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How to develop serviets

In chapter 4, you learned how to develop aweb application that consisted of an
HTML page and a JavaServer Page. In this chapter, you'll learn how to create
the same application using a servlet instead of a JSP. When you complete this
chapter, you should be able to use servlets to develop simple web applications
of your own.
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Section2  The essence of serviet and JSP programming

The Email List application

In this topic, you'll see how the Email List application that was presented in
the last chapter works when it uses a servlet instead of a JSP. Once you get the
general idea of how thisworks, you'll be ready to learn the specific skills that
you need for developing servlets.

The user interface for the application

Figure 5-1 shows the two pages that make up the user interface for the
Email List application. These pages are the same as the pages that are shown in
the last chapter except that the second page uses a servlet instead of a JSP.

Like the last chapter, the first pageis an HTML page that asks the user to
enter afirst name, last name, and email address. However, when the user clicks
on the Submit button for this application, the HTML page calls a servlet instead
of a JSP and passes the three user entries to the servlet. Thisis shown by the
URL that’s displayed in the browser for the second page.
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The HTML page

hapter 5 - Email List application - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help

eBack @ @ @ \ﬂ @ ,_h /:\J Search {'\'{‘Favorites eMedia €3 [_':v :_\; = J

Address @ http: f flocalhost : 8080/ mur achyemailS join_email_list, html i

How to develop serviets

Links

Join our email list

To join our emai list, enter your name and email address below.
Then, click on the Submit button.

Last e
Emait address: |jsmith(@hotmail.com

@ Done ‘:J Local intranet

The servlet page

A Chapter 5 - Email List application - Microsoft Internet Explorer,

File Edit Wiew Favorites Tools  Help

eBack - _) \ﬂ @ ,_h /:\J Search {'\'{‘Favorites eMedia €3 [_':' :_\; - J

Address @ murachfseryletfemails.EmailServiet #firstName=JohnadastMame=3mith&emailaddress=jsmith@hotmail,com V| Go

Links

Thanks for joining our email list

Here is the information that you entered:

First name: | John
Last name: | Stith

Email address: | jstnithi@hotmail com

To enter another email address, click on the Bacle
button m your browser or the Return button shown
helow.

@ Done ‘:J Local intranet

Figure 5-1 The user interface for the application
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144 Section2  The essence of serviet and JSP programming

The code for the EmailServiet class

In chapter 1, you learned that aserviet isjust a Java class that runs on a
server. You also learned that a servlet for aweb application extends the
HttpServlet class. In figure 5-2, then, you can see that the Email Servlet class
extends this class.

Thefirst six statements for this servlet create the package for the servlet and
import all the other classes that the serviet will need. First, the package state-
ment puts the servlet in a package named email5. Then, the next three state-
ments import some packages from the serviet APl and from the core JavaAPI.
These packages are needed by all servlets. Finaly, the last two statements
import the User and Userl O classes from the business and data packages.

After the declaration for the class, the doGet method provides the code
that's executed when a browser uses the Get method to request a servlet. This
doGet method accepts two arguments that are passed to it from the web server:
an HttpServletRequest object and an HttpServletResponse object. These objects
are commonly referred to as the request object and the response object. In fact,
the implicit request object that you learned about in the last chapter is actually
an object of the HttpServletRequest class.

Within the doGet method, the first two statements perform tasks that are
common to most servlets that return an HTML document. Here, the first state-
ment sets the content type that will be returned to the browser. In this case, the
content type is set so that the servlet returns an HTML document, but it's
possible to return other content types. Then, the second statement returns a
PrintWriter object that’s used to return data to the browser later on.

After the first two statements of the doGet method, the shaded statements
perform the same processing that was presented in the last chapter. First, the
getParameter method of the request object returns the three parameters entered
by the user. Then, a User object is created from these three parameters, and the
Userl O class adds the User object to the specified file.

The last statement in the doGet method uses the println method of the
PrintWriter object to return HTML to the browser. Thisisthe sasme HTML that
was used in the JSP in the last chapter. However, thisHTML is more difficult to
code and read now that it's coded as a string argument of the println method.
That’s why the next chapter will show how to remove this type of tedious
coding from your servlets by combining the use of servlets with JSPs.

Within the println string, only the firstName, lastName, and email Address
variables are displayed outside of quotation marks. Also, the quotation marks
within the string, like the quotation marks around HTML attributes, are pre-
ceded by a backslash (). Otherwise, the Java compiler would interpret those
quotation marks as the end of the string. Since the quotation marks within the
HTML statements aren’t actually required, you can remove them to simplify the
code, but the code is still clumsy.
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The code for the EmailServlet class
package enail 5;

i mport
i nport
i nport
i nport
i nport

public

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

busi ness. *;

data. *;

class Email Servl et extends HttpServlet{

public void doGet (HttpServl et Request request,

Ht t pSer vl et Response response)
throws | OException, ServletException{

response. set Content Type("text/htm");
PrintWiter out = response.getWiter();

String firstName = request.getParaneter ("firstNane");

String | ast Name = request.get Paraneter ("l ast Nane");

String emil Address = request. get Paraneter ("enni | Address");

User user = new User(firstName, |astNane, enmil Address);

User | O addRecor d(user, "../webapps/ nurach/VWEB-| NF/ etc/UserEmail.txt");

out. println(

"<ldoctype html public \"-//WBC//DTD HTM. 4.0 Transitional//EN">\n"

"<htm >\ n"
" <head>\ n"
" <title>Chapter 5 - Enmil List application</title>\n"
"</ head>\ n"
“<body>\n"
"<hl>Thanks for joining our email list</hl>\n"
<p>Here is the information that you entered: </ p>\n"
<tabl e cell spaci ng=\"5\" cel |l paddi ng=\"5\" border=\"1\">\n"
<tr><td align=\"right\">First nane:</td>\n"
<td>" + firstNane + "</td>\n"
"o</tr>\n"
" <tr><td align=\"right\">Last nane:</td>\n"
" <td>" + lastNanme + "</td>\n"
"o </tr>\n"
" <tr><td align=\"right\">Enmai| address:</td>\n"
' <td>" + emil Address + "</td>\n"
"o</tr>\n"
" </table>\n"
"<p>To enter another emmil address, click on the Back <br>\n"
"button in your browser or the Return button shown <br>\n"
"bel ow. </ p>\ n"
"<formaction=\"/nurach/enail5/join_email _list.htm\"
" nmet hod=\ "post\">\n"
<i nput type=\"subm t\" value=\"Return\">\n"
"</form\n"
"</ body>\n"
"</htm >\n");

I T T T S S e A I e i i T I

Figure 5-2 The code for the EmailServlet class
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146 Section2  The essence of serviet and JSP programming

How to create a servlet

Now that you have a general idea of how servlets are coded, you're ready to
learn some specific skills for creating a servlet. To start, you need to know how
to begin coding the class for a servlet.

How to code a serviet

Figure 5-3 shows the basic structure for atypical servlet that performs some
processing and returns an HTML document to the browser. You can use this
basic structure for al the servlets you write. For now, that's all you need to get
started, but you'll learn another way to structure servlets in the next chapter.

Since most servlets are stored in a package, the first statement in this servlet
specifies the package for the servlet. This package must correspond to the
directory that the servlet is saved in. In the next figure, you'll learn more about
how this works.

The next three statements are the import statements that are required by all
servlets. The javax.servlet.http package is required because it contains the
HttpServletRequest and HttpServietResponse classes. The javax.servlet classis
required because it contains the ServletException class. And the java.io classis
required because it contains the | OException class.

After the first four statements, the class declaration provides the name for
the servlet and indicates that it extends the HttpServlet class. Although in theory
aservlet can extend the GenericServlet class, all servlets for web applications
extend the HttpServlet class.

The doGet and doPost methods in this figure accept the same arguments and
throw the same exceptions. Within these methods, you can use the methods of
the request object to get incoming data, and you can use the methods of the
response object to set outgoing data. In this structure, since the doPost method
callsthe doGet method, an HTTP request that uses the Post method will actu-
aly execute the doGet method of the servlet. Thisisacommon programming
practice that allows a servlet to use the same code to handle both the Get and
Post methods of an HTTP request.

In the doGet method, the first statement calls the setContentType method of
the response object. This sets the content type for the HTTP response that’s
returned to the browser to “text/html,” which specifies that the servlet returns
text or HTML. In chapter 15, you'll learn how to return other types of data.

The second statement in the doGet method obtains a PrintWriter object
named out from the response object. This object can be used to return character
data to the client. Once you have this object, you can use one println statement
or aseries of print and println statementsto return HTML or other text to the
browser. However, as you learned in the last figure, you must code a backslash
before any quotation marks that don't start or end a string. Otherwise, the
servlet won't compile properly.
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The basic structure of a servlet class

package packageNane;

i mport javax.servlet.*;
import javax.servlet.http.*;
inmport java.io.*;

public class ServletNane extends HttpServlet{
public void doGet (HtpServl et Request request,
Ht t pSer vl et Response response)
t hrows | OException, Servl et Exception{

response. set Cont ent Type("text/htm ");
PrintWiter out = response.getWiter();

/ I busi ness processing

out.println("response as HTM.");

}

public void doPost (HttpServl et Request request,
Ht t pSer vl et Response response)
throws | OException, ServletException {
doGet (request, response);

}

Description

All web-based servlets extend the HttpServlet class. To extend this class, the servlet must
import the javax.servlet, javax.servlet.http, and java.io packages.

The doGet method overrides the doGet method of the HttpServlet class and processes all
HTTP requests that use the Get method, and the doPost method overrides the doPost
method of the HttpServlet class and processes all HTTP requests that use the Post
method.

The doGet and doPost methods use two objects that are passed to it by the web server:
(1) the HttpServletRequest object, or the request object, and (2) the HttpServletResponse
object, or the response object.

The setContentType method of the response object sets the content type of the response
that’s returned to the browser. Then, the getWriter method of the response object returns
a PrintWriter object that can be used to send HTML to the browser.

Before you can create a PrintWriter object, you must set the content type. This allows the
getWriter method to return a PrintWriter object that uses the proper content type.

Figure 5-3 How to code a servlet
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148 Section2  The essence of serviet and JSP programming

How to save and compile a serviet

In chapter 4, you learned how to save and compile regular Java classesin
Tomcat. Now, figure 5-4 shows you how to save and compile servlet classes.

Since the Email Servlet class contains a package statement that specifies a
package named email5, it must be placed in the email5 subdirectory of the
WEB-INF\classes directory that is subordinate to the document root directory.
For the book applications, this root directory is webapps\murach.

Thisfigure also presents four other directory paths that you can use to store
your servlet classes. All of these paths store the servlet classes in the WEB-
INF\classes directory that’'s subordinate to the document root directory. That can
be your own document root directory or the default document root directory
(ROQT) that’s provided by Tomcat 4.0. Then, if you use packages, you continue
the directory structure with one directory for each package level. If, for ex-
ample, you use a class named Email Servlet in a package named business.email,
the directory path for the servlet must be WEB-INF\classes\business\email .

If you're using TextPad to save and compile your servlets, you will need to
set your classpath so it includes the directory that contains your class files as
described in appendix A. Then, TextPad’'s Compile Java command will work
properly.

Otherwise, you can use a DOS prompt to compile your packaged classes. To
do that, you use the cd command to change the current directory to the WEB-
INF\classes directory for your application. Then, you use the javac command to
compile the class. When you do that, you can enter the javac command, fol-
lowed by a space, followed by the package name, followed by a backslash (\),
followed by the name of the Java class.
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Where the EmailServlet class is saved
c:\tontat\ webapps\ mur ach\ VEB- | NF\ cl asses\ enmni | 5

Other places to save your servlet classes

c:\tontat\ webapps\ your Docunent Root \ \EB- | NF\ cl asses\ packageNane
c:\tontat\ webapps\ your Docunent Root \ \EB- | NF\ cl asses\

c:\tontat\ webapps\ ROOT\ VEB- | NF\ cl asses\

c:\tontat\ webapps\ ROOT\ VEB- | NF\ cl asses\ packageNane

The TextPad dialog box for saving Java files
Save As E]@

Savein |_}amawl5 j L] &t E-

6

My Recent
Documents

Desktop

Iy Diocuments
=
o
My Computer
J
My Metwork — File name: |Emau\5ew\et j Save |
Places
Save as bype: |.Java [*javal j Cancel
File format; |PE :j r
Encoding: |ANS\ j

The DOS prompt window for compiling the EmailServlet class

mmand Prompt

Microsoft Windows XP [Uersion 5.1.268@1
(C> Copyright 1985-2801 Microsoft Corp.

C:%Documents and Settings“Andrea.ANDI . B@8>cd “tomcatswebappssnurach~WEB—INF.\clas

S e5

C:“tomcatswebappssmurach“WEB-INF\classes>javac emailSsEmailServlet. java

C:“tomcatsuwebappssmurach \WEB-INF\classes>_

Description

e Although you can save the source code (.javafile) for aservlet in any directory, you
must save the compiled class (.classfile) in the \WEB-INF\classes subdirectory of the
document root directory or in a subdirectory that corresponds to the Java package that
the classisin.

e For simplicity, you can store your servlet source filesin the same directory as the corre-
sponding class files, but the source files for a production application are likely to be
stored in other directories.

e To compile your servlets, you can use TextPad's Compile Java command, your IDE’s
compile command, or the javac command from a DOS prompt window.

Figure 5-4 How to save and compile a servlet
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How to request a servlet

Now that you can code, save, and compile a servlet, you're ready to test the
servlet by viewing it in aweb browser. To do that, the web server and the servlet
engine must be running. Then, you can request the servlet as shown in figure 5-5.

To test aservlet, you can enter a URL directly in aweb browser. However,
once you're done testing a servlet, you'll usually want to code a web page that
requests the servlet. You can do that by coding a Form tag or an Anchor tag that
specifiesa URL that requests the servlet.

To request a servlet by entering the URL into a browser, you enter an abso-
lute URL like the two examplesin thisfigure. If you've read the last two chap-
ters, you shouldn’t have much trouble understanding how this works. The main
differenceisthat you must enter “servlet” after the document root directory to
indicate that you want to run a servlet. Then, you enter the package name for the
servlet, followed by a period (or dot), followed by the name of the servlet.

The first example shows the URL for a servlet that's stored on alocal web
server in the email5 directory of the murach directory. The second example
shows the URL for the servlet after it's deployed on the Internet server for
www.murach.com.

When you test a servlet, you will often want to pass parametersto it. To do
that, you can add the parametersto the end of the URL. Here, the question mark
after the servlet name indicates that one or more parameters will follow. Then,
you can code the parameter name, the equals sign, and the parameter value for
each parameter that is passed, and you can separate multiple parameters with
ampersands (&).

If you omit a parameter that’s required by the servlet, the getParameter
method will return a null value for that parameter. In this figure, for example,
only the first parameter value is added to the end of the URL. As aresult, two of
the values displayed by the servlet are null values.

To request a servlet from an HTML form, you use the Action attribute of the
form to provide a path and filename that pointsto the servlet. Thisisillustrated
by the last two examplesin this figure. Here, the assumption is that the HTML
page isin asubdirectory of the document root directory. As aresult, the path
specified in the Action attribute begins with two periods to navigate back one
level to the root directory. Then, the word “servlet” specifies that you want to call
aservlet. Last, the package and class names point to the class for the servlet.

When you use an HTML form to request a servlet, you can use the Method
attribute to specify whether you want to use the Get method or the Post method.
If you use a Get method to request a servlet from another page, any parameters
that are passed to the servlet will be displayed in the browser at the end of the
URL. But if you use the Post method to request a servlet, the parameters won't be
displayed at the end of the URL.
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How to request the EmailServlet class

File  Edit View Favorites Tools  Help

eBack - _/I \ﬂ \ELI _;j /.._\J Search “i:(Favorites @Media @} <] = :7_ < _J

Address |§1 http: localhost: 8080/murach/serlet femails . EmailSeret ?Firsthame=John V| Go

<A Chapter, 5 - Email List application - Microsoft Internet Explorer, [Z”E”g|
o

U

Thanks for joining our email list
Here 1z the mformation that you entered:
First name: | John

Last name: | null

Emal address: | null

&] Dare & Local intranet

The syntax for requesting a servlet
http://host: port/docunent Root/servl et/ packageNane. Ser vl et Nane

Two URLS that request a servlet

http://1 ocal host: 8080/ murach/ servl et/ enail 5. Emai | Servl et
http://ww. nurach. com servl et/ enmail 5. Emai | Servl et

How to add parameters to a URL
Emai | Servl et ?first Name=John&l ast Nane=Smi t h

Emai | Servl et ?first Name=John&l ast Nanme=Smi t h&enai | Addr ess=j smi t h@ot nai | . com

Two Form tags that request a servlet

<formaction="../servlet/enuail5. Enai |l Servl et" nethod="get">
<form action="../servlet/enmail5. Emai |l Servl et” method="post">
Description

* Toreguest aservlet without using an HTML form, enter a URL that requests the servlet

in the browser. If necessary, add parameters to the end of the URL.

* When you code or enter a URL that requests a servlet, you can add a parameter list to it
starting with a question mark and with no intervening spaces. Then, each parameter
consists of its name, an equals sign, and its value. To code multiple parameters, use

ampersands (&) to separate them.

e If an HTML form that uses the Get method requests a servlet, the URL and its param-
eters will be displayed by the browser. If an HTML form that uses the Post method
requests a servlet, the URL will be displayed in the browser, but the parameters won't

be.

Figure 5-5 How to request a servlet

151



152 Section2  The essence of serviet and JSP programming

Other skills for working with serviets

Now that you have a basic understanding of how to code and test a servlet,
you're ready to learn some other skills for working with servlets. To start, you
can |learn about other methods that are available when you code servlets.

The methods of a servlet

Figure 5-6 presents some common methods of the HttpServlet class. When
you code these methods, you need to understand that the servlet engine only
creates one instance of a servlet. This usually occurs when the servlet engine
starts or when the servlet isfirst requested. Then, each request for the servlet
starts (or “spawns’) athread that can access that one instance of the servlet.

When the servlet engine creates the instance of the servlet, it calstheinit
method. Since this method is only called once, you can overrideit in your
servlet to supply any necessary initialization code. In the next figure, you'll see
an example of this.

After the servlet engine has created the one instance of the servlet, each
request for that servlet spawns athread that calls the service method of the
servlet. This method checks the method that’s specified in the HTTP request
and calls the appropriate doGet or doPost method.

When you code servlets, you shouldn’t override the service method. In-
stead, you should override the appropriate doGet or doPost methods. To handle
areguest that uses the Get method, for example, you can override the doGet
method. If, on the other hand, you want to handle a request that uses the Post
method, you can override the doPost method. To handle both types of requests,
you can override both of them and have one call the other as shown in figure
5-3.

If aservlet has been idle for some time or if the servlet engineis shut down,
the servlet engine unloads the instances of the servletsthat it has created. Before
unloading a servlet, though, it calls the destroy method of the servlet. If you
want to provide some cleanup code, such aswriting avariableto afile or
closing a database connection, you can override this method. However, the
destroy method may not be called if the server crashes. As aresult, you
shouldn’t rely on it to execute any code that’s critical to your application.
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public void

public void

public void

public void
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methods of a servlet
init() throws ServletException{}

servi ce(H t pServl et Request request,
Ht t pSer vl et Response response)
throws | OException, ServletException{}

doGet (Htt pSer vl et Request request,
Ht t pSer vl et Response response)
throws | OException, ServletException{}

doPost (Htt pSer vl et Request request,
Ht t pSer vl et Response response)
throws | OException, ServletException{}

destroy(){}

How the server handles a request for a servlet

Client

Request

Server

If first request and

If servlet is already

servlet not loaded loaded
Calls the init method > Calls the service
method

Calls the destroy

Calls the doGet,
doPost, or other HTTP

method request method

The life cycle of a servlet
* A server loads and initializes the servlet by calling the init method.

* The servlet handles each browser request by calling the service method. This method
then calls another method to handle the specific HTTP request type.

* The server removes the servlet by calling the destroy method. This occurs either when
the servlet has been idle for some time or when the server is shutdown.

Description

How to develop serviets

* All the methods shown above are located in the abstract HttpServlet class. This means
you can override these methods in your own servlets. However, you shouldn’t need to
override the service method. Rather, you should override a method like doGet or doPost
to handle a specific HTTP request.

Figure 5-6

The methods of a servlet
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Section2  The essence of serviet and JSP programming

How to code instance variables

Figure 5-7 shows how to code instance variablesin a servlet. Since multiple
threads access a single instance of a servlet, the instance variables of a servlet
are used by all the threads. For that reason, you may need to synchronize the
access to some instance variables if there’s a chance that use by two or more
threads at the same time could corrupt the data.

The code in this figure shows how to add an instance variable named
accessCount to the Email Servlet. To initialize a variable like this, you can code
its declaration in the init method. Thiswill ensure that the variableisinitialized
when the instance of the servlet isfirst created.

If you shut down the server and restart it, though, the servlet will be de-
stroyed and a new instance of the servlet will be created. As aresult, any
instance variables will beinitialized again. If that's not what you want, you can
write the value of the instance variable to afile so the dataisn’t lost when the
servlet is destroyed.

In this example, the synchronized and this keywords prevent two threads
from running the block of code that updates the accessCount instance variable at
the same time. Then, after the thread updates the accessCount variable, its value
isstored in alocal variable so it can’t be accessed by other threads. Later, this
local variable is used by the println method to return the value to the browser.
Thisissimilar to the code that you saw in the scriptlet for the JSP in the |l ast
chapter.
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Code that adds an instance variable to the EmailServlet class
public class Email Servl et extends HttpServlet{

private int accessCount;

public void init() throws ServletException{

}

accessCount = 0;

public void doGet (HtpServl et Request request,

}

Ht t pSer vl et Response response)
t hrows | OException, Servl et Exception{

/'l mssing code

int |ocal Count = 0;

synchroni zed(t hi s) {
accessCount ++;
| ocal Count = accessCount;

}
/'l mssing code

out. println(

/'l mssing code

+ "<i >Thi s page has been accessed " + |ocal Count + " tines.</i>"
/'l mssing code

)

Description

* Aninstance variable of a servlet belongs to the one instance of the servlet and is shared
by any threads that request the servlet.

¢ You can initialize an instance variable in the init method.

e If you don't want two or more threads to modify an instance variable at the same time,
you must synchronize the access to the instance variables.

e To synchronize access to a block of code, you can use the synchronized keyword and the
this keyword.

Figure 5-7

How to code instance variables
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How to code thread-safe servlets

A thread-safe servlet, like athread-safe JSP, is one that works correctly
even if more than one servlet thread is running at the same time. To code a
thread-safe servlet, you not only have to synchronize the use of any instance
variables that could be corrupted, but also any methods that could cause prob-
lemsif they were used by two or more threads at the same time.

In figure 5-8, you can see how to limit the use of code to a single thread at
three different levels. First, you can synchronize ablock of code by using the
synchronized and this keywords. Second, you can synchronize an entire
method. Third, you can use the SingleThreadModel interface to limit the use of
an entire servlet to asingle thread. That way, you don’t have to synchronize any
of the code within the servlet.

Asyou code thread-safe servlets, you must remember that one thread has to
wait while another thread is using a synchronized block of code, a synchronized
method, or a single-thread servlet. Since that can affect the performance of a
web application, your general goal should be to synchronize as little code as
possible. As aresult, synchronizing a block of code within a method is best for
performance, synchronizing a method is next best, and coding single-thread
servlets should usually be avoided.

But those decisions also depend on other factors like how long it takes to
run a servlet or amethod and how many users are likely to access a servlet at
any given time. If the pages on your web site get accessed thousands of times
each day, performance is obviously an issue. But if your web site getsonly a
few dozen visitors a day, performance may not be an issue at all.
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A block of synchronized code
synchroni zed(t hi s){
accessCount ++;
if (accessCount == 1000){
LogUtil .l ogToFil e("We reached 1000 users on "
+ new java.util.Date());

}

A synchronized method

public static synchroni zed i nt addRecord(Connection connection, User user)
throws SQLException{
String query =
"I NSERT | NTO User " +
"(Enai | Address, FirstNanme, LastNane) " +
"VALUES ('" + SQLUtil.encode(user.getEnmnil Address()) + "'
" + SQLUti|.encode(user.getFirstName()) + "', " +

' + SQLUti|.encode(user.getlLastNane()) + "')";
Statenment statenent = connection.createStatenent();
int status = statenent.executeUpdate(query);
statenent. cl ose();
return status;

}

A servlet that prevents multiple thread access
public class Email Servl et extends HttpServlet inplenments SingleThreadModel{...

}
Description

* A thread-safe servlet is one that works correctly when more than one thread is running at
the same time.

e To synchronize access to amethod or ablock of code, you can use the synchronized
keyword. Then, only one thread at a time can access the code in the block or the method.

* To prevent multiple threads from accessing the code in a servlet, you can implement the
SingleThreadModel interface. Thisis atagging interface that prevents two threads from
accessing the servlet’s service method at the same time.

Note
e A tagging interface is one that has no methods.

Figure 5-8 How to code thread-safe servlets
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How to debug serviets

When you develop servlets, you will encounter errors. That’s why this topic
gives you some ideas on how to debug servlets when you're using a text editor
to develop your servlets. If you're using an IDE, though, it may provide ad-
vanced debugging tools that |et you step through code and monitor variables so
you won't the need to use the techniques that follow.

Common servlet problems

Figure 5-9 lists four common problems that can occur when you're working
with servlets. Then, it lists some possible solutions for each of these problems.

If your servlet won't compile, the error message that’s displayed by the
compiler should give you an idea of why the servlet won’t compile. If the
compiler can’t find a class that’s in one of the Java APIs, for example, you may
need to install the API. If the compiler can't locate your custom classes, you
may need to modify your classpath. And if the compiler has a problem locating
a package, your package statement for the class might not correspond with the
directory that contains the class.

If the servlet compiles but won't run, it may be because the servlet engine
isn’t running. To solve this problem, of course, you can start the servlet engine.
However, if the serviet engine is already running, you should double-check the
URL to make sure that it’s pointing to the correct host, path, and package for the
servlet. A common mistake, for example, isto forget to include the package
name when specifying a URL for a servlet.

If you make changes to a servlet and the changes aren’t apparent when you
test it, it may be because the servlet engine hasn’t rel oaded the modified class.
Then, if you're using Tomcat in a stand-al one devel opment environment, you
can either make sure that servlet reloading is turned on as explained in chapter
2. Or, you can shutdown Tomcat and restart it so the changed servlet will be
reloaded the next time that it’s requested.

If the HTML response page doesn’'t look right when it’s rendered by the
browser, the servlet is probably sending bad HTML to the browser. To fix this
problem, you can use the Source command (for Internet Explorer) or the Page
Source command (for Netscape) to view the HTML that has been returned to
the browser. Then, you can identify the problem and modify the servlet to fix it.
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Common servlet problems

Problem Possible solutions

The servlet won't compile Make sure the compiler has access to the JAR files for all necessary
APIs.

Make sure the classpath is pointing to the directory that contains your
user-defined packages.
Make sure the classisin the correct directory with the correct

package statement.
The servlet won't run Make sure the web server is running.
Make sure you're using the correct URL.
The changes aren’t showing up Make sure servlet reloading is on, or shutdown and startup the server

so it reloads the class that you modified.

The HTML page doesn’t look right Select the Source or Page Source command from your browser’s View
menu to view the HTML code. Then, you can read through the
HTML code to identify the problem, and you can fix the problem in
the servlet.

Note
* Appendix A shows how to install the JavaAPIs and how to set the classpath.

Figure 5-9 Common servlet problems

159



160 Section2  The essence of serviet and JSP programming

How to print debugging data to the console

If you're using Tomcat in a stand-alone development environment, you can
print debugging messages to the console for the servlet engine as shown in
figure 5-10. To do that, you can use the println method of the System.out and
System.err objects. You can use these message to help track the methods that are
executed or the changesto variables.

If you aren’t using Tomcat in a stand-alone environment, you might not be
able to view the debugging messages in the console. In some cases, though, you
may be able to make them appear in the console by starting the servlet engine
from acommand line. In other cases, the printin statements may automatically
be written to atext file that you can view. Otherwise, you'll need to print this
datato alog file as described in the next figure.

When you use println statements to check the value of avariable, you'll
often want to include the name of the class and the name of the variable. That
way, your messages will be easier to understand. This also makesit easier to
find and remove the println statements once the error is debugged.
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How Tomcat displays println statements

cv Catalina

Starting service Tomcat—-Standalone
Apache Tomcats4.8.1
Starting service Tomcat—Apache

Apache Tomcats4.8.1
EmailServlet emailAddress: JjsmithPhotmail.com

Code that prints debugging data to the console

public void doGet (HtpServl et Request request,
Ht t pSer vl et Response response)
t hrows | OException, Servl et Exception{

/'l code
String enmil Address = request. get Par anet er ("enai | Address") ;
Systemout.println("Email Servl et enmil Address: " + enmil Address);
/'l code
}
Description

*  When you're testing an application on your local system, you may be able to use the
printin method of the System.out or System.err objects to display debugging messages
on the console for the servlet engine.

*  When you use debugging messages to display variable values, it's a good practice to
include the class name and variable name so the messages are easy to interpret.

Figure 5-10 How to print debugging data to the console
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How to write debugging data to a log file

If you can’t print debugging data to the console, you can print debugging
datato alog file as shown in figure 5-11. Although each servlet engine uses log
filesalittle differently, you should be able to use these log methods with any
servlet engine. However, you may need to check the documentation for your
servlet engine to see how it works with log files.

To write datato alog file, you can use the two log methods of the
HttpServlet class. If you just want to write a message to alog file, you can use
the first log method. But if you want to write a message to the log file along
with the stack trace for an exception, you can use the second log method. A
stack trace is a series of messages that presents the chain of method calls that
precede the current method.

The code in this figure uses the first log method to display the value for the
emailAddress variable of the EmailServlet class. Then, it uses the second log
method to print a message and a stack trace for an |OException. The data that’'s
printed by these two log methods is shown in the TextPad window.

Tomcat 4.0 stores all log filesin itslogs directory. Within this directory,
Tomcat stores several types of 1og files with one file of each type for each date.
In the TextPad window, you can see the contents of the localhost_|o0g.2002-10-
15.txt file. Thislog file contains the value of the email Address variable as well
as the stack trace for an | OException.

Often, the servlet engine automatically writes other information in the same
log file that the log methods of the HttpServlet class use. In that case, you can
write your debugging information to a separate text file to make it easier to view
your debugging messages. To do that, you can create your own class that writes
error messagesto afile.

To illustrate, the CD that comes with this book includes a LogUtil classin
the util package that contains log methods that work like the log methods shown
in this figure. However, you can easily modify this class to specify a name and
location for the log file. Then, you can use the log methods in this class to write
your debugging information to thefile.
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Two methods of the HttpServlet class used to log errors

Description

l og(String nmessage) Writes the specified message to the server’s error log.

I og(String nessage, Throwable t) Writes the specified message and stack trace for the
exception to the server’s error log.

Servlet code that prints data to a server specific log file
String enmil Address = request. get Paraneter ("enai | Address");

| og("Emai | Servl et enmil Address: " + enmi |l Address);
User user = new User(firstNane, |astNane, enmail Address);
try{

User | O addRecord(user, file);

}
catch(1 CException ioe){
| og("Emai | Servl et | OCException in UserlO', ioe);

The location of log files in Tomcat 4.0
\tontat\| ogs

A typical log file

= TextPad - [C:itomecatMogsilocalhost_log, 2002-10-15. txt]

File Edit Search Wiew Tools Macros Configure  Window Help - a x
0z H B8RB| B = 2T(dY HE Rt H e (K2
2002-10-15 13:05:10 org.apache.catalina. IHVOKER . emailt EmailServlet: init :j
2002-10-15% 13:05:10 org.apache.catalina. INVOKER.emnailS. EmailServlet: EmailServlet emailiddress: jsmith@hotmail.com =

2002-10-15 13:05:10 org.apache.catalina. INVOKER emailb EmailServlet: EmailServlet IOEzception in UserIO
java.io.FileNotFoundException: webappstmurach“UszerEmail.tzt {(The sy=tem cannot find the path specified)

at java.io.FileOutputStrean.opendppend(Hative Hethod)

at java.io.FileQutputStream. (init:(FileQutputStreamn.java:174)

at java.io.FileWriter <init:(FileWriter. java:B86)

at data.U=zerll. addRecord{U=erIl. java:1l)

at emailb EmailServliet . doGet(EmailServlet.java:25)

at javax.servlet http HttpServlet. service(HttpServlet. java:740)

at javax. servlet http HttpServlet service(HttpServlet. java:B853)

| <] ~ 1 v
EEEE Fead [Owr [Elock [Spnc [Fec [Caps |

—
-

Description

* You can use the log methods of the HttpServlet class to write debugging information to a
log file. Tomcat 4.0 storesitslog filesin a directory named logs.

* Thename and location of the log files for a servlet engine may vary depending on the
servlet engine. To find the name and location of your log files, check the documentation
for your servlet engine.

e A stack traceisthe chain of method calls for any statement that calls a method.

Figure 5-11 How to write debugging data to a log file
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Perspective

The goal of this chapter has been to teach you the basics of coding, saving, and
testing servlets. So at this point, you should be able to develop simple, but practi-
cal, servlets of your own. In addition, you should have a basic understanding of
how servlets are executed.

Note, however, that you usually don’t use servletsto send the HTML code
back to the browser as shown in this chapter. Instead, you structure your web
applications so servlets do the processing that’s required and JSPs send the HTML
code back to the browser. In that way, you combine the best features of servlets
with the best features of JSPs, and that’s what you'll learn how to do in the next
chapter.

Summary

* A servlietisaJavaclassthat runs on a server, and a serviet for aweb application
extends the HttpServlet class.

* When you write servlets, you override the doGet and doPost methods to provide
the processing that’s required. These methods receive the request object and the
response object that are passed to them by the server.

e After you use the setContentType method of the response object to set the content
type of the response that’s returned to the browser, you use the getWriter method
to create a PrintWriter object. Then, you can use the printin and print methods of
that object to send HTML back to the browser.

* Theclassfilesfor servlets must be stored in the WEB-INF\classes directory of an
application or in a subdirectory that corresponds to a package name.

* Torequest aservlet from aURL, you include the word “servlet” after the docu-
ment root directory in the path. Thisis followed by the package name, a dot, and
the servlet name.

e You can override the init method of a servlet to initialize its instance variables.
These variables are then available to all of the threads that are spawned for the one
instance of the servlet.

* When you code athread-safe servlet, you prevent two or more users from access-
ing the same block of code at the same time.

e To print debugging data to the server console, you can use the println method of
the System.out or System.err object. An alternative is to use the log methods of the
HttpServlet class to write debugging datato alog file.
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Terms

serviet

request object
response object
content type
instance variable
thread-safe

log file

stack trace

Objectives

* Code and test servlets that require any of the features presented in this chapter.

e Provide debugging datafor a servlet by writing messages to either the console or a
log file.

* Describe the directory structure that must be used for servlet classes.

e Describe the difference between the URL for a JSP and the URL for a servlet.

* Describe the use of theinit, doGet, and doPost methods in a servlet.

e Describe the execution of aservlet, and explain its effect on local and instance
variables.

* Explain what is meant by athread-safe servlet and describe what you have to do to
develop one.

Exercise 5-1 Modify the EmailServlet class

1. Enter aURL inyour browser that requests the Email Servlet class that's located in
the murach/WEB-INF/classes/email5 directory and sends two parametersto it.

2. Runthe HTML document named join_email_list.html in the email5 directory so it
accesses and runs the Email Servlet class.

3. Add the accessCount instance variable to the Email Servlet class as described in
figure 5-7. Then, run the servlet from the HTML document. Thiswill test whether
servlet reloading has been turned on as described in chapter 2. If it isn't on, you will
have to stop and restart Tomcat before the changes to the serviet show up. (You may
have to refresh your browser for the changes to take effect.)

4. Modify the HTML document so it uses the Post method instead of the Get method,
and modify the servlet so it works properly.

5. Print adebugging message to the console that shows the value of the accessCount
variable. Then, run the servlet two or more times to see how this message appearsin
the console.

6. Repeat step 5, but use alog file thistime.
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Exercise 5-2 Create a new servlet

In this exercise, you' Il modify the HTML document for the Email List
application, and you'll create anew servlet that respondsto the HTML
document. Thisis comparable to what you did for exercise 4-2, but the details
are repeated here.

1.

Modify the HTML document named join_email_list.html that's in the email5
directory so it hasthisline of text after the Email address box: “I’ m interested
in these types of music.” Then, follow thisline with alist box that has options
for Rock, Country, Bluegrass, and Folk music. Thislist box should be followed
by the Submit button, and the Submit button should link to a new servlet
named MusicChoicesServlet.

Create anew servlet named MusicChoicesServlet that responds to the changed
HTML document. This servlet should respond with an H1 line that looks like
this:

Thanks for joining our ermail list, John Smth

And thisline should be followed by text that looks like this:

W' Il use email to notify you whenever we have new rel eases for
these types of nusic:

Country

Bl uegr ass

In other words, you list the types of music that correspond to the itemsthat are
selected in the list box. And the entire web page consists of just the heading
and text lines that I’'ve just described.

Test the HTML document and the new servlet by running them. Note the
parameter list that is passed to the servlet by the HTML document. Then, test
the new servlet by using a URL that includes a parameter list.



