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Preface

When Java was first released, its user interface facilities were a significant weakness. The Abstract Window Toolkit
(AWT) was part of the JDK from the beginning, but it really wasn't sufficient to support a complex user interface. It
supported everything you could do in an HTML form and provided free-standing frames, menus, and a few other
objects, but you'd be hard-pressed to implement an application as complex as Quicken or Lotus Notes. AWT also had
its share of portability problems; it relied heavily on the runtime platform's native user interface components, and it
wasn't always possible to hide differences in the way these components behaved.

JDK 1.1 fixed a number of problems—most notably, it introduced a new event model that was much more efficient
and easier to use—but it didn't make any major additions to the basic components. We got a ScrollPane and a
PopupMenu, but that was about it. Furthermore, AWT still relied on the native components and therefore continued

to have portability problems.

In April 1997, Sun's Java group (then called JavaSoft) announced the Java Foundation Classes, or JFC, which
supersedes (and includes) AWT. A major part of the JFC was a set of much more complete, flexible, and portable
user interface components called "Swing." (The JFC also includes a comprehensive facility for 2D graphics, printing,
and Drag and Drop.) With Swing, you can design interfaces with tree components, tables, tabbed dialogs, tooltips,
and a growing set of other features that computer users are accustomed to.

In addition to the new components, Swing made three major improvements to the AWT. First, Swing doesn't rely on
the runtime platform's native components. It's written entirely in Java and creates its own components. This approach
solved most of the portability problems since components don't inherit weird behaviors from the runtime environment
or do they work against its grain. Second, because Swing is in complete control of the components, it's in control of
the way components look on the screen and gives you more control over how your applications look. You can choose
between several pre-built "look-and-feels" (L&Fs), or you can create your own if you want your software to show your
personal style (more appropriate for games than for daily productivity software, of course). This feature is called
"Pluggable Look-and-Feel," or PLAF. Third, Swing makes a very clear distinction between the data a component
displays (the "model") and the actual display (the "view"). While the fine points of this distinction are appreciated
mostly by computer scientists, it has important implications for all developers. This separation means that
components are extremely flexible. It's easy to adapt components to display new kinds of data that their original
design didn't anticipate or to change the way a component looks without getting tangled up in assumptions about the
data it represents.

The first official release of Swing, for use with JDK 1.1, took place in the spring of 1998. Swing (and the rest of JFC)
was built into Java 2 and revolutionized Java user interface development. The Swing components continue to evolve
with Java, and Java 2 SDK 1.4 is the best version yet. This book shows you how to join the revolution.
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What This Book Covers

This book gives a complete introduction to the entire Swing component set. Of course, it shows you how to use all of
the components: how to display them on the screen, register for events, and get information from them. You'd expect
that in any Swing book. This book goes much further. It goes into detail about the model-delegate architecture behind
the components and discusses all of the data models. Understanding the models is essential when you're working on
an application that requires something significantly different from the components' default behavior. For example, if
you need a component that displays a different data type or one that structures data in some nonstandard way, you'll
need to work with the data models. This book also discusses how to write "accessible" user interfaces and how to
create your own look-and-feel.

There are a few topics this book doesn't cover, despite its girth. We assume you know the Java language. For Swing,
it's particularly important to have a good grasp of inner classes (both named and anonymous), which are used by
Swing itself and in our examples. We assume that you understand the JDK 1.1 event model, Java's mechanism for
communicating between asynchronous threads. Swing introduced many new event types, all of which are discussed
in this book, but we provide only an overview of the event mechanism as a whole. We also assume that you
understand the older AWT components, particularly the Component and Container classes, which are
superclasses of the Swing's JComponent. We assume that you understand the AWT layout managers, all of which

are usable within Swing applications. If you are new to Java, or would Ii review, you can find a complete

discussion of these topics in the Java AWT Reference by John Zukowsk L or a solid introduction irLearning Java by
Pat Niemeyer and Jonathan Knudsen (both published by O'Reilly). We do not assume that you know anything about
other JFC topics, like Java 2D—check out Java 2D by Jonathan Knudsen for that; all the drawing and font
manipulation in this book can be done with AWT. (We do cover the JFC Accessibility API, which is supported by
every Swing component, as well as the drag-and-drop facility, since this functionality is a requirement for modern

user interfaces.)

(1] PDFs for theJava AWT Reference are available at this book's web site,
ttp://www.oreilly.com/catalog/jswingd.

The major Swing classes fall into the following packages:

javax.accessibility

Classes that support accessibility for people who have difficulty using standard user interfaces. Covered in
hapter 25.

javax.swing

The bulk of the Swing components. Covered in l:hapter ii-k:hapter lz‘ andl:hapter 27|—khapter Zd

javax.swing.border

Classes for drawing fancy borders around components. Covered in .
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javax.swing.colorchooser
Classes providing support for theJColorChooser component. Covered in
javax.swing.event
Swing events. Covered throughout the book.
javax.swing.filechooser
Classes providing support for theJFileChooser component. Covered in
javax.swing.plaf

Classes supporting the PLAF, including classes that implement the Metal and Multi L&Fs. (Implementations
of the Windows and Motif L&Fs are packaged under com.sun.java.swing.plaf, and the Macintosh Aqua

L&F is under com.apple.mrj.swing.) Covered in.

javax.swing.table

Classes i rovidini support for the JTable component JTable itself is injavax.swing). Covered in

E andChapter 16.
javax.swing.text

Classes providing support for the text components (such as JTextField; the components themselves are in

the javax.swing package). Covered inthagter lé-hhagter Zi

javax.swing.text.html and javax.swing.text.rtf

"Editor kits" for working with HTML and Microsoft RTF documents. Covered in . Thetext.html
package has a subpackage, parser, which includes tools for parsing HTML.

javax.swing.tree
Classes providing support for theJTree component JTree itself is injavax.swing). Covered in

javax.swing.undo

Classes that implement undoable operations. Covered i


file:///C:/DOCUME~1/SIMULA~1/LOCALS~1/Temp/OReilly.Java.Swing.2nd.2002.chm/0596004087_

This document was created by an unregistered ChmMagic, please go to http://www.bisenter.com to register it. Thanks

What's New in This Edition?

This second edition covers the latest developments in the Java 2 Standard Edition SDK 1.3 and 1.4. We've tried to
highlight the changes from 1.2 in case you have to work with older releases for compatibility or political reasons.

For brevity's sake, we refer to Java versions by their SDK version number, describing this or that feature as having
been introduced in SDK 1.3 or 1.4. Earlier versions were called Java Development Kits, so in those cases we refer to
JDK 1.1 or 1.2.

This new edition incorporated your feedback from the first edition! The first edition was too heavy on the
documentation side for many readers. The Javadoc for the Swing packages continues to improve, and more and
more people are familiar with the patterns of Java classes and methods. With those two facts in mind, we try to focus
on the parts of the API that are interesting and useful rather than just including them because they exist. We added
many new examples and improved the existing examples. This book is a true and thorough revision of the first
edition, not a mere update.

As a quick reference to some of the changes you'll find in the 1.3 and 1.4 releases of the SDK, |Tab|e P-]I andh’ablel

list any significant changes to components and briefly describe those changes. We detail these changes
throughout the book as we discuss the particular components.
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Table P-1. Swing changes in the Java 2 SDK 1.3

Component or

In chapter Description of changes or additions
feature
ITree Se-v-eral new propertie-s were added, including the click count to start
editing and the selection path.
Improved general performance and cell rendering. AbstractCellEditor is
JTable P g P . ¥
now the parent class of the DefaultCellEditor used by tables.
) A new resizeWeight property was added, and the
JSplitPane - . It prop ) v
dividerLocationProperty is now bound.
. You can now remove the Ok and Cancel buttons. A new property,
JFileChooser nha ter 12 I
. acceptAllFileFilterUsed, was added.
JCheckBox bhagter é Added new borderPaintedFlat property.
DefaultButtonModel bhagterﬂ Added new getGroup( ) method.
Several fixes and newly public classes and methods. Internal frames are
JinternalFrame now invisible by default, and the default close operation is now
DISPOSE_ON_CLOSE.
JTabbedPane bhagter 11] Added newtoolTipTextAt indexed property.
Several fixes applied. Several improvements in general HTML support via
Chapter . . .
Text components | I hanter 2 the HTMLEditorKit and related classes. (XHTML documents are still not
-Chapter
supported.)
JViewport bhagter 1;] New scrollMode property added.
N int methods added: printComponent( ), printBorder( ),
JComponent ew print methods added: p p ().p 0
printChildren().
InputVerifier k;hagter 2§I New class added.
o Chapter New keyboard binding mechanism added. New classes, InputMap and
Keyboard binding - . . .
Pppendix ActionMap, replace Keymap functionality.
Border® New LineBorder constructor to support rounded corners added.
- ] AbstractAction class was updated, and new constructors for
t , .
s e JCheckBox, JRadioButton, JToggleButton, JIMenu, JMenultem,
Action Chapter 5, i )
JCheckBoxMenultem, andJRadioButtonMenultem that useAction
Chapter 14
were added.
JToolBar thagter 14 Support for titling undocked toolbars added.
JPopupMenu bhagter 14 Added new popupTrigger boolean property.
Added new EXIT_ON_CLOSE constant for use with the
JFrame -
defaultCloseOperation property.
Added getListeners( ) method to several model classes, including
. . AbstractDocument, AbstractTableModel, AbstractListModel,
ListenerList

DefaultButtonModel, DefaultTreeModel, and
DefaultListSelectionModel.
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Table P-2. Swing changes in the Java 2 SDK 1.4

Component or feature

In chapter

Description of changes or additions

JProgressBar hapter Added support for indeterminate progress bars.
JSpinner hapter Added new spinner class.
JFormattedTextField haoter 20 Added new formatted text field class that validates
user input.
A new focus model and methodology was introduced.
Focus Several of the old-style focus methods and classes

were deprecated as of 1.4.1.

New architecture introduced, and dragEnabled and

Drag and Drop hapter 24 |transferHandler properties added to several
components.
Box Now descends from JComponent.
More control over mnemonic underline location
JButton hapter 5
granted.
Added PopupMenuListener and support for cell size
JComboBox hapter pup PP

prototyping.

JFileChooser

Added support for modifying the properties of the
Open button (such as its text and tooltip). Also added
support for selecting multiple files. (The multiple file
selection mode was introduced in the 1.2 release but
was not implemented until 1.4.)

JinternalFrame

Q10
0 >0 o -0 |=
5} Q QD AL [V
O O
— — — — |t
@ D ] @ |D
= = — = |=
Q = — N
AN

Long titles are now truncated, and the title bar is
rendered with a gradient.

Text components

(@)
>

apter
hapter

BRI

Tooltip support was improved. HTML support,
including accessibility in documents, was improved
(XHTML is still not supported). New replace( )
method added to AbstractDocument.

JOptionPane bhagter 1d New input dialog methods added.
JPopupMenu k;hagter 14 Now properly supports key bindings.
Introduced scrollable tabs for panes with a large
JTabbedPane number of tabs. Mnemonic support for accessing tabs
was also added.
JTree NuII. roc?ts are now allowed, and first-letter keyboard
navigation was added.
. Iltems can now be arranged horizontally, and
List . e ’
first-letter keyboard navigation was added.
SwingConstants t;hagter 22| New constants, NEXT and PREVIOUS, were added.
. i New methods added, including calculatelnnerArea
SwingUtilities g (

) andapplyComponentOrientation( )
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Chapter j
Chapter 2

General support for auditory cues was added. Access

LookAndFeel _ _
) to Windows desktop properties was also added.
Appendix B
requestFocus( ) andrequestFocusinWindow
JComponent q 0 a O

methods are now public.

MouseWheelEventMouseWheelListener

bhagter 1;]

New event and listener for mouse wheels added.

JRootPane k;hagter 1d Look-and-feel can now supply window decoration.
JScrollBar k;hagter d Now properly overrides setUI( ).
JScrollPane Now supports mouse wheel events. (This support can

be turned off.)

RepaintManager

bhagter Zd

New method to return aVolatilelmage.

SpringLayout

bhagter 1:_II

New class (and supporting classes) added.

| |l@ve RuBoard
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On the Web Site

The web site for this book, lwttp://www.oreilIv.com/cataloq/iswinqzll, offers some important materials you'll want to

know about. All the  examples in this book can be found there, as well as free utilities, PDFs of John Zukowsklava
AWT Reference (foundational for understanding Swing), and selected material from the first edition for those of you
working with older SDKs.

The examples are available as a JAR file, a ZIP archive, and a compressed TAR archive. The files named swing
were tested against J2SE SDK 1.4 for this edition. The files named swing-1e were tested against JDK 1.2 for the first
edition of the book. The files named swing-old were written with the beta releases of Swing and use the
com.java.swing hierarchies.

We also include a few free utilities on the site that you may want to check out:

macmetrics.jar

Lee Ann Rucker's MacMetrics theme. See for details on this helpful tool that enables
developers without access to Mac OS X to see how their applications' interfaces will look on that platform.

oraswing.jar

Our very own utilities bundle with documentation, including:

eel.jar

The Every Event Listener utility for debugging events from the various Swing and AWT components.
relativelayout.jar

A nifty XML-based layout manager.
mapper.jar

A quick helper for discoverini the InputMap and ActionMap entries (both bound and unbound) for any given component. This is the

utility we used to build ‘.
We may add other utilities as we receive feedback from readers, so be sure to check the README file on the site!

We owe a debt of gratitude to John Zukowski and O'Reilly & Associates, who have graciously allowed the classic
Java AWT Reference to be placed online at our site. You can download PDFs of the entire book.

The web site also includes some expanded material that we couldn't shoehorn into this edition of the book. For those
of you still working with JDK 1.2, we've included a PDF containing the " Keyboard Actions" section from Chapter 3 of
the first edition—the approach changed markedly with SDK 1.3. Regardless of your version of Java, if you're planning
on extending the HTMLEditorKit, you should check out the expanded material online. We cover the basics of this
editor kit in , but for those of you who want to dig in deep, you should download PDFs of the two chapters


http://www.oreilly.com/catalog/jswing2/default.htm
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devoted to this topic..
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Conventions

This book follows certain conventions for font usage, property tables, and class diagrams. Understanding these conventions

up-front makes it easier to use this book.
This book uses the following font conventions:
Italic

Used for filenames, file extensions, URLs, application names, emphasis, and new terms when they are first

introduced
Constant width

Used for Java class names, functions, variables, components, properties, data types, events, and snippets of code
that appear in text

Constant width bold
Used for commands you enter at the command line and to highlight new code inserted in a running example

Constant width italic

Used to annotate output

This icon designates a note, which is an important aside to the nearby text.

This icon designates a warning relating to the nearby text.

Properties Tables

Swing components are all JavaBeans. Properties provide a powerful way to work with JavaBeans, so we use tables
throughout the book to present lists of properties is an example from the hypotheticaFOO class that shows how we

use these tables.
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Table P-3. Properties of the fictional JFoo class

Property Datatype | get |is|set| Defaultvalue

b,o,1.4 boolean . - true

opaque

bbound, 0overridden, 1'4since 1.4

See also properties from the JComponent class|{able 3-6).

Properties tables tell you the data type; whether it has is, get, and set methods; and its default value, if any. Footnotes to the
properties tables tell you, among other things, whether a property is bound, protected, indexed, and/or overridden. We use
"overridden" to mean both actual overridden methods in the case of a concrete parent class and implemented methods in the
case of an abstract parent class or an interface. If it is a recent addition, the version of the SDK that added the property is noted

(assume 1.2 if there is no footnote).

indicates that aJF0O object has a read/write bound property namedopaque with the data typeboolean. The
property was introduced in the 1.4 release of the SDK. This property has accessor methods with the signatures:

public boolean getOpaque();
public boolean isOpaque( );
public void setOpaque(boolean opaque);

These methods aren't listed separately when we discuss the class's other methods. Because opaque is a bound property,
changing its value generates a PropertyChange-Event. The overridden footnote indicates that theopaque property is also
inherited (or possibly implemented for the first time); it is listed here because the JFOO class has altered the property in some
way—e.g., the default value was changed, accessor methods were added, or new behavior when accessing or modifying the
value was specified. A cross-reference following the table says that JFOO has inherited properties from theJComponent class;

see the discussion of that class for details on these properties.

We've listed default values for properties wherever applicable. (Properties of interfaces, for example, will not have any values

listed.) To save space, we omit the new operator in these tables.

One more note about bound properties. The Swing developers introduced some confusion into the notion of a "bound property"
by adding a new lightweight event, ChangeEvent, which is a stateless version ofPropertyChangeEvent. In these tables, we
adhere strictly to the JavaBeans definition of a bound property: modifying a bound property generates a
PropertyChangeEvent.

Class Diagrams

The class diagrams that appear throughout the book are similar to those if.earning Java and other Java books from O'Reilly.
Solid lines indicate inheritance relationships; dotted lines indicate interface relationships. In , ClassA extends
AbstractClass, which implementsinterfaceX. There are two interface relationships that we don't show in this way. All Swing
classes implement Serializable, and showing this relationship explicitly would clutter the diagram; just assume that any Swing
class implements Serializable, unless stated otherwise in the text. Many Swing classes implement théAccessible interface;

rather than cluttering the diagrams, we show that a class implements Accessible with an A icon.

We also use the class diagrams to show information about relations between classes. In , the long, dashed arrow
indicates that ClassA uses ClassB. The label on the arrow indicates the nature of the relationship; other common relations are
"contains” and "creates." 1..* indicates the muiltiplicity of the relationship. Here, an instance o€ClassA uses one or more



his document was created by an unregistered ChmMagic, please go to http://www.bisenter.com to register it. Thanks

instances of ClassB. Other multiplicities are1 (exactly one instance),0..* (any number of instances), and0..1 (zero or one

instance).

Figure P-1. Class diagram notation

package
InterfaceX Interfacey

X Abstract Class /_ Classh e - :

O

| |l@ve RuBoard
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How to Contact Us

Along with O'Reilly, we have verified the information in this book to the best of our abilities, but you may find that
features have changed (or even that we have made mistakes!). Please let us know about any errors you find, as well
as your suggestions for future editions, by writing to:

O'Reilly & Associates, Inc.

1005 Gravenstein Highway North
Sebastopol, CA 95472

(800) 998-9938 (U.S. and Canada)
(707) 829-0515 (international/local)
(707) 829-0104 (fax)

You can also contact O'Reilly by email. To be put on the mailing list or request a catalog, send a message to:

nfo@oreilly.co

We have a web page for this book, where we list errata, examples, and any additional information. You can access
this page at:

l1ttp://WWW.oreillv.com/cataloq/iswinq2,|

To ask technical questions or comment on the book, send email to:

Ijookquestions@oreillv.corrl

For more information about O'Reilly books, conferences, Resource Centers, and the O'Reilly Network, see O'Reilly's

web site at:

http://www.oreillv.com_l



mailto:info@oreilly.com
http://www.oreilly.com/catalog/jswing2/default.htm
mailto:bookquestions@oreilly.com
http://www.oreilly.com/default.htm
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Chapter 1. Introducing Swing

Welcome to Swing! By now, you're probably wondering what Swing is and how you can use it to spice up your Java
applications. Or perhaps you're curious as to how the Swing components fit into the overall Java strategy. Then
again, maybe you just want to see what all the hype is about. Well, you've come to the right place; this book is all
about Swing and its components. So let's dive right in and answer the first question that you're probably asking right
now, which is...


file:///C:/DOCUME~1/SIMULA~1/LOCALS~1/Temp/OReilly.Java.Swing.2nd.2002.chm/0596004087_
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1.1 What Is Swing?

If you poke around the Java home page bttp://iava.sun.com/l), you'll find Swing described as a set of customizable
graphical components whose look-and-feel (L&F) can be dictated at runtime. In reality, however, Swing is much more
than this. Swing is the next-generation GUI toolkit that Sun Microsystems created to enable enterprise development
in Java. By enterprise development, we mean that programmers can use Swing to create large-scale Java
applications with a wide array of powerful components. In addition, you can easily extend or modify these
components to control their appearance and behavior.

Swing is not an acronym. The name represents the collaborative choice of its designers when the project was kicked
off in late 1996. Swing is actually part of a larger family of Java products known as the Java Foundation Classes (
JFC), which incorporate many of the features of Netscape's Internet Foundation Classes (IFC) as well as design
aspects from IBM's Taligent division and Lighthouse Design. Swing has been in active development since the beta
period of the Java Development Kit ( JDK) 1.1, circa spring of 1997. The Swing APIs entered beta in the latter half of
1997 and were initially released in March 1998. When released, the Swing 1.0 libraries contained nearly 250 classes
and 80 interfaces. Growth has continued since then: at press time, Swing 1.4 contains 85 public interfaces and 451
public classes.

Although Swing was developed separately from the core Java Development Kit, it does require at least JDK 1.1.5 to
run. Swing builds on the event model introduced in the 1.1 series of JDKs; you cannot use the Swing libraries with
the older JDK 1.0.2. In addition, you must have a Java 1.1-enabled browser to support Swing applets. The Java 2
SDK 1.4 release includes many updated Swing classes and a few new features. Swing is fully integrated into both
the developer's kit and the runtime environment of all Java 2 releases (SDK 1.2 and higher), including the Java
Plug-In.

1.1.1 What Are the Java Foundation Classes?

The FCis a suite of libraries designed to assist programmers in creating enterprise applications with Java. The
Swing APl is only one of five libraries that make up the JFC. The JFC also consists of the Abstract Window Toolkit
(AWT), the Accessibility API, the 2D API, and enhanced support for Drag and Drop capabilities. While the Swing API
is the primary focus of this book, here is a brief introduction to the other elements in the JFC:

AWT
The Abstract Window Toolkit is the basic GUI toolkit shipped with all versions of the Java Development Kit.
While Swing does not reuse any of the older AWT components, it does build on the lightweight component
facilities introduced in AWT 1.1.

Accessibility

The accessibility package provides assistance to users who have trouble with traditional user interfaces.


http://java.sun.com/default.htm
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Accessibility tools can be used in conjunction with devices such as audible text readers or braille keyboards

to allow direct access to the Swing components. Accessibility is split into two parts: the Accessibility API,

which is shipped with the Swing distribution, and the Accessibility Utilities API, which is distributed

separately. All Swing components support accessibility, so this book dedicates an entire chapter “
to accessibility design and use.

2D API

The 2D API contains classes for implementing various painting styles, complex shapes, fonts, and colors.
This Java package is loosely based on APIs that were licensed from IBM's Taligent division. The 2D API
classes are not part of Swing, so they are not covered in this book.

Drag and Drop

Drag and Drop (DnD) is one of the more common metaphors used in graphical interfaces today. The user
is allowed to click and "hold" a GUI object, moving it to another window or frame in the desktop with
predictable results. The DnD API allows users to implement droppable elements that transfer information
between Java applications and native applications. AIt.houih DnD is not part of Swing, it is crucial to a

commercial-quality application. We tackle this topic in [Chapter 24.

enumerates the various components of the Java Foundation Classes. Because part of the Accessibility
APl is shipped with the Swing distribution, we show it overlapping Swing.

Figure 1-1. The five APIs of the JFC
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1.1.2 Is Swing a Replacement for AWT?

No. Swing is actually built on top of the core AWT libraries. Because Swing does not contain any platform-specific
(native) code, you can deploy the Swing distribution on any platform that implements the Java 1.1.5 or above virtual
machine. In fact, if you have JDK 1.2 or higher on your platform, then the Swing classes are already available, and
there's nothing further to download. If you use a JDK version prior to 1.2, you can download the entire set of Swing

libraries as a set of Java Archive (JAR) files from the Swing home page, Ettg://'|ava.sun.com/groducts/'fd. In either

case, it is generally a good idea to visit this URL for any extra packages or L&Fs that may be distributed separately

from the core Swing libraries.
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shows the relationship between Swing, AWT, and the Java Development Kit in the 1.1 and higher JDKs. In
JDK 1.1, the Swing classes must be downloaded separately and included as an archive file on the classpath

(swingall.jar). 1 JDK 1.2 (and higher) comes with a Swing distribution.

[ The standalone Swing distributions contain several other JAR filesswingall.jar is everything
(except the contents of multi.jar) wrapped into one lump and is all you normally need to know
about. For completeness, the other JAR files are: swing.jar, which contains everything but the
individual L&F packages; motif.jar, which contains the Motif (Unix) L&Fwindows.jar, which
contains the Windows L&F; multi.jar, which contains a special L&F that allows additional (often
nonvisual) L&Fss to be used in conjunction with the primary L&F; and beaninfo.jar, which
contains special classes used by GUI development tools.

Figure 1-2. Relationships between Swing, AWT, and the JDK in the 1.1 and higher SDKs

AWT dasses AWT dasses
JDK

| Swing dasses

CLASSPATH
|

swingall for

( Swing dasses i
JDK1.1 JDK 1.2 and higher

Swing contains many more graphical components than its immediate predecessor, AWT 1.1. Many are components
that were scribbled on programmer wishlists since Java first debuted—including tables, trees, internal frames, and a
plethora of advanced text components. In addition, Swing contains many design advances over AWT. For example,
Swing introduced an Action class that makes it easier to coordinate GUI components with their functionality. You'll
also find that a much cleaner design prevails throughout Swing; this cuts down on the number of unexpected
surprises that you're likely to face while coding.

Swing depends extensively on the event-handling mechanism of AWT 1.1, although it does not define a
comparatively large amount of events for itself. Each Swing component also contains a variable number of exportable
properties. This combination of properties and events in the design was no accident. Each of the Swing components,
like the AWT 1.1 components before them, adhere to the popular JavaBeans specification. As you might have
guessed, this means that you can import all of the Swing components into various GUI builder tools, which is useful
for powerful visual programming.

1.1.3 Rethinking the AWT

To understand why Swing exists, it helps to understand the market forces that drive Java as a whole. The Java
Programming Language was developed in 1993 and 1994, largely under the guidance of James Gosling and Bill Joy
at Sun Microsystems, Inc. When Sun released the Java Development Kit on the Internet, it ignited a firestorm of
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excitement that swept through the computing industry. At first, developers primarily experimented with Java for
applets , mini-programs embedded in web browsers. However, as Java matured over the course of the next two
years, many developers began using Java to develop full-scale applications.

Or at least they tried. As developers ported Java to more and more platforms, its weak points started to show. The
language was robust and scalable, extremely powerful as a networking tool, and served well as an easy-to-lean
successor to the more established C++. The primary criticism, however, was that it was an interpreted language,
which means that by definition it executed code slower than its native, compiled equivalents. Consequently, many
developers flocked to just-in-time (JIT) compilers—highly optimized interpreters—to speed up their large-scale
applications. This solved many problems, but one weak point that continually received scathing criticism was the
graphical widgets that Java was built on: the Abstract Window Toolkit (AWT). The primary issue here was that AWT
provided only the minimal amount of functionality necessary to create a windowing application. For enterprise
applications, it quickly became clear that programmers needed something bigger.

After nearly a year of intense scrutiny, the AWT classes were ready for a change. From Java 1.0 to Java 1.1, the
AWT reimplemented its event model from a "chain" design to an "event subscriber" design. This meant that instead
of propagating events through a predefined hierarchy of components, interested classes simply registered with other
components to receive noteworthy events. Because events typically involve only the sender and receiver, this
eliminated much of the overhead in propagating them. When component events were triggered, an event object was
passed only to those classes interested in receiving them.

Sun developers also began to see that relying on native widgets for the AWT components was proving to be
troublesome. Similar components looked and behaved differently on many platforms, and coding for the
ever-expanding differences of each platform became a maintenance nightmare. In addition, reusing the component
widgets for each platform limited the abilities of the components and proved to be expensive on system memory.

Clearly, Sun knew that AWT wasn't enough. It wasn't that the AWT classes didn't work; they simply didn't provide the
functionality necessary for full-scale enterprise applications. At the 1997 JavaOne Conference in San Francisco,
JavaSoft announced the Java Foundation Classes. Key to the design of the JFC was that the new Swing
components would be written entirely in Java and have a consistent L&F across platforms. This allowed Swing and
the JFC to be used on any platform that supported Java 1.1 or later; all the user had to do was to include the
appropriate JAR files on the CLASSPATH to make each of the components available for use. Since JDK 1.2, Swing

has been part of the standard Java distribution; no special action is needed to use Swing components.
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1.2 Swing Features

Swing provides many features for writing large-scale applications in Java. Here is an overview of some of the more
popular features.

1.2.1 Pluggable Look-and-Feels

One of the most exciting aspects of the Swing classes is the ability to dictate the L&F of each of the components,
even resetting the L&F at runtime. L&Fs have become an important issue in GUI development over the past 10 years.
Many users are familiar with the Motif style of user interface, which was common in Windows 3.1 and is still in wide
use on Unix platforms. Microsoft created a more optimized L&F in their Windows 95/98/NT/2000 operating systems.
In addition, the Macintosh computer system has its own carefully designed L&F, which most Apple users feel

comfortable with.

Swing is capable of emulating several L&Fs and currently supports the Windows, Unix Motif, and "native" Java Metal
L&Fs. Mac OS X comes with full support for its own L&F based on Apple's Aqua Human Interface Guidelines,
although you can still access Metal if you prefer. In addition, Swing allows the user to switch L&Fs at runtime without
having to close the application. This way, a user can experiment to see which L&F is best for her with instantaneous
feedback. (In practice, nobody really does this, but it's still pretty cool from a geeky point of view.) And, if you're
feeling really ambitious as a developer (perhaps a game developer), you can create your own L&F for each one of
the Swing components!

The Metal L&F combines some of the best graphical elements in today's L&Fs and even adds a few surprises of its
own. ‘ shows an example of several L&Fs that you can use with Swing, including the Metal L&F. All Swing
L&Fs are built from a set of base classes called the Basic L&F. However, though we may refer to the Basic L&F from
time to time, you can't use it on its own. If you're lucky enough to be developing applications in the Mac OS X
environment, you'll be familiar with the L&F shown in .

Figure 1-3. Various L&Fs in the Java Swing environment
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1.2.2 Lightweight Components

Most Swing components are lightweight. In the purest sense, this means that components are not dependent on
native peers to render themselves. Instead, they use simplified graphics primitives to paint themselves on the screen
and can even allow portions to be transparent.

Figure 1-4. The new Mac L&F in OS X
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The ability to create lightweight components first emerged in JDK 1.1, although the majority of AWT components did
not take advantage of it. Prior to that, Java programmers had no choice but to subclass java.awt.Canvas or
java.awt.Panel if they wished to create their own components. With both classes, Java allocated an opaque peer
object from the underlying operating system to represent the component, forcing each component to behave as if it
were its own window, thereby taking on a rectangular, solid shape. Hence, these components earned the name
"heavyweight" because they frequently held extra baggage at the native level that Java did not use.

Heavyweight components were unwieldy for two reasons:

® Equivalent components on different platforms don't necessarily act alike. A list component on one platform,
for example, may work differently than a list component on another. Trying to coordinate and manage the
differences between components was a formidable task.

® The L&F of each component was tied to the host operating system and could not be changed.

With lightweight components, each component renders itself using the drawing primitives of the Graphics object
(e.g., drawLine( ), fillRect( ), etc.). Lightweight components always render themselves onto the surface of the
heavyweight top-level component they are contained in. With the arrival of JDK 1.1, programmers can directly extend
the java.awt.Component orjava.awt.Container classes when creating lightweight components. Unlike
java.awt.Canvas orjava.awt.Panel, these classes do not depend on a native peer and allow the developer to
render quickly to the graphics context of the container. This results in faster, less memory-intensive components than
were previously available in Java.

Almost all of the Swing components are lightweight; only a few top-level containers are not. This design allows
programmers to draw (and redraw) the L&F of their application at runtime, instead of tying it to the L&F of the host
operating system. In addition, the design of the Swing components supports easy modification of component
behavior. For example, you can tell almost any Swing component whether you wish it to accept or decline focus and
how it should handle keyboard input.

1.2.3 Additional Features

Several other features distinguish Swing from the older AWT components:
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L] Swing has wide variety of new components, such as tables, trees, sliders, spinners, progress bars, internal
frames, and text components.

® Swing components support the replacement of their insets with an arbitrary number of nested borders.

® Swing components can have tooltips placed over them. A tooltip is a textual pop up that momentarily
appears when the mouse cursor rests inside the component's painting region. Tooltips can be used to give

more information about the component in question.

® You can arbitrarily bind keyboard events to components, defining how they react to various keystrokes
under given conditions.

® There is additional debugging support for rendering your own lightweight Swing components.

We discuss each of these features in greater detail as we move through the next three chapters.

1.2.4 How Can | Use Swing?

Not everyone uses Swing for the same reasons. In fact, the Swing libraries have many levels of use, with varying
levels of prerequisite knowledge. Here are some potential uses:

® Use the Swing components as they are to build your own enterprise applications.
® Create your own Swing components—or extend those that already exist.

® Override or create a new L&F for one or more of the Swing components.

The first approach is what the vast majority of Swing programmers use. Here, using Swing components is just like
using the AWT components. A familiar set of components, containers, and layout managers are all available in the
Swing packages to help you get your application up and running quickly. If you're adept at AWT programming, you
probably need only a cursory introduction to each component to get started. You will we need to get into broader
issues only if you use some of the larger and newer component families, such as tables and text. If you are planning
to use each component as a JavaBean for visual programming, you also fall into this category.

Creating your own component, or extending an existing one, requires a deeper understanding of Swing. This includes
a firm understanding of Swing architecture, events, and lower-level classes. Also, if you decide to subclass a Swing
component, the responsibilities of that component must be adopted and handled accordingly—otherwise, your new
component may perform erratically.

Finally, you may wish to change the L&F of one or more Swing components. This is arguably the most complex of the
three routes that you can take—it requires a thorough knowledge of the design, architectural fundamentals, and
graphical primitives of each lightweight component. In addition, you need to understand how Swing's UIManager

and UlDefaults classes work together to "set" each component's L&F.

This book strives to help you with each of these issues. Because we anticipate that the vast majority of readers are in
the first category, we spend a great deal of time reviewing each component's properties and methods, as well as
providing source code for various scenarios that use these components. We try to document and illustrate the useful
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parts of the components. The online documentation (called Javadoc) has matured along with the rest of Java; the
current stuff is always there first.

Programming your own L&F can get pretty complex; in fact, the source code for an entire L&F would far exceed the
size of this book. However, we don't want to leave you in the dark. If you are an experienced Swing programmer
already, and you're looking for a concise introduction on how to get started, see . This chapter provides
details on working with L&Fs as well as examples of how to code your own L&F for both simple and complex Swing

components.
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1.3 Swing Packages and Classes

Here is a short description of each package in the Swing libraries:

javax.accessibility

Contains classes and interfaces that can be used to allow assistive technologies to interact with Swing components.
Assistive technologies cover a broad range of items, from audible text readers to screen magnification. Although the

accessibility classes are technically not part of Swing, they are used extensively throughout the Swing components.
We discuss the accessibility package in greater detail in

javax.swing

Contains the core Swing components, including most of the model interfaces and support classes.

javax.swing.border

Contains the definitions for the abstract border class as well as eight predefined borders. Borders are not
components; instead, they are special graphical elements that Swing treats as properties and places around
components in place of their insets. If you wish to create your own border, you can subclass one of the existing

borders in this package, or you can code a new one from scratch.

javax.swing.colorchooser

Contains support for the JColorChooser component, discussed in.

javax.swing.event

Defines several new listeners and events that Swing components use to communicate asynchronous information
between classes. To create your own events, you can subclass various events in this package or write your own

event class.

javax.swing.filechooser

Contains support for the JFileChooser component, discussed in.

javax.swing.plaf

Defines the unique elements that make up the pluggable L&F for each Swing component. Its various subpackages
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are devoted to rendering the individual L&Fs for each component on a platform-by-platform basis. (Concrete
implementations of the Windows and Motif L&Fs are in subpackages of com.sun.java.swing.plaf, and the Mac OS
L&F is under com.apple.mrj.swing.)

javax.swing.table

Provides models and views for the table component, which allows you to arrange various information in a grid format
with an appearance similar to a spreadsheet. Using the lower-level classes, you can manipulate how tables are
viewed and selected, as well as how they display their information in each cell.

javax.swing.text

Provides scores of text-based classes and interfaces supporting a common design known asdocument/view . The

text classes are among the more advanced Swing classes to learn, so we devote several chapters
-Chapter 23) to both the design fundamentals and the implementation of text applications.

javax.swing.text.html
Used specifically for reading and formatting HTML text through an ancillary editor kit.

javax.swing.text.html.parser

Contains support for parsing HTML.

javax.swing.text.rtf

Used specifically for reading and formatting Rich Text Format (RTF) text through an ancillary editor kit.

javax.swing.tree

Defines models and views for a hierarchal tree component, which may represent a file structure or a series of
properties.

javax.swing.undo
Contains the necessary functionality for implementing undoable functions.

By far the most widely used package is javax.swing. In fact, almost all the Swing components, as well as several utility
classes, are located inside this package. The only exceptions are borders and support classes for the trees, tables, and
text-based components. Because the latter components are much more extensible and often have many more classes to work
with, these classes have been divided into separate packages.

1.3.1 Class Hierarchy

shows a detailed overview of the Swing class hierarchy as it appears in the 1.48DK. At first glance, the class
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hierarchy looks very similar to AWT. Each Swing component with an AWT equivalent shares the same name, except that the

Swing class is preceded by a capital J. In most cases, if a Swing component supersedes an AWT component, it can be used as
a drop-in replacement.

Figure 1-5. The Swing component hierarchy
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Upon closer inspection, however, you will discover that there are welcome differences between the Swing and AWT
components. For example, the menu components, including JMenuBar, are now descendants of the same base component as
the others: JComponent. This is a change from the older AWT menu classes. Both the AWT 1.0 and 1.1 menu classes
inherited their own high-level component, MenuComponent, which severely limited their capabilities. In addition, this design
prevented menu bars from being positioned with layout managers inside containers; instead, Java simply attached menu bars to

the top of frames.

Also, note that Swing has redesigned the button hierarchy. It now includes a JToggleButton class, used in dual-state
components. For example, if you click on a toggle button while in the released position, the button switches to the pressed state
and remains in that state. When it is clicked again, the button returns to the released state. Note that JToggleButton outlines
behavior seen in radio buttons and checkboxes. Hence, these classes inherit from JToggleButton in the new Swing design.
Also note the addition of the JRadioButton and JRadioButtonMenultem classes in Swing. Until now, Java forced

developers to use the AWT checkbox equivalent to mimic radio buttons.
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You might have noticed an increase in the number of frames and panes in Swing. For example, consider internal frames.
Swing supports placing frames inside other frames—this is commonly referred to as a multiple document interface (MDI) in the
Microsoft Windows world. You can assign these internal frames arbitrary vertical layers; these layers determine which internal
frame appears on top. In fact, even the simplest frame, JFrame, embraces the concept of layers by including support for

layered panes on which you can position different elements of your application. These topics are discussed in more detail in

bhagter § andk;hagter 11].

There are many other design enhancements in Swing—too many, in fact, to discuss here. However, before we go on, we should

discuss one of the fundamental designs behind every Swing component: the model-view-controller architecture.
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1.4 The Model-View-Controller Architecture

Swing uses themodel-view-controller architecture (MVC) as the fundamental design behind each of its
components. Essentially, MVC breaks GUI components into three elements. Each of these elements plays a crucial
role in how the component behaves.

Model

The model encompasses the state data for each component. There are different models for different types
of components. For example, the model of a scrollbar component might contain information about the
current position of its adjustable "thumb," its minimum and maximum values, and the thumb's width (relative
to the range of values). A menu, on the other hand, may simply contain a list of the menu items the user
can select from. This information remains the same no matter how the component is painted on the screen;
model data is always independent of the component's visual representation.

View

The view refers to how you see the component on the screen. For a good example of how views can
differ, look at an application window on two different GUI platforms. Almost all window frames have a title
bar spanning the top of the window. However, the title bar may have a close box on the left side (like the
Mac OS platform), or it may have the close box on the right side (as in the Windows platform). These are
examples of different types of views for the same window object.

Controller

The controller is the portion of the user interface that dictates how the component interacts with events.
Events come in many forms — e.g., a mouse click, gaining or losing focus, a keyboard event that triggers a
specific menu command, or even a directive to repaint part of the screen. The controller decides how each
component reacts to the event—if it reacts at all.

shows how the model, view, and controller work together to create acrollbar component. The scrollbar
uses the information in the model to determine how far into the scrollbar to render the thumb and how wide the thumb
should be. Note that the model specifies this information relative to the minimum and the maximum. It does not give
the position or width of the thumb in screen pixels—the view calculates that. The view determines exactly where and
how to draw the scrollbar, given the proportions offered by the model. The view knows whether it is a horizontal or
vertical scrollbar, and it knows exactly how to shadow the end buttons and the thumb. Finally, the controller is
responsible for handling mouse events on the component. The controller knows, for example, that dragging the
thumb is a legitimate action for a scrollbar, within the limits defined by the endpoints, and that pushing on the end
buttons is acceptable as well. The result is a fully functional MVC scrollbar.

Figure 1-6. The three elements of a model-view-controller architecture
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1.4.1 MVC Interaction

With MVC, each of the three elements—the model, the view, and the controller—requires the services of another
element to keep itself continually updated. Let's continue discussing the scrollbar component.

We already know that the view cannot render the scrollbar correctly without obtaining information from the model first.
In this case, the scrollbar does not know where to draw its "thumb" unless it can obtain its current position and width
relative to the minimum and maximum. Likewise, the view determines if the component is the recipient of user events,
such as mouse clicks. (For example, the view knows the exact width of the thumb; it can tell whether a click occurred
over the thumb or just outside of it.) The view passes these events on to the controller, which decides how to handle
them. Based on the controller's decisions, the values in the model may need to be altered. If the user drags the
scrollbar thumb, the controller reacts by incrementing the thumb's position in the model. At that point, the whole cycle
repeats. The three elements, therefore, communicate their data as shown in figure 1-4.

Figure 1-7. Communication through the model-view-controller architecture
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1.4.2 MVC in Swing

Swing actually uses a simplified variant of the MVC design called the model-delegate . This design combines the view
and the controller object into a single element, the Ul delegate , which draws the component to the screen and
handles GUI events. Bundling graphics capabilities and event handling is somewhat easy in Java, since much of the
event handling is taken care of in AWT. As you might expect, the communication between the model and the Ul
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delegate then becomes a two-way street, as shown in .

Figure 1-8. With Swing, the view and the controller are combined into a Ul-delegate object
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So let's review: each Swing component contains a model and a Ul delegate. The model is responsible for

maintaining information about the component's state. The Ul delegate is responsible for maintaining information about
how to draw the component on the screen. In addition, the Ul delegate (in conjunction with AWT) reacts to various
events that propagate through the component.

Note that the separation of the model and the Ul delegate in the MVC design is extremely advantageous. One unique
aspect of the MVC architecture is the ability to tie multiple views to a single model. For example, if you want to
display the same data in a pie chart and in a table, you can base the views of two components on a single data
model. That way, if the data needs to be changed, you can do so in only one place—the views update themselves

accordingly (Chapter 1§ has an example that does exactly this). In the same manner, separating the delegate from

the model gives the user the added benefit of choosing what a component looks like without affecting any of its data.
By using this approach, in conjunction with the lightweight design, Swing can provide each component with its own
pluggable L&F.

By now, you should have a solid understanding of how MVC works. However, we won't yet spoil the fun of using

MVC. Chapter 4 andChapter 3 go into further detail about how you can use MVC to your advantage in even the
simplest of applications.
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1.5 Working with Swing

Our introduction to Swing wouldn't be complete unless we briefly mentioned some caveats of the Swing libraries.
There are two pertinent areas: multithreading and lightweight versus heavyweight components. Being aware of these
issues will help you make informed decisions while working with Swing. gives you in-depth guidance in
these difficult areas.

1.5.1 Multithreading

Shortly before the initial release of Swing, Sun posted an article recommending that developers not use

independent threads to change model states in components. 2 Instead, once a component has been painted to the
screen (or is about to be painted), updates to its model state should occur only from the event-dispatching queue.
The event-dispatching queue is a system thread used to communicate events to other components. It posts GUI
events, including those that repaint components.

2l ing Connection,
ttp://java.sun.com/products/jfc/tsc/swingdoc-archive/threads.html.

The issue here is an artifact of the MVC architecture and deals with performance and potential race conditions. As we
mentioned, a Swing component draws itself based on the state values in its model. However, if the state values
change while the component is in the process of repainting, the component may repaint incorrectly—this is
unacceptable. To compound matters, placing a lock on the entire model, as well as on some of the critical component
data, or even cloning the data in question, could seriously hamper performance for each refresh. The only feasible
solution, therefore, is to place state changes in serial with refreshes. This ensures that modifications in component
state do not occur at the same time Swing is repainting any components and prevents race conditions.

1.5.2 The Z-Order Caveat: Lightweight and Heavyweight Components

One of the most frequent issues to come out of  lightweight/heavyweight component use is the idea of depth, or
z-order—that is, a well-defined method for how elements are stacked on the screen. Because of z-order, it is not
advisable to mix lightweight and heavyweight components in Swing.

To see why, remember that heavyweight components depend on peer objects used at the operating system level.
However, with Swing, only the top-level components are heavyweight: JApplet, JFrame, JDialog, andJWindow.
Also, recall that heavyweight components are always "opaque"—they have a rectangular shape and are
nontransparent. This is because the host operating system typically allocates the entire painting region to the
component, clearing it first.

The remaining components are lightweight. So here is the crux of the dilemma: when a lightweight component is
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placed inside a heavyweight container, it shares (and actually borrows) the graphics context of the heavyweight
component. The lightweight component must always draw itself on the same plane as the heavyweight component
that contains it; as a result, it shares the z-order of the heavyweight component. In addition, lightweight components
are bound to the clipping region of the top-level window or dialog that contains them. In effect, lightweight
components are all "drawings" on the canvas of a heavyweight component. The drawings cannot go beyond the
boundaries of the canvas and can always be covered by another canvas. Heavyweight components, however, are
free from this restriction. Therefore, they always appear on top of the lightweight components — whether that is the
intent or not.

Heavyweight components have other ramifications in Swing as well. They do not work well in scrollpanes, where they
can extend beyond the clipping boundaries; they also don't work in front of lightweight menus and menu bars (unless
certain precautions are taken) or inside internal frames. Some Swing classes, however, offer an interesting approach
to this problem. These classes allow you to specify whether the component draws itself using a lightweight or a
heavyweight window. Hence, with a bit of judicious programming, you can keep your components correctly
rendered—no matter where they are located.
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1.6 The Swing Set Demo

If you're in a hurry to see all the components Swing has to offer, be sure to check out the Swing Set demonstration.
The demonstration is extremely easy to set up. If you have the 1.3 or 1.4 SDK, the demonstration is included. If you
have 1.2, you must first download and extract the demo classes and add them to your classpath. Then follow these
steps:

1. Change the directory to the demol/jfc/SwingSet2 directory. (For the 1.2 release, the directory is
demoljfc/SwingSet.)

2. Run the SwingSet2 (or SwingSet for 1.2) jar file:
% java -jar SwingSet2.jar

You should immediately see a splash screen indicating that the Swing Set demo is loading. When it finishes, a
window appears, similar to the one in figure 1-9.

Figure 1-9. The Swing Set demo
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This demo contains a series of tabs that demonstrate almost all of the components in the Swing libraries. Be sure to
check out the internal frames demo and theMetal L&F. In addition, some of the Swing creators have added Easter
eggs" throughout the Swing Set demo. See if you can find some!
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1.7 Reading This Book

We're well aware that most readers don't read the . You have our permission to skip it, provided that you look
at the Conventiong section. That section is particularly important because in this book we experiment with a few new

techniques for explaining the Swing classes. As we said earlier, everything in Swing is a JavaBean. This means that
much of an object's behavior is controlled by a set of properties, which are manipulated by accessor methods. For
example, the property color is accessed by thegetColor( ) (to find out the color) andsetColor( ) (to change the
color) methods. If a property has a boolean value, the  get method is often replaced by an is method; for example,
the visible property would have theisVisible( ) andsetVisible( ) methods.

We found the idea of properties very powerful in helping us understand Swing. Therefore, rather than listing all of a
class's accessor methods, we decided to present a table for each class, listing the class's properties and showing the
property's data type, which accessor methods are present, whether the property is "bound" (i.e., changing the
property generates a PropertyChangeEvent), when it was introduced (1.2 is the default; 1.3 and 1.4 are marked
where appropriate), and the property's default value. This approach certainly saves paper (you didn't really want a
2,000-page book, did you?) and should make it easier to understand what a component does and how it is
structured. Furthermore, if you're not already in the habit of thinking in terms of the JavaBeans architecture, you
should get in the habit. It's a very powerful tool for understanding component design.

The conventions we use in the property tables — plus some other conventions that we use in class diagrams — are
explained in the Preface. So you may ignore the rest of the Preface as long as you familiarize yourself with the
conventions we're using.

The next chapter helps AWT developers get ajum% on Swing by presenting a simple application; those without AWT

experience may just want to skim the chapter. In Chapter 3, we continue our discussion by presenting some of the
fundamental classes of Swing and discribing how you can use the features inherent in each of these classes to

shorten your overall development time. Don't stop now—the best is yet to come!
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Chapter 2. Jump-Starting a Swing Application

Now that you have an overview of Swing, let's look at a few Swing components you can put into your applications
right now. This chapter shows you how to add images to buttons and how to create a rudimentary Swing application
using internal frames. We won't belabor the theory and background. You'll find everything we talk about now (and
tons more we don't discuss here) presented in later chapters in much greater detail. We just want to show you some
of the fun stuff right away.

This chapter, and only this chapter, assumes that you have prior experience with AWT and AWT-based programs that
you'd like to upgrade to use lightweight Swing components. If you are new to Java, this may not be the case; you are
probably interested in learning Swing without the need to upgrade AWT applications. You can either skim this chapter
or skip ahead to , which lays a foundation for the rest of your work in Swing.

If you want to see how easily Swing components can be dropped into existing AWT applications, though, read on.
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2.1 Upgrading Your AWT Programs

One of the benefits of object-oriented languages is that you can upgrade pieces of a program without rewriting the
rest. While practice is never as simple as theory, with Swing it's close. You can use most of the Swing components
as drop-in replacements for AWT components with ease. The components sport many fancy new features worth
exploiting, but they still maintain the functionality of the AWT components you're familiar with. As a general rule, you
can stick a "J" in front of your favorite AWT component and put the new class to work as a Swing component.
Constructors for components such as JButton, JTextField, andJList can be used with the same arguments and
generate the same events as Button, TextField, andList. Some Swing containers, likeJFrame, take a bit of extra

work, but not much.

Graphical buttons are essential to modern user interfaces. Nice monitors and cheap hardware have made icons
almost a necessity. The AWT package in Java does not directly support image buttons. You could write an extension
to support them easily enough, but why bother when Swing's JButton class provides a standard way to add image

buttons?
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2.2 A Simple AWT Application

You probably have some programs lying around that use regular AWT buttons that you'd love to replace with image
buttons, but you don't have the time or, honestly, the necessity to produce your own image button class. Let's look at
a simple application that demonstrates an upgrade path you can use on your own programs.

First, let's look at the code for this very simple application:

/I ToolbarFramel.java

/I A simple frame containing a "toolbar" made up of several java.awt.Button

/I objects. We'll be converting the Buttons to JButtons in the ToolbarFrame2.java
I file.

1

import java.awt.*;

import java.awt.event.*;

public class ToolbarFramel extends Frame {

Button cutButton, copyButton, pasteButton;
public ToolbarFramel() {
super("Toolbar Example (AWT)");
setSize(450, 250);
addWindowListener(new WindowAdapter( ) {
public void windowClosing(WindowEvent e) {
System.exit(0);
}
D;

ActionListener printListener = new ActionListener() {
public void actionPerformed(ActionEvent ae) {
System.out.printin(ae.getActionCommand( ));
}
h

Panel toolbar = new Panel();
toolbar.setLayout(new FlowLayout(FlowLayout.LEFT));

cutButton = new Button("Cut");
cutButton.addActionListener(printListener);
toolbar.add(cutButton);
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copyButton = new Button("Copy");
copyButton.addActionListener(printListener);
toolbar.add(copyButton);

pasteButton = new Button("Paste");
pasteButton.addActionListener(printListener);
toolbar.add(pasteButton);

/I The "preferred" BorderLayout add call
add(toolbar, BorderLayout. NORTH);

}

public static void main(String argsl]) {
ToolbarFramel tf1 = new ToolbarFramel( );
tfl.setVisible(true);

}
}

Our application has the very simple interface that is i

Figure 2-1. A simple application using three java.awt.Button objects
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These buttons don't really do anything except report that they've been pressed. A standard 1.1-style handler for
action events reports button presses to standard output. It's not exciting, but it lets us demonstrate that Swing buttons
work the same way as AWT buttons. If you examine the code you'll notice that we had to register a window listener to
tell when the user is trying to close the window, and explicitly exit the program in response. Once you update your
programs to use Swing's JFrame rather than AWT'sFrame (as we will for the final example in this chapter), you get
this capability "for free” with JFrame's defaultCloseOperation property, described in.
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2.3 Including Your First Swing Component

The first step in adding a Swing component to your application is preparing th&wing package for use. As long as
you have installed SDK 1.2 or later, you don't have to take any special steps to use the Swing classes. If you're
preparing an application to run with JDK 1.1, you'll need to put the swingall.jar file on theCLASSPATH so that the

Swing components are available during compilation and at runtime.
In your source code, you include the Swing package by adding an import statement:
import javax.swing.*;

Now you're ready to replace yourButton objects withJButton objects. We'll also set up the application to take

advantage of Swing's L&F capabilities; we've put another row of buttons at the bottom of the frame that let you select
one of the standard L&Fs:

/I ToolbarFrame2.java

/I The Swing-ified button example
1

import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

public class ToolbarFrame2 extends Frame {

/I This time, let's use JButtons!
JButton cutButton, copyButton, pasteButton;
JButton javaButton, macButton, motifButton, winButton;

public ToolbarFrame2() {
super("Toolbar Example (Swing)");
setSize(450, 250);

addWindowListener(new WindowAdapter( ) {
public void windowClosing(WindowEvent e) {
System.exit(0);
}
D;

ActionListener printListener = new ActionListener() {
public void actionPerformed(ActionEvent ae) {
System.out.printin(ae.getActionCommand( ));
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}
h

/I JPanel works similarly to Panel, so we'll use it.
JPanel toolbar = new JPanel();
toolbar.setLayout(new FlowLayout(FlowLayout.LEFT));

cutButton = new JButton("Cut");
cutButton.addActionListener(printListener);
toolbar.add(cutButton);

copyButton = new JButton("Copy");
copyButton.addActionListener(printListener);
toolbar.add(copyButton);

pasteButton = new JButton("Paste");
pasteButton.addActionListener(printListener);
toolbar.add(pasteButton);

add(toolbar, BorderLayout. NORTH);

// Add the L&F controls.

JPanel InfPanel = new JPanel();
LnFListener InfListener = new LnFListener(this);
macButton = new JButton("Mac");
macButton.addActionListener(InfListener);
InfPanel.add(macButton);

javaButton = new JButton("Metal™);
javaButton.addActionListener(InfListener);
InfPanel.add(javaButton);

motifButton = new JButton("Motif");
motifButton.addActionListener(InfListener);
InfPanel.add(motifButton);

winButton = new JButton("Windows");
winButton.addActionListener(InfListener);
InfPanel.add(winButton);

add(InfPanel, BorderLayout.SOUTH);

public static void main(String args[]) {
ToolbarFrame?2 tf2 = new ToolbarFrame2( );
tf2.setVisible(true);
}
}

As you can see in , the application is more or less the same. All we did was chandgutton to JButton and
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add four more JButtons for L&F selection. We update the application's L&F in thenFListener class, which gets its
events from the simple Swing buttons at the bottom of the application. Apart from figuring out which button was
pressed, we must also force the L&F to change. That's pretty simple. The first step is setting the new L&F using the
UlManager.setLookAndFeel( ) method. (This is the method that needs the correct name for the L&F we want.)
Once the L&F is set, we want to make the change visible immediately, so we update the L&F for all of the
components using the SwingUltilities.updateComponentTreeUIl() method:

1

LnFListener.java

Il A listener that can change the L&F of a frame based on the actionCommand of an

/I ActionEvent object. Supported L&Fs are: Mac, Metal, Motif, and Windows. Not all

/I L&Fs will be available on a given machine. Notably, the Mac and Windows L&Fs work
/I only on their specific platforms.

import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

public class LnFListener implements ActionListener {
Frame frame;

public LnFListener(Frame f) {
frame =f;

}

public void actionPerformed(ActionEvent e) {
String InfName = null;
if (e.getActionCommand( ).equals("Mac")) {
InfName = "com.apple.mrj.swing.MacLookAndFeel";
} else if (e.getActionCommand( ).equals("Metal")) {
InfName = "javax.swing.plaf.metal. MetalLookAndFeel";
} else if (e.getActionCommand( ).equals("Motif")) {
InfName = "com.sun.java.swing.plaf.motif. MotifLookAndFeel";
} else if (e.getActionCommand( ).equals("Windows")) {
InfName = "com.sun.java.swing.plaf.windows.WindowsLookAndFeel";
}else {
System.err.printin("Unrecognized L&F request action: " +
e.getActionCommand());
return;

}

try {
UlManager.setLookAndFeel(InfName);

SwingUtilities.updateComponentTreeUl(frame);

}

catch (UnsupportedLookAndFeelException ex1) {
System.err.printin("Unsupported LookAndFeel: " + InfName);
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}

catch (ClassNotFoundException ex2) {
System.err.printin("LookAndFeel class not found: " + InfName);

}

catch (InstantiationException ex3) {
System.err.printin("Could not load LookAndFeel: " + InfName);

}

catch (lllegalAccessException ex4) {
System.err.printin("Cannot use LookAndFeel: " + InfName);
}
}
}

With the JButton objects in place we get the application shown i.

Figure 2-2. The same application with JButtons for Cut, Copy, and Paste (in the Metal L&F)

gl[=' [ x|

Mac | Metal | Motif | Windows

When we run the new version of the application, we still get ActionEvent objects from pressing the buttons, and the
events are still delivered to the actionPerformed( ) method. OK, big deal. Now we have buttons that work just like
before and don't look particularly great. So what? Well, for one thing, we can now take advantage of the new Ul
management capabilities of Swing components. Swing provides L&Fs that we can use with any of its components. If
you press the Mac, Metal, Motif, or Windows button in this application, it switches from the current L&F to the
appropriate version (if it's available on your system). shows the effect.

Figure 2-3. JButtons using the Mac (left), Motif (right), and Windows (bottom) L&Fs
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Now we've got a bunch of JButtons. We're still using the old AWTPanel and Frame objects as containers for our
applications. You can change them easily, too. Changing Panel to JPanel is as simple as updating the buttons:
just do a global replace, and you're done. Updating Frame is a little more complex. Once you've replacedr-rame with
JFrame, you must also look at the calls t@dd( ) that put things in theJFrame. AJFrame has something in it called a

"content pane"; when we add something to a JFrame, we usually want to add it to this content pane:
getContentPane( ).add(something); // Formerly just add(something)

With these changes, the JFrame andJPanel also change their appearance when you change the application's L&F.
It may not be noticeable. But you'll also get the other new features that Swing gives you. We'll stick with the old
Frame andPanel for now, but we'll useJFrame andJPanel later in this chapter and throughout the book.

This is all very nice, but it's still not what we came for. We weren't interested in making minor changes in the way
our buttons look, though that's a nice side effect. So let's get to those images! First, we need to create what the
Swing components refer to as an Icon. You can get the details on icons i, but for now, just think of them as
nicely self-contained images we can use inside just about any of the Swing components that can display normal text
(such as labels, buttons, and menu items). We'll start out by adding an image to the text we're currently displaying in
each button. We can use all of the graphics formats Java supports (GIF, JPEG, and others) with icons, including
transparent and animated GIF-89a images. Here's the code to add images to each of our buttons:

cutButton = new JButton("Cut", new Imagelcon("cut.gif"));
cutButton.addActionListener(this);
toolbar.add(cutButton);

copyButton = new JButton("Copy", new Imagelcon("copy.gif"));
copyButton.addActionListener(this);
toolbar.add(copyButton);

pasteButton = new JButton("Paste", new Imagelcon("paste.gif"));
pasteButton.addActionListener(this);
toolbar.add(pasteButton);

This creates buttons with little icons to the left of the text. Any L&F can display the images. shows the

result.
Figure 2-4. Icon and text buttons in the Metal (left) and Mac (right) L&Fs
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Adding the icons hasn't changed anything. In particular, our action event handlers are exactly the same as they were
with normal AWT buttons. But you probably see a problem developing. Our handler uses the buttons' text labels to
decide which button was pressed. That's not a problem since our buttons still display some text. What happens if we
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throw that text out? How can we tell which button was pressed? First, let's look at the code to create an image-only
button:

copyButton = new JButton(new Imagelcon("copy.gif");
copyButton.addActionListener(this);
toolbar.add(copyButton);

If we do this for every button, the application looks like .

Figure 2-5. Icon-only JButtons in the Metal (left) and Windows (right) L&Fs
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Now let's look back at the event handler we use:

public void actionPerformed(ActionEvent e) {
System.out.printin(e.getActionCommand( ));

This doesn't do much. Normally, you would need to distinguish between the various buttons or other components that
report to this handler. Since we implement the ActionListener interface directly in the application class, we can
use the simple route of checking the source of the event against the buttons we know we have. For example, we
could differentiate the Cut, Copy, and Paste buttons like this:

public void actionPerformed(ActionEvent ae) {

if (ae.getSource( ) == cutButton) {

System.out.printin("Got Cut event");

}

else if (ae.getSource( ) == copyButton) {
System.out.printin("Got Copy event");

}

else if (ae.getSource( ) == pasteButton) {
System.out.printin("Got Paste event");

However, we don't always have the luxury of implementing the event handler directly in our application, and we might
not want to pass around a huge list of button references to make it possible to write such code in other classes.
Instead, you can use the actionCommand property of theButton class to distinguish your buttons from one
another. The JButton class also implements this property, so we can just caetActionCommand( ) for each of the
buttons and pass in a unique string that we can check in the actionPerformed( ) method—regardless of which
class that method sits in. Using the actionCommand property to distinguish a component works for components
whose appearance might be changing for any of a variety of reasons. (For example, you might be writing an
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international application in which the text on the button changes depending on the user's native language.)

Now, this is not the only or even the best way to handle events from our buttons, but it's a slightly more portable
version of our simple application. Later, we'll look at the new Action interface to better support this type of event

handling in a more object-oriented manner. For now, this code is easy to understand, even if it is a bit clunky.

/I ToolbarFrame4.java

/I The Swing-ified button example. The buttons in this toolbar all carry images
/[ but no text.

1

import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

public class ToolbarFrame4 extends Frame {

JButton cutButton, copyButton, pasteButton;
JButton javaButton, macButton, motifButton, winButton;

public ToolbarFrame4() {
super("Toolbar Example (Swing no text)");
setSize(450, 250);

addWindowListener(new WindowAdapter( ) {
public void windowClosing(WindowEvent e) {
System.exit(0);
}
D;

/I JPanel works much like Panel does, so we'll use it.
JPanel toolbar = new JPanel();
toolbar.setLayout(new FlowLayout(FlowLayout.LEFT));

CCPHandler handler = new CCPHandler();

cutButton = new JButton(new Imagelcon("cut.gif"));
cutButton.setActionCommand(CCPHandler.CUT);
cutButton.addActionListener(handler);
toolbar.add(cutButton);

copyButton = new JButton(new Imagelcon(“copy.gif"));
copyButton.setActionCommand(CCPHandler.COPY);
copyButton.addActionListener(handler);
toolbar.add(copyButton);
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pasteButton = new JButton(new Imagelcon("paste.qgif"));
pasteButton.setActionCommand(CCPHandler.PASTE);
pasteButton.addActionListener(handler);
toolbar.add(pasteButton);

add(toolbar, BorderLayout.NORTH);

/l Add the L&F controls.

JPanel InfPanel = new JPanel( );
LnFListener InfListener = new LnFListener(this);
macButton = new JButton("Mac");
macButton.addActionListener(InfListener);
InfPanel.add(macButton);

javaButton = new JButton("Metal");
javaButton.addActionListener(InfListener);
InfPanel.add(javaButton);

motifButton = new JButton("Motif");
motifButton.addActionListener(InfListener);
InfPanel.add(motifButton);

winButton = new JButton("Windows");
winButton.addActionListener(InfListener);
InfPanel.add(winButton);

add(InfPanel, BorderLayout. SOUTH);

public static void main(String argsl]) {
ToolbarFrame4 tf4 = new ToolbarFrame4( );
tf4.setVisible(true);
}
}

Here's the new event handler for this simple application. Notice that we set up some constants for the different
actions we plan to take. We can now use these constants in the setActionCommand( ) call of any application
whenever we're setting up Cut, Copy, or Paste buttons—regardless of what we display on the screen for the buttons.
We can now easily tell which action to take in the actionPerformed() method. However, you may still need to pass
a reference to objects that contain the buttons because you will most likely need to take a real action when the user
presses a button. We'll look at such a program a bit later in the chapter.

/I CCPHandler.java

/I A Cut, Copy, and Paste event handler. Nothing too fancy, just define some
/I constants that can be used to set the actionCommands on buttons.

1

import java.awt.event.*;

public class CCPHandler implements ActionListener {
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public final static String CUT = "cut";
public final static String COPY = "copy";
public final static String PASTE = "paste”;

public void actionPerformed(ActionEvent e) {
String command = e.getActionCommand( );
if (command == CUT) {// We can do this since we're comparing constants.
System.out.printin("Got Cut event");
}
else if (command == COPY) {
System.out.printin("Got Copy event");
}
else if (command == PASTE) {
System.out.printin("Got Paste event");
}
}
}

Finally, we should point out that although CCPHandler illustrates another way of handling button events, théAction
mechanism introduced at the end of this chapter, and discussed in depth at the start of, is more powerful,

object-oriented, and far more commonly used.



his document was created by an unregistered ChmMagic, please go to http://www.bisenter.com to register it. Thanks

2.4 Beyond Buttons

Buttons are very useful, but even with great images forming the buttons, they still lack a certain glamour—every
application has buttons. For the next example, let's take a look at JInternalFrame , which allows you to create

free-standing frames with menus, title bars, and everything else a Frame needs right inside your application.
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2.5 What Is an Internal Frame?

Before we start coding, here's a brief rundown of the features of an internal frame:

® Same functions as a normal Frame object, but confined to the visible area of the container it is placed in
® Can be iconified (icon stays inside main application frame)

® Can be maximized (frame consumes entire main application frame area)

® Can be closed using the standard controls for application windows

® Can be placed in a "layer," which dictates how the frame displays itself relative to other internal frames (a
frame in layer 1 can never hide a frame in layer 2)

To be honest, in practice, standalone frames are often more_useful than internal frames. You'll want to know about
both; we have chapters dedicated to each of these topics (Chapter §and[Chapter 9, respectively).

shows a simple internal frame using theMetal L&F.

Figure 2-6. The SimplelnternalFrame application using the Metal L&F
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For this first example, we'll add an empty internal frame to an application. Once that's working, we'll expand the simple
frame to create a couple of different types of internal frames and create the framework for a simple application.

One of the prerequisites for using internal frames is that you need a window capable of managing them. The_Swing
package provides the JDesktopPane class for this purpose. You'll see the details of thdDesktopPane in,
but for now, here's how to get one started:
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/I Set up the layered pane.
JDesktopPane desktop = new JDesktopPane();
add(desktop, BorderLayout. CENTER);

With the desktop in place, you can create a new internal frame and show it. The JInternalFrame constructor takes
five arguments that tailor the look and functionality of the frame:

public JinternalFrame(String title,
boolean resizable,
boolean closable,
boolean maximizable,
boolean iconifiable);

We'll turn on every feature for the example. The following makes the internal frame visible:

internalFrame = new JinternalFrame("Internal Frame", true, true, true, true);
internalFrame.setBounds(50, 50, 200, 100);
desktop.add(internalFrame, new Integer(1));

The desktop.add( ) call does the real work here. You supply the internal frame and the "layer" your frame belongs in.
Layers are Integer objects. The values determine the order of your layers and what shows on top of what. For
example, frames in layer 2 always show on top of frames in layer 1, even if the frame in layer 1 has the keyboard focus.
But you do need to remember to give your frame both a size and a location. The internal frames have default preferred
and minimum sizes of 0 x O.

shows how theJInternalFrame class also takes advantage of Swing's pluggable L&F feature. You can
switch the appearance of the frames, just like you did with the buttons.

Figure 2-7. The SimplelnternalFrame in the Motif (left) and Windows (right) L&Fs
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You can even iconify these frames. They turn into an “iconified box" appropriate for the current L&F. shows
an iconified frame.

Figure 2-8. An iconified internal frame in the Mac (left) and Metal (right) L&Fs
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Here's the complete application with an open button and an internal frame. When you click the button, it pops up the
internal frame. You can use the button in the upper-right corner of the frame to close it (providing you're using either the
Metal or the Windows L&F). You can use the other buttons in the main frame to adjust the L&F of the internal frame:

/I SimplelnternalFrame.java

/I A quick demonstration of setting up an internal frame in an application
1

import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

public class SimplelnternalFrame extends Frame {

JButton openButton, macButton, javaButton, motifButton, winButton;
JLayeredPane desktop;
JinternalFrame internalFrame;

public SimplelnternalFrame() {
super(“Internal Frame Demo");
setSize(500,400);
openButton = new JButton("Open");
macButton = new JButton("Mac");
javaButton = new JButton("Metal");
motifButton = new JButton("Motif");
winButton = new JButton("Windows");
Panel p = new Panel();
p.add(openButton);
p.add(macButton);
p.add(javaButton);
p.add(motifButton);
p.add(winButton);
add(p, BorderLayout.SOUTH);
addWindowListener(new WindowAdapter( ) {

public void windowClosing(WindowEvent e) {
System.exit(0);
}

D;

openButton.addActionListener(new OpenListener());



|Vhis document was created by an unregistered ChmMagic, please go to http://www.bisenter.com to register it. Thanks

LnFListener Inf = new LnFListener(this);
macButton.addActionListener(Inf);
javaButton.addActionListener(Inf);
motifButton.addActionListener(Inf);
winButton.addActionListener(Inf);

/I Set up the layered pane.

desktop = new JDesktopPane( );
desktop.setOpaque(true);
add(desktop, BorderLayout. CENTER);

/I An inner class to handle presses of the Open button
class OpenListener implements ActionListener {
public void actionPerformed(ActionEvent e) {
if ((internalFrame == null) || (internalFrame.isClosed())) {
internalFrame = new JinternalFrame("Internal Frame",
true, true, true, true);
internalFrame.setBounds(50, 50, 200, 100);
desktop.add(internalFrame, new Integer(1));
internalFrame.setVisible(true);
}
}
}

public static void main(String argsl]) {
SimplelnternalFrame sif = new SimplelnternalFrame();
sif.setVisible(true);

}
}

The internal frame examples use the same L&F listener and basic window monitor as the JButton example. You'l
notice some nasty flickering when you move the internal frame around. That's because we put it inside a Frame, not a

JFrame. In our next example, the problemdisappears.
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2.6 A Bigger Application

Now that you've seen how to create internal frames and played around with them a bit, let's tackle a slightly larger
problem. We want to build an application that can pop up internal frames that you can actually use. This starter
application is a web site manager that shows us a list of HTML pages at a site and, for any of those pages, allows us
to pop up the page in a separate frame and edit it. We'll keep the main list of HTML pages in one "site" frame that

contains a simple list box.

Once you have a site built up with a couple of pages, you can click on any entry in the list, and if the file exists, we'll
create a new "page" frame and load the file into a JTextArea object for you to edit. You can modify the text and

save the file using the File menu in the page frame.

As a bonus, we'll put those cut, copy, and paste icons to use as well. You can manipulate text in any of the open
page frames. The icons work as Action objects by looking at the selected text and insertion point of the active frame.

(We alluded to the Action class after our last Toolbar example. We'll demonstrate it here and discuss it thoroughly at

the start of the next chapter.) If the active frame is a site frame, nothing happens.

You could certainly add a lot of features to this application and make it a real working program, but we don't want to

get mired down in details just yet. (If you want to get really fancy, you could look at some of the editor kits discussed
in and build yourself a real HTML editor. shows the finished application with a couple of open

frames.

Figure 2-9. The SiteManager application running on a platform where Metal is the default L&F
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We break the code for this application into three separate classes to make discussing it more manageable. The first
class handles the real application frame. The constructor handles all of the interface setup work. It sets up the
toolbar, as well as the Cut, Copy, and Paste buttons. It uses the default L&F for the platform on which it is run. (You
could certainly attach the LnFListener, if you wanted to.) Here's the source code:

/I SiteManager.java

1

import java.awt.*;
import java.io.*;

import java.util.*;
import java.awt.event.*;
import javax.swing.*;

public class SiteManager extends JFrame {

JLayeredPane desktop;
Vector popups = new Vector();

public SiteManager() {
super("Web Site Manager"),
setSize(450, 250);
setDefaultCloseOperation(EXIT_ON_CLOSE);
Container contentPane = getContentPane( );
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JToolBar jtb = new JToolBar( );

jtb.add(new CutAction(this));

jtb.add(new CopyAction(this));

jtb.add(new PasteAction(this));
contentPane.add(jtb, BorderLayout.NORTH);

/I Add our LayeredPane object for the internal frames.
desktop = new JDesktopPane();
contentPane.add(desktop, BorderLayout. CENTER);
addSiteFrame("Sample");

public static void main(String argsl]) {
SiteManager mgr = new SiteManager();
mgr.setVisible(true);

}

Notice that since we're finally using Swing's JFrame rather than an AWTFrame, we can replace the cumbersome
WindowAdapter, which handles user close requests, with a single call to
setDefaultCloseOperation(EXIT_ON_CLOSE).

Now for the creation of the site and page frames. The SiteFrame class andPageFrame class, discussed later in
this chapter, extend the JInternalFrame class. These classes handle all of the hard work in getting the frenes to
look and act correctly. Here, we just need to make the internal frame visible and keep a reference to the frame. By
keeping the popups vector around, we could eventually add Save All, Close Site, and other options. For now we just

use it to help find the current frame.

/I Methods to create our internal frames
public void addSiteFrame(String name) {
SiteFrame sf = new SiteFrame(name, this);
popups.addElement(sf);
desktop.add(sf, new Integer(2)); // Keep sites on top for now.
sf.setVisible(true);

}

public void addPageFrame(String name) {
PageFrame pf = new PageFrame(name, this);
desktop.add(pf, new Integer(1));
pf.setVisible(true);
pf.setlconifiable(true);
popups.addElement(pf);

public JinternalFrame getCurrentFrame( ) {
for (inti=0; i< popups.size(); i++) {
JinternalFrame currentFrame = (JinternalFrame)popups.elementAt(i);
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if (currentFrame.isSelected()) {
return currentFrame;
}
}
return null;
}
}

The getCurrentFrame( ) method runs through a list of all the frames currently open in the site manager and returns

the active frame. (Yes, this is a bit inefficient, but we're ignoring that for right now.)

Notice that we're using a JToolBar object in our example. This is a great shortcut if you just want a few buttons
along the top (or side or bottom) of your application. A JToolBar can contain almost any kind of component, though
it's most often used for buttons. We don't add buttons directly; instead, we add Action objects, which are
automatically converted into buttons when placed in a toolbar. The Action interface encapsulates an icon and an
actionPerformed( ) method so that you don't have to do lengthy if/else-if testing. When you add #ction to the
toolbar, the toolbar displays the Action's icon, and when you click on the icon, thAction's actionPerformed( )
method is called automatically. Here's the code for the CopyAction class:

/I CopyAction.java

/I A simple Action that copies text from a PageFrame object
1

import java.awt.event.ActionEvent;

import javax.swing.*;

public class CopyAction extends AbstractAction {
SiteManager manager;

public CopyAction(SiteManager sm) {
super(", new Imagelcon("copy.gif"));
manager = sm;

}

public void actionPerformed(ActionEvent ae) {
JinternalFrame currentFrame = manager.getCurrentFrame( );
if (currentFrame == null) { return; }
/I Can't cut or paste sites
if (currentFrame instanceof SiteFrame) { return; }
((PageFrame)currentFrame).copyText( );

The cut and paste action classes work in a similar fashion. (We won't show them here.) Swing provides a large

number of pre-built Actions, so you may not even need to write your own. We'll discuss several Ehapter 23.
Iists all theActions that are provided by Swing's components as well as the key bindings (if any) with
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which they can be triggered.

Next we need a way to create the site frames. We can set up a separate class that extends théinternalFrame class
and contains the functionality appropriate for the site manager. Namely, we must be able to list available pages in the

site and open any of those pages for editing.

We can create a frame that has a listbox as its primary component. This won't be a fancy manager, but it will do what
we want. The nice thing about internal frames, from the frame's point of view, is that they look just like regular frames.
You can use the constructor to add all of the graphical interface elements and put in event listeners. The only
difference with internal frames is that they need to be added to an appropriate desktop pane, but again, that's not a
difference we can see here in the code for the individual frames. You can change existing standalone Frame classes
to JInternalFrame classes with very little effort:

/I SiteFrame.java

Il A simple extension of the JinternalFrame class that contains a list object.
/I Elements of the list represent HTML pages for a web site.

1

import java.awt.*;

import javax.swing.*;

import javax.swing.event.*;

public class SiteFrame extends JinternalFrame {

JList namelList;
SiteManager parent;
/I Hardcode the pages of our "site" to keep things simple.

non

String[] pages = {"index.html", "pagel.html", "page2.html"};

public SiteFrame(String name, SiteManager sm) {
super("Site: " + name, true, true, true);
parent = sm;
setBounds(50,50,250,100);

nameList = new JList(pages);
nameList.setSelectionMode(ListSelectionModel.SINGLE_SELECTION);
nameList.addListSelectionListener(new ListSelectionListener() {
public void valueChanged(ListSelectionEvent Ise) {
/I We know this is the list, so pop up the page.
if (!lse.getValuelsAdjusting()) {
parent.addPageFrame((String)namelList.getSelectedValue());
}
}
D
Container contentPane = getContentPane( );
contentPane.add(namelList, BorderLayout. CENTER);
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In the valueChanged( ) method for theListSelectionListener, we handle the basic functions of the page list.
Single-clicking on an entry in the list creates a new PageFrame object for that file. If the file doesn't exist, you get a
blank text area for creating the page from scratch. Note that very little error checking is going on here. But you

probably have already discovered that robust error checking just gets in the way of having fun, and that's all we're
really trying to accomplish with this application.

Now you have the site frame going. The new page frame needs to be able to open the file (if it exists) and display the
file for editing. The Cut, Copy, and Paste buttons from our earlier example allow you to move text around in a file and
between open files in the application.

Like the site frame, we'll create a subclass of JInternalFrame for our page frame. We can use the constructor for

the interface work again, and then allow the text area to manage all of the text display and editing work:

/I PageFrame.java

/I A simple extension of the JinternalFrame class that contains a list object.
/I Elements of the list represent HTML pages for a web site.

1

import java.awt.*;

import java.io.*;

import java.awt.event.*;

import javax.swing.*;

public class PageFrame extends JinternalFrame {

SiteManager parent;
String filename;
JTextArea ta;

public PageFrame(String name, SiteManager sm) {
super("Page: " + name, true, true, true, true);
parent = sm;
setBounds(50,50,300,150);

/I Use the JFrame's content pane to store our desktop.
Container contentPane = getContentPane();

/I Create a text area to display the contents of our file and putitin a
// scrollable pane so we can get to all of it.

ta = new JTextArea();

JScrollPane jsp = new JScrollPane(ta);

contentPane.add(jsp, BorderLayout. CENTER);

/l Add a "File->Save" option to the menu bar for this frame.
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JMenuBar jmb = new JMenuBar();
JMenu fileMenu = new JMenu("File");
JMenultem saveltem = new JMenultem("Save");
saveltem.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent ae) { saveContent(); }
D;
fileMenu.add(saveltem);
jmb.add(fileMenu);
setJMenuBar(jmb);

/ Now get the content, based on the filename that was passed in.
filename = name;
loadContent( );
}
}

Here, we need to add some load and save routines to the PageFrame class for the text areas. You'll learn more
about the read( ) andwrite( ) methods in , but for now, we'll just use them since they provide such a
convenient way to read and write text files:

public void loadContent( ) {
try {
FileReader fr = new FileReader(filename);
ta.read(fr, null);

fr.close();
}
catch (Exception e) { System.err.printin("Could not load page: "+filename); }
}
public void saveContent( ) {
try {
FileWriter fw = new FileWriter(filename);
ta.write(fw);
fw.close();
}
catch(Exception e) { System.err.printin("Could not save page: "+filename); }
}

To make the cut and paste operations simpler, we'll put in some public access methods to manipulate the text. All
three of these routines are built to function regardless of the clipboard implementation you use. We'll use the system
clipboard (via some convenience methods found in JTextComponent) for this example, but you could just as easily

use your own clipboard, or eventually, Drag and Drop text.

public void cutText( ) { ta.cut(); }
public void copyText( ) { ta.copy(); }
public void pasteText( ) { ta.paste(); }
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Now you can start the program and bring up the individual HTML files by selecting them from the list. Each file has its
own internal frame that you can move around, resize, iconify, maximize, and close. You can cut, copy, and paste text
between files. You can save edits using menus attached to each pop-up frame. You can even detach the toolbar and

let it "float." All this for about 250 lines of code!

Well, now that we've had a bit of fun, it's time to move on to the details. The next chapter plunges into the world of
Swing with the JComponent class. Good luck, and have fun!


file:///C:/DOCUME~1/SIMULA~1/LOCALS~1/Temp/OReilly.Java.Swing.2nd.2002.chm/0596004087_
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Chapter 3. Swing Component Basics

The previous chapter showed how easy it is to create some impressive programs with Swing components. Now it's
time to dig in a little deeper. We begin this chapter by presenting an overview of a few key (but lower-level) helper
classes such as Action, GraphicsContext, ChangeEvent, andPropertyChangeEvent, as well as the
HeadlessException exception. We spend the remainder of the chapter introducing thd Component class, the
heart and soul of all Swing components.
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3.1 Understanding Actions

Actions are a popular addition to Swing. An action allows a programmer to bundle a commonly useprocedure and its
bound properties (such as its name and an image to represent it) into a single class. This construct comes in handy if
an application needs to call upon a particular function from multiple sources. For example, let's say that a Swing
programmer creates an action that saves data to disk. The application could then invoke this action from both the
Save menu item on the File menu and the Save button on a toolbar. Both components reference the same action
object, which saves the data. If the Save function is disabled for some reason, this property can be set in the action
as well. The menu and toolbar objects are automatically notified that they can no longer save any data, and they can
relay that information to the user.

3.1.1 Actions and Containers

Swing containers, such as JMenu, JPopupMenu, andJToolBar, can each accept action objects with the@dd( )
methods. When an action is added, these containers automatically create a GUI component, which the add( )
method then returns to you for customization. For example, a JMenu or aJPopupMenu creates and returns a
JMenultem from anAction while aJToolBar creates and returns aJButton. The action is then paired with the
newly created GUI component in two ways: the GUI component registers as a PropertyChangeListener  for any

property changes that might occur in the action object, while the action object registers as an ActionListener on
ﬁ

the GUI component. shows the interactions between a menu item or toolbar and afction.

Figure 3-1. An action in conjunction with a Swing item and toolbar

IToolBar toolbar=
JMenu menu=new IMenu(); new JToolBar()
IMenultem item= ] JButton button=
menu.add{action); toolbar.add(action)
Menu Item Toolbar Button
li““! Ctrk+-S
Property Change
Action Events
Event

Save Action
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Essentially, this means that if the menu item or button is selected by the user, the functionality inside the action is
invoked. On the other hand, if the action is disabled, it sends a PropertyChangeEvent to both the menu item and
the toolbar, causing them to disable and turn gray. Similarly, if the action's icon or name is changed, the menu and

toolbar are automatically updated.

3.1.2 The Action Interface

An action is defined by the interface it implements, in this casgavax.swing.Action. Action extends the
ActionListener interface from AWT; this forces concrete classes that implemerAction to provide an
actionPerformed( ) method. The programmer uses theactionPerformed( ) method to implement whatever
behavior is desired. For example, if you are creating a Save action, you should put the code that saves the data
inside of your actionPerformed( ) method.

When the action is added to an accepting container such as JMenu, JPopupMenu, orJToolBar, the container
automatically registers the action as an ActionListener of the GUI component it creates. Consequently, if the GUI

component is selected by the user, it simply invokes the actionPerformed( ) method of the action to do its job.

The Action interface defines five constants (shown i, which serve as keys for storing standardizedAction
properties. The method of storage varies from implementer to implementer, but a Hashtable is common. These
properties store information such as the name of the action, its description, and a representative icon. Also, the
Action interface defines aboolean property that indicates whether the action is enabled or disabled. Recall that the
GUI component created for the action registers itself as a PropertyChangeListener. Hence, if any of these

properties are modified, the GUI component is notified and can react accordingly.

Table 3-1. String-based key constants for the Action interface

Constant Meaning
DEFAULT Default setting
NAME Name of the action
SHORT_DESCRIPTION Short text description of what the action does
LONG_DESCRIPTION Long text description of what the action does
SMALL_ICON Represents a small icon; typically used in a toolbar

3.1.2.1 Property

The Action interface defines the property shown i .
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Table 3-2. Action property

Property Data type get |is | set Default value

enabled boolean

See also java.awt.ActionListener.

The enabled property defines whether anyone can invoke the action. When this property changes, the action should
fire a PropertyChangeEvent describing the change.

Note that the properties whose keys appear in are not also shown here. Theseare really properties because
changing one should fire a PropertyChangeEvent. However, because they do not use standard accessors, they

do not fit the true JavaBeans property model, so we have omitted them from .

3.1.2.2 Methods

public abstract Object getValue(String key)
public abstract void putValue(String key, Object value)

Store various keyed properties for the action. A string-based key is used to index the values. Several string
constants representing the keys are shown in . WhenputValue( ) is called with any property, and
the value passed in is different than what was there previously, the implementing object must fire a
PropertyChangeEvent describing the change to all registered listeners.

public abstract void actionPerformed(ActionEvent e)

This method is required by the ActionListener interface (it does not actually exist in theAction interface).
Any concrete class that implements the Action interface must provide anactionPerformed( ) method that
performs whatever task the action is supposed to accomplish.

3.1.2.3 Events

Objects implementing the Action interface must fire aPropertyChangeEvent when any keyed property is
changed, or when the action is enabled or disabled. Containers that accept actions typically listen for these
PropertyChangeEvent notifications so they can update their own properties or appearances.

public abstract void addPropertyChangeListener(PropertyChangelListener listener)
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public abstract void removePropertyChangeListener(PropertyChangeListener listener)

Add or remove the specified PropertyChangeListener from the event listener list.

3.1.3 The AbstractAction Class

The AbstractAction class is an abstract implementation of théAction interface. AbstractAction provides the
default functionality for almost all methods in the Action interface. You can extend this class to create your own
specific actions. If you do so, the only method for which you must provide an implementation is the
actionPerformed( ) method, which provides the functionality for the action. Here is a simple example:

class MyAction extends AbstractAction {

public MyAction(String text, Icon icon) {
super(text,icon);

}

public void actionPerformed(ActionEvent e) {
System.out.printin("Action [" + e.getActionCommand( ) + "'");

Here, we simply print the action command sent with the ActionEvent. You can add more features based on the
contents of the ActionEvent.

3.1.3.1 Properties

The AbstractAction class stores its keyed properties in &dashtable object. Beyond that, theAbstractAction object
contains a few properties, as shown in . Theenabled property defines whether the application can invoke
the action. When this property changes, AbstractAction fires aPropertyChangeEvent. The mutator for this
property, setEnabled( ), is synchronized. If you want a list of the current property listeners, use the

propertyChangeListeners property.

Table 3-3. AbstractAction properties

Property Data type get | is | set | Default value
enabled” boolean | ltrue
keys? 13 Object[] : null
propertyChangeListeners®* PropertyChangeListener[] : Empty array
1‘3since 1.3,1'4since 1.4,bbound
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3.1.3.2 Events

The AbstractAction class fires aPropertyChangeEvent when any property in the hashtable is changed or when

the action is enabled or disabled.

public void addPropertyChangeListener(PropertyChangeListener listener)
public void removePropertyChangeListener(PropertyChangelListener listener)

Add or remove the specified PropertyChangeListener from the event listener list.

3.1.3.3 Constructors

public AbstractAction( )
public AbstractAction(String name)
public AbstractAction(String name, Icon icon)

The constructors for the AbstractAction object can be used to set the name and icon hashtable properties
of the action under the NAME or SMALL_ICON keys, respectively.

3.1.3.4 Methods

public Object getValue(String key)
public void putValue(String key, Object value)

These methods store or retrieve various elements in a private Hashtable. A string-based key is used to
index the Hashtable values. See theAction interface earlier in the chapter for an enumeration of common

string-based keys.

3.1.3.5 Using an Action

This example creates anAction for both a menu item and a toolbar, displaying both components and allowing the
user to click on either one. When the components are clicked, the actionPerformed( ) method of the action is

called. Don't worry if you don't understand all the methods behind the toolbar or the menu; these classes are
discussed later. For now, it is important to see that selecting either one performs the action.
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/I ActionExample.java

1

import java.awt.*;

import java.awt.event.*;
import javax.swing.*;

import javax.swing.border.*;

public class ActionExample extends JPanel {

public JMenuBar menuBar;
public JToolBar toolBar;

public ActionExample() {
super(true);

/I Create a menu bar and give it a bevel border.
menuBar = new JMenuBar();
menuBar.setBorder(new BevelBorder(BevelBorder.RAISED));

/I Create a menu and add it to the menu bar.
JMenu menu = new JMenu("Menu");
menuBar.add(menu);

/I Create a toolbar and give it an etched border.
toolBar = new JToolBar();
toolBar.setBorder(new EtchedBorder());

/I Instantiate a sample action with the NAME property of "Download" and the
/I appropriate SMALL_ICON property.
SampleAction exampleAction = new SampleAction("Download",

new Imagelcon("action.gif"));

/I Finally, add the sample action to the menu and the toolbar. These methods
/[ are no longer preferred:

/I menu.add(exampleAction);

/I toolBar.add(exampleAction);

/I Instead, you should create actual menu items and buttons:

JMenultem exampleltem = new JMenultem(exampleAction);

JButton exampleButton = new JButton(exampleAction);
menu.add(exampleltem);

toolBar.add(exampleButton);

class SampleAction extends AbstractAction {
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/I This is our sample action. It must have an actionPerformed( ) method, which
/'is called when the action should be invoked.
public SampleAction(String text, Icon icon) {

super(text,icon);

public void actionPerformed(ActionEvent e) {
System.out.printin("Action [" + e.getActionCommand( ) + "] performed!");

}

public static void main(String s[]) {
ActionExample example = new ActionExample( );
JFrame frame = new JFrame("Action Example");
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setJMenuBar(example.menuBar);
frame.getContentPane( ).add(example.toolBar, BorderLayout. NORTH);
frame.setSize(200,200);
frame.setVisible(true);

The preceding example creates a toolbar with a single button and a menu with a single menu item. Both are
generated from the SampleAction class and are shown i.

Figure 3-2. An action in a menu and in a toolbar
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Selecting the menu item or clicking on the toolbar button a few times both yield the same results on the console:

Action [Download] performed!
Action [Download] performed!
Action [Download] performed!

Now for something interesting. You can add the following line to the constructor to disable the action:

exampleAction.setEnabled(false);
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With this line, the PropertyChangeEvent propagates to listeners in the menu item and in the toolbar button,

causing both components to turn gray and become disabled. shows what happens when an action is
disabled.

Figure 3-3. A disabled action in a menu and in a toolbar
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Of course, you can enable the menu item and toolbar button again at any time with the following line of code:
exampleAction.setEnabled(true);

Upon execution, the property change again propagates, re-enabling both components simultaneously.

Actions also play a critical role in supporting key bindings within components (sggection 3.5.14later in this chapter).
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3.2 Graphical Interface Events

Whenever you interact with your application's user interface, the application receives an  event from the windowing
system to let it know that something happened. Some events come from the mouse, such as mouse clicks, mouse
movements, and mouse drags. Other events come from the keyboard, such as key presses and key releases. Every
component generates events. Different components generate different events as dictated by their purpose (and their
L&F). For example, pressing a JButton generates anActionEvent (which is really just a converted mouse event).
The ActionEvent class bundles up interesting stuff like which button the event came from, when the button was

pressed, whether any modifier keys (such as Shift or Ctrl) were pressed at the time of the event, and so on.

While the event-dispatching and -handling mechanism is grounded in the world of AWT (and beyond the scope of this
book), we do want you to know what events the various Swing components generate—and when. The what of the
events is discussed in conjunction with each of the components. As we introduce components like JTextField,
JButton, andJTable, we show the events that they fire and the methods you use to attach listeners and catch the

events.

The when of the events is a bit more difficult to describe. Rather than attempt to list every possible scenario for every
component, we've built a small utility: EEL, the  Every Event Listener. The EEL class implements every listener
interface from the java.awt.event andjavax.swing.event packages. It has a variety of logging mechanisms to
show you the events coming from your components. You attach an EEL instance to a component (or to multiple
components) using the component's add . . Listener( ) method(s). You can choose to have the events sent to a file,

to your console, or to an onscreen text area.

This discussion really is beyond the scope of the book. So we're posting this utility and its documentation on the web

site for this book ( ttp://www.oreilIv.com/cataloq/iswinqﬁ). Feel free to download it and use it to play with individual

components or to debug an entire application. That's one of the beauties of delegation event handling: you can attach
EEL to an existing component without breaking its normal interactions with the application.
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3.3 Graphics Environments

SDK 1.4 recognizes a great deal of information about its environment. You can retrieve that information for your own
code through the GraphicsEnvironment, GraphicsDevice , andGraphicsConfiguration classes from the
java.awt package. While they aren't part of Swing proper, these classes are definitely useful for Swing applications,

especially those that take full advantage of their environment.

To sum up these classes, a system keeps a local GraphicsEnvironment object that describes the devices on the
system with an array of GraphicsDevice objects. EachGraphicsDevice contains (or at least may contain) multiple
configurations of device capabilities (such as pixel formats or which visual screen you're on) bundled up in an array of
GraphicsConfiguration objects.

- . The GraphicsConfiguration class should not be confused with théisplayMode

e class (although it's easy to do so). The display mode is something with which most

o,
w, savvy computer users will be familiar. On a system that supports multisync monitors,

the DisplayMode class encapsulates the width, height, color-depth, and refresh

a"r.j..

rate information for a given mode. The GraphicsConfiguration class stores things
like square versus rectangular pixels. GraphicsConfiguration could even be used
for devices such as printers. The configuration information is highly dependent on the
native platform and thus varies widely from system to system. In any given system,
both configurations and modes can be found through the available

GraphicsDevice objects.

If you're curious about the various graphics configurations on your system, try out this little program, GuiScreens.java.
It prints information on all devices and configurations. For each configuration, it also pops up a JFrame using that

configuration.

/I GuiScreens.java
1

import java.awt.*;
import javax.swing.*;

public class GuiScreens {
public static void main(String[] args) {
Rectangle virtualBounds = new Rectangle();
GraphicsEnvironment ge = GraphicsEnvironment.getLocalGraphicsEnvironment( );
GraphicsDevice[] gs = ge.getScreenDevices( );
JFrame frame[][] = new JFrame[gs.length][];
for (intj = 0; j < gs.length; j++) {
GraphicsDevice gd = gs[j];
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System.out.printin("Device " +j+ " " + gd);
GraphicsConfiguration[] gc = gd.getConfigurations( );
frame[j] = new JFrame[gc.length];

for (int i=0; i < gc.length; i++) {
System.out.printin(* Configuration " + i+ ": " + gcf[i]);
System.out.printin(*  Bounds: " + gc[i].getBounds());
virtualBounds = virtualBounds.union(gcJi].getBounds( ));
framelj][i] = new JFrame("Config: " + i, gcfi]);
framelj][i].setBounds(50, 50, 400, 100);
framel[j][i].setLocation(
(int)gcli].getBounds( ).getX() + 50,
(int)gcli].getBounds( ).getY() + 50);
frame[j][i].getContentPane( ).add(new JTextArea("Config:\n" + gcli]));
framelj][i].setVisible(true);
}
System.out.printin("Overall bounds: " + virtualBounds);
}
}
}

Here's the text output from a Solaris system running CDE with one monitor:

Device 0: X11GraphicsDevice[screen=0]
Configuration 0: X11GraphicsConfig[dev=X11GraphicsDevice[screen=0],vis=0x22]
Bounds: java.awt.Rectangle[x=0,y=0,width=1152,height=900]
Configuration 1: X11GraphicsConfig[dev=X11GraphicsDevice[screen=0],vis=0x26]
Bounds: java.awt.Rectangle[x=0,y=0,width=1152,height=900]
Configuration 2: X11GraphicsConfig[dev=X11GraphicsDevice[screen=0],vis=0x25]
Bounds: java.awt.Rectangle[x=0,y=0,width=1152,height=900]
Configuration 3: X11GraphicsConfig[dev=X11GraphicsDevice[screen=0],vis=0x24]
Bounds: java.awt.Rectangle[x=0,y=0,width=1152,height=900]
Configuration 4: X11GraphicsConfig[dev=X11GraphicsDevice[screen=0],vis=0x27]
Bounds: java.awt.Rectangle[x=0,y=0,width=1152,height=900]
Overall bounds: java.awt.Rectangle[x=0,y=0,width=1152,height=900]

And here's the output from an OS X system with two monitors:

Device 0: sun.awt.MacGraphicsDevice@4dd8d9
Configuration 0: com.apple.mrj.internal.awt.graphics.MacGraphicsConfig@303297
Bounds: java.awt.Rectangle[x=0,y=0,width=1280,height=1024]
Device 1: sun.awt.MacGraphicsDevice@5c08c3
Configuration 0: com.apple.mrj.internal.awt.graphics.MacGraphicsConfig@435a72
Bounds: java.awt.Rectangle[x=1280,y=-52,width=1152,height=870]
Overall bounds: java.awt.Rectangle[x=0,y=-52,width=2432,height=1076]
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3.3.1 Headless Modes

One other variation on the graphics environment is "headless" operation. This mode of running without any monitor
shows up quite often on back-end systems. Java servlets trying to use the AWT, 2D, and Swing classes to draw
dynamic graphs for a web page are a classic example of applications that need a graphics environment on a
machine that might not have any graphics displays. You can detect such a case with the
GraphicsEnvironment.isHeadless( ) call.

If an environment is headless, there are certain calls that cannot be made. These calls tend to create onscreen
components such as frames or dialogs—no good without a head—or otherwise attempt to interact with the
(nonexistent) local user. [Table 3-2 shows the documented Swing components that generate &#leadlessException
when called. Since HeadlessException is an unchecked exception (i.e., a descendant oRuntimeException), it is

not always documented in the Javadoc for a method or in its throws clause (in the source code). The best practice
that has evolved for writing Javadoc for such exceptions requires that the Javadoc mention the exception (with an
@throws entry), but that thethrows clause in the actual method signatureomit it. This leads to a visual indication that
it is an unchecked exception. Not all code has adopted this best practice, of course.

Table 3-4. Swing components that throw HeadlessException

Component Method(s)

JApplet Constructors

JColorChooser|showDialog( ); setDragEnabled( ); createDialog( ); constructors

JDialog Constructors

JFileChooser createDialog( ); showDialog( ); showOpenDialog( ); showSaveDialog( );

setDragenabled( )

JFrame Constructors

JList setDragEnabled( )

JOptionPane All sh(?W dialog methods; createDialog( ); getFrameForComponent( );
getWindowForComponent( ); getRootFrame( )

JTable setDragEnabled()

JTree setDragEnabled()

JWindow Constructors

SwingUtilities |getSharedOwnerFrame()
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3.4 Sending Change Events in Swing

Swing uses two different  change event classes. The first is the standardava.beans.PropertyChangeEvent
class. This class passes a reference to the object, sending the change notification as well as the property name, its
old value, and its new value. The second, javax. swing.event.ChangeEvent, is a lighter version that passes only
a reference to the sending object—in other words, the name of the property that changed, as well as the old and new
values, are omitted.

Since the ChangeEvent class is not part of the JavaBeans specifications,
properties that use this event are not "bound" according to the JavaBeans standard.
In order to prevent confusion, properties that use a ChangeEvent to notify listeners

of property changes have not been marked as bound in our property tables.

Because the ChangeEvent includes only a reference to the event originator, which never changes, you can always

define a single ChangeEvent and reuse it over and over when firing events from your component.

3.4.1 The ChangeEvent Class

The ChangeEvent is a stripped-down version of thejava.beans.PropertyChangeEvent class. This class has no
methods or properties, only a constructor. This simplicity makes it a popular class for developers wanting to fire off
their own events. Recipients get a reference to the source of the event but then must query the source directly to find
out what just happened. It's great for quick notifications or instances in which the state of the source component is so
complex it's hard to predict which pieces of information the recipient will need, but it shouldn't be used simply to save
the component author a little time at the expense of runtime inefficiency if the recipient always needs to look up
information that could have been part of a PropertyChangeEvent.

3.4.1.1 Constructor

public ChangeEvent(Object source)

The constructor for the ChangeEvent class. It takes only a single object, which represents the entity
sending the event.

3.4.2 The ChangelListener Interface
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Objects that intend to receive change events must implement thecom.sun.java.swing.event.ChangeListener
interface. They can then register to receive ChangeEvent objects from a publisher class. TheChangeListener
interface consists of only one method.

3.4.2.1 Method

public abstract void stateChanged(ChangeEvent €)

Implemented in a listener object to receiveChangeEvent notifications.
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3.5 The JComponent Class

JComponent is an abstract class that almost all Swing components extend; it provides much of the underlying
functionality common throughout the Swing component library. Just as the java.awt.Component class serves as
the guiding framework for most of the AWT components, the javax.swing.JComponent class serves an identical
role for the Swing components. We should note that the JComponent class extendsjava.awt.Container (which in
turn extends java.awt.Component), so it is accurate to say that Swing components carry with them a great deal of

AWT functionality as well.

Because JComponent extends Container, many Swing components can serve as containers for other AWT and
Swing components. These components may be added using the traditional add( ) method of Container. In addition,
they can be positioned with any Java layout manager while inside the container. The terminology remains the same
as well: components that are added to a container are said to be its children; the container is theparent of those
components. Following the analogy, any component that is higher in the tree is said to be itsancestor , while any
component that is lower is said to be its descendant.

Recall that Swing components are considered "lightweight." In other words, they do not rely on corresponding peer
objects within the operating system to render themselves. As we mentioned in , lightweight components
draw themselves using the standard features of the abstract Graphics object, which not only decreases the amount
of memory each component uses but allows components to have transparent portions and take on nonrectangular
shapes. And, of course, lightweight components are free of a dedicated L&F.

It's not out of the question to say that a potential benefit of using lightweight components is a decrease in testing time.
This is because the functionality necessary to implement lightweight components in the Java virtual machine is
significantly less than that of heavyweight components. Heavyweight components must be individually mapped to
their own native peers. On the other hand, one needs to implement only a single lightweight peer on each operating
system for all the Swing components to work correctly. Hence, there is a far greater chance that lightweight
components will execute as expected on any operating system and not require rounds of testing for each platform.

Because all Swing components extend Container, you should be careful that you

don'tadd( ) to Swing components that aren'truly containers. The results range from

amusing to destructive.

In JDK 1.2, JComponent reuses some of the functionality of thgava.awt.Graphics2D class. This consists

primarily of responsibilities for component painting and debugging.

3.5.1 Inherited Properties

Swing components carry with them several properties that can be accessed throughComponent but otherwise

originate with AWT. Before we go any further, we should review those properties of java.awt.Container and
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java.awt.Component that can be used to configure all Swing components. This discussion is relatively brief; if you
need a more thorough explanation of these AWT classes, see _Java AWT Reference by John Zukowski (O'Reilly),
which can be downloaded from this book's web site, http://www.oreilly.com/catalog/ijswing2}. ‘ lists the
properties that JComponent inherits from its AWT superclasses.

Table 3-5. Properties inherited from the AWT Component and Container classes

Property Data type get |is | set Default value (if applicable)
background Color
colorModel ColorModel
component' Component
componentCount int
components Component][]
cursor Cursor Cursor.DEFAULT _CURSOR
enabled boolean true
font Font
foreground Color
insets Insets Insets(0,0,0,0)
layout LayoutManager BorderLayout( )
locale Locale
location Point
locationOnScreen Point
name String
parent Container null
size Dimension
showing boolean true
valid boolean
visible boolean true
indexed

Let's discuss these properties briefly. The background andforeground properties indicate which colors the

component uses to paint itself. We should mention that with Swing the background property is disabled if the

component is transparent (not opaque). The read-only colorModel property returns the current model used to

translate colors to pixel values; generally, the user does not need to access this property. The font property lets you

get or set the font used for displaying text in the component.

The indexed component property maintains a list of all the components inside the container. You can tell how many
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there are with the integer componentCount property. If you want to access all of them through £omponent array,
retrieve the components property. Theinsets property specifies the current insets of the container, while thiyout
property indicates which layout manager is managing the components of the container. Technically, this means that
you can use any component as a container. Don't be misled; if a component doesn't seem like a reasonable
container, it probably can't be used as one. (Don't, for example, try to add a JButton to aJScrollBar.) A number of
components use these properties for internal, specialized layout managers and components.

The locale property specifies the internationalization locale for the application. Théocation property indicates the
X,y coordinates of the component's upper-left corner in the container's coordinate space. If you want to see the
location of the component's upper-left corner in screen coordinates, use the read-only locationOnScreen property.

The name property gives this component a string-based name that components can display if they choose. The
parent property references the container that is acting as this component's parent, arull if there is none. Thesize

property specifies the component's current height and width in pixels.

The showing property indicates whether the component is currently showing on the screen, while theisible
property tells if the component is marked to be drawn on the screen. There's an odd, nonintuitive relationship
between Vvisible andshowing. A component that is visible isn't necessarily showing. "Visible" means that a
component is capable of being displayed; "showing" means that the component is actually displayed (though it may
be obscured by something else). Most containers (JPanel, JFrame, etc.) are invisible by default; most other
components (JButton, etc.) are visible by default. So if you add dButton to an invisibleJFrame, for example, the

button is visible but not showing. It can be displayed but happens to be in a container that isn't currently displayed.

Finally, if the valid property isfalse, the component needs to be resized or moved by the component's layout

manager. If it is true, the component is ready to be displayed.

3.5.2 Common Methods

Here are some other frequently called methods for working with Swing components:

public Component add(Component comp)

public Component add(Component comp, int index)

public void add(Component comp, Object constraints)

public void add(Component comp, Object constraints, int index)

Add a component to the container, given the optional constraints and the current index.

public void remove(int index)
public void remove(Component comp)
public void removeAll()

Remove the appropriate component from the container. The final method empties the entire container.
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public void pack( )

This method of java.awt.Window resizes the window to encompass the preferred size of all the contained
components, as placed by the current layout manager. It's a good idea to call pack( ) after you've added
components to a top-level container with a layout manager, such as JFrame, JApplet, JDialog, and
Jwindow.

public void validate()

public void invalidate( )

The invalidate( ) method is typically called on &Container to indicate that its children need to be laid out,
or on a Component to indicate that it needs to be re-rendered. This method is often called automatically.
However, certain changes to a Component (such as changing the size of a button by changing its label or
font) do not cause it to be invalidated. In such cases, invalidate( ) must be called on theComponent to
mark it as invalid, and validate( ) must be called on it<Container. Thevalidate( ) method is typically
called to validate, lay out, and repaint a Container. Calling this method is especially important when you
add or remove Components in aContainer that is already displayed.

Swing improves the validate( )/invalidate( ) situation a bit by callinginvalidate( ) in response to many

property changes, saving you from having to make the call. Unfortunately, there are still situations (such as
changing a JButton's font) that do not trigger an automatitnvalidate( ) call, so you'll still have to explicitly
callinvalidate( ) in these cases.

The key things to take away from these methods are:

® You may need to call invalidate( ) if you make changes to the appearance of a displayed

component.

® You must call validate( ) onContainers that have been invalidated (typically by the addition or
invalidation of a child).

As a result of deprecation and the movement toward JavaBeans accessors, AWT has some methods with multiple
names. For example, show( ) andsetVisible(true) are essentially the same. It is always better to use the
JavaBeans-style name—setVisible( ) in this case—when working with Swing; the newer name is less confusing for

people familiar with the JavaBeans conventions.

3.5.3 JComponent Properties

Now to the heart of the matter. JComponent has many properties of its own and overrides (or otherwise modifies)
the behavior of many of its inherited properties. This is where the new and interesting stuff happens. shows
a summary of JComponent's properties.

Table 3-6. JComponent properties

Property Data type get|is |set| Default value
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uie-p ComponentUl

UIClassID String "ComponentUl"
accessibleContext AccessibleContext null
actionMap™> ActionMap

alignmentX° float

alignmentY® float

ancestorListeners’# AncestorListener([]

autoscrolls boolean false

border Border null

bounds° Rectangle

debugGraphicsOptions int DebugGraphics.NONE_OPTION
defaultLocales* Locale

doubleBuffered boolean false
enabled®® boolean true
focusCycleRoot boolean false
focusTraversable ¢ boolean true

graphics °® Graphics

height int bounds.height
inputMap” 3 also indexedget | InputMap

inputVerifier® 3 InputVerifier

insets © Insets

location ° Point Point(bounds.x, bounds.y)
managingFocus ¢ boolean false
maximumSize > ° Dimension

minimumSize ® ° Dimension

nextFocusabIeComponentOI Component

opaque” boolean false
optimizedDrawingEnabled boolean true
paintingTile boolean

preferredSize P °© Dimension

propertyChangeListeners (also

string indexed version)

PropertyChangelListener][] |-

registeredKeyStrokes

KeyStrokel[]
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requestFocusEnabled boolean . 1. true
rootPane JRootPane
o . . Dimension (bounds.height,
size Dimension i
bounds.width)
toolTipText String . . null
topLevelAncestor Container
transferHandler®t4 TransferHandler : . |null
validateRoot boolean . false
verifylnputWhenFocusTargetb' boolean
1.3
vetoableChangeListeners’# |VetoableChangeListener(]
visible @ boolean .. |true
visibleRect Rectangle
width ° int . bounds.width
% © int . bounds.x
y° int . bounds.y
1'3since 1.3,1'4since 1.4, bbound,
OIdeprecated, ffinal, iindexed,
ooverridden, IOprotected, Sstatic
See also java.awt.Container and
@/a.awt.Component
).

3.5.3.1 New properties in the 1.3 and 1.4 SDKs

The properties added in 1.3 and 1.4 focus on three areas. ThdnputMap and ActionMap classes were added in 1.3
to improve the handling of keyboard events. (These classes are discussed in later in this chapter.)
SDK 1.4 added some convenience support for accessing event handlers such as property and vetoable property

change listeners. The transferHandler property was also added in 1.4—a big step up in the usability of Drag and
Drop (DnD). You can learn more about that property in , which is devoted to DnD functionality.

Finally, the inputVerifier andverifylnputWhenFocusTarget properties were added in 1.3 to offer applications an
easy and reliable way to check a user's text input for validity. Text components with attached InputVerifiers will call
the verifier's shouldYieldFocus( ) method when they're about to lose input focus, providing an opportunity to give
the user feedback and keep focus if the input isn't valid. Any Components, such as Cancel buttons, that should
remain usable even when there is invalid input in some text field, can be configured to work properly by setting their
verifylnputWhenFocusTarget property tofalse. These capabilities are discussed in greater depth éhaéter 2d.
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3.5.4 Ul Delegates and UlClassIDs

As we mentioned i, all Swing components use a modified MVC architecture. Each Swing component is
responsible for maintaining two unique objects: a model and a Ul delegate. The object representing the model
handles the state information specific to the component while the Ul delegate determines how the component paints
itself based on the model's state information.

Note that there is no property for a model in JComponent. You typically access themodel property at the level of a
JComponent subclass. This is because each Swing component defines its own data model, which is unique from
that of all other components. The Ul delegate property, on the other hand, can be handled at the JComponent level
because the methods for rendering lightweight components are always the same. These methods (e.g., installUl( ),
uninstallUl( ), setUI( ), paint( )) can be traced back to the abstract clasgavax.swing.plaf.ComponentUl, which

serves as the superclass for all Ul delegates.

JComponent contains a reference to the current Ul delegate for the objecdComponent allows a subclass to alter
the component's Ul delegate with the protected setUI( ) method; this method effectively resets the L&F of the
component. The Ul therefore acts like a write-only property, but we hesitate to call it a property because its mutator
isn't public. Invoking setUI( ') by itself, however, does not change the display. A call taipdateUl( ) is also required,
which forces the component to redraw itself. If you are looking to change the entire L&F of the application, it is better
to change it universally with the setLookAndFeel( ) method of UIManager than to change it one component at a
time. See for a simple example of how to work with various L&Fs.

Each Swing component maintains a read-only string constant, UIClassID , that identifies the type of Ul delegate that
it uses. Most Swing components override the accessor getUIClassID( ) and return a string constant, typically the
letters "UI" appended to the name of the component (without the "J"). This string is then used by Swing's Ul manager
to match the component with a Ul de