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Preface

The evolution of advanced object oriented programming language such as C++, Java
has provided very effective and efficient programming tools. Specially Java can be used
for implementing Windows and Web Application concepts. Due to increasing popularity
of Java as a prominent programming language for implementing advanced features,
University of Mumbai has included “Advanced Java” in its Revised Syllabus of T.Y.B.Sc.
(IT), Semester V.

This book has been designed as per new revised syllabus of T.Y.B.Sc. (IT), Mumbai
University. This book incorporates advanced concepts of Windows and Web applications
of Java programming. This book includes all the related topics with Variety of examples
which is understandable to students.

This book is organised in 6 units.
Unit 1 contains two chapters. Chapter 1 explains Event Delegation Model and other

Events Interface. Chapter 2 covers Windows fundamental, Control fundamentals and
Layout Managers.

Unit 2 contains three chapters. Chapter 3 elaborates introduction to JFC and Swing.
Chapter 4 covers different Swing components. Chapter 5 covers Advanced Swing
components and different examples.

Unit 3 contains three chapters. Chapter 6 contains introduction to Servlet. Chapter 7
contains Servlet API, Interface and Cookies. Chapter 8 covers the servlet example.

Unit 4 contains three chapters. Chapter 9 covers Java Database Connectivity using
different drivers. Chapter 10 provides insights on Java Server Pages. Chapter 11 covers
Java Server Pages examples.

Unit 5 consist of Chapter 12 and 13 which explains the concepts of Java Server
Faces and Enterprise Java Beans.

Unit 6 consist of chapter 14, 15 and 16 which explores the concepts of Hibernate,
Example of Hibernate, Struts and example on Struts.

All necessary care has been taken to avoid mistakes and misprints in the book. Any
suggestions to improve the utility of the book will be gladly accepted. You can send your
suggestion on sandeepvcbs@gmail.com

Author
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Question Paper Pattern
Max. Marks: 75 Time: 2½ Hrs.

Instructions:
1. All questions are compulsory.
2. Attempt any TWO sub-questions from each question.
3. Each sub-question is of 5 marks.

Q.1 Answer any TWO of the following: [10]
(a) From Unit 1
(b)
(c)
(d)

Q.2 Answer any TWO of the following: [10]
(a) From Unit 2
(b)
(c)
(d)

Q.3 Answer any TWO of the following: [10]
(a) From Unit 3
(b)
(c)
(d)

Q.4 Answer any TWO of the following: [10]
(a) From Unit 4
(b)
(c)
(d)

Q.5 Answer any TWO of the following: [10]
(a) From Unit 5
(b)
(c)
(d)
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(c)
(d)

Q.7 Answer any THREE of the following: [15]
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Unit - I

Structure:
1.1 Event Delegation Model

1.1.1 Events
1.1.2 Event Source
1.1.3 Event Listeners
1.1.4 Events Handling

1.2 AWT Event
1.2.1 Low-level Events
1.2.2 Semantic Events
1.2.3 Event Source
1.2.4 Event Listeners

1.3 Events handling in JAVA
1.3.1 Event Source
1.3.2 Event Classes
1.3.3 Event Listener
1.3.4 Event Adapter

1.4 Different Type of Event in JAVA AWT
1.4.1 ActionEvent
1.4.2 AdjustmentEvent
1.4.3 ComponentEvent
1.4.4 ContainerEvent
1.4.5 FocusEvent
1.4.6 InputEvent
1.4.7 ItemEvent
1.4.8 KeyEvent
1.4.9 MouseEvent

1.4.10 PaintEvent
1.4.11 TextEvent
1.4.12 WindowEvent

Event Delegation Model1
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1.5 Adapter Classes
1.6 Inner Classes in JAVA

1.6.1 How to Access Inner Class

1.1 Event Delegation Model
Event delegation model has 3 components, these are Event. Listener and Source..

1.1.1 Events
In the delegation model, an event is an object that describes a state change in a source. Event be

generated as a consequence of a person interacting with the elements in a graphical user interface.
Some of the activities that cause events to be generated are pressing a button, entering a character via
the keyboard, selecting an item in a list, and clicking the mouse. Events may also occur that are not
directly caused by interactions with a user interface like an event may be generated when a timer
expires, a counter exceeds a value, a software or hardware failure occurs, or an operation is completed.

1.1.2 Event Source
A source is an object that generates an event. This occurs when the internal state of that object

changes in some way. Sources may generate more than one type of event. A source must register
listeners in order for the listeners to receive notifications about a specific type of event. Each type of
event has its own registration method.

public void addTypeListener(TypeListener el)
Type is the name of the event and el is a reference to the event listener. The method that registers

a keyboard event listener is called addKeyListener(). The method that registers a mouse motion
listener is called addMouseMotionListener(). When an event occurs, all registered listeners are
notified and receive a copy of the event object know as multicasting the event. In all cases,
notifications are sent only to listeners that register to receive them. Some sources may allow only one
listener to register.

General Form:
public void addTypeListener(TypeListener el) throws java.util.

TooManyListenersException Type is the name of the event and el is a reference to the event
listener. When such an event occurs, the registered listener is notified. This is known as unicasting the
event. A source must also provide a method that allows a listener to unregister an interest in a specific
type of event.

The general form of such a method is this:
public void removeTypeListener(TypeListener el)

1.1.3 Event Listener
A listener is an object that is notified when an event occurs. Listener has two major requirements.

It must have been registered with one or more sources to receive notifications about specific types of
events. It must implement methods to receive and process these notifications. The methods that
receive and process events are defined in a set of interfaces found in java.awt.event. For example, the
MouseMotionListener interface defines two methods to receive notifications when the mouse is
dragged or moved. Any object may receive and process one or both of these events if it provides an
implementation of this interface.
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1.1.4 Events Handling
Events are the integral part of the java platform. You can see the concepts related to the event

handling through the example and use methods through which you can implement the event driven
application.

For any event to occur, the objects registers themselves as listeners. No event takes place if there
is no listener i.e. nothing happens when an event takes place if there is no listener. No matter how
many listeners there are, each and every listener is capable of processing an event. For example,
a SimpleButtonEvent applet registers itself as the listener for the button's action events that creates a
Button instance.

ActionListener can be implemented by any Class including Applet. One point to remember here
is that all the listeners are always notified. Moreover, you can also call AWTEvent.consume() method
whenever you don't want an event to be processed further. There is another method which is used by a
listener to check for the consumption. The method is isConsumed() method. The processing of the
events gets stopped with the consumption of the events by the system once a listener is notified.
Consumption only works for InputEvent and its subclasses. Moreover, if you don't want any input
from the user through keyboard then you can useconsume() method for the KeyEvent.
The step by step procedure of Event Handling is as follow:

1. When anything interesting happens then the subclasses of AWTEvent are generated by
the component.

2. Any class can act like a Listener class permitted by the Event sources. For example,
addActionListener() method is used for any action to be performed, where Action is the
event type. There is another method by which you can remove the listener class which
is removeXXXListener() method, where XXX is the event type.

3. A listener type has to be implemented for an event handling such as ActionListener.
4. There are some special type of listener types as well for which you need to implement

multiple methods like key Events. There are three methods which are required to be
implemented for Key events and to register them i.e. one for key release, key typed and one
for key press. There are some special classes as well which are known as adapters that are
used to implement the listener interfaces and stub out all the methods. These adapter classes
can be sub-classed and and can override the necessary method.

1.2 AWT Event
Most of the times every event-type has Listener interface as Events subclass the AWT Event

class. However, Paint Event and Input Event don't have the Listener interface because only the paint()
method can be overriden with Paint Event etc.

1.2.1 Low-level Events
A low-level input or window operation is represented by the Low-level events. Types of Low-

level events are mouse movement, window opening, a key press etc. For example, three events are
generated by typing the letter 'A' on the Keyboard one for releasing, one for pressing, and one for
typing. The different type of low-level events and operations that generate each event are show below
in the form of a table.

FocusEvent Used for Getting/losing focus.
MouseEvent Used for entering, exiting, clicking, dragging, moving,
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pressing, or releasing.
ContainerEvent Used for Adding/removing component.
KeyEvent Used for releasing, pressing, or typing (both) a key.

WindowEvent Used for opening, deactivating, closing, Iconifying,
deiconifying, really closed.

ComponentEvent Used for moving, resizing, hiding, showing.

1.2.2 Semantic Events
The interaction with GUI component is represented by the Semantic events like changing the text of a

text field, selecting a button etc. The different events generated by different components is shown below.

ItemEvent Used for state changed.
ActionEvent Used for do the command.
TextEvent Used for text changed.
AdjustmentEvent Used for value adjusted.

1.2.3 Event Sources
If a component is an event source for something then the same happens with its subclasses. The

different event sources are represented by the following table.
Low-Level Events
Window WindowListener
Container ContainerListener

Component

ComponentListener
FocusListener
KeyListener
MouseListener
MouseMotionListener

Semantic Events
Scrollbar AdjustmentListener
TextArea
TextField

TextListener

Button
List
MenuItem
TextField

ActionListener

Choice
Checkbox
Checkbox
CheckboxMenuItem
List

ItemListener

1.2.4 Event Listeners
Every listener interface has at least one event type. Moreover, it also contains a method for each

type of event the event class incorporates. For example as discussed earlier, the KeyListener has three
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methods, one for each type of event that the KeyEvent has: keyTyped(), keyPressed(), and
keyReleased()

The Listener interfaces and their methods are as follow:
Interface Methods

WindowListener

windowActivated(WindowEvent e)
windowDeiconified(WindowEvent e)
windowOpened(WindowEvent e)
windowClosed(WindowEvent e)
windowClosing(WindowEvent e)
windowIconified(WindowEvent e)
windowDeactivated(WindowEvent e)

ActionListener actionPerformed(ActionEvent e)

AdjustmentListener adjustmentValueChanged(Adjustment
Event e)

MouseListener mouseClicked(MouseEvent e)
mouseEntered(MouseEvent e)
mouseExited(MouseEvent e)
mousePressed(MouseEvent e)
mouseReleased(MouseEvent e)

FocusListener focusGained(FocusEvent e)
focusLost(FocusEvent e)

ItemListener itemStateChanged(ItemEvent e)
KeyListener keyReleased(KeyEvent e)

keyTyped(KeyEvent e)
keyPressed(KeyEvent e)

ComponentListener

componentHidden(ComponentEvent e)
componentMoved(ComponentEvent e)
componentShown(ComponentEvent e)
componentResized(ComponentEvent e)

MouseMotionListener mouseMoved(MouseEvent e)
mouseDragged(MouseEvent e)

TextListener textValueChanged(TextEvent e)
ContainerListen er componentAdded(ContainerEvent e)

componentRemoved(ContainerEvent e)

1.3 Event Handling in Java
In this section you will learn about how to handle events in Java. Events in any programming

language specifies the external effects that happens and your application behaves according to that
event. For example, an application produce an output when a user inputs some data, or the data
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received from the network or it may be something else. In Java when you works with the AWT
components like button, textbox, etc. (except panel, label) generates an event. This event is handled by
the listener. Event listener listens the event generated on components and performs the corresponding
action.

In Java event handling may comprised the following four classes:

1.3.1 Event Sources
Sources for generating an event may be the components. In Java java.awt.Component specifies

the components that may or may not generate events. These components classes are the subclass of the
above class. These event sources may be the button, combobox, textbox etc.

1.3.2 Event Classes
Event Classes in Java are the classes defined for almost all the components that may generate

events. These events classes are named by giving the specific name such as for the component source
button the event class is ActionEvent. Following are the list of Event Classes:

 ActionEvent: Button, TextField, List, Menu
 WindowEvent: Frame
 ItemEvent: Checkbox, List
 AdjustmentEvent: Scrollbar
 MouseEvent: Mouse
 KeyEvent: Keyboard

1.3.3 Event Listeners
Event Listeners are the Java interfaces that provides various methods to use in the implemented

class. Listeners listens the event generated by a component. In Java almost all components has its own
listener that handles the event generated by the component. For example, there is a Listener named
ActionListener handles the events generated from button, textfield, list, menus.

1.3.4 Event Adapters
Event Adapters classes are abstract class that provides some methods used for avoiding the heavy

coding. Adapter class is defined for the listener that has more than one abstract methods.
Example
Here I am giving a simple example which will demonstrate you about how to handle an event. In

this example we will give a simple example into which you will see how an event generated after
clicking on the button is handled. To handle the event you would have to implement a corresponding
listener and add the listener on the component i.e. button. Then you have to override the method
declared in the listener.

You can add the listener by following ways:

b.addActionListener(new ActionListener()
{

public void actionPerformed(ActionEvent ae)
{

b = (JButton)ae.getSource();
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sayHi();
}

});

In the second way you can add listener as follows :

b.addActionListener(this)
publi void actionPerformed(ActionEvent ae){

b = (JButton)ae.getSource();
sayHi();

}

1.4 Different Types of Event in Java AWT

Introduction
There are many types of events that are generated by your AWT Application. These events are

used to make the application more effective and efficient. Generally, there are twelve types of event
are used in Java AWT.

1.4.1 ActionEvent
This is the ActionEvent class extends from the AWTEvent class. It indicates the component-

defined events occurred i.e. the event generated by the component like Button, Checkboxes etc. The
generated event is passed to every EventListener objects that receives such types of events using
the addActionListener() method of the object.

1.4.2 AdjustmentEvent
This is the AdjustmentEvent class extends from the AWTEvent class. When the Adjustable

Value is changed then the event is generated.

1.4.3 ComponentEvent
ComponentEvent class also extends from the AWTEvent class. This class creates the low-level

event which indicates if the object moved, changed and its states (visibility of the object). This class
only performs the notification about the state of the object. The ComponentEvent class performs like
root class for other component-level events.

1.4.4 ContainerEvent
The ContainerEvent class extends from the ComponentEvent class. This is a low-level event

which is generated when container's contents changes because of addition or removal of a
components.

1.4.5 FocusEvent
The FocusEvent class also extends from the ComponentEvent class. This class indicates about

the focus where the focus has gained or lost by the object. The generated event is passed to every
objects that is registered to receive such type of events using the addFocusListener() method of the
object.
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1.4.6 InputEvent
The InputEvent class also extends from the ComponentEvent class. This event class handles all

the component-level input events. This class acts as a root class for all component-level input events.

1.4.7 ItemEvent
The ItemEvent class extends from the AWTEvent class. The ItemEvent class handles all the

indication about the selection of the object i.e. whether selected or not. The generated event is passed
to every ItemListener objects that is registered to receive such types of event using the
addItemListener() method of the object.

1.4.8 KeyEvent
KeyEvent class extends from the InputEvent class. The KeyEvent class handles all the indication

related to the key operation in the application if you press any key for any purposes of the object then
the generated event gives the information about the pressed key. This type of events check whether the
pressed key left key or right key, 'A' or 'a' etc.
1.4.9 MouseEvent

MouseEvent class also extends from the InputEvent class. The MouseEvent class handle all
events generated during the mouse operation for the object. That contains the information whether
mouse is clicked or not if clicked then checks the pressed key is left or right.

1.4.10 PaintEvent
PaintEvent class also extends from the ComponentEvent class. The PaintEvent class only ensures

that the paint() or update() are serialized along with the other events delivered from the event queue.

1.4.11 TextEvent
TextEvent class extends from the AWTEvent class. TextEvent is generated when the text of the

object is changed. The generated events are passed to every TextListener object which is registered to
receive such type of events using the addTextListener() method of the object.

1.4.12 WindowEvent
WindowEvent class extends from the ComponentEvent class. If the window or the frame of your

application is changed (Opened, closed, activated, deactivated or any other events are generated),
WindowEvent is generated.

1.5 Adapter Classes
An adapter class provides the default implementation of all methods in an event listener

interface. Adapter classes are very useful when you want to process only few of the events that are
handled by a particular event listener interface. You can define a new class by extending one of the
adapter classes and implement only those events which is relevant.

There are some event listeners that have multiple methods to implement. That is some of the
listener interfaces contain more than one method. For instance, the MouseListener interfacecontains
five methods such as mouseClicked, mousePressed, mouseReleased etc. If you want to use only one
method out of these then also you will have to implement all of them. Thus, the methods which you do
not want to care about can have empty bodies. To avoid such thing, we have adapter class.
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Adapter classes help us in avoiding the implementation of the empty method bodies. Generally
an adapter class is there for each listener interface having more than one method. For
instance, the MouseAdapter classimplements the MouseListener interface. An adapter class can be
used by creating a subclass of it and thenoverriding the methods which are of use only. Hence
avoiding the implementation of all the methods of the listener interface. The following example shows
the implementation of a listener interface directly.

public class MyClass implements MouseListener {
...
someObject.addMouseListener(this);
...
/* Empty method definition. */
public void mouseEntered(MouseEvent e) {
}
/* Empty method definition. */
public void mouseExited(MouseEvent e) {
}
/* Empty method definition. */
public void mousePressed(MouseEvent e) {
}
} }

1.6 Inner Classes in Java
Java inner class or nested class is a class i.e. declared inside the class or interface.
We use inner classes to logically group classes and interfaces in one place so that it can be more

readable and maintainable.
Additionally, it can access all the members of outer class including private data members and

methods.
Syntax of Inner class
class Java_Outer_class{

//code
class Java_Inner_class{
//code
}

}
Advantage of java inner classes
There are basically three advantages of inner classes in java. They are as follows:
1. Nested classes represent a special type of relationship that is it can access all the members

(data members and methods) of outer class including private.
2. Nested classes are used to develop more readable and maintainable code because it logically

group classes and interfaces in one place only.
3. Code Optimization: It requires less code to write.



10 Advanced Java

1.6.1 How to Access Inner Class
Inner class can be accessed only through live instance of outer class.
Within Outer Class
Outer class can create instance of the inner class in the same way as normal class member.
class OuterClass {
private int i = 9;
// Creating instance of inner class and calling inner class function
public void createInner() {
InnerClass i1 = new InnerClass();
i1.getValue();
}
// inner class declarataion
class InnerClass {
public void getValue() {
// accessing private variable from outer class
System.out.println("value of i -" + i);
}
} }

From Outside Outer Class
Create outer class instance and then inner class instance.
class MainClass {
public static void main(String[] args) {
// Creating outer class instance
OuterClass outerclass = new OuterClass();
// Creating inner class instance
OuterClass.InnerClass innerclass = outerclass.new InnerClass();
// Classing inner class method
innerclass.getValue();
}
}
There are 4 kinds of classes that can be defined in a Java program, roughly can be termed as

the inner classes.
-- Inner classes provides an elegant and powerful feature to the Java programming language.
-- These inner classes are referred by different names in different situations.
-- They are summarized here:

1. Static member classes
2. Member classes
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3. Local classes
4. Anonymous classes

-- The term "nested classes" sometimes refers to these inner classes.
Static member classes

-- This class (or interface) is defined as a static member variable of another class.
Member classes

-- This is sometimes defined as a non-static member of an enclosing class. This type of inner
class is analogous to an instance method or field.

Local classes
-- This class is defined within a block of Java code so like a local variable, it is visible only

within that block.
Anonymous classes

-- An anonymous class is a local class having no name;
-- Syntactically it combines the syntax required for defining a class and the syntax required to

instantiate an object.

Questions
1. What are Adapter classes?
2. What are AWT Events Explain?
3. Explain Inner Classes in Java.
4. What are Events and Event Classes ?
5. Write short notes on Event Delegation Model.
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