client developer does not have to code the routines that implement
business rules or access databases. As a result, clients are thinner. This is particularly beneficial for
clients that run on small devices such as cell phones or PDAs.

EJBs are especially suitable for applications that have the following requirements and characteristics:

= Scalablability. To accommodate a growing number of users, one may need to distribute an
application's components across multiple machines. Not only can the EJBs of an application run on
different machines, but their location remains transparent to clients.

] Transactions-oriented. EJBs support transactions through container services, the mechanisms
that manage the concurrent access of shared objects and ensure data integrity.

= Multiple types of clients. With just a few lines of code, remote clients can easily locate enterprise
beans. These clients can be thin, various, and numerous.

The EJB 2.0 Specification specifies the three following types of EJBs:
. Session beans

" Entity beans

. Message-driven beans

The features, as well as the appropriate uses of each type of EJB, are discussed in more details in the
following sections.

Session Beans
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A session bean represents a single client inside the J2EE server and performs tasks on behalf of the
client. This type of bean manages sessions (or conversations between the client and the server) on
behalf of the client. A typical session is transient, and its state is usually not persistent. An example of a
session is tracking your courier package using a Web-based status-query application. If, for some
reason, the Web server dies or the session times out, the session terminates, and the user is required
to start a new session. Most online transactions are session oriented, with the user initiating a session
performing a set of actions and then terminating a session. Hence, a session bean generally stores its
state in transient variables.

Not all sessions are conversational. Some sessions involve only one interaction between the client and
server. For example, getting a stock quote does not need the multiple invocations of the service the
stock-quote server provides. These sessions are stateless, and their management can be significantly
simplified. To address these different scenarios, the EJB specification specifies two types of session
beans: stateful and session.

In general, the use a session bean is appropriate if the following circumstances hold:
= At any given time, only one client has access to the bean instance.
= The state of the bean is not persistent, existing only for a short period (perhaps a few hours).

Once the session bean is chosen, we still need to decide which one to use, stateless or stateful, based
on whether a conversational state needs to be held in the session bean.

Stateless Session Beans

Stateless session beans are components that implement a single-use service. That service can be
invoked many times, but since the component does not maintain any state, the effect is that each
invocation provides a single use. In a lot of ways, stateless session beans provide a reusable single-use
service.

Although a stateless session bean does not maintain a conversational state for a particular client, it may
contain a transient state in the form of its instance variables, as shown in the code example. When a
client invokes the method of a stateless bean, the values of the bean's instance variables represent
such a transient state but only for the duration of the invocation. When the method is finished, the state
is no longer retained. Except during method invocation, all instances of a stateless bean are equivalent,
allowing the EJB container to assign an instance to any client. Most of application servers take
advantage of this feature and pool the stateless session beans to achieve better performance.

Because stateless session beans can support multiple clients and usually are pooled in the EJB
container, they can offer better scalability for applications that require large numbers of clients. Typically,
an application requires fewer stateless session beans than stateful session beans to support the same
number of clients. At times, the EJB container may write a stateful session bean to secondary storage
(called passivation, discussed later). However, stateless session beans are never written to secondary
storage. This further makes stateless beans offer better performance than stateful beans.

The major advantage of stateless session beans over stateful session beans is performance. A

stateless session bean should be chosen if one of following is true:

= The bean's state has no data for a specific client.

. In a single-method invocation, the bean performs a generic task for all clients. For example, you
might use a stateless session bean to retrieve stock quotes at any time.

] The bean fetches from a database a set of read-only data that is often used by clients. Such a
bean, for example, can retrieve the table rows that represent the inventory that currently below
certain level.

In general, the steps for developing EJBs include:
. Write the remote interface.

. Write the home interface.

. Write the EJB implementation class.

. Compile the EJB and all its supporting files.
. Write the deployment descriptors.

. Package and deploy.

[

OO~ WN
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Note
Many of the preceding steps can be performed automatically by a variety of IDEs. Don't

write everything from scratch.

Although your favorite IDE may complete many steps for you, let's go through these steps manually in
the development of our stateless session bean example. To keep things less confusing, a naming
convention should be adopted for all the Java classes involved. A commonly accepted naming
convention is listed in Table 20-1.

Table 20-1: EJB Name Convention

ltem Name Example
Renote Interface <nanme> Cust oner
Horme Interface <nanme>Hone Cust oner Honre
I mpl enent ati on C ass <nanme>Bean Cust oner Bean
EJB Nanme <nanme>EJB Cust oner EJB
EJB Jar Display Nane <name>Jar Cust oner Jar

Remember the first program you have ever written in Java? Is it the "Hel | o, wor | d" ? The first EJB
example developed in this chapter is a stateless session bean called Hel | oEJB. When it is invoked, a
welcome message is delivered to the calling client.

Although the business logic is defined in the implementation class, the client can never directly access
implementation-class instances. Instead, the client calls an EJB's remote interface to get its service. In
other words, the remote interface defines the business methods that a remote client may invoke. The
bean developer defines the types of the method arguments, the return type, and the exceptions the
methods throw. The signatures of these methods must be identical to the signatures of the
corresponding methods in the EJB implementation class.

Remote interface

Every EJB remote interface extends the j ava. ej b. EJBObj ect interface. Since EJBs are meant to
work in a distributed system, the remote interface is a valid remote interface for RMFIIOP, so each
method must throw the j ava. r mi . Renpt eExcept i on. The source code for the Hel | oEJB remote
interface is shown in Listing 20-1. Three methods are defined by which a client can get all welcome
messages, a specific welcome message, or the number of messages.

Listing 20-1: Remote interface of HelloEJB

package java_dat abase. ch20. Hel | oSLBean;

i mport javax.ejb.*;
i mport java.rm . RenpoteException;

public interface Hell o extends EJBObject {
public String[] getAll Wl comeMgs() throws RenoteException;
public String getWel comeMsg(int i) throws RenoteException;
public int getNumber Of Wl comeMsgs() throws RenoteException;

}

Home interface
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The home interface controls the life cycle of the EJB objects. For a session bean, the purpose of the
home interface is to define the cr eat e methods that a remote client may invoke to create its reference
to the EJB object. You may define multiple cr eat e methods with different signatures. The default
method without any argument is used to instantiate EJB objects in the container.

Note that cr eat e methods are different from constructors. A constructor is an initializer for an object
(which may exist for a very long time). A cr eat e method is used by clients to initialize an EJB instance
in an EJB container. An EJB instance may be composed of one object or a variety of objects over its life
cycle. As such, it has different initialization mechanisms.

Understanding the life cycle is critical in mastering EJBs. Unfortunately, that is beyond the scope of this
book. The interested reader can find extensive discussions on EJB life cycles in numerous EJB books.
Note
Do not assume that cr eat e methods are the same as constructors.

As is the case for the remote interface, the signatures of the cr eat e methods defined in the home
interface must correspond to those of its corresponding ej bCr eat e methods in the implementation
class. The t hr ows clause of the cr eat e method must include j ava. r mi . Renpt eExcepti on and
the j avax. ej b. Cr eat eExcept i on. The home interface of the Hel | oEJB is shown in Listing 20-2.
Only one cr eat e method is defined in this example.

Listing 20-2: Home interface of HelloEJB

package java_dat abase. ch20. Hel | oSLBean;

i mport javax.ejb.*;
i mport java.rm . Renot eExcepti on;

public interface Hell oHome extends EJBHone {
public Hello create() throws CreateException, RenpteException;

}

Implementation class

Most of the work that you have to do as a bean developer occurs in the bean class itself. There are a
number of methods the bean class must provide. An important method, and perhaps the most confusing
one, is ej bCreat e.

Because an enterprise bean runs inside an EJB container, a client cannot directly instantiate the bean.
Only the EJB container can instantiate an enterprise bean. During instantiation, the example program
performs the following steps:

1. The client invokes a cr eat e method on the home object

2. The EJB container instantiates the EJB instance.
3. The EJB container invokes the appropriate ej bCr eat e method in the implementation class;

typically, an ej bCr eat e method initializes the state of the EJB instance.
create and ejbCreate method guidelines

Typically, an ej bCr eat e method initializes the state of the EJB instance. The guidelines for writing

such methods are:

= Each cr eat e method defined in the home interface must have a corresponding ej bCr eat e
method in the bean-implementation class.

= The number of arguments and argument data types between the ej bCr eat e and the
corresponding cr eat e methods must be the same.
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= Since the ej bCr eat e is called by the container, there is nothing to return so its return type is
voi d.
" The cr eat e method returns the remote interface.

The bean class extends the j ava. ej b. Sessi onBean interface, which declares the ej bRenove,

ej bActivate, ejbPassivate,and set Sessi onCont ext methods. The Hel | oBean class does
not use these methods, but it must implement them (as empty functions). Later sections on stateful
session beans and entity beans explain the use of these methods.

EJBEXxceptions

The primary purpose of a session bean is to run business tasks for the client. The client invokes
business methods on the remote object reference that the cr eat e method returns. From the client's
perspective, the business methods appear to run locally, although they actually run remotely in the
application server's EJB container. All the business methods declared in the remote interface need to
be implemented. The signatures of these business methods are the same as those defined in the
remote interface. However, since the bean object is running inside of the container, it does not need to
throw the j ava. r m . Renpt eExcepti on.

To indicate a system-level problem, such as the inability to connect to a database, a business method
should throw j avax. ej b. EJBExcept i on. When a business method throws an EJBExcept i on, the
container wraps it in a Renot eExcept i on, which is caught by the client. Since EJBExcepti onis a
subclass of Runt i neExcept i on, you do not need to explicitly include it in the t hr ows clause of the
business method. The Hel | oBean class is shown in Listing 20-3. It should be noted that the method
get Wel comeMsg(i nt) is coded defensively to prevent the index from going out of range.

Listing 20-3: HelloBean class

package java_dat abase. ch20. Hel | oSLBean;

i mport javax.ejb.*;
i mport java.util.*;

public class Hell oBean inpl enents Sessi onBean
{

/1 instance vari abl es

private SessionContext ctx;

private String[] nsgList = new String[3];

/1 default constructor — different fromejbCreate()
public Hell oEJBBean() {
}

/1l Life cycle methods called by EJB contai ner
public void set Sessi onCont ext ( Sessi onContext c¢) {
Systemout. println("set SessionContext called.");
ctx = c;
}
public void ejbCreate() ({
Systemout.println ("ejbCreate() called.");
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megLi st[0] = "Hello!";
msgList[1] = "Welcone to the EJB world.";
nmsgLi st[2] = "Enjoy reading.";

}
public void ej bRenove() {
Systemout.println ("ejbRenove called.");

}

public void ej bPassivate() {
Systemout.println("ej bPassivate called.");

}
public void ejbActivate() {
Systemout.printin("ejbActivate() called.");

/! Business methods serving the client's need
public String[] getAll Wl comeMgs() {
return nsgli st;

public String getWel comeMsg(int i) {
/1l first make sure index is not out of range

i (i >= megList.length) ? (msgList.length - 1) : i;
(i <0) ?20: i;

/1l return wel come message

return msglList[i];

public int getNunmber Of Wl comeMsgs() {

return nsgList. | ength;

}

Where is the database-access code? After all, this is a book on Java database programming. Since EJB
itself is complex enough, | have deliberately kept the first EJB example as simple as possible (the spirit
of the Hel | oWor | d example). As soon as you have this piece of code running, you can easily extend it
to fulfill your needs, such as accessing databases using the JDBC programming skills you have learned
from previous chapters. For example, the welcome messages may be stored in a database table. Then
in the ej bCr eat e method, you do not need to initialize the nsgLi st array; instead, an instance of

j avax. sql . Dat aSour ce should be initialized. And the business methods access the Dat aSour ce
and retrieve the welcome message (or count the number of rows) from the message table. You can find
code samples of initializing and accessing Dat aSour ce objects in next chapter.

After the bean classes are coded, they need to be packaged and deployed. Most application servers
have built-in tools for EJB (and enterprise application) deployment. The key artifacts of the deployment
process are the deployment descriptors, the XML files that contain the declarative information about the
EJBs and the enterprise application. Most of the container vendors use some proprietary technology to
enhance the performance of their product. As a consequence, the deployment descriptor usually
contains two files: one is the strictly J2EE standard, and the other is vendor specific. As an example, the
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deployment-descriptor files for WebLogic application server (version 6.1) are listed in Listing 20-4. If you
use different application servers, the files may look different.

Listing 20-4: Deployment-descriptor files for HelloEJB

# First file: J2EE standard
<I DOCTYPE ej b-jar PUBLIC "-//Sun M crosystens, Inc.//DTD Enterprise
JavaBeans 2.0//EN' "http://java.sun.com j2ee/dtds/ejb-jar_2 0.dtd">
<ej b-jar>
<ent erpri se-beans>
<sessi on>
<ej b- nane>Hel | oEJB</ ej b- nane>
<home>Hel | oSLBean. Hel | oHone</ hone>
<r enot e>Hel | oSLBean. Hel | o</ r enpot e>
<ej b-cl ass>Hel | oSLBean. Hel | oBean</ ej b-cl ass>
<sessi on-type>St at el ess</ sessi on-type>
<transacti on-type>Cont ai ner</transaction-type>
</ sessi on>
</enterprise-beans>
</ ejb-jar>

#Second file: WebLogic specific
<?xm version="1.0"?>
<! DOCTYPE webl ogi c-ej b-jar PUBLIC '-//BEA Systens, Inc.//DTD WbLogic
6.0.0 EJB//EN 'http://ww. bea. com servers/w s60/ej b20/ dt d/ webl ogi c- ej b-
jar.dtd >
<webl ogi c-ej b-j ar>
<webl ogi c-ent erpri se- bean>
<ej b- nane>Hel | oEJB</ ej b- nane>
<j ndi - name>Hel | o</ j ndi - nane>
</ webl ogi c-ent erpri se-bean>

</webl ogi c-ej b-jar>

You can see that the first XML file specifies the EJB name, remote interface name, home interface
name, and bean class name. It specifies that Hel | oEJB is a stateless session bean, and the container
manages its database transaction (transaction management is discussed later). The second file
specifies the EJB's Java Naming and Directory Interface (JNDI) name, which the client uses to look up
the EJB.

Now that the EJB has been developed, it is time to code the client. The steps for a client to invoke EJB
services are as follows:

1. Instantiate an | ni ti al Cont ext instance.

2. Look up the home interface from JNDI.

3. Create a remote interface instance as the EJB reference.

4. Invoke EJB services via the reference.

These steps are illustrated in the JSP client listed in Listing 20-5. The output of the test is shown in
Figure 20-1. Bounds checking coded into the method get Wel coneMsg(i nt) prevent the array index
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from going out of range, so there is always a welcome message returned for any integers passed into
the method.

i bt/ localhostT001  java_ikatahase fehai) dientjug - B =10] =]
Fia B View G Comswrmaton Help
T L »
. # 3 & 2 = <+ N
flack Aelosd  Homs  Semch Heiceps Pt 5
wlf Bockmaks & Gobs [Fix/ocaihon T00 Aevs_ = | (5 Wiat's Rielated

L] Inctard Messioe ) Webbiad 1) Coveoct [ Pocpke 1 YelwPoges B3 1

Begnrng chent psp

HAvilable messages

Helal

Weleeome to the ETE wedld
Enjoy readng

Tryng message Mo, =1
Mezzage Mo -1 Hellal

Teymsg message o, 4
Meszage Mo 4 Enjoy reading

i ol PocmentiDone. | Sl A GNP TR S | |
Figure 20-1: Test output after the JSP client shown in Listing 20-5

Listing 20-5: JSP client

<%@ page inmport="javax.namng.*, java.rm.?*,
j ava_dat abase. ch20. Hel | oSLBean. *" %

<% private static Context ctx;
/Il Instantiate Initial Context

static {

try {
ctx = new Initial Context();

} catch (Exception e) {
System out.println(e);
Systemout.printin("Error trying to do one tine initialization.");

/1 Autility method that output a message to browser with a line
br eaker <BR>
public void toBrowser(String nmsg, JspWiter out) throws Exception {
out.print(msg + "<BR>");

/1 Action starts

t oBrowser ("Begi nning client.jsp", out);

/1 Look up hone interface

Hel | oEJBHonme hone = (Hel | oEJBHone) ct x. | ookup("Hell 0");
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/1l Create rempte interface
Hel | oEJB bean = (Hel | oEJB) hone. create();

/1 I nvoke EJB services through renote interface reference
String[] nessages= bean. get Al | Wel comeMsgs() ;

t oBr owser (" <BR>Avai | abl e nessages:", out);
for(int i=0; i<bean.getNumber Of Wl comeMsgs(); i++) {

t oBr owser (nessages[i], out);

|/ Test out-of-range index

t oBr owser ("<BR>", out);

toBrowser ("Tryi ng nessage No. -1", out);

t oBrowser (" Message No. -1: " + bean.get\Wel comeMsg(-1), out);

t oBrowser ("<BR>", out);

t oBrowser ("Tryi ng nessage No. 4", out);

t oBrowser ("Message No. 4: " + bean. get Wl coneMsg(4), out);
}

%

Stateful Session Bean

A stateful session bean typically implements a conversational business process. A shopping cart of an
online shopping application is a classical example of a stateful session bean. While a shopper searches
the catalog and keeps dropping items into his or her shopping cart, the item list must be maintained.
Obviously, different shoppers' shopping carts cannot be mixed. Only after a shopper finally checks out
are the purchased items transferred into a persistent data store (such as a database).

A shopping cart application differs from a catalog-search application, for example, because each time
the user searches the catalog, the search criteria are different. Such a service is usually implemented
by a stateless session bean. This means that, unlike stateless session beans, a stateful session bean
cannot serve multiple clients. An instance of a stateful session bean is associated with only one client.
The instance retains the state on behalf of the client across multiple method invocations.

There is a one-to-one correspondence between user sessions (maintained as Ht t pSessi on objects)
and the instances of a stateful session bean. The EJB container always delegates the method
invocation from a given client to the same stateful session bean instance. The instance variables of the
stateful session bean provide a convenient mechanism for the application developer to retain a client-
specific state on the server. Note that such a state is not persistent on any data store. If the session is
timed out, or if the server is crashed, the states are lost. If the states need to be persistent against
server crash, entity beans must be used.

A client initiates the life cycle of a stateful session EJB in the same way as stateless session beans: by
invoking the cr eat e method in its home interface. The EJB container instantiates the bean and then
invokes the set Sessi onCont ext and ej bCr eat e methods in the session bean. The bean is now
ready to have its business methods invoked.

Unlike stateless session beans, stateful session instances cannot be pooled because of the one-to-one
correspondence between bean instances and session objects. At the end of the client session (for
example, the online shopper checks out), the client invokes the r enbve method, and the EJB container

calls the bean's ej bRenpve method. The bean's instance is then ready for garbage collection.
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Passivation and activation

A stateful session object lasts for the duration of the business process that typically spans multiple
client-invoked business methods. The process may last for several minutes, hours, or even days.
During its life cycle, the state of a stateful session instance may occupy a nontrivial amount of main
memory on the server. In addition, the state may include expensive resources such as database
connections. Because of these factors, it is important that the EJB container be able to reclaim the
resources (when the available resources become too low) by saving the state into some form of
secondary memory, such as a database or file systems. Later, when the state of the session object is
once again needed for the invocation of a business method, the EJB container can restore the state
from the saved image.

The process of saving the session objects' state to secondary storage is called passivation, whereas the
process of restoring the state is called activation. The container typically passivates a session object
when it needs to free resources in order to process requests from other clients or when it needs to
transfer the session bean instance to a different process for load-balancing purposes. The container
passivates the instance by invoking the ej bPassi vat e method and then serializing the instance and
moving it to some secondary storage. When it activates the session objects, it restores the session
bean's instance by deserializing the saved image of the passivated instance and then invoking the

ej bAct i vat e method.

For many session beans, including the example Yacht Sessi onEJB, the passivation and activation
processes do not require any programming effort from the bean developer. The bean developer has
only to ensure that the objects held in the session bean instance variables are serializable at
passivation. An object is serializable if it is an instance of a class that has implemented the
java.io. Serializabl e interface.

Business processes and rules

In this chapter and the next two, we build a simple example application to demonstrate the use of
stateful session beans and entity beans. Please note that these example EJBs are written for
educational purposes only. They may not represent the best (or even appropriate) approaches for the
hypothetical business process. The error and exception handling are not enough for these programs to
be used in any a production release. Nevertheless, once you have fully understood the example code
and have had it running, you can easily extend its functionality to meet your needs. In that sense, it
serves as a good starting point for your own EJB application development.

The example application is used for a yacht club in its yacht cruise operation. From time to time, the
club offers its members free yacht cruises. The business process includes the following tasks:

= Operate the yacht such as start, stop, accelerate and decelerate.

= Check the status of the yacht.

= Pick up a club members as a passengers (only members can come on board).

" Drop off passengers.

Since the business process involves multiple business-method invocations, it is implemented as a
stateful session bean: Yacht Sessi onEJB. The yacht and club members are business entities and can
be modeled by entity beans. Although the Menber EJB and the Yacht EJB are developed in the next
two chapters, the Yacht Sessi onEJB code is listed in Listings 20-6 and 20-7.

Listing 20-6: Remote and Home interfaces of YachtSessionEJB

/** Yacht Sessi onEJB Yacht Sessi onEJB
* @uthor: Andrew Yang

* @ersion: 1.0

*/

package java_dat abase. Yacht Sessi onSFBean;
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i mport javax.ejb.*;

i mport java.rm.*;

i mport java_dat abase. common. *;

i mport j ava_dat abase. Menber EBean. *;

public interface Yacht Sessi on extends EJBObject {
public void start() throws RenpteException, YachtException;
public void stop() throws RenoteException, YachtException;
public int accelerate(int anpunt) throws RenpteException, YachtException;
public int decelerate(int anpunt) throws RenpteException, YachtException;

public voi d addPassenger ( Menmber nenber) throws RenoteException,
Yacht Excepti on;

publ i ¢ bool ean renpvePassenger ( Menber nenber) throws Renpt eException;
public Yacht Status getCurrentStatus() throws RenoteException;

/** Yacht Sessi onEJB Honme Interface
* @uthor: Andrew Yang
*  @ersion: 1.0
*/
package java_dat abase. Yacht Sessi onSFBean;

i mport javax.ejb.*;
i mport java.rm.*;
i mport java_dat abase. Yacht EBean. *;

public interface Yacht Sessi onHonme extends EJBHome ({

publ i c Yacht Session create(Yacht yacht) throws CreateException,
Renot eExcepti on;

}

Listing 20-7: YachtSessionEJB implementation class

/** Yacht Sessi onEJB | npl enentati on Cl ass
* @ut hor: Andrew Yang

* @ersion: 1.0

*/

package java_dat abase. Yacht Sessi onSFBean;

i mport javax.ejb.*;

i mport java.rm.*;

i mport java.util.*;

i mport javax. nam ng. *;

i mport java_dat abase. common. *;
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i mport j ava_dat abase. Yacht EBean. *;

i mport java_dat abase. Menber EBean. *;

public class Yacht Sessi onBean i npl ements Sessi onBean, Sessi onSynchroni zation

{

private int current Vel ocity;

private bool ean yacht Runni ng;

private Vector passengers;

private Yacht yacht; /! Rermote reference to the Yacht

private Initial Context ctx;
private SessionContext context;

public Yacht Sessi onBean() ({
try {
ctx = new Initial Context();
} catch (Exception e) {
Systemout.println("Could not obtain Initial Context");

public void ejbCreate(Yacht Yacht) throws RenpteException {
yacht Runni ng = fal se;
currentVel ocity = 0;
passengers = new Vector (10);

this.yacht = yacht;

public void setSessi onCont ext (SessionContext ¢) { this.context = c; }
publ i

publ i

voi d ej bRenove() {1}

void ej bActivate() { }

voi d ej bPassivate() { }

voi d afterBegin() {1}

voi d beforeConmpletion() { }

voi d afterConpl etion(boolean comritted) { }

publ i
publ i
publ i
publ i

O O O o o o o

/'l business mnethods
public void start() throws Yacht Exception {
i f((passengers == null) || (passengers.size() == 0)) {
t hrow new Yacht Excepti on("Cannot start! No passengers in the

Yacht.");

-517-

}

yacht Runni ng = true;



Chapter 20:Enterprise JavaBeans

public void stop() throws Yacht Exception {
if(currentVelocity > 2) {
t hrow new Yacht Exception("Too fast to stop. Decelerate first!");

}

yacht Runni ng = fal se;

public int accelerate(int amobunt) throws RenpteException{
i f(yacht Runni ng) {

currentVelocity = (currentVelocity + amunt <
yacht . get MaxVel ocity()) ?

(currentVelocity + anmount)
yacht . get MaxVel ocity();

}

return currentVel ocity;

public int decelerate(int amunt) {
i f(yacht Runni ng) {
currentVelocity = (currentVelocity - amunt > 0) ?
(currentVelocity — amount) : O;

}

return current Vel ocity;

public void addPassenger (Menber nenber) throws RenoteException
Yacht Excepti on {

i f (passengers.size() == yacht.getCapacity()) {
t hrow new Yacht Exception("Yacht is full (" + Yacht.getCapacity() +
"))
}

passengers. addEl ement ( menber) ;

public bool ean renmovePassenger ( Menber nenber) {
return passengers.remve(nenber);

public YachtStatus getCurrentStatus() throws RenoteException {
Yacht Status status = new Yacht Stat us();
status. set Current Vel ocity(current Vel ocity);
st at us. set Yacht Runni ng(yacht Runni ng) ;

st at us. set MaxVel oci ty(yacht. get MaxVel ocity());
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st at us. set Make(yacht . get Make());
st at us. set Mbdel (yacht. get Model ());
st at us. set Capaci ty(yacht. get Capacity());
/1 Update the passenger i st
Passenger[] |ist = new Passenger[passengers.size()];
int counter = 0;
Enurer ati on enum = passengers. el enents();
whil e (enum hasMoreEl ements()) {
list[counter++] = (Menber)enum nextEl enent();
}
st at us. set Passengers(list);
return status;

}

You can see that a Yacht Sessi onEJB instance is associated with a specific yacht, which is

represented by an entity-bean instance. The business rules encapsulated by this entity bean include the

following:

] If there are any passengers on board, the yacht can be started.

] If the speed has dropped to below a threshold (for example, 2 miles/hour), the yacht can be
stopped.

= The yacht can be accelerated or decelerated between zero and maximum speed.

= The status of the yacht can be checked by calling the get Cur r ent St at us method.

= The session bean maintains a passenger list.

= Only club members can board the yacht.

= Whenever a new passenger is picked up, or a passenger leaves board, the passenger list is
updated.

The YachtSessionEJB uses other helper or utility classes such as Yacht St at us, Yacht Excepti on,
and so on. Yacht Except i on is the application exception that wraps the exceptions related to business
rules. Do not be distracted by these utility classes at this time. They are discussed in subsequent
chapters when we build the other parts of the example. Although the cruise process is implemented as

a session bean, the business entities such as Yacht and Club Member would be better implemented as
entity beans, as discussed next.

Entity Beans

An entity bean represents a business-entity object that exists in persistent storage mechanisms such as
relational databases, object stores, or file systems. In practice, the persistent storage mechanism is
usually a relational database. Typically, each entity bean has an underlying table in a relational
database, and each instance of the bean corresponds to a row in that table. In a more complex situation,
an entity bean may represent several related database tables, and each instance may correspond to a
record in the table join. Some examples of business objects are customers, purchase orders, and
products.

The syntax of the session bean and entity bean client-view API is almost identical. However, the two
types of EJBs have different life cycles, different persistent management, and provide different
programming styles to their clients.

Entity beans are normally used under the following conditions:

= The bean represents a business entity, not a procedure. For example, Menber EJB is be an entity
bean, but Menber Regi strati onEJB is likely a session bean.

= The state of the bean is required to be persistent. If the bean instance terminates or if the server is
shut down, the bean's state still exists in persistent storage (for example, a database).
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= The bean is shared (that is, accessed simultaneously) by multiple clients.

Primary keys

Similar to a row stored in a database table, each entity bean has a unique object identifier called a
primary key. A customer entity bean, for example, might be identified by a customer number. Note that
the primary key of an entity bean is an object. In most cases, it may be simply a St ri ng object,
although it can be more complex. If the number (or integer) is used in the underlying database table, the
Java wrapper classes (such as j ava. | ang. | nt eger orj ava. | ang. Long) need to be used for the
primary key class. The primary key object enables the client to locate a particular entity-bean instance.

Persistent Storage

When an entity bean is created, the data that the EJB represents is placed into the persistent storage,
typically through a database insert operation, and a copy of that data is stored in the memory as part of
the EJB instance. Whenever the attributes of the in-memory EJB instance are modified, their underlying
persistent counterparts are automatically updated by the EJB container.

Since an entity bean's value is stored in a persistent manner, multiple clients can access the same data
at the same time. In others words, entity beans allow shared access just as a relational database allows
multiple users to access its data simultaneously. EJB containers can implement two or more clients
requesting accesses to the same data in a variety of ways. Because these clients might want to change
the same data, it's important that entity beans work within transactions. Typically, the EJB container
provides transaction management. In this case, bean developers or application assemblers specify the
transaction attributes in the bean's deployment descriptor. A bean developer does not have to code the
transaction boundaries in the bean — the container marks the boundaries based on the transaction
attributes specified in the deployment descriptor. Transaction attributes are discussed later in this
chapter.

Because the state of an entity bean is saved in a persistent storage, it exists beyond the lifetime of the
application or the server process. For example, data stored in a database still exists even after you shut
down the database server or the applications it serves.

Bean-managed persistence

There are two types of persistence for entity beans: bean managed and container managed. With bean-
managed persistence (BMP), the EJB itself is responsible for writing all of the logic necessary for
synchronizing the data between itself and the persistent store. The entity bean code that a bean
developer writes contains all the calls that access the database. A BMP bean must manage the four
following operations:

= Add an entry to the persistent store.

= Remove an entry from persistent store.

= Update the persistent store with the current attribute values of the entity bean instance.

= Update the attributes of bean instance with values stored in persistent store.

Effectively, a bean developer is responsible for coding all of the database queries. However, the
container still controls the life cycle of the bean itself.

Cross-

Reference BMP entity beans are discussed in more detail in Chapter 21.

Container-managed persistence

Container-managed persistence (CMP) means that the EJB container handles all database access
required by the entity bean. The bean's code contains no database access (SQL) calls. As a result, the
bean's code is not tied to a specific persistent storage mechanism (database). Because of this flexibility,
even if you redeploy the same entity bean on different J2EE-compliant application servers that use
different databases, you will not need to modify or recompile the bean's code. In short, CMP entity
beans are more portable. To generate the dataaccess calls, the container needs information that a
bean developer provides in the entity bean's deployment descriptor.

-520-



Chapter 20:Enterprise JavaBeans

Like a table in a relational database, an entity bean may be related to other entity beans. For example,
in a college enrollment application, St udent EJB and Cour seEJB are related because students enroll
in classes. With container-managed persistence, the EJB container takes care of the relationships. For
this reason, relationships in entity beans with container-managed persistence are often referred to as
container-managed relationships (CMRSs).

Cross-

Reference You learn more on CMP entity beans in Chapter 22.

In addition to session beans and entity beans, the EJB 2.0 introduced a third type of EJB: message
driven bean, as discussed next.

Message-Driven Beans

A message-driven bean is a new type of EJB. It acts as a listener for the Java Message Service (JMS)
API and processes messages asynchronously. That means the client does not need to wait the
complete of the tasks it delegated to the message driven bean. Instead, it can continue on other tasks
as soon as it has dropped the message to the JMS. The Message-driven beans were introduced as
recently as late 2001 in EJB Specification 2.0 to fill up the gap in interactions between the J2EE
platform and the Java Message Service (JMS). The messages may be sent by any J2EE component
(such as an application client, another enterprise bean, or a Web component) or by a JMS application or
system that does not use J2EE technology at all.

A message-driven bean is similar to an event listener, except that it receives messages instead of
events. The calling client does not need to wait for the completion of the services it requests. As soon
as the message is dropped to the IMS message queue or the topic, the calling client moves on to other
tasks. Message-driven beans currently process only JMS messages, but in the future they may be used
to process other kinds of messages as well.

A visible difference between message-driven beans and session or entity beans is that clients do not
access message-driven beans through interfaces. In fact, clients do not directly access message-driven
beans at all. A message-driven bean can only be accessed by an EJB container once a JMS message
is received. As a consequence, message-driven beans have no home or remote interfaces. Only the
implementation class needs to be developed. As you can see from the example in Listing 20-8, there is
actually only one specific method, onMessage, that the bean developer needs to code.

Listing 20-8: MessageEchoEJB source code

package java_dat abase. MessageEchoMDEJB;

i mport javax.ejb.*;
i mport javax.jnms.*;

/**
* This message driven bean echos the nessage text it received on the
st andard out put.

* |t can be extended to inplenent any business rul es upon receiving the
message.

* @ut hor: Andrew Yang

* @ersion: 1.0

*/

public class MessageEchoBean i npl enents MessageDri venBean, Messageli stener ({
private MessageDrivenContext context;
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/** Public, default constructor */
publ i c MessageEchoBean () {}

/** Set the MessageDrivenContext */

public void set MessageDri venCont ext (MessageDri venCont ext context) {
this.context = context;

/** ejbCreate is required by EJB Specification */
public void ejbCreate() { }

/** ej bRemove is required by EJB Specification */
public void ejbRenove() { }

/**
* Message handling, the business logic. The message text is printed on
t he
* output screen. <BR> It can be extended to inplenment any business rules
* upon receiving the nessage.
*/
public void onMessage(Message nessage) {
Text Message textnessage = (Text Message) nessage;
try {
String s = textmessage. get Text () ;
Systemout.println("A nessage received: " + s);
} catch(JMSException e) {
ex. print StackTrace();

}

In the following respects, a message-driven bean resembles a stateless session bean:

. A message-driven bean's instances retain no data or conversational state for a specific client.

. All instances of a message-driven bean are equivalent, allowing the EJB container to assign a
message to any message driven bean instance available. The container can pool these instances
to allow streams of messages to be processed concurrently.

= A single message-driven bean can process messages from multiple clients.

The instance variables of the message-driven bean instance can contain some state across the
handling of client messages (for example, a JMS API connection, an open database connection, or an
object reference to an enterprise bean object).

When a JMS message arrives, the container calls the message-driven bean's onMessage method to
process the message. The onMessage method normally casts the message to one of the five IMS
message types and handles it in accordance with the application's business logic. The onMessage

method may call helper methods, or it may invoke a session or entity bean to process the information in
the message or to store it in a database.
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A message may be delivered to a message-driven bean within a transaction context, so that all
operations within the onMessage method are part of a single transaction. If message processing is

rolled back, the message will be redelivered.

Session beans and entity beans are able to send JMS messages and to receive them synchronously,
but not asynchronously. To avoid tying up server resources, it may be better not to use blocking
synchronous receives in a server-side component. To receive messages asynchronously, a message-
driven bean has to be used.

You can see that the development of a message-driven bean is fairly straightforward. The onMessage
method is the only method a bean developer has to write. Note that various application servers have
different mechanisms to write text to their council screen. Before deploying the MessageEchoEJB to
your favorite application server, you may need to replace pri nt | n function in the following code with
function calls appropriate to the server you use:

Systemout.println("A nessage received:

+ s);

During the deployment phase, the bean is associated to a JMS destination, either a message queue or
a topic. The JMS destination is where the message-driven bean receives its message. It is specified in
the deployment descriptor as follows:

<nessage-driven-destination>

<j ms-destination-type>j avax.j nms. Topi c</j ms-destination-type>
</ message-driven-destinati on>
<nessage-driven-descri ptor>

<desti nati on-j ndi - nane>Si npl eTopi c</ desti nati on-j ndi - nane>

</ message-driven-descri ptor>
Notice that the MessageEchoEJB is associated to the JMS topic, "Si npl eTopi c".

So far you have learned all three types of EJBs. Let us moved to EJB transaction management.

EJB Transactions

Transactions are a big part of most enterprise applications. A transaction consists of multiple data-
updating steps as an indivisible unit of work. Execution of a transaction may end in two ways: commit or
rollback. When a transaction commits, the data modifications made by its statements are saved. If one
of the multiple steps within a transaction fails, the transaction rolls back, undoing the effects of all steps
in the transaction.

The EJB architecture provides for two kinds of transaction demarcation: container-managed transaction
and bean-managed transaction, as discussed in the following sections.

Container-Managed Transaction

For EJBs with container-managed transactions, the EJB container sets the boundaries of the
transactions. Container-managed transactions can be used with any type of EJBs: session bean, entity
beans, or message-driven beans. Container-managed transactions significantly simplify development
because the EJB code does not explicitly mark the transaction boundaries. The code does not include
statements that begin and end the transaction.

Typically, the container begins a transaction immediately before an EJB method starts. It commits the
transaction just before the method exits. Each method can be associated with a single transaction.
Nested or multiple transactions are not allowed within a method in the current EJB standard. Container-
managed transactions do not require all methods to be associated with transactions. When deploying
an EJB, one specifies which of the bean's methods are associated with transactions by setting the
transaction attributes.
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A transaction attribute specified in the deployment descriptor controls the scope of a transaction. A
transaction attribute may have one of the following values:

= Requi r ed means that the container ensures that the bean method is invoked with a transaction.
If the calling client has a transaction, the container passes it to the bean method. If the calling client
does not have a transaction, the container starts one and then invokes the bean method.

= Requi r esNew means that the container always starts a new transaction when invoking the bean
method. If the calling client has a transaction, the container suspends it and starts a new one. This
is not a nested transaction because the outcome of the new transaction has no impact on the
suspended one. If the calling client does not have a transaction, the container creates a new
transaction and invokes the bean method.

] Mandat or y states that the calling client must have a transaction, which is propagated to the bean
method being invoked. If the calling method does not have a transaction, the container throws a
javax.transaction. Transacti onRequiredExcepti on.

] Not Support ed means that the method cannot handle transactions. If the calling client has a
transaction, the container suspends it before invoking the bean method. If the calling client does
not have a transaction, the container immediately invokes the bean method.

= Support s states that the bean method accepts a transaction if available but does not require the
container to create a new one. If the calling client has a transaction, the container propagates it to
the bean method. If the calling client does not have a transaction, the container just invokes the
bean method.

= Never means that the bean method is not expecting a transaction. If the calling client has a
transaction, the container throws a j ava. r mi . Renpt eExcept i on. If the calling client does not
have a transaction, the container just invokes the bean method.

Table 20-2 summarizes the behavior of the container for each of these transaction attributes.

Table 20-2: Transaction Attributes

Transaction Attribute Client Has Transaction Client Has No Transaction
Required Transaction Propagated New Transaction Started
RequiresNew Transaction Suspended New Transaction Started
Mandatory Transaction Propagated Throws
Transacti onRequi r edExcepti o
n
NotSupported Transaction Suspended No Action
Supports Transaction Propagated No Action
Never Throws Renpt eExcepti on No Action

Because transaction attributes are stored in the deployment descriptor, they can be changed during
several phases of J2EE application development: EJB creation, application assembly, and deployment.
However, an enterprise bean developer is responsible for specifying the attributes when the bean is first
created. The attributes should be modified only by other developers who are assembling components
into larger applications. Do not expect the person who is deploying the J2EE application to specify the
transaction attributes.

You can specify the transaction attributes for the entire enterprise bean or for individual methods. If
you've specified one attribute for a method and another for the bean, the attribute for the method takes
precedence. As an example, the transaction attribute of the Yacht Sessi onEJB may be specified as

follows:
<ent erpri se-beans>
<sessi on>
<ej b- nane>Yacht Sessi onEJB</ ej b- nane>
<transaction-type>Contai ner</transacti on-type>

</ sessi on>
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<ent erpri se-beans>

<assenbl y-descri pt or >
<cont ai ner-transacti on>
<met hod>
<ej b- nanme>Yacht Sessi onEJB</ ej b- nanme>
<met hod- name>* </ met hod- nane>
</ met hod>
<trans-attribute>Required</trans-attri bute>
</ cont ai ner-transacti on>
</ assenbl y- descri pt or >

The asterisk (*) between the met hod- nane tags indicates all methods. This listing specifies the
transaction attribute for all methods as Requi r ed. For finer granularity, you can assign each method a
different transaction attribute.

Bean-Managed Transaction

In a bean-managed transaction, the code explicitly marks the boundaries of the transaction. Note that
only session or message-driven beans can use bean-managed transactions. An entity bean cannot
have bean-managed transactions; it must use container-managed transactions instead. Although beans
with container-managed transactions require less coding, they have one limitation: when a method is
executing, it can be associated with either a single transaction or no transaction at all. If this limitation
makes coding your bean difficult, you should consider using bean-managed transactions. For example,
if multiple databases are accessed and a two-phase commit is required, a bean-managed transaction
should be used.
Note
Entity beans must use container-managed transactions. Session beans and message-

driven beans can use either container-managed transactions or bean-managed
transactions.

When coding a bean-managed transaction for session or message-driven beans, the bean developer
must decide whether to use Java Database Connectivity (JDBC) or Java Transaction Architecture (JTA)
transactions. The JDBC transaction has been discussed intensiwely in previous chapters and is not
repeated here. However, using JDBC transactions is not recommended in EJB development. JDBC
transactions are usually only used when wrapping legacy code inside a session bean.

In many enterprise applications, the client needs to combine the invocation of multiple methods into a
single transaction. The methods can be on the same EJB, or they can be on multiple EJBs. To
demarcate transactions across multiple method invocations, it is recommended that you use the JTA
APIls. Actually, only one interface in the JTA APIs, j avax. transacti on. User Transacti on, needs

to be used to demarcate a JTA transaction. This interface has a few useful methods, such as begi n,
commit, and rol | back. A bean method may look like this:

public void w thdrawCash(doubl e amount) {
User Transaction ut = context.getUserTransaction();
try {
/1 Start transaction
ut. begin();
/1 performtasks
updat eChecki ng(amount) ;
machi neBal ance -= anount;
i nsert Machi ne(machi neBal ance) ;
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/1 Commit when all tasks succeed
ut.conmt();
} catch (Exception ex) {
try {
/1 Some tasks failed. Rollback.
ut.rol | back();
} catch (SystenException syex) {
t hrow new EJBException("Rol |l back failed: " + syex.getMessage())
}

t hrow new EJBException("Transaction failed: " + ex.getMessage());

}

The preceding code snippet demonstrates the usage of User Tr ansact i on methods. The begi n and
commi t invocations delimit the updates to the database. If the updates fail, the code invokes the
r ol | back method and throws an EJBExcepti on.

To summarize the discussions in this section, Table 20-3 lists the types of transactions allowed for the
different types of EJBs.

Table 20-3: Allowed Transaction Types for EJBs

EJB Type Container- Bean-Managed JBDC Transaction
Managed Transaction
Transaction JTA Transaction
Entity Allowed Not Allowed Not Allowed
Session Allowed Allowed and Allowed but not
Recommended Recommended
Message Driven Allowed Allowed and Allowed but not
Recommended Necommended
Summary

This chapter provides a brief introduction to the vastly broad area of EJB. You learn how to develop
EJBs by writing a simple session bean: Hel | oEJB. You also study a stateful session bean,

Yacht Sessi onEJB. The following specific topics are discussed:

" Session beans

" Entity beans

. Message-driven beans

" EJB transactions

In the next chapter, you will learn about the entity beans using bean-managed persistence.
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Chapter 21: Bean-Managed Persistence

In This Chapter

Bean-managed persistence is discussed in detail in this chapter. The entity object persistence model is
explained. and the development of bean managed persistence EJBs are illustrated with examples. After
reading this chapter, you should be able to develop your own EJBs using bean managed persistence.

Entity-Object Persistence

A business entity is a business object representing some information an enterprise maintains. A
business entity has state, represented by the values of its data fields, and this state is kept persistently
in a persistent store, typically in a database. As discussed in Chapter 20, an entity-bean instance
represents a business-entity object stored in such persistent storage.

The methods of the entity bean class allow the client to access the business-entity object's state
through the bean instance. In other words, the state of an entity object is maintained and persisted
outside the bean instance, in persistent storage. This mechanism is illustrated in Figure 21-1.

Figure 21-1: Entity object's state maintained in persistent store

Separating the state of the entity-bean objects from the bean instances has the following advantages:

= Facilitates data persistence. The separation permits the life cycle of the entity object's state to
go beyond the life cycle of the entity-bean instances and even beyond the life cycle of the JVMs in
which the instances are created.

= Facilitates the transaction. Persistent stores (for example, relational databases), instead of the
EJB container, are responsible for the implementation of transaction behavior to keep the atomicity,
consistency, isolation, and durability (the so-called ACID properties). This takes advantage of the
built-in functionality of a relational database management system and greatly simplifies the
implementation of EJB container.

= Promotes distributed component model. The separation makes it possible to implement the
entity object's state so that it is accessable concurrently from multiple JVMs running on different
network nodes. This is essential to the implementation of EJB server clusters that provide load
balancing and fail-over for large-scale applications.

= Improves accessibility of non-Java applications. The separation makes it possible to
externalize an entity object's state in a representation suitable for non-Java applications. For
instance, if a relational database maintains the state of the entity objects, the state is available to
any application that can access the database via SQL statements.

The entity-bean architecture is flexible regarding the choice of the type of the persistent store. It can be
a relational database; a hierarchical database; an object-oriented database; an XML database; an

LDAP server; a file system; an application; and so on. In practice, however, most applications use
relational databases as persistent stores. When the state of an entity object is maintained in a persistent
data store, an entity-bean instance must use an API specific to the persistent store to access the state
of the associated entity object.

As you have learn in Chapter 20, an entity-bean instance can access the state of its associated entity
object using two access styles: BMP and CMP. The BMP implements the persistence in the EJB class
or in one or more helper classes, whereas the CMP delegates the handling of its persistence to the EJB
container. BMP is discussed in detail in following sections, and CMP is the topic of the next chapter.

Bean-Managed Persistence
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With bean-managed persistence, the bean developer writes database-access calls using a persistent
storage-specific API. In most cases, the persistent stores are relational databases, and the JDBC
provides a unified API for data access. Effectively, the bean developer is responsible for coding all of
the database queries. The data-access calls can be coded directly into the EJB implementation class,
as you see in the examples given later in this chapter, or can be encapsulated in a data-access object
(DAO).

If database queries are coded directly in the EJB class, it may be difficult to adapt the entity bean to
work with a different type of database or a database that has a different schema. Encapsulating data-
access calls in a DAO makes it easier to adapt the EJB's data access to different schemas or different
databases, since only the DAO, instead of the whole EJB, needs to be modified or rewritten. Detailed
discussion on DAO is beyond the scope of this book. Interested readers can find the use of DAOs in
many J2EE design-pattern books.

The main advantage of BMP is its simple deployment process. When an entity bean uses BMP, no
deployment tasks are necessary to adapt the bean to the database type or database schema.
Everything is hard coded in the implementation. As you can see, this is also the main disadvantage of
BMP, because an entity bean using BMP is generally tied up with the database type and schema. The
tight coupling between the EJB and database makes BMP entity bean less flexible and less reusable
across different operational environments.

However, an entity bean using BMP can achieve some degree of independence of the EJB code from
the database type and schema by using the DAOs discussed earlier in this section. Since the entity
bean uses the DAO to access the entity object's state stored in the database, the EJB implementation
class is not tightly coupled with the database. The DAO provides the appropriate interface for
customizing the data-access logic to a different database type or schema. For example, a

Cust oner EJB may use a DAO to access the Customer Relationship database on Oracle and use
another DAO to access the Sales database on Sybase. If access to a new database schema (or
database type) is needed, you need only to code a new DAO and do not need to change the EJB code
at all.

BMP reduces the complexity of the deployment process, but the price you pay is the loss of flexibility.
You should choose BMP or CMP based on your own requirements.

Primary Key

Understanding primary keys is an essential part of understanding entity EJBs (both BMP and CMP
beans). One of the fundamental concepts of entity EJBs is that they must be accessible concurrently by
multiple clients. This does not mean that multiple clients need to access the same bean instance; rather,
they need to have access to the state of the same business-entity object stored in the database. To
achieve this, the EJB architects incorporate an entity bean primary key concept similar to the primary
key of a relational database. The primary key is a unique identifier for the entity object. The primary key
enables the client to locate a particular business entity it needs to access.

Since every entity bean must have a unique primary key, you can compare two entity EJB instances
without actually using the instances themselves. Rather, you can just compare the contents of their
primary keys. If two EJB instances with the same home interface have the same primary key, they are
considered identical, since they represent the same underlying entity object. For example, a customer
entity bean may be identified by a customer number. Two Cust oner EJB instances with the same
customer number are considered identical because they represent the same customer. The
synchronization between these two instances and the state of the Cust omer object stored in the
database is the EJB container's responsibility.

Note that the primary key of an entity bean is a Java class object. In most cases, your primary key class
isa String,an | nteger, or some other class that belongs to the J2SE or J2EE standard libraries. For
some entity beans, you need to define your own primary key class. For instance, if the bean has a
composite primary key (that is, one composed of multiple fields), you must create a primary key class.

For BMP entity beans, a primary key class must meet these requirements:
" The class is serializable.
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= All fields are declared as public.

= The class has a public default constructor.

= The accessors are public.

= The class implements the hashCode() and equal s( Obj ect ot her) methods.

Listing 21-1 shows a primary class for the Par t EJB that represents the business object stored in the

Part table in the database. The Part table has a composite key: the pr oduct | d and vendor | d fields.
The primary key class then has two attributes: pr oduct | d and vendor | d.

Listing 21-1: A primary key class example

public class PartKey inmplenents java.io.Serializable {
public String productld;
public String vendorld;

public Itenkey() { };

public ItenKey(String productld, String vendorld) {
this.productld = productld;
this.vendorld = vendorld,;

public String getProductld() { return productld; }
public String getVendorld() { return vendorld,; }

publ i ¢ bool ean equal s(Obj ect other) {
i f(other instanceof PartKey) {
return (productld. equal s(((ItenKey)other).productld)
&& vendorld. equal s(((IltenKey)other).vendorld));
}

return false;

public int hashCode() {

return productld. concat (vendorld). hashCode();

}

With BMP, the ej bCr eat e method (to be discussed in next section) assigns the input parameters to

instance variables and returns the primary key object. A client can fetch the primary key of an entity
bean by invoking the get Pri mar yKey method of the EJBObj ect class as follows:

PartKey id = (PartKey)Part.getPrimryKey();

The entity bean retrieves its own primary key by calling the get Pri mar yKey method of the
Entit yCont ext class as shown here:

PartKey id = (PartKey)context.getPrimryKey();
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At the deployment phase, you specify the primary key class in the entity bean's deployment descriptor,
as shown next:

<entity>
<ej b- cl ass>Par t EBean. Part Bean</ ej b- cl ass>
<home>Par t EBean. Par t Hone</ hone>
<r enot e>Par t EBean. Part </ r enpt e>
<per si st ence-t ype>Bean</ persi st ence-type>
<pri m key-cl ass> Part EBean. Part Key</ pri m key-cl ass>

</entity>

The entity bean's deployment descriptor specifies that the Par t EJB uses bean-managed persistence
and that its primary key class is Par t Key. In the next chapter, you see that the deployment descriptor
for a CMP entity bean contains much more contents than that for a BMP bean.

In the rest of this chapter, a BMP entity bean, Menber EJB, is built as an example. A Menber EJB
instance represents a row in the Member Table. The Member Table has four columns, as shown in
Table 21-1. Since the Member Table has a simple primary key, nenber _i d, the j ava. | ang. Stri ng
class is used as the Menber EJB's primary key class.

Table 21-1: Sample Data Stored in the Member Table

member_id last_name first_name membership_year
mO001 Dole Jane 20

m002 Dole John 4

mO003 Corleone Fredo 12

mO004 Smith Mike 7

Create and Delete Entity Objects via Entity Beans

With BMP, the bean developer writes all the database-access calls. These database access-operations
include the creation and deletion of the business objects, the synchronization between the attribute
values of entity beans and the state of the corresponding business object, and the search for specific
business objects.

The EJBHone interface and Ent i t yBean interface specify the life-cycle methods for these operations,
and the bean developer implements these methods by using database-access APIs such as JDBC. As
an example, the home interface of the Menmber EJB is shown in Listing 21-2. A Member EJB represents
a row in the Member Table, which has these four columns, as seen in Table 21-1:

. menber _id

. | ast _nane

. first_nane

= menber shi p_year.

Listing 21-2: Home interface of MemberEJB

/** Menmber EJB Hone Interface
* @ut hor: Andrew Yang
* @ersion: 1.0
*/
package java_dat abase. Menber EBean;
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i mport java.rm.*;
i mport java.util.*;
i mport javax.ejb.*;

public interface Menber Home extends EJBHome {
public Menber create(String id, String lastNanme, String firstName, int
menber shi pYear)
throws CreateException, RenpteException;
public Menber findByPrimaryKey(String id)
t hrows Fi nder Excepti on, RenoteExcepti on;
public Collection findByMenbershipYear(int mnYear)
t hrows Fi nder Excepti on, RenpteException;

}

The home interface may define one or more cr eat e methods. The overloaded cr eat e methods must
have different signatures. The home interface cr eat e methods all return the EJB's remote interface,
which in the preceding example is Merber , and they all throw Cr eati onExcepti on and

Renot eExcept i on. The bean developer may define a cr eat e method to throw additional application-
specific exceptions to address their specific requirement in exception handling.

Note that the Menber Honre interface extends the EJBHone interface, which is listed in Listing 21-3. The
EJBHonme interface defines two r enmove methods. The first method removes an EJB object identified by

a handle. A handle is an object that provides a reference to an EJB object and can be stored in
persistent storage. The second method removes an EJB object identified by its primary key.

Listing 21-3: EJBHome interface

| mport java.rm . RenpteExceptions;

Public interface EJBHone extends java.rn.Renote {

Voi d renmove(Handl e handl e) t hrows Renpt eExcepti on,
RenoveExcepti on;

Voi d remove( Obj ect primaryKey) throws RenoteException,
RenobveExcepti on;

EJBMet aDat e get EJBMet aDat a() t hrows Renpt eExcepti on;

HoneHandl e get HomeHandl e() t hrows Renpt eExcepti on;

}

Like the session bean implementation discussed in the previous chapter, the BMP entity-bean
implementation class implements the cr eat e and r enbve methods defined in the home interface.
However, the corresponding methods for the cr eat e methods are named ej bCr eat e in the
implementation class, and they return a primary key object instead of the remote interface. The
corresponding methods for the r enmove methods are named ej bRenove in the implementation class,
and they do not take any argument. The differences in name and signature between the interface
methods and implementation class methods are due to the fact that the life cycle of an entity bean is
managed by the EJB container. It is critical to understand the EJB life cycles in order to master the use
of EJB.
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When a client invokes a cr eat e method, the EJB container invokes the corresponding ej bCr eat e
method. Typically, an ej bCr eat e method in an entity bean performs the following tasks:

= Inserts the entity state into the database

. Initializes the instance variables

= Returns the primary key

Thus, when an entity bean is created, the data that the EJB represents is placed in the database, and a
copy of that data is stored in the EJB container's memory as part of the EJB instance. If a record with
the same primary key already exists in the database, a Cr eat i onExcepti on will be thrown, and the

EJB object will not be instantiated.

For each ej bCr eat e method, you must write an ej bPost Cr eat e method in the entity-bean
implementation class. (The ej bPost Cr eat e method is defined in the Ent i t yBean interface that
discussed later.) The EJB container invokes ej bPost Cr eat e immediately after it calls ej bCr eat e.
Unlike the ej bCr eat e method, the ej bPost Cr eat e method can invoke the get Pri mar yKey method.
In most of situations, however, your ej bPost Cr eat e methods are empty.

A client deletes an entity bean by invoking the r enbve method. This invocation causes the EJB
container to call the ej bRenpve method, which deletes the business-entity object from the database. It
should be noted that the business-entity object is deleted from the database. The entity-bean instance is
not necessarily garbage collected. It is just disassociated with a specific entity object and may be
returned to the EJB pool maintained by the EJB container and ready to represent another business-
entity object (for example, another row in the same table). If the ej bRenmbve method encounters a
system problem, it should throw the EJBExcept i on. If it encounters an application error, it should
throw a RenoveExcepti on.
Note
Calling ej bCr eat e creates a business entity (for example, a row in a database table) in
the persistent storage. Calling ej bRenpve deletes a business-entity object from the
persistent storage.

You can find the implementation of the ej bCr eat e and ej bRenpbve methods for Menber EJB later in
this chapter, under "An Example BMP Entity Bean — MemberEJB." You can see that the SQL
commands are coded to insert into and delete from the database.

An entity object can also be created or deleted directly by native database operations. For example, if a
SQL script deletes a row from a table, the entity object represented by the row is deleted, and the
corresponding entity-bean instances become disassociated with the entity object. If a client attempts to
invoke a business method on an entity bean instance after its underlying business object has been
deleted from the database, the client receives NoSuchCbj ect Excepti on.

Find Entity Object

Calling the ej bCr eat e method creates a business entity in the database. In many situations, the

business entity already exists in the database, and you just need to instantiate an EJB instance to
represent it. The f i nder methods are designed just for this purpose.

All entity beans have f i nder methods. Similar to the select command in SQL statements, f i nder
methods are used by clients to locate business objects stored in the database and to associate them
with entity-bean instances. Each f i nder method can have different logic for locating the entity object.
The logic may find one entity object or a group of entity objects. If a f i nder method returns a single

reference to the remote reference, it will return the first valid occurrence of the bean that is located. If a
fi nder method returns the Col | ect i on interface, it will return zero or more references to entity beans.

The client can then iterate over the collection to access each of the available beans.

All home interfaces must have a fi ndByPri mar yKey( Pri mar yKeyCl ass key) method. Since

lookup operations are common for all entity beans, a standard mechanism for looking up one entity
bean by its unique identifier (that is, the primary key) is defined as the f i ndByPr i mar yKey() method.

All entity beans have this method available and return exactly one reference to a bean in the form of the
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bean's remote interface. In addition to the fi ndByPri mar yKey() net hod, ot her fi ndByxxx
methods can be defined in the home interface to implement application-specific business logic. As seen
in Listing 21-2, the Menmber EJB's home interface defines two fi nder methods. The

findByPri maryKey(String id) method returns the remote interface. But the

fi ndByMenber shi pYear (i nt m nYear) returns a Col | ecti on because there may be zero or
more members that have established their membership for a certain number of years.

Like the cr eat e methods, each fi nder method must have a matching method in the implementation
classes. The method name in the implementation class is the same as that in the home interface,
except a prefix ej b is added, for example, ej bFi ndByPr i mar yKey. The method must have the same
signature. However, the return type may be different. If only one entity-bean reference is returned, the
ej bFi ndByxxx method returns the primary key, instead of the remote interface.

The implementation of the Menber EJB's f i nder methods is shown in Listing 21-6. With BMP, the SQL
code is written in these implementations to locate the entity objects in the database. Th e implementation
of ej bFi ndByPri mar yKey method may look strange to you because it uses a primary key (St ri ng in
this case) for both the method argument and return value. However, remember that a client does not
call ej bFi ndByPri mar yKey directly. The EJB container calls the ej bFi ndByPr i mar yKey method.
The client invokes the f i ndByPr i mar yKey method, which is defined in the home interface and returns
the remote interface.

The following list summarizes the rules for the f i nder methods you implement in an entity bean class

with BMP:

] All fi nder methods defined in the home interface must be implemented.

] At a minimum, the ej bFi ndByPr i mar yKey method must be implemented.

. A fi nder method name must match the name of the corresponding method in the home interface
and must start with the prefix ej b.

= The method must be public and cannot be final or static

. The return type must be the primary key or a collection of primary keys.

The throws clause may include the j avax. ej b. Fi nder Excepti on and exceptions that are specific
to your application. If a f i nder method returns a single primary key but the requested entity does not
exist, the method should throw the j avax. ej b. Obj ect Not FoundExcept i on (a subclass of

Fi nder Excepti on). Ifa fi nder method returns a collection of primary keys, but it does not find any
objects, it should return an empty collection.

Synchronization of Bean Instance Variable and State of Persistent
Object

Recall from earlier in this chapter that the state of an entity object is kept in the database. The attribute
values of the EJB instance are merely the image of the entity object's state. Since multiple clients can
access the same entity objects via multiple EJB instances, the EJB container must keep the attribute
values of the EJB instances and the state of the corresponding entity object synchronized. The
synchronization mechanisms are different between the BMP and CMP entity beans. With BMP, the EJB
container maintains the synchronization by calling the ej bLoad and ej bSt or e methods you have
coded in the EJB implementation class.

The ej bLoad and ej bSt or e methods are defined in the Ent i t yBean interface, which is shown in
Listing 21-4. The Ent i t yBean interface defines a group of life-cycle methods for the EJB container to
use. All entity-bean implementation classes extend the Ent i t yBean interface. You may have noticed
that the implementation class shown in Listing 21-6 (in Section: An Example BMP Entity EJB) extends
the Ent i t yBean interface. Therefore, all the methods defined in the Ent i t yBean interface must be
implemented in the EJB class. With BMP, you need to write a certain amount of code to implement the
ej bLoad and ej bSt or e methods. The other methods are typically empty or have only a few lines of
code.

Listing 21-4: EntityBean home interface
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public interface EntityBean extends EnterpriseBean{

public void setEntityContext(EntityContext ctx)

t hrows EJBExcepti on, RenpteException;
public void unsetEntityContext()

t hrows EJBException, RenoteException;
public void ej bRenpve()

t hrows RenoveException, EJBException, RenoteException;
public void ejbActivate()

t hrows EJBException, RenoteException;
public void ejbPassivate()

t hrows EJBException, RenoteException;
public void ejbLoad()

t hrows EJBExcepti on, RenpteException;
public void ejbStore()

t hrows EJBException, RenoteException;

}

If the EJB container needs to synchronize the instance variables of an entity bean with the
corresponding values stored in a database, it invokes the ej bLoad and ej bSt or e methods. The

ej bLoad method refreshes the instance variables from the database, and the ej bSt or e method writes
the variables to the database. The client may not call ej bLoad and ej bSt or e directly. In fact, the
synchronization between the EJB instance variables and the entity-object state is completely
transparent to the client. From the client's point of view, the EJB instance is the same as the entity
object.

If a business method is associated with a transaction, the container invokes ej bLoad before the
business method executes. Immediately after the business method executes, the container calls

ej bSt or e. Because the container invokes ej bLoad and ej bSt or e, you do not have to refresh and
store the instance variables in your business methods. Since the EJB classes rely on the container to
synchronize the instance variables with the database, their business methods should be associated with
transactions.

Normally, the database resides on a different network node from the EJB container in which EJBs are
deployed. Because the implementation of a business method typically accesses the entity object's state,
each invocation of a business method may result in a network trip to the database. If a transaction
includes multiple business invocations, the resulting multiple accesses to the database over the network
may increase the transaction overhead. Many bean developers want to reduce such overhead. To
accomplish this, the EJB architecture allows the entity bean to cache the entity object's state, or part of
the state, within a transaction. Rather than making repeated calls to the database to access the entity
object's state, the EJB instance loads the object's state at the beginning of a transaction and caches it in
its instance variables. The database is not updated until the transaction is ready to commit.

To facilitate such caching, the EJB container invokes the ej bLoad method on the instance prior to the
first business method invocation in a transaction. The instance can utilize the ej bLoad method to load
the entity object's state, or part of its state, into the instance's variables. Then, subsequent calls to
business methods on the instance read and update the cached state instead of making calls to the
database. When the transaction ends, the EJB container invokes the ej bSt or e method on the
instance. If the previously invoked business methods update the state cached in the instance variables,
calling the ej bSt or e will resynchronize the entity object's state stored in the database with the cached
state.
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The container invokes the ej bLoad and ej bSt or e methods, plus the business methods between the
ej bLoad and ej bSt or e methods, in the same transaction context. When, from these methods, the

EJB instance accesses the entity object's state in the database, the database properly associates all the
multiple database accesses with the transaction.

Because the EJB container needs a transaction context to drive the ej bLoad and ej bSt or e methods
on an EJB instance, caching of the entity object's state in the instance variables works reliably only if
the entity-bean methods execute in a transaction context.

The ej bLoad and ej bSt or e methods must be used with great caution for entity beans that do not
execute with a defined transaction context. These are entity beans with methods that use transaction
attributes Not Support ed, Never, and Support s (the transaction attribute in Chapter 20). If the
business methods can execute without a defined transaction context, the instance should cache only
the state of the immutable entity objects. Fore these entity beans, an instance can use the ej bLoad
method to cache the entity object's state but should never call the ej bSt or e method.

Cross-

Reference See the section "Container-Managed Transaction" in Chapter 20 for

discussions of the transaction attributes.

If the ej bLoad and ej bSt or e methods cannot locate an entity in the underlying database, they should
throw the j avax. ej b. NoSuchEnti t yExcept i on. This exception is a subclass of

java. ej b. EJBExcepti on. Because EJBExcepti on is a subclass of Runt i neExcepti on, you do
not have to include it in the t hr ows clause. When NoSuchEnt i t yExcepti on is thrown, the EJB
container wraps it in a Renot eExcept i on before returning it to the client.

Like stateful session beans, the entity bean instances may be passivated and activated, that is, saved
into the secondary storage and moved back to the memory. The EJB container calls the

ej bPassi vat e and ej bAct i vat e (both defined in Ent i t yBean interface) for EJB passivation and
activation. To maintain synchronization, the ej bSt or e is called before calling ej bPassi vat e so that
the latest version of the EJB instance variable is saved to the database. The ej bLoad is called
immediately after calling the ej bAct i vat e; thus, the variables of the activated EJB instance are
refreshed with the current state of the entity object.

Business Methods

The business methods contain the business logic you want to encapsulate within the entity bean.
Usually, the business methods do not access the database, allowing you to separate the business logic
from the database-access code. All business methods that can be invoked by clients are defined in the
remote interface. Note that some utility methods that are not meant for the client to use are typically not
defined in the remote interface. Instead, they are normally declared as pri vat e (or pr ot ect ed)
methods and are implemented in the bean class.

Listing 21-5 shows the remote interface of the example Menber EJB. In this simple example, only
getters and sett ers of the instance variables are defined. Because the client can get the primary
key by calling the cont ext . get Pri mar yKey() method, the get t er for the primary key is not
necessary. Since the bean should not change its unique identifier during its life cycle, the sett er for
the primary key is not defined.

Listing 21-5: Remote interface of MemberEJB

/** Menmber EJB Renpte Interface

* Note: It does not provide accessor for nenberld since it is the
primary key and will

* be accessible by the context.getPrimaryKey() method on the client.
* @ut hor: Andrew Yang
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* @ersion: 1.0
*/

package java_dat abase. Menber EBean;

i mport java.rm.*;
i mport javax.ejb.*;

public interface Menber extends EJBObject ({
/1 accessors
public String getLastNane() t hrows Renpt eExcepti on;
public String getFirstNanme() t hrows Renpt eExcepti on;
public int getMenbershipYear() throws RenopteException;

/1 mutators

public void setlLastName(String s) t hrows Renpt eExcepti on;
public void setFirstName(String s) t hrows Renpt eExcepti on;
public void set Menbershi pYear (int n) throws RenpteException;

}

Note that the Menber EJB is a simplified example intended to illustrate the fundamentals of EJB. For a

real-life entity bean, more business methods are defined in the remote interface. For example, the yacht
club may allow the members who leave the club and then rejoin to reinstate their seniority after they
have been members for more than three years recently. To implement this business logic, a business
method may be added as follows:

voi d reinstateMenbershi pYear (int formerYear) thorws Yacht Exception

{
i f (menbershipYear < 3) {
t hrow new Yacht Excepti on("Have not stayed 3 years this round!");

}

menber shi pYear =+ fornerYear;

}

But then you have to add more logic to make sure the seniority is only reinstated once. The code must
prevent a member from reinstating his seniority multiple times.

The following requirements for the signature of an entity bean business method are the same as those

for session beans:

= The method name must not conflict with a method name defined by the EJB architecture. For
example, you cannot call a business method ej bCr eat e or ej bActi vat e.

= The methods must be public because clients call them.

The method modifier cannot be final or static.

= The arguments and return types must be legal types for the Java RMI API. Typically, that means
the arguments and return types must either be Java datatypes or implement the Seri | i zabl e
interface.

= The t hr ows clause must include j ava. r m . Renpt eExcepti on.

The t hr ows clause may include the exceptions that you define for your application. The
rei nst at eMenber shi pYear method, for example, throws Yacht Except i on. To indicate a system-
level problem, a business method should throw EJBExcepti on.
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All the business methods defined in the remote interface must be implemented in the bean class. The
methods in the bean-implementations class must have the same function name, function signature, and
return type as the corresponding methods defined in the remote interface. You will see the
implementation of Menber EJB in the next section.

An Example BMP Entity Bean — MemberEJB

An example application is being built through Chapters 20-22. The example application is used by a
yacht club for its cruise operation. From time to time, the club offers its member free yacht cruises. The
cruising yacht allows only the club members on board. The business entity, club member, is
implemented as a BMP entity bean. The underlying database table, member, is illustrated in Table 21-1.
The home interface and remote interface of Menber EJB are shown in Listing 21-3 and Listing 21-5,
respectively. The implementation class is shown in Listing 21-6.

Listing 21-6: MemberEJB implementation class

/** Menber EJB | npl emrent ati on cl ass.

* Systemout.printline() is used to display the error nessage to the
standard out put.

* You should replace Systemout.println() with approperate |og functions of
the EJB

* server you use, so that the error nmessage will be witten to the log file.
* @uthor: Andrew Yang

* @ersion: 1.0

*/

package java_dat abase. Menber EBean;

i mport java.rm.*;

i mport java.util.*;

i mport java.sql.*;

i mport javax.ejb.*;

i mport javax.nami ng.*;

public class MenberBean inplements EntityBean {
/1 instance attributes
private String nenberld,;
private String | astNane;
private String firstNane;

private int nmenbershipYear;

private Initial Context ctx;
private EntityContext context;

/** default constructor */
public MenberBean() {

try {
ctx = new Initial Context();
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} catch (Nam ngException ne) {
Systemout.println("Could not obtain Initial Context");

public String ejbCreate(String id, String nLast, String nFirst, int n¥Year)
throws CreateException {
Connection con = null
PreparedStatenment ps = nul |
try {
con = get Connection();
ps = con. prepareStatenent ("I NSERT i nto nenber values(?, ?, 2?2, ?2)");
ps.setString(l, id);
ps.setString(2, nLast);
ps.setString(3, nFirst);
ps.setlnt(4, n¥Year);
if (ps.executeUpdate() '= 1) {
Systemout.printin("Insert data failed!");
t hrow new Creat eExcepti on("JDBC could not create a row.");
}
/1 assign instance attrubute val ues
menberld = id;
| ast Name = nlLast;
firstName = nFirst;
menber shi pYear = near;
} catch (SQLException sqge) {
/1 Check if the exception was due to an existing entry in the

dat abase.
try {
ej bFi ndByPri maryKey(i d);
} catch (Object Not FoundException e) {
System out. println("Anbi guous SQLException: " + sqe);
t hrow new Creat eExcepti on(" Ambi guous SQLException");
}
Systemout.printin("A nmenber with this ID al ready exists.");
t hrow new Dupl i cat eKeyException("A nenber with this ID al ready
exists.");
} finally {
cl eanup(con, ps);
}

return nmenberld;

public void ejbPostCreate(String name, int age) {
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/1 do nothing

| **
* The ej bRenpve gets the primary key fromthe context because it is
possible to do
* a renove right after a find, and ej bLoad may not have been call ed.
*/
public void ejbRenpbve() {
Connection con = null;
PreparedSt atenent ps = null;
try {
con = get Connection();
menberld = (String) context.getPrimryKey();
ps = con. prepareSt at ement (" DELETE FROM nmenber VWHERE menber _i d=?");
ps.setString(l, nenberld);
if (ps.executeUpdate() < 1) {
String error = "Menmber (" + nenberld + ") not found”
Systemout.println(error);

t hrow new NoSuchEntityException(error);

}
} catch (SQLException sqe) {
Systemout. println("SQException: " + sqge);

t hrow new EJBException (sqe);
} finally {

cl eanup(con, ps);

public String ejbFindByPri maryKey(String pk) throws
bj ect Not FoundException {

Connection con = null
PreparedStatenent ps = nul |
try {

con = get Connection();

ps = con. prepareStat enent (" SELECT | ast _nane, first_nane,
menber shi p_year " +

"FROM nenmber VWHERE nenber _i d=?");
ps.setString(1l, pk);
ps. execut eQuery();
ResultSet rs = ps.getResultSet();
if (rs.next()) {
menberld = pk
| ast Name = rs.getString(1);
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firstName = rs.getString(2);
menber shi pYear = rs.getlnt(3);
} else {

String error = "ejbFindByPri maryKey: Menber (" + pk + ") not
found";

Systemout.println(error);
t hrow new Obj ect Not FoundException (error);
}
} catch (SQLException sge) {
System out. println("SQ.Excepti on:
t hr ow new EJBException (sqge);

+ sqge);

} finally {
cl eanup(con, ps);

}

return pk;

public Collection ejbFi ndByMenbershi pYear (i nt mnYear)
t hrows Obj ect Not FoundException {
Connection con = null;
PreparedSt atenment ps = nul |

Vector v = new Vector(); /1l returing object
try {
con = get Connection();

con. prepar eSt at enent (" SELECT nenberld FROM nenber " +
"WHERE nenber shi pYear >?");

PS

ps.setlnt(1, mnYear);
ps. execut eQuery();
ResultSet rs = ps.getResultSet();
String pk;
while (rs.next()) {
pk = rs.getString(1);
v. addEl enent ( pk) ;

}

} catch (SQLException sqe) {
Systemout.println("SQ.Exception: " + sqge);
t hrow new EJBException (sge);

} finally {
cl eanup(con, ps);

}

return v;
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/1 methods defined in EntityBean interface

public void ejbActivate() { }

public void ejbPassivate() { }

public void setEntityContext(EntityContext c¢) { this.context = c; }
public void unsetEntityContext() { }

public void ejblLoad() {
Connection con = null
PreparedStatenment ps = nul |
menberld = (String)context.getPrimaryKey();
try {
con = get Connection();

ps = con. prepareStatenent ("Sel ect | ast_nane, first_nane,
menber shi p_year " +

"FROM nenmber WHERE nenber _i d=?");

ps.setString(l, nenberld);
ps. execut eQuery();
ResultSet rs = ps.getResultSet();
if (rs.next()) {

| ast Name = rs.getString(1);

firstName = rs.getString(2);

menber shi pYear = rs.getlnt(3);
} else {

Systemout.println ("Menmber EJB could not |oad data");

t hrow new NoSuchEntityException("Could not |ocate Menber with
ID:" +

menber | d);
}
} catch (SQLException sqe) {
Systemout.println ("SQ.Exception: " + sqge);
t hr ow new EJBException(sqge);
} finally {

cl eanup(con, ps);

public void ejbStore() {
Connection con = null

PreparedSt atenment ps = nul |

try {
con = get Connection();

ps = con. prepareSt at enent (" UPDATE nenber SET | ast_nanme=?,
firstName=?, " +
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"menber shi p_year=? WHERE nenber i d=?");
ps.setString(1l, |astName);
ps.setString(2, firstName);
ps. setlnt (3, nenbershipYear);
ps.setString(4, menberld);

if (ps.executeUpdate() < 1) {

Systemout.println("Could not | ocate nmenber with ID: " +
menber1d);
t hrow new NoSuchEntityException("Could not |ocate nmenber with ID
+
menber | d) ;
}

} catch (SQLException sqge) {
Systemout.println ("SQ.Exception: " + sqge);
t hrow new EJBException(sge);

} finally {
cl eanup(con, ps);

/1l business nmethods defined in the renote interface

public String getlLastNane() { return | ast Nane; }
public String getFirstNanme() { return firstNaneg; }
public int getMenbershipYear() { return nmenbershipYear; }

public void setlLastName(String s) { lastNane = s; }
public void setFirstName(String s) { firstName = s; }
public void set MenbershipYear(int n) { nenbershipYear = n; }

/1l utility methods
private Connection get Connection() throws java.sql.SQ.Exception {
try {
j avax. sql . Dat aSource ds = (javax.sql . DataSource)
ct x. |l ookup("java: conmp/ env/j dbc/ Yacht Cl ubDB");
return ds. get Connection();
} catch(Nam ngException ne) {
System out. println("UNABLE to get a connection!");
t hrow new EJBException(ne);

private void cl eanup(Connecti on con, PreparedStatenment ps) {
try {
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if (ps !'= null) {
ps. cl ose();

}
} catch (Exception e) {

Systemout.println("Error closing PreparedStatement: "+e);

t hrow new EJBException (e);
}
try {
if (con !=null) {
con. cl ose();
}
} catch (Exception e) {
Systemout.println("Error closing Connection: " + e);
t hrow new EJBException (e);

}

The implementation class uses all the methods defined in the home and remote interfaces, as well as
the methods defined in the Ent i t yBean interface. Table 21-2 summarizes the database-access calls in
the Menber Bean class.

Table 21-2: Database-access Operations in MemberBean

Method SQL Statement Functionality

ejbCreate INSERT Create entity object in database and
initialize instance variables

ejbRemove DELETE Delete entity object from database and
disacssociate bean instance

ejbFindByPrimaryKey SELECT Locate entity object with given primary key
and associate bean instance with the
object

ejbFindByMembershipYear SELECT Locate all entity objects that have been
members longer than a given number of
years

ejbLoad SELECT Refresh instance variables with current

object state stored in database

ejbStore UPDATE Update state stored in database with
current instance variable values

The business methods of the Menber Bean class (such as get Last nane(), set Last Nane(Stri ng),
and so on) are absent from this table because they do not access the database. Instead, these

business methods update the instance variables, which are written to the database when the EJB
container calls ej bSt or e. After the EJB container calls the ej bLoad method, the instance variables
are refreshed with the current entity-object state, and the get t er function retrieves the refreshed
variables. Another developer might have chosen to access the database in the business methods of the
Menmber Bean class. This choice is one of those design decisions that depend on the specific needs of
your application. For the simple entity bean like the example Menber EJB, database access from
business methods is not warranted. But in some cases, the business logic may be complex, and there
may be a need to access the database from the business method.
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Before accessing a database, you must connect to it. With BMP, you must write the program to get a
database connection. In the Menber Bean class, this is achieved by calling the utility method
get Connecti on() . Typically, you get a database connection by following these steps:
1. Specify the database name. In the example, the database name is
"j ava: conp/ env/ j dbc/ Yacht Cl ubDB".
2. Obtain the Dat aSour ce associated with the logical name by searching the Java Naming and
Directory Interface (JNDI).
3. Get the Connect i on from the Dat aSour ce.

The database's JNDI name is specified in the deployment descriptor during the deployment phase as
shown here:

<entity>

<resource-ref>
<res-ref-name>j dbc/ Yacht Cl ubDB</r es-r ef - name>
<res-type>j avax. sqgl . Dat aSour ce</res-type>
<r es- aut h>Cont ai ner </ r es- aut h>
</resource-ref>
</entity>

When coding an EJB, you must decide how long it will retain the connection. Generally, you have two
choices: either hold the connection for the lifetime of the bean, or hold it only during each database call.
Your choice determines the method (or methods) in which your bean connects to a database.

With long-term connections, an EJB holds a database connection for its entire lifetime. Because the
bean connects and disconnects just once, its code is slightly easier to write. But there's a trade-off:
other components cannot acquire the connection. This is normally not recommended.

Briefly held connections allow many components to share the same connection. Because the EJB
container manages a pool of database connections, enterprise beans can quickly obtain and release
the connections. In the Merrber Bean class, all methods hold the connection briefly. Before the method
returns, another utility method, cl eanup() , is called, which returns the connection to the EJB
container's connection pool by calling con. cl ose() . In addition, the cl eanup method closes
resources such as pr epar edSt at enent .

In almost all the application servers on the market today, the EJB container maintains a pool of
database connections. This pool is transparent to the enterprise beans. When an EJB requests a
connection, the container fetches one from the pool and assigns it to the bean. Because the connection
has already been made, the bean quickly gets a connection. The bean may release the connection after
each database call (as seen in Menber Bean), since it can rapidly get another connection. Because
such a bean holds the connection for a short time, the same connection can be shared sequentially by
many beans. To further boost the performance of your application, consider using EJB design patterns
and best practices such as value objects (also called data transfer objects sometimes) as described
next.

Using Value Objects for Better Performance

You may have noticed that the Merber EJB has getters and set t er s for all the EJB instance
variables except the primary key (see Listing 21-5). The example is oversimplified for demonstrating the
basic concept of the entity bean. In practice, the member table usually has more columns, such as
street _address, city, state, zip_code, country, phone, fax, enmail,

| ast _due_paynent _date, spouse_nane, and so on. In that case, you may want to consider
different strategies to reduce the network-performance overhead.

Typically, the clients reside in different network nodes from the EJB container where entity beans and
their instances are deployed. It is important to realize that every invocation of an entity bean method is
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typically a remote call that requires using a network resource. (The local EJB specified in EJB 2.0 is an
exception). Even the entity bean caches the object state and therefore does not need to access the
database every time; the network trip from the client box to EJB container box cannot be avoided. A
client of an EJB needs to be aware of this potential performance hit when using an entity bean. More
important, entity-bean developers should consider this when designing and developing an entity bean.
You must look at how the bean's clients might use the methods in the bean's remote interface and then
design the bean to be used efficiently and effectively.

For certain applications, most of the clients may typically want access to only a few attributes of the
bean (or columns in a row of a database table), and they may usually only retrieve or update only one or
two attributes per interaction. That means that in the yacht club example, a given client may want to see
the member's | Dand nmenber shi p_year; another client may want to see only a member's phone and
e-mai | ; yet another client may only want to see a member's st reet _address, city, state and
Zi p_code.

In this situation, you can design the entity bean to promote individual access to each persistent attribute.
You design the bean's remote interface just as | do in the Menber EJB's remote interface: there is a
separate gett er and sett er for each attribute. To address the real-life scenario, you add getters
and set t er s for other attributes such as street Address, city, state, zipCode, country,
phone, fax, e-mail, |astDuePaynentDate, spouseNane, and so on.

In most real-life situations, it is difficult to predict how the clients will use the EJB. If an entity object has
many attributes, it is unrealistic to assume that the client only needs very few of them for every
invocation. If clients normally need most of the attributes when they invoke a bean's business method,
the multiple network trips may cause significant performance overhead. In addition to multiple network
trips, this approach has the following drawbacks:

] Transaction overhead. The EJB architecture recommends letting the EJB container handle
transaction demarcation. Notice that each method invocation involves a separate transaction and
that the EJB container must perform some house keeping work such as calling ej bLoad and
ej bSt or e. If several attributes need to be updated, the separate methods cause the EJB
container a lot of unnecessary work. Although it is possible for the client to get around this by using
client-side transaction demarcation, the client developer must write transaction code that violates
the sprit of EJB architecture.

= Difficulty in validating business logic. It is difficult to validate business logic when such
validation requires more than one attribute value. For example, suppose you need to add a new
business logic to the Menber EJB that invites the member and the member's spouse to a party if
the member has paid his due in the past month and lives in a specific city. Inside the
i nvi t eMenber Coupl e method, you have to have code to check | ast DuePaynent, ci ty, and
spouseNane (to make sure it is not empty). This requires three invocations of the get t er method.
For a large-scale system, since the entity objects are shared by many clients, the three separate
set t er s may have the risk of certain temporary data inconsistency.

A recommended practice to overcome such drawbacks is to use a value object. Rather than accessing
each entity attribute individually, you can set up your entity bean's remote interface to access all
attributes in one call. Essentially, the client makes one request to either retrieve or update all the
attributes of the bean instance. All persistent attributes are accessed via one remote call and within one
transaction. This reduces the network and transaction overhead to a minimum. This approach is
especially suitable for situations where clients generally require access to most (or even all) of the
attributes at the same time.

To access all persistent attributes in one method invocation, your entity bean uses a value object. A
value object is nothing more than a JavaBean, that is, a Java class with public getters and setters
that implement the Ser i al i zabl e interface. You basically remove the individual gett er s and

set t er s from the remote interface (and from the implementation class) and place the equivalent
methods in the value object class. Then you add methods to the EJB remote interface: one to retrieve
the entire value object and the other to set new values. Of course, you include the implementation for
these new methods in the EJB's implementation class.
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For the Mermber EJB example, assuming the Member Table contains more columns, you may create a
value object called Menber | nf oVOas shown in Listing 21-7. The remote interface is then modified as
shown in Listing 21-8.

Listing 21-7: value object MemberinfoVO

/** Val ue object for MenberEJB. Class nane is MenberlnfoVO
* @ut hor: Andrew Yang

* @ersion: 1.0

*/

package java_dat abase. Menber EBean;

i mport java.util.*;

public class Menberl nfoVO {
/1 attributes
private String nenberld,;
private String | ast Nane;
private String firstName;
private String streetAddress;
private String city;
private String state;
private String zi pCode;
private String country;
private String phone;
private String fax;
private String enmil;
private String spouseNane;
private int menbershipYear;
private Date | astDuePaynent Dat e;

|/l accessors

public String get Menberld() { return nmenberld; }
public String getLastNane() { return | ast Nane; }
public String getFirstNanme() { return firstNaneg; }
public String getStreet Address() { return street Address; }
public String getCity() { return city; }
public String getState() { return state; }
public String getZi pCode() { return zi pCode; }
public String getCountry() { return country; }
public String getPhone() { return phone; }
public String getFax() { return fax; }
public String getEmil () { return enmuil; }
public String getSpouseNane() { return spouseNane; }
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public int getMenbershipYear() { return menbershi pYear; }
public Date getlLastDuePaynmentDate() { return | astDuePaynentDate; }

/] mutators

public void setMenberld(String s) { menberlid = s; }
public void setlLastName(String s) { lastNane = s; }
public void setFirstName(String s) { firstName = s; }
public void setStreet Address(String s) { streetAddress = s; }
public void setCity(String s) { city = s; }
public void setState(String s) { state = s; }
public void setZi pCode(String s) { zi pCode = s; }
public void setCountry(String s) { country = s; }
public void setPhone(String s) { phone = s; }
public void setFax(String s) { fax = s; }
public void setEmail (String s) { email = s; }
public void set SpouseName(String s) { spouseNane = s; }
public void set Menbershi pYear (int n) { menbershipYear = n; }
public void | ast DuePaynment Date(Date d) { |astDuePaynentDate = d; }

}

Listing 21-8: Remote interface of MemberEJB using value object

/** Menber EJB Rempte Interface. It use a value object, MenberlnfoVO to
reduce network

* and transaction over head.
* @ut hor: Andrew Yang
* @ersion: 1.0
*/
package java_dat abase. Menber EBean;

i mport java.rm.?*;

i mport javax.ejb.*;

public interface Menber extends EJBObject ({
publ i c Menber | nf oVO get Menber | nfo() t hrows Renpt eExcepti on;

public void updateMenber | nf o( Menber | nf oVO nl nf 0) t hr ows
Renot eExcepti on;

}

In practice, you may need to address a variety of data-access requirements. The required granularity
may well fall between two extremes. Then you may want to design multiple value objects for your entity
bean. This approach gives you more fine-grain control for accessing an entity object's state and still lets
you retain the performance benefits that value objects provide. It works best for entity beans with many
individual attributes, but where the bean's clients typically need access to only a small number of them.

In this approach, you group those individual gett er s and set t er s into subsets that clients logically
want to access together. You can have duplicated gett er s and set t er s in different subsets. Then
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you set up separate value objects for each subset, that is, you define each value object to contain and
handle the attributes required by a particular client's use of the entity bean. In the Mermber EJB example,
you may set up a value object to handle all the contact information (for example, address, phone
number, and so on) and another value object to handle all the membership related information (for
example, membership year, last due payment date, and so on).

It is important to keep performance considerations in mind when developing entity beans, especially for
BMP entity beans, since you are responsible for writing all database-access code. Using value objects
to improve performance is a proven best practice. Use it whenever you feel it is appropriate.

Summary

This chapter provides an overview of the following topics:

= The implementation and use of the ej bCr eat e, ej bRenpve, ej bLoad, and ej bSt or e
methods as well as finder methods

. The implementation of EJB's business methods

= The use of value objects for improved performance
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Chapter 22: Container-Managed Persistence

In This Chapter

Extending the discussion in previous chapter, in this chapter you will learn the container managed
persistence in details. You also see how the EJBs developed since Chapter 20 can be put together to
build a simple application.

CMP Entity Bean — a Rebirth after EJB2.0

The term container-managed persistence means that the EJB container handles all database access
the entity bean requires. The bean's code contains no database-access (SQL) calls. As a result, the
bean's code is not tied to a specific persistent storage mechanism (database). Because of this flexibility,
even if you redeploy the same entity bean on different J2EE-compliant application servers that use
different types of databases, you will not need to modify or recompile the bean's code. In short, your
entity beans are more portable and easier to develop.

It sounds like a very nice concept. However, in the early stage of EJB adoption (up to EJB specification
version 1.1), CMP entity beans have been labeled as slow or even as a performance nightmare. The
persistent state was stored as bean-instance variables, and bean developers often had to use third-
party tools to map bean attributes to database fields (the so called O/R mapping). The integration
between such tools and application servers had given developers enough headaches. It was also
difficult to handle relationships between related objects such as Or der s and Li ne- 1t ens.

Fortunately, all these problems have been addressed in the EJB 2.0 specification released in
September 2001. With EJB 2.0, the EJB container uses the information that bean developers provide in
the entity bean's abstract schema to generate all the data-access calls. As part of an entity bean's
deployment descriptor, the abstract schema defines the bean's persistent fields as well as relationships.
The term abstract distinguishes this schema from the physical schema of the underlying data store.

Bean developers specify the name of an abstract schema in the deployment descriptor. This name is
referenced by queries written in the Enterprise JavaBeans Query Language (EJB QL). For a CMP entity
bean, you must define an EJB QL query for every f i nder method (except f i ndByPri mar yKey). The
EJB QL query determines the database query the EJB container executes when the fi nder method is
invoked. You see the examples of EJB QL later in this chapter.

There are two types of container-managed fields in a CMP bean: persistent and relational. The
persistent fields of an entity bean are stored in the underlying data store. Collectively, these fields
constitute the state of the bean. At runtime, the EJB container automatically synchronizes this state with
the database. During deployment, the container typically maps the entity bean to a database table and
maps the persistent fields to the table's columns.

A relationship field is like a foreign key in a database table — it identifies a related bean. Like a
persistent field, a relationship field is virtual and is defined in the enterprise bean class with access
methods. But unlike a persistent field, a relationship field does not represent the bean's state.

According to EJB 2.0 specification, the implementation classes for CMP beans must be abstract. That
means no instance of these implementation classes can be directly instantiated. The EJB container
generates a concrete class based on the code you have written and al