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In the preceding code snippet two Insert statements have to be executed as one transaction, and
if any of them fails, an exception will be thrown and the method rollback () will undo all the
changes, including those that succeeded.

CONNECTION POOLS AND DATASOURCES

Up until now you’ve been running all sample Java programs on your own computer. But imagine a dis-
tributed application in which multiple clients make requests to the same server, which has to process
their SQL queries. Because obtaining a connection to the database is a slow process, it would be very
inefficient to start every SQL request by obtaining a database connection and disconnecting after the
request is complete. Such applications should reuse the same opened connection for multiple requests.

The package javax.sql includes the interface Datasource, which is an alternative to
DriverManager. Vendors of JDBC drivers for servers implement this interface, and a DataSource
is typically preconfigured for a certain number of connections (the connection pool). It is published
in a directory using the JNDI interface. In such a setup, all clients’ requests will get their database
connections from this DataSource object, eliminating the need to open and close a new connection
for each request. I’ll provide an example of working with DataSource objects in Lesson 31 after
explaining how JNDI works.

TRY IT

In this assignment you’ll modify the class Portfolio from Lesson 22, which was just printing some
hard-coded statements. Now you’ll create and populate the database table Portfolio and then read
and display the data from there.

Lesson Requirements

You should have Java installed.

You can download the code and resources for this Try It from the book’s web page
at www . wrox . com. You can find them in the Lesson22 folder in the download.

Hint

Obtaining a database connection is a slow operation, and doing it from inside the method run ()
every time you start a new thread is not the best solution. Consider creating a database connection
up front and passing it to the thread before starting it.
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Step-by-Step
1.  In the database for Lesson 22, create the table Portfolio using the following SQL statement:

create table Portfolio(

id NUMBER NOT NULL,

symbol VARCHAR2 (10) NOT NULL,

guantity VARCHAR2 (10) NOT NULL,

price NUMBER NOT NULL, PRIMARY KEY (id)
)

2. Populate the table Portfolio with three records, for stocks traded under the symbols IBM,
AMZN, and AAPL respectively:
insert into Portfolio wvalues (1,'IBM',500,105.50),
(2,'AMZN',1000,15.25), (3, 'AAPL',2000,272.50) ;
3. Create a new Eclipse project called Lesson22.

4. Create a class called portfolio that is similar to the one shown in Listing 20-5, but instead
of just printing “You have 500 shares of IBM,” have it connect to the database, select all the
data from the table Portfolio, and print the symbol, quantity, and total value. (Calculate
total value by multiplying price by quantity.)

5. Create a testing class called showMyPortfolio that instantiates and starts the thread
Portfolio.

6.  Test this program.

www . wrox.com/go/ fainjava fo view the video that accompanies this lesson.

? Please select Lesson 22 on the DVD with the print book, or watch online at
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Swing with JTable

In this lesson you’ll learn how to work with a Swing control that is advanced and popular for
enterprise applications: JTable. This Ul component enables you to present data in a grid with
rows and columns. After learning the basics of working with JTable, in the Try It section you’ll
apply these new skills to display the portfolio data that, as of Lesson 22, is stored in the database.

In other words, you’ll build a client-server application, where the Swing-based GUI is a client
and the RDBMS is a server. Such architecture was pretty popular in the mid-nineties. Rich
clients were developed in Visual Basic, PowerBuilder, Delphi, Java, or C++, and they connected
directly to database servers such as Oracle, DB2, Sybase, Microsoft SQL Server, and Informix.

In the late nineties, thin clients (plain-looking HTML-based web pages with almost no code
implementing business logic) became the trend. These days applications with rich Uls are com-
ing back, but typically you’ll be using an application server as a middleman between the client
and the data storage. I’ll describe such middlemen starting in Lesson 26, but your UI skills
would be incomplete without your knowing how to program data grids.

JTABLE AND THE MVC PARADIGM

The Swing class JTable is a powerful Ul component created for displaying tabular data like a
spreadsheet. The data is represented as rows and columns; that’s why the JTable component
is often used to display data from relational databases, which store data similarly. JTable was
designed according to the Model-View-Controller (MVC) design pattern, according to which
components responsible for presentation (or the view) are separated from components that
store data (or the model) for that presentation. In general, design patterns suggest language-
independent solutions for common programming tasks.

JTable is responsible for the visible portion of the grid (the V part of MVC), but the data has to
be stored in a different Java class that implements the TableModel interface (the M part). Any
other UI component can play the role of the controller (the C part) and initiate some actions that
will move the data from model to view or vice versa. For example, a click on the JButton can
initiate the population of the table model from the database and display the data in JTable.

Page 287 of 506 (IPR2025-00350)
Stingray Group Inc. et al v. Hernandez-Mondragon



252 | LESSON 23 SWING WITH JTABLE

THE MODEL

Swing includes the classes DefaultTableModel and AbstractTableModel, which implement the
TableModel interface and have methods to notify a JTable when the data is changing.

A programmer usually creates a model as a subclass of AbstractTableModel, and this class has to
contain the data in some collection, for example ArrayList. When JTable needs to be populated, it
requests the data from a class that implements TableModel, invoking such callback methods as get-
ColumnCount () and getvalueat (). When a Swing program creates an instance of JTable it has to
assign to it a corresponding table model class. Listing 23-1 shows how the class MyTableModel (cre-
ated by you) is given to the constructor of JTable.

Typically, the Ul class that creates JTable defines one or more listeners that are notified of any changes
in the table’s data. The incomplete class MyFrame in Listing 23-1 implements the TableModellistener
interface that defines just one method - tablechanged (). This method should contain the code per-
forming data modifications, for example code to save the data in the database.

\) LISTING 23-1: A window with JTable

Availablefor  package com.practicaljava.lesson23;
download on
Wrox.com

import javax.swing.*;

import javax.swing.table.AbstractTableModel;
import javax.swing.event.TableModelEvent;
import javax.swing.event.TableModellListener;

public class MyFrame extends JFrame implements TableModelListener{

private MyTableModel myTableModel;
private JTable myTable;

MyFrame (String winTitle) {
super (winTitle) ;

myTableModel = new MyTableModel () ;
myTable = new JTable (myTableModel );

//Add the JTable to frame and enable scrolling
add (new JScrollPane( myTable));

// Register an event listener
myTableModel .addTableModelListener (this) ;
}

public void tableChanged (TableModelEvent e) {
// Code to process data changes goes here

}

public static void main(String argsl[]) {
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MyFrame myFrame = new MyFrame( "My Test Window" );

myFrame.pack() ;
myFrame.setVisible( true );

class MyTableModel extends AbstractTableModel
// The data for JTable should be here
}

In very simple cases you can create a JTable without declaring a table model class (JTable has a no-
argument constructor), but Java will internally use its DefaultTableModel class anyway. My sample
class MyFrame, though, will use the data model that’s a subclass of the AbstractTableModel.

Note that the class MyTableModel is an inner class declared inside the class MyFrame. Having a
model as an inner class is not a must, but if the data model will be used with only one specific
JTable, its model might as well be declared inside the same class.

The code in Listing 23-1 is not complete; it doesn’t include any data yet, and the table model must
include the mandatory callbacks described in the next section.

Mandatory Callbacks of Table Models

The class that implements the TableModel interface and feeds data to gTable must include at least
threeCaﬂbacklnethods:getColumnCount(),getRowCount(),arKigetValueAt().

The method getColumnCount () must return an integer value — the number of columns in this
JTable. This method will be called once by a JTable. For example, if you are planning to display
orders, each of which consists of four fields — order ID, stock symbol, quantity, and price — just
put one line in this method:

return 4;

The method getRowCount () must return an integer — it will also be called only once. The data has
to be placed into an array or a data collection (such as ArrayList MyData) before it appears on the
screen, and the code for this method could look like this:

return myData.size(); //myData is an ArrayList in this sample
The method getvalueat (int row, int col) returns an Object and will be called once for each

cell (each intersection of a row and a column). You have to write the code that will return the value
for the requested row and column.

Let’s say you have a class called order, as shown in Listing 23-2, and you want to store instances of
this class in ArrayList myData. This is going to be your data storage.
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\) LISTING 23-2: The Order class

Available for ~ public class Order {

dmﬂgnﬁ" private int orderID;
private String stockSymbol;
private int guantity;
private float price;

public Order (int id, String stockSymbol, int quantity, float price) {
orderID=1d;
this.stockSymbol=stockSymbol;
this.quantity=quantity;
this.price=price;

Whenever the callback getvalueat (int row, int col) is called on the model, you have to return
the cell value based on the passed row and column. The inner class MyTableModel from Listing 23-3
includes the method getvalueat () working with myData, which is an ArrayList of order objects.

\) LISTING 23-3: The JFrame window with implemented table model

?ﬂﬁmzhr public class MyFrame extends JFrame implements TableModelListener{
ownload on
Wrox.com

MyTableModel myTableModel;

JTable myTable;

MyFrame (String winTitle) {
super (winTitle) ;

myTableModel = new MyTableModel() ;
myTable = new JTable (myTableModel );

//Add the JTable to frame and enable scrolling
add (new JScrollPane( myTable));

// Reglster an event listener
myTableModel .addTableModelListener (this) ;
}

public void tableChanged (TableModelEvent e) {
// Code to process data changes goes here

}

public static void main(String argsl[]) {
MyFrame myFrame = new MyFrame( "My Test Window" );

myFrame.pack () ;
myFrame.setVisible( true );

// Inner class for data model
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class MyTableModel extends AbstractTableModel {

ArrayList<Order> myData = new ArrayList<Order>();

MyTableModel () {

myData.add (new Order(1l,"IBM", 100, 135
myData.add (new Order

myData.add (new Order (4, "ORCL", 500, 27

}

public int getColumnCount () {
return 4;

}

public int getRowCount () {
return myData.size();

}
public Object getValueAt (int row, int col) {

switch (col) {

( ( .5f) )

( (2,"AAPL", 300, 290.12f));
myData.add (new Order (3, "MOT", 2000, 8.32f));

( (4 .8f));

case 0: // col 1
return myData.get (row) .orderID;
case 1: // col 2
return myData.get (row) .stockSymbol;
case 2: // col 3
return myData.get (row) .quantity;
case 3: // col 4
return myData.get (row) .price;
default:
return "";

Note the use of generics in the declaration of the myData collection. Another Java feature not to be
missed here is autoboxing — the primitive order fields int and float are automatically converted
into the corresponding wrapper objects Integer and Float.

Running the program from Listing 23-3 will display
the window shown in Figure 23-1. Have you noticed
that the window looks a bit unusual? The reason is
that I decided to run this program on my MacBook
laptop under the Mac OS. Java is a cross-platform
language and this code will run without changes
under Windows too — the look and feel will be dif-
ferent, though.
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Optional Callbacks of Table Models

The JTable shown in Figure 23-1 doesn’t show the
proper titles of the columns — the auto-generated A, B,

C, and D don’t count. You can fix this easily by over- “Tals My Test Windaw

riding the getColumnName () method in the table model O T Qv froes

class. This callback, if present, will be called (once for 2 ARPL 300 290.12
. 3 MOT 2000 8.32

each column) to render the column titles. Add the fol- p ORCL 500 275

lowing code to the class MyTableModel and the window

will look as it does in Figure 23-2: FIGURE 23-2

String[] orderColNames = { "Order ID", "Symbol", "Quantity", "Price"};

public String getColumnName (int col) {
return orderColNames[col];

}
If you want to make some of the columns or cells editable, just override the iscellEditable()

method and return true from this callback for the editable columns. Here’s how to make the third
column of our JTable editable:

public boolean isCellEditable(int row, int col) {

if (col ==2){
return true;
} else {
return false;

}

If your table has editable columns you need to override the method

setValueAt (Object value, int row, int col) and include the code that will copy the data
from the Ul component — JTable — to the appropriate field in its model objects. This method is
called automatically when the user changes the value in a table cell and moves the cursor out of that
cell by pressing the Enter or Tab key or by clicking a different cell.

The following method, setvalueat (), will take the modified order quantity and set the new value
for the quantity field in the appropriate order in the model. By default, all the data shown in
JTable’s cell has the string data type, and it’s your responsibility to do proper casting.

public void setValueAt (Object value, int row, int col) {

if (col== 2){
myData.get (row) .quantity=(Integer.valueOf (value.toString()));

}

//Notify listeners about the data change
TableModelEvent event = new TableModelEvent (this, row, row, col);

fireTableChanged (event) ;
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The fireTableChanged () method has been placed in the setvalueat () method to notify any
listener(s) who want to know about the data changes. For example, if the quantity on any order has
been changed and has gone over a certain threshold, the application may need to immediately per-
form some actions to report this to some authority.

Review the code in Listing 23-3. The class MyFrame implements TableModelListener, so the
method tableChanged () will be invoked as a result of the fireTableChanged () method call. Add
the following line to the tableChanged () method:

System.out.println("Someone modified the data in JTable!");

Now run the program and modify the quantity in any row of JTable. The message will be printed
on the system console. But JVM fires a table changed event with a payload — TablelModelEvent —
that carries useful information about what exactly has changed in the table model.

TableModelEvent has several constructors; I’'ve chosen the one that takes modified rows and columns
as arguments. For example, if you change the quantity in the last row, as shown in Figure 23-2, the
method tableChanged () will receive an instance of TableModelEvent that will encapsulate the refer-
ence to the entire model encapsulating the following values describing the change:

column=2 // the third column
firstRow=3 // starting from the row #4
lastRow=3 // ending with the row #4

Based on this information you can implement any further processing required by the functional
specification of your application. If you need to apply the UI changes to the database, the method
tableChanged () can be the right place to use the JDBC API or other communication with the
server-side code to persist the changes.

There are several functions with names that start with the word £ire. For example, to apply each
cell’s change to the database, call the method fireTablecellUpdated (). To apply all changes

at once, call the method fireTableDataChanged (). Refer to the documentation of the class
AbstractTableModel to decide which method fits your needs.

INTRODUCTION TO RENDERERS

The process of transferring data from the table model to JTable is performed by cell renderers.
When the user is modifying the content of the cell, the cell editor is engaged. By default, the content
of each cell in a JTable is rendered using one of three default renderers, based on the type of data
in the column. Boolean values are rendered as checkboxes, javax.swing.Icon is rendered as an
image, and any other object is rendered as a string of characters.

To change the default rendering (for example, if you don’t want to see checkboxes for Boolean val-
ues) you can either override the callback getColumncClass () or define a custom cell renderer. The
latter option gives you a lot more flexibility. For example, you may need to display a photo of a per-
son and his or her name in each cell. Or you may need to show cell values that meet certain criteria
in a different color. To do something like one of these, you need to create a custom renderer.
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The UI portion of each column is represented by the class Tablecolumn, which has a
property, cellRenderer, of type TableCellRenderer, which defines the only method:
getTableCellRendererComponent (). This method prepares the content for each column’s
cells of gTable and returns an instance of the component class to be used for the cell
rendering. This process will use DefaultTableCellRenderer unless you create a custom
renderer. Custom renderers give you full control over how the cell is displayed.

The class DefaultTableCellRenderer extends JLabel and is Swing’s implementation of the
TableCellRenderer interface. Let’s look at an example that formats the text in the Price column
shown in Figure 23-2 to be right-justified and to display in red all prices greater than $100.

First the code fragment from Listing 23-4 gets a reference to the fourth column of JTable (remember,
column numbering is zero-based). Then it needs to call the method setcellRenderer () on this col-
umn, provided that the custom renderer class was defined and instantiated. But you can define, instanti-
ate, and set the custom renderer in one shot by using the mechanism of anonymous inner classes.

The anonymous inner class in Listing 23-4 extends the class DefaultTableCellRenderer

and overrides the callback method getTableCellRendererComponent (). The latter sets the
cell value to be right-justified and to be red if it is greater than 100. At the end, the method
getTableCellRendererComponent () returns a JLabel object to be rendered in the current cell
of JTable

\) LISTING 23-4: Custom rendering of the Price value

Available for //Assign custom cell renderer to the Price column
dswgy:&g" // Get the reference to the fourth column - Price

TableColumn column = myTable.getColumnModel () .getColumn (3);

// Create a new cell renderer as an anonymous inner
// class and assign it to the column price

column.setCellRenderer (
new DefaultTableCellRenderer () {
public Component getTableCellRendererComponent (
JTable table, Object value, boolean isSelected,
boolean hasFocus, int row, int col) {

JLabel label = (JLabel) super.getTableCellRendererComponent (
table, value, isSelected, hasFocus, row, col);

// right-align the price value
label.setHorizontalAlignment (JLabel .RIGHT) ;

// display stocks that cost more than $100 in red

if (((Float) wvalue)>100){
label.setForeground(Color.RED) ;

} else{
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label.setForeground(Color.BLACK) ;
}

return label;
} // end of getTableCellRendererComponent

} // end of new DefaultTableCellRenderer
) // end of setCellRenderer(...)

Add this code fragment at the end of the constructor in ‘;d;n"' i MycFest ‘:L‘:f::
the class MyFrame from Listing 23-3 and run the appli- 1 IBM 100
cation. The screen will show the text in the Price column |3 e i
right-justified and the first two prices printed in red (see | PR 200
Figure 23-3).

FIGURE 23-3

SUMMARY

Price
1355
280.12
w3l
Z7.8

This lesson was a high-level overview of the JTable component, which is probably the most
advanced Ul component that deserves serious study if you are planning to develop Java Swing appli-
cations. You can continue studying all the features of JTable by following the official Oracle tuto-

rial at http://download.oracle.com/javase/tutorial /uiswing/components/table.

TRY IT

html.

Create an application that will display your portfolio, stored in the database table. You’ll need to use

the database and the Portfolio table you created in the Try It section of Lesson 22.

Lesson Requirements

You should have Java installed.

You can download the code and resources for this Try It from the book’s web page
at www . wrox . com. You can find them in the Lesson23 folder in the download.

Hint

In Windows, the Java installation directory includes several examples of JTable, which can serve as
good complementary material to this lesson. Just go to the folder demo\ j fc\TableExample and fol-

low the instructions in the Readme document.
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Step-by-Step
1.  Create the Eclipse project Lesson23. Copy there the classes MyFrame and order from the
accompanying DVD. Compile and run the program to ensure that it displays hard-coded
portfolio data, as shown in Figure 23-2.
2. Replace the hard-coded table model ArrayCollection myData with the JDBC code to con-
nect to the database Lesson22, run the appropriate SQL select statement, and populate
myData with data from the received result set.

3.  Test this program.

Please select Lesson 23 on the DVD with the print book, or watch online at
www . wrox . com/go/ fainjava to view the video that accompanies this lesson.
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In general, metadata is data about your data. In the context of DBMSes, metadata can be
information describing the way you store data, such as the table and field names or primary
keys. Program code metadata is data about your code. Any Java class has its metadata embed-
ded, and you can write a program that “asks” another class, “What methods do you have?” or
similar questions about class fields, constructors and ancestors.

If you’ve ever looked at the source code of any Java class, you can easily identify Javadoc-style
comments for classes, interfaces, variables, and methods. These comments may include spe-
cially formatted words.

In Eclipse you can select any Java class and press F3 to open the source code of this class.
Because the previous lesson was about working with JTable, let’s open the source code of
this class. In the top part of the code you’ll find a description similar to the one that follows (I
removed a large portion of the text for brevity):

*

/
The <code>JTable</code> is used to display and edit regular two-dimensional
tables of cells.
To enable sorting and filtering of rows, use a
{@code RowSorter}.
* As for all <code>JComponent</code> classes, you can use
{@link InputMap} and {@link ActionMap} to associate an
{@link Action} object with a {@link KeyStroke} and execute the
action under specified conditions.
<p>
<strong>Warning:</strong> Swing is not thread safe. For more
information see <a
href="package-summary.html#threading">Swing's Threading
Policy</a>.
<p>

E R S I I I S S S I

@version 1.292 05/30/08
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@author Philip Milne

@author Shannon Hickey (printing support)
@see javax.swing.table.DefaultTableModel
@see javax.swing.table.TableRowSorter

/

L

The special words marked with an @ sign are Javadoc metadata describing links, version, author,
and related classes to see in Java documentation. If you run the source code of this class through the
Javadoc utility the utility will generate HTML output that can be opened by any web browser. It’s a
good practice to include Javadoc comments in your classes.

Javadoc acts as a processing tool that extracts from the source code all comment blocks that start
with /** and end with */. It then formats this text using HTML tags and embedded annotations to
generate program documentation. The preceding text is an example of the use of specific tags that
are predefined, and understood by Javadoc. This was an example of metadata that are understood
by just one utility — Javadoc.

But Java allows you to declare your own custom annotations and define your own processing rules
that will route the execution of your program and produce configuration files, additional code,
deployment descriptors, and more. No matter what your goals, when you create annotations you
also need to create or use an annotation processor to get the expected output.

Starting in Lesson 27 you’ll learn about annotations defined by the creators of Java EE technolo-
gies. But in this lesson you’ll get familiar with Java SE annotations, which you will eventually use
in your projects.

JAVA ANNOTATIONS BASICS

The Java annotation model enables you to add custom annotations anywhere in your code, not just
in the comments section. You can apply custom annotations to a class, a method, or a variable —
just specify allowed targets when the annotation is being defined. Java annotations start with the

@ sign and may optionally have one or more parameters. Some of the annotations are built into Java
SE and are used by the javac compiler, but most of them are consumed by some kind of processing
program or tool.

There are about a dozen of predefined annotations already included with Java SE. You can find
them, along with their supporting classes, in the packages java.lang, java.lang.annotation,
and javax.annotation. You can check the Annotations section of the latest online documentation
on the Java SE API, which at the time of this writing is located at http: //download.oracle.com/
javase/7/docs/api/overview-summary.html.

Some of these annotations are used by the compiler (@override, @Suppressiarning,
@Deprecated, @Target, @Retention, @Documented, and @Inherited); some are used by

the Java SE run time or third-party run times and indicate methods that have to be invoked in

a certain order (@PostConstruct, @PreDestroy), or mark code that was generated by third-party
tools (eGenerated). ’'m not going to give you a detailed description of how to use each of these
annotations, but I will give you selected examples that will help you get started with annotations.
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@Override

In the Try It section of Lesson 3 you overrode the method public double calcTax() in the class
NJTax. The method signature of calcTax () was the same in both NJTax and its superclass Tax.
Now deliberately add an argument to calcTax () in NJTax, as if you had done so by accident.
The code will compile with no errors. But you could have done this by mistake, and instead of
overriding the method as planned, you’ve overloaded it. This won’t happen if you use the
annotation @override whenever you are planning to override a method:

@O0verride public double calcTax(String something)

Now the compiler will complain with the following error:

The method calcTax(String) of type NJTax must override or implement a supertype
method

The annotation @override signals the compiler that overriding is expected, and that it has to fail if
an override does not occur.

@SuppressWarning

The compiler can generate warning messages that won’t stop your program from running, but that
do indicate potential problems. In some cases, though, you want to suppress some or all warnings so
the output of the project build looks clean. For example,-x1int :none disables all warnings, while
-Xlint:fallthrough instructs the compiler to warn you about if you forget to add the break state-
ment to the switch statement (see Lesson 5). In Eclipse IDE, to set the compiler’s options you right-
click the project and select Properties = Java Compiler & Errors/Warnings = Potential Programming
Problems.

But what if you want to omit the break keyword in the switch statement on purpose? You still want to
get warned in all other cases about missing break, but not in this particular method. This is where the
@SupressWarnings annotation becomes quite handy and Listing 24-1 illustrates it. To see this example
at work, turn on the compiler’s option that warns you about the switch case fall-throughs.

‘) LISTING 24-1: Custom rendering of the Price value

Availablefor  package com.practicaljava.lesson24;
download on
Wrox.com . .

public class SuppressWarningDemo {

@SuppressWarnings ("fallthrough")
public static void main(String[] args) {
int salaryBand=3;
int bonus;
// Retrieve the salary band of the person from some data source here
switch(salaryBand) {

case 1:
bonus=1000;
System.out.println("Giving bonus " + bonus) ;
break;

continues
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LISTING 24-1 (continued)

case 2:
bonus=2000;
System.out.println("Giving bonus " + bonus);
break;
case 3:
bonus=6000;
System.out.println("Giving bonus " + bonus) ;
case 4:

bonus=10000;
System.out.println("Giving bonus " + bonus) ;
break;
default:
// wrong salary band
System.out.println("Invalid salary band");

Note that the break keyword is missing in the case 3 section. In this code it’s done on purpose:

All employees in salaryBand 3 are entitled to two bonuses — six thousand dollars in addition to
ten thousand dollars. The compiler’s annotation @SuppressWarnings (" fallthrough") suppresses
compiler warnings only for this method. In all other classes or methods that may have switch state-
ments, the warning will be generated.

@Deprecated

If you are developing classes that are going to be used by someone else, mark as @beprecated
any classes or methods that may be removed in future versions of your code. Other developers
will still be able to use this code, but they’ll be warned that switching to newer versions is highly
recommended.

@Inherited

This annotation simply means that the annotation has to be inherited by descendants of the class in
which it is used. You’ll see an example of its use in the next section.

@Documented

If you want an annotation to be included in the Javadoc utility, mark it as @Documented. You’ll see
an example of this annotation in the next section.

CUSTOM ANNOTATIONS

Creating your own annotations is more interesting than using core Java or third-party annotations.
First of all, you have to decide what you need an annotation for and what properties it should have.
Then you need to specify the allowed targets for this annotation (for example, class, method, or
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variable). Finally, you have to define your retention policy — how long and where this annotation
will live. Let’s go through an example to illustrate all these steps.

Suppose you need to create an annotation that will allow the user to mark class methods with a SQL
statement to be executed during the run time. These classes will be loaded dynamically. The goal is
to declare your own annotation to be used by other Java classes, and to write the annotation proces-
sor that will read these Java classes, identify and parse annotations and the values of their param-
eters, if any, and do whatever is required accordingly.

Declaring annotations is very similar to declaring interfaces, but don’t forget to add the e sign at the
beginning. I’ll name my annotation MyJDBCExecutor:

public @interface MyJDBCExecutor({

}

If metadata is data about data, then meta-annotations are annotations about annotations. This is
not as confusing as it sounds. To specify where you can use this newborn annotation, define the
meta-annotation @Target. The enumeration ElementType defines possible target values: METHOD,
TYPE, CONSTRUCTOR, FIELD, PARAMETER, PACKAGE, LOCAL_VARIABLE, and ANNOTATION_TYPE. If you
don’t use @Target, the annotation can be used anywhere. For example, this is how you can allow
use of the annotation only with methods and constructors:

import java.lang.annotation.*;

@Inherited

@Documented

@Target ({ ElementType.METHOD, ElementType.CONSTRUCTOR })
@Retention (RetentionPolicy.SOURCE)

public @interface MyJDBCExecutor {

}

The retention policy in the preceding code snippet is set to SOURCE, which means that this anno-
tation will be used for processing only during the compilation of your program. The other two
allowed values for retention policy are RUNTTME and CLASS.

Annotations with the cLASS retention policy stay in the compiled class, but are not loaded during run
time. The cLASS retention policy is used by default if a retention policy is not explicitly specified.

Annotations with the RUNTTME retention policy have to be processed by a custom processing tool
when the compiled code is running.

Annotations may have parameters. Say we want to add a single parameter that will allow us to spec-
ify an SQL statement to be processed. Our MyJDBCExecutor has to be declared as follows (omitting
the import statement):

@Target ({ ElementType.METHOD, ElementType.CONSTRUCTOR })
@Retention (RetentionPolicy.SOURCE)
public @interface MyJDBCExecutor {

String value();

}
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A sample Java class, HRBrowser, may use this annotation like this:

class HRBrowser({

@MyJDBCExecutor (value="Select * from Employee")
public List getEmployees|() {
// add calls to some JDBC executing engine here

}

If the annotation has only one parameter named value, the “value=" part in the preceding code
snippet is not required. But I’d like this annotation to have three parameters: SQL to execute, trans-
actional support, and a notification flag to inform other users of the application about any database
modifications. Let’s add more parameters to our annotation:

package com.practicaljava.lesson24;
import java.lang.annotation.*;

@Target ({ ElementType.METHOD})
@Retention(RetentionPolicy.SOURCE)
public @interface MyJDBCExecutor {
String sglStatement () ;
boolean transactionRequired() default false;
boolean notifyOnUpdates() default false;

I’ve replaced the parameter value with a more meaningful sglstatement, and added two more:
transactionRequired and notifyoOnUpdates. I gave the latter two default values. If a Java class
won’t need to support transactions and notify other applications about updates, why force software
developers to provide values for these parameters?

If we don’t specify default values the Java compiler will generate compilation errors if the values for
transactionRequired and notifyOnUpdates are missing in classes that use @MyJDBCExecutor.
Here’s an example of a class, HRBrowser, that’s annotated only with a select statement — no other
actions are needed here:

class HRBrowser({
@MyJDBCExecutor (sglStatement="Select * from Employee")
public List<Employee> getEmployees() {
// The code to get the the data from DBMS goes here,

// result set goes in ArraylList, which is returned to the
// caller of the method getEmployees|()

return myEmployeeList;

The code sample in Listing 24-2 adds the method updatepata () and uses all three annotation
parameters.
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\) LISTING 24-2: Using the annotation MyJDBCExecutor

Available for class HRBrowser{
download on
Wrox.com
@MyJDBCExecutor (sglStatement="Select * from Employee")

public List<Employee> getEmployees () {
// Generate the code to get the the data from DBMS,
// place them in ArrayList and return them to the
// caller of my getEmployees

return myEmployeeList;

@MyJDBCExecutor (
sglStatement="Update Employee set bonus=1000",
transactionRequired=true,
notifyOnUpdates=true)
public void updateData() {
// JDBC code to perform transactional updates and
// notifications goes here
}
}

The annotations with the SOURCE retention policy can be processed by the Annotation Processing
Tool (APT) located in the bin directory of your Java installation. As a result of such processing, the
new source code may be generated for further compilation. (The use of APT is an advanced sub-
ject and is out of the scope of this tutorial. Refer to the following web page for more information:
http://download.oracle.com/javase/1.5.0/docs/guide/apt/GettingStarted.html.)

I was involved in the development of an open-source code generator called Clear Data Builder (CDB)
(available at http: //sourceforge.net /projects/cleartoolkit/). The CDB allows the user to write
a simple Java class that has an abstract method annotated with an SQL statement and several other
parameters, and within seconds to generate complete code for the functional application that has Adobe
Flex code on the client side talking to Java at the server, which is accessing data stored in any relational
DBMS via JDBC. In this project we used only the annotations with the SOURCE retention policy, and
before compiling classes would generate additional code according to specified annotations.

If CDB would be processing the annotation @MyJDBCExecutor, it would engage additional tools
and generate and compile all JDBC code for the methods getEmployees () and updateDpata ()
automatically.

For the annotations with the RUNTIME retention policy you should know how to write an annota-
tion processor, however, as it has to “extract” the values from the annotations during run time, and,
based on those values, engage the appropriate code. But there is one Java feature, reflection, that you
must understand before you can write your own annotation-processing class.

REFLECTION

Strictly speaking the subject of Java reflection doesn’t belong to the lesson on annotations — reflec-
tion is used widely in various areas of Java development. But because this subject has to be covered
before you can proceed with annotation processing, I decided to include it here.
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Reflection enables you to find out about the internals of a Java class (its methods, constructors, and
fields) during the run time, and to invoke the discovered methods or access public member variables.
A special class called class can load the class in memory, and then you can explore the content

of the class by using classes from the package java.lang.reflect. Consider the class Employee,
shown in Listing 24-3.

\) LISTING 24-3: Class Employee extends Person

Available for
download on
Wrox.com

abstract public class Person {
abstract public void raiseSalary();

}

public class Employee extends Person({
public void raiseSalary() {
System.out.println("Raising salary for Employee...");

}

The ReflectionsSample class in Listing 24-4 loads the class Employee, prints its method signatures,
and finds its superclass and methods. The process of querying an object about its content during run
time is called introspection.

\) LISTING 24-4: Introspecting Employee

Available for
download on
Wrox.com

import java.lang.reflect.*;
public class ReflectionSample {
public static void main(String args[]) {
try {
Class ¢ = Class.forName ("Employee") ;
Method methods[] = c.getDeclaredMethods () ;
System.out.println("The Employee methods:");

for (int 1 = 0; 1 < methods.length; i++){
System.out.println("*** Method Signature:" +
methods[i].toString());

Class superClass = c.getSuperclass();
System.out.println("The name of the superclass is "
+ superClass.getName()) ;

Method superMethods[] = superClass.getDeclaredMethods() ;
System.out.println("The superclass has:");

for (int i = 0; 1 < superMethods.length; i++) {
System.out.println("*** Method Signature:" +
superMethods[i].toString());
System.out.println(" Return type: " +
superMethods[i] .getReturnType () .getName () ) ;
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}

} catch (Exception e) {
e.printStackTrace() ;

}

Here’s the output of the program ReflectionSample:

The Employee methods:

*** Method Signature:public void Employee.raiseSalary ()

The name of the superclass is Person

The superclass has:

*** Method Signature:public abstract void Person.raiseSalary()
Return type: void

Sonw(ﬁheruﬁﬁulHwthodsofthecbssclassaregetInterfaces(),getConstructors(L
getFields (), and isAnnotationPresent (). The following code snippet shows how to get the
names, types, and values of the public member variables of the loaded class:

Class ¢ = Class.forName ("Employee");

Field[] fields = c.getFields();

for (int 1 = 0; 1 < fields.length; i++) {
String name = fields[i].getName();
String type fields[i].getType() .getName () ;

System.out.println("Creating an instance of Employee");
Object obj = c.newInstance();
Object value = fields[i].get(obj);
System.out.println("Field Name: " + name + ", Type: "

+ type + " Value: " + value.toString());

The process of reflection uses introspection to find out during run time what the methods (or prop-
erties) are, but it also can call these methods (or modify these properties). The method invoke ()
will let you call methods that were discovered during run time:

Class c= Class.forName ("Employee");

Method raiseSalary = c.getMethod( "raiseSalary", null);
raiseSalary.invoke (c.newInstance(),null);

The first argument of the method invoke () represents an instance of the object Employee, and null
means that this method doesn’t have arguments. With reflection, the arguments are supplied as an
array of objects. You can find out what the method arguments are by calling the method Method
.getParameterTypes (), or create and populate them on your own, as in the following example.
Add the following method to the class Employee:

public void changeAddress(String newAddress) {
System.out.println("The new address is "+ newAddress);

}
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Note the public qualifier: it’s needed for proper introspection, otherwise the
NoSuchMethodException will be thrown by the following code snippet. The ReflectionSample
class can invoke changeaAddress () as follows:

Class c= Class.forName ("Employee");
Class parameterTypes|[]= new Class[] {String.class};
Method myMethod = c.getMethod( "changeAddress", parameterTypes);

Object arguments[] = new Object[l];
arguments[0] = "250 Broadway";
myMethod. invoke (c.newInstance () ,arguments) ;

Reflection helps in building dynamic component-based applications that can load different classes
based on certain business logic and invoke this logic during run time. Many third-party Java frame-
works read configuration files and then instantiate and use required objects.

RUN-TIME ANNOTATION PROCESSING

The author of a custom run-time annotation usually gives it to other developers along with the pro-
cessing tool. They will add the annotation to their classes and compile them, and the processing tool
will consume these classes during run time. Reuse the code example from Listing 24-2, but this time
imagine that @MyJDBCExecutor becomes the annotation with RUNTIME retention policy and that
there is no need to generate additional source code for the compilation time. Suppose this annota-
tion will be used in HRBrowser, and another class will have to analyze the annotation parameters
and route the execution accordingly.

Now I’ll write the annotation processor class called MyJDBCAnnotationProcessor, and the class
HRBrowser in Listing 24-2 can serve as a command-line argument to that processor:

c:/>java MyJDBCAnnotationProcessor HRBrowser

The class MyJDBCAnnotationProcessor has to load the class HRBrowser, introspect its content, find
the annotations and their values, and process them accordingly. I’ll show you how to write such a
processor, or rather its annotation-discovery part.

Listing 24-5 shows MyJDBCAnnotationProcessor, which starts by loading another class, whose
name was supplied in the command line. After that it introspects the loaded class and places all
references to its method definitions into an array called methods. Finally, it loops through this
array, and for each method that has annotations it finds and prints the values of the parameters
sglStatement, notifyOnUpdates, and transactionRequired.

\) LISTING 24-5: MyJDBCAnNnotationProcessor

Available for import java.lang.reflect.*;

dmg;’?ﬁgrﬁ" import com.practicaljava.lesson24.MyJDBCExecutor;

public class MyJDBCAnnotationProcessor {

public static void main(String[] args) {
// TODO add a check for the number of command line arguments
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// has to be the name of the class to load.
String classWithAnnotation = args[0];

try {
//Load provided on the command line class
Class loadedClass = Class.forName (classWithAnnotation) ;

// Get references to class methods
Method[] methods = loadedClass.getMethods () ;

// Check every method of the class.If the annotation is present,
// print the values of its parameters

for (Method m: methods) {
if (m.isAnnotationPresent (MyJDBCExecutor.class)) {
MyJDBCExecutor jdbcAnnotation =
m.getAnnotation (MyJDBCExecutor.class) ;

System.out.println("Method: " + m.getName() +
". Parameters of MyJDBCExecutor are: " +
"sglStatement="+ jdbcAnnotation.sglStatement () +
", notifyOnUpdates="+ jdbcAnnotation.notifyOnUpdates() +
", transactionRequired="+ jdbcAnnotation.transactionRequired());

} catch (ClassNotFoundException e) {

e.printStackTrace () ;

After running this processor with the class HRBrowser, the former correctly identifies the annotated
methods and prints the values of their parameters:

Method: getEmployees. Parameters of MyJDBCExecutor are: sglStatement=Select * from
Employee, notifyOnUpdates=false, transactionRequired=false

Method: updateData. Parameters of MyJDBCExecutor are: sglStatement=Update Employee set
bonus=1000, notifyOnUpdates=true, transactionRequired=true

Any class can use more than one annotation. In this case the annotation processor would need to
start by getting all annotations of the loaded class using loadedClass.getAnnotations (). It would
then process these annotations in a loop.

SUMMARY

In real-world applications you wouldn’t simply be printing the values of the annotation parameters,
but rather would be executing different branches of your code based on these values. This is the
point of run-time annotation processing. You may ask, “OK, now I know the annotations and their
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values, so what do I do with them?” The big idea is that you’ve written a generic processor that can
work with any classes that include your annotations. It’s a pretty powerful mechanism for all soft-
ware developers who are creating tools for other people to use.

You’ll probably be using annotations and run-time processors written by other people rather than
ones you write yourself. You’ll see lots of examples of using annotations starting from Lesson 27,
while you’re learning about Java EE development. But now that you know what’s going on under the
hood in annotation processors, learning about Java EE annotation will be a lot easier.

TRY IT

Create a class-level run-time annotation called @DBParams that will enable you to specify the name
of the database, the user ID, and the password. Write a processor for this annotation.

Lesson Requirements

You should have Java installed.

You can download the code and resources for this Try It from the book’s web page
at www . wrox . com. You can find them in the Lesson24 folder in the download.

Step-by-Step
1. Create the Eclipse project Lesson24.

Declare there the annotation DBParams with the retention policy RUNTTME targeted to TYPE.

Define three parameters in this annotation: dbName, uid, and password.

Create the class MyDBWorker and annotate it with @>BParms populated with some initial values.

G A WN

Write an annotation processor class called DBParamProcessor to find and print the annota-
tion values in the class MyDBWorker.

o

Run and test DBParamProcessor.

Please select Lesson 24 on the DVD with the print book, or watch online at
www . wrox.com/go/fainjava to view the video that accompanies this lesson.
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Remote Method Invocation

So far most of the Java programs in this tutorial have been running in one JVM. There were
two exceptions: In Lesson 18 you used two JVMs while learning about socket programming,
and your JDBC programs from Lesson 22 communicated with another JVM running database
server. The application running on the user’s computer isn’t always allowed to access remote
data directly — that’s one of the reasons distributed Java applications came into the picture.
(The word distributed means having parts of the applications running on several computers.)
The other reason was to provide a centralized server catering to multiple lightweight clients.

There are lots of ways to create Java distributed applications that run on more than one JVM,
and Remote Method Invocation (RMI) is one of them even though it’s being used seldom
these days. For example, a client Java application (JVM1) connects to a server Java application
(JVM2), which connects to the DBMS that runs on a third computer. The client application
knows nothing about the DBMS; it gets the data, an ArrayList of Employee objects, from the
server’s application that runs in JVM2. RMI uses object serialization for the data exchange
between JVMT1 and JVM2.

But unlike with socket programming, where the client explicitly connects to the server, with
RMI one Java class can invoke methods on Java objects that live in another (remote) JVM.
Although from a syntax perspective it looks as if the caller and the server’s class are located in
the same JVM, they may be thousands of miles away. The RMI client won’t have a copy of the
server-side method; it’ll just have the method’s local representative — a proxy, or, using the
RMI terminology, a stub.

Any RMI application consists of an RMI server, a client, and the registry (a naming service).
These three components could run on three different JVMs running on different networked
computers. The RMI server creates Java objects that implement business logic, registers them
with the naming service, and waits for remote clients to invoke methods on them.

A client application gets a reference to a remote server object or objects from the registry and
then invokes methods on this remote object. The main concept of RMI is that even though the
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methods are called in the client’s JVM, they are executed on the server’s! RMI supporting classes
and the registry tool are included with the Java SE.

DEVELOPING APPLICATIONS WITH RMI

This lesson is written as an illustration of a sample RMI application with a minimum theory. For a
more detailed description of RMI please refer to the following website: http: //download.oracle
.com/javase/6/docs/technotes/guides/rmi/index.html.

Writing distributed RMI applications involves the following steps:

1. Declaring the remote interface.

2. Implementing the remote interface.

3.  Writing a Java client that connects to the remote server and calls remote methods.

4.  Starting the registry and registering the RMI server with it.

5.  Starting the server and the client applications.
Let’s perform each of these steps by developing the RMI version of the Stock Quotes Server (see
its version with sockets in Lesson 18), which will provide a client with price quotes for a specified

stock. Some of the following steps could be combined, but for simplicity’s sake I’ll write a separate
class for each required action.

Defining Remote Interfaces

The Java classes that you are planning to deploy on the server side have to implement remote
interfaces, which declare business method(s) to be invoked remotely by RMI clients. The client’s
code will look as if it’s calling local methods, but these calls will be redirected to a remote server
via the RMI protocol. Following are the rules for creating remote interfaces:

> The remote interface must declare public methods to allow clients to perform remote method
invocation.

»  The remote interface must extend java.rmi.Remote.
> Each method must declare java.rmi.RemoteException.
> Because method arguments and returned data will be traveling across the network by means

of Java serialization, their data type must be serializable.

You start developing the server side of any distributed Java application by answering the question
“What business methods have to be exposed to the client applications and what should their signa-
tures be?” When you know the answer, define remote interfaces that declare those methods.

Listing 25-1 shows the code of the stocksServer remote interface that will be implemented on
the server but must exist on the client side too. This interface declares two business methods:
getQuote () and getNasdagSymbols (). The first will generate a random price quote for the
specified symbol, and the second will return the list of valid stock symbols.

Page 310 of 506 (IPR2025-00350)
Stingray Group Inc. et al v. Hernandez-Mondragon



Developing Applications with RMI | 275

\) LISTING 25-1: StockServer interface

Availablefor  package com.practicaljava.lesson25;
download on . : : .
Wrox.com import java.rmi.Remote;

import java.rmi.RemoteException;
import java.util.List;

public interface StockServer extends Remote {

public String getQuote(String symbol)

public List<String> getNasdagSymbols ()

}

Implementing Remote Interfaces

throws RemoteException;

throws RemoteException;

Although the remote interface just declares the methods, you need to create a class that will run

on the server side and provide implementation for those methods. There is a special requirement

to export such a class to the Java RMI run time to enable the class to receive remote calls. This is
somewhat similar to binding to a port in the case of serversocket (see Listing 18-5), but in the case
of Java RMI the server also creates a stub — a dummy class (for the client side) that contains proxies
of each implemented method from remote interfaces.

The easiest way to export an RMI server instance is by extending it from java.rmi.server
.UnicastRemoteObject, as in Listing 25-2. If your server has to be extended from another class
you can explicitly export the server object by calling UnicastRemoteObject.export ().

Listing 25-2 shows an implementation of the class StockServerTImpl, which will process
the client’s requests. This class generates random price quotes for the stocks located in

ArrayList nasdagSymbols.

\) LISTING 25-2: StockServerlmpl class

Available for
download on
Wrox.com

package com.practicaljava.lesson25;

import java.rmi.*;
import java.rmi.server.*;
import java.util.ArrayList;

public class StockServerImpl extends UnicastRemoteObject

private String price=null;

private ArrayList<String> nasdagSymbols =

public StockServerImpl ()
super () ;

implements StockServer {

new ArrayList<String>();

throws RemoteException {

// Define some hard-coded NASDAQ symbols

nasdagSymbols.add ("AAPL") ;
nasdagSymbols.add ("MSFT") ;
nasdagSymbols.add ("YHOO") ;
nasdagSymbols.add ("AMZN")

i
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LISTING 25-2 (continued)

nasdagSymbols.add ("MOT") ;
}

public String getQuote(String symbol)
throws RemoteException {

if (nasdagSymbols.indexOf (symbol. toUpperCase()) != -1) {

// Generate a random price for valid symbols

price = (new Double (Math.random()*100)).toString();
}
return price;

}

public ArrayList<String> getNasdagSymbols ()throws RemoteException {
return nasdagSymbols;
}

Registering Remote Objects

To make a remote object available to clients, you need to bind it to some name in a registry, a nam-
ing service that knows where exactly in the network your RMI server StockServerImpl is running.
This will allow Java clients to look up the object on the host machine by name.

Listing 25-3 depicts the code that binds the instance of StockServerImpl to port 1099 on the host
machine, which is the local computer in my example. To the rest of the world this server will be
known as QuoteService.

\) LISTING 25-3: Starting the server and binding it to a registry

Availablefor ~ package com.practicaljava.lesson25;
download on

Wrox.com ) . . )
import java.rmi.Naming;

import java.rmi.RMISecurityManager;
import java.net.MalformedURLException;
import java.rmi.RemoteException;
public class StartServer {
public static void main (String args[]) {

try {

StockServerImpl ssi = new StockServerImpl();
Naming.rebind("rmi://localhost:1099/QuoteService",ssi);

}catch (MalformedURLException el) {
System.out.println(el.getMessage());
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}catch (RemoteException ex) {
ex.printStackTrace() ;

}

}

There are two methods in the class java.rmi.Naming that can bind an object in the registry. The
method bind () binds an RMI server to a name. It throws AlreadyBoundException if the binding
already exists. The method rebind () replaces any preexisting binding with the new one. In addition
to binding a server to a name, this also ensures that the clients requesting such services as getQuotes ()
or getNasdagSymbols () receive their stubs — the local proxies of the remote methods.

The registry must be up and running by the time you start the program in Listing 25-3. One way
to start the registry is by entering start rmiregistry in the Windows command window or
rmiregistry in Mac OS.

Instead of starting the registry manually, you can start it from within the StartServer program itself
by calling the following method:

LocateRegistry.createRegistry (1099) ;

If you know that another process has already pre-created the registry, just get its reference and bind
the server to it. The getRegistry () method can be called without arguments if the RMI registry
runs on the default port 1099. If this is not the case, specify the port number (5048 in the follow-
ing example). The variable registry in the following code fragment is a stub to the remote object
StockServerImpl:

StockServerImpl ssi = new StockServerImpl();
Registry registry = LocateRegistry.getRegistry(5048);
registry.bind("QuoteService", ssi);

Writing RMI Clients

The client program, running anywhere on the Internet, performs a lookup in the registry on the host
machine (using the host machine’s domain name or IP address) and obtains a reference to the remote
object. Listing 25-4 shows a sample client program. Notice the casting to the StockServer type of
the data returned by the method 1ookup ().

Even though the class stockServerImpl has been bound to the name QuoteService, because this
class implements the stockServer interface we can cast the returned object to it. The variable
myServer will see only the methods defined in this interface, while the class StocksSertverImpl
may have other public methods too.

\) LISTING 25-4: RMI client

Availablefor  package client;

download on

Wrox.com . . .
import java.rmi.*;

continues
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LISTING 25-4 (continued)
import com.practicaljava.lesson25.StockServer;
public class Client {
public static void main (String args[]) {

if (args.length == 0) {
System.out.println("\n Sample usage: java client.Client AAPL");
System.exit (0);

}

try {
StockServer myServer = (StockServer)
Naming.lookup ("rmi://localhost:1099/QuoteService");

String price = myServer.getQuote(args[0]);
if (price != null){
System.out.println("The price of " + args[0] +
" ig: $" + price);
}
elsef
System.out.println("Invalid Nasdag symbol. " +

"Please use one of these:" +
myServer.getNasdagSymbols () .toString()) ;

}

} catch (MalformedURLException ex) {
System.out.println(ex.getMessage());
}catch (RemoteException ex2) {
System.out.println(ex2.getMessage());
}

Security Considerations

Can any RMI client restrict the actions that remotely loaded code can perform on the local computer?
Can the server restrict access? You can specify a security policy file containing access restrictions. For
example, in the code in Listings 25-3 and 25-4 you can start the main () method with the following:

if (System.getSecurityManager () == null) {
System.setSecurityManager (new RMISecurityManager ());

Thecbssjava.rmi.RMISecurityManagerex&mdsthecbssjava.lang.SecurityManagerandpro-
vides a security context under which the RMI application executes. In RMI clients the goal is to prevent
remotely loaded stub code from downloading unsecured code via remote method invocation.

The RMI client uses a file in which security policies are defined. You can use the default security
file, java.policy, located in your JDK or JRE installation directory under 1ib/security. The
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default policy file gives all permissions to the code, but you can create your own file and supply it
either via the command-line parameter or in the code before the security manager is set:

System.setProperty("java.security.policy", "mypolicyfile");

For a more detailed description of security policy files refer to the documentation at http: //
download.oracle.com/javase/1l.3/docs/guide/security/PolicyFiles.html.

Java applets can also serve as RMI clients, but they don’t need RMI security managers. The only
restriction on them is that they can connect only to the RMI server running on the same host on
which they were deployed.

Finding Remote Objects

RMI clients find remote services by using a naming or directory service. A naming service runs on a
known host and port number. The subject of naming and directory services will be covered in more
detail in Lesson 31.

By now you know that an RMI server can start its own registry that offers naming services for RMI
clients. The behavior of the registry is defined by the interface java.rmi.registry.Registry, and
you saw an example of binding to the registry in the section “Registering Remote Objects.”

By default the RMI registry runs on port 1099, unless another port number is specified. When the
client wants to invoke methods on a remote object it obtains a reference to that object by looking up
the name. The lookup returns to the client a remote reference, aka stub.

The method 1ookup () takes the object name’s URL as an argument in the following format:

rmi://<host_name>[:<name_service_port>]/<service_name>

host_name stands for the name of a computer on the local area network (LAN), or the name of

a domain name system (DNS) on the Internet. name_service_port has to be specified only if the
naming service is running on a port other than the default. service_name stands for the name of
the remote object that should be bound to the registry.

Figure 25-1 illustrates the architecture of
an RMI application. In the Try It section
you’ll implement this architecture for our
sample stock quote service.

RMI

Registry 1. Start registry

3. Client looks up
server by name

RMI
Client

4. Server found, 2. Register server
stub received with registry

TRYIT

In this exercise your goal is to start and test
all the parts of the distributed Stock Server
application, and you’ll run all these parts ﬁﬁlbdznceézoﬁu icates
on the same computer. To emulate multiple with method on server
computers you’ll open three command win-

dows: one for the RMI client, one for the FIGURE 25-1

5. Client calls

Your RMI
Server
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registry, and one for the server. If everything is done properly you should be able to start the RMI
client with one of the stock symbols known to the server, and get a price quote back.

Lesson Requirements

You should have Java installed.

You can download the code and resources for this Try It from the book’s web page
at www . wrox . com. You can find them in the Lesson2$ folder in the download.

Hints

There is an RMI plug-in for the Eclipse RMI that may be handy for developing RMI-based distrib-
uted applications. It contains a useful utility called RMI Spy that shows all outgoing and incom-
ing method calls, and measures execution times. Another useful utility in this plug-in is Registry
Inspector, which displays information about objects in the registry. The RMI plug-in is available
from www.genady .net/rmi/index.html.

Step-by-Step

1.

2.

Create an Eclipse project called Lesson25 with two packages: client and com

.practicaljava.lesson25.

In com.practicaljava.lesson25 create the interface StockServer that extends java
.rmi.Remote, as in Listing 25-1.

In com.practicaljava.lesson25 create the class StockServerImpl that extends
UnicastRemoteObject and implements the interface StockServer, as in Listing 25-2.

In com.practicaljava.lesson25 create the class StartServer from Listing 25-3 to start
the server and bind it to the naming service.

In client create the class client that will access the remote server. Follow the code from
Listing 25-4.

Compile all the classes.
Open three command windows.

Start the RMI registry from the first command window. The naming service will listen
to default port 1099. If you are running this program in Windows, use the command
start rmiregistry. If you are running Mac OS, use the command rmiregistry.

Don’t expect to see any confirmations that the registry has successfully started. The absence
of error messages is your confirmation.
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9. In the second command window, start and register StockServer with the naming service
(registry) that you just started. In the command line specify the system property java.rmi
.server.codebase — this is where your StocksServer compiled class is located. I created
this example on my MacBook with the user name yfain11, and my Eclipse workspace was
located in the directory practicalJdava. The codebase command-line option starts with -D

and is shown in bold.

java -classpath /Users/yfainll/practicalJava/workspace/Lesson25/bin

-Djava.rmi.server.codebase=

file:/Users/yfainll/practicalJdJava/workspace/Lesson25/bin/ com.practicaljava.

lesson25.StartServer

After you enter a command similar to the preceding, the server will start and bind to the

registry, printing the following message in the command window:

<QuoteService> server is ready.

10.  Open the third command window and switch to the bin directory — the client sub-directory
should be there, as you created it in Step 1. Run the client program, passing the stock symbol
as a command line argument, and the client will connect to your “remote” server and receive

the price quote, for example:

java client.Client AAPL

Figure 25-2 shows how the three command windows look on my MacBook. They will look similar

in Windows.

2als Terminal bash B2n?

Lost logint ot Oct 9 83124182 on btya@02
yukuv-1oins-mtouk-pro-2:= yrotnkds meiregistry

- 00 Terminal — java — BIxg

Last logins Sot Oct 9 83149136 on tiyeddE

N T O NS-0Cbuch -pri-2 3 yfaindl$ jove —closgputh Afers/yfoinllprect oo ldava
vorkzoase/LessoridB/bin -Iava.mi server .codsbazsesf i les/Users/viainll oroct ical Jov
a/vorrepace/LetsondE binS cow.proct ical Jova, leetordS StartServer

UOTESIrVICEs TOTVET 1§ Teady.

Terminal — bash — R2x12

Last login: Sat Oct § 83:31:11 on ttvel0l

yakav faine mackook pro. 2i= yieirdif ed Jlssrs/pfaindl/procticol Javatmrkspoce/Les
w8 uin

vakov-Fains-mocbook-pro-2:bin voinlld jova clisnt.Client AAPL

The price of AAPL 1@ §E2_B8XESTIERSTY

yukgy-Taing-mocbook-pro-Z:oin ¥relnill jove cliont.Client MIZN

The price of AON fs: $03.5MTT412172556

yakov-$aine wackeok pro 2ibin yfoirdid |

FIGURE 25-2

www . wrox.com/go/fainjava to view the video that accompanies this lesson.

? Please select Lesson 25 on the DVD with the print book, or watch online at
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Java EE 6 Overview

Starting from this lesson you’ll be learning about Java Enterprise Edition (Java EE or formerly
J2EE), which is a powerful, mature, and widely used platform for development of distributed
applications. The word enterprise here doesn’t imply that it is only for large-scale applica-
tions. Java EE components are used for the development of everything from an application for
a local pizza parlor’s website running on a five-hundred-dollar computer to a super-powerful
Wall Street trading application that runs on a cluster of hundreds of interconnected servers.

This lesson is an overview of the Java EE architecture, concepts, components, and terms that
will be covered in detail in the remaining lessons of this book. The goal of these lessons is to
give you an understanding of how to approach the development of Java EE applications by
showing you how to build small applications rather than making you read the thousand-page
manuscript that would otherwise be required for detailed coverage of this subject.

There are an abundance of online materials and books published on the subject of Java EE,
and when you will figure out which components are a good fit for your project, finding mate-
rials on the selected topic will not be difficult at all. My task is to help you in making that
decision and getting you started in the quickest possible way. The Oracle website Java EE at a
Glance is a good complement for this lesson: www.oracle.com/technetwork/java/javaee/

overview/index.html.

If you start browsing the Internet trying to find more information on Java EE, you can easily
get confused by trying to compare the features of different versions of Java EE components. I
highly recommend that you stay focused on the features of Java EE 6, which is the most cur-
rent platform and the easiest to use. It was released in December 2009.
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THE BIG PICTURE

Go to your favorite online job search engine and search for job listings with the keyword J2EE.
Even though J2EE was re-branded into Java EE many years ago, recruiters and job agencies keep
referring to this platform as J2EE. Here’s one of many job descriptions I found on a major Internet

job board:
Title: Java/J2EE Engineer with Core Java, Hibernate

Skills: J2EE, JMS, Spring, MQ, EJB, J2EE, Servlets, JDK, Core Java, Websphere, Junit, log4j,
Apache, Oracle, SQL

The candidate should know:

* Core Java 6

* Expertise in E]B, J2EE, Servlets

* Expertise in Web Services, JAX-WS, JAX-RPC
* Working knowledge of Hibernate, JDBC, JPA (Oracle)
* Java Frameworks: JUnit, Log4j

* QOracle 11, SQL

* Expertise in Development IDEs: Eclipse/RAD
* Knowledge of Spring framework

* WebSphere Application Server v6/7

* JMS and WebSphere MQ v6/7

How many items from this list of skills did you recognize after mastering the first 25 lessons of this
book? You know Core Java 6, JDBC, Eclipse, and SQL. After studying the remaining lessons you’ll
understand what other skills are required in this ad, why they are required, and how they all fit
together. You’ll also have technical knowledge of many of the buzzwords listed there.

JCP, JSR, and Other Acronyms

The Java community is accustomed to lots of acronyms. Initially these acronyms might sound intim-
idating and confusing, but with a little effort they will make perfect sense and explain the way the
Java ecosystem lives and functions.

Each version of Java EE includes a set of specifications for various technologies, such as Servlets,
JavaServer Pages (JSP), Enterprise Java Beans (EJB), and Java Messaging Service (JMS). Each of these
specifications has been defined by an organization called the Java Community Process (JCP). If a person
or a group of people decides to propose a specification for some future technology, it will create a Java
Specification Request (JSR) and form a group of experts to work on this specification. JSRs are num-
bered. For example, the specification for Servlets 3.0 was described in JSR 315.
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If you decide to get familiar with any specific JSR, visit the website http: //jcp.org. Currently
Java EE includes 45 JSRs, Java SE has 44, and Java ME (Micro Edition covers small devices) has 85.
In other words, Java EE is based on standards. If you'd like to get hold of the 33 specifications that
were included in Java EE 6, they are described in JSR 316 and are available at http://jcp.org/
aboutJava/communityprocess/final/jsr316/index.html.

Tiers of Java EE Applications

A typical distributed Java application can be divided into three or four logical tiers. (If the applica-
tion is getting data directly from a DBMS, as described in Lesson 22, it has a two-tier client-server
architecture, and Java EE components are not needed.) Figure 26-1 shows selected technologies and
possible ways of building a distributed application that includes Java EE tiers or layers.

Client Presentation Business Data
Tier Tier Tier Tier
S R N )

R
ThinHTML | | HTTP oA | Y
Client - - ~ JDBC '@s/
~— Web
) S— container —
JavaFX HTTP running RMI/IIOP EJB JMS
Client - 1 serviets, [~ ~| Container g MOM
~— JSP, JSF, -
/ EJB Lite —
Java HTTP _ JAX-RS |_ Web
Applets Tor JAXWS || Service
—
HTTP, JCA
“TRMI/IIOP
Java RESTful or SOAP Any External
or JAX-WS
Client Server

FIGURE 26-1

The client tier can be implemented on a user’s desktop, notebook, or mobile phone, or any other
device that has JRE or can connect with Java on the web server. You can create a client as an inde-
pendent Java application, an applet, or a thin client (an HTML/JavaScript file running in a web
browser). The word thin refers to the fact that no business processing is being done on the client
side, so the server has to work hard processing all application logic for all clients.

If you’re building a web application, the web tier (aka the presentation tier) comes into the picture.
You have your choice of JSP, JavaServer Face (JSF), Servlets, or web services. These components are
responsible for the look of your thin client. Java Swing and JavaFX are typically (but not necessar-
ily) used as fat clients of web applications. The word fat here refers to the fact that the client can
contain some business logic, which minimizes the load on the server.
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The business logic of your application is placed in the business tier, which is represented by EJBs. In
the past E]Bs were pretty heavy components and third-party frameworks such as Spring (see Lesson
35) became a popular choice for implementing the business tier. But Java EE 6 will regain its market
share in this department because it’s a light POJO- and annotation-based technology that incor-
porates the best features of the third-party framework. POJO stands for plain old Java object — a
Java class that can be written any way you want and doesn’t have to extend any framework class or
implement mandatory interfaces. This term is easily understood by people who witnessed the evolu-
tion of EJBs, which were Java classes that had to be written and deployed in a certain convoluted
way and accompanied by heavy XML configuration files. Things changed drastically, and now E]Bs
have turned into POJOs marked with annotations. If for some reason you skipped Lesson 24 on
annotations, you should go back and study it; otherwise you won’t understand most of the remain-
ing material in this book.

While drawing the diagram for Figure 26-1, I moved the Web Services box a couple of times
between the presentation and business tiers. On one hand, Web Services (see Lesson 34) are based
on web communication protocols; on the other hand they can serve as a fagade hiding anything,
including an entire legacy application written in COBOL on mainframes. In the final version of my
diagram, Web Services span both tiers and exist as a separate box in the data tier.

Using DBMSes remains the most popular but not the only way to store data in enterprise Java EE
applications. The data can be served by an external web service or arrive as a real-time feed from
some messaging infrastructure. MOM stands for message-oriented middleware, and you’ll learn
what it is in Lesson 30.

Without some practical example, all these new buzzwords may not make much sense to you. You’ll
see examples in the upcoming lessons, but let’s just briefly discuss how you can rebuild the Stock
Market application that you already started developed using sockets and RMI.

»  Have an applet to connect to StockQuoteServlet, which creates what is known as a
session EJB called stockMarketQuote, which connects to external stock exchange
software and requests a price quote on the specified symbol(s). This session bean has
a timer that updates the quotes every second.

Do as described in the previous bullet, but replace the applet with a thin HTML client.
The same as before, but replace the Servlet with a JSP.

The same as before, but replace the JSP with a JSF.

Y Y Y VY

The same as before, but replace the session bean with a timer with a message-driven bean
(MDB) that subscribes via MOM to the external stock exchange application that sends back
new prices only when they change.

> The same as before, but add a session bean with business that will process every price quote
received by MDB and apply a secret modeling algorithm, and on certain conditions send a
message to buy or sell a specific number of shares of the suggested stock to a third-party trad-
ing system via a call to a web service.

Is this enough? I can keep going. As you can see, there are many ways to design a distributed Java
EE application. This is what Java architects do for a living.
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Containers versus Application Servers

Java EE tiers are implemented in containers. It’s easy to guess that containers were created to contain
something. In the Java EE world containers not only contain, but also control the birth, life, and
death of Java components. For example, you don’t need to write the new statement to create a new
instance of an EJB; the container will create a pool of them based on configuration parameters. Even
on the client side, while reading about applets you might have noticed that applets’ life cycles are
controlled by the JRE, which can be called an applet container. Basically, a container is an area inside
JVM that can support a lifecycle of certain types of Java objects, such as applets, servlet, E]B, etc.

Containers can take care of various functions, and one of them is thread safety. It’s great that multiple
clients can connect and make requests to the same server, but can you be sure that a thread initiated by
Mary won'’t interfere with John’s thread? An EJB container implements a single-threaded model ensur-
ing that each client’s request operates in a dedicated thread. Containers may offer transactional sup-
port with Java Transaction API (JTA) and persist data for you with Java Persistence API (JPA).

In the first few lessons I used a blueprint analogy to explain the relationship between Java classes
and objects. I’ll use this analogy again, but this time to explain the relationship between the Java EE
specification and application servers. The Java EE is a specification, and when a release is published,
vendors who want to implement it in their software products create application servers that support
this specification.

Multiple vendors offer their versions of a Java EE application server. The question is what version
of the Java EE specification they support. Currently the application servers GlassFish (Oracle) and
JBoss (Red Hat) support Java EE 6. At the time of this writing WebLogic (Oracle) and WebSphere
(IBM) are still on Java EE 5, but should offer support of the latest specification soon.

Java EE application servers have to support multiple containers, for example a Servlet container

and an EJB container. Some vendors prefer to create products supporting only certain technologies
defined in the Java EE specification. For example, Tomcat (Apache), Jetty (Eclipse Foundation), and
Resin (Caucho) offer support for selected technologies (such as Servlets and JSP), which makes them
suitable for implementing web applications, but if you are planning to create web applications based
on one of these products, you’ll need to figure out what other tools or frameworks will be needed to
support transactions, the business tier, data persistence, and more.

In this book I’ll be using GlassFish 3 from Oracle, which is fully compliant with Java EE 6. I have
selected the most widely used technologies in Java EE development today. In particular you’ll be
learning about the following;:

»  Java Servlets 3.0
JSP2.2

EJB 3.1

JPA 2.0

JTA 1.1

CDI 1.0

JMS 1.1
JAX-RS 1.1

Y Y Y VY VY VYY
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Two of the acronyms in this list have not been spelled out yet in this book. CDI stands for Context
and Dependency Injection and JAX-RS is Java API for RESTful Web Services. You may feel over-
whelmed with all these terms, but I’ll try to explain them in easy-to-understand language.

PROFILES AND PRUNING

Although Java EE 6 offers a full stack of server technologies, most of the real-world applications
don’t need all of them. In the past, to get Java EE certified, a vendor of an application server had to
implement all JSRs that were listed in the Java EE specification. But most of the applications don’t
use all technologies included in full Java EE specification. This is how that concept of a profile came
about. A profile is a preconfigured subset of Java technologies geared toward solving a specific type
of application. Currently, besides the Full Profile, there is the Web Profile, which is designed specifi-
cally for the development of web applications. Web profiles include Servlets JSF, JSP, CDI, EJB Lite,
JPA, JTA, Interceptors, Managed Beans, and Bean validation.

In the future new profiles may be created to address specific needs of developers. For example,
chances are that a new profile will be created for developers for small devices. In general, the mecha-
nism of lightweight profiles should encourage vendors of web containers to expand their support of
Java EE by implementing web profile components. For example, creators of the Resin container are
focusing on the implementation of a web profile.

Pruning is a way to reduce the size of the Java EE platform. The pruning process starts with mark-
ing in JavaDoc the technologies that are candidates for removal. Then, based on the reaction of the
Java community, they will be either removed from the future specifications or not. As an example,

some of the Java EE components (such as EJB 2.x) will be removed in Java EE 7.

MISCELLANEOUS CONCEPTS

You may say, “I want my RMI-based stock server application back. Why make things so complex?”
The reason is that the only instance of UnicastRemoteObject in our RMI StockServer may need
to process thousands of concurrent user requests, and because of this you’ll need to write code
ensuring that such concurrent processing is thread safe.

Servlet and EJB containers are scalable and they take care of all multi-threading issues, enabling
you to write application code as if the application were the only user! This alone should be a good
reason for using the Java EE stack as opposed to RMI. Without going into a detailed comparison
between RMI and Java EE, I’ll just add that if you need to deploy your StockServer application
on the Web, corporate firewalls won’t allow clients that use the JRMP communication protocol
required by RMI.

Java EE is a very robust, reliable, and scalable platform and you will appreciate what its container
will do for your code. ’ll just mention a couple of concepts here.

If you want Java EE containers to help you, help them by providing configuration parameters (anno-
tations) that specify how many instances of the same session bean stockMarketQuote you want
pre-created for you by the EJB container. Each of these session beans may be “rented” from a pool
to the client’s request, and then put back. How many beans do you need? I don’t know. I don’t have
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enough information at this point, as it depends on the load on your system — the number of concur-
rent (simultaneous) requests for price quotes that have to be supported by your system.

Java EE implements dependency injection. An object doesn’t have to reach out to get the resources
it needs, because the container injects the resources into the object using annotations. you’ll see
examples of CDI later in the book.

Interceptors offer a mechanism by which containers can intercept method invoked on your session

beans. When the call is intercepted you can specify additional code to be called before or after the

method is executed. For example, imagine that you need to add logging before certain methods are
called. Adding interceptors is an easy way to do this.

Integration of Java EE 6 with third-party web frameworks like Spring and Hibernate is made easy
by web fragments.

Starting in the next lesson you’ll have a chance to apply all these concepts and features.

TRYIT

This lesson was a high-level overview of the Java EE 6 platform. The hands-on exercises starting
from the next lesson will require that you have an application server installed, and installing the
GlassFish v3 server is your next assignment.

Lesson Requirements

You should have Java installed.

Hints

NetBeans IDE has very good support for Java EE 6. By now switching from one IDE to another should
be as easy for you as switching from one bicycle to another. If you'd like to experiment with NetBeans 7
IDE instead of Eclipse, download the Java bundle from http: //netbeans.org/downloads/index
.html — it includes NetBeans 7 IDE with the GlassFish v3 server packaged and preconfigured.

Step-by-Step

1. Download GlassFish Server Open Source Edition. At the time of this writing the latest ver-
sion, GlassFish 3.0.1, is available at the following URL: https://glassfish.dev.java
.net/public/downloadsindex.html#top.

2. Click the Download button, and the next web page will offer downloads for Windows,
Linux, and Mac OS. You will have your choice of two profiles: full platform and web profile.
Get the full platform distribution for your OS and follow the installation instructions.

3. If you are using Windows, just run glassfish-3.0.1-windows.exe.
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Mac OS users should use the Unix distribution called glassfish-3.0.1-unix.sh. In the
Terminal window set the executable permissions and then run the installer:

chmod +x glassfish-3.0.l1-unix.sh

./ glassfish-3.0.1-unix.sh
During the installation process you’ll be asked to select the directory where GlassFish Server
will be installed. In my case, on Mac OS, it’s /Users/yfainll/glassfishv3.

Select and enter the password on the next screen, shown in Figure 26-2. Note that by default
GlassFish Server will run on port 8080 and the port for server administration is 4848.

XAl al (GlassFish Server Open Source Edition.
- o 3
&)
Administration Settings
Welcome
Licensa
Installation Directory
Administration Senings
Update Configuration
JOK Selection
Ready To Install Configure the administration settings for the server. Please provide username
Progress and password for the server. You may leave the password field empty if you
Product Registration would like to configure the server for unauthenticated logins.
Sumriiary Admin Port |4B-=8 |
Hitp Port  [B060 |
Usemame  fadimin ]
Password F.IIIIII-I. !
ORACLE
Created by Oracle with
contributions fram the

GlassFish community

[ |

FIGURE 26-2

Click Next and Install on the next two pop-ups. The installation process will start and at the
end you may optionally register your newly installed copy of GlassFish Server. Your installa-
tion process is complete.

Download the Oracle GlassFish Server 3.0.1 Quick Start Guide from http://docs.sun
.com/app/docs/doc/821-1757 and test your server by starting and stopping the default
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domain as described in this document. For reference, here’s the output in my Terminal win-
dow after I start GlassFish on my Mac:

yakov-fains-macbook-pro-2:bin yfainlls$ ./asadmin start-domain
Waiting for DAS to start
Started domain: domainl

Domain location: /Users/yfainll/glassfishv3/glassfish/domains/domainl

Log file: /Users/yfainll/glassfishv3/glassfish/domains/domainl/logs/server.log
Admin port for the domain: 4848
Command start-domain executed successfully.

After the server has successfully started, open your web browser and enter http://
localhost:8080/ — you should see the GlassFish welcome page.

Please select Lesson 26 on the DVD with the print book, or watch online at

www . wrox.com/go/fainjava to view the video that accompanies this lesson.
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Web applications can serve static or dynamic content. Some examples of static content are text
files with HTML markup, images, and video. Dynamic content is formed on the fly. Think of
a web application that enables you to browse the inventory of an online store. The content you
see on your screen is being created based on your queries — in other words, dynamically.

In the Java EE world, web content is served either by a program running in a container with
deployed servlets, JSP, JSF, or a third-party framework, or it’s a SOAP or RESTful Web
Service. Servlets, JSP, and JSF not only return the data, but also present it as formatted HTML
pages, hence the term presentation layer (refer to Figure 26-1). Web Services, on the other
hand, return just the data (see Lesson 34).

A servlet is a Java program written by certain rules and deployed in a Java EE—compliant servlet
container of your choice. The client program can be a lightweight HTML, JavaScript, applet, or
JavaFX program. In this lesson I’ll be explaining the most widely used means of web communi-
cation: HTTP requests and responses. HTTP stands for Hypertext Transfer Protocol.

All examples in this lesson will work in any Java EE container supporting the Servlet 3.0 spec-
ification. I use GlassFish v3.

Figure 27-1 shows a web browser making HTTP requests to MyServlet, a servlet written by
you or another developer, and receiving HTTP responses that MyServlet sends back.

THE BIG PICTURE

Before you even learn how to create servlets, let’s look at the components and the workflow of
an imaginary online store, www.MyBooks . com, developed with Java servlets.

> The client’s machine just needs a web browser. The bookstore will consist of a number
of HTML web pages for getting user input. The Web browser sends it to the server
with the name MyBooks . com in the form of an HTTPRequest object.

> The MyBooks . com computer has to run some web server software, usually on port 80.
For secure communication with HTTPS (HyperText Transfer Protocol Secure) the port
443 is used. The web server will “listen to” the users’ requests. If a web server receives
a simple request for static HTML content, the web server will process the request
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without needing to engage any additional software, and it’ll send back HTTPResponse with the
requested static content.

> The website MyBooks . com will also run a servlet container with deployed servlet(s). If the
web server receives a user request to find books based on some criteria, it’ll create and pass
HttpServletRequest to the appropriate servlet, FindBooks, which is deployed and running
in the servlet container. The next section shows sample HTML containing a form that explic-
itly lists FindBooks.

> The servlet creates (on the fly) the HTML page listing the found books that meet the
requested search criteria, and sends it to the web server in HttpServletResponse, which
wraps it inside the HttpResponse object and sends it back to the user’s web browser.

> The user’s browser displays the received page without knowing if it is an old static HTML
page or a freshly baked one.

Web Server Servlet Container
)
HttpServlet
HTTPRequest Request
B Web HttpServlet MyServlet
rowser HTTPResponse Response
—
POJO, EJB,
DBMS, External
Application, ...
FIGURE 27-1

THE THIN CLIENT

Listing 27-1 shows a simple HTML file with a form containing a text input field and a Submit but-
ton, which users can use to find a book by its title.

\) LISTING 27-1: HTML that gives 404

Available for <html>
download on <head>

Wrox.com - ) )
<title>Find a book</title>
</head>

<body>
Enter a word from the book title:
<form action=http://www.MyBooks.com/servlet/FindBooks method=Get>
<input type=Text name=booktitle>
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<input type=Submit value="Search">
</form>
</body>
</html>

Create a file called Booksearch.html containing the code from Listing 27-1. Open this file in a web
browser (File @ Open), enter any text in the input field, and press Search. You’ll get an error mes-
sage because there is neither a server nor a servlet called FindBooks at this address. But now you see
what the thinnest client can look like.

Clients communicate with servlets using HTTP protocol, and when no requested network resource is
found, the HTTPResponse object comes back with an error. If the server responds, but the requested
resource (the FindBooks servlet) is not there, the error code 404 is returned. If the server doesn’t
respond, the web client will show an appropriate error code. If the client’s request successfully received
the needed resource from the server, the HTTPResponse contains the status code 200. The list of all pos-
sible HTTP status codes is available at www.w3 .org/Protocols/rfc2616/rfc2616-secl0.html.

HOW TO WRITE A SERVLET

To create a servlet, write a class that extends from HTTPServlet and annotate it with the ewebsServiet
annotation. The class HTTPServlet extends GenericServlet, which defines the method service ().
The method service () receives the client’s response and directs it to one of the methods of your class
that’s a descendant of HTTPServlet. You have to override either of the methods doGet () or doPost ().
Which one to override? This depends on the client’s request method. If the client uses the method Get
(see Listing 27-1), override the callback doGet (), as in Listing 27-2.

\) LISTING 27-2: Your first servlet

Availablefor  import javax.servlet.ServletException;
daﬂgkgg&" import javax.servlet.annotation.WebServlet;
import javax.servlet.http.HttpServlet;
import javax.servlet.http.HttpServletRequest;
import javax.servlet.http.HttpServletResponse;
import java.io.PrintWriter;

@WebServlet (urlPatterns="/books", name="FindBooks" )
public class FindBooks extends HttpServlet {

@Override
public void doGet (HttpServletRequest request,
HttpServletResponse response) throws ServletException {
// The code processing request goes here
// The resulting Web page will be sent back via the
// I/0 stream that response variable contains
PrintWriter out = response.getWriter();
out.println("Hello from FindBooks") ;

Page 331 of 506 (IPR2025-00350)
Stingray Group Inc. et al v. Hernandez-Mondragon





