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Preface

Welcome to Java 2 Enterprise Edition Bible. This book, which is a follow-up to Java 2 Bible, is for readers
who wish to know more about the enterprise market. Enterprise programming is a hot topic these days, as
more and more companies decide they need an online presence to complement their existing
bricks—and—-mortar version. This online presence is more than just a couple of Web pages; it extends to a
complete electronic catalogue and purchasing system.

XML is one of the biggest drivers of the enterprise market. As companies are starting to realize they need to
work together to smooth out the supply—chain management, they are building their second- or
third—generation systems. They are doing this in collaboration with their suppliers and partners. To build the
systems they need interoperability, and whole industries are springing up around this need alone. Need to a
a new partner or supplier? Just ask for the XML DTD. Very quickly you can now include the new
functionality in your system.

Throughout this book we will reference various commercial sites that you will be familiar with as examples o
how large—scale businesses are integrating not only their own Web sites, but also those of partners and
suppliers, into one single system. Order your computer from Dell and you can track it through every stage o
the build process. Then, once it has hit the courier, you can use the Dell site to trace the courier's informatio
about its progress. Dell doesn't use just one courier, either — yet your experience is identical regardless of
which one is used.

What this Book Aims to Do

The aim of this book is to introduce you to all the enterprise Java APIs. Many books are floating around that
deal with specific elements of the J2EE specification — Enterprise Java Beans and XML being the most
prevalent. Yet what these titles fail to address is the whole collection of other interfaces that you as a Java
programmer might find useful. For example, did you know that an API exists for e-mail and newsgroup
handling as part of J2EE?

As a programmer, | like to stay informed about all of the possible options. If | know about them, | can
investigate them further if they sound useful. If | don't know about them, | might be missing some very
important information that might have made my life much easier. Therefore, the aim of this book is to give
you as broad an understanding as possible of the APIs that can be useful in creating an enterprise—level
application. The primary focus is on the J2EE specification, but we also introduce other libraries where we
feel they will benefit your application.

We do not try to cover every topic in great depth. We leave that for other books. What we do is cover each
topic in sufficient detail that you can get started with simple programs and then know the right questions to
ask next. J2EE is a huge specification. If we were to cover it all in depth, you would need to cart the volume:
of the book on a trolley. No doubt you already have a bookshelf full of programming books and don't need a
lot more. Use this book as the introduction to all the parts of J2EE, and then consult other books that treat
specific areas of knowledge in depth.

Who this Book Is For

This book is aimed at the intermediate to advanced programmer. We assume that you already have some J
programming under your belt. We don't spend any time introducing the programming language, and we
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assume you know how to compile and debug a Java application in your favorite development environment.

If you are looking for a beginner—level Java book then we can recommend the Java 2 Bible (ISBN
0-7645-4632-5) written by Aaron Walsh, Justin Couch, and Daniel H. Steinberg.

For the intermediate programmer, this book will introduce all the various technologies available to you as a
J2EE programmer. Perhaps you have never used J2EE before, so this book will show you where to start an
what order to approach your learning in.

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

How to Use this Book

This book is divided into a number of parts. Each part is a self-contained area that focuses on just one piec
of the enterprise puzzle. Within each part, each chapter will stand alone if you know the underlying
technology.

Our approach is to cover all the parts of developing an enterprise application. That is, we don't follow just th
Java APIs, but introduce the fundamentals of the technology that Java operates on. We believe that for you
be the best developer, you must have a solid understanding of the foundations. In fact, many of the enterpri
APIs demand it. If you don't understand how an XML document is structured, and the terms involved, you
will find it very hard to use the XML-parsing APIs, or to define how to load Enterprise Java Beans on your
Web server.

We recommend reading the parts of the book that are useful for what you need to do now. There is no need
read it from cover to cover. If you haven't written an enterprise application before then we highly recommenc
you look at Part | of the book. After that, feel free to roam to the sections that best suit your needs. If we nee
another part of the book to help explain a piece of technology, we'll give you a cross reference to the
appropriate chapter.

This book is comprised of six parts that lead you from the front end of the system to the back end. Each par
covers a number of topics. We can summarize these parts as follows.

Part I: Getting Started
The introductory parts show you around the enterprise space and the various parts of the J2EE specificatior

why you would want to use it, what constitutes an "enterprise" application, and some examples. The advanc
user can skip this part and head into the more specific chapters.

Part Il: Delivering Content
Here we focus on the APIs that are used to deal with an external user — receiving input and sending output

back. It is all about presentation. Rarely is there application logic in these parts. They are more about
assembling pieces of pre—built logic into some correct order and then presenting the output to the user. Mor

2
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often than not, the output is presented in a Web page, but (as you will see) there is more to this part than jus
making a pretty Web site.

Part Ill: Finding Things with Databases and Searches

At the heart of every enterprise system is a database. In that database is a lot of information. In fact, so muc
that without having some form of search capability, you would find it almost impaossible to do in anything else
with your application. The database has many forms other than the Oracle or MS Access that you are used
Specialized databases exist for many different purposes, and sometimes using Oracle alone is the wrong
solution.

Part IV: Communicating Between Systems with XML

As e-commerce systems become more and more complex, the ability to seamlessly talk between systems
becomes more important. It will be an extremely rare situation when you as the developer have to build the
complete end-to—end system. It is almost guaranteed that you will need to integrate third—party software int
the end product. The technology most commonly used for this purpose is XML. As a text-based structured
data format, it works wonderfully well for this. However, to make the most out of XML requires an awful lot
of knowledge, and so we devote an entire part of the book to learning everything about XML.

Part V: Abstracting the System

When system complexity or load grow high enough, a simple two-tier application will no longer handle your
demands. To help alleviate this problem, a range of different technologies have been introduced over the ye
to allow you to abstract the raw data sources into collections of business logic. These collections can be use
in many different forms to present a range of applications to the end user.

Part VI: Building Big Systems

Moving up to the really huge systems that you might see in a site like Amazon.com demands even more of
your application. The skills and knowledge needed to implement these solutions is often very specialized.
How often will you get a complete system failure today? Most likely never, so you have to know how to builc
applications that can deal with partial failures and still continue to operate normally. This part is devoted to
the Java technologies needed to deal with such applications.

Appendixes

While code and examples are extremely useful, there are many other pieces of information that you need to
know. The appendices cover Sun's Reference Implementation of the J2EE specification, listings of products
and vendors of J2EE systems, and also a glossary of terms to help you through all those acronyms.
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Chapter 1. Defining the Enterprise

Overview

A lot of hype has surrounded the Java language and platform since they were first introduced in 1995. With
the growth of e-commerce Web sites and other "enterprise" applications, Java has really found its niche. Sc
what is it all about, and why is it good for you?

When it comes to building large—scale Web sites that involve e—~commerce, the most frequently used languc
is Java. In fact, most of the time the question is "Why should we use anything other than Java?" By the time
you have finished this book, you will be able to understand why that question would be asked. There are me
great reasons to use the Java environment. From the very design of the Java APIs to the other technologies
that Java integrates, it just makes the development process feel "right." For almost every task in the enterpri
level there is a Java API to make it quick and simple to perform.

Introducing Enterprise Applications

There's an old cliché, "Ask 10 lawyers a question, and you will get 11 different answers." That about sums u
how people define an "enterprise" application. Probably the best way to define an enterprise application is tc
show you a number of examples. It might surprise you to learn what can be classified as an enterprise
application. As a programmer, you've probably wondered what goes on down the back of that Web site.

Within all applications that could be classified under the enterprise label there is a common set of features tt
you could expect to find:

» A database that contains a lot of information critical to the company's success.

* A set of (possibly hundreds) of small applications to access parts of the database.

* A number of different applications from different parts of the company integrated to look like a
cohesive whole.

* A handful of developers madly maintaining the applications and providing new features on an ad—ho
basis.

» Some form of Web site for accessing information and services within the company, if the company is
Internet-based or deals a lot with other companies.

Many other forms of applications can be called enterprise applications. However, these tend to become
specialized to a particular product or technology area.

Cross—Reference Chapter 2 will expand on the different classes of enterprise applications. These
examples are brief, to illustrate the various ways you can think of an application
as being one that is used in an enterprise setting.

Not just a pretty Web site

So what goes into an average enterprise application? From the preceding description you can imagine that
almost any enterprise application is going to be a serious affair — no sitting down for a couple of hours and
just churning out a thousand-line application. Although you might end up doing that for the little report

generators, the system as a whole is a very large piece of software that requires you to have a good design
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Chapter 1: Defining the Enterprise

an understanding of the principles involved.

Before going into the details of the pieces of an enterprise application, take a look at a very typical example:
the e—commerce Web site. You can find these everywhere, from Amazon.com to Buy.com. Chances are the
if you are building an enterprise application, at least somewhere in it you will have to build a Web front end t
it.

A quick look through one of these Web sites reveals a number of necessary features:

» A search engine to enable you to find the page you need from among the hundreds or thousands
available.

» A shopping basket to enable you to purchase things.

» Pages that tailor themselves to your individual needs, such as by keeping track of your recent
purchases.

« Links to third—party providers, such as the courier companies delivering your orders and the credit
providers that debit your credit card.

To the end user, this might look a bit like Figure 1-1 — you have these collections of functionality behind the
site doing useful stuff.

Figure 1-1: How a typical user would think of the structure of an e-commerce Web site — search engines,
shopping baskets, and a payment system

Now how does this same system appear to the guy in the warehouse packing boxes to send out to the
customer? He takes a very different view, as you can see in Figure 1-2. He sees a set of forms detailing the
next order he must fill, a handler for the courier company (or companies), and a way to order more parts froi
suppliers.
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Figure 1-2: How a worker in a warehouse would think of the e-commerce system — a database of the orde
to be filed, and interfaces to the courier company and to suppliers

Notice how the two users have very different views of the same system. The data and most of the logic are 1
same, but what is presented to each user is very different. The point here is that an enterprise application ce
be almost anything — don't just associate it with the Web site. The best part about J2EE is that it does not
restrict you to just thinking about Web sites. You can use it for many different things that you would not
normally expect an "enterprise" application to do.

The architecture of an enterprise application

When building your own enterprise application, you will generally find that you need a large collection of
code. Unlike ordinary applications, in which code is all in the one physical place, enterprise applications
spread code across many machines. This forces you to think about how to break up the code to run on mor
than one computer.

In industry parlance, the way you break up the code to run across different machines is by using what is call
a tiered design. Think of all the different layers of code a piece of information passes through to get from the
user to the database and back again: Each of these layers is a tier. Enterprise systems are generally classe
either 2—tier, 3—tier, or n—tier.

2-tier applications
A typical 2-tier enterprise application has a user interface and a back end, typically a database such as the

shown in Figure 1-3. The user interface talks directly to the database, which in many cases is located on th
same machine. You might find these applications in chat room—style sites, for example.
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Figure 1-3: A simple 2-tier application that has a user interface (a Web browser/server) and a database

In implementation terms, you would typically write this sort of software using Java Server Pages (JSP)
technology, Microsoft's Active Server Pages (ASP)/Visual Basic, PHP, or Perl.

3-tier applications

In a 2-tier application, the application talks directly to the database. 3—tier applications add an extra layer of
logic between the user—interface code and the database, as shown in Figure 1-4. Typically this layer is calle
"business logic;" it represents an abstraction of the functionality. You no longer need to worry about the
database implementation, because your user—interface code now talks to this abstract representation.

Figure 1-4: A 3—-tier application inserts a layer of abstraction between the user-interface code and the
database at the back.

In this middle tier, you normally use a technology that provides a level of abstraction so that you now see th
functionality as a collection of objects rather than SQL calls. The most commonly used of these technology
options are Enterprise Java Beans (EJB), Common Object Request Broker Architecture (CORBA), and
Microsoft's Distributed Component Object Model (DCOM). The reason for using this type of architecture is
that it enables you to easily increase the number of first-tier servers and services. If you need another
application that needs a similar sort of logic but a different presentation (say an internal application rather th
a Web site), you can quickly add the new functionality without needing to copy old code, modify it and hope
it works. Of course, following good software engineering practices, you would minimize the exposure to the
next level down and add extra security (for example, by limiting access to a database to only certain functior
and using firewalls at each level).

n-tier applications

Once you get beyond three separate tiers of code you come to the open class where anything goes. No lon
do you use the term 4-tier, 5-tier, and so on, but instead the more generic term n—-tier. Applications that rea
this size are typically much more complex and have many different layers, such as those shown in Figure 1-
Some parts of the system might use only three while others might use six or more. Of course, the interesting
thing here is that once you get to this class of design, you are only talking about one company — the interfa
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to an external company may itself have even more tiers that you don't see in the design.

P

.,‘l/‘.

Figure 1-5: A multi-tiered application that provides services to many different systems

The middle tier is more than just an abstraction layer: It also acts as a switch to direct queries and updates t
various different underlying systems. For example, to extract information about a user, you can go to an SQ
database to find out the purchases he or she has made, to an LDAP database for his or her contact details,
to an extranet link to the courier company for delivery progress reports. This information is all neatly

packaged and hidden inside a single application object available to the various presentation—code modules.

You now face the problem that each of these third—party systems is different, and your job as a programmelt
becomes that much more difficult. You have to make sure that communications always work well among
disparate systems. And this is where XML enters the fray as the lingua franca of enterprise systems.

The building blocks of an enterprise application

When you look at these tiered application types you can see a nice pattern formed by the various items of
functionality. Each of the preceding figures has one more block of functionality than the one that preceded it
Each block is self-contained and is not always appropriate for your application.

When analyzing an enterprise application you can break the code down into a series of blocks of functionali
The previous section introduced you to the definitions of these blocks. Essentially you can take each tier as
the basis of that definition. If you did so, you would end up with the collection presented in the following
sections. Interestingly, each of these sections also maps to a subset of the J2EE APIs; we will use these as
basis for our presentation in this book.

User presentation
We start with the thing that everyone sees — the block about user presentation. Here you take all of your
underlying data and present them in a form your average user can understand. The majority of the time this

a Web site, but there are other ways of presenting user data.

If you look at some of the most popular tools within a "standard" company, you will come up with a list that
contains Visual Basic, Delphi, PowerBuilder, and friends. These are also user—presentation tools. Although

6
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they won't help you build Web sites, they do provide a quick and simple way to present a complex set of
underlying data with a simple user interface and a quick—to—build GUI application. In the Java realm,
equivalents would be Borland's JBuilder and IBM's VisualAge. Although these are not as popular as the
non-Java tools, the rise of J2EE is certainly presenting a pressing case for starting to use them.

NoteIn the case of Java tools, the user interface is usually constructed with Swing components. Swing is no
part of the J2EE APIs, but is part of the core Java 2 Standard Edition that you have most likely already
programmed with.

Another form of presentation that you will be familiar with is e-mail. Yes, even those simple reminder and
confirmation e—mails are part of an enterprise system. Just like a Web page, they take a collection of data a
massage it into something you can make sense of. They operate on the same data abstraction layer and bu
something useful.

Note As an example of how e—mail is just another presentation system, consider this real-world
example: To maintain the Java 3D FAQ, we keep the contents in a database. Then, when we
need to generate an updated page, we create an XML representation and then turn that
representation into a Web page and a text file for e-mail at the same time.

Data storage and retrieval

The underlying data is the most important part of any enterprise system. Without data, all the rest is
meaningless. The most popular way to store data is in a relational database, as typified by Oracle and Syba
However, many other forms of databases are available. This is where the rubber meets the road in the
application implementation. If you choose the right data—storage system, the rest becomes a relatively simp
affair.

One thing you can be sure of is that for any type of data storage there will be many different vendors
providing something to do the task — from open-source solutions to very expensive proprietary databases.
Because there have been so many different vendors, there is a lot of pressure to conform to a set of standa
for each type so that access is simple for the application writer. So what we now have is a simple collection
APIs and a vast variety of implementers of those APIs. You can use whatever data storage suits your needs
and not have to rewrite the code each time it changes.

From the application perspective, at this tier you have to decide how to store data (the relational database is
not always the best choice). Once you know how the data are going to be stored, you can then look at the
available API sets. These APIs provide the programmer abstraction that you need to get the job done. Whel
possible, APIs should be independent of the database, but allow as much low-level access to the raw syste
as possible. For example, when talking to a relational database management system (RDBMS) you really
want to use SQL to give you the most power and flexibility.

Communicating between different systems

An increasingly important aspect of enterprise systems is the ability to integrate with existing systems and
also with systems from third—party sources — other businesses your code is interacting with. Quite often yo
cannot change these other applications (you don't own them, you don't have the source code, or they are ju
too old to modify) even though they are not completely compatible with what your code does. However,
business demands mean that you must make them cooperate.

In trying to make disparate applications cooperate, you need to provide a layer of abstraction over them. Oft
the only way to do this is to make sure they both understand the same data. With PCs, UNIX boxes, and
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mainframes all potentially sharing the same data, you end up being reduced to using files. In the old days,
these might have been comma-—delimited files or similarly archaic, hard-to-read, and usually poorly
documented systems. Over the last few years the best choice has become using a well-defined meta—langt
that enables particular application providers to build their own protocols. The result is that you no longer nee
to worry about how to parse the file and can instead concentrate on the data contained in the file.
Unambiguous communications means that application developers can spend their time dealing with
application logic rather than debugging their file readers.

Building components to use

Once you start building an enterprise application, you find that people would like to start using it for all sorts
of things that you didn't originally envisage. In bigger companies, programmers from other groups may also
want to use your system. Suddenly they start putting strange data into your database in ways that you didn"
want them to, and it causes bugs in your code. This is not a healthy situation. Similarly, your Web site has
suddenly grown from a thousand users to a million. You need a pile of extra hardware to support this. What
are you going to do?

Creating abstract representations of your data that sit between the databases and user—presentation code f
many advantages. You can:

« Implement functionality only once and have many different users take advantage of it.

 Scale any single part of the system without affecting the other parts.

« Protect vital business assets held in the database by preventing unauthorized access and manipulat
of data in their raw form.

« Deal with a single source of all information regardless of whether the information came from local or
remote sources (or a combination of the two).

Growing with the times

As your applications become larger and have more users, an extra set of conditions comes into play. A syst
that has a couple of thousand users accessing functionality every minute, requires making sure all the upda
occur correctly and don't lead you into an unrecoverable state with some items changed and others not.
Similarly, as your enterprise applications encompass more systems, the odds of any one part falling over
increases. With the chance of something critical dying, you need to take more care to protect your software
from creating inconsistent data.

Although the database interface enables you to change items, the typical interface only allows one interactic
at a time. As applications grow you might need to make changes to two separate tables at the same time. If
one fails, you don't want the other one to go ahead. Traditional API sets don't include this level of control of
the transactions because many cases don't require it. To provide these capabilities you can include another
independent set of controls and in this way form an extra tier in the system.

Introducing J2EE

So far we have kept discussions on a purely abstract level, staying away from Java—specific references. In t
section, you'll see how these abstract concepts correspond to what Java in general, and Enterprise Java in
particular, deliver.
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A brief history of Enterprise Java

The Java environment has not always catered to the enterprise market. When Java was first released, the h
was about its ability to provide interactive content on Web sites. Unfortunately the delivery didn't live up to
the hype, and Java suffered some bad credibility setbacks. However, some adventurous types decided to gi
it a try on the server side. Slowly, under the radar of the press, the tide turned in favor of these developers, :
the Java environment really found a niche that has turned it into quite a market winner.

The Java editions

As you wander around the Java Web site you may become confused as to what is happening. There are jus
many different products, APIs, and projects that it is easy to get confused. Most of this revolves around the
way the various standard class libraries are packaged together to form what Sun calls editions of Java.

Note The home of Java is located at http://java.sun.com/. Here you can find all the information
you need about APIs, download examples, and get links to exter—nal sites.

Three editions of the Java core class libraries exist: Micro, Standard, and Enterprise. These editions can be
summarized as follows:

» Micro (J2ME): This is a heavily restricted version designed to run on embedded devices such as
Palm Pilots, pagers, and mobile phones. These machines have very restricted hardware and proces
power, as well as limited display capabilities.

 Standard (J2SE): This version includes the original core set of libraries designed to enable you to
write a desktop application or applet in a Web browser. J2SE mostly consists of GUI frameworks,
some networking, and 1/O processing libraries.

 Enterprise (J2EE): This is the everything—but-the—kitchen-sink version. It contains libraries for
finding and interfacing with almost any form of computerized data source. In short, J2EE is a superst
of the J2SE libraries but with the main expansion being directed at the data processing and
behind-the—scenes market.

J2SE is what you are introduced to in introductory texts. In this book we introduce all the new items present
by the J2EE extensions.

Integration of existing and new technologies

One of the greatest strengths of Java in the enterprise environment is the way it has gone about introducing
new technologies while integrating existing technologies at the same time. In doing so it has adhered to the
philosophy established in the core Java environment: provide a very consistent set of APIs that observe the
80/20 rule to speed application development.

One of the complexities of writing native code applications used to be dealing with the enormous range of
options. Making a simple socket connection was typically a two—page exercise in code. With the elimination
of most of these options, which are only used in 20 percent of cases, that socket connection became only fiy
lines of code. While this eliminated a certain class of applications, the remaining 80 percent suddenly took a
third or a quarter of the time to develop. For big companies, that meant realizing more requirements with les
effort — a major plus in any environment, and the reason systems like Visual Basic, Delphi, and
PowerBuilder became so popular.

Realizing that Java developers diligently work in environments that also include a lot of legacy code, a lot of
work has gone into developing APIs that make these capabilities easier to use. For example, there is no rea
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to create a new database system, but it makes sense to create an abstract API to enable any developer to f
SQL statements to an existing one. Similarly, there were a lot of pre—existing mainframe applications that
needed to be integrated and many military applications that used CORBA, so all of these have been integra
into the J2EE toolkit for application developers.

Navigating J2EE

From the preceding simple introduction you can see that J2EE has a lot of different capabilities. It is a very
large toolkit for enterprise application developers and rivals the size of the core Java specification in size an
spread of coverage. The J2EE APIs can be separated into the same categories as the building blocks of an
enterprise application.

User presentation
Once you have gathered data from the various abstract objects, you need to return them to the user. The gc

of the presentation layer is to facilitate this, normally by means of a Web browser using server—side Servlet
JSP technologies. There are other API sets provided, however, as documented in Table 1-1.

Table 1-1: APIs that provide user—presentation capabilities

API Description

Servlets Used to provide dynamic Web site support for the Java language. Plugs straight into
the back of the Web server to process queries for dynamic services for which ypu
need complex capabilities.

JSP Used for simpler, dynamic Web-server capabilities wherein Java code is intermingled
with the raw HTML and processed inline.
JavaMalil Interface to the mail and newsgroups capabilities. Used to interact with any form of

mail system to either receive or send e-mail.
A common assumption made by programmers is that Servlets or JSPs are really only useful to someone
dealing with Web browsers — that is, a person sitting in front of a machine looking at a Web page. They car
be used for so much more than this. You can have two parts of the application talking together through an
HTTP protocol passing binary data in each direction. This might be useful in situations in which you want to
firewall off a certain piece of functionality behind other systems (for example, in an electronic—payment
gateway system).

Cross—Reference User presentation capabilities of the J2EE specification can be found in Part 11,
"Delivering Content," where you'll find chapters on Servlet and JavaServer Pages
technologies and JavaMail.

Data storage
As we have been hinting throughout this chapter, the data—storage APIs provide a level of abstraction beyol
that of the individual protocols. Two main APIs are available here, both of which are documented in Table

1-2. Both of these APIs abstract you from the low—level connection details and provide an abstract
representation of the data contained in the data source.

Table 1-2: APIs that provide abstracted data—storage capabilities
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API Description

JDBC Java DataBase Connectivity, an abstract representation of SQL interactions with a
database. Enables you to create queries and to interact with the results in a Java—aoriented
manner rather than forcing you to use raw text processing.

JNDI Java Naming and Directory Interface, an abstract representation of many different types of
directory services, but most commonly used with LDAP databases. May also be used with
DNS, file systems, and property systems (for example, Microsoft's Windows Registy).

To enable this abstraction between the data source and your code, both of these APIs use a service
provider—implementation interface. This effectively enables a vendor to write an implementation without
having to provide your code with the access to the vendor's internal code, while allowing the internals of the
abstract API to get at the fundamental details. To configure a different provider, all you need is a string
describing the name of the startup class. From there you can use and make queries on the underlying data
source through the normal interfaces.

Cross—Reference Data storage APIs are presented in Part I, "Finding Things with Databases and
Searches," where we cover JDBC and JNDI. We also heavily cover the underlying
technologies with separate chapters on SQL and LDAP.

Inter—system communications

J2EE only provides one set of inter-system communications based on XML. As XML is rapidly becoming th
de facto standard for this type of work, we don't consider it much of an issue. Within the XML sphere, there |
a lot of variety and many different groups all working to achieve some form of a standard — whether it be ar
industry standard, formal standard through one of the various bodies like ISO or W3C, or some other form. /
there is no telling what will eventually become accepted, the J2EE specification is only adopting the most
accepted of these proposed standards into the specification at this point. Although only four specifications a
supported through J2EE, many others are working their way through the Java Community Process at the tin
of this writing. The standards that are covered by J2EE (and J2SE) are shown in Table 1-3.

Table 1-3: APIs that provide communications capabilities

API Description
JAXP Java API for XML Processing, the highest level APIs for processing XML documents and

related technologies. Enables you to create parsers without knowing the implementation.
The latest version also supports XML Schemas and stylesheets (XSLT).

SAX Simple API for XML, a representation of an XML parser that presents information ir) a
serial format as the document is read. The interface is defined by the XML development
community.

DOM Document Object Model, an in—-memory representation of an XML document after it has

been parsed.

Note There is an interesting set of issues here. Currently the XML—-processing capabilities are defined within
the J2EE specification. However, the latest version of the J2SE (v1.4) also defines the same API sets.
This could lead to some interesting clashes in the current versions. (For example, it is already known
that J2EE 1.3 does not play well with J2SE 1.4 betas.)

Cross—Reference Part IV, "Communicating between Systems with XML," is devoted to exploring XML

and all of the capabilities surrounding it, including some of the upcoming standards not

in the current specification. Work on the future J2EE XML specifications is taking place

at a very rapid pace. From the business perspective, ebXML and JAXM are the current
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flavors that look to be promising.
Abstract objects

A major push behind EJBs and CORBA are the principles of abstraction. This middle layer provides you witt
a number of different ways to abstract details of your system away. Which one you use depends on the type
application you have to write. Are you going into a system that consists of a lot of legacy code? Are you
adding just another application to an existing enterprise Java environment? These are the sorts of questions
you will need to ask when deciding which of these technologies to use (see Table 1-4).

Table 1-4: APIs that provide abstract object capabilities

API Description

RMI Remote Method Invocation, a simple representation of a remote object that is
Java-specific. Contains its own network protocol and infrastructure.

EJB Enterprise Java Beans, a high—level framework for the management of abstract olpjects.
The underlying communications between the abstract representation and its server may
use RMI.

CORBA Common Object Request Broker Architecture, the predecessor of RMI and EJBs, which
operates in a multi-language environment. For example, a C application may provide
services to an Ada application. CORBA provides a different set of capabilities to RMI
where it does some things better, and some things not as well.

Cross—Reference Part V, "Abstracting the System," is dedicated to covering the various distributed object
abstraction APIs.
Large systems

To enable the delivery of the largest of the enterprise applications with J2EE, two API sets are available

(outlined in Table 1-5). These are combined with the other enterprise APIs to provide the most reliable
systems.

Table 1-5: APIs that provide robust and reliable systems

API Description
JTA Java Transaction API, robust and reliable systems that conform to ACID principles.
JMS Java Messaging Service, interfaces to message—based systems such as mainframes.

Cross—Reference Design principles for building large—-scale systems and the APIs available to do this work
are covered in Part VI, "Building Big Systems."
Connecting the dots

In the latest revision of the J2EE specification, a collection of new features has been added that can best be
described as Glue APIs. These are mainly focused at helping J2EE applications fit into existing environmen
and also enable the disparate parts of the existing J2EE APIs to work in a more cohesive and consistent
manner. These new APIs are introduced in Table 1-6.

Table 1-6: APIs used to connect J2EE to other applications

API Description
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Activation This is actually one of the oldest APIs around, dating back to the time that JDBC
was first introduced. Activation is about locating and running external
applications, as well as describing file and networking concepts using MIME
types.

JAAS Java Authentication and Authorization Service, a pluggable API for providing
security services such as authenticating users of the system. For those familiar
with UNIX systems, this is very similar to PAM. JAAS is part of the core J2$E
1.4 specification.

J2EE Connector Architecture and APIs for integrating J2EE applications with
Architecture existing enterprise applications like ERP and CRM systems (for example, SAP
R/3).

Not just for the enterprise application

All of the APIs presented in the previous sections can also be used as standard extensions to the normal JC
Although the focus of this book is on the use of J2EE in the enterprise application, there is nothing to stop y
from using these APIs in an ordinary application. For example, XML is such a huge topic within the
programming world that it is being found everywhere. Desktop applications and even little advertising applet
are using XML to define their data — not to mention the fact that XML is becoming a part of the core J2SE
standard from v1.4 and onwards. JNDI arrived as part of the core specification in J2SE v1.3, which has bee
out since summer 2000.

Deciding which parts to use

With so much to choose from it is often hard to decide where to start and what will be most useful for your
application. It is often easy to take on too many new parts rather than limit what you are using to something
manageable. The following sections will help you decide the best parts to start with for your project.

By programmer

If you are an experienced programmer moving to J2EE, the design of your project will automatically point oL
which parts of the J2EE environment you will need to use. Are you starting in an environment where you ne
to integrate with and/or replace existing technologies?

Beginner programmers either moving to Java or just beginning in an enterprise application will ideally be
directed by the more senior members of their projects. However, some requirements will still be pretty
obvious. If you need to send an e—mail there is only one API: JavaMail. Where you don't have a set directiol
we suggest you start with the core protocol APIs and move upwards as you find necessary. For example, to
use Enterprise Java Beans effectively you really need to know about RMI, JNDI, and JDBC (and of course
SQL). It always pays to understand the lowest level first as a basis for other projects.

By project

An alternate guide to deciding which part or parts of J2EE to use is the goal of the project. The options for a
all-new project are quite different from those for a project wherein you are building on a legacy system.

If you are starting a completely fresh project, then we recommend going for the complete J2EE environmen
That is, don't use any of the older technologies like CORBA for your middleware infrastructure. Staying
within an all-Java environment has significant advantages both in system capabilities and future migration
paths for both hardware and software. As a grossly simplified taster, CORBA is not capable of passing
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complete abstract objects around remotely the way EJBs are. Naturally these considerations also depend ol
what other software projects you expect to be integrating with in the future. If you know that you will need to
integrate applications that do not use Java, then you may be better off using CORBA.

Note As an interesting aside, the reason that RMI started in the first place was due to these limitations in
CORBA (only allowing primitives). Since then, the latest changes in the CORBA specification have
been to bring those RMI capabilities back into CORBA, thus driving it to be more Java-like. Definitely
a case of swings and roundabouts in the various specifications driving both communities forward as
there is now RMI-IIOP that allows RMI objects to be made available over the IIOP protocol to
CORBA-capable systems.

For an existing project, unless it is already working in a completely J2EE environment, it is most likely that
you will be using CORBA APIs or JMS. The former is the middleware environment mostly used by non-Jav:
languages such as C and Ada. If you have to integrate with existing mainframe environments such as the IE
AS/400, then you will be using the Java Messaging Service (JMS). You may also need to look around for
other third—party APIs such as IBM's MQSeries libraries.

Getting Started

Now that we've introduced the J2EE specification, you need to know how to get up and running. First you w
need to get J2EE installed on your computer. After installing the environment you will need to decide on a
starter project to introduce the new capabilities.

Downloading and installing J2EE

Before you start coding, you need some code to start with. From the basic text editor (vi, emacs, or Notepac
to the grand development graphical development environment, each developer is different. The J2EE
environment will work with all of these. In order to accommodate both camps, we will present both a basic
and an all-encompassing setup that will be needed to work with J2EE.

CautionSome incompatibility exists between the standard extensions provided by the J2EE and J2SE
environments. If you are installing both on your machine, then please read the advice included in the
J2EE documentation.

Cross—Reference If you choose to use the J2EE reference implementation from Sun, please refer to
Appendix A, where you'll find a very detailed set of instructions on how to install,
configure, and then use the reference implementation.

The basic setup

Java is everywhere, but how do you get started? Well, first you need a copy of the Java Development Kit
(JDK) for your platform. If you visit Sun's Java Web site at http://java.sun.com/ you will find either an
implementation for your platform or a link to a site from which you can download an independently supplied
version. The JDK provides the basic needs for your development — compiler, documentation, and core clas
libraries for the J2SE environment.

Tip You can find the homepage for the J2EE environment at http://java.sun.com/j2ee/.
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The next thing you need will be an implementation of the J2EE specification. A sample environment is
provided on Sun's Web site in the J2EE area. If you are just kicking the tires, then this should be satisfactor
For a real-world environment, it is definitely not recommended. Instead, you are going to have to look for a
commercial package that implements the J2EE specification.

Note As far as we are aware, no complete open—source J2EE environments exist. The Tomcat/Jakarta proje
at the Apache foundation is close, but is not a complete J2EE environment and is missing several key
API sets. The Jakarta project can be found at http://jakarta.apache.org/.

Once you have downloaded these packages (and don't forget the accompanying documentation!) you will
need to install them. Use the suggested directories from the installation routines, making sure that you insta
the software before the documentation.

Basic installation is very simple, and there's not much that can go wrong if you follow all the hints. Once
you're done with installation you can start writing J2EE code. Some of this code you can even run without al
extra work. Code that uses XML, the Mail APIs, and JNDI will work fine. For Enterprise Java Beans (EJB)
and some of the other APIs you must run through a setup (deployment is the J2EE term) process before yol
can execute the code. You will run through this process when you get to the EJB introduction in Chapters 1¢
and Chapter 17.

The grand setup

If your corporate environment is keen on going for the gold—plated option with development environments,
then there are several tools worth looking into.

One of the first questions is usually, "What IDEs support J2EE?" There are several, and they cater to all tas
although each has some major pitfall. IBM has VisualAge, a good IDE but one that suffers in its debugging

capabilities with libraries that use native code. Forte from Sun is a good environment but chews up excessiv
amounts of memory. CodeWarrior from Metroworks is also good, but supports a limited number of platforms

If you are developing commercial applications, then an optimizer/profiler is also a much—needed tool.
Optimizelt! seems to be the one most commonly used, and it provides all the necessary capabilities.
(Optimizelt! can be found at http://www.optimizeit.com/ where you can download free trial versions.)

On top of this you will also need a tool for design and implementation. This might be RationalRose
(http://www.rational.com/) on the high end, or a simple UML drawing tool like MagicDraw UML
(http://wvww.nomagic.com/magicdrawuml/), or even Visio with the right stencils (we recommend replacing
the standard UML stencil with one provided by the UML group at http://www.rational.com/uml/). Code
generation/reverse engineering is not a requirement, but may be useful for the way you like to work.

Deciding on a project

Now that you have a development environment that you are comfortable with and all of the right libraries, yc
will need to decide on a starter project. If you have been directed to use J2EE for a project, then the choice
starter project should match the requirements of your work. It is a fairly safe bet that your project will require
either XML or EJBs, so you should first attempt a project using one of these topics. For newcomers, one of
the following projects would be a good introduction.
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The XML project

For XML projects, it is best to start with an already known XML DTD, particularly if you are not familiar
with XML itself. This will eliminate one point where you might get something wrong. A good place to look
for sample DTDs is at the W3C site (http://www.w3c.org/) and the XML sites (http://www.xml.org/ and
http://Iwww.xmlhack.com/).

Cross—Reference A whole part of this book is devoted to understanding XML as a document as well as the
APIs used to read and write it. Check out Part IV, "Communicating Between Systems
with XML," for all the XML information.

When building an XML project it is best to start by implementing a DOM parser. After you get the hang of
implementing DOM you can move to a SAX model. Once you feel confident in your ability to interpret an
XML document you can move on to code to create one.

The EJB project

Enterprise Java Beans are a fairly complex standard. They belong as a wrapper over a number of other Jav
technologies. Before starting on EJBs, make sure you feel fairly confident about RMI, XML, and possibly
even JNDI. All of these APIs are used to build an EJB system.

Cross—Reference Information on defining and working with EJBs is included in Chapters 16 and 17.

A simple EJB project to start with is building an abstraction of the business organization. This is analogous t
the beginner database system wherein you build tables to represent employees, departments, customers, a
so on. This will get you used to building standard data style objects. Next, move up in complexity by
expanding the business to include items in an inventory and the ability to buy and sell them.

The directory project

JNDI projects are most useful when you are going to be seriously working with LDAP databases. However,
you will see throughout this book, JNDI is also used all over the place to store and retrieve setup informatior
for most of the J2EE APIs. JNDI is relatively simple to learn, so the project won't be very complex. Probably
the best way to start is to have an example LDAP schema and data already in place. What you learn by
interfacing with LDAP databases is equally applicable to all the other uses of JNDI.

Tip A good place to start with LDAP and the server is to use the OpenLDAP server. The setup
examples that come with it also include a collection of data to populate the database.

Cross—Reference You'll find information on LDAP in Chapter 8. We mention the JNDI API in almost
every chapter, but the introduction is in Chapter 9.

First, make sure you can connect to an LDAP server (which is a little more tricky than you might expect!).
Next, make sure that you can walk up and down the hierarchy and that you will be able to read attributes as
required. Deleting attributes should be the next step. Finish off with modifying attributes. Once you have
mastered all of these steps, you will know just about everything there is to know about JNDI.

The kitchen-sink project

J2EE is so large that we do not recommend that you attempt to use every single API in your first project.
However, if you feel that you need to know how it all fits together then have a look at the J2EE specification
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homepage, which includes a very good example project. This project presents a store that sells pet supplies
and includes all the pieces necessary to building a full application, as well as an excellent collection of
documentation.

Summary
This completes our introduction to the Java 2 Enterprise Environment. The environment is extensive and
covers almost every part of the enterprise space. At the same time, the capabilities are not limited to the
enterprise application; you can use them in any type of application.
We have covered the following areas of J2EE in this chapter:

» An introduction to the concepts involved in developing an enterprise application.

» The new capabilities the J2EE specification introduces to the Java programming environment.
* How to set up your own programming environment to start programming with J2EE.
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Overview

To complement Chapter 1, we will now take an extended look at the types of applications you will find in an
enterprise setting. Specifically for the newcomer to enterprise programming, this chapter will outline the basi
structure and architecture of a number of standard application types. This should enable you to decide on th
right approach early on, and then focus on tweaking the standard model to fit your particular needs.

It is often hard to classify an application as belonging to a single design style. When you look at the goal of
your project, you will probably find that you need more than one application to do the job. Not all the
applications will belong to the same classification we discuss in this chapter. When building a new system,
you will probably need to build a number of applications — with at least one from each of these
classifications. And, depending on your perspective, that application will fall into one of two categories:
business—to—consumer or business—-to—-business.

Something else to keep in mind is that what we are calling an "application" here is probably not what you ar
used to thinking of as an application in traditional software engineering. An application may in fact be a
number of identifiably individual processes all occurring simultaneously in the traditional sense. For example
a Web site that offers a catalogue and online purchasing system would have two separate servlets running
inside the Web server. These are two separate processes not linked in the traditional application sense, but
they use a common internal middleware piece. Building enterprise—type applications requires you to rethink
your traditional guidelines and terminology.

In this chapter, we will introduce the basic architectures used by each of the application types. While these
should be taken as a good guide on the highest level of architecture design, you should also consider how y
could modify these architectures to deal with your own particular situation. Once you feel comfortable with
these breakdowns, you may wish to wander off to Chapter 24 for further discussions.

As you read through these examples, you will notice a single recurring theme — almost without fail, there is
database at the center of every enterprise application. Why? Well, an enterprise has to keep a lot of
information. This information has to be accessed quickly, sorted, examined, and used to keep track of what
the business is doing in every fundamental way. When someone places an order online, you need to know t
he or she has placed the order and how much the order was for (so you can work out how much profit you'r
making), and then you need to send on the relevant information to downstream systems. You need a
permanent store of information about every single thing the business does. The best method of doing this is
with a database.

Noteln most cases, a database is really a relational database such as Oracle or Informix. Here we try not to
treat them as specifically relational but instead to be more open—minded about the correct solution for
any given problem. However, that said, by far the majority of database—driven applications are relation:
and use SQL to interface with the databases, so we spend quite some time dealing with them in Part Il
"Finding Things with Databases and Searches."

Business—-to—Consumer Applications
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Business—to—consumer (B2C) applications are defined by the need for some outsider to use the application
The most common example is the e—commerce Web site of the type made famous by the likes of
Amazon.com and friends.

B2C applications come in two basic varieties:

* A Web browser used for the consumer interface
A custom interface, typically within a fixed system with only a single task

For the purposes of this definition, "consumer" will mean the general public. A company such as Dell
Corporation, which needs to have people internally read the order information and generate physical goods,
needs to have a system written for it. These applications are not considered "consumers" in the
software—design sense. They are internal to the company and not considered part of the general public.

Example 1: E-commerce Web site

Like it or not, the e—commerce Web site is the poster child for enterprise applications. E-commerce Web sit
are the ones that get the most notice from both the general public and the press. Unfortunately, this is for bc
good (Dell allowing you to track the order of your new computer right to your front door) and bad reasons
(like certain sites failing periodically). In general programming experience, their popularity also means that
they are the kind of enterprise application you are most likely to run across when looking for jobs.

As a general rule, an e—commerce Web site will possess the following traits:

 Online catalogue of items for sale

» Shopping—basket metaphor to collect items wishing to be purchased
 Option to purchase online and have the order shipped to a given address
« All interfaces presented through a Web browser

Note You can augment an e-commerce Web site with other interfaces, such as phone dial-in
systems for getting order information, but this is not required.
Architecture

E-commerce applications all tend to use a standard system architecture, which is outlined in Figure 2-1. Tf
is the classical n—tier design, consisting of a client tier (the Web browser), a middle tier (the Web server and
associated software), a third tier (the middleware components), and a final tier (the database and external
components).
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Figure 2—-1: A common architecture of an e—commerce Web site

As far as you the developer are concerned, these are the only parts of the system that you need to impleme
An e—commerce site has to sell something, and probably also get that something delivered. This means
interacting with business—to—business systems to talk with the courier or order—fulfilment service. However,
these are external entities that may use some other pre—existing software.

One point to notice, which will be a feature of many of these systems, is the firewall. Notice how almost evel
part of the application is protected from the rest by a firewall. This is a standard security procedure to make
sure your system is as safe as possible. It may seem like overkill, but if someone compromises your Web
server, do you really want to give that person access to the electronic payment gateway with no effort
required?

Technologies used
Several different technologies are used for e-commerce Web sites. The most important is that there is a

middle—tier layer. As you can see by looking at Table 2-1, the collection of technologies is very much
determined by the operating system in use.

Table 2-1: Technologies used in E-commerce sites

Web—-Page GeneratigMiddleware Database Server Operating System

ASP COM/DCOM Usually SQLServer, but could bgMicrosoft
Oracle/Informix/Sybase

Servlet/JSP EJB or CORBA Oracle/Informix/Sybase UNIX/Microsoft

Cal CORBA Oracle/Informix/Sybase UNIX

Note Sites that rely on a single functionality are not included here. A common example of such a site might &
a community Web site like Slashdot (http://slashdot.org/) or LinuxToday (http://linuxtoday.com/). Sites
like these offer a very limited range of functionality, and so a simple two-tier system is useful. The
technologies used (such as PHP or Perl) access the database directly without the middle tier being
present. While it is possible to write a three— or n—tier application with these technologies, it is not
practical from a maintenance perspective. Such sites do not count as enterprise applications because t
only use two tiers.
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Example 2: Aircraft reservation system

Another form of B2C system is one that does not involve a Web interface. The example we are going to use
here is an airline reservation system. Many airlines today enable users to book tickets through Web sites, bt
there is quite a large system that complements this option. Here are a few other ways in which you may nee
to access the same application:

« Travel agent to modify the booking
» Phones to confirm or change the flight
» E-ticket check-in

Architecture

A reservation system like this gives users many different ways to access the functionality. The previous sho
list, shows three completely different ways of extracting the same information — PC application, dial-up
phone system, and fixed—function terminal. What this suggests is that there is a core system with all of the
functionality resident there. Then, as shown in Figure 2-2, surrounding this core is a collection of veneer
applications that perform that functionality on the specific output device.

Froquent Flyer

Flight Status

—
Airline-specific B

database -

-f ﬁ'ﬁa L Check-in
j &‘ Terminal

Figure 2-2: A common architecture for an airline reservation system
Technologies used

The reservation system is a large collection of systems used by airlines around the world. It is a good exam|
of a pre—existing system that you would need to make your application work with. The majority of the systen
is based on IBM AS/400 mainframes. Around that functionality is a layer of abstraction that uses CORBA.
Each of the outputs will then use the appropriate technology. The embedded system for the e—ticket check-
might use Java, the dialup might use the IVR (Interactive Voice Response system)-specific language (usua
a derivative of C), and the travel agent might use a 3270 terminal emulator or custom-written application for
PCs. Where airlines are adding Web site information you will find a mix of technologies like the mix you
might find on an e—commerce Web site. Table 2-2 shows the Java technologies you might want to use in al
aircraft reservation system.

Cautionlt is very unlikely that you will ever be writing a core system for an airline reservation application.
The airlines have spent billions of dollars over the previous couple of decades developing a standart
system that works. The airline reservation system is a good example of how a J2EE application
would have to work within an existing system, as there is no hope of making any changes to the cor
application. J2EE would just be another veneer over the core functionality.
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Table 2-2: Java technologies used in the aircraft reservation system

API Use

CORBA Abstraction of the airline reservation system for use with multiple systems.
JTAPI Interface to the IVR system.

JTA Ensuring fully correct functioning of bookings and payments (the ACID principle).
JMS Interface to mainframe systems.

Cross—Reference The ACID principle is the core principle that you must maintain when building enterprise
applications. More information about this principle can be found in Chapter 24.

Business—to—Business Applications

Business—to—business (B2B) applications are primarily used to swap information without the need for a usel
interface. In most cases, they are fully automated. That is, one business decides it is low on stock and so
automatically sends off a request to a supplier for more. There is most likely no human in the loop. If there is
he or she is using the local system to look at inventory levels and make the request through that interface
rather than directly to the supplier.

Example 1: Inventory system

The inventory system monitors a user's level of consumption and makes orders from a supplier when stocks
run low. For specialty parts the inventory system might order directly from the supplier. Look at your local
auto—parts store, for example. You walk in looking for a specific part, say a new set of pistons. The store do
not keep pistons in stock because they are rarely ordered, so the clerk brings up the order page, types in the
appropriate part numbers, and tells you it will take four days to get your pistons.

In inventory systems, the idea is to replace the old paper—shuffling and phone calls with an automated syste
The auto—parts store is one place where this system is slowly taking over. When the clerk brings up the orde
screen, he or she can tell you whether parts are in the local warehouse, in the importer's warehouse, or only
the factory in Japan — all from a single screen. Here, one interface has interacted with four different system
to find out how long it will take your order to arrive.

Architecture

The architecture of most B2B inventory applications is relatively simple. Depending on the style, there may
may not be a user interface. However, what the application will feature is a connection to one or more exterr
systems — the suppliers. As illustrated in Figure 2—-3, these systems may be unidirectional or bi—directional.
Unidirectional systems will send out requests for information and make orders of the supplier. Bi—directional
systems may also enable the supplier to request information (stock levels, for example) from the consuming
business.
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Figure 2-3: An example architecture for an inventory system
Technologies used

In the current market, it is hard to pin down a specific set of technologies used. The applications for many
smaller businesses, such as the auto—parts store, are typically written with Visual Basic and an Access
database. However, these sorts of applications don't tend to be networked to the suppliers. It is only when'y
go to larger organizations that you find more automated systems. This will change over time, but in today's
market, low—end systems don't require much automated supply chain management.

For high—end systems, there is still no real clear technology being used. As an information—exchange
protocol, XML is starting to make inroads; it is not there yet, though. Some companies are using the built-in
capabilities of applications like SAP R/3 and PowerBuilder, but the market is still open. Naturally, a database
must be involved: Almost everyone prefers Oracle. Table 2-3 shows the Java technologies you may want tc
use when implementing an inventory system.

Table 2-3: Java technologies used in an inventory system

API Use

EJB Abstraction of business logic.

XML Exchange of parts information and orders.
JNDI Customer and supplier directory handling.

Example 2: Electronic payments

Electronic payment gateways have only one specific purpose — taking your credit—-card number and making
it debit the correct amount from the correct bank account. Unlike many of the other examples, the electronic
payment gateway is fairly small in scope. However, it is used everywhere, in the small card readers next to
cash register in your local supermarket, on e—-commerce Web sites, and in your yearly magazine—subscripti
renewal.

Architecture
An electronic payment system architecture is very simple. Unlike the other systems, this one usually has on
one point of entry, which is very heavily secured. As Figure 2—4 illustrates, multiple levels of firewalls and

encrypted network links are commonly part of the system. Usually there are also two distinct players in the
developed code — the bank's side and your code.
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Crypto Crypto  Request Credit
Processor  Database

Leased

Line

Figure 2—4: A common architecture for an electronic payment gateway system

Technologies used

Payment gateways all use similar sets of technologies, even though these technologies may be implemente
different languages. For example, each set must be able to make a secure network connection to the financ
institution. They almost invariably do this through a dedicated dial-up phone line, so you need an API to finc

a modem, dial a number, and manage the call.

Table 2—-4 lists the APIs that you might want to use if you were to implement a payment gateway in Java.

Table 2-4: APIs used in an electronic payment system

API Use

JTAPI Establishing and managing the dedicated phone links to the financial institution.
JSSEL Creating secure socket connections and managing digital certificates.

Servlet Processing requests through a firewall for payments.

We have included the Servlet API in this table. It seems to be quite common for gateways to take their input
from the rest of the system using HTTP requests. That way a standard firewall can be in place and all an
intruder would see is that port 80 is open; the intruder would not know the protocol or what requests to make
At the same time, the connection enables you to use HTTPS connections for the extra security of an encryp
link without any extra work on the programmer's part.

Back—End Applications

Back—end applications are those that tend to be placed on a server and run periodically without any direct
input. The two most common uses that we've outlined here are the telco field (almost any application here
would do!) and the e-zine/news site that might want to send out a periodic publication or broadcast an even

Example 1: Telco applications

Within the telecommunications industry, many different applications could be considered back-end. For
example, you could go as far back as 1996 and find companies that were using Java inside their
call-monitoring section. Huge Sun machines with native compiled Java code were processing incoming—cal
requests, monitoring them, and then making sure the billing was correctly organized.

Today a number of standard examples exist where Java is being used in the telco industry — in wireless
networking for pagers and phones, for example. The WAP market in particular is quite heavy on the use of
Java—based technologies, and the latest mobile phones are including Java capabilities, using the J2ME
specification to run code directly on the phone.
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Example 2: Monthly electronic newsletter

Regular electronic postings, according to some, are better known as spam. However, many people regularly
rely on systems with exactly the same e-mail setup to keep them in touch with the world. Every major news
site and many other sites enable you to sign up for a regular e-mail service. When some significant event
happens, an application kicks into life, assembles the appropriate e-mail message, and sends it out to the i
of recipients.

Architecture
Batch mailing systems are quite simple in architecture. Ignoring the signup section (which is really just a fort

of the e—commerce Web site), you need only the four parts shown in Figure 2-5. The two most important
items are the text of the message and the list of recipients. How these are stored doesn't really matter.
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Figure 2-5: A common batch—mailing—system architecture

Story Info

Technologies used

In the most simple of cases, you could use a text file for the message and an e-mail list processor such as
majordomo for sending out the message. However, this being a book about Java, we need to tell you how tc
do it in Javal! (Well, we'll ignore whether it really is a good idea or not to support the spammers of the world
by giving them yet another way of stuffing our inboxes). So how would you build a Java version of the mail
processor? Table 2-5 gives you a clue as to where to start looking.

Table 2-5: Java technologies used in a monthly newsletter service

API Use

JavaMail Interface to e—mail system.

XML Stores formatted message information.

JDBC Extracts address information directly from the database.

First, you would start by storing all the e-mail addresses in a database. This is important because you may
include other information here to enable yourself to filter out the e—mail addresses to which you want to sen;
information. Next, you want to pre—format the message as an XML document. Using XSL, you can then sen
the recipient either an HTML or plain text—formatted version of the message, according to the recipient's
preferences. Finally, you need to directly interact with the SMTP mail server, so JavaMail does this for you.

25



Chapter 2: Introducing Enterprise Applications

Summary

In this chapter, we have introduced various types of applications that might be considered enterprise
applications. This chapter has given you a look at the types of architectures and technologies used in each
circumstance. The types of applications we examined were:

» Business—to—consumer (B2C) applications

» Business—to—business (B2B) applications
» Back—end applications
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In a typical Java enterprise application, the first object the client talks to is often a servlet or a Java Server
Page (JSP). In this chapter, we'll introduce you to servlets and describe their role in a J2EE solution. We'll
then introduce you to the API by creating a simple HttpServlet and then adding dynamic elements to it. The
examples in this chapter are kept simple so you can focus on the concept being explained. With that
background you can take a more in—depth look at the core servlet classes and interfaces. We'll finish with a
look at session tracking, sharing information, and sharing the workload.

What Is a Servlet?

Servlets are objects running in a Java Virtual Machine (JVM) on the server that generate responses to clien
requests. Often in a J2EE application the client will contact a JSP that communicates with a servlet. The
servlet in turn will call a session bean that interacts with one or more entity beans. Each entity bean will use
Java DataBase Connectivity (JDBC) to communicate with a database. You don't need all of these steps. A
servlet can make a call directly into a database. You can even write your own custom file in which to keep
your data. You can eliminate JSPs and just write a servlet that stands on the front line communicating with t
client. In fact, JSPs are compiled into servlets before they are accessed. Chapter 4 deals with JSPs; for now
you can think of them as servlets written in a more Web designer—friendly way.

Servlets are the second baseman of an enterprise system. When they get a request, they can sometimes h:
it themselves and send a response back to the client. More often than not, however, they receive a request,
transform it, and toss it over to another part of the system that performs the next step. If you're familiar with
the Model-View—-Controller (MVC) enterprise architecture, you'll recognize servlets as in the role of the
controller. Another way of describing their function is to say that servlets are in the middle tier. You don't
want your client thinking about how the database is organized. The client should be making requests that he
to do with your business. The servlet can be built around the business logic and make the method calls of tt
components that make the actual calls into the database.

Servlets are often seen as an alternative to CGIl (Common Gateway Interface) scripts. A CGI program, ofter
written in Perl, has been a popular way of adding dynamic content to Web pages. In addition to the languag
limitations, a lot of overhead is involved in working with CGI scripts. Each request requires a new process to
handle it. This presents problems for servers handling a large volume of requests. If two users want to acce:
the same CGI script (or the same user wants to access it twice), a separate process is spawned.

In contrast, servlets are written in Java. A single instance can handle requests from different users. You dor
have the CGI overhead of creating a servlet every time one is requested. Servlets are initialized once using
their init() method and then persist. You can take advantage of their persistence to reaccess them, share
information, and to connect to other resources. When you are dealing with HTTP, the javax.servlet.http
package provides a lot of support for common tasks. You won't have to use Perl to step through long strings
order to parse and reassemble the client request. Library support exists for methods to set and get attribute:
for adding and retrieving cookies, and for interacting with the client using intuitive methods and typed data.
Also, because a servlet is a Java solution, you can write ordinary Java objects that work with your servlet or
the server.

A servlet runs inside a JVM on a server. Before you shudder in memory of your early experience with applet
let us assure you that you won't have the same problems here. The servlet is sending back HTML or other
formats that the browser (or other custom client) can render. Actually, a more accurate description is that a
servlet runs inside an application called a servlet container inside a JVM on the server. You will need to test
your servlets against the containers you'll be running in. The servlet container will take care of some of the
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life—cycle functions for you. We'll talk more about this later in this chapter in the section "Introducing the
Servlet APIs." Since you're running within this servlet container you don't care about the operating system o
the server, and your servlets should port easily to different Web and application servers.

We don't know which application server you do or should use and can't tell you how to set it up. Things
change. Different servers add support for different versions of the J2EE release. The manufacturers change
way their servers are configured and the extras that they provide. Often you won't have a choice — you'll ha
to learn how to use the Web or application server that your employer has chosen.

That being said, we are covering Servlet API 2.3 and are using the reference implementation Tomcat 4.0,
available from The Jakarta Project at http://www.jakarta.apache.org/. Installation is very easy, and the
documentation has greatly improved. All of our examples have been tested in this environment. If you are n
seeing the results we describe and are sure you have checked your configuration, you may have to shut
Tomcat down and start it back up again. If you have edited the deployment descriptor file, you will definitely
need to restart Tomcat.

Creating a Basic HttpServlet

The easiest way to see what a servlet can do is to create one. In this section you will create a servlet that gr
you by name and tells you what time it is at the server location. This isn't a tremendously exciting servlet, bL
it will introduce you to the API and to some of the nuts and bolts of running a servlet on the Tomcat server.

Using a servlet to create a static page

There is no reason to use a servlet to create a static page. If you want to create a page that simply says "He
you could just create a file called Hello.html that consists of the following code:

<html>
<body>
<h1> Hello </h1>
</body>
</html>

Whether Hello.html is on your machine or on another, pointing your browser at the file brings up a page that
reads "Hello" in large bold type. In this section we will create a servlet called Hello.java that does the same
thing. After looking at the code, you'll see where to place the compiled Hello.class file and how to access the

page.
Creating a servlet that says "Hello"

Here's the code for Hello.java, the servlet that performs the same task:

/I Hello.java

import java.io.*;

import javax.servlet.*;
import javax.servlet.http.*;

public class Hello extends HttpServlet {

public void doGet(HttpServletRequest request,
HttpServletResponse response)
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throws IOException, ServletException {

response.setContentType("text/html");
PrintWriter out = response.getWriter();

out.printin("<htmI>");
out.printin("<body>");
out.printin("<h1> Hello </h1>");
out.printin("</body>");
out.printin("</html>");

}
}

The Hello class extends HttpServlet instead of the parent Servlet class because you need to define the
behavior of the doGet() method. This method takes two arguments. The first argument implements the
HttpServletRequest interface, and the second implements the HttpServietResponse interface. We'll talk mor
about these interfaces in the next section. For now, keep in mind that a servlet processes a request and
generates a response. The servlet container creates the request and the response objects, and passes ther
arguments to doGet() and the other service methods. You need to import the package java.io because it
includes the class IOException, and the package java.servlet because it includes the class ServietExceptior
Everything else is contained in the package java.servlet.http.

You can see that you never use your request object. In fact, you never use the HttpServletResponse
capabilities of the response object. The two methods that it uses, setContentType() and getWriter(), are
specified in the ServletResponse interface. The first sets the MIME type of the response to that specified un
the String parameter passed in as a String, and the second returns the PrintWriter used to send the output &
to the client. Finally, the five out.printin() statements contain the HTML to be sent back to the client.
Although it looks as if you have complicated a simple HTML document, you have put yourself in a position
to add a lot of functionality easily.

Compiling, saving, and running the servlet

You compile a servlet the same way you would any other Java source file. If this is your first servlet, you nee
to remember to add the location of the latest servlet.jar to your CLASSPATH. You then need to save the cla
file where the servlet engine can see it. For Tomcat 4, create a new folder inside the webapps directory and
name it J2EEBIible. At this point the J2EEBIible directory should contain a further subdirectory called
WEB-INF. This in turn should contain a directory named classes and an XML file that is the Web applicatior
deployment descriptor, web.xml.

Place Hello.java and Hello.class inside the classes directory. For now the web.xml file can simply contain th
following code:

<?xml version="1.0" encoding="1SO-8859-1"?>
<IDOCTYPE web-app PUBLIC
"—//Sun Microsystems, Inc.//[DTD Web Application 2.3//EN"
"http://java.sun.com/j2ee/dtds/web-app_2_3.dtd">

<web-app>
</web-app>

You will modify this file in the next section.

Note
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Check out the webapps/examples directory for an idea of how the file structure should look. Also, if yoL
check out the file web.xml inside webapps/examples/WEB-INF, you can get a feel for the structure of
this file. As you may have guessed from the previous code example, the DTD should be available at
http://java.sun.com/j2ee/dtds/web—app_2_ 3.dtd. As of the time of this writing, version 2.3 is not publicly
posted. You can, however, view version 2.2 at http://java.sun.com/j2ee/dtds/web—app_2_ 2.dtd.

Now you're ready to run your servlet. You can't just navigate to the appropriate directory and invoke java
Hello. There is no main() method and so you would get the error NoSuchMethodError at runtime. You also
can't just navigate the browser to your class file and expect "Hello" to display as it did for your HTML file.
You have to start up Tomcat and then point your browser to the following URL:

http://localhost:8080/J2EEBIble/serviet/Hello

Of course, you should replace localhost:8080 with the appropriate information for your server configuration.
If everything has been set up correctly, you should see the image shown in Figure 3—1 on your screen.

2 hitp=/localhost:8080/JZEEBible/servievHello - Microsofr.. M= E3
File Edit View Favorites TYools Help -
Addrass |£) b /Aocaba BI30/IE EBbie/tarviet/Helo =]
=l
Hello
=

Figure 3—-1: The results of running the Hello servlet

Tidying up — where to put your servlets

You don't want to put all your applications directly into the classes subdirectory. You'd soon have a mess of
class files that you'd have to untangle any time you wanted to update a particular Web application. You coul
create lots of top—level directories in addition to the examples and J2EEBIible directories, but this doesn't
solve the problem of organizing all the servlets that will be placed in the J2EEBIble directory either. You
could put servlets that go together in the same package, but this may make the URLs long and complicated
You can fix this naming problem by adding the appropriate entry to the web.xml file. In this section, we'll
quickly discuss each of these techniques.

Using packages

Suppose you want to make the Hello file part of the Greetings package. Create a subdirectory of classes
named Greeting and place Hello.java inside it. As usual you will have to add the following package
declaration to the beginning of your source code:

package Greetings;

Then compile the file from outside the Greetings directory with the following command:

javac Greetings/Hello.java

So far this is exactly the same as working with packages in any other area of Java programming. The
difference is that you call the servlet by directing your browser to the following URL.:

http://localhost:8080/J2EEBIble/serviet/Greetings.Hello
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Editing the web.xml file

Already your URL is getting a bit long for a client to type in. Also, you are confusing your clients a bit. They
may reason, incorrectly, that if Hello is in the Greetings directory that they should just type
http://localhost:8080/J2EEBible/serviet/Greetings/Hello. You can edit the web.xml file so that the mapping
from a URL to a servlet is more natural. For example, consider the following changes:

<?xml version="1.0" encoding="1SO-8859-1"?>

<IDOCTYPE web-app PUBLIC
"—//Sun Microsystems, Inc.//[DTD Web Application 2.3//EN"
"http://java.sun.com/j2ee/dtds/web-app_2_3.dtd">

<web-app>
<servlet>
<servlet-name>
Hello
</servlet-name>
<servlet-class>
Greetings.Hello
</servlet-class>
</servlet>

<servlet-mapping>
<servlet-name>
Hello
</servlet-name>
<url-pattern>
/Hi
</url-pattern>
</servlet-mapping>
</web-app>

As you can see from the XML file, you are mapping the name Hello to the Java class file Hello.class in the
package Greetings. You are mapping the URL pattern /Hi to this servlet. In other words, a client can now
access this servlet at the following address:

http://localhost:8080/J2EEBIble/Hi

This address is much cleaner and more compact. It also doesn't contain the additional information that this f
is being generated by a servlet. This technique means that the information on how you create Web documel
remains private.

Adding dynamic elements

So far you've learned a lot from the simplest of servlets. Now let's add some dynamic content. In this sectior
you will first learn how to display the current time at the server. The point is not that you can add the time to
your Web page; you can do that without using servlets. The point is that it is easy to add functionality to you
servlet using Java code that you write or acquire. Later on in the section you'll take information included in
the request object and use it in the response.

Including the date

With two small changes to the code, you can add the date and time at the server to the Web page, making i
dynamic in a fairly uninteresting way. You'll also change the name of the class to Hello1 and place it in the
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package Greetings. For convenience, you may want to edit the web.xml file to point to this new class. The
following code shows the modifications to the original servlet:

package Greetings;

import java.io.*;

import javax.servlet.*;
import javax.servlet.http.*;
import java.util.*;

public class Hellol extends HttpServlet {

public void doGet(HttpServletRequest request,
HttpServletResponse response)
throws IOException, ServletException {

response.setContentType("text/html");
PrintWriter out = response.getWriter();

out.printin("<html>");
out.printin("<body>");
out.printin("<h1>");
out.printin("Hello, here at the server it's <br>");
out.printin( new Date());
out.printin("</h1>");
out.printin("</body>");
out.printin("</html>");
}
}

It really is that easy to access a Java library function. You simply import the appropriate package and call th
constructor. Because you are writing Java code, you may have been tempted to use \n to generate the new
before the Date is output. If you do, you will not get a new line in the browser output. If this puzzles you,
view the source. You'll see that there is an extra line in your HTML source code. This, however, wasn't your
goal. You wanted to generate an extra line in the HTML output, not in the source. To do this, you need to us
the HTML command <br>. Figure 3—-2 shows the corresponding browser output.

2 hitp2localhost:B080/J2EEBible/servievGreetings.Hello... M=l E3
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Hello, here at the serverit's
Thu Dec 13 11:53:49 EST 2001

=
Figure 3-2: Your first dynamic Web page

You still don't need servlets to generate a page like this. If you would like to use Java technology, you could
generate this simple Web page with a JSP. You'll learn about JavaServer Pages in the next chapter, but in t
chapter you'll continue to add functionality to your servlet.

Using contents of the request object
In the preceding version of Hello the page was no longer static, but it still wasn't responding to user input.
Now let's add the ability to greet the user by name. If the name isn't known, the program will respond as in tl

preceding example. If the name, say Elena, is known, the program will respond "Hello Elena..." For now, pa:
the name in the URL. After you've once again edited the web.xml file appropriately, your URL should look
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something like the following:

http://localhost:8080/J2EEBIble/Hi?name=Elena

The additional information included in this URL is that the property name has the value Elena. This value wi
be part of the request object, and the value of the name property can be accessed with the following call:

request.getParameter("name");

This call returns a String that you can manipulate and add to the HTML being returned to the client, as show
in the following code:

package Greetings;

import java.io.*;

import javax.servlet.*;
import javax.servlet.http.*;
import java.util.*;

public class Hello2 extends HttpServlet {

public void doGet(HttpServletRequest request,
HttpServletResponse response)
throws IOException, ServletException {

response.setContentType("text/html");
PrintWriter out = response.getWriter();

String name = request.getParameter("name");
if (hame == null) name =",
else name =" " + name;

out.printin("<html>");
out.printin("<body>");
out.printin("<h1>");

out.printin("Hello" + name + ",");
out.printin("here at the server it's <br>");
out.printin( new Date());
out.printin("</h1>");
out.printin("</body>");
out.printin("</htmi>");

}
}

You don't actually expect users to add fields like that to the URL, of course. For the most part this will be
done for them when they click an address in an e—mail they've been sent, or when they respond to a promp
a form on a Web page. Your next task will be to create a simple form that passes the information on to the
servlet.

Responding to information contained in a form

Rather than have users add name-value pairs to the URL, have them input their names in a form that passe
this information on to the servlet. To be consistent with your existing servlet, use the GET method to pass th
information from the form to the servlet. A minimalist version of the file HelloForm.html could be the
following:

<html>
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<body>
<form METHOD= GET
ACTION ="/J2EEBible/servlet/Greetings.Hello2">

<p>If you would like to be referred to by name on
this site, please enter your first name.

</p>

<p>
<input TYPE = text NAME="name"> <br>
<input TYPE = SUBMIT>

</p>

</form>
</body>
</html>

Put this form in the directory ...\webapps\J2EEBible. When a user navigates to the URL
http://localhost:8080/J2EEBible/HelloForm.html, he or she is prompted to enter a name by the screen showr
in Figure 3-3.

2 hitp=/Tocalhost:8080/JZEEBible HelloF orm.... M=l E3

File Edit View Favorites Yools Help -
Adldress [ ) i /nccabo BEUIEEE b HokFombini %]
1€ you woskd Bk %0 be mefered 10 by name on this se, please
ender you fisst same
Magagie
| Submitnamea |

Figure 3-3: The HTML form for name entry

When the user presses the submit button, the name entered is appended to the URL
http://localhost:8080/J2EEBible/serviet/Greetings.Hello2. In this case we've entered the name "Maggie" and
so ?name=Maggie has been added to the URL. Our servlet Greetings.Hello2 knows how to pull that name c
of the request object and handle it appropriately. This feels a little silly. The URL contains ?name=Maggie, S
it isn't much of a surprise that the servlet has this information, but that's the way GET works. The data sit
inside of the URL for all to see. An advantage is that you can now bookmark the page, and the bookmark wi
contain the additional information because it is part of the address. Clearly, you wouldn't want to do this for
secure information.

You can specify the method as POST instead of GET. In that case the information is still available to be
accessed with the request object. You need to make a small modification to your current servlet, or you will
get a warning that the page doesn't support POST. To change the servlet, you would either change the nam
the doGet() method to doPost() or add a doPost() method that calls the existing doGet() method so that you
servlet could be accessed with a GET or a POST. To choose the second approach, add the following lines
after the doGet() method in Hello2:

public void doPost(HttpServletRequest request,
HttpServletResponse response)

throws IOException, ServletException {

doGet(request,response);
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Introducing the Serviet APIs

We've said that, fundamentally, the job of a servlet is to process a request and to return a response. Let's lo
at the APIs for manipulating the requests that the servlets are receiving and for generating the response tha
the servlets are sending. We'll begin by looking at the Servlet and HttpServlet interfaces to understand the
basic structure of a servlet.

The Servlet family

Part of what makes servlets so easy to work with is that the container handles many functions for you. You
saw in the previous section that the container is responsible for creating the request and response objects u
by methods such as doGet() and doPost(). The container also controls the life cycle of a servlet using methc
declared in the Servlet interface. GenericServlet implements the Servlet interface as well as the ServletConf
interface. The service() method is its only abstract method. Finally, the HttpServlet abstract class extends
GenericServlet and adds methods for dealing with HTTP—specific requests. It has no abstract methods, but
you don't override one of the basic methods it won't have any useful functionality and so is declared to be at
abstract class. In this section, we'll provide an overview of these APlIs.

The Servlet interface

When a user makes a request for a servlet, the container creates an instance on the servlet if one doesn't
already exist. If there is an init() method, it will be called and must complete successfully before the servlet
sees any client requests. After the init() method returns, the container may or may not call the service()
method one or more times, passing in ServletRequest and ServletResponse objects as arguments. Finally, |
container can call the destroy() method to finalize the servlet and clean up various resources.

You can use the web.xml file to pass in parameters used to initialize the servlet. The parameters are passec
as name-value pairs. For example, you could add the following lines to your existing file:

<servlet>
<servlet-name>
Hello2
</servlet-name>
<servlet-class>
Greetings.Hello2
</servlet—class>
<init-param>
<param-name>
name
</param-name>
<param-value>
Elena
</param-value>
</init-param>
</servlet>

The corresponding init() method would be the following:

String name;
public void init() throws ServletException{
name = getlnitParameter("name");

}
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The Servlet interface provides the signature of the init(), service(), and destroy() methods. These methods g
you the feel of a servlet being a server—side applet. In addition to declaring the life—cycle methods, the
interface declares the methods getServietConfig() and getServletinfo(). The second method is designed to
return non-technical information about the servlet: You can use it to return a String that contains, for
example, the author's name and contact information. The getServletConfig() method returns a ServletConfic
object that defines methods to return information on the various servlet-initialization parameters.

The GenericServlet abstract class

As we mentioned in the first section of this chapter, for the most part you will be creating a servlet by
extending the HttpServlet class and overriding one of its methods. That being said, you can also create a
servlet by extending GenericServlet and overriding the service() method. The GenericServlet class provides
implementations of all of the methods in the interfaces Servlet and ServletConfig except for service().

Now that you've seen what is specified by the Servlet interface, take a look at the four methods in the
ServletConfig interface. The methods getinitParameterNames() and getinitParameter() provide information
about initialization parameters for the servlet. GenericServlet provides an implementation for these methods
You can get an Enumeration of the initialization parameters by invoking getinitParameterNames(). To get a
String containing the value of a specific parameter, use the getinitParameter() and pass in the name of the
parameter as a String. You can query the name of this particular instance of the servlet with getServietName
Finally, you can get a handle to ServletContext using getServletContext().

GenericServlet also contains two log() methods not specified in either the Servlet or the ServletConfig
interface. The first takes a String as its argument that will be the message to be written to a servlet log file.
The message will be tagged with the particular servlet's name so you will be able to figure out which messag
belongs to which servlet. You may want to use this version of log() in the various life—cycle methods so that
when init() or destroy() is called a log entry is generated. The second version of the log() method takes an
instance of Throwable as its second argument. This signature of log() is implemented in GenericServlet to
write the message you specify as the first argument and to write a stack trace for the specified exception int
the log file.

The HttpServlet abstract class

HttpServlet extends GenericServlet by adding methods to handle HTTP requests. You saw examples of
handling GET and POST requests using the HttpServlet methods doGet() and doPost(). The service methoc
doDelete(), doHead(), doOptions(), doPut(), and doTrace() are also available to handle DELETE, HEAD,
OPTIONS, PUT, and TRACE respectively. Each of these methods takes an HttpServletRequest object and
HttpServletResponse object as arguments, and can throw a ServletException or an IOException.

There are no abstract methods in the HttpServlet class. The service() method, which was abstract in the pat
class, is no longer abstract in HttpServlet. Nevertheless, HttpServlet is an abstract class, so you can create
servlets by extending it (as in the Hello examples) and overriding one of the service methods. The final
method that has been added in HttpServlet is getLastModified(). It can help the client to not reload a page tf
hasn't changed since the last time he or she accessed it.

The ServletRequest family

The servlet's job is to take a request and generate a response. This means that the servlet must be able to |
all the information from the request. Remember that for an HttpServlet the container passes in the handle to
the HttpServietRequest and HttpServletResponse objects to the service methods. The HttpServlietRequest
interface extends the ServletRequest interface. The API also includes the wrapper classes
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ServletRequestWrapper and HttpServietRequestWrapper that you can extend rather than having to implem
all the methods in the interfaces.

The ServletRequest interface consists mainly of accessor methods. get...() methods exist for anything you
might want to determine from the request of a generic servlet. You can determine the character encoding,
content length, and type as well as the names and values of attributes and parameters. You can determine |
name and address of the client sending the request as well as the name and port of the server receiving it. |
addition, you can determine whether or not the request was made on a secure channel. Three methods are
available for making changes to the request. The method removeAttribute() removes the specified attribute
from the request, setAttribute() sets the specified attribute to a given value in the request, and
setCharacterEncoding() sets the name of the character encoding used in the request.

The HttpServletRequest interface adds four constants and 25 accessors. Each of the constants supports ba
authentication. For the most part, the methods return the HTTP-related information. You can get informatiot
about sessions, cookies, the query string (the part in the previous example that followed the question mark),
the path, and the header. If you are new to working with the Web, this may be a bit confusing. You may not
be aware of the amount of information being passed between the client and the server that is never displaye

Included in the Tomcat distribution are several examples that show you the information transmitted in the
request. Figures 3—-4 and 3-5 are the results of running the Requestinfo and RequestHeader servlets on ou
machine. You'll find the source code for these servlets in the examples directory of the distribution.

2 Request Information Example - Microsoft Internet E... M=l E3
Eile Edit View Favorites Tools Help | = |
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Request Information Example q) , -

Method OET
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Reanote Addmes: 127001
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Figure 3—-4: An example of Requestinfo

2 Request Header Example - Microsoft Internet Explorer ... =] E3
File Edit View Favorites Tools Help -
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Figure 3-5: An example of RequestHeader

The ServletResponse family

Just as the API provided classes for manipulating and reading from a request, interfaces and classes are al:
available for working with a response. The ServletResponse interface outlines the functionality that should b
present in sending a response to the client. The HttpServletResponse adds methods for handling

HTTP-specific tasks as well as constants that represent the various status codes. As with the request, there
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wrapper classes — ServletResponseWrapper and HttpServletResponseWrapper — for each of these.

The Hello example included some of the calls specified in the ServletResponse interface. The command
response.getWriter() returned the PrintWriter object that you used to send the HTML back to the client. This
is the standard method you'll use to send text data back to the client. If you want to send binary data use
response.getOutputStream() to get a ServletOutputStream. Before getting a PrintWriter, you should specify
the content type being sent. In Hello2 you used the command response.setContentType("text/html") to
indicate that you were sending HTML.

The interface provides 10 more methods for handling responses. Other getters are getBufferSize(),
getCharacterEncoding(), and getLocale(). Other setters are setBufferSize(), setContentLength(), and
setLocale(). You can use isCommitted() to determine whether or not the response has been committed. Yol
can clear the buffer in two ways: The method resetBuffer() will clear the buffer without clearing headers or a
status code, while reset() will just clear the buffer. The method flushBuffer() forces the buffer to be sent to th
client.

The HttpServletResponse interface extends the ServletResponse interface. First you'll notice almost 40
constants used to handle the various status codes. Although it never happens on a site that you manage, yc
probably visited a site and gotten the message Not Found. This corresponds to status code 404 and is the
constant SC_NOT_FOUND defined in this interface. As you scan the list in the javadocs you'll see a list of
familiar status codes and their corresponding constant names. Several methods are included in the interface
for returning status codes. The simple setStatus() sets the status code for the response. The only argument
should take is the int representing the status code. (A second signature is available, but its use has been
deprecated.) You can also use sendError() to send an error response to the client that may include a
descriptive message.

Seven methods deal with the response header. You can add or set the response header with a given name
value using the methods addHeader() and setHeader(). Use addDateHeader() or setDateHeader() to add ot
the response header with a specified name and date. Instead of specifying the date, you can add or set a
response header with a specified integer value with the methods addintHeader() and setintHeader(). You ce
use the method containsHeader() to indicate that you have already set a specified response header.

Methods are also available for adding a cookie, encoding URLSs, and redirecting the client. The method
addCookie() will add the Cookie object you specify to the response. We will look more at these methods in
the next section. Using encodeURL() you can encode a specified URL to include the session ID if encoding
needed. You can redirect the client to a specified URL using sendRedirect(). You can also encode the redire
URL using encodeRedirectURL().

Saving and Sharing Information

There will be some information that you would like to make available to more than one servlet, to more than
one user, or to the same user at different times. For servlets operating within the same context you can do tl
by sharing attributes. To understand context you can think of servlets that operate within the same JVM and
that are in the same subdirectory of the webapps directory. You can also keep information by writing to a
customized file on the server or to a database. Check out Chapter 7 on JDBC for information on interacting
with a database. We'll begin this section with a look at session tracking. With many applications, you'll find it
important to be able to share information about and keep track of who is accessing your resources.
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Session tracking

One of the most important pieces of information is session tracking. Because HTTP is a stateless protocol,
each contact from a client is like the first time you've ever heard from that client. You can't remember who is
who without help. You can spend a lot of effort gathering information about your users; this does you no goc
if the next time they access a resource, you can't match the information to the client making the new contact
Three of your favorite techniques, hidden form fields, URL rewriting, and cookies, are still useful.

If you use POST as the method associated with a form, and tag some of the elements as TYPE=hidden, the
you are effectively passing information from one resource to another. Your syntax will look something like
the following form element:

<INPUT TYPE=hidden NAME = "secret" VALUE = "squirrel">

At the other end, the receiving servlet accesses the properties with a call to the method getParameter(), as
follows:

request.getParameter("secret");

You can also rewrite URLS to pass information or to track sessions. You saw earlier in this chapter how to u
the query to pass an added parameter in the HelloForm.html example. Direct support for URL rewriting is
included in HttpServietResponse. The method encodeURL() takes the URL as a String and includes the
session ID in it if it is needed. The APl documentation recommends that you use this method for all URLS yc
send from a servlet. If the client's browser supports cookies, this method does not encode the URL. If the
client's browser doesn't support cookies, or if session tracking is turned off, you will need URL encoding for
session tracking.

The servlet API includes support for cookies. The addCookie() method in HttpServietResponse takes a
Cookie object as an argument. The corresponding getCookies() method is in HttpServletRequest. This isn't
like getting and setting other objects in the servlet API. In the case of attributes you can get and set a
particular attribute or get an array (or list) of all of the attributes. Here you can add a particular cookie but yo
can only get an array of all of the Cookie objects sent by the client in the request. This means that you have
process this array to find the information you want.

The Cookie class has methods for working with cookies. The constructor takes two String classes: the name
the cookie and the value. You can use the method getName() to find the name of a cookie as you look throt
the array returned by getCookies(). Other than that, there are get and set methods for the comment, domair
maximum age of the cookie, path, whether or not the browser is sending cookies over a secure protocol, val
and version. You cannot set the name of an existing cookie.

Using the ServiletContext

You saw methods that set and get attributes when you were looking at the ServletRequest family. You can t
these methods to share information among servlets. All of your servlets within the J2EEBible directory share
a common ServletContext. This means that you can use the ServletContext to get and set attributes to pass
information within that world. If you are using many servers to serve up your application, then the
information can only be shared within each local JVM.

The following code snippet shows how to set an attribute:

public void doGet(...{ ...
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ServletContext context = getServietContext();
context.setAttribute("com.hungryminds.J2EEBIble.thisCh",
"3:Servlets");

}

Here you have obtained a handle to the ServletContext and set the attribute that keeps track of the current
chapter in this book. In this case, the value you are setting is of type String. The second argument, however
declared to be of type Object. This means that you can pass in a reference to any type of object. It also mee
that when you are retrieving the value of a named attribute, you will need to cast it to its type. In this exampl
you would do that as follows:

public void doGet(...) {...
ServletContext context = getServietContext();
String currentChapter = (String)
context.getAttribute("com.hungryminds.J2EEBible.thisCh");
}

Adding Functionality with filter(), forward(), and include()

In ordinary Java programming, when a class does too much, you want to refactor it into smaller objects that
collaborate to achieve the same result in a more flexible way. The hope is that you can then use the
components in other applications as well. In this section we'll introduce you to three ways to add functionalit
when dealing with servlets. This means that when you need to split up responsibility, you can reach for the
appropriate technique. In addition, a servlet is running within a JVM so it has access to your usual bag of
tricks. Here you'll see how to create filters that work with the request before it gets to the servlet and then al
the response once it leaves. We'll also discuss forwarding the results of one servlet to another resource.
Finally, we'll show you how to use an include() method to combine the output of two servlets.

Using filters with servlets

The interfaces Filter, FilterChain, and FilterConfig are new with the Servlet 2.3 release. Classes that
implement Filter are used to either preprocess or postprocess servlets. They can change requests before a
servlet is invoked or a response after a servlet generates it. You can chain as many filters as you want toget
on either or both sides of the servlet you want to affect. This means that you can write filters with very
specific functionality and reuse them with different servlets. You will need to modify the web.xml
deployment descriptor to register the filters and to map where they are being used. You can specify the
mapping by providing either the URL or the servlet name(s) the filter will be working with. The former option
will enable you to apply filters to static content as well as servlets if you want.

The documentation for the Filter interface suggests that filters can be used for authentication, logging and
auditing, image conversion, data compression, encryption, tokenizing, triggering resource access events,
XSLT, and MIME—-type chains. To demonstrate how filters work, we'll use a very simple (and utterly useless
example.

This example will work with a servlet to return an error code instead of the usual content of the servlet. The

Filter interface specifies the three methods init(), destroy(), and doFilter(). The following code provides
functionality only for the doFilter() method:

package Greetings;
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import java.io.*;
import javax.servlet.*;
import javax.servlet.http.*;

public class PostFilter implements Filter {

public void doFilter(ServletRequest request,
ServletResponse response,FilterChain chain)
throws IOException, ServletException {
int sc = ((int)(Math.random()*5)+1)*100+1;
((HttpServletResponse) (response)).sendError(sc,
"something's up");
}

public void init(FilterConfig filterConfig)
throws ServletException {}
public void destroy() {}
}

The doFilter() method selects one of the status codes (101, 201, 301, 401, or 501) at random. You then alte
the response to sendError() with this status code and the additional message "something's up." Place
PostFilter.java in the Greetings directory and compile it. Run your existing servlet and note that nothing
changes: You still need to change the deployment descriptor. Make the following changes so that the filter
will work when Greetings.Hellol is accessed with the shortcut address.

Register the filter and map it to work with the servlet Hellol by making the following changes to web.xml:

<web-app>
<filter>
<filter-name>
PostFilter
<ffilter-name>
<filter—class>
Greetings.PostFilter
</filter—class>
<[filter>
<filter-mapping>
<filter-name>
PostFilter
</filter-name>
<servlet-name>
Hellol
</servlet-name>
</[filter-mapping>
<servlet>
<servlet-name>
Hellol
</servlet-name>
<servlet-class>
Greetings.Hellol
</servlet-class>
</servlet>
<servlet-mapping>
<servlet-name>
Hellol
</servlet-name>
<url-pattern>
[Hi
</url-pattern>
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</servlet-mapping>
</web-app>

Now cycle the server (shut it down and bring it back up) and access the filtered servlet at the following URL:
http://localhost:8080/J2EEBible/Hi

If you still see no changes, your browser may be caching the page. Click the refresh button, and you will see
screen similar to the one shown in Figure 3-6.

A Tomcat Error Report - Microsoft Internet Explorer ... M=l E3
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Address | &) rip /fecabos S0204 €8 bieH -]
=

HTTP Status 201 - something's up

The request sucoseded and & sew mesarce (eomethings up) hae been
created on the server

=

Figure 3-6: The filtered servlet

In addition to getting a handle to the current ServletRequest and ServletResponse, the doFilter() method als
receives a handle to the FilterChain. The FilterChain interface has a single method doFilter() that takes a
ServletRequest object and a ServletResponse object as arguments. If your filter is one in a chain of filters,
then you call chain.doFilter() to pass control on to the next filter. You may think that this causes a problem if
you don't know whether your filter will be part of a chain or not. Remember that the point of a filter is to do a
specific task that could potentially be used with many different servlets. In some situations it will need to call
the next filter, and in some cases there won't be a next filter. If your filter is the last filter in the chain, then
chain.doFilter() will invoke the resource at the end of the chain. Calls that you make before the
chain.doFilter() call are made on the way into the servlet; calls that follow chain.doFilter() are made on the
way out.

Passing control between servlets using forward()

With filtering, you have a single servlet working along with Java objects on the server. With forwarding, your
first servlet does some amount of processing on a request and then forwards the request on to another serv
or resource. You will use forwarding for sites in which you are using a servlet as a controller and a JSP for tl
view.

You cannot start generating the body of the response in one servlet and then forward to another. For examg
you can't use the first servlet to generate part of the HTML to be returned and the second servlet to generat:
the rest. You can, however, set or add headers, and also set status codes and attributes. In this code exam|

we set the attribute myName in the servlet Hello4 and then pass it on to Hello5. Hello5 is the same as Hello
except that we've replaced the following line:

String name = request.getParameter("name");
with this line:
String name = request.getAttribute("myName");

The code for Hello4 is fairly straightforward. The relevant lines are shown in bold.
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package Greetings;

import java.io.*;
import javax.servlet.*;
import javax.servlet.http.*;

public class Hello4 extends HttpServlet {

public void doGet(HttpServletRequest request,
HttpServletResponse response)
throws IOException, ServletException {

request.setAttribute("myName", "you've been forwarded");
RequestDispatcher dispatcher =
request.getRequestDispatcher("/serviet/Greetings.Hello5");
dispatcher.forward(request, response);
}
}

You set the attribute myName using the method request.setAttribute(). Now you are ready to call the Hello5
servlet. First you need a RequestDispatcher to wrap the servlet being called. The fact that your path begins
with a slash (/) indicates that it is a relative path. Once you have a RequestDispatcher, you can use it either
forward a request from the first servlet to the specified servlet, or for an include. The target of a forward
doesn't need to be a servlet; it could also be a JSP or an HTML file. The dispatcher knows the target and
source so you need only to pass in the ServletRequest and ServletResponse as arguments to
dispatcher.forward().

Figure 3-7 shows a screen shot of what the user sees. The user has no idea that the request has been
forwarded. Notice that the URL is the initial servlet called, but that the attribute has been successfully set by
the first servlet and read by the second.
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Figure 3-7: A forwarded servlet request

Including content from one resource in another

You can't use forward() to combine the body of the response from two different servlets. If you'd like to
include the output of one resource in the output of your servlet, then you should use include(). You begin the
same way you did with forward(): by creating a RequestDispatcher and using request.getRequestDispatche
to tell it the location of the resource that you will be including. In the following example you will again set an
attribute that the target servlet will use:

package Greetings;
import java.io.*;

import javax.servlet.*;
import javax.servlet.http.*;

public class Hello6 extends HttpServlet {
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public void doGet(HttpServletRequest request,
HttpServletResponse response)
throws IOException, ServletException {

response.setContentType("text/html");

PrintWriter out = response.getWriter();

request.setAttribute("myName", "you've been

included");

RequestDispatcher dispatcher =
request.getRequestDispatcher(

"Iservlet/Greetings.Hellolnclude");

out.printin("<htmI>");
out.printin("<body>");
out.printin("<h1>");
dispatcher.include(request, response);
out.printin("here at the server it's <br>");
out.printin( new Date());
out.printin("</h1>");
out.printin("</body>");
out.printin("</html>");

}
}

Look at where the HTML is being returned to the client. In the middle you made the following call:
dispatcher.include(request, response);
To see what is placed here you need to check out the file Hellolnclude as shown in the following example:

package Greetings;

import java.io.*;
import javax.servlet.*;
import javax.servlet.http.*;

public class Hellolnclude extends HttpServlet {

public void doGet(HttpServletRequest request,
HttpServletResponse response)
throws IOException, ServletException {

PrintWriter out = response.getWriter();
String name = (String)request.getAttribute("myName");
out.printin("Hello " + name );

}
}

If you check out the boldfaced text, it is interesting to note what isn't there as well as what is. You have not ¢
the content type of what is being returned. This servlet is called by another servlet for which the content type
has already been set. You do have to call response.getWriter(), however. The output from this servlet is
included in the output from the calling servlet. You do need a handle to the PrintWriter to send the output
back to the client. The final line is just the HTML that returns the message "Hello you've been included" to
the client.

We have purposefully created a very simple example so that the implementation of include() will be clear.
You can imagine more useful applications of this technique. You can build a table in which the rows include
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information being returned by calls to a database. You could include standard top matter (such as banner ac
or navigational aids) on all the pages of your site. Remember, the target of your include() can be an HTML
page, a JSP, or a servlet.

Summary

You can find eight—-hundred—page books devoted entirely to servlets. We've taken you on a quick tour that
introduced you to the power and flexibility of using servlets to interact with the client in your enterprise
application. You learned the following:

« In order to create a servlet for a Web application, you will most often begin by extending HttpServlet
and overriding one of the service methods. If you want to respond to the GET method, you will
override doGet(). Similarly, if you want to respond to the POST method, you will override doPost().

» You can process requests using methods defined in HttpServletRequest and related classes and
interfaces. This enables you to use information included in the header that you don't see as well as
information included in the URL. You can determine the HTTP method used to make the request an
the cookies that the client has sent as well as information about the user, session, and path.

» You can generate responses using methods defined in HttpServletResponse and related classes an
interfaces. You can use these methods to create a cookie, send error messages, and set status cod
You can rewrite the URL and manipulate the contents of the buffer. Also, HttpServletResponse
inherits from ServletResponse which contains the getWriter() and setContentType() methods that
enable you to set the type of the content you are returning to the client and provide you with a handle
to the PrintWriter that you use to do it.

» You can pass information among servlets within the same context by setting and getting attributes.
You can also write information to a file or database that can be accessed by other servlets.

« Filters are new with the Servlet API 2.3. They enable you to pre— and post—process servlets. You ca
change a request before the servlet handles it or change the response (just not the body) after the
servlet generates it. You can also include content from another resource using include() and forward
the results of one servlet to another resource using forward().
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Overview

In Chapter 3, we introduced servlets as a powerful way of responding to client requests. Unfortunately, they
are not the best tools for generating content destined for a Web browser. Web designers can use JavaServe
Pages (JSP) technology to add a lot of functionality to an HTML page. In this chapter we'll show how JSP
page designers can directly add Java code and the results of Java expressions to their pages. We'll then tur
the more robust approach of having programmers design JavaBeans and custom tags that give Web desigr
the ability to achieve their goals without having to learn Java syntax or the various Java APlIs. Finally, we'll
discuss how you might use servlets and JSPs together to build your Web application.

Actually, a JSP page is compiled into a servlet the first time it is requested. This means that there's really
nothing a JSP page can do that a servlet can't. As you learn about the various JSP tags you may find it usef
to view the servlet source code created by the JSP container. This code shows you where your page
commands end up.

Cross—Reference Both JSPs and servlets are used as a front end for large—scale enterprise applications lik
e—commerce Web sites. Typically the back end that interacts with the database is handle
by Enterprise JavaBeans (EJBs). To learn more about EJBs and how to integrate them
with both JSP pages and servlets, read Chapter 16.

Even though a JSP "becomes" a servlet, you'll see that tasks such as presentation are better handled by a .
page, while programming and business logic are better handled by a servlet. You are able to programin a J
page, but it is difficult to read and maintain any but the most basic programming in this format. If you've evel
debugged JavaScript you'll understand why debugging is also a problem with JSP pages. The line numbers
referred to in the error messages are seldom helpful, and the cause of the error is seldom clear from these
messages.

Creating a Basic JSP Page

In Chapter 3 you created a servlet that greets you by name and tells you what time it is at the server locatiot
We'll begin our look at JSP pages by telling you how to create the JSP equivalent. You'll follow the same
three steps and take a look at what's going on along the way. The rest of the chapter will provide the details
embedding Java in your JSP. For now you'll look at how to create and run a basic JSP page. You'll look at
where you save your JSP page and examine its conversion into a servlet. As before, this is a toy example tt
is purposefully simplistic to help you focus on what we're demonstrating.

Creating, saving, and accessing a page

It is quite clunky to create a static HTML page with a servlet. You have to import some packages and create
class that extends HttpServlet. This class has to contain a doGet() method that declares its content type anc
obtains a PrintWriter object. The actual HTML has to be encased in a sequence of out.println() statements.
This is a lot of work considering that you end up with output equivalent to the following HTML file:

<html>
<body>
<h1> Hello </h1>
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</body>
</html>

How much work do you need to do to encode this page as a JSP page? None. Just save it as Hello.jsp. Usi
Tomcat 4.0 as the reference implementation, save it in the directory
tomcatdirectory\webapps\J2EEBible\jsp\Greetings. If you skipped Chapter 3 you will need to create a
J2EEBible directory with the same structure as the existing examples directory. In either case, you will have
to create a Greetings directory inside the jsp directory.

Tip If you also have the J2EE reference implementation downloaded, then you can use that as a
Web server too as it will enable you to access EJBs and other enterprise APIs. See Appendix
for how to set up and deploy the reference implementation to serve JSP pages in combination
with the other enterprise code that you will develop throughout this book.

Now run the page. Make sure that your Web server is running, and use your browser to navigate to the
following URL:

http://localhost:8080/J2EEBible/jsp/Greetings/Hello.jsp

Replace localhost:8080 with whatever is appropriate for your particular setup. You will encounter a bit of a
wait, and then you will see the word "Hello" proudly displayed in your browser. If you created and ran
servlets, you may notice that there is a step missing here: You didn't explicitly compile your servlet. Take a
minute now to find out what is going on behind the scenes.

The JSP life cycle

We said before that a JSP is compiled into and then run as a servlet. Once you have a servlet, the usual sel
life cycle (as we explained in Chapter 3) applies. Remember that the servlet life cycle was managed by the
servlet container, and that as a result you still need the servlet container to run JSPs. The JSP life cycle has
some convenient additions. As you will see later in this chapter, a JSP page can have many JSP-specific
elements along with the HTML elements. This means that the JSP page must be processed before anyone:
it.

The role of the JSP container

The first time a JSP page is requested, it is converted into a servlet and compiled by a JSP container. The J
container is an application (often a servlet) that performs these JSP-specific translation tasks. When a user
requests a JSP page, the JSP container will check to see if the current compiled version needs to be update
the JSP page is new or has been modified since the last time it was converted and compiled, the container \
perform the translation. One benefit of this is that you don't have to cycle the Web server when you update ¢
JSP.

As an example, consider your Hello.jsp running under Tomcat 4.0. The setup may be different on other Wel
services, but the ideas are the same. That pause that you noticed before "Hello" appeared on your screen w
the time it took to parse the JSP page into a servlet source file and to compile it. If you go back to the top le
within the Tomcat directory you will notice the works subdirectory at the same level as the webapps and bin
directories. Inside of the work/localhost/ directory, you'll find a directory structure similar to that which was
inside of the webapps folder. For this example, navigate to work/localhost/J2EEBible/jsp/Greetings. There
you will find the compiled servlet Hello_jsp.class and the Hello_jsp.java Java source file generated by the J¢
container.
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The servlet generated by the JSP container

Different Web servers will process JSPs differently. The package javax.servlet.jsp contains classes, interfac
and exceptions used by the JSP container and the servlets it generates.

Note A lot of information is contained in the following servlet source file. We will come back to it
several times throughout this chapter. When trying to understand a new JSP tag, you might fing
it helpful to view the generated servlet. Your training as a programmer and your experience
with servlets may shed light on a tag you aren't quite certain about.

Tomcat 4.0 took the simple JSP file that contains nothing more than five lines of HTML and processed it intc
the servlet shown in Listing 4-1.

Listing 4-1: Sample servlet generated by the JSP container

package org.apache.jsp;

import javax.servlet.*;

import javax.servlet.http.*;

import javax.servlet.jsp.*;

import javax.servlet.jsp.tagext.*;
import org.apache.jasper.runtime.*;

public class Hello_jsp extends HttpJspBase {

static {}

public Hello_jsp() {}

private static boolean _jspx_inited = false;

public final void _jspx_init() throws
org.apache.jasper.JasperException {}

public void _jspService(HttpServletRequest request,
HttpServletResponse response)
throws java.io.lOException, ServietException {

JspFactory _jspxFactory = null;
PageContext pageContext = null;
HttpSession session = null;
ServletContext application = null;
ServletConfig config = null;
JspWriter out = null;
Object page = this;
String _value = null;
try {
if (_jspx_inited == false) {
synchronized (this) {
if (_jspx_inited == false) {
_jspx_init();
_jspx_inited = true;
}
}

}
_jspxFactory = JspFactory.getDefaultFactory();

response.setContentType("text/html;charset=8859_1");

pageContext = _jspxFactory.getPageContext(this, request,
response, ", true, 8192, true);

application = pageContext.getServietContext();

config = pageContext.getServletConfig();

session = pageContext.getSession();

out = pageContext.getOut();

49



Chapter 4: Using JavaServer Pages

/I HTML // begin [file="C:\Java\\jakarta—tomcat-4.0-b3...
/' \\webapps\\J2EEBible\\jsp\\Greetings\\Hello.jsp";...
/I from=(0,0);to=(5,0)]
out.write("<htmI>\r\n <body>\r\n <h1> Hello </h1>\r\n
</body>\r\n</htmI>\r\n"); // end

catch (Throwable t) {
if (out != null && out.getBufferSize() != 0)
out.clearBuffer();
if (pageContext != null)
pageContext.handlePageException(t);
}
finally {
if (_jspxFactory != null)
_jspxFactory.releasePageContext(pageContext);
}
}
}

The bold portion is equivalent to the five lines of HTML from the original JSP page. Your experience with
servlets should make it easy for you to figure out what is going on with the rest of this code. You can see
variables such as ServletContext and ServletConfig being declared and initialized. You will also notice that
you didn't do most of this when you wrote your version of the Hello servlet. All you did was import the
appropriate packages, set the content type, obtain a handle to a PrintWriter and send back the HTML. You
this by extending an HttpServlet and implementing the doGet() method.

In the generated servlet you are extending the class HttpJspBase and implementing the method _jspService
Again, the implementation in other Web servers will differ. Here HttpJspBase is in the package
org.apache.jasper.runtime. The HttpJspBase class both extends javax.servlet.http.HttpServlet and implemel
javax.servlet.jsp.HttpJspPage. You can check out the classes and interfaces in the javax.servlet.jsp packagt
but they are intended to be used only by the implementers of the JSP container.

Adding dynamic elements to the JSP

With two small changes to the code you can add the date and time at the server to the Web page as you dic
Chapter 3. We will explain what these elements mean in the next section, but be warned that there is a sligr
problem with the following code:

<html>
<body>
<h1l>
Hello <%= request.getParameter("name") %>,
here at the server, it's <%= new Date() %>
</h1>
</body>
</html>

If you look back at the generated servlet for the previous example you'll see that the packages loaded incluc

the one containing HttpServletRequest. The variable request is an argument of the _jspService() method th:
handles the body of the JSP page. This means that the method call

request.getParameter("name")
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executes as expected. In the next section we'll explain the JSP syntax of enclosing this Java code inside of
<%-=...%> and not including a semicolon.

You'll find the problem with the code in the second method call in which you are creating and displaying a
new Date object. If you load and run this JSP on Tomcat you will get a stack trace and an error message
similar to the following:

A Servlet Exception Has Occurred
org.apache.jasper.JasperException: Unable to compile class for
JSPC:\Java\jakarta—tomcat-4.0—b3\bin\..
\work\localhost\J2EEBible\jsp\Greetings\Hello_jsp.java:66: C
lass org.apache.jsp.Date not found.
out.print( new Date() );
N

1 error

In this case, the error message is surprisingly informative. You can quickly determine that the JSP container
trying to place the Date class in the wrong package. You need to either import the java.util package or use &
fully qualified name when creating a new Date object. You'll learn the syntax for import in the next section;
for now, make the following change to the code, and it will run fine:

<html>
<body>
<h1>
Hello <%= request.getParameter("name") %>,
here at the server, it's <%= new java.util.Date() %>
</h1>
</body>
</html>

Navigate to the page and supply a hame as a query string. For example, use the URL
http://localhost:8080/J2EEBible/jsp/Greetings/Hello.jsp?name=Kim. You will wait while the JSP is translated
and loaded, and then you will see the personalized greeting. Change the name and reload the page. As no
changes have been made to the JSP, it doesn't have to be converted into a servlet or recompiled. It should |
immediately with the name replaced.

Notice that you were able to change the JSP page and that the JSP container took care of delivering a
compiled class file loaded by the Web server. With JSPs, you don't usually have to worry about cycling the
Web server.

As a final experiment, navigate your browser directly to the Hello.jsp file stored in the
...\webapps\J2EEBible\jsp\Greetings directory. The page will load, and you will see "Hello , here at the
server, it's". Where is the personalized greeting or the date? If you view the source, you will see that the
browser is ignoring the two Java calls between <%= and %>. The browser assumes that these are unknowr
tags and just ignores them. This should help you see that the work really is being done on the server side.
When you access the JSP page using the Web server, the server fills in the name and the date and sends tl
back to the browser as HTML.
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Putting the "J" in JSP

So far you've used a fairly innocuous example of including Java code in a JSP page. Basically it appears th:
you've included code that produces output that is then returned to the client as a String. In this section we'll
discuss JSP support that could enable you to do pretty sophisticated programming in the middle of a JSP pe
We beg you not to do this. Things can get messy quickly, and debugging is very difficult. Essentially you'll b
turning the Java programming experience into a JavaScript session.

The best way to use JSP technology is as a means of helping you divide the responsibilities in a developme
team. The Web designers should do the Web design, and the programmers should do the programming. Fo
the most part, this should mean that the programmers set up a framework in which the Web designers can ¢
do their work and then stay out of the way. Web designers should not be writing complex business logic
within a Web page. Even if you are playing both roles yourself, there are benefits to dividing your tasks
according to the technology that supports it.

In the following three subsections, we'll discuss how business logic and presentation logic can remain
separated in ways that best serve the designers and the programmers. In this section we'll tell you about
comments, declarations, expressions, and scriptlets. We'll also tell you about page directives and objects
automatically available to you. But first we include the following warning for those people who skip
introductions to sections.

CautionThe Java programming language goes to great pains to protect you from yourself. For the most part
you aren't allowed to do many of the things that could end up hurting you — even if you know what
you're doing. This isn't true with JSP. Here you are given a six—pack and the keys to a smooth-ridin
car. Yes, you can turn the key, but you might be paying for it for a long time. Think twice before
putting complex Java code inside a JSP page. Friends don't let friends write scriptlets.

Embedding Java code in a JSP page

Scripting elements fall between an opening tag that begins with <% and a closing tag that ends with %>. Th
default scripting language for JSPs is Java.

Comments

A comment in HTML is included between <!-- and ——>. A JSP comment is placed between <%—- and
——%>. To see the difference you can save the following code as Comment.jsp:

<html>
<l--This is an HTML comment ——>
<%—— This is a JSP comment ——%>
Comment page

</html>

Neither comment will appear on the page. The only words visible in your browser will be "Comment page".
To see the difference, view the source code. The JSP comment won't appear in the source code, but the
HTML comment will.

You can also include Java-style comments in scriptlets and declarations. Because you can't ordinarily be st
what the JSP container will add when it is processing your page, you should be careful about doing this. It
would be a shame to use the comment delimiter // only to have the translator break the line in an unexpecte
place.
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Expressions

The two expressions that contain Java code in Hello.jsp are examples of the JSP expression element. Its
purpose is to add some piece of dynamic content to the output. The format is the following:

<%= theExpression %>

You are using Java as your scripting language, but you can use other scripting languages such as JavaScri
In the example introduced in the section "Adding dynamic elements to the JSP" earlier in this chapter, the
expressions are request.getParameter("name") and new java.util.Date(). In the first case the method returns
String object, and in the second it returns a Date object. Whether an expression returns a String, an object,
primitive type, the expression is converted to a String by various toString() methods.

Note A JSP expression is not terminated with a semicolon. You write

<%= new java.util.Date() %>

and not

<%= new java.util.Date(); %>
Declarations

You can declare variables or methods using the following syntax:
<%! theDeclaration %>

A variable introduced this way will be translated into an instance variable in the corresponding servlet.
Similarly, you can call a method introduced with a JSP declaration anywhere in the JSP page. In the followir
code snippet we have used one declaration to declare and initialize the instance variables x and y. We've us
a second declaration to define the method add(). We can then add x and y by calling add(x,y), which we do
from inside an expression.

<html|>
<%! publicintx =3,y = 9; %>
<%! public int add(int x, int y){
return x+y;
} %>
The sum of x = <%= x %> and y = <%=y %> is <%= add(X,y) %>.
</html>

As a result you see the following in the browser:
The sumofx=3andy=9is 12.

In general, you should be careful about creating instance variables in a servlet or JSP page. The page can |
accessed by more than one client at once. Unless you've taken care to make your page thread safe, you ca
end up with unexpected results when one client alters the value of a variable being used by another client.

The generated servlet in the Hello example included the _jspService() method. The other life—cycle method:
that correspond to servlet init() and destroy() methods are also available to you. Using a JSP declaration for
the methods _jsplnit() and _jspDestroy(), you can specify what happens when the servlet is created or

destroyed. The signatures of these methods are declared in the JspPage and HttpJspPage interfaces in the
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javax.servlet.jsp package.
Scriptlets

When you want to use Java code to perform some task in the middle of a JSP page, you use a scriptlet. The
syntax for a scriptlet is the following:

<% theScriptlet %>

As an illustration, consider this JSP page:

<htmlI>
Thisis a
<% for (int x = 0;x<5; x++){ %>
very
<% if (x <4 ) %>,
<% } %>
trivial example of using a scriptlet in a JSP page.
</html>

Forget that there are easier ways of printing out the static page that says, "This is a very, very, very, very, ve
trivial example of using a scriptlet in a JSP page.” You can see that we have an if statement inside a for looy
We've highlighted the beginning and end of the for loop so you can see how the scriptlet elements and the
ordinary HTML are intermixed. Code like this quickly becomes hard to read and hard to debug.

There are times when a scriptlet seems to be the right answer. Even in those cases we encourage you to lo
the next few sections and consider using a JavaBean or a custom tag instead.

Using JSP directives

The three JSP directives are page, include and taglib. They help set some parameters for the entire page. F
example, the page directive enables the programmer to set various attributes, such as the scripting languag
the page, the content type, and the size of the buffer. The syntax is as follows:

<%@ page attribute="valueOfAttribute" %>
Using the page directive

You can set one or more attributes in a single page directive. Your choices are autoflush, buffer, contentTyy:
errorPage, extends, import, info, isErrorPage, isThreadSafe, language, and session. Your automatically
generated servlet shows that the default for contentType is text/html, and we've already noted that the defat
value for language is "java". You can specify XML, plain, or other MIME types with a page directive like the
following:

<%@ page contentType="text/xml" %>

You can set the size of the buffer with the buffer attribute and set a Boolean to indicate whether to autoflush
the buffer or not. If you want to restrict access to the JSP page to one user at a time, you can set the
isThreadSafe flag to "false". This, however, is usually an indication that you need to do more work to make
the JSP (or more accurately, the resulting servlet) thread safe by synchronizing various blocks of code.

Recall that when Hello.jsp was turned into a servlet, the created class extended the class HttpJspBase. It in
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turn extended javax.servlet.http.HttpServlet and implemented the interface javax.servlet.jsp.HttpJspPage. Y
can extend your own custom class if you'd like. Specify the class you are extending with the extend attribute
of the page directive. You should have a very compelling reason for doing this. In most cases you're better ¢
working within the constraints set by the classes created by the various JSP containers.

In the Hello.jsp example you created a Date object by requesting a new java.util.Date() object. Although you
could have done the same thing in an ordinary Java application, you are more likely to have imported the
java.util package with an import statement. You can import one or more classes and/or packages with the
import attribute of a page directive. Here is the rewritten Hello.jsp example:

<html|>
<body>
<%@ page import="java.util.*" %>
<h1> Hello <%= request.getParameter("name") %>,
here at the server, it's <%= new Date() %></h1>
</body>
</html>

Specifying tag libraries

The taglib directive is similar to the import attribute of the page directive. This will become important to you
when you learn about custom tags later in this chapter. In this case, you are specifying a particular tag librar
and so the tags defined in that library are now available to be used by that JSP page. When using taglib yoL
have to use the shortcut name that you define as the prefix to refer to the particular tags on the page.

For example, suppose you built a custom tag library for this book that you want to refer to as jb. Then you u:
the following tag format:

You now have all of the tags defined in the jb library available to you on the page. Suppose you have atag i
that library that is called takeANap that takes no attributes. You will be able to call it anywhere on the page
using the following tag:

<jb:takeANap />

Notice that you won't get name collisions for two reasons. First, when you use a tag you have to include a
reference to the tag library in the tag. Second, this tag prefix is a name you have chosen to refer to its tag
library on that specific page. You can use different tag prefixes on different pages to refer to the same libran
You do, however, need to stay away from the reserved prefixes, such as jsp, jspx, java, javax, servlet, sun,
sunw.

Including other files

You use the include directive to include the contents of a specified file in the current file. The syntax is as
follows:

<%@ include file="URL of file" %>

The result is the same as if you cut the contents of the file and pasted them in place of the include directive
tag. Consider the following JSP page:

<html>
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<body>
I'm thinking of including another file here.
<%@ include file="Hello.jsp" %>
| wonder what happened.
</body>
</html>

In the middle of musing about the results of including another file, the file itself is pasted in place by the
include directive. It's as if you now have the following new JSP page:

<html|>
<body>
I'm thinking of including another file here.
<html>
<body>
<%@ page import="java.util.*" %>
<h1> Hello <%= request.getParameter("name") %>,
here at the server, it's <%= new Date() %></h1>
</body>
</html>
| wonder what happened.
</body>
</html>

If instead you want to include the results of executing a JSP page, you need to look at the include action
detailed in the next subsection.

Transferring control with actions

So far you've used the JSP tags that look a lot like Active Server Pages (ASP) tags. Each of them has a
corresponding XML version. For example, the following two tags are equivalent:

<%@ page import="java.util.*" %>
<jsp:directive.page import="java.util.*" />

Note that in the second version you need to make sure that the XML tag is well formed, and so you include
the closing slash (/). Potential problems exist with using the XML version when including Java code. For
example, the greater—than sign (>) can be misinterpreted in an expression such as x>5? x : y.

Actions include tags for using JavaBeans, for forwarding the control to another resource, and for including
another resource. We will cover the bean tags later. In this chapter we'll start by showing you the include
action tag. First, alter the example you considered when looking at the include attribute for the page directiv
Note that for some Web servers, the <jsp:include> tag must include the attribute flush, and its value must be
true. Nevertheless, the following code runs correctly on Tomcat 4.0:

<html>
<body>
I'm thinking of including another file here.
<jsp:include page="Hello.jsp" />
I wonder what happened.
</body>
</html>

In the section "Including other files" earlier in this chapter, the highlighted line is <% @ include
file="Hello.jsp" %>. The effect of using these two similar-looking tags is strikingly different. Remember that
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in the case of the include attribute you just pasted the contents of the file being referred to in place of the tac
The include action is translated in the servlet to a javax.servlet.jsp.PageContext.include() method call much
like the RequestDispather.include() that we describe in Chapter 3. You can include a JSP page or a servlet.
this particular case, Tomcat 4.0 translates the <jsp:include> tag into the following call (with a minor detail
omitted):

pageContext.include("Hello.jsp");
Similarly, the <jsp:forward > tag is converted to a javax.servlet.jsp.PageContext.forward() call, as follows:
pageContext.forward("Hello.jsp");

The Hello.jsp page has been modified to greet the user by name. You are passing this name on as part of t
guery string in the URL. With an include directive or a forward directive you can pass the name on as a
parameter. Replace the line <jsp:include page = "Hello.jsp" /> with the following three lines:

<jsp:include page="Hello.jsp">
<jsp:param name="name" value="Maggie" />
</jsp:include>

In order to pass one or more parameters to the included page you need an opening tag and a closing tag fo
<jsp:include> directive. Other than that, you don't need to make many changes.

Accessing implicit Java objects

Although Hello.jsp seemed to be a trivial example, you've learned a lot from it and the corresponding servlet
Even for the first example with static content, the servlet contained the following code that set up a bunch of
servlet objects:

public void _jspService(HttpServletRequest request,
HttpServletResponse response)
throws java.io.lOException, ServletException {
JspFactory _jspxFactory = null;
PageContext pageContext = null;
HttpSession session = null;
ServletContext application = null;
ServletConfig config = null;
JspWriter out = null;
Object page = this;
String _value = null;

}

Here's a cool idea. If every JSP is going to be translated into a servlet that has this set of objects, why not
enable JSP programmers to interact with them? For example, you can see that you have a request and
response object. There is a JspWriter called out as well as a handle to the session, page, config, pageConte
and application (a ServletContext). The final implicit object is an exception.

You used the request object when you first added dynamic content to Hello.jsp. Your first expression
displayed a name passed on as a parameter:

<%= request.getParameter("name") %>
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These implicit objects have types that you learned about in Chapter 3. You can make the appropriate calls
from the APIs from within the JSP page. Once again, we stress that just because you can do this doesn't me
you should. But if you just need to get the value of a parameter or cookie, having a request object is quite
handy. You may want to use the response object for setting header information.

You can see why this is an attractive feature for those people responsible for designing JSPs. The
recommendation, however, is that the JSP page should concentrate on the presentation logic. If you want
access to these servlet features, then you should consider using an actual servlet.

Adding JavaBeans

In Chapter 3, we mentioned that part of the power of servlets is that they can work with filters and ordinary
Java objects. For JSPs, you'll find that JavaBeans are one useful mechanism for dividing up business logic.
Beans are Java classes with special conventions that allow other elements to figure out what they can do ar
to make appropriate requests of them. JSP technology takes advantage of this to enable a Web designer to
your beans as workhorses without getting into trouble.

Tip Although using JavaBeans in a Web page may seem a little odd at first glance, this is the preferred
method of accessing Java code. For example, in an enterprise setting, JavaBeans are used as wrapper:
around Enterprise JavaBeans to access databases and other enterprise data sources to provide service
shopping carts. EJBs cannot be accessed directly by a JSP so the JavaBean approach is the recommer
way to do this.

Bean property conventions

JavaBeans just follow a few rules. They have no parent class to extend or bean interface to implement. The
have to have a no argument constructor. In other words, the class MySampleBean should have a constructc
like this

public MySampleBean(){ ... }

Bean properties are attributes that other Java objects can read and possibly write. Properties generally
correspond to instance variables, usually with private access. The accessors follow a simple naming
convention, illustrated by the following code snippet:

public class MySampleBean implements java.io.Serializable {
private boolean enabled;
private int highTemperature;
private int[] hourlyReading;
}
For boolean properties, you see if they are true or false with the following getter:

public boolean isEnabled(){
return enabled;

}

You can set them with the following setter:
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public void setEnabled( boolean enabled) {
this.enabled = enabled;

}

The convention is to get the value of a boolean property with a method called isProperty() and to set the val
of property with a method called setProperty().

For non—-boolean properties the set method is exactly the same, but the get method is called getProperty().
your example the methods to get and set highTemperature would be the following:

public int getHighTemperature(){
return highTemperature;

}
public void setHighTemperature( int highTemperature){

this.highTemperature = highTemperature;

}
You can access an indexed property by getting or setting the entire array:

public int[] getHourlyReading(){
return hourlyReading;

public void setHourlyReading( int[] hourlyReading )}{
this.hourlyReading = hourlyReading;

}
You can also access a specified element in an array using the following methods:

public int getHourlyReading( int whichOne ){
return hourlyReading[ whichOne J;

public void setHourlyReading(int whichOne, int hourlyReading ){
this.hourlyReading[ whichOne ] = hourlyReading;

}

A bean should also implement java.io.Serializable. This is just a marker interface. Serializable doesn't force
you to implement any methods; it just indicates that this object can be serialized. In this example you'll
simplify MySampleBean and place it in the package temperature. The entire code for the bean is as follows:

package temperature;
public class MySampleBean implements java.io.Serializable {

private int highTemperature;
private boolean enabled;

public MySampleBean(){}

public boolean isEnabled(){
return enabled;

public void setEnabled( boolean enabled) {
this.enabled = enabled;

}
public int getHighTemperature(){

return highTemperature;

}

public void setHighTemperature( int highTemperature){
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this.highTemperature = highTemperature;

}
}

Save this file as MySampleBean.java inside the ...\webapps\J2EEBible\WEB-INF\classes\temperature
directory.

Compile the source code into the MySampleBean.class, and you are ready to use it from a JSP page.
JSP bean tags

Just three basic JSP bean tags exist, enabling you to perform three basic tasks. <jsp:useBean> enables yol
set up the connection to the bean you're going to use, and <jsp:setProperty> and <jsp:getProperty> enable
to set and get bean properties in a few different ways.

Making the bean available with useBean

The <jsp:useBean> tag enables you to use the specified JavaBean on that JSP page. The main responsibili
this tag is to match what you are calling the bean on this page to the appropriate class file. The name of this
instance of the bean is its id. You shouldn't use the same name for two different beans on the same page. T
general syntax is as follows:

<jsp:useBean id ="bean instance name" class = "class name" />
In this case you can refer to an instance of the MySampleBean class as temps by using the following tag:
<jsp:useBean id="temps" class="temperature.MySampleBean" />

Other attributes that you can specify are scope, type, and beanName. We'll discuss scope later in this sectic
The attribute type is for setting the type of the bean. If you don't specify something here — such as a
superclass or an interface — then the type is assumed to be the same as that of the class. Use beanName |
are using a serialized version of your bean to create new instances.

You may want to do some initialization once you have instantiated your bean. For this you need a start and
end tag. You could, for example, set the value of the highTemperature property using the following code
shippet:
<jsp:useBean id="temps" class="temperature.MySampleBean">
<jsp:setProperty name="temps"

property="highTemperature" value="10" />
</jsp:useBean>

We'll discuss <jsp:setProperty> in a moment. For now, the point is that you can set one or more properties
between the start and end of the <jsp:useBean> tag.

Setting bean properties with setProperty

As shown in the previous example, you can set a property within the <jsp:useBean> tags:
<jsp:setProperty name="temps" property="highTemperature" value="10" />

Refer to the bean MySampleBean by the name that you set using the id property in the <jsp:useBean> tag.
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Yes, it was called id before, and now you call it name. So hame="temps" lets you know that you are using
MySampleBean. You then specify the property you are setting and the value you are setting it to. In this cas
you are setting highTemperature to 10.

You won't always know the values for the various properties when writing the JSP page. There are two way:
to deal with this. If the value is calculated at runtime from other values, you can pass in the result of an
expression as follows:

<jsp:setProperty name="temps" property="highTemperature"
value="<%= someExpression %>" />

You may, instead, want the value of various properties to be passed in by the page's request object. If you
would like the property highTemperatures to be set by the request, then you can leave the value attribute ot
changing the <jsp:setProperty> tag to the following:

<jsp:setProperty name="temps" property="highTemperature" />

The client could set the highTemperature by requesting the JSP page with a query string. You've seen this
before. In this case, the code would look like this:

http://localhost:8080/J2EEBIble/jsp/Greetings/Temperature.jsp?highTemperature=40

If you want to do this for many or even all properties, you can either specify them or set the value to the
wildcard * as follows:

<jsp:setProperty name="temps" property="highTemperature" value="*" />

In this case, this code would allow the client to set the value of highTemperature and enabled as long as the
client knows these properties exist. You can see that you shouldn't use this approach if you don't want to all
a client request to set a property for security or other reasons.

Getting the value of bean properties with getProperty

Getting the value of a bean property is even easier than setting it. What you get back is a String representat
of the value of the specified property. This means that you can display what is returned as part of the HTML
or use it in an HTML tag to retrieve the value of a property or attribute. In this example you would retrieve th
highTemperature by using the following call:

<jsp:getProperty name="temps" property="highTemperature" />

When the JSP page is executed, the int value of highTemperature will be converted to a String and appear |
its place. The client browser isn't aware of all of your hard work. When the user accesses the JSP page with
the following code, he or she is unaware that you have sent information to and retrieved information from a
bean:

<html|>

<jsp:useBean id="temps" class="temperature.MySampleBean">

<jsp:setProperty name="temps" property="highTemperature"
value="27" />

</ijsp:useBean>

Here in Frostbite Falls the high temperature is

<jsp:getProperty name="temps" property="highTemperature" /> .
</html>
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In fact, if the user views the source of the resulting Web page, he or she will see the following simple HTML
code:

<html|>
Here in Frostbite Falls the high temperature is
27.

</html>

How you perform the magic on your site remains your business. You can also display the value of a propert
in your JSP page using an expression. In this example, the syntax would be as follows:

<%-= temps.getHighTemperature() %>
You actually have to use this second method to get the value of a specific item in an indexed property.
Setting the scope of a bean

One of the <jsp:useBean> tag attributes that you haven't yet used is scope. You can use this attribute to
specify the life and accessibility of a particular bean. If, as in all of these examples, nothing is specified, the
default value is page. The syntax for using scope is as follows:

<jsp:useBean id="myName" class="className" scope="myScope" />

Your choices for myScope are page, request, session, and application. If the scope is page, then the bean i
created each time the page is requested. No information persists between visits. A request scope enables y
to pass beans on to other JSP pages and servlets when you use <jsp:include> and <jsp:forward>. This is a
way to store information that is local to one particular request but that will be used in other parts of your Wel
application.

In Chapter 3, we talk about different techniques for session tracking. A session scope allows the bean to be
accessible from other JSPs and servlets accessed during the same session. Here, if another JSP page refe
the same bean, myName will point to the existing bean, and a new one will not be created. If none has beer
created yet, then the first <jsp:useBean> to use that id will create a new instance of the particular bean.
Finally, the application scope makes the bean available to other JSPs in the same desighated Web applicat
It doesn't matter if more than one user is accessing the JSPs or if a session has timed out.

Using Custom Tags

Custom tags help you provide the best support for your Web designers. If the designers need a certain spec
functionality, you can create it and provide them with an XML tag that they can use in the page to safely
invoke it. Remember what you had to do to include something simple like the current time at the server. As ;
programmer you may have found this pretty straightforward, but it required that the Web designer create a
Date object. The designer had to know what package it came from and either specify java.util.Date or use a
import statement. Now you can provide that designer with a tag that gets the current time and call it time. Yc
can place it in a library called sample, and designers can display the current time with the tag <sample:time

You've seen that your Web designers can get pretty far using the three JavaBeans tags together with the
custom beans you write for them. Custom tags enable you to extend this model and create tags that they ca
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use to get more functionality with less Java code in their JSP pages. You can create your own tag libraries i
addition to using the ones that are publicly available. An open-source tag library can be found at
http://jakarta.apache.org/taglibs. You can also find links to various JSP tag libraries at http://jsptags.com/ an
at http://java.sun.com/products/jsp/taglibraries.html.

The process of developing and using a tag library has three basic parts. First, the programmer creates and
compiles a Java class that often extends either the TagSupport class or the BodyTagSupport class in the
package javax.servlet.jsp.tagext. This class specifies what is done at the beginning and end of the tag with t
doStartTag() and doEndTag() methods. Second, the programmer places an entry, called a tag library
descriptor file (TLD), in an XML file. The entry includes the name that will be used to refer to this tag, the
Java class that it refers to and other information used to specify the format of the tag. Third, the Web design
writes the JSP page that uses this tag. He or she first has to use the taglib directive to point to the TLD crea
in the second step. He or she then follows the usage rules specified in the TLD to actually use the tag.

We'll walk you through these steps as you create several examples of using custom tags. First you'll create
empty tag that returns the date. Then you'll create a tag that changes the formatting of the code that comes
before the opening and closing tag, which you'll see can include what is returned by another tag. You'll also
see bean-like behavior as you pass the value of attributes to the class associated with the custom tag.

A class that returns the current time

Let's return to the example of displaying the current time at the server. Create a simple class with the
following code:

package ourtags;

import javax.servlet.jsp.tagext.*;
import javax.servlet.jsp.*;

import java.io.*;

import java.util.*;

public class CurrentTime extends TagSupport{

public int doStartTag(){

try {
JspWriter out = pageContext.getOut();

out.print("Here at the server it's" + (new Date()) );

}
catch(IOException e){//foolishly do nothing

}
return(SKIP_BODY);

}
}

Create a new folder, ourtags, inside the ...\webapps\J2EEBible\WEB-INF\classes\ directory, and save the fi
CurrentTime.java inside it. The CurrentTime class extends the class TagSupport, so you've had to import th
javax.servlet.jsp.tagext package. You will override the method doStartTag() to specify what you want to
happen when the tag you are supporting begins.

You are going to send back a simple message that includes the current time. Because you're using the
JspWriter, you import javax.servlet.jsp as well. Getting the JspWriter forces you to catch an IOException so
you have to import java.io. (You should at least send yourself a useful message in the catch block.) Finally,
return an int that tells you to skip the body of the tag if there is one. (You'll see a different constant used her:
in the next example.) Compile CurrentTime.java, and you are ready to specify the mapping from the tag to tl
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class.

The tag library descriptor

In Chapter 3, we discuss how the web.xml file specifies various mappings used in setting up servlets, JSPs,
and filters in your Web application. The deployment descriptor enabled you to map more user—friendly URL:
to your servlets. The TLD, similarly, helps you map user—friendly hames for your tags to the Java classes th
support them. For this example, create a folder called TagExamples inside the ...\webapps\J2EEBible\jsp\
directory, and save your TLD in this new folder.

The easiest way to get started is to use the example distributed with Tomcat 4.0 as a template. (You'll find it
the directory ...\ webapps\examples\WEB-INF\jsp\.) You are just going to create a single tag that you'll call
time. The only part of the following TLD that is specific to this example is bolded:

<?xml version="1.0" encoding="1SO-8859-1" ?>
<IDOCTYPE taglib
PUBLIC "-//Sun Microsystems, Inc.//DTD JSP Tag Library
1.1//EN"
"http://java.sun.com/j2ee/dtds/web-jsptaglibrary_1_1.dtd">

<!--atag library descriptor ——>

<taglib>
<I-— after this the default space is
"http://java.sun.com/j2ee/dtds/jsptaglibrary_1_2.dtd"
-—>

<tlibversion>1.0</tlibversion>
<jspversion>1.1</jspversion>
<shortname>simple</shortname>
<uri></uri>
<info>

A simple tag library for the J2EE Bible examples
</info>

<tag>

<name>time</name>

<tagclass>ourtags.CurrentTime</tagclass>

<info> Gets the current time at the server </info>
</tag>

</taglib>

You've set the name of your tag to time and referenced the Java class file CurrentTime in the package ourte
Save this file as J2EEBIible—taglib.tld inside TagExamples. That's all there is to it. You are now ready to use
the tag in a JSP page.

A JSP page that uses a custom tag

Before you can use the tag, you have to point to the tag library that contains it. In this case, you need to poir
to the TLD file you just created. Suppose you are creating the file FirstTag.jsp and saving inside the director
TagExamples. You can then use the taglib directive and assign the shortcut name sample to refer to the tag
library. Then you can access the tag with the syntax <prefixName:tagName>. The following is the entire
FirstTag.jsp file:
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<html|>
<%@ taglib uri="J2EEBible-taglib.tld" prefix="sample" %>
Hello let's see what happens when we use a tag.
<sample:time />

</html>

Start up your Web server and access the page at the following URL:

http://localhost:8080/J2EEBIble/jsp/TagExamples/FirstTag.jsp

You will see the message from your JSP page in the browser followed by the words "Here at the server it's"
and the current time. If you were actually building a time tag, you wouldn't have included the text, "Here at
the server it's" — but it helps us make a point in the following example.

Putting one tag inside another

In the previous example you used the empty tag <sample: tag /> because nobody needed to be enclosed
between a start and end tags. Now you'll create a second tag that makes everything between the start and ¢
tags big and bold by enclosing it in an <H1> block.

The Java file for handling a start and an end tag

A couple of differences exist between the following example and the previous one. First, you need to specify
behavior for both the start and end tags. Second, you don't want to skip the body of the tag after you've
processed the open tag. The file ChangeFont.java includes these changes:

package ourtags;

import javax.servlet.jsp.tagext.*;
import javax.servlet.jsp.*;

import java.io.*;

import java.util.*;

public class ChangeFont extends TagSupport{

public int doStartTag(){
try {
JspWriter out = pageContext.getOut();
out.print("<H1>");
}
catch(IOException e){//foolishly do nothing
}
return(EVAL_BODY_INCLUDE);
}
public int doEndTag()}{
try {
JspWriter out = pageContext.getOut();
out.print("</H1>");

catch(IOException e){//foolishly do nothing

}
return(SKIP_BODY);

}
}

Now you have a doStartTag() and a doEndTag() method that start and end the <H1> environment. Notice tf
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you've changed the return value from doStartTag() from SKIP_BODY to EVAL_BODY_INCLUDE. For
kicks, you may want to see what happens if you keep the return value as SKIP_BODY. Nothing between the
start and end tag will be executed.

Running the nested tags

Before you can have access to your new tag you have to create a new entry in the TLD. Edit
J2EEBIible-taglib.tld by adding the following tag definition:

<tag>
<name>bigNBold</name>
<tagclass>ourtags.ChangeFont</tagclass>
<info> Makes the body big and bold </info>
</tag>

Now you are ready to use bigNBold in a JSP page. Create the file SecondTag.jsp in the TagExamples
directory with the following code:

<html|>
<%@ taglib uri="J2EEBIble-taglib.tld" prefix="sample" %>

Hello let's see what happens when we use a tag.
<sample:bigNBold>
Inside of another.
<sample:time />
</sample:bigNBold>
What did you think?
</html>

It feels as if you are using bigNBold as a filter. This time the only text on your screen that isn't "big 'n bold" is
the two phrases outside the bigNBold begin and end tags. Everything except "Hello let's see what happens
when we use a tag.” and "What did you think?" are set as H1 headings.

Attributes in custom tags

You can pass extra information to the classes handling the custom tags as attributes. For example, you can
personalize the greeting by passing in the name of the person being greeted. So that you don't have to crea
form for entering this information, you'll do this in a fairly uninteresting way. Your attribute will be called
firstName. To record and retrieve this information you use the same convention you used with JavaBeans.
You will have setFirstName() and getFirstName() methods in the corresponding GreetByName class.

A Java class that uses tag attributes

The resulting Java class looks like a combination of what you've seen so far with custom tags and what you
saw in the last section when working with beans. The following code has a doStartTag() method together wi
the accessor methods for the attribute:

package ourtags;

import javax.servlet.jsp.tagext.*;
import javax.servlet.jsp.*;

import java.io.*;

public class GreetByName extends TagSupport{
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private String firstName;
public int doStartTag(){
try {
JspWriter out = pageContext.getOut();
out.print("Hello "+ firstName );

}
catch(IOException e){//foolishly do nothing

}
return(SKIP_BODY);

public void setFirstName(String firstName){
this.firstName = firstName;
}
public String getFirstName(){
return firstName;
}
}

The next step is to edit the TLD file.
Specifying attributes in the TLD and using them in a JSP page

The entry that corresponds to the GreetByName class has a little more information than past entries. As the
bolded changes show, you have to specify the name of your attribute. You can expand this section to includ
as many attributes as you will allow with your tag. You must also indicate whether or not the attribute is
required. The following is the appropriate tag entry for this example:

<tag>
<name>hello</name>
<tagclass>ourtags.GreetByName</tagclass>
<info> Greets user by attribute value.</info>
<attribute>
<name>firstName</name>
<required>true</required>
</attribute>
</tag>

Once again, you're ready to use the tag in a page. A simple example is the following, called ThirdTag.jsp:

<html>

<%@ taglib uri="J2EEBIible-taglib.tld" prefix="sample" %>
Excuse me.

<sample:hello firstName="Toots" />

</html>

You'll see "Excuse me. Hello Toots." in your browser.

Bringing JSPs and Servlets Together

As you've seen in this chapter and in Chapter 3, when you use a forward or include directive from a servlet «
JSP page, your target can be another servlet, a JSP page, or another resource. You should have a feel for \
each technology is best at. You don't want to do a lot of presentation from a servlet or a lot of programming
a JSP page.
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One solution is to use the Model-View—Controller (MVC) architecture with both JSP pages and servlets in
what's known as model 2 architecture. The servlet plays the role of the controller, the JSP pages are the vie
and JavaBeans and Enterprise JavaBeans are the model. You'll get a better idea of what you can do with E
in Chapters 16 and Chapter 17; for now just think about how you might mix JSPs and servlets.

The servlet controller receives the request. It may do some processing on the request before passing it on. |
order to do some of the initial processing, it may use filters or other Java objects. Part of the initial processin
may include setting up JavaBeans for acting on or just storing the data. The servlet then decides which JSP
page can best render the results of the request and forwards the results of the preprocessing on to that pag:
The JSP page then uses the JavaBeans and other JSPs, servlets, and static pages to generate the result th
client will see in the browser.

As a simple example, you can imagine users being greeted by a page that asks them for their names and U
ZIP codes. The results of this form are sent to a servlet as a GET request and handled by the doGet() meth
If the ZIP code is legitimate, the user is passed on to a JSP that displays news headlines with the weather
forecast for the given ZIP code. If the ZIP code is not recognized, the request is sent to a JSP page that ask
the user to reenter the ZIP code.

Summary

You can do an awful lot with JSP technology. You can start with a simple HTML page and add dynamic
elements without much work. JSPs enable a programmer and a Web designer, working together, to turn out
impressive Web pages. In this chapter, we've covered the following:

» You can create custom tags for mapping XML style tags to Java classes that can give you abilities tt
would be too messy to code directly into the JSP page. You learned to collect these tags into tag
libraries and then to use the tags on the JSP page.

» You can interact with JavaBeans in a way that makes saving, processing, and retrieving information
pretty easy. This is even true when you are saving with one JSP page or servlet and retrieving with
another.

» You can write Java code in place in a servlet. You can write conditionals and loops to determine
which content to display on a page. These scriptlets can be fragments of Java code interspersed
among the HTML content on the page.

» You can use expressions to return content to the page. The argument of an expression returns a val
that is converted to a String and displayed on the page.

« Actions enable you to include other JSP pages or to forward the control to those pages. Various
directives enable you to specify tag libraries and various properties of the page.

By using servlets and JSPs together you can take advantage of the strengths of each. You use a sel
as a controller to help steer the request to the appropriate handler. Information can be saved in
JavaBeans, and the output that the client sees can then be generated and formatted by the appropri
JSP page.
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E-mail was one of the first tools available on the Internet. To the ordinary businessperson, it is an
indispensable tool. For the business application, e-mail is also indispensable — be it that simple order
confirmation or a mass mailing telling customers of the latest specials. Within the J2EE environment,
JavaMail provides both e-mail and newsgroup capabilities.

What Is E—mail?

From being almost non—existent to being the heart of every business, e-mail has come a long way since the
mid 1990s. Did you know that the first e-mails existed more than 20 years earlier than that? Ironically, they
have barely changed in that time (apart from those annoying users who insist on using HTML for the body
text). Of course, the most interesting part of this recent change is that all of the hard work is hidden from the
user. So long as you know your recipient's e-mail address, the rest is taken care of for you by "the system."”
Magically it all just seems to work.

Well, we're about to lift the cover off that magic. If you are going to write an application that requires the
ability to send an e—mail message, then you are going to need to know a lot more about the fundamentals o
e—mail. Over the course of this section, we are going to introduce you to the whole system of e—-mail — wha
it is, how it works, and how your application will fit into the general scheme of things. Some of this may not
be of direct value to your programming, but understanding the entire system end to end will improve your
general knowledge, particularly if you have to debug some odd "feature" of your e-mail system.

A day in the life of an e-maill

One day Joe Hacker wakes up. He, being the geek type of guy, wanders off to his computer to check the
overnight delivery of e-mail. This is far more important than food! Dialing up his ISP, he starts up MS
Outlook and downloads the mail. He has received a few interesting mails, so he decides to send a reply to
some of them. Firing up Microsoft Word he writes replies to a couple of e-mails and sends them off. Satisfie
with the morning's work he shuts down the modem and wanders off to the kitchen to fetch breakfast.

During this process, did you ever think of how the messages got to and from your machine? The process
involves quite a number of steps that all have to work in order for your mail to be received.

Composing the message

It all starts on your computer. A mail message includes a lot of information that is not strictly related to the
text that you write with your mail package. As you will see in the upcoming section, "The format of a mail
message," a number of headers and ancillary information must be provided with your mail message in ordet
for it to reach its destination.

When you press the Send button your editor takes your text, the addressing information, and a couple of ott
fields, and assembles them into a complete message. With the full message, it then contacts a mail server.
Generally speaking, this is an SMTP (Simple Mail Transport Protocol) mail server, although other proprietar
options do exist (Lotus cc:Mail being the main offender here). The mail program contacts the SMTP server
and sends it the mail message, and that is the last you see of the message.

Note All mail is sent over the Internet using SMTP. Where software does not use SMTP internally, the
message must be transformed into an SMTP message at the point where it reaches the outside world ¢
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the Internet. Similarly, incoming mail to that system will be in SMTP form so there must be a gateway
to munge the mail between the internal and Internet forms.

Routing the message

Once your mail arrives on the greater Internet, the SMTP server has to find a way to deliver it. It does this b
taking the destination e-mail address, stripping the domain name from it, and then attempting to locate the
appropriate server for this domain. If there is no explicit mail server for a domain, the SMTP server may look
to the parent domain(s) until it finds one. This server may act as a gateway to the internal network for all ma
of a particular domain.

Note The SMTP server locates the appropriate server to send information to using the DNS system. DNS dc
more than just resolve domain names to IP addresses. Within the system is a set of records known as
MX records. These define a list of machines, in order of priority, that are willing to receive mail for that
domain. The SMTP server, when deciding how to send the mail, consults DNS for the appropriate MX
record and uses the information contained there to contact the correct machine using the SMTP protoc
to send the message.

Once mail has arrived at the gateway machine, the gateway is now responsible for managing the message |
the internal network. On the simplest of systems, the mail will sit on the gateway machine until the receiver
picks it up. However, in the more complex world of huge corporate conglomerates and firewalls, that machir
really does just act as a gateway. Another machine sitting inside the firewall will pick the mail up from the
gateway and then haul it to the inside network. Inside the firewall a similar routing process takes place. The
internal SMTP (or other protocol) server looks up the right sub—domain mail server and sends the message
its way. Depending on the structure of the internal network, the message may go through this process a
number of times before ending up at the final destination server.

Reading the mail

With the mail now sitting on the destination server, the last step is for the user to actually read it. Here the u:
has a wide variety of options.

The majority of users download the mail to a mail client on their local machine using the Post Office Protoco
(POP). This protocol usually copies the mail from the server to the local machine and then deletes it from th
server — a very simple system, but one that works for the majority of users.

Note  There are two common variants of the POP system. Version 2 (POP2) is older than Version 3
(POP3) and much less secure. Today it is rare to find POP2 systems available.

UNIX users take a different approach — particularly if they are working full time on UNIX machines. These
people use a local mail client that grabs the mail directly from the directory where incoming mail is spooled.
Mail clients like PINE, ELM and emacs work this way.

High—-powered, mobile users, or those with a number of separate e-mail accounts, tend to use the IMAP
(Internet Mail Application Protocol) system. IMAP enables you to create all your mail folders on the mail
server. This enables you to store, sort, and manage mail on each individual server without needing to move
all to your local machine. This is very useful for road—warrior types using dial-up connections from remote
sites, as it saves a lot of time downloading and many messages can be pre—filtered before the user even ha
read them.
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The format of a mail message

The mail sent over an SMTP connection has a very specific format. It must follow the rules set down by a
standard known as RFC 822. RFCs are the standards that govern all of the low-level workings of the Intern
RFC 822 specifically pertains to the contents of e-mail messages.

Tip You can download copies of RFCs by visiting http://www.rfc—editor.org/. At the time
of this writing there were some 2800 certified RFCs and many hundreds more in the
draft stage. Not all of them are serious. Every year an RFC is released on April 1.
Usually it is very, very humorous. Among the classics are the Coffee Pot Transport
Protocol and IP messaging by Carrier Pigeon.

You may be wondering why we are covering the format of a mail message in depth. JavaMail is supposed t
take care of all this for you, right? Well, not really. At the level we are talking about here, it is possible to stuf
things up because you don't understand the correct format. If you understand the format of a mail message,
you will know how to check the format of the messages that are being sent out.

Structure

A mail message is treated one line at a time. Each line is read and parsed looking for specific pieces of
information. The upshot of this is that the order in which items are declared in an e—mail is not necessarily
important, although everyone tends to follow the same guidelines.

Generally speaking, mail clients will put all the headers at the top of a mail message and then follow them
with the body. Even more specifically, they tend to put routing information at the very start, informational
headers next (subject, from, organization, and so on), followed by the body of the message. This is not a ha
and fast rule, but it is the general convention.

A mail message is terminated by a single period character (.) at the start of a line by itself.
Headers

Despite being hidden from ordinary users, headers contain a lot of interesting information. You can tell so
much about users just by looking at the information contained in their headers. Headers also look completel
foreign if you are not used to seeing them, and most mailers will automatically hide them from you.

Listing 5-1 contains the full list of headers from one of our e-mail messages. We'll point out the interesting
pieces shortly, but first we want to point out some of the more important features. The first line you will
recognize immediately — this is the received date, the time that the message arrived at the destination serv
Other familiar headers are the Subject, To and From lines.

Caution These header fields belong to the mail message itself and are useful in the routing of that
message. SMTP exists one level below this message and includes its own protocol, such as
defining who the sender is. That is why you can get spam delivered to your e-mail address
even though the To field in your mail reader does not include your e-mail address.

Listing 5-1: A full set of mail headers from a message sent to a mailing list

From - Thu Nov 09 23:25:03 2000
Return—Path: <wetleather@micapeak.com>
Received: from moto.micapeak.com (moto.micapeak.com [207.53.128.12])
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by case.vic.com.au (8.9.3/8.9.3) with ESMTP id XAA05034
for <justin@vlc.com.au>; Thu, 9 Nov 2000 23:18:34 +0800
Received: from moto.micapeak.com (localhost [127.0.0.1])

by moto.micapeak.com (8.9.3/8.9.3) with SMTP id HAA02552;
Thu, 9 Nov 2000 07:19:22 —-0800

Date: Thu, 9 Nov 2000 07:19:22 —0800

Message—-Id: <01C04A1D.F3458360@ppphr196—39.gorge.net>
Errors—To: wetleather-owner@micapeak.com

Reply-To: wetleather@micapeak.com

Originator: wetleather@micapeak.com

Sender: wetleather@micapeak.com

Precedence: bulk

From: Vernon Wade <blah@nospam.net>

To: Northwest Bikers Social Mailing List <wetleather@micapeak.com>
Subject: Re: Bike Licensing in WA etc

X-Listprocessor—Version: 6.0 —— ListProcessor by Anastasios Kotsikonas
X-Comment: Northwest Bikers Social Mailing List

Status:

X-Mozilla-Status: 8011

X-Mozilla-Status2: 00000000
X-UIDL: 365419f300005da2

You might try Fernet. They are a brokerage that Triumph uses. |

think they....

Each line of a header starts with a single word followed by a colon (:). Headers that might use two words are
hyphenated. After the header field, the value of that field is declared.

RFC 822 defines a number of standard fields that all mailers should understand. A list of the most common
ones is included in Table 5-1. The RFC also allows room for mailers to make their own special fields, called
extension fields. These must be registered but nobody is required to implement them. Extension fields start
with "X-", and you can see a number of them at the bottom of Listing 5-1. In this case they come from the

Netscape mail client.

Table 5-1: A listing of commonly used header fields

ne
real

Field Name Explanation

To The primary destination address (there should only be one).

Cc Carbon copy — Indicates that copies of this mail will be sent to the specified
addresses in addition to the primary address.

Bcc Blind carbon copy — The same as Cc except that it does not include this in tf
headers or anywhere that would normally make this address show up on the
receivers list.

From The sender of the e—mail (not necessarily a legitimate address!).

Date The date the message was composed and sent on the local system.

Subject What you talkin' ‘bout Willis?

Comments Any arbitrary text, footnotes, and so on.

Reply-To Use this address when replying, rather than the From field.

Resent—From

If the e—mail gets held up or needs to be resent because of system errors, th

s is the

host.
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In—-Reply-To The message ID that this message replied to.

Return—-Path A series of hosts that this mail was sent along and along which the reply should go.
Useful for debugging errors and tracking the source of spam, but easy to forge.

References A set of message IDs that this message is in reply to. For mail clients that do|thread
tracking, this is very useful for getting the right tree.

Keywords A list of words for use in searching through a large volume of mail.

Encrypted A flag indicating that this message is encrypted.

Received A list of times that the mail message was received at each host along its
transmission path. One header item exists per host (that is, multiple Received
headers will appear in a single mail). Includes all the information about who sent
the message and what IP address/domain name and IDs are associated with it.

Message-ID A unique ID generated by the sending mail server for tracking.

Body

The body of the message is generally free—form text. The text must consist of seven—bit ASCII characters,
which prohibits binary information or most internationalized text. To send a binary file in the earlier days of
the Internet meant using a program like UUencode to turn eight-bit binary into seven—bit ASCII. The
resulting fun of piecing together multiple mail messages in the right order and then decoding them was part
daily life for Internet users.

Notelt is rare these days to see UUencoded messages. Between e—mails and newsgroups, inventive schen
appeared to make sending binary files easier to deal with. The most commonly used invention was the
SHAR file, a self-executing file that would collate all the parts, decode them, and give the file the right
name. (SHAR stands for SHell ARchive and only runs on UNIX-based machines.) You still
occasionally see these floating around in the newsgroups, but they have generally gone out of fashion
with the advent of modern mail clients that can send and receive binary files easily.

The problems of sending attachments led to the invention of the MIME (Multipurpose Internet Malil
Extension) system. By putting a certain set of text at the start of the message it allowed the mail handler to
change its interpretation of the body. Thanks to MIME, users could now put multiple parts of different file
types into the body of the message and not have to worry about encoding and decoding messages. MIME
types, the string used to determine how to interpret the file data, have become an essential part of Internet |
They are used everywhere, from e—mail to Web servers to the core of most operating systems. When you s
composing mail messages later in the chapter you will see how essential they are to your application.

We mentioned earlier that the header fields could appear anywhere within the message. This can make for
some interesting problems. Think of what happens when a sentence starts with the word "To" or "From" or
any of the others in the list presented in Table 5-1. If one of these words happens to start a line, then the
mailer at the other end will automatically interpret it to mean the start of another header field. Suddenly you
get a bunch of error messages about badly formatted mail and partial message bodies and a lot of other we
stuff. To avoid this, mail clients will check the contents of your messages and automatically insert a >
character at the start of any lines that may be a problem. When sending out automated mail services like
newsletters or confirmation e—mails, make sure that you have your software perform checks on the messag

Attachments can be both a blessing and curse. They enable you to include a picture of your latest vacation
send to your parents, but they also enable people to send you HTML with embedded JavaScript to cause
virus—like problems (and the reason for so many problems with the Microsoft Outlook client being the source
of so many prolific PC viruses).
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Types of servers

What good is e-mail if you cannot read it? Once the e-mail has arrived on your local mail server, you need
read it. Ignoring the people who read e—mail directly using UNIX-based mail clients, three types of mail
servers exist for handling mail over the Internet. We've touched on these briefly in this chapter, but now we
will examine them in much more detalil.

Note For the purposes of these discussions we are assuming a fully Internet—-compliant mail system. Mail
servers such as MS Exchange and Lotus cc:Mail/Notes that do not use standards—compliant mail
protocols by default are not considered.

SMTP

An SMTP server performs the job of routing mail messages over the Internet. It is the first point of contact fc
your mail client after you've clicked the Send button.

The actions of an SMTP server are the same whether you are trying to send an outgoing message or are
processing an incoming message from the Internet. When the SMTP server first receives the message, it sti
the message into the component parts. It then applies a collection of rules to these parts to determine what
do next. With some servers, these rules can get extremely complex. You can block mail messages from any
one host name or IP address, a whole collection, or automatically virus—filter the contents. Really, the sky's
the limit — you can do anything your server is capable of.

Tip By far the most common SMTP server on the Internet is Sendmail. This multipurpose mail router has
been around since the early 1980s and is still the de facto standard, used by over 80 percent of sites.
Sendmail is an open-source program that can be found at http://www.sendmail.org/. Be warned,
configuring Sendmail is not for the faint of heart. Cryptic hardly describes it!

Where possible, the SMTP server tries to send mail directly to the destination server. If it cannot, it will
perform what is called a relay operation. That is, one server on another domain has agreed to act as a mail
server for the destination domain. An SMTP server always relays in some form, either for outgoing or
incoming mail. Relaying for other hosts is also the core of Web hosting. Web-hosting companies set up a
single machine that takes mail for all of the Web sites they host and then enables the user to send out mail
under the address for that machine.

Note Improperly configured machines allowing relaying are the cause of a lot of spam. Unscrupulous
spammers look for machines that allow global relaying from any host and then use that machine to act
the source for their messages. A properly configured mail server will enable you to relay from machine:
within the domain and any that it might virtual-host, but nothing from the outside world.

Part of the SMTP protocol includes a number of error conditions. Like the infamous 404 Not Found message
of the Web world, mail errors use a numbered system of error conditions. Part of the filtering rules enable yc
to respond with different messages or conditions dependent on the incoming source. A number of retry rule:
also exist if the destination server cannot be contacted. You usually will see the filtering rules and retry rules
in combination when you get a series of error messages about mail not being sent for a given time period (ft
hours, three days, one week, and so on).

POP

For years the most common way to receive mail on a remote client was to use the POP server. This enable
you to log into a remote machine and download the mail to your local machine. POP allowed you to leave th
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messages on the server, but it meant having to download the headers every time you connected. For most
users, this ends up with them downloading the entire message to the local machine.

A POP account is very limited in its capabilities. Unlike a local mail client or IMAP account, you only had a
single folder to store messages in — the inbox. If you wanted anything more than that, you need to downloa
the messages locally and then apply any filtering rules that your particular mail software provided. If you use
a number of different mail clients, you had to write those same rules in each one.

IMAP

On the client side, mail readers enable you to sort of messages into different folders. The POP server just
couldn't handle the requirements of users jumping between machines around the globe and even within the
same office. Thus, the IMAP server was born.

Unlike POP, which only has one folder, the Inbox, IMAP enables users to create and store all their mail
folders on the server. Thus, no matter where they are, users can always have their mail stored and filtered
according to their own preferences. Another advantage of IMAP is the ability to keep everything secure. Bot
the connections and the mail folders can be encrypted, allowing for more safety when transporting message
across the open Internet to be read.

Tip IMAP servers are commonly used in conjunction with LDAP directories for storing address
information. This gives the user the advantage of having both contact information and e—-mail
available wherever they travel.

Webmail

No discussion about e—mail is complete without something on Webmail. Since Hotmail went online with free
e—mail accounts, the face of the public e-mail for consumers has never looked the same. So what is behind
Webmail server?

Really a Webmail system is just a Web server and an e-mail server combined with some executable code i
the middle. It doesn't really matter which of the POP or IMAP servers is used to retrieve mail messages dow
the back. Some even just use the old-style UNIX convention and grab the mail directly from the spool
directory.

Tip Setting up your own personal Webmail system is a trivial task if you have access to your own mail or

Web server. Go to Freshmeat (http://www.freshmeat.net/) and search for Webmail. At least 10 different
Open Source efforts are available from that one site alone.

Introducing JavaMalil

Enough talk! Now, on to the real task of building e-mail capabilities. As we have already mentioned several
times, JavaMail is the standardized e—-mail API for Java. It provides a collection of abstractions so that you
don't need to worry about the low-level protocols of sending mail and news items.
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The JavaMail package

JavaMail consists of four packages to provide news and e—mail functionality. Although the APl is capable of
handling non-Internet mail and news services, the default implementation only includes Internet capabilities
JavaMail, like all of the J2EE specification, belongs to the Optional Packages extensions to the Java APIs.
This means that the packages all start with the prefix javax.mail. Table 5-2 lists the four packages.

Table 5-2: The packages of the JavaMail API

Package Description

javax.mail A basic outline of mail capabilities.

javax..mail.event Event classes and interfaces for listening to dynamic updates to the mail
system, such as new mail arriving.

javax.mail.internet Internet—specific mail options such as MIME types, headers, and sp on.

javax.mail.search Classes for building mail filters and search capabilities.

JavaMail requirements

JavaMail is a pure Java API and therefore does not depend on any given system setup. It does not even rec
a Java 2 system and will happily run on JDK 1.1 (though running it inside an applet is bound to cause secur
exceptions).

When running, JavaMail does not require any particular setup. You provide it with all the information it need
to connect to a mail server to send and receive messages at runtime.

Downloading JavaMail

If you don't already have a full version of the J2EE system on your machine, then you will need to download
the JavaMail library, which can be found at http://java.sun.com/products/javamail/.

If you are downloading JavaMail and don't have a J2EE environment installed, you will also require a copy c
the Java Activation Framework (JAF). You may already have this if you have done JavaBeans programming
before, but if you don't have it you can download it from http://java.sun.com/products/jaf/. JAF is also
included in the standard J2EE environment, so you won't need to download it separately if you already have
the full setup.

JavaMail terminology

As a multipurpose, multiprotocol API, JavaMail has to abstract many things and create an appropriate set of
terminologies for each abstraction. Most of these terms should feel straightforward, but we will cover them ir
order to make the rest of the chapter more understandable.

Session

The session is everything about your application using the mail interface. If you have multiple applications
running in the same JVM instance (for example, servlets in a Web server or EJBs in a middleware server), if
possible for each to have its own environment to work in. A session defines the environment that the mail wi
run. This environment can be shared across many applications, or each application can have its own individ
setup.
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Transport

Transport is the protocol used for sending and/or receiving e-mail. For a system that will be sending out
e—mail, the transport will be SMTP. For a receiving system, it will be either POP or IMAP. Naturally, you can
set up a single session with a number of different transports — one for the sending side and one for the
receiving side.

Message

The message is all the information that has to be sent, including the body, headers, and addressing
information. You will need to create a single message for each time you need to send something to a user.
Multiple recipients may be specified in the message, within the limits imposed by the mail server and Interne
standards.

Store

The store is a collection of messages, just as in a mail client. A store consists of a number of folders and
messages. Within each folder you can contain other folders and messages ad infinitum.

Sending an E-mail

Constructing and sending a message is a three—part process. First you need to establish all of the
application—wide information. Then you need to construct each particular message with all the relevant
details. Finally you have to contact the server, send the message, and check for any errors.

Setting up e—-mail

To establish e-mail capabilities for your application, you first need to construct a session and the appropriat
transport mechanisms. These are encapsulated in the classes with the same names: Session and Transpor
the javax.mail package.

Step 1: Create a session

Sessions come in two flavors: the system default and a customized session built to your specific requiremer
For the majority of applications, the default will be sufficient, particularly if you only have one application
running per JVM instance.

Creating a session requires that the system also know what services it needs to provide. So the first step to
creating a session is to create an instance of java.util.Properties and fill it with the appropriate information
(you will notice that this step is quite common among the J2EE APIs). Table 5-3 outlines the most importan
properties. However, if you are just sending e-mail, you need only a small subset of these.

Table 5-3: Properties used to create a JavaMail session

Property Name Description

mail.host The name or address of the host that will be used for all mail
interactions, unless overridden.
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mail.transport.protocol The protocol(s) to be loaded for this session, either smtp, pop3 or
imap.

mail.user The user name used to log into the mail server. This is not required at
this point, as it can be supplied during message—sending.

mail.from The e—mail address of the user sending this e-mail. Not required at
this point as it can be supplied during mail-message constructign.

mail.smtp.host If you're using the SMTP transport protocol, this is the name of the
host to send outgoing e—mails to.

Cross—Reference You can find a full listing of the allowed properties in Appendix A to the JavaMail

specification. A link to the specification can be found on the Web site for this book.
There are two static methods in the Session class that you can use to initialize and create a session:
getinstance() and getDefaultinstance(). Both of these have the option of providing a class called
Authenticator. Use the Authenticator class if you have to securely provide a user name and password to acc
the mail server. We'll get to an example showing this shortly, but for the moment we show a simple startup
call to get a session established:

Properties props = new Properties();
String mailhost = "mail.mydomain.com";

props.put("mail.host", mailhost);
props.put("mail.transport.protocol”, "smtp");
props.put("mail.smtp.host", mailhost);

Session mail_session = Session.getDefaultinstance(props);

Your site might be set up with a lot of security, so the mail server may require a password. This is provided
with the Authenticator class. To provide a custom password and user name, you need to extend the class al
provide it with all of the basic information. Although you can use the Authenicator class directly, there is no
way of providing it with basic information, so you must extend the class with your own implementation.

Step 2: Select a transport mechanism

After establishing the session you need to work with the transport handler. The transport handler enables yc
to connect to a particular host with a given protocol. In the previous code snippet, we registered that we
wanted to use SMTP as the default protocol for this session.

To gain an instance of the Transport class that you will use to send and receive e—mail, you use one of the
getTransport() methods:

Transport smtp_service;

try {
smtp_service = mail_session.getTransport();

}

catch(MessagingException nspe) {
/I SMTP is one of the defaults. If we get this there is
/I a serious problem!
System.err.printin("Danger, Danger! No SMTP mail provider!");

}

Here you are using the method that returns the transport implementation for the default protocol that you
nominated back when you created the session. If you are setting up an application that needs to both send :
receive e—mail, then you can always ask for a particular transport type. For example:
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smtp_service = mail_session.getTransport("imap");

CautionThe protocol types are always provided in lower case. Uppercase protocol names will not be found
by the system, so you will get errors.

Now, if you are building a large—scale mail system (perhaps even a mail reader), you will probably want to

register an instance of TransportListener with the Transport class that you've just received. This listener will

give you information about how the mail system is functioning with the message(s) that you have just sent o

received. For example, it will tell you if the message was successfully sent or not.

Constructing a message

With the basic system setup now complete, your application is ready to send e—mails. So far, the steps have
been relatively trivial; constructing a message takes quite a bit of extra work compared to the first few steps.
To send a message, you need to follow these steps:

1. Create a Message object to represent your complete message.

2.Create and register the address of the receivers and the sender (your application).
3. Set the subject and any other headers.

4. Build the body of the message, including any attachments.

5. Save all the changes you've made so far.

6. Send the message.

For this first part, you will just send a message containing plain text. In a short time you will come back to
adding attachments to your message.

Step 1. Start a new message

You start by creating the shell of the message using the MimeMessage class from the package
javax.mail.internet. You do this because you are sending an e-mail message over the Internet; if you were
providing a proprietary mail system, then you would use another subclass of the Message class.

MimeMessage message = new MimeMessage(mail_session);

Note that you also have to use the mail_session object that you created earlier. Many other options for
creating instances of the message object are available to you, but for purely outgoing e—mail, this is likely to
be the most common way.

Step 2: Set the sender and recipients

Adding address information is the next step. You use the InternetAddress class from the javax.mail.internet
package for the same reason that you use the MimeMessage class, as shown in this example:

InternetAddress sender =
new InternetAddress("justin@vlc.com.au", "Justin Couch");

message.setFrom(sender);

InternetAddress|[] to_list = {
new InternetAddress("recipient@myplace.com”) };

InternetAddress][] cc_list = {

new InternetAddress("personl@myplace.com"),
new InternetAddress("person2@myplace.com")
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h
message.setRecipients(Message.RecipientType.TO, to_list);
message.setRecipients(Message.RecipientType.CC, cc_list);

When setting the recipient information, you need to create an array of addresses, too. For the To list, there
should only be one item in the list at any given time. It is actually illegal to have more than one item in the T
list, but most mail servers are forgiving and will handle it if there is.

Step 3: Set the Subject and Headers

Next on your agenda is setting up all the header information. You can ignore most of the items we mentione
in Table 5-1: They are set either by the various mail servers the code passes through, through the specializ
API call, or through the preceding steps.

Setting the subject is a simple call. You should already know the text string that will be used, so this
message.setSubject("Hello world");
will be all you need to set the subject on your e-mail.

All headers can be set with the generalized method setHeader(). This method takes two strings — one for tt
field name and one for the value. For example, if you want to set the Keywords field, you can use the
following code:

message.setHeader("Keywords", "Java,J2EE,email");
and JavaMail will make sure that the header is correctly formatted for your message.
Step 4: Set the message body

To set the message body requires only a single call in most cases (we'll discuss adding attachments and
non-text bodies shortly). Using the setText() method, you can place the message body in plain text:

String body = "Mary had a little lamb, its fleece was " +
"white as snow.\n And everywhere that Mary " +
"went the lamb was sure to go.";

message.setText(body);

Tip Calling setText() more than once will replace the previous text with the new text. If you need to combine
pieces of message, use StringBuffer to build the message string first and then set the whole lot with a
single call to setText().

If you examine the text string closely, you will see that we've added the newline character \n. This is becaus

the message body does not automatically recognize an end-of-line character in your text (particularly if it hi

been taken from a TextArea/JTextArea GUI component). You will need to make sure that the string you are
using already contains all the formatting required.

Sending a message
With the message construction now complete, you need to send the message. One of the features of the

JavaMail API is its ability to be used for bulk mail. Before you write this off as being valuable only to
spammers, think about your typical large corporate environment like Dell. How many copies of the same
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message do you think its employees send off in a typical day? Probably thousands. Is it really necessary to
construct that same message over and over again, when all the user really needs to do is change a couple
items in the body and the recipient?

The feature that we mentioned is that none of the changes that the previous sections have made to the mes
actually take effect until you commit them to the message. This way you can keep a template of the messag
around, use it to send a message, and then immediately grab it back and start making more changes. Once
have completed the changes for the next copy, you commit those and send the message out. For large-sca
corporate systems in which users need to send thousands of copies of essentially the same message, this i
great advantage. Just change the recipient name and a few details in the body and fire off the message. Thi
handy feature has other benefits as well — reusing the same object saves on garbage being generated, whi
in turn results in fewer system resources being used.

Your final two steps, then, are to save the changes and send the e—mail, as follows:

message.saveChanges();
smtp_service.send(message);

As your message object already contains the sender and recipient information, there is nothing left to do.
From here on, it is up to the mail system and the JavaMail API to make sure everything is done correctly.

Tip Remember that you can listen for progress updates by registering a TransportListener instance with the
smtp_service object.

Sending to newsgroups

JavaMail is not just for e-mail. E-mail and newsgroup capabilities are very similar. The only differences lie
in how they are addressed initially and in what protocol they use to communicate with the server. All of the
other concepts — such as folders, searches, and messages — remain the same.

Connecting to a news source is a little different from connecting to a mail server. For news services, you
substitute a different protocol type for your transport type. This time, you use nntp, as follows:

Properties props = new Properties();
String mailhost = "news.mydomain.com”;

props.put("mail.host", mailhost);
props.put("mail.transport.protocol”, "nntp");
props.put("mail.nntp.host", mailhost);

Session mail_session = Session.getDefaultinstance(props);

The second change you need to make to your code is to use a different address format. Unlike with e-mail,
wherein you nominate a particular person, with news you define a group name. To define a group name, yo!
use a different form of the Address class, the NewsAddress class:

InternetAddress sender =
new InternetAddress("justin@vlc.com.au”, "Justin Couch");

message.setFrom(sender);
NewAddress[] to_list = {

new NewsAddress("comp.lang.java.programmer”) };
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message.setRecipients(Message.RecipientType.TO, to_list);

From this point on, sending a message to a newsgroup is no different from sending one to an e-mail addres
You construct the message, add attachments, and send it in exactly the same way.

Tip As the message object is the same for both newsgroups and e—-mail, you can construct a single
message containing both e—mail addresses and newsgroups in the recipient list. It does take a
little extra work setting up the host and protocol information, but the typical dual-protocol
response that you are used to from your newsgroup reader is possible with JavaMail.

Messages with attachments

Most business e-mails are plain text. However, for more consumer—oriented applications, you may want to
send out HTML mail or other attachments such as a digital signature, or even an encrypted message. To do
this you need to use MIME attachments.

In adding the body text previously, you made use of the convenience method setText(). Adding attachments
requires more work because you have to set up all the information about the attachment as well as the byte:
the attachment itself.

CautionThese processes only work with fully Internet-compliant mail systems. If you must use proprietary
mail systems such as Microsoft or Lotus mail servers, then you will have to use their proprietary
software interfaces. JavaMail assumes that you are using standards—compliant systems, which
Microsoft and Lotus mail are not.

Messages with a single content type

Building messages with non—plain—text bodies requires delving into parts of the Java Activation Framework
(JAF). Two classes are of importance here — DataSource and DataHandler from the package javax.activati
You will use these a lot over the next few pages, as they form the basis of dealing with MIME—encoded
messages.

In earlier dealings with mail messages you used the setText() method to set the body of your e-mail. To use
non-text bodies, such as HTML, you swap this method for the setContent() method. All the other setup and
sending procedures stay the same.

Two variations on the setContent() method exist. One takes only a Multipart object as the parameter, while t
other takes an Object and a String. You are most interested in the former. In the latter, you pass any Java
object instance and a string describing its MIME type and then let the system deal with the appropriate
encoding. While potentially simpler, this means you need a lot of extra third—party code responsible for
dealing with these objects correctly. These libraries generally don't exist at the time of this writing. At this
point in time, it is far easier just to do everything yourself.

A much better way to approach adding a single attachment is to use the setDataHandler() method. Don't giv
up on the setContent() method yet; it will be of more use to you in the next section, but this option actually
makes it easier to attach a single item to a message. The DataHandler class is part of JAF. To construct an
instance of it, you will need to provide either an Object/String combo or a DataSource implementation
(DataSource is an interface).

For most attachments you will be adding some file on disk to the system. To do this you can use the
FileDataSource class from JAF to do most of the hard work for you. To attach a file to an e-mail, use the
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following code:

String my_file = "/home/justin/.signature";
DataSource fds = new FileDataSource(my_file);
DataHandler dh = new DataHandler(fds);
message.setDataHandler(dh);

That's it. Very clean and simple. However, what if you want to get the attachment from another source, suct
as an XML document? The XML has to be processed into usable text. You really don't want to have to save
the output to file and then read it in. Instead, you will need to build your own DataSource.

Cross—Reference A pre-built, custom DataSource for dealing with String and generic InputStreams is
available from the Web site.

Tips for building a custom DataSource

A custom data source is used to provide a DataHandler with all of the details about the raw bytes on disk.
When you implement a new DataSource, because it is an interface, you have to do all of the basic legwork
yourself, such as determining what the MIME type is, stream handling and more.

Implementing the DataSource interface requires you to supply four methods:

« getlnputStream(): This method supplies a stream that represents the data you are reading. For
example, if you are translating an XML stream into plain text for an e—mail, this stream contains the
translated text.

« getOutpuStream(): This method supplies a stream that enables the end user to write data back to yo
underlying source. For implementations designed for use in JavaMail, you can ignore this method.

 getContentType(): Returns the MIME type of the underlying stream. This MIME type should reflect
the content of the stream returned by getinputStream() rather than the item you are processing. For
example, when processing the XML file to a plain text stream, this method should return text/plain,
not application/xml.

» getName(): Return a descriptive name of the underlying object. For example, if the underlying object
was a file, it might return the file name. Processing an XML document, it might return a "title"
attribute value.

How you source the underlying data is dependent on what that data is. Typically you will supply a hint for thi
as part of the constructors for your implementing class. For example, if the data source is fetching informatic
from a database, the constructor would provide the primary key of the row that it wants to fetch data from. A
always, work out what you need to provide and write the appropriate code to handle your particular situation

Multipart messages

On the next level of complexity, you have to assemble a message consisting of a collection of attachments.

Here you can go back to the setContent() method that we mentioned earlier. The version that will be of mos
interest to you is the single parameter that takes a Multipart instance. Again, as in the rest of this chapter, yc
are not interested in the generic base class, but the Internet—specific version called MimeMultipart sitting in

the javax.mail.internet package.

Start by creating an instance of MimeMultipart using the default constructor. This allows the class to act as ¢
container for all the attachments that you will be adding shortly:

MimeMultipart body = new MimeMultipart();
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Examining the documentation reveals that the only way to add items to this class is to use the addBodyPart
method. Once again you are more interested in the Internet—-specific version, and so you make instances of
MimeBodyPart to place pieces in the mail message. To add the actual data to the body part, use the
setDataHandler() method just as you did in the single—attachment example earlier:

String my_file = "/home/justin/.signature";
DataSource fds = new FileDataSource(my_file);
DataHandler dh = new DataHandler(fds);

MimeBodyPart part = new MimeBodyPart();
part.setDataHandler(dh);

body.addBodyPart(dh);

Of course, when dealing with multiple attachments, you will probably want to roll this all up into a little loop,
as shown in the following example:

String[] attachments = {
"lhome/justin/books/ebible/chapter5.doc”,
"lhomel/justin/books/ebible/pics/ch05-1.jpg",
"lhomel/justin/books/ebible/pics/ch05-2.jpg",
"lhomel/justin/books/ebible/pics/ch05-3.jpg",
"lhomel/justin/.signature"

I3

for(inti = 0; i < attachments.length; i++) {
DataSource ds = new FileDataSource(attachments]i]);
DataHandler dh = new DataHandler(ds);

MimeBodyPart part = new MimeBodyPart();
part.setDataHandler(dh);

body.addBodyPart(dh);

Note An alternative to the previous method for a single attachment is to use the
MimeMultipart class as follows:

String my_file = "/home/justin/.signature";
DataSource fds = new FileDataSource(my_file);
MimeMultipart content = new MimeMultipart(fds);
message.setContent(content);

Non-English-language handling

Your final stopping point on the way to sending e-mail is dealing with non—English—language e-mail.
Despite the American view of the world, not everyone speaks English, and the number of Internet users whe
speak other languages is growing rapidly. For large businesses it is important to cater to these markets.

English, as far as computer usage goes, is generally defined to be the US—-ASCII character set. Late in 200(
the ability to create domain names in non—-ASCII characters added a new dimension, as most of the header
will now also contain non—ASCII characters for information more important than just the body and subject.
Fortunately, the designers of the JavaMail libraries had this in mind.

Providing multi-language support is the job of the MimeUltility class.
Tip
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Multi-lingual support in e-mail is defined in RFC 2047 MIME Part Three: Message Header
Extensions for Non—-ASCII Text.

Encoding messages

When sending a message, you heed to encode the text into something acceptable according to mail standa
At the point when you send an e—mail, we expect that you already have the text encoding in the correct
language using Java's built—in Unicode support. The problem is that Unicode is not a capability supported b,
Internet mail standards, so you need to encode the text differently in order to make it acceptable.

You have a number of options. If you know that you only need to handle a few words, then you should use t
encodeWord() method. However, you are more likely to have to deal with the whole message body or heade
in this case, use the encodeText() method:

String foreign_str =".....";

String usable_str = MimeUltility.encodeText(foreign_str);
message.setText(usable_str);

Decoding messages

Decoding a message is just the opposite approach. First, extract the body or header item, and then run it
through the decoder. Finally, display it to the user:

String msg_str = message.getText();
String foreign_str = MimeUltility.decodeText(msg_str);
textfield.setText(foreign_str);

Receiving an E-mail

For the enterprise application, receiving e—mail is not as important as sending it. However, not all applicatiol
that you will be writing will be used within the enterprise. In fact, e-mail is used for all sorts of things other
than discussing the latest sports results with your mates.

Preparing to receive mail

Receiving e—-mails requires the same code to get you established as sending them. You need to establish
sessions and transports to receive an e—mail, just as you needed them to send it.

Step 1: Set up receiving services

Start by establishing the mail session and transport information:

Properties props = new Properties();
String mailhost = "mail.mydomain.com";

props.put("mail.host", mailhost);
props.put("mail.store.protocol”, "pop3");
props.put("mail.smtp.host", mailhost);

Session mail_session = Session.getDefaultinstance(props);
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The only difference between this and the earlier version for sending e—mail is the change from a transport
protocol to a store protocol. To return to terminology we defined earlier, stores are how we look at incoming
messages, and transports are how we look at outgoing messages. SMTP is only used to send an e-mail. If
want to receive one, you need to use a different transport mechanism. For standard Internet e-mail, you wil
generally use either POP3 or IMAP as your protocol. Most users only use POP, as shown in the previous
sample code.

Step 2: Provide authentication information

For the vast majority of users, reading e—mail from the server means providing some form of login
information. That is, you have to provide a user name and password to the server before you can properly
connect. The previous sample code will attempt to connect to the server and get bounced because it cannot
provide any information about the user. Somehow you need to provide this information to the system.

In the section, "Step 1: Creating a session," we talked about providing an instance of the Authenticator class
Authenticator enables you to provide the mail system with sensitive information like user names and
passwords. Remember that in a big system, it is quite possible that many applications will all be using the
same instance of the mail APIs, and that you don't want user names and passwords leaking from one
application to another.

For this simple application, you will find the following class useful:

public class SimpleAuthenticator extends Authenticator {
private PasswordAuthentication pwAuth;

public SimpleAuthenticator(String user, String passwd)

{

pwAuth = new PasswordAuthentication(user, passwd);

}

protected PasswordAuthentication getPasswordAuthentication()

{

return pwAuth;

}
}

This simple implementation provides just enough information to be useful. Also note that you override the
getPasswordAuthentication() method but keep the access protected. This ensures that security stays as tigt
possible.

The next step is to register the Authenticator with the system. To do this you need to make one more
madification to the connection code in the previous section. The getinstance() and getDefaultinstance()
methods can also take an instance of your Authenticator class. This is how you pass the password—connect
information into the mail system in a secure way. The new code becomes:

props.put("mail.smtp.host", mailhost);

Authenicator auth =
new SimpleAuthenticator("justin”, "mypasswd");

Session mail_session = Session.getDefaultinstance(props, auth);
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Managing incoming mail

With the setup information established, you need to connect to the mail server. Unlike with sending e-mails
you need to contact the server first to get the information before you can do anything. With the password
information in hand, you now have to access stored information from the mail service.

Step 1: Connect to the server

At the moment, the transport code shown in the previous example is sitting dormant. There is no active
connection to the server. You need to be active before you can ask it about any messages that may be wait
for you.

To establish a connection, you first need to request a Store object that represents the server. Then you use
of the connect() methods to create a live connection. The Store object represents the details of the server.
Once you're done with this step, you can go on to ask for the individual mail folders such as the Inbox to loo
at various messages:

try {
Store pop_store = mail_session.getStore();

pop_store.connect();

}

catch(MessagingException me) {

}

Various options exist in the session for fetching a Store. As with the Transport class, if you want to fetch
multiple Stores for different protocol types on the server, you can use a variant of the getStore() method:

Store pop_store = mail_session.getStore("pop3");
Store imap_store = mail_session.getStore("imap");

With a Store instance on hand and connected, you can now start examining the mail contents.
Step 2: Look at messages

Malil is represented on a server as a collection of folders. These folders are no different than what you see ir
your ordinary e—mail reader today. Folders contain a collection of e-mail messages and may be nested witf
further subfolders. To read an individual mail message, you must first access the folder it is contained in.

The Inbox is the folder you are most likely to want to read — particularly when checking for new messages:

Folder inbox = pop_store.getFolder("Inbox");

Note The folder name Inbox is a reserved name to represent the place where all mail first arrives at the
system. The name is case—insensitive, so it doesn't matter if you ask for INBOX, inbox, or Inbox. There
are no other reserved folder names, so any other folder you might be after is application—specific.

An alternate way to look for folders is to ask for the root folder and then traverse its subfolders until you find

the folder you want. You can access the root folder using the getDefaultFolder() method. For server—based

applications, this method is not particularly useful. In this environment, it is easier to find the folder if you ask
for it by name. If you were to write a GUI client for managing e—mail, then the best way would be to present
the default folder in a Swing JTree—style component.

Note

87



Chapter 5: Sending and Receiving Mail with JavaMail

POP3 mail protocol always has a single folder at any given time. Calling
getDefaultFolder() or getFolder("INBOX") will return the same thing.

To access the content of the folder, you need to open the folder. Once it has been opened, you can view the
list of contained messages and subfolders. Reading messages and subfolders is as simple as using the
getMessages() method for messages and the list() method for folders. The following piece of code shows th
contents of your Inbox:

Folder inbox = pop_store.getFolder("inbox");
inbox.open();

System.out.printin("Messages");

Messages[] messages = inbox.getMessages();

for(inti = 0; i < messages.length; i++)
System.out.printin(messages[i].getSubject());

System.out.printin("Folders");

Folders[] children = inbox.list();

For(inti = 0; i < children.length; i++)
System.out.printin(children[i].getName());

Step 3: Fetch new messages

One of the points of opening a folder to read e—-mail is to determine whether you have new messages. For
example, you might want to check for new messages, download any new ones, do some processing, and th
delete them. If there are no messages, then you don't want to do anything.

On contact with the server, you will want to find out whether you have any new messages:

Folder inbox = pop_store.getFolder("inbox");
inbox.open();

if(inbox.hasNewMessages())
// do some processing here....

A typical action of a mail client is to download header information without downloading the rest of the
message. This enables you to quickly get a feel for what is available without having to spend a lot of time ar
bandwidth fetching all the e-mail. If you are like me and receive a couple of hundred e-mails in a day, then
this can be a good thing.

JavaMail uses the concept of a profile to define just what information should be downloaded locally for the
message and profiles are embodied in the FetchProfile class. This class enables you to specify a combinati
of header information, the current flags, and content. You can request any or all of these. For example, to a:
the system to fetch header and flag information for messages, you would use the following code:

If(inbox.hasNewMessages()) {
FetchProfile profile = new FetchProfile();
profile.add(FetchProfile.ltem.ENVELOPE);
profile.add(FetchProfile.ltem.FLAGS);
Message[] msgs = inbox.getMessages();

inbox.fetch(msgs, profile);
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Building E—mail Filters

For an e—mail user, building a set of message filters is an important part of the process. It enables users to
filter out spam, quickly and automatically sort e-mail from various mailing lists into smaller and more
manageable areas, and provide a simple way of rating important information. To make all this possible, the
JavaMail API provides a very flexible set of capabilities in the javax.mail.search package.

Constructing a search

The search classes from the JavaMail search package work as a set of Boolean conditions. These enable y
to build anything as simple as checking for a word in the message body to creating a complex pattern lookin
for sender name, source information, and keywords in the body.

All the search classes extend the base class SearchTerm. This class has one abstract method, search(), th:
takes a Message object and returns a boolean indicating a matching condition or not. Because it is abstract,
you must then build a set of classes that provide a particular search match.

Single-item comparisons

When trying to build a set of filtering rules, you don't necessarily want to search an entire message for
information. You might want to search just the body for a particular keyword (great for spam!) or the subject
for a particular piece of text (normal practice on most developer mailing lists).

The following four basic classes provide comparisons for a single part of the message:

» AddressTerm: This class looks at the address field of the mail message — either from or recipient.

» FlagTerm: This class looks at the flags associated with a message: Has the message been read yet,
marked with a flag, or answered?

« StringTerm: This class provides a generalized comparison that does substring searching for a
particular string. Note that it cannot do regular—expression searches.

» ComparisonTerm: This class provides more specific matching capabilities for numerical values such
as dates and message lengths.

Each of these base classes is then extended with more specific search capabilities. For example, AddressT
is then subclassed with RecipientTerm and FromTerm classes.

Boolean search classes

Even for the most simple of searches, there is the need to use Boolean conditions. These enable you to
combine a number of comparisons into a single search. A typical e-mail filtering rule might be to look for the
To or Cc field to be equal to a particular string. Combining the two smaller searches requires a Boolean OR
operation.

The classes provided for Boolean operations follow the normal Boolean operations, AND (AndTerm), OR
(OrTerm) and NOT (NotTerm). Like all Boolean operators, these can be combined into a tree structure as
deep as you care to make it.

Combining classes is just like playing with Legos. Construct the classes in the order in which you want them
combined. You build the expression from the bottom up. You can express the following term:
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(@] 'b) && c
as this:

NotTerm not_b = new NotTerm(b);
OrTerm a_or_b = new OrTerm(a, not_b);
AndTerm ab_and ¢ = new AndTerm(a_or_b, c);

Executing a search

Now that you know the basics of the search classes, you can construct a full search of all the messages. A
filter is really just a search followed by some action to be performed on the results of the search. So to build
filter you first need to search the messages for some particular set of qualities.

One common use of the filter is to put mail messages from a given list server into a separate folder. Most
commonly that is done by looking at who sent the e—-mail. Let's say you want to filter the messages from the
XML-DEV mailing list. You will want to construct a search for the To field being from the address
xml-dev@lists.xml.org:

SearchTerm to =
new RecipientStringTerm(Message.RecipientType.TO,
"xml-dev@lists.xml.org");

Another way to do this is to pass Address objects rather than a string:

Address to_addr = new InternetAddress("xml-dev@lists.xml.org");
SearchTerm to =
new RecipientTerm(Message.RecipientType.TO, to_addr);

Of course, software being software, when someone replies to a list message you don't really know whether
this list message is going to be in the To field or not. Just as often as not, the mail client will put the list
address in the Cc field and the user in the To field. So to be robust, your search must look at both the To an
Cc fields for the net address. The first of the previous two examples now becomes the following:

SearchTerm to =
new RecipientStringTerm(Message.RecipientType.TO,
"xml-dev@lists.xml.org");

SearchTerm cc =
new RecipientStringTerm(Message.RecipientType.CC,
"xml-dev@lists.xml.org");

SearchTerm xml_search = new OrTerm(to, cc);

After constructing the final variant of the search term, you now need to use it. Searches can be applied to
Folders only. Within the folder, the search can be applied either to the entire folder or to a nominated subset
messages only. For example, to find all the messages to the XML-DEYV list in your Inbox, you need to build
the previous search and then ask the folder to find the messages:

Messages[] xml_msgs = inbox.search(xml_search);

The result is a list of messages that meets the criteria.
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Building Complex Search Terms

If you want to create more complex terms, both AndTerm and OrTerm can take an array of search terms. If
you have a search condition like the following,

l(a && b) && ¢
the standard programmer would build a set of terms like this:

AndTerm a_and_b = new AndTerm(a, b);
NotTerm not_ab = new NotTerm(a_and_b);
AndTerm search = new AndTerm(a_or_b, c);

As you can see, this is a lot of class creation. You can apply De Morgan's Theorem to this expression and u
a different constructor for the AndTerm. The result will be the following code:

NotTerm not_a = new NotTerm(a);
NotTerm not_b = new NotTerm(b);
SearchTerm[] all_terms = { not_a, not_b, c };
AndTerm search = new AndTerm(all_terms);

This example leads to an extra line of code, but the search will be much more efficient now. The benefits
really show through when you build very complex terms involving a lot of nested Boolean conditions. The
more the Boolean conditions can be simplified into a set of flatter conditional checks, the quicker your searc
will be. This is really important if you have a lot of e-mails to check.

Caution The specification does not define what should happen if no messages match the search
criteria. It appears that implementations are free to return either a null reference or a
zero—-length array. For robustness reasons you should check for both before proceeding
any further with the results.

Managing messages

Once you have obtained a list of mail messages from a search, you can then do many things with them — s
them to new folders, delete them, or reply to them. Methods in the Folder and Message classes let you do a
of these.

Deleting unwanted messages

Let's say you have a Killfile — a file of people you don't like. You start by building a search that will find all
these people in your inbox:

String(] killfile = ....
int size = killfile.length;
SearchTerm[] source_list = new SearchTerm[size];

for(inti = 0; i < size; i++)
source_list[i] = new FromStringTerm(Kkillfile[i]);

kill_search = new OrTerm(source_list);

Messages][] kill_msgs = inbox.search(kill_search);
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/I now mark them deleted and get rid of them

Flags delete_flag = new Flag(Flags.Flag.DELETED);
inbox.setFlags(kill_msgs, delete_flag, true);
inbox.expunge();

To delete a message, you must first set the flag of that message to delete and then instruct the mail system
physically delete the message from the underlying storage. Mail messages have a number of flags associat
with them — including flags that mark them for deletion. If you have ever used a text—based mail reader like
ELM or PINE, you will be used to seeing this. It enables you to delete things without really deleting them, jus
in case you accidentally marked the wrong one — the original Trash Bin.

Moving messages to other folders

Within JavaMail there are two ways of moving a message between folders. The first is to use a copy methoc
and then delete the source e—-mail, and the second is to delete the message and then append it to the new
folder. While either method will work, the first method is preferable, and so it is the only one we will
demonstrate here.

Copying messages to move them is the preferred method of transferring messages between files because,
situations where the server— or client-side system supports direct copies, it is much faster to use that. If the
server supports it (as it does with IMAP systems), copying messages between two folders on the server side
much faster than copying the entire contents over the network connection to your client and then copying
them back to the server to the new folder.

Start with your mail-list filter example again. For this example, you have a second folder represented by the
variable xml_dev:

SearchTerm xml_search = new OrTerm(to, cc);
Messages[] xml_msgs = inbox.search(xml_search);

inbox.copyMessages(xml_msgs, xml_dev);

After you have copied the messages, you now want to remove them from the source folder. This is, after all,
filter to shuffle new messages to make your standard Inbox more manageable. The process of deletion follo
the same steps as the previous example:

Flags delete_flag = new Flags(Flags.Flag.DELETED);
inbox.setFlags(xml_msgs, delete_flag, true);
inbox.expunge();

Replying to messages

As part of a business server, one function that you may need is the automatic acknowledgement of incomin
e—mails. You know, those annoying messages that thank us for our business, and our e-mail will be handle
by the next available operator and so on.

To build this sort of system, instead of searching on a particular recipient you want to search based on the
unread flag. If you find a new unread message, send an auto reply, mark the message read, and move it to
some pending folder. You can imagine this code as being some part of an automatic thread that checks the
Inbox every five minutes, as shown in this example:

while(true) {
if(inbox.hasNewMessages()) {
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Flags unread = new Flags(Flags.Flag.RECENT);
unread_search = new FlagsTerm(unread);

Messages[] unread_msgs = inbox.search(unread_search);
For(inti = 0; i < unread_msgs.length; i++) {
Message reply = unread_msgsi].reply(true);

/I fill in the message here
reply.setText(ANNOYING_MSG);
reply.saveChanges();

smtpService.send(reply);

}

/I now move them to another folder
inbox.copyMessages(unread_msgs, pending);

Flags delete_flag = new Flags(Flags.Flag.DELETED);
inbox.setFlags(unread_msgs, delete_flag, true);
inbox.expunge();

}

thread.sleep(one_minute);

}

This piece of code completes the auto-reply system. On the second line it checks to see if any new messag
have turned up since the last time you checked. If so, you search the Inbox for any unread messages. You ¢
ask for unread messages as they will be the only ones with the flag set.

Tip In JavaMail, unread messages are indicated by two different flags. A RECENT message is one that has
arrived in the malil folder since the last time it was checked with the hasNewMessages() method.
However, if the message has not been downloaded or copied or otherwise looked at, the SEEN flag will
also be set to false. As soon as you request information about the message particulars, such as a heade
the body text, this flag will be set to true.

Summary

This concludes our introduction to e-mail and newsgroup capabilities in the J2EE environment. The ability t
send e—mails is an essential part of any enterprise application. Whether it sends an e-mail to confirm a
purchase or automatically filters support requests, almost any application will need to support e—-mail.

In this chapter, we introduced you to e—mail and to JavaMail as the implementation of mail capabilities in the
Java environment. The topics we covered included:

« An introduction to the parts of an e-mail message.

« Constructing and sending a basic e—-mail message.

« Instructing e—mails that contain attachments.

* Reading e—mails from a server for both POP and IMAP protocols.
« Building filters and searches to find e-mails.
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Overview

With the majority of enterprise applications, storing data means using a database. When people talk about
databases, they almost invariably mean the relational database as typified by Oracle, Sybase, Ingress and
friends. To access information in a database you need some form of query language, and SQL has risen to
become the lingua franca of relational databases.

Relational databases are not the only form of database software. Other forms of database exist, such as
object-relational and object-oriented databases. However, with the huge power of the current relational
products, and the number of developers using them, these other forms are finding it hard to gain a large
developer mind share. This results in a lack of standards for querying these forms of database, and so the
relational database has gone from strength to strength in the enterprise world.

In this chapter, we are going to take our first departure from the purely Java—oriented view of the world to
introduce you to relational databases and SQL. SQL is extremely important to the world of Java programme
accessing databases because it is what you use to talk to databases using the JDBC API.

Cross—Reference We introduce JDBC in Chapter 7. JDBC is the core of most remote—object
technologies, so you will see a collection of examples using JDBC in all the
chapters presented in Part V, "Abstracting the System."

What Is a Relational Database?

In the early days of computing, a database consisted of a big collection of files stored on disk. Each
programmer had to write his or her own code to manipulate these files. As data storage file sizes started
becoming huge, this overhead became too much (not to mention the constant re-writing of applications eve
time a small change in format was made). A number of companies, thanks to the increasing amount of
computing horsepower, started to provide off-the—shelf software for managing these growing collections of
data.

As software grew in complexity, programmers found that much of the data being stored was relatively trivial
— collections of hames, addresses, prices, and so on. And the same piece of nearly identical information wi
often repeated over and over, millions of times in many cases. There grew to be lists of collections, and thes
collections often had trivial links among them. It wasn't necessary for the exact item of data to form the link,
but there was a pattern from which one could determine that an item of data in one collection could be used
look up an item of data in another collection. Thus was born the relational database.

How data is structured in a relational database

If you wanted to create a collection of the same type of data in a normal programming language like Java, y
would build a class to hold it and a collection of getter and setter methods, and then link them all together.

This implies a lot of extra overhead for each piece of information stored. You have the definition of the class
all the pointers to various bits of data, some code to check that values are in range, and countless other pie
of code. Really all you want to do is put in a definition of values, and then say "store lots of this, please." The
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is how a relational database works.
Defining one piece of data with tables

A relational database defines its main data structure as a table. The table defines the series of attributes tha
must use as columns. Each column is exactly one piece of data — a person's first name, for example. You
now need to define a particular piece of information in that table — a real user. This is termed a row. You ca
picture tables, rows, and columns using a conceptual diagram as shown in Table 6—1. This kind of conceptu
diagram is a bit like your table in a document or Web page. Across the top of the table are the names of the
data stored in that column, then each row contains a piece of data.

Table 6-1: An abstract representation of a database table

First Name Last Name Country E-mail
Justin Couch Australia justin@vlc.com.au
Daniel Steinberg USA dsteinberg@core.com

When you search for information in a table, it is nice to know that you have provided some unique way to
access each row. Databases do not specify this unique key for you, and it is up to you to define one of the
columns to provide this unique key. In database lingo, this unique identifier is known as a primary key. A
table does not need to define a primary key, but it certainly makes life much easier for the programmer if the
is one.

Tip A primary key does not have to be a single column. It may be a combination of two columns,
such as the first name and last name columns in Table 6—1. Whatever way the design process i
defined, we highly recommend that it be a very small subset of your columns, for performance
reasons. The smaller the number of columns, the faster the lookup for a particular piece of data.

Linking pieces of data together between tables

For most useful applications you are not going to want to use a single table. Databases, like code, do benef
from good software—engineering practices, and breaking common pieces of data down from one table into
several smaller tables will make your application much easier to understand and maintain.

Once you have broken your data down into several tables, you need to provide some form of linking among
tables. This is where your primary key becomes very important. In one table you have a primary key to defir
information. Another table can now make reference to that table by including a column with the matching
primary key value. Consider, for example, an online store with a collection of orders linked to a certain
customer. As Figure 6-1 illustrates, the store has two tables — one for the customer contact information an
another for the orders. The orders make reference to the customer it is for by using the customer ID as the |
between the two tables.
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Figure 6-1: Two tables linked in a store database system by the customer ID

Now, when your outside user comes in, he or she asks for the order information. Internally your application
searches through the database for the order, finds the customer number, and then looks up the
customer—information table. The completed set of information is returned to the user as a single item. From
this example you can see that instead of storing customer information with every order, you now need only
one copy — thus saving yourself a lot of extra storage space.

The next step is to take this process to the logical conclusion. You can break your order information down in
what is basically a set of references to other tables. Product ID, purchase price, customer data, and any oth
form of common information can be held in individual tables and collated to form an order. The sum total of
all these tables and their relationships is known as a database schema.

Agreeing on a language to communicate

Databases are not much good if you cannot access the data in them or make changes to those data. Like rr
software, access methods started as proprietary solutions. Pressure from programmers lead to the lingua fr:
of relational databases: the Structured Query Language, better known as SQL.

SQL is not a programming language. You cannot combine blocks of statements into functions and functions
into full applications. It is a query language, which means that there is only one statement, and that everythii
you need to do has to be in that one statement. Think of it as that single string you enter into a search engin
to find a Web page.

Note Some databases do support collecting a group of SQL statements into a block of code. This
block of code is typically called stored procedures. How the databases support stored
procedures varies greatly from vendor to vendor, and for this reason they will not be covered in
this book. In our experience, stored procedures sometimes help with speed, but often make
many transactions slower once you combine SQL with JDBC. Test your applications using bott
methods to determine which is the faster way of accessing the database contents.

To be useful, SQL is generally used in the context of another application or development environment. You
need some container that connects with the database, issues your query, and returns the results. The only t
you might see SQL statements in their raw form is as a dump of the database contents to enable you to rec
from a problem or as a backup. In general, all the examples you see here will involve using some form of S(
prompt to your database, or as the commands issued by JDBC.

Tip Although SQL is an ANSI standard, every vendor seems to add its own flavor to it. Some companies

seeking to build very light database implementations have taken a small subset of the full specification,
while big companies like Oracle and IBM have extended the specification. For the purposes of sanity,
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we've stuck to the ANSI standard specification in this book. We highly recommend checking the
documentation of your database for the exact version it supports and any modifications to the concepts
introduced here.

Finding a database to use

Which database you choose is very heavily dependent on the requirements of your project. Heavy hitters lik
Oracle and SQL Server are not very appropriate for writing Palm Pilot software. Similarly, the requirements

of the project may dictate a certain minimum set of capabilities, such as transaction processing. Other times
these requirements may not be needed, and so a simpler database will be more acceptable (not to mention
much lower licensing costs!).

Cross—Reference Transaction processing and the high—end features of enterprise systems are introduced i
Part VI, "Building Big Systems."

You are no doubt aware of the large commercial database players such as Oracle, Sybase, Ingress, and
Microsoft. However, there are many equivalent systems in the open—-source realms as well. For example,
PostgreSQL (http://www.postgresql.org/) provides almost all the full capabilities of Oracle servers and yet is
an open-source product. Other products that we often use are MySQL (http://www.mysqgl.com/) and
MiniSQL (http://www.hughes.com.au/).

It is far from our place to recommend a database solution for your needs. Databases can be anything from
tiny—footprint devices for embedded devices to large distributed—transaction databases for huge Web sites.
You will need to evaluate just what needs your project has.

If you just need a database to test and play with SQL, then the reference implementation of J2EE comes wil
a small, Java—based database. This will be suitable for testing most of the examples in this chapter.

Defining Information in an RDBMS

For many projects that you start with, you will have to define a database from scratch. The first step is to
decide how you are going to organize the data. When you have the design in mind you need to tell your
database software what that design is. Normally you do this through either a direct command prompt into th
database or with a text file.

Before we introduce you to installing a database, you also need to know a little bit about SQL. Like every
other language, it has its set of rules and conventions.

An introduction to SQL

SQL is very simple compared to Java. Only one command is issued at a time. This command must contain
of the information needed to process it. For example, if you want to enter data in the database, then you mu
supply the complete set of data.

Syntax fundamentals

As there are no such concepts as functions and procedures in SQL, the rules of use are quite easy to
remember:
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« All of the keywords in SQL are case—-insensitive.

» Column and table names are case-insensitive.

« Strings are quoted with the single—quote character (').

» The asterisk character (* ) acts as a wildcard when specifying the subject of a command. (String liter
matches use % although many databases seem to support both.)

« Collections of items are delimited by round brackets (( and)).

The language itself defines primitive data types and also the operators you use to work with those types. Mc
of the time the data type is implied by the way the data is used and combined with the operators. Once you"
defined the table definitions, the operators know what sort of data you are using and how to do the appropri
comparisons. These operators are similar to the ones you are familiar with from Java — >, <, <=, and == all
have the same meanings. Some operators are also in text form. Logical actions may use word forms such a
AND, OR, and NOT to describe actions, or the Java/C style of &&, ||, and ! respectively.

Note SQL does not define a character that terminates a statement: The character depends on the
database software. These terminators are only used when entering a text file to the database
command line or in a console window. The two most common forms of terminators are the
semicolon (; ), used in DB2, PostgreSQL, and MySQL, and the backslash g (\g ), used in
Oracle, MiniSQL, and SQLServer. Check your database documentation to find out which
character you need to use. Interfaces like JDBC and ODBC do not require the use of
terminators for a command.

SQL coding conventions

Like all programming languages, SQL uses a common set of conventions in its syntax. Before we start
describing pieces of SQL, we should cover these conventions, as they differ quite substantially from what yc
are used to in Java programming. All our examples will use the following conventions:

» Keywords from SQL are presented in upper case. This makes them easy to distinguish from the
information you are defining or req