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The overall goal for the Swing project was: Dt o g L g

To build a set of extensible GUI components to enable developers to| -
more rapidly develop powerful Java front ends for commercial
applications.

To this end, the Swing team established a set of design goals early
in the project that drove the resulting architecture. These guidelines i
mandated that Swing would:

1. Be implemented entirely in Java to promote cross-platform LmE
consistency and easier maintenance.

2. Provide a single APl capable of supporting multiple look-and- |--:- -
feels so that developers and end-users would not be locked

. . Follow this link to
into a single look-and-feel. S

see a poster-sized

char that illustrates
the installation of a

Ul delegate.

3. Enable the power of model-driven programming without
requiring it in the highest-level API.

4. Adhere to JavaBeans™ design principles to ensure that components behave well
in IDEs and builder tools.

5. Provide compatibility with AWT APIs where there is overlapping, to leverage the
AWT knowledge base and ease porting.

Roots in MVVC

Swing architecture is rooted in the model-view-controller (MVC) design that dates back
to SmallTalk. MVC architecture calls for a visual application to be broken up into three
separate parts:

. A model that represents the data for the application.
. The view that is the visual representation of that data.

. A controller that takes user input on the view and translates that to changes in
the model.

N

Early on, MVC was a logical choice for Swing because it provided a basis for meeting
the first three of our design goals within the bounds of the latter two.

The first Swing prototype followed a traditional MVC separation in which each
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component had a separate model object and delegated its look-and-feel
implementation to separate view and controller objects.

The delegate

We quickly discovered that this split didn't work well in practical terms because the
view and controller parts of a component required a tight coupling (for example, it was
very difficult to write a generic controller that didn't know specifics about the view). So
we collapsed these two entities into a single Ul (user-interface) object, as shown in
this diagram:

- ™
Component

)| ot

Y A

(The Ul delegate object shown in this picture is sometimes called a delegate object, or
Ul delegate. The Ul delegate used in Swing is described in more detail in the Pluggable
look-and-feel section of this article, under the subheading "The Ul delegate™.)

As the diagram illustrates, Swing architecture is loosely based -- but not strictly based -
- on the traditional MVC design. In the world of Swing, this new quasi-MVC design is
sometimes referred to a separable model architecture.

Swing's separable model design treats the model part of a component as a separate
element, just as the MVC design does. But Swing collapses the view and controller
parts of each component into a single Ul (user-interface) object.

To MVC or not to MVC?

One noteworthy point is that as an application developer, you should think of a
component's view/controller responsibilities as being handled by the generic
component class (such as. JButton, JTree, and so on). The component class then
delegates the look-and-feel-specific aspects of those responsibilities to the Ul object
that is provided by the currently installed look-and-feel.

For example, the code that implements double-buffered painting is in Swing's
JComponent class (the "mother"” of most Swing component classes), while the code that
renders a JButton's label is in the button's Ul delegate class. The preceding diagram

illustrates this subtle (and often confusing) point:

So Swing does have a strong MVC lineage. But it's also important to reiterate that our
MVC architecture serves two distinct purposes:

. First, separating the model definition from a component facilitates model-driven
programming in Swing.

. Second, the ability to delegate some of a component's view/controller
responsibilities to separate look-and-feel objects provides the basis for Swing's
pluggable look-and-feel architecture.
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Although these two concepts are linked by the MVC design, they may be treated
somewhat orthogonally from the developer's perspective. The remainder of this
document will cover each of these mechanisms in greater detail.

Separable model architecture

It is generally considered good practice to center the architecture of an application
around its data rather than around its user interface. To support this paradigm, Swing
defines a separate model interface for each component that has a logical data or value
abstraction. This separation provides programs with the option of plugging in their own

model implementations for Swing components.

The following table shows the component-to-model mapping for Swing.

’Component ’Model Interface ’Model Type
|J But t on |But t onMbdel |GU|
|JToggI eButton |But t onMbdel |GUI / dat a
|JCheckBox |But t onMbdel |GUI / dat a
|J Radi oBut t on |But t onMbodel |GUI [ dat a
|JMsnu |But t onMbdel |GUI
\IMenul tem But t onMbdel [V
|JCheckBoxMenuI tem |But t onMbdel |GUI / dat a
|JRadi oBut t onMenul tem|But t onMbdel |GUI / dat a
JConboBox | ConboBoxModel |dat a

|J Pr ogr essBar |BoundedRangerdeI |GUI / dat a
|JScroI | Bar |BoundedRangel\/bdeI |GUI / dat a
|JSI i der |BoundedRangel\/bdeI |GUI / dat a
|JTabbedPane |Si ngl eSel ect i onModel |GUI

JLi st |Li st Model dat a

|J Li st |Li st Sel ect i onModel |GU|

|JTabI e |Tab| eModel |dat a
|JTabI e |Tab| eCol utmMbdel |GUI

|JTr ee |Tr eeModel |dat a

|JTr ee |Tr eeSel ecti onModel |GUI

|JEdi t or Pane |Document |dat a
|JText Pane |Documant |dat a
|JTextArea |Document |dat a
|JText Field |Documant |dat a

|J Passwor dFi el d |Document |dat a

http://java.sun.com/products/jfc/tsc/articles/architecture/index.html (4 of 21) [3/12/2003 4:13:46 PM]



The Swing Connection

GUI-state vs. application-data models

The models provided by Swing fall into two general categories: GUI-state models and
application-data models.

GUI-state models

GUI state models are interfaces that define the visual status of a GUI control, such as
whether a button is pressed or armed, or which items are selected in a list. GUI-state
models typically are relevant only in the context of a graphical user interface (GUI).
While it is often useful to develop programs using GUI-state model separation --
particularly if multiple GUI controls are linked to a common state (such as in a shared
whiteboard program), or if manipulating one control automatically changes the value
of another -- the use of GUI-state models is not required by Swing. It is possible to
manipulate the state of a GUI control through top-level methods on the component,
without any direct interaction with the model at all. In the preceding table, GUI-state
models in Swing are highlighted in blue.

Application-data models

An application-data model is an interface that represents some quantifiable data that
has meaning primarily in the context of the application, such as the value of a cell in a
table or the items displayed in a list. These data models provide a very powerful
programming paradigm for Swing programs that need a clean separation between
their application data/logic and their GUI. For truly data-centric Swing components,
such as JTree and JTable, interaction with the data model is strongly recommended.
Application-data models are highlighted in red in the table presented at the beginning
of this section.

Of course with some components, the model categorization falls somewhere in
between GUI state models and application-data models, depending on the context in
which the model is used. This is the case with the BoundedRangeMbdel on JSli der or
JProgressBar . These models are highlighted in purple in the preceding table.

Swing's separable model APl makes no specific distinctions between GUI state models
and application-data models; however, we have clarified this difference here to give
developers a better understanding of when and why they might wish to program with
the separable models.

Shared model definitions

Referring again to the table at the beginning of this section, notice that model
definitions are shared across components in cases where the data abstraction for each
component is similar enough to support a single interface without over-genericizing
that interface. Common models enable automatic connectability between component
types. For example, because both JSli der and JScrol | bar use the BoundedRangeMvdel
interface, a single BoundedRangeMbddel instance could be plugged into both a JScr ol | bar
and a JSli der and their visual state would always remain in sync.

http://java.sun.com/products/jfc/tsc/articles/architecture/index.html (5 of 21) [3/12/2003 4:13:46 PM]



The Swing Connection

JScrollBar

The separable-model API

Swing components that define models support a JavaBeans bound property for the
model. For example, JSl i der uses the BoundedRangeMdel interface for its model
definition. Consequently, it includes the following methods:

publ i ¢ BoundedRangehMbdel get Model ()
public void set Model (BoundedRangeMbdel nodel)

All Swing components have one thing in common: If you don't set your own model, a
default is created and installed internally in the component. The naming convention for
these default model classes is to prepend the interface name with "Default.” For

JSl i der, a Def aul t BoundedRangeMydel object is instantiated in its constructor:

public JSlider(int orientation, int mn,
int max, int val ue)
{

checkOrientation(orientation);
this.orientation = orientation;
this.nodel =
new Def aul t BoundedRangehMbdel (val ue, 0, nmin, max);
t hi s. nodel . addChangelLi st ener (changeli st ener);
updat eUl () ;

If a program subsequently calls set Model (), this default model is replaced, as in the
following example:

JSlider slider = new JSlider();
BoundedRangeModel mnyModel =
new Def aul t BoundedRangeModel () {
public void setValue(int n) {
System out. println("SetValue: "+ n);
super . set Val ue(n);

}
1)
sl i der. set Mbdel ( nyModel ) ;

For more complex models (such as those for JTabl e and JLi st ), an abstract model
implementation is also provided to enable developers to create their own models
without starting from scratch. These classes are prepended with "Abstract".

For example, JLi st' s model interface is Li st Model , which provides both
Def aul t Li st Model and Abstract Li st Model classes to help the developer in building a
list model.
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Model change notification

Models must be able to notify any interested parties (such as views) when their data or
value changes. Swing models use the JavaBeans Event model for the implementation
of this notification. There are two approaches for this notification used in Swing:

. Send a lightweight notification that the state has "changed" and require the
listener to respond by sending a query back to the model to find out what has
changed. The advantage of this approach is that a single event instance can be
used for all notifications from a particular model -- which is highly desirable
when the notifications tend to be high in frequency (such as when a JScr ol | Bar
is dragged).

. Send a stateful notification that describes more precisely how the model has
changed. This alternative requires a new event instance for each notification. It
is desirable when a generic notification doesn't provide the listener with enough
information to determine efficiently what has changed by querying the model
(such as when a column of cells change value in a JTabl e).

Lightweight notification

The following models in Swing use the lightweight notification, which is based on the
Changeli st ener/ ChangeEvent API:

Model Listener Event

BoundedRangeModel ChangelListener |ChangeEvent
ButtonModel Changelistener |ChangeEvent
SingleSelectionModel ChangelListener ChangeEvent

The Changelistener interface has a single generic method:

public void stateChanged(ChangeEvent e)

The only state in a ChangeEvent is the event "source."” Because the source is always

the same across notifications, a single instance can be used for all notifications from a
particular model. Models that use this mechanism support the following methods to
add and remove Changelisteners:

publ i c void addChangeli st ener (ChangelLi stener 1)
public void renoveChangeli st ener (ChangelLi stener |)

Therefore, to be notified when the value of a JSIi der has changed, the code might
look like this:

JSlider slider = new JSlider();
BoundedRangeMbdel nodel = slider. getMdel ();
nodel . addChangelLi st ener (new Changeli stener () {
public void stateChanged(ChangeEvent e) {

/'l need to query the nodel

/1 to get updated val ue...

BoundedRangeModel m =

(BoundedRangehbdel ) e. get Sour ce() ;
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System out . println("nodel changed: " +
m get Val ue());

}
s

To provide convenience for programs that don't wish to deal with separate model
objects, some Swing component classes also provide the ability to register
Changelisteners directly on the component (so the component can listen for changes
on the model internally and then propagates those events to any listeners registered
directly on the component). The only difference between these notifications is that for
the model case, the event source is the model instance, while for the component case,
the source is the component.

So we could simplify the preceding example to:

JSlider slider = new JSlider();
sl i der. addChangeli st ener (new Changeli stener() {
public void stateChanged(ChangeEvent e) {
/1 the source will be
/1 the slider this tine..
JSlider s = (JSlider)e.getSource();
System out. println("value changed: " +
s. get Val ue());

1)

Stateful notification

Models that support stateful notification provide event Listener interfaces and event
objects specific to their purpose. The following table shows the breakdown for those

models:
|Mode| ’Listener ’Event
’ ListModel ’ ListDataListener ’ ListDataEvent

’ListSeIectionModel ’ListSeIectionListener ’ListSeIectionEvent

’ComboBoxModeI ’ ListDataListener ’ ListDataEvent

’TreeModeI ’TreeModeIListener ’TreeModeIEvent

’TreeSeIectionModeI ’TreeSeIectionListener ’TreeSeIectionEvent

’TabIeModeI ’TableModeIListener ’TabIeModeIEvent

TableColumnModel- |TableColumnModel-

TableColumnModel

Listener Event
’Document ’DocumentListener ’DocumentEvent
’Document ’UndoabIeEditListener ’UndoabIeEditEvent

The usage of these APIs is similar to the lightweight notification, except that the
listener can query the event object directly to find out what has changed. For example,
the following code dynamically tracks the selected item in a JList:

String items[] = {"One", "Two", "Three");
JList list = new JList(itens);
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Li st Sel ecti onModel sModel = |ist.getSel ectionMdel ();
sModel . addLi st Sel ecti onLi st ener
(new Li st Sel ectionListener() {
public void val ueChanged(Li st Sel ecti onEvent e) {
/'l get change information directly
/1 fromthe event instance...
if (!'e.getValuelsAdjusting()) {
System out. println("sel ection changed: " +
e.getFirstlndex());

}
1)

Automatic View Updates

A model does not have any intrinsic knowledge of the view that represents it. (This
requirement is critical to enable multiple views on the same model). Instead, a model
has only a list of listeners interested in knowing when its state has changed. A Swing
component takes responsibility for hooking up the appropriate model listener so that it
can appropriately repaint itself as the model changes (if you find that a component is
not updating automatically when the model changes, it is a bug!). This is true whether
a default internal model is used or whether a program installs its own model
implementation.

Ignoring models completely

As mentioned previously, most components provide the model-defined API directly in
the component class so that the component can be manipulated without interacting
with the model at all. This is considered perfectly acceptable programming practice
(especially for the GUI-state models). For example, following is JSl i der's
implementation of get Val ue() , which internally delegates the method call to its model:

public int getValue() {
return get Model (). get Val ue();
}
And so programs can simply do the following:

JSlider slider = new JSlider();
int value = slider.getValue();
//what's a "nodel," anyway?

Separable model summary

So while it's useful to understand how Swing's model design works, it isn't necessary
to use the model API for all aspects of Swing programming. You should carefully
consider your application's individual needs and determine where the model API will
enhance your code without introducing unnecessary complexity.

In particular, we recommend the usage of the Application-Data category of models for
Swing (models for JTabl e, JTree, and the like) because they can greatly enhance the
scalability and modularity of your application over the long run.
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Pluggable look-and-feel architecture

Swing's pluggable look-and-feel architecture allows us to provide a single component
API without dictating a particular look-and-feel. The Swing toolkit provides a default
set of look-and-feels; however, the API is "open" -- a design that additionally allows
developers to create new look-and-feel implementations by either extending an
existing look-and-feel or creating one from scratch. Although the pluggable look-and-
feel API is extensible, it was intentionally designed at a level below the basic
component API in such a way that a developer does not need to understand its
intricate details to build Swing GUIs. (But if you want to know, read on . . .)

While we don't expect (or advise) the majority of developers to create new look-and-
feel implementations, we realize PL&F is a very powerful feature for a subset of
applications that want to create a unique identity. As it turns out, PL&F is also ideally
suited for use in building GUIs that are accessible to users with disabilities, such as
visually impaired users or users who cannot operate a mouse.

In a nutshell, pluggable look-and-feel design simply means that the portion of a
component's implementation that deals with the presentation (the look) and event-
handling (the feel) is delegated to a separate Ul object supplied by the currently
installed look-and-feel, which can be changed at runtime.

The pluggable look-and-feel API
The pluggable look-and-feel API includes:

. Some small hooks in the Swing component classes.
. Some top-level API for look-and-feel management.

. A more complex API that actually implements look-and-feels in separate
packages.

The component hooks

Each Swing component that has look-and-feel-specific behavior defines an abstract
class in the swi ng. pl af package to represent its Ul delegate. The naming convention
for these classes is to take the class name for the component, remove the "J" prefix,
and append "UL." For example, JBut t on defines its Ul delegate with the plaf class
ButtonUl .

The Ul delegate is created in the component's constructor and is accessible as a
JavaBeans bound property on the component. For example, JScrol | Bar provides the
following methods to access its Ul delegate:

public ScrollBarU getU ()
public void setU (ScrollBarU ui)

This process of creating a Ul delegate and setting it as the "Ul" property for a
component is essentially the "installation" of a component's look-and-feel.

Each component also provides a method which creates and sets a Ul delegate for the
"default" look-and-feel (this method is used by the constructor when doing the
installation):
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public void updateU ()

A look-and-feel implementation provides concrete subclasses for each abstract plaf Ul
class. For example, the Windows look-and-feel defines W ndowsBut t onUl , a

W ndowsScrol | Bar Ul , and so on. When a component installs its Ul delegate, it must
have a way to look up the appropriate concrete class name for the current default look-
and-feel dynamically. This operation is performed using a hash table in which the key
is defined programmatically by the get U d assl D() method in the component. The
convention is to use the plaf abstract class name for these keys. For example,

JScrol | bar provides:

public String getU dasslD() {
return "Scrol |l BarU";

}

Consequently, the hash table in the Windows look-and-feel will provide an entry that
maps "ScrollBarUl" to

"com.sun.java.swing.plaf.windows.WindowsScrollBarUI"
Look-and-feel management

Swing defines an abstract LookAndFeel class that represents all the information central
to a look-and-feel implementation, such as its name, its description, whether it's a
native look-and-feel -- and in particular, a hash table (known as the "Defaults Table")
for storing default values for various look-and-feel attributes, such as colors and fonts.

Each look-and-feel implementation defines a subclass of LookAndFeel (for example,
swi ng. pl af . noti f. MotifLookAndFeel ) to provide Swing with the necessary information
to manage the look-and-feel.

The UlManager is the API through which components and programs access look-and-
feel information (they should rarely, if ever, talk directly to a LookAndFeel instance).
Ul Manager is responsible for keeping track of which LookAndFeel classes are available,
which are installed, and which is currently the default. The U Manager also manages
access to the Defaults Table for the current look-and-feel.

The 'default' look and feel

The Ul Manager also provides methods for getting and setting the current default
LookAndFeel :

public static LookAndFeel
get LookAndFeel ()

public static void
set LookAndFeel (LookAndFeel newLookAndFeel )

public static void
set LookAndFeel (String cl assNamne)

As a default look-and-feel, Swing initializes the cross-platform Java™ look and feel
(formerly known as "Metal"). However, if a Swing program wants to set the default
Look-and-Feel explicitly, it can do that using the Ul Manager . set LookAndFeel () method.
For example, the following code sample will set the default Look-and-Feel to be
CDE/Motif:

U Manager . set LookAndFeel (
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"com sun. java. swi ng. pl af . moti f. Moti f LookAndFeel ") ;

Sometimes an application may not want to specify a particular look-and-feel, but
instead wants to configure a look-and-feel in such a way that it dynamically matches
whatever platform it happens to be running on (for instance, the. Windows look-and-
feel if it is running on Windows NT, or CDE/Motif if it running on Solaris). Or, perhaps,
an application might want to lock down the look-and-feel to the cross-platform Java
look and feel.

The Ul Manager provides the following static methods to programmatically obtain the
appropriate LookAndFeel class names for each of these cases:

public static String
get Syst enLookAndFeel O assNane()
public static String
get CrossPI at f or mLookAndFeel Cl assName()

So, to ensure that a program always runs in the platform’s system look-and-feel, the
code might look like this:

U Manager . set LookAndFeel (
U Manager . get Syst enLookAndFeel C assName()) ;

Dynamically Changing the Default Look-and-Feel

When a Swing application programmatically sets the look-and-feel (as described
above), the ideal place to do so is before any Swing components are instantiated. This
is because the Ul Manager . set LookAndFeel () method makes a particular LookAndFeel

the current default by loading and initializing that LookAndFeel instance, but it does not
automatically cause any existing components to change their look-and-feel.

Remember that components initialize their Ul delegate at construct time, therefore, if
the current default changes after they are constructed, they will not automatically
update their Uls accordingly. It is up to the program to implement this dynamic
switching by traversing the containment hierarchy and updating the components
individually. (NOTE: Swing provides the Swi ngUtilities. updat eConponent TreeUl ()
method to assist with this process).

The look-and-feel of a component can be updated at any time to match the current
default by invoking its updat eUl () method, which uses the following static method on
Ul Manager to get the appropriate Ul delegate:

public static ConmponentU get U (JConponent c)

For example, the implementation of updat eUl () for the JScrollBar looks like the
following:

public void updateUl () {
set Ul ((Scrol | BarUl) Ul Manager.getU (this));

}

And so if a program needs to change the look-and-feel of a GUI hierarchy after it was
instantiated, the code might look like the following:

/1 QU already instantiated, where nyfrane
/1 is top-level frame

try {

U Manager . set LookAndFeel (
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"com sun. java. swi ng. pl af . noti f. Moti f LookAndFeel ") ;
myf rane. set Cur sor (
Cur sor . get Predefi nedCur sor (Cursor. WAI T_CURSCR) ) ;
SwingUtilities.updateConponent TreeUl (nyfrane);
myfrane. val i date();

} catch (UnsupportedLookAndFeel Exception e) {

} finally {
myf rane. set Cur sor

(Cursor. get Predefi nedCur sor
(Cursor. DEFAULT_CURSCR) ) ;

Managing look-and-feel data

The Ul Manager defines a static class, named Ul Manager . LookAndFeel I nf o, for storing
the high-level name (such as. "Metal™) and particular class name (such as
"com.sun.java.swing.plaf.MetalLookAndFeel") for a LookAndFeel . It uses these classes
internally to manage the known LookAndFeel objects. This information can be accessed
from the Ul Manager via the following static methods:

public static LookAndFeel | nfo[]
get | nst al | edLookAndFeel s()

public static void
set I nst al | edLookAndFeel s(LookAndFeel I nfo[] i nfos)
t hrows SecurityException

public static void
i nst al | LookAndFeel (LookAndFeel I nfo i nf o)

public static void
i nstal | LookAndFeel (String nanme, String classNane)

These methods can be used to programmatically determine which look-and-feel
implementations are available, which is useful when building user interfaces which
allow the end-user to dynamically select a look-and-feel.

The look-and-feel packages

The Ul delegate classes provided in swi ng. pl af (ButtonUl, Scroll BarU, and so on)
define the precise API that a component can use to interact with the Ul delegate
instance. (NOTE: Interfaces were originally used here, but they were replaced with
abstract classes because we felt the APl was not mature enough to withstand the
concrete casting of an interface.) These plaf APIs are the root of all look-and-feel
implementations.

Each look-and-feel implementation provides concrete subclasses of these abstract plaf
classes. All such classes defined by a particular look-and-feel implementation are
contained in a separate package under the swi ng. pl af package (for example,.

swi ng. pl af . noti f, swing.plaf.nmetal, and so on). A look-and-feel package contains
the following:

. The LookAndFeel subclass (for instance, Met al LookAndFeel ).

. All look-and-feel's Ul delegate classes (for example, Met al But t onUl ,
Met al TreeUl, and the like).

. Any look-and-feel utility classes (Met al Graphi csUils, MetallconFactory, and so
on).
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. Other resources associated with the look-and-feel, such as image files.

In implementing the various Swing look-and-feels, we soon discovered that there was
a lot of commonality among them. We factored out this common code into a base look-
and-feel implementation (called "basic") which extends the plaf abstract classes and
from which the specific look-and-feel implementations (motif, windows, and so on.)
extend. The basic look-and-feel package supports building a desktop-level look-and-
feel, such as Windows or CDE/Motif.

The basic look-and-feel package is just one example of how to build a pluggable look-
and-feel; the architecture is flexible enough to accommodate other approaches as well.

The remainder of this document will show how a look-and-feel package works at the
generic level, leaving the details on the basic package for a future document.

WARNING: All APIs defined below the swi ng. pl af package are not frozen in the 1.0.X
version of Swing. We are currently cleaning up those APIs for the version of Swing that
will ship with JDK1.2beta4, at which time they will become frozen. So if you are
developing your own look-and-feel implementation using the 1.0.1 API, this is likely to
affect you.

The LookAndFeel Subclass

The LookAndFeel class defines the following abstract methods, which all subclasses
must implement:

public String getName();

public String getlD();

public String getDescription();

publ i c bool ean i sNativeLookAndFeel ();
publ i ¢ bool ean i sSupportedLookAndFeel ();

The get Nanme(), get I D(), and get Descri pti on() methods provide generic information
about the look-and-feel.

The i sNat i veLookAndFeel () method returns t r ue if the look-and-feel is native to the
current platform. For example, Mt i f LookAndFeel returns true if it is currently running
on the Solaris platform, and returns f al se otherwise.

The i sSupport edLookAndFeel () method returns whether or not this look-and-feel is
authorized to run on the current platform. For example, W ndowsLookAndFeel returns
true only if it is running on a Windows 95, Windows 98, or Windows NT machine.

A LookAndFeel class also provides methods for initialization and uninitialization:

public void initialize()
public void uninitialize()

Theinitialize() method is invoked by the U Manager when the LookAndFeel is made
the "default” using the Ul Manager . set LookAndFeel () method. uninitialize()is invoked
by the Ul Manager when the LookAndFeel is about to be replaced as the default.

The Defaults Table

Finally, the LookAndFeel class provides a method to return the look-and-feel's
implementation of the Defaults Table:
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public Ul Defaults getDefaults()

The Defaults Table is represented by the UlDefaults class, a direct extension of
java.util.Hashtabl e, which adds methods for accessing specific types of information
about a look-and-feel. This table must include all the Ul d assl D-t o- cl assname mapping
information, as well as any default values for presentation-related properties (such as
color, font, border, and icon) for each Ul delegate. For example, following is a sample
of what a fragment of get Def aul t s() might look like for a hypothetical look-and-feel in
a package called "mi ne":

public U Defaults getDefaults() ({
U Defaults table = new Ul Defaul ts();
oj ect[] uiDefaults = {

"ButtonU ", "m ne. M\yBut t onUl ",
"CheckBoxU ", "m ne. MyCheckBoxU ",
"MenuBaru", "mne. \yMenuBarul ",

"Butt on. backgr ound",

new Col or Ul Resour ce( Col or. gray),
"But ton. f oreground”,

new Col or Ul Resour ce( Col or. bl ack),
"Button.font",

new Font U Resour ce("Di al og", Font.PLAIN, 12),
" CheckBox. backgr ound",

new Col or Ul Resource(Col or. |ightGay),
" CheckBox. font ",

new Font U Resour ce("Di al og", Font.BOLD, 12),

}
tabl e. put Def aul t s(ui Defaul ts);

return table;

When the default look-and-feel is set with Ul Manager . set LookAndFeel (), the Ul Manager
calls get Def aul t s() on the new LookAndFeel instance and stores the hash table it
returns. Subsequent calls to the Ul Manager' s lookup methods will be applied to this
table. For example, after making "mine" the default Look-and-Feel:

U Manager.get ("ButtonU ") => "m ne. MyButtonU "

The Ul classes access their default information in the same way. For example, our
example ButtonUl class would initialize the JBut t on's "background" property like this:

but t on. set Backgr ound(
U Manager . get Col or (" But t on. backgr ound") ;

The defaults are organized this way to allow developers to override them. More detail
about Swing's Defaults mechanism will be published in a future article.

Distinguishing between Ul-set and app-set properties

Swing allows applications to set property values (such as color and font) individually
on components. So it's critical to make sure that these values don't get clobbered
when a look-and-feel sets up its "default" properties for the component.

This is not an issue the first time a Ul delegate is installed on a component (at
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construct time) because all properties will be uninitialized and legally settable by the
look-and-feel. The problem occurs when the application sets individual properties after
component construction and then subsequently sets a new look-and-feel (that is,
dynamic look-and-feel switching). This means that the look-and-feel must be able to
distinguish between property values set by the application, and those set by a look-
and-feel.

This issue is handled by marking all values set by the look-and-feel with the

pl af . Ul Resour ce interface. The pl af package provides a set of "marked" classes for
representing these values, Col or Ul Resour ce, Font Ul Resour ce, and Bor der Ul Resour ce.
The preceding code example shows the usage of these classes to mark the default
property values for the hypothetical MyBut t onUl class.

The Ul delegate

The superclass of all Ul Delegate classes is swi ng. pl af . Conponent Ul . This class
contains the primary "machinery" for making the pluggable look-and-feel work. Its
methods deal with Ul installation and uninstallation, and with delegation of a
component's geometry-handling and painting.

Many of the Ul Delegate subclasses also provide additional methods specific to their
own required interaction with the component; however, this document focuses
primarily on the generic mechanism implemented by Conponent Ul .

Ul installation and deinstallation

First off, the ComponentUl class defines these methods methods for Ul delegate
installation and uninstallation:

public void install U (JConponent c)
public void uninstall U (JConponent c)

Looking at the implementation of JConponent . set Ul () (which is always invoked from
the set U method on JComponent subclasses), we can clearly see how Ul delegate
installation/de-installation works:

protected void setU (ConmponentU newldl) ({
if (ui '=null) {
ui.uninstallU (this);

}

Component Ul ol dUl = ui;
ui = newd;

if (ui '=null) {

ui.install U (this);

i nval idate();
firePropertyChange("U ™", oldU, newlU);

Ul installation illustrated

This article comes with a giant poster-size chart that illustrates the process
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installing a Ul delegate. It can provide you with a valuable overview of the
delegate-installation process.

To fold out the chart, just follow this link

The Ul delegate's i nstal | U () method is responsible for the following:

. Set default font, color, border, and opacity properties on the component.
. Install an appropriate layout manager on the component.

. Add any appropriate child subcomponents to the component

. Register any required event listeners on the component.

. Register any look-and-feel-specific keyboard actions (mnemonics, etc.)for the
component.

. Register appropriate model listeners to be notified when to repaint.

. Initialize any appropriate instance data.

For example, the i nstal | Ul () method for an extension of ButtonUIl might look like
this:

prot ected MyMouselLi st ener nouseli st ener;
prot ected MyChangeli st ener changeli st ener

public void installU (JConmponent c) {
AbstractButton b = (AbstractButton)c;

/1 Install default colors & opacity
Col or bg = c. get Background();
if (bg == null || bg instanceof U Resource) {
c. set Backgr ound(
Ul Manager . get Col or (" But t on. background"));
}
Color fg = c.getForeground();
if (fg == null || fg instanceof U Resource) {
c. set For egr ound(
U Manager . get Col or (" Butt on. foreground"));
}

c. set Opaque(fal se);

/1 Install listeners
nouseli st ener = new MyMouselLi st ener();
c. addMouseli st ener (nouseli st ener) ;
c. addMouseMot i onLi st ener (nobuselLi st ener) ;
changeli st ener = new MyChangelLi st ener();
b. addChangeli st ener (changelLi st ener);

Conventions for initializing component properties

Swing defines a number of conventions for initializing component properties at install-
time, including the following:
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1. All values used for setting colors, font, and border properties should be obtained
from the Defaults table (as described in the subsection on the LookAndFeel
subclass).

2. Color, font and border properties should be set if -- and only if -- the application
has not already set them.

To facilitate convention No 1, the Ul Manager class provides a number of static methods

to extract property values of a particular type (for instance, the static methods
Ul Manager . get Col or (), Ul Manager. get Font (), and so on).

Convention No. 2 is implemented by always checking for either a nul | value or an
instance of U Resour ce before setting the property.

The Conponent Ul 's uni nst al | () method must carefully undo everything that was done
in the instal | U () method so that the component is left in a pristine state for the next
Ul delegate. The uni nstal | () method is responsible for:

. Clearing the border property if it has been set by i nstal | Ul ().

. Remove the layout manager if it had been set by i nstal | Ul ().

. Remove any subcomponents added by i nstal | Ul ().

. Remove any event/model listeners that were added by instal |l Ul ().

. Remove any look-and-feel-specific keyboard actions that were installed by
installU ().

. Nullify any initialized instance data (to allow GC to clean up).

For example, an uni nstal | () method to undo what we did in the above example
installation might look like this:

public void uninstall U (JConmponent c¢) {
AbstractButton b = (AbstractButton)c;

/1 Uninstall |isteners

c. renoveMuseli st ener (mouseli st ener);
c.renmoveMbuseMt i onLi st ener (mouseli st ener) ;
nmouseli stener = nul | ;

b. removeChangeli st ener (changeli st ener);
changeLi stener = nul | ;

Defining geometry

In the AWT (and thus in Swing) a container's LayoutManager will layout the child
components according to its defined algorithm; this is known as "validation" of a
containment hierarchy. Typically LayoutManagers will query the child components’
preferredSize property (and sometimes minimumsSize and/or maximumsSize as well,
depending on the algorithm) in order to determine precisely how to position and size
those children.

Obviously, these geometry properties are something that a look-and-feel usually needs
to define for a given component, so Conponent Ul provides the following methods for
this purpose:

public Di mension

http://java.sun.com/products/jfc/tsc/articles/architecture/index.html (18 of 21) [3/12/2003 4:13:46 PM]



The Swing Connection

get Pref erredSi ze(JConponent c¢)
publ i c Di mension
get M ni munsSi ze(JConponent c)
publ i c D nension
get Maxi munsSi ze(JConponent c)
publ i c bool ean
cont ai ns(JConponent ¢, int x, int vy)

JComponent 's parallel methods (which are invoked by the LayoutManager during
validation) then simply delegate to the Ul object's geometry methods if the geometry
property was not explicitly set by the program. Below is the implementation of
JConponent . get Pref erredSi ze() which shows this delegation:

public Di mension getPreferredSi ze() {
if (preferredSize !'= null) {
return preferredSi ze;

}
Di mension size = null;
if (ui '=null) {
size = ui.getPreferredSi ze(this);
}
return (size !'= null) ? size :

super . get PreferredSi ze();

Even though the bounding box for all components is a Rectangle, it's possible

to simulate a non-rectangular component by overriding the implementation of the
cont ai ns() method from j ava. awt . Conponent . (This method is used for the hit-testing
of mouse events). But, like the other geometry properties in Swing, the Ul delegate
defines its own version of the cont ai ns() method, which is also delegated to by
JConponent . contai ns() :

publ i c bool ean contains(JConponent c, int x, int y) {
return (ui !'=null) ?
ui.contains(this, x, y)
super.contai ns(x, Y);

So a Ul delegate could provide non-rectangular "feel" by defining a particular
implementation of cont ai ns() (for example, if we wanted our MyBut t onUl class to
implement a button with rounded corners).

Painting

Finally, the Ul delegate must paint the component appropriately, hence Conponent Ul
has the following methods:

public void paint(Gaphics g, JConponent c)
public void update(G aphics g, JConmponent c)

And once again, JConponent . pai nt Conponent () takes care to delegate the painting:

protected voi d pai nt Conponent (G aphics g) {
if (ui '=null) {
Graphi cs scratchGraphics =
Swi ngGr aphi cs. cr eat eSwi ngG aphi cs(g.create());

try {
ui . updat e(scrat chGraphi cs, this);
}

finally {
scrat chG aphi cs. di spose();
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Similarly to the way in which things are done in AWT, the Ul delegate's updat e()
method clears the background (if opaque) and then invokes its pai nt () method, which
is ultimately responsible for rendering the contents of the component.

Stateless vs. stateful delegates

All the methods on Conponent Ul take a JConponent object as a parameter. This
convention enables a stateless implementation of a Ul delegate (because the delegate
can always query back to the specified component instance for state information).
Stateless Ul delegate implementations allow a single Ul delegate instance to be used
for all instances of that component class, which can significantly reduce the number of
objects instantiated.

This approach works well for many of the simpler GUI components. But for more
complex components, we found it not to be a "win" because the inefficiency created by
constant state recalculations was worse than creating extra objects (especially since
the number of complex GUI components created in a given program tends to be
small).

The Conponent Ul class defines a static method for returning a delegate instance:

public static Conponent Ul
creat eUl (JConponent c)

It's the implementation of this method that determines whether the delegate is
stateless or stateful. That's because the Ul Manager. get U () method invoked by the
component to create the Ul delegate internally invokes this cr eat eUl method on the
delegate class to get the instance.

The Swing look-and-feel implementations use both types of delegates. For example,
Swing's Basi cButt onUl class implements a stateless delegate:

/1 Shared U object
protected static ButtonU buttonU ;

public static ConmponentU createU (JConponent c)
if(buttonU == null) {
buttonU = new Basi cButtonUl ();
}

return buttonU ;

While Swing's Basi cTabbedPaneU uses the stateful approach:

public static ConmponentU createU (JConponent c)
return new Basi cTabbedPaneUl () ;
}

Pluggable Look-and-Feel summary

The pluggable look-and-feel feature of Swing is both powerful and complex (which you
understand if you've gotten this far!). It is designed to be programmed by a small
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subset of developers who have a particular need to develop a new look-and-feel
implementation. In general, application developers only need to understand the
capabilities of this mechanism in order to decide how they wish to support look-and-
feels (such as whether to lock-down the program to a single look-and-feel or support
look-and-feel configuration by the user). Swing's Ul Manager provides the API for
applications to manage the look-and-feel at this level.

If you're one of those developers who needs (or wants) to develop a custom look-and-
feel, it's critical to understand these underpinnings before you write a single line of
code. We're working on providing better documentation to help with this process --
starting with this document, and continuing with others that will follow soon.
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