COP 2800 – Java Programming II - JavaBeans

What is a JavaBean or Bean?

Sun’s Java specs say, 

“A JavaBean is a reusable software component that can be manipulated visually in a builder tool”.

Basically, a JavaBean is just a somewhat special Java class. JavaBeans supplies Java with a component-creating methodology. A component is a chunk of code that offers some functionality and can be used in multiple applications. Programmers can connect bean components to create a variety of applications. The idea behind JavaBeans is, “Write once, run anywhere, reuse everywhere”. Swing controls are JavaBeans.
The NetBeans IDE enables you to automatically generate standard parts of a bean, such as bean properties, event firing and listener registration methods, and BeanInfo. For information about the JavaBeans component architecture, including what defines a true bean, see the JavaBeans web site at java.sun.com/products/javabeans/.  
· A bean has public methods that define its behavior. 

· A bean has data members that are referred to as properties. 

· A bean may generate its own events. 
· A bean implements the Serializable interface
So what is the difference between a bean and an ordinary Java class?

A bean can be written in a certain way so that a visual builder tool can discover its properties, methods and events by a process called introspection. The builder tool can use this knowledge to connect the bean to other similarly introspected beans. The programmer creates an application using a builder tool by connecting the bean components.

Bean Properties

1. Simple

2. Indexed

3. Bound

4. Constrained

Simple Properties 

Properties are aspects of a Bean's appearance and behavior that are changeable at design time. Properties are private values accessed through getter and setter methods. Property getter and setter method names follow specific rules, called design patterns. By using these design pattern-based method names, JavaBeans-enabled builder tools can work with bean properties. 

For example, if a builder tool, on introspecting your Bean, discovers two methods: 

public Color getColor() { ... }

public void setColor(Color c) { ... }

From this, the builder tool infers that a property named color exists, that it is readable and writeable, and that its type is Color. Further, the builder tool can attempt to locate a property editor for that type, and display the property (usually in a property sheet) so it can be edited. 

Indexed Properties 

Indexed properties represent collections of values accessed like an array by index. The indexed property design patterns are: 
//Methods to access the entire indexed property array

public <PropertyType>[] get<PropertyName>();

public void set<PropertyName>(<PropertyType>[] value);

//Methods to access individual values

public <PropertyType> get<PropertyName>(int index);

public void set<PropertyName>(int index, <PropertyType> value);

Conforming to these patterns lets builder tools know that your bean contains an indexed property. 

Bound Properties 

Sometimes when a bean property changes, another object may need to be notified of the change, and react to the change. Whenever a bound property changes, notification of the change is sent to interested listeners.
A bean containing a bound property must maintain a list of property change listeners, and alert those listeners when the bound property changes. The convenience class PropertyChangeSupport implements methods that add and remove PropertyChangeListener objects from a list, and fires PropertyChangeEvent objects at those listeners when the bound property changes.
An object that wants to listen for property changes must be able to add and remove itself from the listener list on the bean containing the bound property, and respond to the event notification method that signals a property change. By implementing the PropertyChangeListener interface the listener can be added to the list maintained by the bound property Bean. This listener class implements the propertyChange method from PropertyChangeListener so it can respond to property change notifications from the source bean. 

The PropertyChangeEvent class encapsulates property change information, and is sent from the property change event source to each object in the property change listener list via the propertyChange method. 

Implementing Bound Property Support within a Bean

1. Import the java.beans package
· This provides access to the PropertyChangeSupport class. 

2. Instantiate a PropertyChangeSupport object: 

private PropertyChangeSupport changes =

            new PropertyChangeSupport(this);

· This object maintains the property change listener list and fires property change 

3. Implement methods to maintain the property change listener list
· Since PropertyChangeSupport implements these methods, you merely wrap calls to the property-change support object's methods: 

public void addPropertyChangeListener(PropertyChangeListener l)

{

    changes.addPropertyChangeListener(l);

}

public void removePropertyChangeListener(PropertyChangeListener l)

{

    changes.removePropertyChangeListener(l);

}

4. Modify a property's setter method to fire a property change event when the property is changed. For a String property named label, it would look like this: 

public void setLabel(String newLabel) {

    String oldLabel = label;

    label = newLabel;

    changes.firePropertyChange("label", oldLabel, newLabel);

}

· Note that setLabel stores the old label value, because both the old and new labels must be passed to firePropertyChange. 

public void firePropertyChange(String propertyName,

                               Object oldValue, Object newValue)

The firePropertyChange method calls propertyChange(PropertyChangeEvent evt) on each registered listener. The old and new values are treated as Object values. If your property values are primitive types such as int, you must use the object wrapper version such as java.lang.Integer. Also, property change events are fired after the property has changed. 

Implementing Bound Property Listeners

To listen for property change events, your listener bean must implement the PropertyChangeListener interface. This interface contains one method:
public abstract void propertyChange(PropertyChangeEvent evt)

· The source bean that has the bound property calls this notification method on all property change listeners in its property change listener list.
To make your class listen and respond to property change events, you must: 

1. Implement the PropertyChangeListener interface. 

public class MyClass implements java.beans.PropertyChangeListener,



  java.io.Serializable

2. Implement the propertyChange method in the listener
· This method handles what you need to do when the listener receives a property change event
· Very often, for example, this is a call to a setter method in the listener class. A property change in the source bean propagates a change to a property in a listener Bean.
To register for receiving notification about a bean property change, the listener bean calls the source bean’s listener registration method. For example, if button1 is a source bean, this call in the listener aButtonListener will register aButtonListener as a listener  

button1.addPropertyChangeListener( aButtonListener );

Constrained Properties 

A bean property is constrained when any change to that property can be vetoed. Usually a listener object exercises the right to veto, but the bean itself can also veto a property change.  The JavaBeans API provides an event mechanism, very similar to the bound property mechanism, for objects to veto a bean's property changes. 

There are three parts to constrained property implementations: 

1. A source bean containing one or more constrained properties. 

2. A Listener object that implements the VetoableChangeListener interface. This object accepts or rejects proposed changes to a constrained property in the source bean. 

3. A PropertyChangeEvent object containing the property name, its old value and its new value. This is the same class used for bound properties. 

Implementing Constrained Property Support within a Bean

A bean containing constrained properties must:
· Allow VetoableChangeListener objects to register and unregister their interest in receiving notification that a property change is proposed. 

· Fire property change events at those interested listeners when a property change is proposed. The event should be fired before the actual property change takes place. This gives each listener a chance to veto the proposed change. The PropertyChangeEvent is fired by a call to each listener’s vetoableChange method. 

· If a listener vetoes, ensure that any other listeners can revert to the old value. This means re-issuing the vetoableChange call to all the listeners, with a PropertyChangeEvent containing the old value. 

The VetoableChangeSupport utility class is provided to implement these capabilities. This class implements methods to add and remove VetoableChangeListener objects to a listener list, and a method that fires property change events at each listener in that list when a property change is proposed. This method will also catch any vetoes, and resend the property change event with the original property value. Your bean can either inherit from VetoableChangeSupport, or use an instance of it. 

To create a JavaBean in NetBeans: 

1. Choose File | New File. 

2. In the New File wizard, select the JavaBeans Objects node in the Categories pane. 

3. Select the JavaBeans Component in the File Types pane and click Next. 

4. Enter the desired file name for the Bean and designate the location where you want to place it. Click Finish. 

· You can modify bean properties and event sets for the class from the Bean Patterns subnode. These property and event sets define features of a bean, all of which can be visually manipulated in the IDE or any other building tool that supports beans. 

· You can also use the Bean Patterns subnode to set property and event mechanisms in standard classes that are not written to the JavaBeans architecture. These property and event mechanisms are not recognized when you use introspection. 

For information about the JavaBeans component architecture, including how introspection works, see the JavaBeans web site at java.sun.com/products/javabeans/

Creating a Bean Property

1. In the Projects window, find the class for your bean, expand its node, and right-click Bean Patterns.

2. From the contextual menu, choose Add Property or Add Indexed Property. An indexed property is an array or Vector. The New Property Pattern or New Indexed Property Pattern dialog box appears, enabling you to customize the code to be generated for the property.

3. Type in a name for the property. The name must be a valid Java identifier. When the property is generated, get is added as a prefix to the property name for the getter method and set is added as a prefix for the setter method. For Boolean properties, the IDE adds is to the property name for the getter method.

4. In the Type combo box, select the type of property from the list, or type in a class identifier.

5. In the Mode combo box, select Read Only to generate the getter method, Write Only to generate the setter method, or Read/Write to generate both.

6. Select Bound, Constrained, or both options if applicable. The usefulness of these options is enhanced if you also select the Generate Property Change Support option as described in Step 7. Bound properties fire a PropertyChangeEvent when the property changes. Constrained properties can have their changes vetoed by other beans. Select any combination of these options in the New Property Pattern dialog box:

· Generate Field. Generates a private field with the same name and type as the property.

· Generate Return Statement. Inserts code in the body of the getter method that returns the field, such as return myProperty;

· Generate Set Statement. Inserts code in the body of the setter method that sets the value of the property field to the value of the setter parameter.

· Generate Property Change Support. Generates all code needed for firing PropertyChangeEvents for bound properties and VetoableChangeEvents for constrained properties. Code to declare and initialize the property change support object is also generated.

If you are creating an indexed property, each getter and setter method that is generated with these four options includes a parameter for the index of the element to be read or written. In addition, you can select Non-Index Options to generate getter and setter methods that apply to all elements of the array.

7. Click OK to generate the component property methods for the selected class.

Creating a Bean Event Set 

1. In the Projects window, find the class for your bean, expand its node, and right-click Bean Patterns.

2. In the contextual menu, choose Add | Unicast Event Source or Add | Multicast Event Source. Use the Unicast option to add an event set that is deliverable to only one listener. Use Multicast for an event set that is deliverable to more than one listener. 

The New Unicast/Multicast Event Set dialog box appears, enabling you to customize the code to be generated for the event set. 

3. In the Type field, either type in a fully qualified listener interface name for the event class type or use the combo box to select one. The listener interface must extend java.util.EventListener. 

4. Select one of these options for implementing the event set: 

· Generate Empty. Generates an empty implementation. 

· Generate Implementation. Generates a simple implementation for one listener in a Unicast event set. 

· Generate ArrayList Implementation. Generates a simple implementation for multiple listeners in a Multicast event set. 

· Generate EventListenerList. Generates an implementation using the EventListenerList support class from the javax.swing.event package. This option only appears for Multicast event sets. 

If you selected Generate Empty, skip to Step 7. 

5. If you specified a nonempty implementation in Step 4, the Generate Event Firing Methods checkbox is enabled. Select this checkbox to generate event firing methods for all listeners. A method is generated for every method in the listener interface. 

6. If you selected Generate Event Firing Methods, the Pass Event as Parameter checkbox is enabled. Select this checkbox to add the event as a parameter to each event firing method. The event is passed to the listeners in the body of the firing method. 

If you do not select the Pass Event as Parameter checkbox, each firing method has the same parameters as the constructor of the event object class. The constructor is called in the body of the firing method, and then the newly created event is passed to the listeners. If there are multiple constructors for the event class, the code generator behaves as if the Pass Event as Parameter option is enabled. 

7. Click OK to generate an addEventNameListener method and a RemoveEventNameListener method to your source code, along with firing methods if you specified them. 

For more information about unicast and multicast event delivery and related APIs, see the JavaBeans specification at java.sun.com/beans/docs/spec.html

Deleting a Property or Event Set 

1. In the Projects window, expand the Bean Patterns node for the bean class. 

2. Right-click the property or event set and choose Delete from the contextual menu. 

Adding a Bean to the Palette Window 

You can expand the IDE by adding your own beans to the Palette window for use in visual design. Once the bean is installed, you can select it in the Palette window and add the bean to your forms. You must compile a bean before you can add it to the Palette window. Many beans have their own icons, however, some do not. If the bean you add does not have an icon, the IDE assigns a default icon. To see the name of each installed bean in the Palette window, position the pointer over the bean to view the tool tip. 

· If you alter a JavaBeans component that is used in a form, those changes are not automatically reflected in the Form Editor. To apply any changes you have made to a component and cause them to appear in the form, recompile the component. Then reload the form by pressing Ctrl-R in the Form Editor or the Source Editor. 

To add a bean to the Palette window: 

1. Choose Tools | Palette Manager. 

2. If you want to create a new palette category for the bean, click New Category and enter the desired name before you add the bean. 

3. Click Add from JAR, Add from Library, or Add from Project and complete the wizard to add the bean. 

· NOTE: You can also add a bean to the Palette window by right-clicking the bean's node in the projects window choosing Tools | Add To Palette (much easier). 

Constrained Property Example:
See the zipped examples on our Angel page.

Exercise
Create a BankAccount JavaBean with the balance as a constrained property. Create another JavaBean named ATMMachine that will be used to make withdrawals from a BankAccount instance. Set it up so that the ATMMachine will veto a withdrawal when the BankAccount holds insufficient funds. Finally, create a main class program to test your Beans.






