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Section 1:  Introduction

As time goes on, the Internet becomes a larger part of people’s lives.  As usage increases, demand for applications based on the Web has become much greater.  Sun has responded to this demand by creating technologies that are specifically designed for the Web.

This document is directed towards experienced Java programmers who have little to no experience with Web technologies.  While Java is a good tool to teach students complex data structures and programming practices, its real power lies in its business-related features.  This document specifically addresses Servlets and their applications.   By the end of this tutorial, you will have a fully functional Servlet, capable of reading and appending data to a file.  The exciting part of this is that the file will be remotely stored on a Web sever, and all of the interactions with it will take place over the Internet.  Before we begin creating our own web application, we need to take a look at what a Servlet actually is.

Section 2: Servlet Background

2.1 What is a Servlet?
Servlets are modules of java code that reside on a server.  You can think of them as applets for a server. Servlets reside on the server and respond to client requests.  In the simplest case, a Servlet is an application that returns strings. These strings are either code for websites, or data that can be used to fill in text fields of websites.  The Web server handles all the data going into and coming out of the application.  Servlets are basically Java applications that run in a Web server.

Servlets are generalized enough to expand any Web server’s applications, but much like PHP, there are HTTP-specific Servlet objects that were created to specifically handle HTTP requests.  If you are unfamiliar with HTTP protocol, I recommend referencing Sun’s over view on the subject: http://java.sun.com/j2ee/1.4/docs/tutorial/doc/HTTP.html#63796.  These HTTP-specific Servlets, called HTTP Servlets, are often what people are referring to when they speak of Servlets.  For the remainder of this document, we will follow this convention and refer to HTTP Servlets as Servlets. Figure 2.1.1 illustrates a simple Servlet.  You can see from the diagram that the Servlet resides within the Web server.  The Web server receives an HTTP request from a browser (or any other application that might make an HTTP request) and passes it onto the Servlet.  The Servlet takes the information that the Web server gives it, parses it, generates an HTML response, and passes it back to the calling application via the Web server.
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Figure 2.1.1 The calling application sends an HTTP request to the Web server.  The web server passes this request to the Servlet, and the Servlet returns an HTML response. Image adapted from http://courses.cs.vt.edu/~cs2304j/notes/04-23-02%20-%20Servlets.html
2.2 Older Technologies

Before Servlets became available to the public, developers had other tools that they used.  One way that a person could create dynamic data for web servers was by using the Common Gateway Interface, commonly known as CGI.  PHP is another increasingly popular method used to create dynamic web content. Both of these technologies are powerful server-side tools.

The Common Gateway interface is a standard that defines how people can link external applications with information servers, such as HTTP or Web servers.  The applications can be written in any language that can be compiled (if necessary) and run on the server. Usually the information server simply reads a static file and returns the data.  With CGIs, you’re actually executing a program on the server, so dynamic content can be returned.  People use CGIs to create and update guest books, rotate advertising material, maintain web counters, and pretty much anything else that you might find useful.  With this link in place, content on the web became much more dynamic.

One thing that makes CGI so powerful is the fact that it can be written in any language.  Developers can use whatever language they are comfortable with to program them such as C, C++, Fortran, Perl, PHP, any Unix shell, or Visual Basic.  

The most popular language to code CGIs in is Perl. Perl stands for Practical Extraction and Report Language, and is a great tool for writing a CGI.  Perl is widely used because it is simple to code in and has a great deal of string parsing capabilities.  Perl is also able to execute command line system calls, which comes in very handy for exposing file information or system statistics on the web via an information server.  One drawback of using Perl is that is can be extremely hard to read, as there are many different ways to do the same thing.  Figure 2.2.1 illustrates 6 different ways of completing the same tasks.  While this is an interesting trait of the language, reading code written in a style unfamiliar to you can be a painful task.  Because of this drawback, Perl is usually preferred for code that you write once, and hope to never look at again. Even though it has its shortcomings, Perl is the most widely used language to code CGIs.

	    if ($x == 0) {$y = 10;}  else {$y = 20;}

    $y = $x==0 ? 10 : 20;

    $y = 20;  $y = 10 if $x==0;

    unless ($x == 0) {$y=20} else {$y=10}

    if ($x)  {$y=20} else {$y=10}

    $y = (10,20)[$x != 0];




Figure 2.2.1 The Perl paradox: all six of these lines do the exact same thing.  Perl programs are simple to implement, but can often be difficult to understand. Example taken from http://www.cclabs.missouri.edu/things/instruction/perl/perlcourse.html.

Another language that has come to the forefront of the server-side world is PHP.  PHP is a recursive acronym, standing for PHP: Hypertext Preprocessor.  PHP was originally based on Perl, by Rasmus Lerdorf, but quickly came into its own after many revisions.  What makes PHP so powerful is that its developers designed it with the World Wide Web in mind.  With PHP, a web page’s content and overall structure can be entirely dynamic.  PHP also allows you to embed your code in-line, rather than placing it all in the header or in some other file, making your coding much more fluid.  PHP has a distinct advantage over Perl in the fact that it is not a generic scripting language.  Figure 2.2.2 shows how easily you can send out an email in PHP in contrast to Perl. The main drawback involved in using PHP is that it is not supported by many web-hosts.  If you do find a host that supports PHP, or if you are hosting your own website, PHP is definitely the way to go.

	Perl

	open ( MAIL,"|/usr/sbin/sendmail -t");
print MAIL "To: myself\@mydomain.com\n" ;
print MAIL "From: visitor\@hisdomain.com\n" ;
print MAIL "Subject: Comments from Web Form\n\n" ;
print MAIL $mainmessage ;
close ( MAIL ) ; 


	PHP

	mail ( "myself@mydomain.com", "Comments from Web Form", $mainmessage, "From: visitor@hisdomain.com" );




 Figure 2.2.2 Since PHP is a non-generic language, it can make web-specific tasks much more simple.  Here, we see how a six-line Perl program can be replaced by a simple one-line PHP command. Example from http://www.thesitewizard.com/archive/phpvscgi.shtml.

Since the introduction of CGI and PHP, the idea of creating dynamic websites has become more and more commonplace. Anything is possible with PHP and CGI, but Sun decided to take the idea of server-side solutions and expand on it.  The next sections will guide you through the advantages of using Servlets, how they are used, and how they are run.

2.3 The Advantages of Using Servlets

Servlets have a good number of advantages over CGI.  They excel when it comes to efficiency, security, scalability and maintainability, and portability.  With these benefits, it is hard to ignore Servlets for long.

Since Servlets are written in Java, they are much more portable than CGI applications written in non-portable languages.  If you have a Servlet, the class can be interpreted by any Java Virtual Machine on any system.  With a C++ CGI, you would have to port the program over to the specific operating system you want to run it on and then recompile.  This process is especially cumbersome if you’ve been using system-specific calls.

Another advantage of using Servlets is that they are much more efficient than standard CGI. Most people think that Java will never be more efficient than optimized C, but this is a case when Java excels.  When a standard CGI program is run, it is spawned as a separate process on the server side.  After being spawned, the process returns its information and the process is terminated.  Each request spawns another process and each of these new processes creates more overhead for the system in both memory usage and CPU time.  

When a Servlet request is made, the only process that is created is the process for the JVM.  The JVM creates a new thread for each request made.  These threads are what handle the requests and write the responses.  Starting a new thread takes less memory and CPU time than creating an entirely new process.  Imagine if you had a spell checking CGI, if 25 people tried to simultaneously use it, there would be 25 new processes created on the server.  With Servlets, only one process would be created, and it would persist throughout all of the calls, creating a new thread for each new request.  The thread-based nature of Servlets also allows for easy State tracking.  Because the Servlet survives across multiple invocations, you don’t have to read or write from other files to know how many times you’ve invoked a method.  This makes things a lot easier when dealing with simple counters, or when persisting data for a specific user.  The advantages of thread-based response over process-based response make Servlets much faster than CGI.

Because Servlets are inherently object oriented, Servlet-based applications scale well to larger systems.  As mentioned before, languages like Perl can be hard to read on a small scale, not to mention on the scale of an enormous enterprise-level application.  With a well designed object hierarchy, Servlets can be quickly maintained and understood.  This fact is also important when finding new programmers to add to an existing team, or to replace a lost member.  It is much easier to find a programmer who is familiar with Java than it is to find one with Perl or PHP knowledge, especially if you are looking for students or recent graduates to work for your company. 

Another Java-related advantage, when it comes to business applications, is database connectivity.  Since Servlets are written in Java, using Java database connectivity, or JDBC, is no problem.  Making your Servlet do database requests will only require a few more lines of code, while other languages might require entire libraries or calls to other programs.  Database connectivity is a large part of business software, and Servlets make it much easier.

In addition to the other advantages, Servlets are also more secure than CGI.  Servlets are unable to run into memory or security problems because all of that is handled by the JVM.  A rogue CGI program can easily disrupt an entire server if something goes wrong.  Languages like Perl are also subject to security problems because of their inherent weak typing.  Java has strong typing and therefore protects against accidental security mistakes.

The advantages of using Servlets are numerous and well known throughout the industry.  With their portability, scalability, database connectivity, and security advantages, they are a strong contender in the Web server field.  It’s easy to see why a company would use a Servlet as their business solution, but let’s take a look at how Servlets are actually used.

2.4 What are Servlets Used For?

Now that we understand what Servlets are and what advantages there are in using them, it would be a good time to see how they’re used in the real world.  Servlets can be used for a wide number of purposes.  They can be used for applications that are designed to receive information from the requests they get while remaining invisible.  They can be used as the main technology behind an electronic business.  Servlets can also be used as a tool to remotely store information on a web server. Whatever the use, Servlets are becoming more ubiquitous than ever.

Most people are first introduced to Servlets as the backbone of an electronic business or e-business.  Many of the “shopping cart” pages and order forms that people use when purchasing items on the Internet are built on top of Servlet technology. The Internet has a lot of information and tutorials on the subject of Servlet shopping carts. A good tutorial on the idea can be found at Novocode’s website. Their example (http://www.novocode.de/doc/servlet-essentials/chapter2c.html) shows just how easy it is to set up a fully functioning shopping cart, which could be extended to provide real-world functionality.  Because of their security and persistence, Servlets are a great solution for e-business.

Another type of Servlet (that isn’t as widely known as the others mentioned in this section) is the type that anonymously collects data from casual web surfers. Cyscape’s BrowserHawk is a good example of the “invisible” Servlet. If you visit their homepage, (http://www.cyscape.com/showbrow.asp) your browser will be probed and all of your information will be displayed.  The amount of data that they can get out of a single request is almost creepy.  In theory, this data could be used to dynamically construct a website that is specifically tailored to each individual user, or stored in a remote database.  Invisible Servlets are a great way to maintain data about the users that frequent a site.

The final use for Servlets that we’ll touch on is remote file storage.  Servlets can be a handy way for someone to be able to record important data to a server from a remote location.  Omli Incorporated (http://www.rozina.com/coldjavaservlets.html) has a great deal of Servlets for sale that do a number of variations on file storage.  You can use Servlets to create remote calendars, notepads, message boards and forums.  Each complete request creates a new file or database entry on the remote server which can be referenced by subsequent calls.  By making remote file storage so easy, Servlets expand the dynamic possibilities of the Web to great levels.

These examples of Servlets only scratch the surface of things you can do with them.  Any combination of Servlet features could give rise to yet another exciting application.

2.4 What Really Runs a Servlet?

Previously, we’ve said that Servlets run on a Web server, but there is more to running Servlets than simply placing a file on your server and making calls to it.  A Web server on its own cannot provide Servlet functionality. Servlets actually run within a Servlet container that runs on the Web server.  Some Web servers have a Servlet container built into them, while others require the container to be added on.  The Servlet container imposes user-defined limitations upon the Servlets that are deployed to it.  The Servlet container also handles the life cycles of its Servlets.  The most important function of the Servlet container is handling the requests and responses going to and coming from the Servlets it manages.  In this section we’ll take a close look at each one of these aspects.

Much like the JVM, the Servlet container is what manages the lifecycle of all the Servlets it holds.  The container is what actually instantiates the Servlets that are invoked by user request.  Once it has instantiated the Servlet, it invokes the init method then passes the request to the Servlet’s service method so it can be processed.  Once the Servlet has performed its duties, the container is also responsible for destroying the object to allow for more objects to be instantiated. As you can see, the Servlet container is like a specialized JVM, working explicitly with Servlets.

The container can also be configured by the user.  Specific users may have specific restrictions they want to place on their Servlets.  For instance, you might want to limit the number of threads that one specific Servlet can create.  A user might also want to add in security measures for what sort of write access a Servlet has.  All these considerations can be addressed in a global fashion by configuring your Servlet container as you deem appropriate.

The final and most important piece of the container is its ability to handle requests and responses.  A Servlet container must provide support for HTTP requests and responses, or else it would render the whole process useless.  The container must also be able to encode and decode MIME types.  MIME stands for Multipurpose Internet-Mail Extensions.  MIME types basically tell your browser what to do with a file.  If an object has a GIF MIME type, your browser knows to display an image with the data, instead of writing all of the binary information out as ASCII.  In addition to HTTP protocol and MIME types, the server might also provide secure protocols such as HTTPS to allow for secure request and response mechanisms. Like the JVM to all Java applications, the container is a Servlet’s only way of communicating with the outside world.

The Servlet container has a few very important responsibilities to take care of.  The container can impose restrictions upon the Servlets it hosts.  It also manages the life cycles of the Servlets it contains.  The Servlet container is also responsible for managing requests and responses to the Servlet.  With all of these pieces combined, our Servlet container provides all of the functionality that we need to run our Servlets on our Web server.

Now that we’ve closely examined a lot of the background information on Servlets we can examine how to implement a simple Servlet.

Section 3: Implementing a Servlet

As we’ve learned more about Servlets and how they’re used, we’ve completely ignored the specifics on implementing them.  This next section will guide you through actually coding a simple Servlet (remember, we’re specifically referring to HTTP Servlets in this document). The Servlet that we’ll implement will be a simple mailing list application that will allow users to add themselves to, remove themselves from, or display the mailing list. Our first task will be to set up the main Servlet class that will hold all of our methods.  Second, we’ll take a look at doGet and doPost - the main methods that Servlets commonly implement.  The third section will focus on more advanced properties of Servlets, such as session tracking and sharing data.  The final section will cover the HTTP forms that you can use to call the Servlet we create. Once you’ve finished this section, you will have a fully functioning Servlet to work with.

3.2 The Basics
Before we can receive or send any information, we need to define our Servlet class. The code in this class, Figure 3.2.1, is simple java code, so we won’t go into much detail on how it works.  If you feel uncomfortable with the level of code that is used for this section, it’d be a good idea to brush up on your skills.  Java How to Program by Deitel and Deitel would be a good place to start, or you can head over to Sun’s documentation website for more information: http://developer.java.sun.com/developer/infodocs/. This skeleton imports the HTTP Servlet package (line 4) so that our ListManagerServlet can extend it (line 6).  The class has a standard Java vector to hold our list of addresses, and a string to hold our filename.  The init method opens our address file and reads in all the addresses it contains.  Subscribe and unsubscribe respectively add and remove email addresses from our vector.  Save writes our data to disk.  The only unfamiliar piece of code here should be in the init method.  The init method takes a ServletConfig object as its parameter, which we use to get our file information. The configuration object is sent from our Web server and is subsequently sent to the super class of our class for further initialization.  Bear in mind that a user cannot call any of these methods at this point.  Before we are able to interact with the outside world, we must add in code that will allow data to be sent to the Servlet.

	  1:  import java.util.Vector;

  2:  import java.io.*;

  3:  import javax.servlet.*;

  4:  import javax.servlet.http.*;

  5:
  6:  public class ListManagerServlet extends HttpServlet

  7:  {

  8:    private Vector addresses;

  9:    private String filename;

 10:
 11:    public void init(ServletConfig config) throws ServletException

 12:    {

 13:      super.init(config);

 14:      filename = config.getInitParameter("addressfile");

 15:      if(filename == null)

 16:        throw new UnavailableException(this,

 17:                                 "The \"addressfile\" property "+

 18:                                 "must be set to a file name");

 19:      try
 20:      {

 21:        ObjectInputStream in =

 22:          new ObjectInputStream(new FileInputStream(filename));

 23:        addresses = (Vector)in.readObject();

 24:        in.close();

 25:      }

 26:      catch(FileNotFoundException e) { addresses = new Vector(); }

 27:      catch(Exception e)

 28:      {

 29:        throw new UnavailableException(this,

 30:                                "Error reading address file: "+e);

 31:      }

 32:    }

104:    private synchronized boolean subscribe(String email) throws     

        IOException

105:    {

106:      if(addresses.contains(email)) return false;

107:      addresses.addElement(email);

108:      save();

109:      return true;

110:    }

111:
112:    private synchronized boolean unsubscribe(String email) throws 

        IOException

113:    {

114:      if(!addresses.removeElement(email)) return false;

115:      save();

116:      return true;

117:    }

118:
119:    private void save() throws IOException

120:    {

121:      ObjectOutputStream out =

122:        new ObjectOutputStream(new FileOutputStream(filename));

123:      out.writeObject(addresses);

124:      out.close();

125:    }

126:  }




Figure 3.2.1 The code presented here is all of our data-management and class definition code.  These portions of the code are the underlying functions for our mailing list application.  Code taken from Novocode’s Servlet essentials: http://novocode.de/doc/servlet-essentials/chapter2b.html.

3.3 The Main Servlet Methods
Servlets have two main methods: doGet and doPost.  A Servlet can implement either of these two methods, or both. The two functions are virtually interchangeable, but do have slight differences between them. The doGet method relies on having all of its parameters appended to the URL of the Servlet.  When the Servlet is called, all of the information sent to it will be visible in the browser’s address bar.  Since URLs are limited to 1024 characters, the total length of the parameters sent to the Servlet in the doGet method is restricted as well.  A better way to handle posted data is by using the doPost method.  A call to doPost actually opens up a socket to the Web server to send the data.  This way, none of the information is visible in the address bar, and there is no limit to the amount of data you send.  More importantly, the data doesn’t even have to be ASCII.  By using doPost, you can actually send serialized java objects to a Servlet.  A good way to organize your doGet and doPost methods is to have doGet respond to information requests and doPost handle requests where information needs to be processed.  Lets take a look at how to implement these two methods.

3.4 The doGet Method
As discussed earlier, it is a good idea to use doGet as a simple display function.  For our example, we’ll use our doGet method to display the current list and a submit form.  This example assumes that you have some knowledge of HTML.  If you feel you need more explanation as to the semantics of the HTML code that follows, I recommend taking a look at http://hotwired.lycos.com/webmonkey/99/30/index4a.html.  Figure 3.2.2 displays the source for our doGet method.  As you can see, doGet takes in two arguments: a request object of type HttpServletRequest, and a response object of type HttpServletResponse.  The request is unused in this example and will be addressed in later sections.  The response object is used to set properties of our response.  First, we set what kind of content we will be sending back as our response.  In the example, we set it to text/html (line 38).  We could set it to binary if we were passing back a serialized object.  We then use the response object to set the header of our response to make clients and proxy-servers unable to cache our page (line 39).  This step makes sure that each time the page is viewed, it will be recreated with the latest data. The final use of our response object is to get a PrintWriter object (line 40).  Once we have this print writer, we can use it as our standard out and write all of our content to the stream.  The following lines simply prints our vector of addresses out along with a form that will post data back to our Servlet. Line 45 sets the request type to post, making sure that subsequent calls from this page will go to our post method. Unfortunately, we haven’t implemented a post method for our Servlet yet.  The next section will guide you through setting up a method that will handle such requests.

	 34:    protected void doGet(HttpServletRequest req,

 35:                         HttpServletResponse res)

 36:              throws ServletException, IOException

 37:    {

 38:      res.setContentType("text/html");

 39:      res.setHeader("pragma", "no-cache");

 40:      PrintWriter out = res.getWriter();

 41:      out.print("<HTML><HEAD><TITLE>List Manager</TITLE></HEAD>");

 42:      out.print("<BODY><H3>Members:</H3><UL>");

 43:      for(int i=0; i<addresses.size(); i++)

 44:        out.print("<LI>" + addresses.elementAt(i));

 45:      out.print("</UL><HR><FORM METHOD=POST>");

 46:      out.print("Enter your email address: <INPUT TYPE=TEXT 

                     NAME=email><BR>");

 47:      out.print("<INPUT TYPE=SUBMIT NAME=action VALUE=subscribe>");

 48:      out.print("<INPUT TYPE=SUBMIT NAME=action 

                     VALUE=unsubscribe>");

 49:      out.print("</FORM></BODY></HTML>");

 50:      out.close();

 51:    }




Figure 3.4.1 The doGet method is good for posting simple data and forms.  Here, the doGet ignores any inputs from the request object and simply displays the current data held by our address vector.  Code sample courtesy of Novacode: http://novocode.de/doc/servlet-essentials/chapter2b.html.

3.4 The doGet Method

The doPost method takes the same arguments as our doGet but will behave in a much different manner than our get method.  Figure 3.4.1 continues our Servlet object, showing us the code for our doPost method.  Unlike doGet, our request object is used by the Servlet to retrieve the parameters that were sent to it.  Getting parameters from a response object is as simple as providing the variable name that you are looking for (line 57).  If you don’t know the names of your parameters, iterating through all of them is simple:

    Enumeration paramNames = req.getParameterNames();

    while(paramNames.hasMoreElements()) {

      String paramName = (String)paramNames.nextElement();

      out.print(paramName);

    }

This dynamic variable discovery can be extended to use the response object’s getParameter method to print out all the variable values that were passed: simply replace the hard coded strings (such as line 57) with paramName. Figure 3.4.1 simply parses the information we need out of the request object and uses them in conjunction with our data handling methods to add or remove people from our list.  We also take advantage of the sendError method in our response object (lines 61, 71, and 82) to report bad inputs.  The rest of the method is much like our doGet, printing out our list and a submit form.  The main difference is in line 94, which sets up a URL for the user to click that will call the doGet method again. The full code for our sample Servlet is available in Appendix A.  

	 53:    protected void doPost(HttpServletRequest req,

 54:                          HttpServletResponse res)

 55:              throws ServletException, IOException

 56:    {

 57:      String email = req.getParameter("email");

 58:      String msg;

 59:      if(email == null)

 60:      {

 61:        res.sendError(res.SC_BAD_REQUEST,

 62:                      "No email address specified.");

 63:        return;

 64:      }

 65:      if(req.getParameter("action").equals("subscribe"))

 66:      {

 67:        if(subscribe(email))

 68:          msg = "Address " + email + " has been subscribed.";

 69:        else
 70:        {

 71:          res.sendError(res.SC_BAD_REQUEST,

 72:                        "Address " + email + " was already 

                             subscribed.");

 73:          return;

 74:        }

 75:      }

 76:      else
 77:      {

 78:        if(unsubscribe(email))

 79:          msg = "Address " + email + " has been removed.";

 80:        else
 81:        {

 82:          res.sendError(res.SC_BAD_REQUEST,

 83:                        "Address " + email + " was not 

                             subscribed.");

 84:          return;

 85:        }

 86:      }

 87:
 88:      res.setContentType("text/html");

 89:      res.setHeader("pragma", "no-cache");

 90:      PrintWriter out = res.getWriter();

 91:      out.print("<HTML><HEAD><TITLE>List 

                     Manager</TITLE></HEAD><BODY>");

 92:      out.print(msg);

 93:      out.print("<HR><A HREF=\"");

 94:      out.print(req.getRequestURI());

 95:      out.print("\">Show the list</A></BODY></HTML>");

 96:      out.close();

 97:    }




Figure 3.4.1 The doPost method handles input from the form.  All of the relevant variables are taken from the request object, and our response is, much like our doGet method, written to our response object.  Code taken from Novocode’s Servlet essentials: http://novocode.de/doc/servlet-essentials/chapter2b.html.

It is very important to understand that this is just one way to handle your posting and getting methods.  Another way to support both types of requests is to have your methods call another internal function that does the same thing for both.  For instance, your doGet and doPost can call processRequest. ProcessRequest accepts the same parameters as the two functions, and does all of the work previously handled by them.  The way that you implement your posting and getting methods is completely up to you:  you can implement one, or both of them.

3.5 Advanced Servlet Properties
The example that we have been working on so far has barely begun exploring the vast amounts of things we can do with Servlets.  Servlets have a large number of advanced features that can be exploited to create truly dynamic websites.  Servlets are actually able to call methods of other Servlets within a Web server. They are also able to perform session handling. The actual implementation of these features is beyond the scope of this lesson, but it is good to know what they are.  In this section we will take a brief look at these advanced Servlet properties and what they can be used for.

Inter-Servlet communication is an important part of Servlet technology.  Servlets that are placed within the same Servlet directory have the same Servlet Context.  A Servlet can find out the names of other Servlets within its context and call methods on them to get information.  For instance, we could have a new mail program Servlet that calls a method on our mailing list Servlet to get the addresses to send to.  This sort of interaction promotes object oriented design schemes and separation of concerns.  One developer could be working on our list Servlet, while another works on the mailer Servlet.  When used in conjunction, these two Servlets could provide a powerful web-based tool for a company.  Using inter-Servlet communication along with other advanced Servlet properties allows Servlets to perform powerful tasks.

Another important Servlet ability is session tracking.  HTTP requests are considered stateless; there is not state information automatically maintained between calls.  Something like FTP is stateful because each transaction takes place and leaves the original connection open, maintaining its state.  Servlets have two ways to maintain their state.  This is known as session tracking.  The first way that a Servlet is able to maintain its state is to use Cookies.  A Cookie is a string stored on the user’s computer that keeps track of their specific session number.  If the user wants to continue the same session through multiple requests, all they have to do is send the Cookie back with each request.  This method is as simple as it sounds and is the most commonly used method.  The other option is to code a session ID within all requests and redirections.  Doing things this way is a lot less intuitive because every page that continues a session must be dynamically created.  Using cookies allows the user to continue a session from a static page rather than requiring them to log in each time they re-visit the page.  Session tracking allows for virtual shopping carts and is essential for e-business. 

Applying these improvements to your simple Servlets will add a great deal of functionality to them.  You can easily implement user-specific page properties or maintain a shopping cart with session tracking and inter-Servlet communication allows you to link functionality of other Servlets into your own.  With what we’ve previously examined and these advanced properties, our options are unlimited, but how do people use them?

3.6 Calling the Servlet 

Deploying a Servlet is a server-specific process.  There is a large amount of documentation available for whatever server you decide to deploy to, so I’ll leave it to you to figure out which one you’re going to use.  The basic idea of deployment is that you compile your Servlet, put it in a JAR file, and drop it in the Servlets directory of your Web server.  Once your Servlet has been loaded into your Servlet container, users can invoke it by providing a URL to the Servlet.  By default, this call will be to our doGet method.  The code for a simple call to our email list Servlet would look like this:

<a href=”http://www.GenericWebserver.com/servlet/ListManagerServlet”>Click me</a>

The resulting page would display a link that said, “Click me” which calls our manager’s doGet method.

Section 4: Conclusion

4.1 Further Reading

Admittedly, this document is far from a full exploration of Servlets and all of their properties.  This section provides links to valuable information on Servlets.  For a deeper examination of Servlets, I recommend Java Servlet Programming by Jason Hunter, or Core Servlets and JavaServer Pages by Marty Hall.  These books are widely available for sale, and the prior is available in most libraries.  Another great resource for learning advanced Servlet properties is Stefan Zeiger’s website: http://www.novocode.com/ doc/servlet-essentials/.   The best source for the latest information will always be Sun’s website, since they are the people who actually write the code behind Servlets: http://java.sun.com/products/servlet/.  For supplemental information, I’ve listed all of the sources I’ve used in creating this document in Appendix B.

4.2 Conclusion

By reading this document and coding the examples you’re well on your way to becoming a skilled Servlet programmer.  The core that we have set up is extensible to many applications and will serve as a good starting point to any web application.  You’ve also become familiar with the advantages of using and the history behind Servlets. With this knowledge, your options are wide open.

Appendix A: ListManagerServlet.java

	  1:  import java.util.Vector;

  2:  import java.io.*;

  3:  import javax.servlet.*;

  4:  import javax.servlet.http.*;

  5:
  6:  public class ListManagerServlet extends HttpServlet

  7:  {

  8:    private Vector addresses;

  9:    private String filename;

 10:
 11:    public void init(ServletConfig config) throws ServletException

 12:    {

 13:      super.init(config);

 14:      filename = config.getInitParameter("addressfile");

 15:      if(filename == null)

 16:        throw new UnavailableException(this,

 17:                                       "The \"addressfile\" property "+

 18:                                       "must be set to a file name");

 19:      try
 20:      {

 21:        ObjectInputStream in =

 22:          new ObjectInputStream(new FileInputStream(filename));

 23:        addresses = (Vector)in.readObject();

 24:        in.close();

 25:      }

 26:      catch(FileNotFoundException e) { addresses = new Vector(); }

 27:      catch(Exception e)

 28:      {

 29:        throw new UnavailableException(this,

 30:                                       "Error reading address file: "+e);

 31:      }

 32:    }

 33:
 34:    protected void doGet(HttpServletRequest req,

 35:                         HttpServletResponse res)

 36:              throws ServletException, IOException

 37:    {

 38:      res.setContentType("text/html");

 39:      res.setHeader("pragma", "no-cache");

 40:      PrintWriter out = res.getWriter();

 41:      out.print("<HTML><HEAD><TITLE>List Manager</TITLE></HEAD>");

 42:      out.print("<BODY><H3>Members:</H3><UL>");

 43:      for(int i=0; i<addresses.size(); i++)

 44:        out.print("<LI>" + addresses.elementAt(i));

 45:      out.print("</UL><HR><FORM METHOD=POST>");

 46:      out.print("Enter your email address: <INPUT TYPE=TEXT NAME=email><BR>");

 47:      out.print("<INPUT TYPE=SUBMIT NAME=action VALUE=subscribe>");

 48:      out.print("<INPUT TYPE=SUBMIT NAME=action VALUE=unsubscribe>");

 49:      out.print("</FORM></BODY></HTML>");

 50:      out.close();

 51:    }

 52:
 53:    protected void doPost(HttpServletRequest req,

 54:                          HttpServletResponse res)

 55:              throws ServletException, IOException

 56:    {

 57:      String email = req.getParameter("email");

 58:      String msg;

 59:      if(email == null)

 60:      {

 61:        res.sendError(res.SC_BAD_REQUEST,

 62:                      "No email address specified.");

 63:        return;

 64:      }

 65:      if(req.getParameter("action").equals("subscribe"))

 66:      {

 67:        if(subscribe(email))

 68:          msg = "Address " + email + " has been subscribed.";

 69:        else
 70:        {

 71:          res.sendError(res.SC_BAD_REQUEST,

 72:                        "Address " + email + " was already subscribed.");

 73:          return;

 74:        }

 75:      }

 76:      else
 77:      {

 78:        if(unsubscribe(email))

 79:          msg = "Address " + email + " has been removed.";

 80:        else
 81:        {

 82:          res.sendError(res.SC_BAD_REQUEST,

 83:                        "Address " + email + " was not subscribed.");

 84:          return;

 85:        }

 86:      }

 87:
 88:      res.setContentType("text/html");

 89:      res.setHeader("pragma", "no-cache");

 90:      PrintWriter out = res.getWriter();

 91:      out.print("<HTML><HEAD><TITLE>List Manager</TITLE></HEAD><BODY>");

 92:      out.print(msg);

 93:      out.print("<HR><A HREF=\"");

 94:      out.print(req.getRequestURI());

 95:      out.print("\">Show the list</A></BODY></HTML>");

 96:      out.close();

 97:    }

 98:
 99:    public String getServletInfo()

100:    {

101:      return "ListManagerServlet 1.0 by Stefan Zeiger";

102:    }

103:
104:    private synchronized boolean subscribe(String email) throws IOException

105:    {

106:      if(addresses.contains(email)) return false;

107:      addresses.addElement(email);

108:      save();

109:      return true;

110:    }

111:
112:    private synchronized boolean unsubscribe(String email) throws IOException

113:    {

114:      if(!addresses.removeElement(email)) return false;

115:      save();

116:      return true;

117:    }

118:
119:    private void save() throws IOException

120:    {

121:      ObjectOutputStream out =

122:        new ObjectOutputStream(new FileOutputStream(filename));

123:      out.writeObject(addresses);

124:      out.close();

125:    }

126:  }




Appendix B: References

PHP and Perl Links:

· Common Gateway Interface: cgi@ncsa.uiuc.edu - valid on 3/6/03
http://hoohoo.ncsa.uiuc.edu/cgi/intro.html
· PHP Manual: Stig Sæther Bakken, Alexander Aulbach, Egon Schmid, Jim Winstead, Lars Torben Wilson, Rasmus Lerdorf, Andrei Zmievski, and Jouni Ahto - valid on 3/6/03
http://www.php.net/manual/en/faq.general.php#AEN74233
· Php Vs CGI: Christopher Heng - valid on 3/603
http://www.javascriptkit.com/howto/phpcgi.shtml
· Introduction to Perl: University of Missouri, Columbia - valid on 3/6/03
http://www.cclabs.missouri.edu/things/instruction/perl/perlcourse.html
· Introduction to PHP: Stig Sæther Bakken with Zend staff - valid on 3/6/03
http://www.zend.com/zend/art/intro.php
· What does PHP Stand for?  alt-php-faq.org - valid on 3/6/03
http://www.alt-php-faq.org/local/79/
· PHP Vs Perl: Comparison of the Two Web Programming Languages: Christopher Heng – valid on 3/6/03 
http://www.thesitewizard.com/archive/phpvscgi.shtml
Servlet Links:


· Java Servlet Technology: Stephanie Boldoff – valid on 3/6/03
http://java.sun.com/j2ee/tutorial/1_3-fcs/doc/Servlets.html
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http://courses.cs.vt.edu/~cs2304j/notes/04-23-02%20-%20Servlets.html
· A Tutorial on Java Servlets and JSP: Marty Hall – valid on 3/6/03
http://www.apl.jhu.edu/~hall/java/Servlet-Tutorial/
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http://www.novocode.com/doc/servlet-essentials/
Servlets vs. CGI:

· What are the advantages of using Servlets rather than CGIs? Mikael Jakobsson – valid on 3/6/03
http://www.magelang.com/faq/view.jsp?EID=43542
Advantages of using Servlets:
· All About Servlets: CoolServlets.com Staff – valid on 3/6/03
http://www.coolservlets.com/servlets.html
The difference between deGet and do Post:

· What is the Difference Between DoGet and DoPost Methods? Alex Chaffee –valid on 3/6/03 
http://www.jguru.com/faq/view.jsp?EID=34956


· Posting Methods: Simon Brown – valid on 3/6/03
http://www.jguru.com/faq/view.jsp?EID=56472
Servlet Books:

UCSC Library:
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Beijing ; Sebastopol, CA : O'Reilly, 2001

UCSC Call Number: QA76.73.J38 H87 2001  

· WAP servlets : professional developer's guide / John L. Cook, III 

New York : J. Wiley, c2001

UCSC Call Number: TK5105.5865 .C66 2001  

General:


· Core Servlets and JavaServer Pages / Marty Hall
A Sun Microsystems Press/Prentice Hall PTR Book
ISBN 0-13-089340-4

Servlet Articles:

· A survey on the Java-based approaches for Web database connectivity Papastavrou, S.; Chrysanthis, P.K.; Samaras, G.; Pitura, E.; 
Electrotechnical Conference, 2000. MELECON 2000. 10th Mediterranean , Volume: 1 , 2000 Page(s): 290 -293 vol.1
Available from IEEE online.

· Loo A, Bloor C, Ghoi YK. Low cost parallel computation with "servlets". [Journal Paper] Library Software Review, vol.19, no.3-4, 2000, pp.245-55. Publisher: MCB University Press, UK. 
UCSC Call Number: QA76.6.S637

· Glitho R, Hamadi R, Huie R. Architectural framework for using Java servlets in a SIP environment. [Conference Paper] Networking - ICN 2001. First International Conference on Networking. Proceedings, Part II (Lecture Notes in Computer Science Vol.2094). Springer-Verlag. 2001, pp.707-16. Berlin, Germany. 


· Networking-ICN 2001 (2001 : Colmar, France). Networking-ICN 2001 : First International Conference on Networking, Colmar, France, July 9-13, 2001 : proceedings /, Pascal Lorenz (ed.) Berlin ; New York : Springer, 2001 2 v. : ill. ; 24 cm Series title: Lecture notes in computer science ; 2093-2094 4007551704 
UCSC Call Number: TK5105.5 .N46695 2001

Servlet container Links:

· Java Technology Architecture: prasks staff – valid on 3/6/03 http://prasks.webahn.com/architect/ch2.html
· HP Nonstop Servlets: HP Staff – valid on 3/6/03 http://nonstop.compaq.com/docs/IO/5971/ATT/SVLJAVPD.pdf
Uses of Servlets:


· Calendar Servlet 2.4: Coldbeans Software Staff – valid on 3/6/03
http://coldjava.hypermart.net/servlets/calendar.htm
· Notepad Servlet 1.2: OMLI Inc. Staff – valid on 3/6/03
http://www.rozina.com/downloads/servlets/notepad.htm
· Browserhawk: cyScape Staff – valid on 3/6/03
http://www.cyscape.com/showbrow.asp


· OMLI Servlets: OMLI Inc. Staff – valid on 3/6/03
http://www.rozina.com/coldjavaservlets.html

MIME types:


· What is a MIME Type? Sympatico-Lycos Staff – valid on 3/6/03
http://www.aibn.com/help/Learn/mimetypes.html
· What is a MIME Type? IPaySecure Staff – valid on 3/6/03
http://www.ipaysecure.com/FAQS/3.4.html
_1109070495.doc
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