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CHAPTER 1

Introducing JSP and Tomcat

Interactivity is what makes the Web really useful. By interacting with a remote server, you can find the
information you need, keep in touch with your friends, or purchase something online. And every time
you type something into a web form, an application “out there” interprets your request and prepares a
web page to respond.

To understand JSP, you first need to have a clear idea of what happens when you ask your browser
to view a web page, either by typing a URL into the address field of your browser or by clicking on a
hyperlink. Figure 1-1 shows you how it works.

Client - — Server

HTTP Request

Web Browser | Internet Web Server

’ I
|

A 3 /

HTTP Response

Figure 1-1. Viewing a plain HTML page

The following steps show what happens when you request your browser to view a static web page:

1.  When you type an address such as http://www.website.com/path
/whatever.html into the address field, your browser first resolves
www.website.com (i.e., the name of the web server) into the corresponding
Internet Protocol (IP) address, usually by asking the Domain Name Server
provided by your Internet Service Provider (ISP). Then your browser sends an
HTTP request to the newly found IP address to receive the content of the file
identified by /path/whatever.html.
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2. Inreply, the web server sends an HTTP response containing a plain-text HTML
page. Images and other non-textual components, such as sound and video
clips, only appear in the page as references.

3. Your browser receives the response, interprets the HTML code contained in
the page, requests the non-textual components from the server, and displays
the lot.

JavaServer Pages (JSP) is a technology that helps you create such dynamically generated pages by
converting script files into executable Java modules; JavaServer Faces (JSF) is a package that facilitates
interactivity with the page viewers; and Tomcat is an application that can execute your code and act as a
web server for your dynamic pages.

Everything you need to develop JSP/JSF web applications is available for free download from the
Internet; but to install all the necessary packages and tools and obtain an integrated development
environment, you need to proceed with care. There is nothing more annoying than having to deal with
incorrectly installed software. When something doesn't work, the problem will always be difficult to find.

In this chapter, I'll introduce you to Java servlets and JSP, and I'll show you how they work together
within Tomcat to generate dynamic web pages. But, first of all, I will guide you through the installation
of Java and Tomcat: there wouldn’t be much point in looking at code you can’t execute on your PC,
would there?

You'll have to install more packages as you progress. Do these installations correctly, and you will
never need to second guess yourself. In total, you will need at least 300MB of disk space for Java and
Tomcat alone and twice as much space to install the Eclipse development environment.

To run all the examples contained in this book, I used a PC with a 2.6GHz AMD Athlon 64x2
(nothing fancy, nowadays) with 1GB of memory and running Windows Vista SP2. Before performing any
installation, I reformatted the hard disk and re-installed the OS from the original DVD. I don’t suggest
for a moment that you do the same! I did it for two opposite but equally important reasons: first, I didn't
want existing stuff to interfere with the latest packages needed for web development; second, I didn’t
want to rely on anything already installed. I wanted to be sure to give you the full list of what you need.

At the time of this writing, the latest versions of all the packages you will need to install are:

Java: 1.7.0 update 3 (installation explained in this chapter)

Tomcat web server: 7.0.26 (installation also explained in this chapter)

Eclipse development environment: Indigo 3.7.2 (installation explained in Chapter 2)
MySQL database: 5.5.21.0 (installation explained in Chapter 6)

MySQL Java database connector (JDBC): 5.1.18 (installation also explained in Chapter 6)
JavaServer Faces: 2.1.7 (installation explained in Chapter 7)

Iincluded Eclipse on the list because an integrated development environment is extremely useful
for developing software. And MySQL is listed because any non-trivial web application is likely to need
handling data.

Of course, after this book is published, there will most likely be newer releases of all the
aforementioned packages. Nevertheless, you should be able to adapt my instructions to install the latest
versions without any problem.

One last recommendation: to be sure that everything will work correctly, please follow the
installation instructions to the letter. It will save you endless headaches.

‘Nuff said. Here we go.
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Installing Java

Nothing runs without Java, and you need two different Java packages: one is the runtime environment
(JRE), which lets you execute Java, and the other is the Java Development Kit (JDK), which lets you
compile Java sources into executable classes.

They are downloadable together from Oracle’s web site. Here’s what you need to do:

1. Gotothe URL http://www.oracle.com/technetwork/java/javase/downloads
/index.html.

2. Click on the big button marked “Java Download” (the latest version at the time
of writing is 7u3). This will take you to the page “Java SE Development Kit 7
Downloads.”

3. Select “Accept License Agreement” and then click on the link jdk-7u3-
windows-1586.exe.

The actual link might refer to a version other than “7u3,” but you need to
download either “Windows x86 (32-bit)” or “Nindows x64 (64-bit),”
according to type of processor of your PC. Although I am using a 64-bit PC, I
have tested all the examples in this book with 32-bit packages because I didn’t
want to test everything twice.

4. Execute the file.
5. Accept the license agreement when requested and install everything.

At this point, you should have the folder C:\Program Files\Java\ with two subfolders: jdk1.7.0_03
and jre7, or the equivalent folders for the version you have downloaded.

In order to be able to compile Java from the command line, you need to add the JDK path to the
PATH environment variable. From the Windows Start menu, select Settings » Control Panel » System.
When the System Properties dialog opens, click on the “Advanced system settings” link that you find
on the left-hand side and then on the Advanced tab. Finally, to reach the dialog that lets you modify the
PATH variable, click on the “Environment Variables” button. You will see the double dialog window
shown in Figure 1-2.
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Environment Variables &J
User variables for Giulio
Variable Value
TEMP 9%&USERPROFILE%\AppData\Local\Temp
™P %USERPROFILE % \AppData\Local\Temp
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System variables
Variable Value -
ComSpec C:\Windows\system32\cmd.exe B
FP_NO_HOST_C... NO [:}
NUMBER_OF_P... 2
oS Windows_NT b
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[ OK ] I Cancel l

Figure 1-2. The Environment Variables double dialog

You might see a PATH variable on the top dialog, but what you need to do is scroll the bottom dialog
by clicking on its sidebar until you see a variable named Path. Double-click it (or highlight it and click the
“Edit...” button) and insert at the beginning of its value the text “C:\Program Files\Java\jdk1.7.0_03\
bin;”, as shown in Figure 1-3.

Edit System Variable (o

Variable name: Path

Variable value:

Figure 1-3. Update the Path variable

The semicolon at the end of the text is essential because it separates the new path from the existing
ones. Do not insert additional spaces before or after.

Click on the “OK” button to save the changes. Then click this button another couple of times until
the system dialog closes.
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Java Test

To test the Java installation, you can use the little application shown in Listing 1-1.

Listing 1-1. Exec_http.java

/*
*
*

*
*

*/

Exec_http.java - Launches a web page

Usage: Exec_http URL [argl [arg2 [...]]]
where URL is without "http://"

import java.io.*;
import java.net.*;
class Exec_http {

public static void main(String[] vargs)

throws java.net.MalformedURLException ,java.io.IOException
{
String dest = "http://";

if (vargs.length <= 0) {
System.out.println("Usage: Exec_http page [args]");
System.exit(1);

else {
dest += vargs[0];
for (int k = 1; k < vargs.length; k++) {
dest += ((k == 1) ? "?" : "&") + vargs[k];
}

System.out.println(dest);

URL url = new URL(dest);
Object obj = url.getContent();
InputStream resp = (InputStream)obj;
byte[] b = new byte[256];

int n = resp.read(b);

while (n != -1) {
System.out.print(new String(b, 0, n));
n = resp.read(b);

INTRODUCING JSP AND TOMCAT

It lets you open a web page from the command line. Note that all the code described in this book is
available for download from the Apress web site (http://www.apress.com/9781430246237). You don't
need to retype it. You can find the examples in folders with the same names as the corresponding
chapters. I will refer to the root directory of the software package associated with this book with the
string %SW_HOME%.
Copy the file %SW_HOME%\01 Getting Started\java\Exec_http.java to a work directory. For
simplicity, I use the desktop: but in my case, this makes sense because I use the computer exclusively to
develop the examples used in this book.
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Open a command-line window by clicking the Start button and selecting Programs » Accessories »
Command Prompt. Then, after changing to your work directory, type “javac Exec_http.java” to compile
the application. It should return the prompt without saying anything. If this happens, it means that you
have correctly updated the Path system variable. If you want to know more about what the javac
compiler is doing, type -verbose between javac and the name of the file.

You will see a file named Exec_http.class in your work directory.

Now, to run the application, type “java Exec_http” followed by the URL of the page you want to
display. Any URL will do, but remember that the command-line accessory doesn’t understand HTML.
Therefore, if you display any commercial page, you will see a long stream of text filling the window.

To test the application, I placed on one of my web servers a one-line text file. Figure 1-4 shows what
happened.

r 3
B¥ Administrator: Command Prompt ‘ﬂlﬁ
Microsoft Windows [Uersion 6.0.68821 =

Copyright <(c> 2806 Microsoft Corporation. All rights reserved.
C:\Users\Giulio>cd Desktop

C:\Users\Giulio\Desktop>javac Exec_http.java
C:N\Users\Giulio\Desktop>java Exec_http good.at.it/6237/hello.txt
http://good.at.it/6237/hello.txt

Hello World!

C:\Users\Giulio\Desktop>

Figure 1-4. Testing Java

You are welcome to use hello.txt for your test. Hopefully, I will remember to keep it online!

Installing Tomcat

This is the Java web server, which is the servlet container that allows you to run JSP. If you have already
installed an older version of Tomcat, you should remove it before installing a new version.

Tomcat listens to three communication ports of your PC (8005, 8009, and 8080). Before you install
Tomcat, you should check whether some already-installed applications are listening to one or more of
those ports. To do so, open a DOS window and type the command netstat /a. It will display a list of
active connections in tabular form. The second column of the table will look like this:

Local Address
0.0.0.0:135
0.0.0.0:445
0.0.0.0:3306

The port numbers are the numbers after the colon. If you see one or more of the ports Tomcat uses,
after installing Tomcat, you will have to change the ports it listens to, as explained in Chapter 10. There,
you will also learn the purpose of those three ports.

Here’s how to install Tomcat 7 correctly:

1. Gotothe URL http://tomcat.apache.org/download-70.cgi. Immediately
below the second heading (“Quick Navigation”), you will see four links: KEYS,
7.0.26, Browse, and Archives.

2. By clicking on 7.0.26, you will be taken toward the bottom of the same page to
a heading with the same version number. Below the version heading, you will
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see the subheading “Core”. Below that, immediately above the next
subheading, you will see three links arranged as follows: 32-bit/64-bit
Windows Service Installer (pgp, md5).

Click on 32-bit/64-bit Windows Service Installer to download the file
apache-tomcat-7.0.26.exe (8.2 MB).

Before launching the installer file, you have to check its integrity. To do so, you
need a small utility to calculate its checksum. There are several freely available
on the Internet. I downloaded WinMD5Free from http://www.winmds.com/, and it
worked for me, but this doesn’t mean I consider it better than any other similar
utility. It just happened to be the first one I saw. The program doesn’t require
any special installation: just unzip it and launch. When you open the Tomcat
installer file, you will see a 32-digit hexadecimal number very much like this:
8ad7d25179168e74€3754391cdb24679.

Go back to the page from which you downloaded the Tomcat installer and
click on the mds link (the third one, and second within the parentheses). This
will open a page containing a single line of text, like this:
8ad7d25179168e74e3754391cdb24679 *apache-tomcat-7.0.26.exe

If the hex string is identical to that calculated by the checksum utility, you
know that the version of Tomcat installer you have downloaded has not been
corrupted or modified in any way.

Now that you have verified the correctness of the Tomcat installer, launch it.

After you've agreed to the terms of the license, you will then see the dialog
shown in Figure 1-5. Click on the plus sign before the Tomcat item and select
“Service” and “Native” as shown in the figure before clicking on the “Next >”
button.

I chose to install Tomcat in the directory “C:\Program Files\Apache Software
Foundation\Tomcat” instead of the default “Tomcat 7.0”. This is because
sometimes you might like to point to this directory (normally referred to as
%CATALINA_HOME%) from within a program, and one day you might replace
Tomcat 7.0 with Tomcat 8.0. By calling Tomcat’s home directory “Tomcat” you
are “safe” for years to come. You can also decide to leave the default. In
general, by using the defaults, you are likely to encounter fewer problems,
because the default settings of any applications are always tested best!

Next, the Tomcat installer will ask you to specify the connector port and
UserID plus password for the administrator login. Leave the port set to 8080,
because all the examples in this book refer to port 8080. If you want, you can
always change it later to the HTTP standard port (which is 80). As
UserID/Password, you might as well use your Windows user name and
password. It is not critical.

Lastly, you will need to provide the path of a Java Runtime Environment. This
is the path you saw when installing Java (see previous section). With the
version of Java I installed, the correct path is C:\Program Files\Java\jre7.
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Apache Tomcat Setup IE.__.i‘
Choose Components r <1
Choose which features of Apache Tomcat you want to install. ; 2|
Check the components you want to install and uncheck the components you don't want to
install. Click Next to continue.
Select the type of install: [Custom - ]
Or, select the optional -] Tomeat Description
components you wish to % -[v] Core
install:
-.[¥] Service Startup
Native
-[¥] start Menu Items
--.[v] Documentation
i Manager
) [[] Host Manager
Space required: 14.0MB
R “[[] Examples
[ < Back ][ Next > ] [ Cancel ]

Figure 1-5. Tomcat's Service and Native settings

Tomcat runs as a Windows service. To start it and stop it, you can right-click the Apache Service
Manager icon in the notification area of Windows’ toolbar and select the corresponding operation. You
can also achieve the same result by opening Windows’ Services control panel (and right-clicking the
Tomcat entry, as shown in Figure 1-6).

| |

. Services

File Action View Help

o |EE = HEl > nmrp

5 Services (Local) Name Description Status Startup Type  Log On As -

* 3 Apache Tomcat 7.0 Tomcat]? Apache Tomcat 7.0.26 Server - hitp://tomcat.apache.org/ Started Automnatic Local System -

Extended )\Staﬂdard /

Figure 1-6. Stopping and starting Tomcat from the Services control panel

In any case, to go to the Services control panel, click on Windows' Start menu and select Setting »
Control Panel » Administrative Tools » Services. You will see dozens of entries, but when you reach
the Tomcat services, its status should be “Started”.

With Java and Tomcat in place, we can finally begin playing with JSP!

Simple Tomcat Test

To see that Tomcat is working properly, open a browser and type localhost:8080. You should see the
page shown in Figure 1-7 (Firefox in the example).
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@} Apache Tomeat/7.0.26 - Mozilla Firefox ‘ o]
File Edit View History Bookmarks Tools Help
Apa(heTomcata’?.U.Eﬁ + | -
II‘ localhost _-]_ 2l &

|2l Most Visited Getting Started

Home Documentation Configuration Examples Wiki Mailing Lists Find Help

Apache Tomcat/7.0.26 Wpache Software Foundation

http://www.apache.orag/

Server Status

% Security Considerations HOW-TO
Manager App
/& Manager Application HOW-TO

Host Manager

Clustering/Session Replication HOW-TO

Figure 1-7. The localhost home page

Windows might state that it needs to block a startup program that requires permission. To solve this
problem, turn off Windows’ User Account Control by going into the User Accounts control panel and
clicking on “Turn User Account Control on or off”. This User Account Control can be a nuisance
anyway, because it asked for authorization every time I worked with files in directories considered
protected, including all directories in the “Program Files” folder.

At some point after rebooting, if you are running Vista, Windows’ Program Compatibility Assistant
might display a dialog stating that the Sun Java Scheduler, located at C: \Program Files\Common
Files\Java Update\jusched.exe, is incompatible with your version of Windows. To get rid of this
problem, you need to select “Run” after clicking on “Start,” type in the text field “msconfig” (without
double quotes), and hit Enter. Select the “Startup” tab in the dialog, find the entry for the Java updater,
and remove it.

What Is JSP?

JSP is a technology that lets you add dynamic content to web pages. In absence of JSP, to update the
appearance or the content of plain static HTML pages, you always have to do it by hand. Even if all you
want to do is change a date or a picture, you must edit the HTML file and type in your modifications.
Nobody is going to do it for you, whereas with JSP, you can make the content dependent on many
factors, including the time of the day, the information provided by the user, the user’s history of
interaction with your web site, and even the user’s browser type. This capability is essential to provide
online services in which you can tailor each response to the viewer who made the request, depending on
the viewer’s preferences and requirements. A crucial aspect of providing meaningful online services is
for the system to be able to remember data associated with the service and its users. That’s why
databases play an essential role in dynamic web pages. But let’s take it one step at a time.
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HISTORY

Sun Microsystems introduced JSP in 1999. Developers quickly realized that additional tags would be
useful, and the JSP Standard Tag Library (JSTL) was born. JSTL is a collection of custom tag libraries that
encapsulates the functionality of many JSP standard applications, thereby eliminating repetitions and
making the applications more compact. Together with JSTL also came the JSP Expression Language (EL).

In 2003, with the introduction of JSP 2.0, EL was incorporated into the JSP specification, making it
available for custom components and template text, not just for JSTL, as was the case in the previous
versions. Additionally, JSP 2.0 made it possible to create custom tag files, thereby perfecting the
extendibility of the language.

In parallel to the evolution of JSP, several frameworks to develop web applications became available. In
2004, one of them, JavaServer Faces (JSF), focused on building user interfaces (Uls) and used JSP by
default as the underlying scripting language. It provided an API, JSP custom tag libraries, and an
expression language.

The Java Community Process (JCP), formed in 1998, released in May 2006 the Java Specification Request
(JSR) 245 titled JavaServer Pages 2.1, which effectively aligned JSP and JSF technologies. In particular,
JSP 2.1 included a Unified EL (UEL) that merged the two versions of EL defined in JSP 2.0 and JSF 1.2
(itself specified as JSR 252). Sun Microsystems includes JSP 2.1 in its Java Platform, Enterprise Edition 5
(Java EE 5), finalized in May 2006 as JSR 244.

The latest version of Java is 7 (specified in JSR 342 and released in July 2011). It includes JSP 2.2,
Servlets 3.1 (JSR 340), EL 3.0 (JSR 341), and JSF 2.2 (JSR 344). Version 8 is expected in mid-2013. At the
time of this writing, Java 7 is only available as part of the JSE (Java Standard Edition) platform. The latest
version of Java released in the JEE (Java Enterprise Edition) platform is 6 (update 32).

The latest version of Tomcat (7.0), supports Servlets 3.0 and JSF 2.1.7.

Viewing a JSP Page

Wit

h JSP, the web page doesn’t actually exist on the server. As you can see in Figure 1-8, the server

creates it fresh when responding to each request.

10
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Figure 1-8. Viewing a JSP page

The following steps explain how the web server creates the web page:

1.

As with a normal page, your browser sends an HTTP request to the web server.
This doesn’t change with JSP, although the URL probably ends in . jsp instead
of .html or .htm.

The web server is not a normal server, but rather a Java server, with the
extensions necessary to identify and handle Java servlets. The web server
recognizes that the HTTP request is for a JSP page and forwards it to a JSP
engine.

The JSP engine loads the JSP page from disk and converts it into a Java servlet.
From this point on, this servlet is indistinguishable from any other servlet
developed directly in Java rather than JSP, although the automatically
generated Java code of a JSP servlet is not always easy to read, and you should
never modify it by hand.

The JSP engine compiles the servlet into an executable class and forwards the
original request to another part of the web server called the servlet engine. Note
that the JSP engine only converts the JSP page to Java and recompiles the
servlet if it finds that the JSP page has changed since the last request. This
makes the process more efficient than with other scripting languages (such as
PHP) and therefore faster.

The servlet engine loads the servlet class and executes it. During execution, the
servlet produces an output in HTML format, which the servlet engine passes to
the web server inside an HTTP response.

The web server forwards the HTTP response to your browser.

Your web browser handles the dynamically generated HTML page inside the
HTTP response exactly as if it were a static page. In fact, static and dynamic
web pages are in the same format.

11
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You might ask, “Why do you say that with JSP, the page is created fresh for each request, if the server
only converts and compiles the JSP source if you have updated it since the previous request?”

What reaches your browser is the output generated by the servlet (that is, by the converted and
compiled JSP page), not the JSP page itself. The same servlet produces different outputs depending on
the parameters of the HTTP request and other factors. For example, suppose you're browsing the
products offered by an online shop. When you click on the image of a product, your browser generates
an HTTP request with the product code as a parameter. As a result, the servlet generates an HTML page
with the description of that product. The server doesn’t need to recompile the servlet for each product
code.

The servlet queries a database containing the details of all the products, obtains the description of
the product you're interested in, and formats an HTML page with that data. This is what dynamic HTML
is all about!

Plain HTML is not capable of interrogating a database, but Java is, and JSP gives you the means of
including snippets of Java inside an HTML page.

Hello World!

A small example of JSP will give you a more practical idea of how JSP works. Let’s start once more from
HTML. Listing 1-2 shows you a plain HTML page to display “Hello World!” in your browser’s window.

Listing 1-2. hello.html

<html>

<head><title>Hello World static HTML</title></head>
<body>

Hello World!

</body>

</html>

Create the folder #CATALINA_HOME%\webapps\R0OOT\tests\ and store in it hello.html. Then type the
following URL in your browser to see the web page:

http://localhost:8080/tests/hello.html

Normally, to ask your browser to check that the syntax of the page conforms to the XHTML standard
of the World Wide Web Consortium (W3C), you would have to start the page with the following lines:

<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Strict//EN"
"http://www.w3.0rg/TR/xhtml1/DTD/xhtml1-strict.dtd">

You’d also have to replace
<html>
with
<html xmlns="http://www.w3.0rg/1999/xhtml">

However, for this simple example, I prefer to keep the code to what'’s essential. Figure 1-9 shows
you how this page will appear in your browser.
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Helle World static HTML
€ 2 C ® localhost:8080/tests/hello.ntm v R

Hello World!

Figure 1-9. “Hello World!” in plain HTML

If you direct your browser to show the page source, not surprisingly, you'll see exactly what’s shown
in Listing 1-2. To obtain the same result with a JSP page, you only need to insert a JSP directive before
the first line, as shown in Listing 1-3, and change the file extension from .html to . jsp.

Listing 1-3. “Hello World!” in a Boring JSP Page

<%@page language="java" contentType="text/html"%>

<html>

<head><title>Hello World not-so-dynamic HTML</title></head>
<body>

Hello World!

</body>

</html>

Obviously, there isn’t much point in using JSP for such a simple page. It only pays to use JSP if you
include dynamic content. Check out Listing 1-4 for something more juicy.

Listing 1-4. hello.jsp

<%@page language="java" contentType="text/html"%>
<html>
<head><title>Hello World dynamic HTML</title></head>
<body>
Hello World!
<%

out.println("<br/>Your IP address is

+ request.getRemoteAddr());

String userAgent = request.getHeader("user-agent");
String browser = "unknown";

out.print("<br/>and your browser is ");
if (userAgent != null) {
if (userAgent.indexOf("MSIE") > -1) {
browser = "MS Internet Explorer";

else if (userAgent.indexOf("Firefox") > -1) {
browser = "Mozilla Firefox";

}
else if (userAgent.indexOf("Opera") > -1) {
browser = "Opera";

}
else if (userAgent.indexOf("Chrome") > -1) {
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browser = "Google Chrome";

}
else if (userAgent.indexOf("Safari") > -1) {
browser = "Apple Safari";

}

out.println(browser);
%>

</body>

</html>

As with hello.html, you can view hello. jsp by placing it in Tomcat’s ROOT\tests folder.

The code within the <% ... %> pair is a scriptlet written in Java. When Tomcat’s JSP engine
interprets this module, it creates a Java servlet like that shown in Listing 1-5 (with some indentation and
empty lines removed).

Listing 1-5. Java Code from the “Hello World!” JSP Page

out.write("\r\n");
out.write("<html>\r\n");
out.write("<head><title>Hello World dynamic HTML</title></head>\r\n");
out.write("<body>\r\n");
out.write("Hello World!\r\n");
out.write('\r');
out.write('\n");
out.println("<bx/>Your IP address is " + request.getRemoteAddr());
String userAgent = request.getHeader("user-agent");
String browser = "unknown";
out.print("<bx/>and your browser is ");
if (userAgent != null) {

if (userAgent.indexOf("MSIE") > -1) {

browser = "MS Internet Exploxer”;

else if (userAgent.indexOf("Firefox") » -1) {
browser = "Mozilla Firefox";

}
else if (userAgent.index0f("Opera") » -1) {
browser = "Opera";

else if (userAgent.index0f("Chrome") » -1) {
browser = "Google Chrome";

}
else if (userAgent.index0f("Safari") » -1) {
browser = "Apple Safari";

}

out.println(browser);
out.write("\r\n");
out.write("</body>\r\n");
out.write("</html>\r\n");



