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Preface

The Java Foundation Classes (JFC), also known as the Swing classes (apparently because
one of the engineers developing them liked swing music), provide a collection of compo-
nents, also known as widgets, that can be used to construct Graphical User Interfaces
(GUIs) using the Java Programming Language. The initial Java 1.0 release contained a
collection of user interface components known as the Abstract Windowing Toolkit (AWT).
The AWT was only ever intended to be an interim facility, as its components had a very
plain and primitive appearance, many standard widgets were not supplied and, most
importantly, it had a flawed event-handling mechanism. The flaws in the event-handling
mechanism were corrected in the Java 1.1 release, but the other failings of the AWT
persisted.

The Java 2.0 release (known during its development as the 1.2 release) includes the JFC,
which is built on top of, and inherits many of the capabilities of, the AWT. It uses the same
event-handling model as the 1.1 AWT release and contains a comprehensive collection of
components which have a rich and acceptable appearance.

One of the most frightening books that I received recently was a 2500 page tome on the
JFC which weighed in at approximately two and a half kilos. Its preface claimed that it
contained a comprehensive introduction to all of the significant JFC classes. From the
inspection that I made of the contents this is very probably correct, and the book has
joined a number of similar volumes on my bookshelf. The JFC package, javax.swing,
contains approximately 90 classes and 15 subsidiary packages; the entire collection of
packages contains approximately 450 classes. The swing documentation, supplied with
Sun’s Java Development Kit (JDK), contains 1500 HTML pages and is approximately 27
megabytes in size. Given the size of the JFC it is obviously not possible for the 2500 page
tome to claim to cover all of its classes and their facilities comprehensively. Likewise, a
book of this size can only claim to cover a small fraction of the JFC.

When my daughters were younger they came home from school telling me that in
science class they learned that an atom was like a small solar system with the nucleus in
the middle, like the Sun, and the electrons orbiting it, like the planets. My response was
not to give them a crash course in quantum mechanics leading to the Schrédinger wave
equation and draft a letter to the school requesting that the science teacher be sacked for
incompetence. The solar system model of an atom is not totally incorrect: it is within the
limits of human comprehension (which quantum theory may not be) and has many
properties which are in accord with reality.

In the same way, the model of the JEC which is presented in this book is not as sophisti-
cated as the model used by its designers. Like the solar system model of an atom it is
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sufficiently correct for a more sophisticated model to be built from it, should it ever be
necessary. However, to emphasize the internal model of the JFC, as so many other books
have done, is to miss the point! The internal workings of the JFC are far less important
than the techniques that are required to use them for the design and construction of
interfaces that are truly usable. The most important aspect of a Graphical User Interface is
that it will be used by humans in the performance of some task, and it is a legal require-
ment, in the EU and the USA, that, ifitis to be used commercially, it must be effective, effi-
cient and enjoyable.

The proportion of software project development costs associated with the user inter-
face, as opposed to the core functionality, is estimated as between 20 and 80%; and the
proportion seems to be growing. This emphasis upon the user interface has added an
additional item to the litany of software engineering complaints. In addition to being late,
over-budget and under-functional, most software artifacts are now known to have severe
usability faults. In an attempt to address this issue directly I have, for a number of years
and in anumber of books, argued that usability must be placed at the center of the entire
software development process. In order to achieve this the notation that is used to specify
the interactive behavior of the software and the user, must also inform the software
design and implementation.

For alongtime I felt like a prophet in the wilderness in advocating the use of State Tran-
sition Diagrams (STDs) as a notation and technique for the engineering of software arti-
facts that have a GUI. Recently, a book entitled Constructing the User Interface with
Statecharts, by lan Horrocks, was published which also espouses and explains these
ideas. Initially I was a little disappointed to receive the book as I had been toying with the
idea of writing a similar book myself. However, upon reading the book I was pleased that I
had not, as I could not have made as good a job of it as Ian. I recommend this book as a
companion text to this one, the key difference being that, unlike this one, it does not focus
upon implementation. Further details of the book are given in the Appendix.

In the light of the explanation above, the intention of this book is to provide a suffi-
ciently detailed introduction to a selection of the more important JEC classes within the
context of the systematic development of artifacts that have usability considerations as a
central theme of their design. This process commences in Chapter 1, where the key ideas
that permeate the rest of the book are explored in the context of the development of a
simple Stopwatch artifact.

Almost all commercial quality software is now multi-threaded. The word processor
that I am using to write this preface is responding quickly to each keypress, placing the
associated character on the screen. Apparently at the same time a second thread is
marking up the words that might be misspelled, a third is attempting to correct my
grammar, a fourth is autosaving on aregular basis and others, for example one to print the
document, could also be active. However, this consideration seems to have eluded almost
all other authors of GUI books, and in order to start to rectify this the first, Stopwatch,
example requires the use of two threads: one to service the time-keeping aspects and one
to respond to the user’s actions.

Chapter 2 presents a second example of the systematic production of artifacts that
have a GUI by the development of a utility called Fontviewer, which allows a user to
explore the fonts which are available on a particular workstation. This example is also
noteworthy as it introduces the first specialized component. Although the JFC contains a
large number of widgets, it cannot supply one that is totally suitable for every possible
requirement, and it is often either desirable or necessary for an existing component to be
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extended to satisfy a particular need. The component used to display a font in the
Fontviewer artifact starts to introduce this process, using a display-only example that
does not have any interaction with the user.

After the introduction in depth in Chapters 1 and 2, Chapter 3 takes a broader view by
examining in detail the attributes and other resources of one of the simplest JFC classes,
the JLabel class. In order to accomplish this it develops an artifact, called
TabbedLabelDemo, which allows the user to explore the classes’ resources interactively.
This requires a number of different panels to be presented, each of which contains a
different interactive interface and so allows a large number of the simpler JFC classes to
be introduced alongside the JLabel class.

Chapter 4 returns to the theme of producing specialized components by the develop-
ment of a number of highly interactive Numericinputwidgets. This theme is continued in
Chapters 5 and 6 with the development of an artifact called the MemoryGame, played by
turning over pairs of cards and removing them from the playing area if they match. This is
the first example in the book which has a minimally realistic degree of complexity. It
allows application-level main menu systems, pre-supplied and specialized dialogs and
drag and drop capability to be introduced, while illustrating the scale of the task that
would be involved in the production of a commercial quality application.

Chapter 7 further consolidates the production of highly interactive specialized compo-
nents with the development of a component called Timelnput, affording the user the
capability of entering a time of day by dragging the hands of a clock around a clock face.
Although this component is valuable in its own right it is introduced so that the consider-
ations of Usability Engineering, particularly the processes involved in usability investiga-
tions, can be described.

Chapters 8 and 9 continue the introduction to the JFC classes with the development of
a primitive Web browser, known as a Brewser. This allows additional features of applica-
tion-level main menus to be introduced, as well as the techniques required for text
handling, multiple internal windows, loading, saving and printing to be demonstrated.
Chapter 10 completes the theme of specialized components with the development of a
Dynal abel component, which is produced with regard to JavaBean requirements. A
component developed with regard to the JavaBean specification is known as abean and is
capable of easily interacting with other beans and also with bean-aware software devel-
opment tools.

In Chapter 11 a DynalLabel is used as a constituent part of the ColaMachine artifact, a
simulation of a soft drink vending machine. This artifact is introduced in order to illus-
trate internationalization and localization capability, with interfaces for different coun-
tries being automatically supplied. The final chapter, Chapter 12, concludes the tour of
the JFC classes by introducing the components that supply tree and table views.

This was a difficult book to write, mostly because it was written while the JEC was being
developed and each new beta release of the toolkit had a different selection of bugs (or
were they features?). Peter Chalk at South Bank University again took it upon himself to
comment upon each chapter as it was drafted, and in many cases redrafted and redrafted
again. The 1999 cohort of students on a unit called UEEM suffered bravely and, some-
times unknowingly, supplied many very useful ideas. Jackie Harbor was more than willing
to find space in her diary to come and eat a pizza at the Castello pizzeria restaurant and,
incidentally, discuss the problems with the book. At home Maria, Leah and Seana again
put up with a distracted maniac muttering under his breath about regression bugs and
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version control. Finally, this book might have been finished somewhat sooner, were it not
for the quality of the Pride and the friendly insults offered by Joe and Colin at the George.

Fintan Culwin
fintan@sbu.ac.uk
http://www.scism.sbu.ac.uk/fintan/
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An initial artifact — introducing
event handling

Introduction

This book contains an introduction to the systematic development of Graphical User
Interfaces (GUIs) using the Java Foundation Classes (JFC). (The Java foundation classes
were developed in tandem with the Java 1.1.X releases and are an integral part of the Java
2.Xreleases.) The text does not attempt to introduce the Java language and it is assumed
that the reader has some familiarity with Object-Oriented Design and Development
(OODD), together with its practical expression in Java. Suitable resources to assist with
obtaining this knowledge are suggested in Appendix A.

The development of GUIs which are effective, enjoyable and efficient is becoming
increasingly important to the production of software artifacts, particularly those
intended to be used within Web pages. They have to be effective in the sense that they
allow the user to accomplish some task, enjoyable so that the user is likely to want to (or at
least not be adverse to) using them in the future, and efficient in the sense that they should
allow the task to be completed without undue stress or strain. The development of such
interfaces can never be a trivial task, as it requires a high level of software engineering,
ergonomic and graphical skills. A book of this size can only provide an initial introduction
to the development of the required skills, and it makes no claim to be a complete descrip-
tion of Java, the JFC or usability engineering.

In this book, whenever a Java reserved word is used this bold alternative font will be
used. The alternative font by itself will indicate the use of a Java Application Programming
Interface (API) resource and an italic alternative font for developer-supplied Java
resources. The italicized normal font will be used when a new technical term is intro-
duced for the first time or when its meaning is significantly extended. This italicized font
is also used when a design fragment is referred to which cannot be identified by a corre-
sponding Java term. A similar convention is used in program listings, where this bold
font indicates Java’s reserved words, italic font indicates developer-supplied
resources and normal font indicates Java API resources.

Sidebar comments such as this are used to give technical information which reinforces or
extends the information given in the main body of text. For a general reading the contents
of these sidebars can be omitted, but if the book is being used to support development
then the information contained may be vital.




2 An initial artifact — introducing event handling
Boxed comments such as this are used to provide design tips or other commentaries
upon the topics currently being discussed in the text.

1.2 Components, containers and events

The essential philosophy of this book is to provide an exposition of practical design and
development techniques using examples chosen so as to allow a selection of the most
important and useful aspects of the JFC to be exposed. Accordingly, this initial chapter
will commence with a description of the systematic design and development of a first,
relatively trivial, example. However, before doing so some fundamental concepts
concerned with the nature of, and the facilities supplied by, the Java Foundation Classes
will have to be explained.

The Java Foundation Classes supply a large number of user interface components,
instances of which can be assembled together to implement graphical user interfaces. All
of the JFC classes are extended from a more primitive GUI library known as the Abstract
Windowing Toolkit (AWT). Consequently, many attributes of JFC components are inher-
ited from the AWT and hence some knowledge of the AWT is required to use the JFC. The
JEC classes are known as the swing classes and are contained within a package called
swing. The name swing, like the name Java, is not an acronym and has no other particular
meaning.

One fundamental distinction established by the AWT is the distinction between a
simple Component and components that are also Containers, i.e. descended from the
AWT Container class. The AWT Container class introduces the facilities for a component to
contain, and manage the positioning of, a number of other components which can them-
selves also be containers. All of the JEC classes are descended from the AWT Container
class and hence inherit this capability, although some make no apparent use of the
facility.

One other fundamental facility is introduced by the AWT event package and is essential
to the development of GUIs. When a user interacts with a component on an interface, for
example clicking upon a button, an Event is constructed and dispatched to any listeners
which have been registered with the. This is the fundamental message-passing mecha-
nism used within graphical user interfaces and hence is of primary importance for the
effective design and implementation of GUIs. It is also possible, as will be demonstrated
shortly, for non-GUI objects to make use of this event-handling mechanism to imple-
ment message passing.

Source code that makes use of the AWT components can be easily adapted to make
use of the JFC components. For every AWT class, for example Button, there is a corre-
sponding class, for example JButton. By systematically preceding the name of every
class, and likewise calls of the class constructors, with a ‘J, the AWT components will
be replaced with JFC components. There is no need to make any changes to the
component’s method calls, as every AWT method is either inherited or overridden by
the corresponding JFC component.

The only other change required is where components are added to Applets or
Frames. Whereas with the AWT the component was added directly to the Applet, as in:

applet.add( instanceChild)
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1.3

In the JFC these components have a number of panes (as in window panes) and the
child has to be added to its contentPane, as follows, to achieve the same effect.

applet.getContentPane().add( 7instanceChild)

The Java compiler will issue an error if an attempt is made to add a child compo-
nent directly to a container when it should be added to a pane.

The Timer class

To introduce the techniques that can be used in the construction of artifacts that have a
graphical user interface, the rest of this chapter will describe the design and implementa-
tion of a simple (and not very accurate) stopwatch. As will be described shortly, a rigorous
division between interface and application functionality is essential for effective user
interface engineering, and accordingly the first class that will be implemented is one that
supplies the timing capability.

Instances of this class will generate events on a regular basis and dispatch them to a
listener object that will react to them in some way. In this example it will update the time
displayed on the stopwatch, but in other applications the receipt of an event may be a
signal for some other occurrence. For example, it may cause the value of a temperature
sensor to be obtained and logged to a file. The generation and receipt of events is central
to the production of GUIs and requires techniques appropriate to event-driven program-
ming to be used. Event-driven programming is a style of programming where flow of
controlis determined by the pattern of events that occurs. The class diagram for the Timer
class is given in Figure 1.1.

Thread

Timer

package stopwatch

Timer
I
theTime
run
I
itsListener ’
resetTime

1
addActionListener = | «— alistener

removeActionListener| «— alListener

Figure 1.1 Timer class diagram.
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The diagram indicates that the Timer class is a member of the stopwatch package of
classes and extends the Thread class, so inheriting the capability to execute independ-
ently in a concurrent manner. This facility is required by instances of this class as they
have to execute continually in order to attempt to record the passage of time accurately.
Of the methods inherited from the Thread class only the run() method needs to be over-
ridden in the Timerclass. When the inherited start() method is called it will arrange for the
instance’s run() method to be executed on a separate flow of control (thread) from that
which called the start() method. Execution will continue until the run() method termi-
nates or until the Thread is halted in some other way.

Object — java.lang.Thread
public Thread()

Default constructor.

public sychronized void start()
public final void stop()
public void run()

A call of start() will cause a new thread of control to be established and arrange for run()
to be executed upon it. Execution will continue until run() terminates, until stop() is
called or until the thread is destroyed in some other manner (e.g. the application
terminates).

public final void suspend()

public final void resume()

public static void sleep( int milliseconds)

throws InterruptedException

A call of suspend() will cause the thread not to execute until resume() is called. A call of
sleep() will suspend the thread for (approximately) the number of milliseconds specified.

In this example the run() method executes indefinitely within a non-terminating loop.
Each pass of the loop arranges for the Thread to sleep() for a period of time, fixed at one
tenth of a second in this example, and then to generate and dispatch an event. The
instance attribute theTime records the number of periods of sleep which have elapsed
since the Timerwas started or last reset.

The other instance attribute, itsListener, contains the identity of the object to which the
events generated by the run() method are dispatched. The two remaining methods,
addActionListener() and removeActionListener(), are supplied in order to support this attribute.

The protocols for the use of events will be one of the major themes of this book and a
full explanation will be given in due course. One aspect of the protocols is the distinction
between unicaster and multicaster event sources. Unicasters can only maintain knowl-
edge of, and hence dispatch events to, a single listener at a time. Multicasters, in compar-
ison, maintain alist of listeners, and each event they generate is dispatched to all listeners
in the list. In the Timer class, the exclamation mark in the top right of the method which
registers listeners, addActionListener(), indicates that this class is a unicaster, and an
exception will be thrown if an attempt is made to register a second listener!.

IThe swing package contains a multicaster Timer class that is not suitable for use with this design.
Details are given in Exercise 1.5.
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Unicaster event sources allow only a single listener to be registered with them;
multicaster event sources allow a number of listeners to be registered. When a multicaster
event source dispatches an event a copy of the event will be sent to each registered
listener, but the sequence in which they will be called is not guaranteed. A unicaster can
be distinguished from a multicaster in designs and implementations by the
TooManyListenersException that it might throw.

One of the simplest Event classes that can be used to convey messages between objects
is the ActionEvent class. This class has three attributes: the identity of the instance which
was the source of the event, a manifest reason for the generation of the event, known as its
ID, and an actionCommand string which can contain information specific to the particular
event.

A design decision has been taken to make use of the ActionEvent class to communicate
the passage of time between instances of the Timer class and their listeners. The
actionCommand of each ActionEvent generated will contain the value, as a String, of the
theTime attribute when the event was generated.

The implementation of this class, as far as the end of its constructor, is as follows.

0001 // Timer.java

0002 // Extended Thread class which implements an ActionEvent
0003 // unicaster protocol and generates an event every 1/10
0004 // of a second.

0005 //

0006 // Written for the JFC book, ch 1, see text.

0007 // Fintan Culwin, v0.1, Dec 1999.

0008

0009 package stopwatch;

0010

0011 dimport java.awt.event.*;

0012

0013 public class Timer extends Thread {
0014

0015 private int theTime =0;
0016 private ActionlListener 7itslListener = null;
0017

0018 public Timer() {

0019 super();

0020 theTime = 0;

0021 itsListener = null;

0022 } // End Timer constructor.

Following the header comments, line 0009 states that this class is a member of the stop-
watchpackage of classes and line 0011 imports the entire java.awt.event package in order
that this class can have more convenient visibility of the event handling resources. Line
0013 then declares the Timerclass as an extension of the Thread class, exactly as stated on
the class diagram. The instance attribute, theTime, is declared on line 0015 as a primitive
integer variable with its value confirmed as zero. The other encapsulated attribute,
itsListener, is declared on line 0016 as an ActionListener instance: the nature of an
ActionListener will be explained shortly. The constructor is declared on lines 0018 to 0021
and is implemented as a call of the super, Thread, default constructor followed by a
confirmation of the initial values of the two attributes.
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The run() method will be described after the other three public methods, whose imple-
mentation follows, have been presented.

0045 public synchronized void resetTime() {

0046 theTime = 0;

0047 } // End resetTime;

0048

0049

0050 public void addActionlistener( ActionlListener Tistener)
0051 throws java.util.TooManylistenerskException {
0052 if ( itslListener == null) {

0053 itsListener = listener;

0054 } oelse {

0055 throw new java.util.TooManylListenersException();
0056 } // End if.

0057 } // End addActionlListener.

0058

0059

0060 public void removeActionlistener( ActionlListener Tistener) {
0061 if ( itslListener == listener) {

0062 itsListener = null;

0063 } // End if.

0064 } // End removeActionlListener.

0065

0066 } // End Timer.

These methods commence with resetTime(), whose requirement is to reset theTime to
zero, so starting timing again. The only complication with the implementation of this
method is that it must be thread safe. That is, as a call of this method may originate from
another thread in the artifact it is possible that two threads may attempt to reset the timer
at the same stage. Alternatively the timer might be in the process of resetting when an
event is dispatched, causing it to report the wrong time.

To avoid these consequences the resetTime() method is declared with the modifier synchro-
nized, which ensures that only one thread can use this method at a time and that while it is being
used no other methods of the instance can operate. In general, all classes should be constructed
with the possibility of them being used in threaded circumstances, and any methods which
change the state of an attribute should be declared with the synchronized modifier.

The addActionListener() method is noted on the class diagram as possibly throwing an
exception. This identifies the class as an event unicaster, with the understanding that the
exception will be thrown if an attempt is made to add a second listener. The method
prototype, on lines 0050 and 0051, indicates the possibility that an instance of the
java.util. TooManyListenersException class may be thrown, which is in accord with the
required protocol.

The implementation of the addActionListener() method, on lines 0052 to 0056, is a
two-way selection which stores the identity of the /istener passed as an argument in the
itsListener attribute, so long as it is not already holding the identity of a listener. Or, if it
already has a non-null value, it constructs and throws an exception.

The removeActionListener() method, on lines 0060 to 0064, will only restore the
itsListenerattribute to a null value if the listenerargument identifies the already registered
listener; otherwise the call will have no effect.



An initial artifact — introducing event handling

An ActionListener is an instance of a class that implements the ActionListener interface.
This is another part of the fundamental Java listener protocols, designed to ensure that it
is possible to guarantee at the time of compilation that, when an event source dispatches
an event to its registered listener, the listener will have a method which is able to accept
the event. When a class declares that it implements a particular interface it is promising
that that it will supply a certain set of methods and Java will ensure that it does so by
reporting a compilation error if it does not. In return for this, Java will allow an instance of
the class to be passed as an actual argument when the formal argument is of the interface
class. Hence, when a listener instance is registered it can be guaranteed that it will have
the set of methods specified in the listener interface specification available. Only the
actions that are mandated by the interface specification can be called via the registered
listener and not any other methods which the instance may also have.

Listener interface specifications declare a set of methods which a class stating that it
implements the interface must provide. Methods to add and remove listeners are
used to identify event sources and these methods require as a formal argument an
instance of a class that implements the appropriate listener interface. This guaran-
tees, to the event source, that the methods in the interface specification will be
provided by the registered listener

There is an unfortunate overload of the word ‘interface’ in Java. In some situations
it means the specification of a required set of methods (interface). In other situations
it refers to the way in which application functionality is presented to the user (graph-
ical user interface). The intended use should always be clear from the context.

In the case of the ActionListener interface specification, the only method which is
mandated is actionPerformed(), whose prototype indicates that it takes a single argument
of the ActionEvent class. Hence any instance which needs to be registered with a Timer
instance as itsListener must be of a class which implements the ActionListener interface.
This guarantees, to the Timer instance, that the registered listener will have an
actionPerformed() method, so this method can be called, with a suitable actual argument,
when an event needs to be dispatched.

java.awt.event.ActionListener interface
public void actionPerformed( ActionkEvent event)

Method to be called by the event source when the listener needs to be notified that
some event has occurred.

This is illustrated within the Timer run() method, whose implementation is as follows.

0024 public void run() {

0025 while ( true) {

0026 try {

0027 this.sleep( 100);

0028 } catch (InterruptedException exception) {
0029 // Do nothing.

0030 } // End try/catch

0031 theTime++;
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0032

0033 if ( itslistener '= null) {

0034 String timeString = new String(

0035 new Integer( theTime).toString());
0036 ActionEvent theEvent = new ActionEvent( this,

0037 ActionEvent.ACTION_PERFORMED,
0038 timeString);

0039 itsListener.actionPerformed( thefvent);

0040 } // End if.

0041 } // end while.

0042 } // End run.

The Timer run() method overrides the Thread run() method and will be called, on a sepa-
rate thread of control, when the Timer's inherited start() method is called. The new thread
will continue executing, concurrently with the thread from which it was started, until the
run()method terminates; or until the thread is stopped in some other way. As this thread is
required to continue running indefinitely its implementation is bounded by a non-termi-
nating while loop between lines 0025 and 0041.

Within the loop body there are two sections: the first suspends execution of the thread
for (approximately) one tenth of a second and then increments the theTime instance
attribute. The second part of the loop body constructs and dispatches an ActionEvent,
reporting the number of tenths of a second which have elapsed to any registered listener.

The first part of the loop body is implemented on lines 0026 to 0031 and involves a call
of the inherited Thread sleep() method on line 0027. This method takes an integer as an
argument and will suspend execution of the thread for the number of milliseconds speci-
fied by the argument. In this example the thread is suspended for 100 milliseconds, which
is one tenth of a second. It is possible that the thread will be resurrected before the time
requested in the sleep() call has elapsed, and in these circumstances an
InterruptedException will be thrown. This exception cannot be ignored, but in this
example nothing needs to be done; accordingly an empty exception handler is supplied
on lines 0028 to 0030.

Once the try/catch structure has terminated, on line 0031, the theTime instance
attribute is incremented to record the passage of another tenth of a second. The precise
amount of time for which a thread is sent to sleep is not guaranteed and the remaining
actions of the loop will take a small amount of time to execute before the thread is put to
sleep again. Accordingly this implementation cannot be relied upon to give a totally accu-
rate timing facility; one suggestion to make it more accurate will be given as an end of
chapter exercise. However, the accuracy of this implementation is sufficient for its
purpose, which is to illustrate the generation of events by an event source and the subse-
quent construction of a graphical user interface to allow users access to the functionality
it supplies.

The second part of the loop body is implemented on lines 0033 to 0040 and is respon-
sible for dispatching an event to itsListener. It is guarded by an if statement, on line 0033,
which will omit this part of the loop if no listener is currently registered.

If a listener is registered then it is necessary to send it an ActionEvent whose
actionCommand attribute contains a String representing the number of tenths of a second
elapsed since the Timerwas started or last reset. The first step of the if body, on lines 0034
to 0035, is to construct the timeString from the theTime attribute. Having prepared the
timeString, on lines 0036 to 0038, an ActionEvent, called theEvent, is constructed
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containing it. The three arguments to the constructor are the identity of the object that
generated the event (this), the manifest reason why the event was dispatched,
ActionEvent. ACTION_PERFORMED, and the actionCommand, timeString.

Object — EventObject -~ AWTEvent — java.awt.event.ActionEvent

public static final int ACTION_PERFORMED
The only manifest reason for dispatching an event.

public static final int ALT_MASK

public static final int CTRL_MASK

public static final int META_MASK
public static final int SHIFT_MASK

Bit masks for the state of the keys on the keyboard.
public ActionEvent( Object source, int id, String command)

public ActionkEvent( Object source, int id,
String command, int modifiers)

Constructors specifying the Object that generated the event, the manifest reason for
dispatching the event (id) and the actionCommand attribute of the event. The modifiers
argument indicates the state of the SHIFT, CONTROL, ALT and META keys on the
keyboard.

public Object getSource()

public int getID()

public String getActionCommand()

public int getModifiers()

Inquiry methods corresponding to the four possible constructor arguments;
getSource() is inherited from EventObject and getID() from AWTEvent.

14

Once theEvent has been constructed it is used as the actual argument of a call of the
itsListener actionPerformed() method, on lines 0036 to 0038. As was explained in detail
above it can be guaranteed that, whatever the real class of the listener instance, it will have
an actionPerformed() method, as it must implement the ActionListener interface in order
to be accepted by the addActionListener() method. Within the actionPerformed() method
of the listener, as will be described below, the actionCommand attribute can be obtained
as a String and the integer number of tenths of a second which it represents retrieved from
it. Effectively, every one tenth of a second an instance of the Timer class will send a
message, using Java’s event listener protocols, to its listener informing it of the amount of
time which has elapsed. This situation is illustrated in the instance diagram in Figure 1.2.
It shows that aTimer is an event source and aListener is an instance of any class which
implements the ActionListener interface and has been registered with aTimer as its
listener.

The TextTimerDemonstration class

It is essential that application functionality is at least demonstrated, or better tested,
before the user interface for it is constructed. If this advice is followed then any faults that
are discovered during the development of the interface can be isolated to the user inter-
face code. In this part of the chapter a text-only non-interactive demonstration of the
Timer class will be provided. This demonstration will be supplied by an instance of the
TextTimerDemonstration class whose class diagram is given in Figure 1.3.
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Figure 1.2 Timer instance diagram illustrating event protocols.

Object

TextTimerDemonstration

package stopwatch
implements ActionListener

TextTimerDemonstration

aTimer |

actionPerformed <4— ActionEvent

main <4—— arguments

Figure 1.3 TextTimerDemonstration class diagram.

The diagram indicates that the TextTimerDemonstration class implements the
ActionListener interface, so the class must provide an actionPerformed() method that
takes a single argument of the ActionEvent class. In addition to a single default
constructor, the only other public resource is a class-wide main() method. The class also
has an encapsulated instance attribute of the Timer class called aTimer. The implementa-

tion of the class, as far as the end of its constructor, is as follows.

0001 // TextTimerDemonstration.java

0002 // Text only class which demonstrates receiving

0003 // ActionEvents from a Timer unicaster.
0004 7/

0005 // Written for JFC book, ch 1, see text.
0006 // Fintan Culwin, v0.1, Dec. 1999.
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0007

0008 package stopwatch;

0009

0010 import java.awt.event.*;

0011

0012 public class TextTimerDemonstration extends Object
0013 implements ActionlListener {
0014 private Timer aTimer = null;

0015

0017 public TextTimerDemonstration() {

0018 super();

0019

0020 alimer = new Timer();

0021 try {

0022 alimer.addActionlListener( this);

0023 } catch ( java.util.TooManylListenersException exception){
0024 // do nothing

0025 } // End try/catch.

0026

0027 alimer.start();

0028 } // End TextTimerDemonstration constructor.

This class, another member of the stopwatch package of classes, also has to import the
java.awt.event package and, on lines 0012 and 0013, the TextTimerDemonstration class is
declared as extending the Object class and implementing the ActionListener interface. An
encapsulated Timerinstance, called aTimer, is declared on line 0014.

The constructor’s declaration commences on line 0017 and its first step, on line 0018, is
to call its super, Object, constructor. This is followed by the construction of the Timer
instance, aTimer, on line 0020. On line 0022 the aTimer addActionListener() method is
called to register a listener with the Timer instance. The identity of the listener to which
the ActionEvents generated by aTimer are to be dispatched is this instance of the
TextTimerDemonstration class currently being constructed. Accordingly this is specified
as the actual argument of the addActionListener() call, which will be allowed as the formal
argument is declared to be of the ActionListener interface class that is implemented by
TextTimerDemonstration.

The consequence of this listener registration is that the ActionEvents generated by the
aTimerinstance will be passed as actual arguments of calls of the TextTimerDemonstration
actionPerformed() method. The Timer addActionListener() method is declared as possibly
throwing a TooManyListenersException. This exception cannot be ignored, so the regis-
tration of this as the listener, on line 0022, has to be contained within a try/catch struc-
ture. However, as it can be guaranteed that an exception will never be thrown in this
demonstration the catch part of the structure can be implemented to do nothing.

Once the listener has been registered with the aTimer instance its start() method is
called, on line 0027, as the last step of the constructor. This will cause the aTimer’s run()
method to be called, on a separate thread of control, and will result in a series of
ActionEvent instances being passed as arguments to the listener’s actionPerformed()
method. The implementation of this method is as follows.

0030 public void actionPerformed( ActionEvent event) {
0031
0032 String theCommand = event.getActionCommand();
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0033 int timeElapsed = Integer.parselnt( theCommand, 10);
0034
0035 if ( timeElapsed < 31 ) {
0036 System.out.printin( timeElapsed);
0037 } else {
0038 System.exit( 0);
0039 } // End if.
0040 } // End actionPerformed.
The Timer run() method passes the number of tenths of a second that have elapsed, as a
String, in the actionCommand attribute of the ActionEvent event argument. The first steps
of the actionPerformed() method, on lines 0032 and 0033, are to obtain the
actionCommand attribute into the theCommand String and then to convert it into a primi-
tive int, called timeElapsed. The remaining steps of the actionPerformed() method will
output the value of timeElapseduntil 30 tenths of a second have elapsed, whereupon the
program will terminate, via a call of System.exit() on line 0038.

The main() method merely needs to construct an instance of the
TextTimerDemonstration class which will automatically construct and start an instance of
the Timer class. This class will dispatch events to its listener, which will output the time
elapsed until the program terminates after 30 events have been handled. The implemen-
tation of main() is as follows.

0042 public static void main( String args[]) {
0043
0044 TextTimerDemonstration theDemo =
0045 new TextTimerDemonstration();
0046 } // End main.
0047
0048 } // End class TextTimerDemonstration.
The output of this program when it is executed will be all the integers from 1 to 30,
following which it will finish. The instance diagram for this program is, apart from the
appropriate names, as given in Figure 1.2.
1.5 The TimerDemonstration artifact

The second Timerdemonstration class will also provide an introduction to the techniques
that can be used to build an artifact which is able to appear either within a separate
top-level application window or within an area in a Web page. This will require a more
complex three-layer architecture, as illustrated in Figure 1.4.

The artifact contains three instances of three different classes. An instance of the Timer
class, on the right, supplies the application functionality and generates events which are
listened to by an instance of the TimerDemonstration class, in the middle. This class, in
turn, displays the elapsed time in an instance of the TimerLabel class, shown on the left of
the diagram. Three-layer models divide artifacts that have a graphical user interface into
three different areas of concern: application, behavioral and presentational, as illustrated
above.

The appearance of this artifact, as an application and as an area within a Web page, is
illustrated in Figure 1.5. One immediately visible difference in the output is that the
elapsed time is shown in a formatted manner indicating the number of hours, minutes,
seconds and tenths of a second that have elapsed.
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Figure 1.4 TimerDemonstration three-layer instance diagram.
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Figure 1.5 TimerDemonstration as an application and as an applet.

The instance diagram also indicates that the TimerLabel class is an extension of the
JLabel class. The JLabel class will be described in detail in Chapter 3: briefly it supplies the
facility to display a text label, and/or an icon, in a window within an interface. In this
example it will be restricted to showing only a text label, which is continually updated to
show the elapsed time. The class diagram for the TimerLabel class is given in Figure 1.6.

Asitisvery unlikely that a TimerLabelinstance will ever be required outside the context
of the stopwatch package of classes the class diagram indicates that its constructor and its
single method, does not have fully public visibility. The TimerLabel constructor overrides
the JLabel default constructor and supplies an additional method called setTime() which
takes an argument identified as timeNow. The timeNow argument is supplied to the
setTime() method as an integer indicating the number of tenths of a second which are to
be shown. The TimerLabel instance is responsible for formatting this value before it is
displayed in the window. This is in accord with the division of responsibilities, as
described above. In terms of the three-layer model the TimerLabelinstance is the presen-
tational component, so it should take responsibility for deciding how the output is to be
shown to the user.

The implementation of the TimerLabel class as far as the end of its constructor, is as
follows.

0001 // TimerlLabel.java
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JLabel

TimerLabel
package stopwatch

TimerLabel

timeNow—» | setTime

Figure 1.6 TimerLabel class diagram.

0002 // Supplies a window within which the

0003 // state of a Timer can be shown.

0004 7/

0005 // Written for the JFC book, ch 1, see text.
0006 // Fintan Culwin, v0.1, Dec. 1999.

0007

0008 package stopwatch;

0009

0010 import java.awt.*;

0011 import javax.swing.*;

0012

0013 class TimerLabel extends JLabel {

0014

0015 private static final int TENTHS_PER_SECOND = 10;
0016 private static final int SECONDS_PER_MINUTE = 60;
0017 private static final int MINUTES_PER_HOUR = 60;
0018 private static final int SECONDS_PER_HOUR = 3600;
0019

0020

0021 protected TimerLabel(){

0022 super();

0023 this.setOpaque( true);

0024 this.setBackground( Color.white);

0025 this.setForeground( Color.black);

0026 this.setHorizontalAlignment( SwingConstants.CENTER);
0027 } // End TimerlLabel default constructor.

Following the header comments, line 0008 states that this class is a member of the
stopwatch package of classes. The required importations are effected on lines 0010 and
0011. Some facilities of the AWT will be required by this class, so line 0010 imports the
entire awt package. Likewise, some facilities of the JFC will be required, most obviously
the JLabel class, so the entire swing (JFC) package is imported on line 0011.

Line 0013 is the declaration of the TimerLabel class as a non-public extension of the
JLabel class. This allows instances of the TimerLabel class to inherit all the attributes and
methods of the JLabel class and need only supply attributes and methods which are
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specific to its specialized nature, in this example a method to format and display a time.
Lines 0015 to 0018 declare some constants which will be useful to the setTime() method.

The protected constructor commences on line 0021 and its first step is to call its super,
JLabel, constructor. It then configures itself by establishing opaque visibility, a white
background, a black foreground and setting its horizontalAlignment resource so that the
label it displays is centered within the available width. These resources, and the reasons
for establishing these values, will be explained in more detail in the following two
chapters.

The implementation of the protected setTime() method is as follows.

0030 protected void setTime( int timeNow) {

0031

0032 int tenths = timeNow % TENTHS_PER_SECOND;

0033 int seconds = (timeNow / TENTHS_PER_SECOND) %

0034 SECONDS_PER_MINUTE;
0035 int minutes = (timeNow /

0036 (TENTHS_PER_SECOND * SECONDS_PER_MINUTE)) %
0037 MINUTES_PER_HOUR;
0038 int hours = timeNow /

0039 (TENTHS_PER_SECOND * SECONDS_PER_HOUR) ;
0040

0041 String timeString = new String( hours +":" o+

0042 minutes +":" +

0043 seconds +":" +

0044 tenths);

0045 this.setText( timeString);

0046 } // End setTime.

0047

0048 } // End class TimerlLabel.

This method commences, on lines 0032 to 0039, by computing the number of tenths of a
second, seconds, minutes and hours which are represented by the timeNow argument,
using the constants previously declared. Having done this, lines 0041 to 0044 then
construct a String, called timeString, which contains these values catentated together and
separated by colons. The final step of the setTime() method is to call the inherited JLabel
setText() method passing the timeString as an argument. The consequence of this call is to
cause the formatted time string to be displayed in the TimerLabel's window, as can be
seen in Figure 1.5.

An instance of the TimerLabelwill be constructed by the TimerDemonstration class as it
is initialized and its setTime() method will be called from its actionPerformed() method,
every time it receives an ActionEvent from the Timer instance which it also constructs
during initialization. This is in accord with the instance diagram in Figure 1.4 and again
reinforces the division of the artifact according to the three-layer model.

The class diagram for the TimerDemonstration class is given in Figure 1.7. It shows that
the TimerDemonstration class extends the JApplet. It also shows that it implements the
ActionListener interface in order to be able to listen to ActionEvents generated by the
encapsulated aTimer Timer instance. The class diagram also indicates that it contains an
encapsulated instance of the TimerLabel class, called aTimerLabel.

The JApplet class supplies all the resources and functionality that allow an artifact to
appear within a browser window, or in a separate top-level window on the desktop; to
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Figure 1.7 TimerDemonstration class diagram.

aTimer

aTimerLabel

respond appropriately to the user’s actions as they interact with the interface it presents;
collect and dispatch events from the interface; and much more as well. As the construc-
tion of a JApplet instance is a complex task, fraught with potential problems, it is not a
good idea to override it. Instead, a method called init() is supplied by JApplet which will be
called during the applet’s construction when it is safe to do so. Accordingly, any initializa-
tion steps which have to be taken by a particular artifact should be placed in an over-
ridden init() method. (Alternatively, the init() method can be thought of, not strictly
correctly, as the applet’s constructor).

Accordingly the TimerDemonstration class does not supply a constructor, but does
supply an init() method. It also supplies an actionPerformed() method in order to be able to
listen to ActionEvents from the Timer and a main() method in order to be executed as an
application.

The implementation of this class, as far as the start of its init() method, is as follows.

0001 // TimerDemonstration.java

0002 // Timer class which demonstrates receiving
0003 // ActionEvents from a unicaster and showing
0004 // them in a window.

0005 //

0006 // Written for JFC book, ch 1, see text.
0007 // Fintan Culwin, v0.1, Dec 1999.

0008

0009 package stopwatch;

0010

0011 import java.awt.event.x*;

0012 import javax.swing.*;

0013

0014

0015 public class TimerDemonstration extends JApplet

0016 implements ActionListener {

0017
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0018 private Timer alimer = null;
0019 private TimerLabel aTimerlLabel = null;

Following the header comments, the package declaration and the importation of the
required facilities, the class is declared in accord with the class diagram on lines 0015 and
0016. Lines 0018 and 0019 then declare, but do not construct, the two private attributes.
The init() method is implemented as follows.

0022 public void 7nit() {

0023

0024 alimerlLabel = new TimerlLabel();

0025 this.getContentPane().add( alimerLabel);
0026

0027 alimer = new Timer();

0028 try {

0029 alimer.addActionListener( this);

0030 } catch ( java.util.TooManylListenersException exception){
0031 // do nothing

0032 } // End try/catch

0033 alimer.start();

0034 } // End init.

This method is divided into two parts, the first concerned with the TimerLabel and the
second with the Timer. The second part of the method, from line 0027 to 0033, is identical to
the TextTimerDemonstration constructor. It constructs an instance of the Timer class, regis-
ters itself as its actionListener (within a try/catch structure) and finally starts the Timer.

Prior to this the TimerLabelis constructed, on line 0024, and added to this JApplet, so as
to become visible when the applet becomes visible. The JApplet will, during its construc-
tion, request and obtain an area on the screen within which to display itself. Within this
area any components that have been added, or added to containers that are added to it,
will be able to show themselves.

This is slightly complicated, as the components cannot be added directly to the
JApplet, but have to be added to one of a number of different panes (as in windowpanes)
that it contains. The pane which has default visibility is the contentPane, so the
TimerLabelis added to it. The identity of the contentPane is obtained using this JApplet’s
getContentPane() method. The consequence ofline 0025 is that when the applet becomes
visible its single child component, aTimerLabel, will become visible within it.

The implementation of the TimerDemonstation actionPerformed() method is as follows.

0037 public void actionPerformed( ActionkEvent event) {
0038

0039 String theActionCommand = event.getActionCommand();
0040 int tenthsETlapsed = Integer.parselnt(

0041 theActionCommand, 10);
0042 alimerLabel.setTime( tenthsElapsed);

0043 } // End actionPerformed.

This method will be called by the aTimerinstance approximately every tenth of a second
with an ActionEvent argument whose actionCommand() String contains a representation
of the number of tenths of a second which have elapsed. Its task is to extract the
actionCommand attribute of the event, convert it to a primitive int and pass this int value
as an argument to the aTimerLabefls setTime() method.
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Line 0039 retrieves the actionCommand from the event storing it in the local String
theActionCommand. This string is then converted to an int, called tenthsElapsed, which is
subsequently used, on line 0042, as the actual argument of a call of aTimerLabels
setTime() method. The consequence of these steps is that approximately every tenth of a
second the time displayed within the applet is updated.

As it stands at the moment the class is capable of being displayed within a Web page in
asuitably enabled browser, as a main() method is not required for this capability. In order
to accomplish this the HTML <APPLET> tag must be used to instruct the browser which
applet to obtain and execute. A minimal HTML file, which was used to obtain the
right-hand illustration in Figure 1.5, is as follows.

<HTML>

<HEAD>

<TITLE>Timer Demonstration</TITLE>

</HEAD>

<BODY>

<CENTER>

<APPLET CODE="stopwatch.TimerDemonstration"
WIDTH=150 HEIGHT=100>

</APPLET>

</CENTER>

</BODY>

</HTML>

The <APPLET> tag, in the HTML <BODY> section, indicates the name and location of the
class file to be loaded and executed; it must also indicate the HEIGHT and WIDTH of the
area required within the browser.

In order for the artifact to be used as an application with its own top-level window,
outside any browser, a main() method must be provided. The TimeDemonstration main()
method is as follows.

0046 public static void main( String args[]) {

0047

0048 JFrame frame = new JFrame("Timer");
0049 TimerDemonstration theDemo

0050 = new TimerDemonstration();
0051

0052 theDemo.init();

0053 frame.getContentPane().add(

0054 theDemo, BorderLayout.CENTER);
0055

0056 frame.pack();

0057 frame.setVisible( true);

0058 } // End main.

0059

0060 } // End class TimerDemonstration.

The top-level window is provided by an instance of the JFrame class, called frame,
declared and constructed on line 0048. The string argument to the constructor is the title
that will be used as part of the window border’s decoration, as can be seen in the left-hand
image in Figure 1.5. Lines 0049 and 0050 construct an instance of the TimerDemonstration
class called theDemo.
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1.6

Initialization of TimerDemonstration takes place automatically when it is used as an
applet within a Web page. However, when it is used as an application initialization must
be explicit. Accordingly, the first step of the main() method, on line 0052, is to call
theDemo’s init() method. Having initialized theDemo it can be added to the frame’s
contentPane. JFrame instances’ contentPanes have a default layout management policy
known as BorderLayout. A layout management policy determines where the children of a
container are positioned relative to each other and how much space each is accorded.

Layout management will be discussed in detail in various parts of the early chapters of
this book. All that needs to be known for the moment is that the most suitable location
within the frame to position the theDemo applet is in its center location. On line 0054,
when theDemo is added to the frame’s contentPane the second argument,
BorderLayout.CENTER, indicates which part of the BorderLayout is to be used.

Having added theDemo to the frame it is posted to the desktop by first, on line 0056,
packing the components contained within the frame. This will cause layout negotiations
to take place, the result of which is that the size and position of the interface is deter-
mined. Once this has happened, on line 0057, it is made visible and hence appears. The
consequence of running this artifact as an application from the command line is that its
main() method will be executed. This, in turn, will cause an instance of the
TimerDemonstration class to be shown within a Frame when it becomes visible on the
desktop, in its own top-level window.

For simple artifacts the provision of a main() method need not be any more compli-
cated that the main() method used here. All that needs to be changed is the name of the
class that supplies the applet on lines 0049 and 0050. The development of an artifact
can be much more convenient for the developer if it can be executed from the
command line rather than being loaded, and re-loaded, into a Web browser.

The meaning of the three-layer architecture, as illustrated in Figure 1.4, should now be
clearer. The major part of this artifact is the TimerDemonstration instance, theDemo. Tt
constructs an instance of the Timer class, called aTimer, and registers itself with it as its
listener. It also constructs an instance of the TimerLabel class, called aTimerLabel, and
adds it to its own contentPane in order to make it visible to the user. When the aTimer
instance implements the application’s timing functionality by generating an ActionEvent
containing the elapsed time, theDemoboth listens to this event and also calls a method of
the aTimerLabelwhich formats the value as appropriate and presents it to the user. Hence
the theDemo component supplies the behavior for this artifact a role which will become
clearer when the next artifact, the Stopwatch, is described.

The Stopwatch artifact

The Stopwatchartifact uses the functionality of a Timerinstance to provide the user with a
simple stopwatch which can be used to time the duration of episodes. The appearance of
the artifact is shown in Figure 1.8, which shows the stopwatch in three different states. On
the left is the reset state, where the time displayed at the top of the interface is unchanging
and set to zero. Of the three buttons below it only the start button is capable of being
pressed, and this is indicated by the other two buttons’ labels being shown in a grayed-out
manner. When the interface is first presented to the user it is in this state.
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Figure 1.8 Stopwatch artifact showing the three states.
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Figure 1.9 Stopwatch STD.

In the middle is the running state, obtained by pressing the start button in the reset
state, where the display is continually updating and only the stop button is capable of
being pressed. On the right is the stopped state, obtained by pressing the stop button in
the running state; here the display is not updated and continues to show the time when
the stop button was pressed. In this state only the reset button is capable of being pressed,
and pressing it causes the interface to revert to the reset state.

A description of the required behavior of an interface can be more conveniently and
precisely expressed in a State Transition Diagram (STD). The STD for the Stopwatch arti-
fact is given in Figure 1.9.

A state transition diagram consists of a number of states, generally shown as rectan-
gular boxes, which might illustrate salient parts of the appearance of the interface while it
is in that state, connected by transitions, shown as arrows with three labels. An STD will
have an initial state, shown by a solid circle and may have a terminal state, shown by a
bullseye circle.

The three labels on the transition arrows indicate the event that must occur for the
transition to be considered, the pre-condition that must be true for the transition to be
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followed and the consequences of following that transition. Any or all of the labels may be
empty (although if all three were empty the meaning of the transition would be most
unclear). If the event is empty then the pre-condition will be tested as soon as the interface
arrives in that state and the transition will be taken only if it is true. An empty pre-condi-
tion is taken as true, so the transition will be followed as soon as the event occurs. Empty
consequences indicate that nothing happens, apart from the state change, during the
transition. In general, empty consequences should be treated with suspicion, as there will
be no visible indication to the user that a transition has occurred and so no way by which
they can become aware of it.

The Stopwatch STD starts at the top with the transition from the initial to the reset state.
As both the event and the pre-condition label are empty this transition will always be
followed and results in the interface becoming visible to the user. From this state only the
start button can be pressed, which always results in a transition to the running state,
starting the timer as it does so. The illustration of this state is using upward facing arrows
to indicate that the display is continually updated. The transition from this state to the
stopped state always takes place when the stop button is pressed and stops timing as it
does so. The illustration of this state uses ns in the display to indicate that it is frozen with
anon-zero value. In this state, only the reset button can be pressed, which always causes
the transition back to the reset state to be taken, causing the display to be reset to zero.

An STD, like all formal notations, should provide a precise, communicable and
unambiguous description of the behavior of the artifact that is to be constructed. It
can be used at the design stage to assess the usability of the interface. For example, the
small number of states and total absence of pre-conditions indicates that this inter-
face should be simple and intuitive for the user.

The architecture of the implementation of this interface will again use a three-layer
model; its instance diagram is given in Figure 1.10. Again, on the right, the essential func-
tionality of this artifact is supplied by an instance of the Timer class which is both
constructed and listened to by the main component; an instance of the Stopwatch class
which extends the JApplet class. The main component makes use of an instance of the
StopwatchUI class, shown on the left of the diagram.

This presentation component is more complex than the presentation component used
in the TimerDemonstration applet. It extends the JPanel class in order to be able to lay out
the components which it accommodates, and contains a single instance of the
TimerLabel class together with three instances of the JButton class. The JButton instances
will generate ActionEvents when the user presses them, and these are also listened to by
the stopwatch instance.

Consequently the actionPerformed() method of instances of the Stopwatch class will be
listening to ActionEvents from the buttons on the interface and also to those generated by
the Timer. Its responsibility will be to implement the behavior defined by the STD so that
the STD can be used after construction to validate that it is correctly doing so.

Before commencing the construction of the StopwatchUI class, the geometrical rela-
tionships between its components, and the layout management policies needed to
achieve them, need to be considered. This can be accomplished by means of a layout
management diagram; for the StopwatchUlI this is given in Figure 1.11.



22 An initial artifact — introducing event handling

JLabel
isa T
JButton
TimerLabel JApplet
isa T
isa T
theTimerLabel
JPanel ] JApplet Thread
contains
contains 3
isa T T isa T isa T
StopwatchU! _ Stopwatch Timer
implements ActionListener
instance of instance of instance of
registers by calling
displays time upon addActionListener()
«— >
thelnterface
> <
c aﬁzze;l;}t]oﬂf; CE:;T,E \;i?itosns informs by sending ActionEvents

to actionPerformed()
Figure 1.10 Stopwatch instance diagram.

JPanel : timerPanel

TimerLabel :
FlowLayout theTimerLabel
StopwatchU|/ B — 0:00:00:0
BorderLayout
Center
North
w E
e Center a
s §
t t
JPanel : controlPanel
South FlowLayout

JButttons
m‘ ———» | start | [ stop | [ reset |

Figure 1.11 StopwatchUI layout management diagram.

The layout management diagram shows the relationships between the highest level
window provided by the StopwatchUI and all other JFC components that are added to it.
In order to obtain the required layout the window’s contentPane has to have a
BorderLayout management policy. This layout policy divides the window into five areas,
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Figure 1.12 StopwatchUI class diagram.

identified as North, South, East, West and Center, with relationships as shown. Each area
can contain a single component and there is no requirement for all components to be the
same size. For the Stopwatch artifact only the center and south locations are occupied,
each with an instance of the JPanel class as shown.

The JPanel instance in the Center location, timerPanel, contains a single component:
aninstance of the TimerLabelclass called theTimerLabel. The JPanel instance in the South
location, controlPanel, contains three components: each of the JButton class. A JPanel
has, by default, a FlowLayout management policy; this policy allows any number of chil-
dren and will lay them out in a left-right manner according to the sequence in which they
are added to the panel.

When these relationships have been established, and before the interface is presented
to the user, layout negotiations will take place to decide where each component will
appear. This process will start with the StopwatchUI window asking both of the JPanels
how large they would like to be. Each JPanel will decide by asking each of its children how
large they would like to be. In this example the reply from the timerPanel will request a
width and height based upon the preferred size of theTimerLabel. The controlPanel will
request a width and height based upon the combined width of all three JButtons and the
height of the highest.

In this example the window will probably give each of the panels its requested height
and will give both panels a width wide enough to accommodate all three of the buttons.
This will be too wide for theTimerLabel, which will be displayed centered within the avail-
able space. The width given to the controlPanel will be just wide enough for all three
buttons to be laid out. If an intermediate timerPanel were not used then theTimerLabel
would be forced to be as wide as the three buttons, which would not be as appropriate.
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The other intermediate panel, the controlPanel, is required in order to provide FlowLayout
control for the three buttons.

Having decided upon the layout relationships and management policies required by
the interface the design and construction of the StopwatchUI can commence. The class
diagram for the StopwatchUI class is given in Figure 1.12.

The constructor and methods have a non-public visibility for the same reasons as
those previously explained for the TimerLabel class. The diagram shows as encapsulated
attributes only the visible components that will appear on the interface. The constructor
takes an argument, sendHere, which is the identity of the ActionListener to which the
three buttons are to send their ActionEvents when the user presses them. The setTime()
method takes an integer argument called timeNow and will cause it to be formatted and
displayed on the encapsulated TimerLabel. The three remaining actions effect the visible
transitions to each of the states identified in their names. For example, the
setResetState() will make sure that the TimerLabel displays zero elapsed time and
ensures that only the start button is sensitized.

The implementation of this design, as far as its constructor, is as follows.

0001 // StopwatchUI.java

0002 // Presentation class which contains a
0003 // TimerlLabel and three buttons allowing
0004 // the user to operate it as a simple
0005 // stopwatch.

0006 //

0007 // Written for JFC book chapter 1 - see text.
0008 // Fintan Culwin, v0.1, Dec 1999.

0009

0010 package stopwatch;

0011

0012 import java.awt.*;

0013 import java.awt.event.*;

0014 dimport javax.swing.*;

0015

0016 class StopwatchUI extends JPanel {

0017

0018 private TimerLabel theTimerLabel = null;
0019 private JPanel timerPanel = null;
0020

0021 private JButton startButton = null;
0022 private JButton StopButton = null;
0023 private JButton resetButton = null;
0024 private JPanel controlPanel = null;

Following the header comments are the package declaration, the required importations
and the class declaration; on lines 0018 to 0024 the components which are required for
the assembly of the interface, as shown in the layout management diagram, are declared.
The implementation of the constructor is as follows.

0026 protected StopwatchUI( ActionListener sendHere) {
0027

0028 super();

0029 this.setlayout( new BorderlLayout());

0030



An initial artifact — introducing event handling

25

0031 theTimerlLabel = new TimerLabel();

0032

0033 timerPanel = new JPanel();

0034 timerPanel.setBackground( Color.white);
0035 timerPanel.add( theTimerlLabel);

0036 this.add( timerPanel, BorderLayout.CENTER);
0037

0038 startButton = new JButton( "Start");
0039 startButton.setActionCommand( "start");
0040 startButton.addActionListener( sendHere);
0041

0042 stopButton = new JButton( "Stop");
0043 stopButton.setActionCommand( "stop");
0044 stopButton.addActionlListener( sendHere);
0045

0046 resetButton = new JButton( "Reset");
0047 resetButton.setActionCommand( "reset");
0048 resetButton.addActionlListener( sendHere);
0049

0050 controlPanel = new JPanel();

0051 controlPanel.setBackground( Color.white);
0052 controlPanel.add( startButton);

0053 controlPanel.add( stopButton);

0054 controlPanel.add( resetButton);

0055

0056 this.add( controlPanel, BorderlLayout.SOUTH);
0057 } // End StopwatchUI default constructor.

The constructor commences, on line 0028, by calling the super, JPanel, constructor and
then, on line 0029, establishes a BorderLayout policy for itself. The TimerLabel is then
constructed, following which, on lines 0033 and 0034, the timerPanelis constructed and
has its background color attribute set to white. Line 0035 then adds theTimerLabel to the
timerPanel, following which the timerPanel is added to the center location of this
StopwatchUI currently being constructed. These calls of various add() methods imple-
ment the relationships shown in the upper part of the layout management diagram in
Figure 1.11.

Having constructed the upper part of the interface the next stage in the construction of
the StopwatchUlI is to construct the lower part. Lines 0038 to 0040, 0042 to 0044 and 0046
to 0048 comprise a repeated pattern, which constructs and configures each of the JButton
instances in turn. Taking the start button as an example, line 0038 constructs the button
by calling a JButton constructor, the argument to this constructor is the text label which
the button is to display. Line 0039 then establishes an actionCommand for this instance.
The JButton’s actionCommand resource will be copied to the ActionEvents that it gener-
ates when itis pressed as their actionCommand resource. This mechanism, as will be illus-
trated below, allows the listener to determine which of the buttons, if any, dispatched the
event. Finally, on line 0040 the button’s addActionListener() method is used to register the
identity of the ActionListener instance to which the ActionEvents are to be dispatched. The
argument is sendHere, which is the ActionListener argument passed to the StopwatchUI
constructor. The absence of a try/catch structure around the call of these methods allows
it to be inferred that JButtons are event multicasters, not unicasters.
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Once all three buttons have been constructed and configured the controlPanel is
constructed on line 0050, has its background set to white on line 0051 and then has all
three buttons added to it in the requisite sequence for the required visual appearance
shown in Figure 1.11. As the controlPanel is now complete it is added into the
StopwatchUTI's South location on line 0056.

The effect of this constructor is to construct, configure and assemble the components
needed to produce the required interface layout. It also ensures that the ActionEvents
produced when the user presses the buttons on the interface are dispatched to the
listener supplied as an argument. The implementation of the StopwatchUI class
continues with the setTime() method, as follows.

0061 protected void setTime( int timeNow) {
0062 theTimerlLabel .setTime( timeNow) ;
0063 timerPanel.doLayout();

0064 } // End setTime.

The first step of this method is to call theTimerLabels setTime() method, passing on the
argument received. This will cause the time value to be formatted and displayed, as
described in the previous part of this chapter. This may cause the preferred size of
theTimerLabel to change, and to ensure that it remains fully visible the timePanels
doLayout() method is called. This will cause the panel to engage in layout negotiations
with all of its children and to accommodate any requested changes in size so long as it has
the space to do so. In this example theTimerLabel may ask for a width which is a little
smaller or bigger than it currently has and it is very likely that this will be allowed. The
effect of calling the StopwatchUI setTime() method is thus to cause the time to be
displayed on the interface and ensure that it is always fully visible.
The next method to be implemented is the setResetState() method, as follows.

0067 protected void setResetState() {
0068 startButton.setEnabled( true);
0069 stopButton.setEnabled( false);
0070 resetButton.setEnabled( false);
0071 this.setTime( 0);

0072 } // End setResetState.

All AWT and JFC components inherit a setEnabled() method from the AWT Component
class. The argument to this method is a boolean value which, if true, ensures that the
functionality of the interface is made available to the user and, if false, both prevents any
interaction and changes the Component’s appearance to make this apparent. In the reset
state only the startButton should be available for the user to press and the sequence of
calls on lines 0068 to 0070 accomplishes this. The only other aspect of the interface’s
visible state that needs to be ensured when it is in the reset state is the time value
displayed. This should always be zero in the reset state and this is accomplished, on line
0071, by calling this StopwatchUI’s setTime() method with the argument 0.

The two remaining methods, setRunningState() and setStoppedState(), are similar to
the setResetState() method, but need not be concerned with the value displayed on the
TimerLabel. They are implemented as follows.

0074 protected void setRunningState() {
0075 startButton.setEnabled( false);
0076 stopButton.setEnabled( true);
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0077 resetButton.setEnabled( false);
0078 } // End setRunningState;

0079

0080 protected void setStoppedState() {
0081 startButton.setEnabled( false);
0082 stopButton.setEnabled( false);
0083 resetButton.setEnabled( true);
0084 } // End setRunningState;

0085

0086 } // End class StopwatchUI.

This completes the description of the design and implementation of the StopwatchUl
class. An instance of this class is constructed from the init() method of the Stopwatch class
which will be described next. A class diagram for this class will not be given, as, apart from
the names, it would be identical to that given for the TimerDemonstration class in Figure
1.7. The implementation of the Stopwatch class, as far as the start of the init() method, is as
follows.

0001 // Stopwatch.java

0002 // A class which demonstrates receiving
0003 // ActionEvents from a unicaster, from
0004 // a GIU and responding to them.

0005 //

0006 // Written for the JFC book chapter 1 - see text.
0007 // Fintan Culwin, v0.1, Dec 1999.

0008

0009 package stopwatch;

0010

0011 dimport java.awt.event.*;

0012 import javax.swing.*;

0013

0014

0015 public class Stopwatch extends JApplet

0016 implements ActionlListener {
0017

0018 private final static int INITIAL
0019 private final static int RESET
0020 private final static int RUNNING
0021 private final static int STOPPED
0022 private int theState = INITIAL;

[T Tl
w N = O

0023
0024 private Timer alimer = null;
0025 private StopwatchUI theUI = null;

Following the (by now) expected header comments, package declaration, importations
and class declaration, lines 0018 to 0021 declare a set of manifest values to model the four
states of the interface. This is followed, on line 0022, by the declaration of a primitive int
variable called theState whose value is stated as INITIAL. The intention is that the value of
this attribute will always reflect the state that the artifact is currently in. This part of the
class declares an instance of the Timer class, called aTimer, and an instance of the
StopwatchUI class, called theUl, both of which will be constructed by the init() method, as
follows.



28

An initial artifact — introducing event handling

0028 public void 7nit() {

0029

0030 thelnterface = new StopwatchUI( this);
0031 this.getContentPane().add( thelnterface);
0032 thelUl.setResetState();

0033 theState = RESET;

0034

0035 alTimer = new Timer();

0036 try {

0037 alimer.addActionlListener( this);

0038 } catch ( java.util.TooManylListenersException exception){
0039 // do nothing

0040 } // End try/catch

0041 alimer.start();

0042 } // End init.

As with the TimerDemonstration init() method, this method can be divided into two parts;
the first concerned with the interface and the second with the timer. The interface part
commences, on line 0030, by constructing a StopwatchUI instance referenced by theUI.
The argument to this constructor is the identity of the ActionListener to which the
ActionEvents from the buttons on the interface are to be dispatched. The listener speci-
fied is this instance of the Stopwatch class currently being initialized, so the events will
arrive as arguments of its actionPerformed() method.

Having constructed the interface it is added to the Stopwatch’s contentPane and this
step will ensure that the interface is made visible to the user as soon as the applet posts
itself into the browser window or onto the desktop. When this happens the interface
should be in its reset state, and to accomplish this the setResetState() method is called,
on line 0032, with the value of theState updated to reflect this. The remaining steps of the
init() method, concerned with constructing, configuring and starting the Timer, are iden-
tical to those previously presented in the TimerDemonstration init() method.

The consequence of this initialization is that thelnterface will become visible to the user
in the reset state and when the user presses the start button an ActionEvent containing
“start” as its actionCommand attribute will be dispatched to the actionPerformed|()
method. This method will also be continually receiving ActionEvents from the Timer
instance aTimer and is implemented as follows.

0044 public synchronized void actionPerformed(
0045 ActionEvent event) {
0046

0047 String theCommand = event.getActionCommand();
0048

0049 if ( theCommand.equals( "start")) {

0050 alimer.resetTime();

0051 theUI.setRunningState();

0052 theState = RUNNING;

0053

0054 } else if ( theCommand.equals( "stop")) {
0055 theUI.setStoppedState();

0056 theState = STOPPED;

0057

0058 } else if ( theCommand.equals( "reset")) {
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0059 theUI.setResetState();

0060 theState = RESET;

0061

0062 } else if ( theState == RUNNING) {

0063 theUI.setTime(

0064 Integer.parselnt( theCommand, 10));
0065 Y // end if.

0066 } // End actionPerformed.

The ActionEvents passed as arguments to this method could have originated from one of
four different objects executing on two different threads of control. In order to ensure that
the two different threads do not attempt to use this method at the same instant it is
declared with the modifier synchronized. This will ensure that only one event will be
processed at a time. The method itselfis structured as a four-way if/else if structure with a
branch corresponding to each possible event source.

Line 0047 retrieves the actionCommand attribute of the ActionEvent and stores it in a
local String called theCommand. Line 0049 then determines whether this event originated
from the start button. When the startButton was configured, within the StopwatchUl
constructor, its actionCommand attribute was specified as “start”. When the user presses
the button an ActionEvent is constructed and its actionCommand initialized to that of the
button, “start”. Hence if the actionCommand retrieved from the event is “start” this indi-
cates that it originated from the start button.

The steps taken when the stzartbutton is pressed are on lines 0050 to 0052 and cause the
Timer aTimerto be reset, by having its resetTime() method called; this will cause it to start
timing from zero again. The interface is then placed in the running state by having its
setRunningState() method called, and theState is updated to reflect this.

The next branch in the if structure is associated with a press of the sfop button, and the
consequences, on lines 0055 and 0056, are to place the interface into the stopped state,
using setStoppedState(), and to update theState to reflect this. Likewise, when the reset
button is pressed the consequences, on lines 0059 and 0060, are to place the interface into
the reset state, using setResetState(), and to update theState to reflect this.

If none of the three previous if guards evaluated true, then the ActionEvent must have
originated from the Timer and not from any of the buttons. Its actionCommand will
contain the number of tenths of a second that have elapsed, and this needs to be passed
on to the interface to be shown to the user; but only if the interface is in the running state.
Consequently the if guard on 0062 tests to see whether theState indicates that the inter-
face is in the RUNNING state and, if so, lines 0063 and 0064 convert the actionCommand
String into an int and passes it to thelnterface’s setTime() method. This will result, as previ-
ously explained, in the elapsed time shown on the interface changing.

The consequences of this method, with the user first pressing the start button, then the
stop button and finally the reset button, are illustrated in Figure 1.13.

The diagram, known as an object interaction diagram, can be thought of as a sequence
of occurrences in time starting at the top and running towards the bottom. The Timer,
shown on the right, is continually generating ActionEvents, but they only cause the time
shown on the display to change when the artifact is in the running state, between the time
when the user presses the start button and when the stop button is pressed. After pressing
the stop button the last displayed time remains visible, allowing the user to take note of it,
until the reset button is pressed.
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Figure 1.13 Stopwatch in use.

The other thing to note about this diagram is that whenever the user does something, it
starts a cycle, which results in a visible change to the appearance of the interface. Thisis a
user interface design principle known as closure. Every action by users should be
confirmed to them in some way, so that they can be certain that the action has been
attended to and they can continue with the next action. Once they are experienced with
the interface, and have confidence in its correct operation, they may no longer fully
attend to the changes, and may even initiate the next action before the previous action
has been confirmed. However, if they experience difficulties they will slow down and
attend to the feedback provided. Hence closure is essential for novice users of an interface
and useful to experienced users when communication with the artifact breaks down.

Summary
4 Thedispatch of an event from an event source to an event listener indicates that some-
thing has happened.
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4 An ActionEvent source will supply addActionListener() and removeActionListener()
methods.

4 If the addActionListener () method throws a TooManyListenersException, the event
source is a unicaster, otherwise it is a multicaster.

4 AnActionEventlistener must implement the ActionListener interface, which mandates
a single method called actionPerformed() that takes a single ActionEvent argument.

4 The actionCommand attribute of an ActionEvent can be used to pass additional infor-
mation from a source to a listener.

4 Artifacts that have a GUI should, in general, be implemented using a three-layer
(presentation, translation and behavior) model.

4 A state transition diagram is used to design the behavior of an artifact, and is subse-
quently implemented in the translation layer.

4 Alayout diagram is used to design the geometrical relationships between the compo-
nents that comprise a visible interface. Subsequently, layout negotiations will position
the components just before the interface becomes visible.

4 An object interaction diagram can be used to show which messages are sent between
objects and used to confirm that closure of every user’s action will be effected.

Exercises
1.1 Reimplement the Stopwatch artifact omitting the sychronized keyword from the
Timer resetTime() and Stopwatch actionPerformed() methods. Execute the artifact
and show how its behavior subsequently fails.

1.2 Design, using an STD, a layout diagram and class diagrams a LapTimer artifact. This
should provide the user with a button which when pressed will freeze the display; a
second press of the button will unfreeze the display, restoring the continually
updating total elapsed time display. Implement the designs and verify that the
behavior of the artifact accords with the STD.

1.3 An alternative LapTimer artifact will contain a second TimerLabel instance that will
continually indicate the elapsed time between two presses of the lap time button.
Design and implement this version of the artifact.

1.4 Exercises 1.2 and 1.3 have indicated that the term ‘lap timer’ can be understood to
mean different behaviors, illustrating the idiosyncratic nature of an individual’s
understanding. Describe, design and implement a third LapTimer artifact.

1.5 The javax.swing.Timer class supplies an alternative, multicasting, Timer class. Read
the JFC documentation for the class and then redesign and reimplement the Stop-
watch class to make use of this alternative class. Explain why the Timer class supplied
in this chapter is, or is not, more suitable for Stopwatch-style artifacts.

1.6 Design and implement a CountDownTimer class that will dispatch a sequence of
ActionEvents that contain a decrementing value in their actionCommand attributes.
When an ActionEvent containing “0” in its actionCommand attribute is dispatched,
no further events should be dispatched until the timer is reset(), with an argument
indicating how many events to dispatch. Demonstrate the implementation using a
window containing a single TimerLabel instance.
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1.7 Attempt to make the Timer class more accurate. To do this it should have a startTime
attribute which is initialized to the system time (obtained in milliseconds with the
phrase new Date().getTime()). Every time the thread wakes up from its sleep it should
obtain the current system time and subtract from it the startTime. This value, the
number of milliseconds that have elapsed, should be converted into tenths of a
second and the event dispatched.
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A second artifact —
consolidating fundamentals

Introduction

Chapter 1 provided a detailed introduction to the design and development of artifacts
that have a graphical user interface. The intention of this chapter is to consolidate that
understanding by providing a description of the design and development of a second
artifact. This will involve introducing more of the JFC components and also different
classes of events that are dispatched by them. The event source/listener protocol, which
was emphasized in the previous chapter, will again be described, this time in the context
of these different classes of event sources and listeners. The fundamental architecture,
involving application, translation and presentation layers, will be reinforced, although
there is little justification for such a division of responsibility in artifacts of this level of
complexity. Hence the product can be argued to be over-engineered. However, if these
design principles are exposed and explained in the context of these simple examples then
they will be available and applicable to artifacts that merit such an approach.

The second part of this chapter will introduce the mechanisms by which user prefer-
ences for the appearance of artifacts can be customized. This is an important usability
consideration as in order for an individual user to be fully comfortable when interacting
with an application they must be able to change such things as the background colors,
foreground colors and font used so as to suit their preferences and requirements.

Some years ago, when delivering a user interface construction course with X/Motif,
one of my students was officially registered as blind but had some, very limited, sight
remaining. She was able to configure her workstation to use bright yellow 60 point
text on a pale blue background, a configuration that she was able to read with diffi-
culty. Although this is an extreme example, it is a requirement of EU workplace law
that such adjustments must be available to all users so that none are prevented from
economic participation. Java, like X/Motif, has been designed to provide funda-
mental support for these accessibility issues.

The FontViewer artifact
The artifact that will be developed in this chapter is called FontViewer and is illustrated in
Figure 2.1. The purpose of the artifact is to allow the user to investigate the appearance of
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Figure 2.1 FontViewer artifact: physical appearance.

the fonts that are supplied by the platform that it is executing upon. Artifacts such as this
have an important role in supporting accessibility, as they allow users to investigate what
is available before deciding upon the font that is most suitable for them.

The left-hand illustration in Figure 2.1 shows that the artifact consists of a control
panel, at the top, containing three pull-down lists allowing the font family, the font style
and the font size to be selected. Fonts in the Java environment are defined by a combina-
tion of these three attributes, so, when any of the three controls are used, a different font
will be installed for the user to view. The right-hand illustration is a simulated image
showing the contents of the three lists when the artifact was executed in a Windows 95
environment.

The font families illustrated in Figure 2.1 include physical fonts, such as Bookshelf or
Courier. Java also supports logical fonts, called Monospaced, Serif, Sans-serif and
Dialog. Logical fonts are always supported by Java and are mapped onto suitable
physical fonts. Hence program code should always refer to logical fonts, which are
guaranteed always to be available, and should never refer to physical fonts, which
may not be available on a particular platform. This example, as will be shown, is
requesting a complete list of fonts, physical and logical, from the environment it is
executing within. Accordingly, the list of available fonts would be different if it was
executed on a different platform.

The currently selected font is illustrated in the middle area of the artifact, displayed as
four lines of sample text showing the upper-case characters, lower-case characters, digits
and common punctuation characters. It is possible, when a large font is selected, that this
area will not be large enough for the entire image to be seen, and scroll bars are supplied
for when this is the case. In the left-hand illustration the area is high enough to show all
four lines, so no vertical scroll bar is required. However, the window is not wide enough to
show the extent of all the lines, so a horizontal scroll bar is supplied. The user can interact
with the scroll bar so as to adjust the viewport, as illustrated in Figure 2.2.

The illustration shows that the width of the area upon which the font is being illus-
trated is much wider than the width of the viewport that is being used to look at it; only
approximately the middle half of the image can be seen. The extent and position of the
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Figure 2.3 FontViewer artifact executing within a browser.

slider within the horizontal scroll bar at the bottom is showing that approximately one
quarter of the image exists to the left and to the right of the part that is visible. The user
can use the controls on the scroll bar to adjust the position of the viewport, so as to bring
the currently not-visible areas within the boundary of the viewport.

The lower part of the artifact contains a single button labeled exit, which, when
pressed, will close the application removing the window from the desktop. This part of the
interface is not shown when the artifact is executed within a browser, as illustrated in
Figure 2.3. It is not possible to exit from an application within a browser; instead the
browser’s controls are used to move to another Web page when a user has finished with
the artifact. Figure 2.3 also illustrates a situation where a vertical scroll bar is required.

The state transition diagram for the FontViewer artifact, when executing as an applica-
tion, is shown in Figure 2.4. The transition from the initial state to the only application
state, labeled font viewing state, causes the application to be posted onto the desktop
showing a default font. The terminal transition is always taken when the user presses the
exit button and results in the window being closed and removed from the desktop. Each
of the other three transitions is associated with the user selecting one of the options from
the drop-down lists and all result in the new font selected by the user being illustrated
within the middle area.
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Figure 2.4 FontViewer artifact: state transition diagram.

The absence of pre-conditions on all of these transitions, coupled with the regularity of
their effects and the single application state, allows a developer to predict at this stage
that the artifact will be simple and intuitive to use. The transitions involved in showing
and using the scroll bars are not shown on this diagram as they require no effort by the
developer, as will be shown shortly.

2.3 FontViewer: design overview
An instance diagram for the FontViewer artifact is given in Figure 2.5. The artifact itself is
an instance of the FontViewer class which extends the JApplet class and supplies the
translation aspects of the three layer architecture. It is shown as implementing the
ActionListener interface, as it has to listen to the ActionEvents from the JButton instance
on thelnterface. It is also shown as implementing the ItemListener interface as it has to
listen to ItemEvents generated by the three JComboBoxes on the interface. The applica-
tion level object, shown on the right, is an instance of the FontStore class which has a dual
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Figure 2.5 FontViewer artifact: instance diagram.

2.4

role of supplying information concerning which fonts are available in the environment
and also constructing and supplying the Font requested by the user.

The presentation level object, thelnterface, shown on the left, is an instance of the
FontViewerUI class which extends the JPanel class. It contains the five components that
the user will see on the interface: a JButton for the exit control; a JScrollPane which itself
contains a JTextArea instance, for the middle area where the fonts are shown; and three
instances of the JComboBox class to provide the three drop-down menus. The nature and
characteristics of the new JFC components shown on this diagram will be described
below when the FontViewerUl class is described.

Arguably, the most fundamental of these layers is the application layer, so the
FontStore class will be described first.

FontStore: design and implementation
The FontStore class supplies the application level functionality in this artifact and has a
dual role; its class diagram is given in Figure 2.6. Its first role is to supply a list of the font
families available in the environment that the artifact is operating within. This list, called
familyNames, will be requested by the translation object and passed to the presentation
object where it will be used to initialize the options presented on the leftmost drop-down
list. It also nominates one of these families to be the defaultFamily. These requirements are
supported by the encapsulated familyNames[] and defaultFamily attributes and by the
getFamilyNames() and getDefaultFamily() methods. As the contents of the list will vary,
depending upon the platform that the artifact is executing upon, all of these are supplied
as instance attributes and methods.

The styleNames][], defaultStyle, getStyleNames[] and getDefaultStyle() resources are
comparable to the family resources described above, but refer to the available styles.
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Figure 2.6 FontStore artifact: class diagram.

Likewise the fontSizes[], defaultSize, getFontSizes() and getDefaultFontSize() resources
support alist of font sizes. These two sets of resources do not change, depending upon the
platform, and so are supplied as class-wide resources. The getDefaultFont() method will
return a Font object reflecting the values of the three default resources. This method will
be used to supply a Font to the interface when it first becomes visible to the user.

The second role of this class is to store details of the font that has been currently selected
by the user. This requirement is supported by the selectedFamily, setSelectedFamily(),
selectedStyle, setSelectedStyle(), selectedSize and setSelectedSize() resources. The
getSelectedFont() method will return a Font corresponding to the values indicated.

The first part of the implementation of this class, as far as the start of the constructor, is
as follows.
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0010 package fontviewer;

0011

0012 import java.awt.*;

0013

0014 public class FontStore extends 0Object {

0015

0016 private static final String[] styieNames = {

0017 "Plain", "Italic", "Bold", "Bold/Italic"};
0018 private static final String defaultStyle = styleNames[ 07;
0019

0020 private static final String[] fontSizes = {

0021 "g", "io", "12", "14", "16", "18",
0022 "20", "22", "24", "26", "28", "30"};
0023 private static final String defaultSize = "20";

0024

0025 private String[] familyNames = null;
0026 private String defaultfFamily = null;
0027

0028 private String selectedfamily null;

0029 private String selectedStyle = defaultStyle;
0030 private String selectedSize = defaultFontSize;

The class commences by stating that it is a member of the fontstore package of classes,
and the class declaration, on line 0014, is exactly as shown on the class diagram. Lines
0016 to 0023 then declare the class-wide attributes from the class diagram, initializing
them as appropriate. These two lists will be requested from the fontStore, application,
object by the translation object and used to initialize the contents of the middle and
rightmost drop-down menu, as shown in Figure 2.1. The list of available styles is deter-
mined by the styles supported by Java, which does not include underline. The list of sizes
is arbitrary, and a technique to extend the artifact to allow the user to select any size of
font will be introduced later in this chapter.

The two instance attributes associated with the first role of the class are then declared,
but not initialized, on lines 0025 and 0026. The three selected attributes are declared on
lines 0028 to 0030 with the selectedStyle and selectedSize instances initialized to the
corresponding default class-wide attributes. The constructor is implemented as follows.

0035 public FontStore() {

0036 super();

0037 GraphicsEnvironment environment =

0038 GraphicsEnvironment.getLocalGraphicsEnvironment();
0039 familyNames = environment.

0040 getAvailableFontFamilyNames();
0041 defaultFamily = familyNames[ 017;

0042 selectedFamily = defaultFamily;

0043 } // End FontStore constructor.

Object — java.awt.GraphicsEnvironment

The GraphicsEnvironment object allows an artifact to obtain information about the
various GraphicsDevices (screen(s), printer(s), image buffer(s)) that might be available
on the platform it is executing upon.
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public static GraphicsEnvironment getlocalGraphicsEnvironment()
Obtains the identity of the local (default) graphics output device.

pubTic Font[] getAllFonts()
public String[] getAvailableFontFamilyNames()

Obtains a list of the Fonts available, or just the names of the families.

The constructor commences by calling its super, Object, constructor and then declares
and initializes an instance of the GraphicsEnvironment class called environment. Instances
of the GraphicsEnvironment class encapsulate information concerning the graphical
capabilities of the environment that the artifact is executing upon. The environment's
getAvailableFontFamilyNames() method is called, on lines 0039 to 0040, to obtain a list of
the font families available, and the list is used to initialize the familyNames String array
attribute. Having obtained the list of available families the defaultFamily and
selectedFamily attributes can be initialized from it, on lines 0041 and 0042.

The three selected state setting methods are implemented as expected, as follows, and
the getSelectedFont() is implemented as a call of the private makeFont() method, which
will be described shortly.

0049 public void setSelectedFamily( String newFamily) {
0050 selectedFamily = new String( newfamily);

0051 } // End setSelectedFamily.

0052

0053 public void setSelectedStyle( String newStyle) {
0054 selectedStyle = new String( newStyle);

0055 } // End setSelectedStyle.

0056

0057 public void setSelectedSize( String newSize) {
0058 selectedSize = new String( newSize);

0059 } // End setSelectedSize.

0060

0061 public Font getSelectedFont() {

0062 return this.makeFont( selectedFamily,

0063 selectedStyle,

0064 selectedSize);

0065 } // End getSelectedfont

The implementation continues with the six inquiry methods associated with the
remaining six attributes, as follows.

0068 public Stringl[] getFamilyNames() {

0069 return familyNames;

0070 } // End getFamilyNames.

0071

0072 public String getDefaultFamily() {

0073 return defaultFamily;

0074 } // End getDefaultFamily;

0075

0076

0077 public static Stringl[] getStyleNames() {

0078 return styleNames;
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0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0097
0098
0099

} // End getStyleNames.

public static String getDefaultStyle() {
return defaultStyle;
} // End getDefaultStyle;

public static String[] getFontSizes() {
return fontSizes;
} // End getfontSizes.

public static String getDefaultSize() {
return defaultSize;
} // End getDefaultSize.

public Font getDefaultFont() {
return this.makeFont(
this.getDefaultFamily(),
this.getDefaultStyle(),
this.getDefaultSize());
} // End getDefaultfont.

This part of the implementation concludes with the getDefaultFont() method, which,
like the getSelectedFont() method above, indirects to the private makeFont() method
whose implementation, as follows, concludes the class’s implementation.

0102
0103
0104
0105
0106
0107
0108
0109
0110
0111
0112
0113
0114
0115
0116
0117
0118
0119
0120
0121

private static Font makeFont( String requiredFamily,
String requiredStyle,
String requiredSize) {

int fontSize = Integer.parselnt( requiredSize, 10);
int fontStyle Font.PLAIN;

if ( requiredStyle.equals( styleNames[1]1)) {
fontStyle = Font.ITALIC;

} else if ( requiredStyle.equals( styleNames[21)) {
fontStyle = Font.BOLD;

} else if ( requiredStyle.equals( styleNames[31)) {
fontStyle = Font.BOLD | Font.ITALIC;

} // End if.

return new Font( requiredfFamily,
fontStyle, fontSize);
} // End makefont.

} // End class FontStore.

The three attributes that define a Font, its family, style and size, are passed to this method
in the three arguments as Strings. A String is only appropriate for the family argument to
the Font constructor, and the other two arguments must be converted into integer values.
The requiredSize argument is converted directly into an int when the local variable
fontSize is declared on line 0106.
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Object — java.awt.Font

public Font( String family, int style, int size)

Constructs a Font instance of the family specified, which should be one of the logical
font family names: “Monospaced”, “Serif”, “Sans serif”, “Dialog” or “Dialog input’. The
style argument is a bitwise ored (|) combination of Font.PLAIN, Font.BOLD and
Font.ITALIC. The size argument can be arbitary and the platform will either supply a
scaled font to the size requested or the nearest available size.

public String getFamily()
public int getStyle()
public int getSize()

Enquiry methods for the three defining attributes.

2.5

The conversion of the requiredStyle String is more complex, as font styles are described
by manifest values supplied by the Font class. The local variable fontStyle is declared, on
line 0107, with the default value Font.PLAIN. If the requiredStyle is not “Plain”, then the
three-way selection, on lines 0109 to 0115, will change it as appropriate. Once this has
been accomplished a new Font instance is constructed, passing the three required argu-
ments, and returned on lines 0117 and 0118.

FontViewerUI: design and implementation

The FontViewerUI class will be described before the FontViewer class, as FontViewer
makes use of FontViewerUl and thus cannot be fully understood before understanding
the classes it makes use of. As with the StopwatchUI class from Chapter 1, a major part of
the implementation of this class will be involved with the construction and configuration
of the components that it presents to the user and also with establishing the geometrical
relationships between the components. Accordingly, the design phase will commence
with the layout diagram, as shown in Figure 2.7.

The fontViewerUl is an extended JPanel that requires a BorderLayout with its North,
Center and South locations occupied. The North location contains an intermediate
JPanel, called fontPanel, whose layout manager controls the positioning of the three
JComboBox instances. A three column by one row GridLayout manager has been chosen,
as this will force all three controls to be of equal width. The alternative would have been
the default FlowLayout manager, but as this would allow the three controls to be of
different widths it was not felt to be as appropriate. The South location also contains an
intermediate JPanel, called exitPanel whose default FlowLayout manager controls the
positioning of the exitButton. The CENTER location is occupied by an instance of the
JScrollPane class, called fontPane, whose viewport contains an instance of the JTextArea
class called fontArea. The six visible components are shown as encapsulated attributes of
the FontViewerUI class in the class diagram given in Figure 2.8.

The class diagram shows that the protected constructor takes a number of arguments.
Two of these identify the listeners, one for the ActionEvents generated by the exitButton
and one for the ltemEvents generated by the JComboBoxes. The remaining six arguments
define the contents and the default selection of each of the three JComboBoxes. The
constructor is protected as it is only ever intended to be called from within the fontviewer
package, by an instance of FontViewer. The setFontToShow() method is also protected for
the same reason; this method takes a Font toShow as an argument and causes the
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Figure 2.8 FontViewerUI class diagram.

contents of the fontArea to be redrawn using the new font. The only other method,
addNotify(), overrides the public addNotify() method from Component and so must also be
declared public, as an overriding method cannot have a more restricted visibility than the
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method it is overriding. The reason why this method has to be overridden will be
explained below, when its implementation is described.
The implementation of this class, as far as the constructor, is as follows.

0010 package fontviewer;

0011

0012 import javax.swing.*;
0013

0014 dimport java.awt.*;

0015 import java.awt.event.*;
0016 import java.applet.*;

0017

0018 <class fontlViewerUI extends JPanel {

0019

0020 private JComboBox familyList = null;

0021 private JComboBox stylelist = null;

0022 private JComboBox sizelist = null;

0023 private JPanel fontPanel = null;

0024

0025 private JScrollPane fontPane = null;

0026 private JTextArea fontArea = null;

0027

0028 private JButton exitButton = null;

0029 private JPanel exitPanel = null;

0030

0031 private static final String sampleText =

0032 "ABCDEFGHIJKLMNOPQRSTUVWXYZ\n" +
0033 "abcdefghijklmnopgrstuvwxyx\n" +
0034 "0123456789\n" +
0035 TINTESENEF () _-+={[}] ;0@ ~#<, > 2/ N\

After declaring that this class is a member of the fontviewer package of classes and the
necessary importations, the class is declared, without public visibility, on line 0018. The
components identified on the layout diagram are declared on lines 0020 to 0029 and the
sampleTextthat is to be shown is declared as a class-wide String constant on lines 0031 to
0035. The implementation of the constructor is as follows.

0037 protected fontViewerUI( ActionlListener sendActionsHere,
0038 ItemListener sendItemsHere,
0039 Stringl] namesToShow,
0040 String selectedName,
0041 Stringl] stylesToShow,
0042 String selectedStyle,
0043 Stringl[] sizesToShow,
0044 String selectedSize){
0045

0046 super();

0047 this.setlayout( new BorderlLayout());

0048

0049 familyList = new JComboBox( namesToShow) ;

0050 familylist.setSelectedltem( selectedName);

0051 familylist.addItemlListener( sendItemsHere);

0052 familylList.setName( "family");
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0053

0054 styleList = new JComboBox( stylesToShow);

0055 stylelist.setSelectedItem( selectedStyle);

0056 stylelList.addItemListener( sendltemsHere);

0057 stylelist.setName( "style");

0058

0059 sizelist = new JComboBox( sizesToShow);

0060 sizelist.setSelectedItem( selectedSize);

0061 sizelist.addItemListener( sendItemsHere);

0062 sizelist.setName( "size");

0063

0064 fontPanel = new JPanel();

0065 fontPanel.setlLayout( new GridLayout( 1,3));

0066 fontPanel.add( familylList);

0067 fontPanel.add( stylelist);

0068 fontPanel.add( sizelist);

0069

0070

0071 fontArea = new JTextArea( sampleText);

0072 fontArea.setEditable( false);

0073 fontPane = new JScrollPane(

0074 JScrol1Pane.VERTICAL_SCROLLBAR_AS_NEEDED,
0075 JScrol1Pane.HORIZONTAL_SCROLLBAR_AS_NEEDED);
0076 fontPane.getViewport().add( fontArea);

0077 fontPane.setMinimumSize( new Dimension( 150, 100));
0078 fontPane.setPreferredSize( new Dimension( 400, 200));
0079

0080

0081 exitPanel = new JPanel();

0082 exitButton = new JButton( "Exit");

0083 exitButton.setActionCommand( "exit");

0084 exitButton.addActionListener( sendActionsHere);
0085 exitPanel.add( exitButton);

0086

0087

0088 this.add( fontPanel, BorderLayout.NORTH);

0089 this.add( fontPane, BorderlLayout.CENTER);

0090 this.add( exitPanel, BorderlLayout.SOUTH);

0091 } // End FontViewerUI constructor.

The constructor, declared on lines 0037 to 0044, has eight arguments. The first two of
these, sendActionsHere and senditemsHere, are of the appropriate listener interface
types to be installed as the exitButton’s actionListener resource and as each JComboBoxes
itemListener resource, respectively. The remaining six arguments can be thought of as
three groups of two arguments, specifying the list of items that are to be installed in the
appropriate JComboBox and the item from the list that is to be selected by default. For
example, the sizesToShow String array contains the list of font sizes to be shown on the
rightmost of the controls and the selectedSize argument indicates which of them is to be
selected by default when the interface first becomes visible to the user.

The first step of the constructor, on lines 0046 and 0047, is to call the super, JPanel,
constructor and to install the required BorderLayout, replacing the default FlowLayout,
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manager. The next part of the constructor, between lines 0049 and 0062, consists of three
very similar stages, each of which constructs and configures one of the JComboBoxes.
Line 0049 constructs the familyList, the argument to the constructor indicating the list of
Strings that it is to show on its drop-down menu. Line 0050 then uses the
setSelectedltem() method of the familyListto indicate which of the items on the list is to be
selected and displayed, even when the drop-down list is not posted.

Line 0051 calls the familyList addltemListener() method which is comparable to the
JButton addActionListener() method, as described in the previous chapter. The argument
to this method, one of the constructor’s arguments, identifies the object to which the
familyListis to dispatch ltemEvents as the user interacts with the control. More details will
be given of ltemEvents in the next section, which describes the FontViewer class.

The final step in this stage of the constructor is to set a non-default value for the name
attribute of the JComboBox. All Components have a name attribute; by default this would
be, in this example, something like “/ComboBox23”. There are three JComboBoxes in this
interface and all three of them will be dispatching ItemEvents to the same listener. As
JComboBoxes do not have an actionCommand attribute the technique used in the Stop-
watch example to identify the source of an event cannot be used, so a more general tech-
nique, using the name attribute, is being used. The description of the method that
receives the ItemEvents in the FontViewer class will show how this technique is effected.

JComponent — javax.swing.JComboBox

public JComboBox( Object[] items)

Constructs a JComboBox instance displaying the list of items supplied on its
drop-down menu with the first item selected by default.

public void addItemListener()

public void removeltemlListener()
public void addActionlListener()
public void removeActionlListener()
public void setActionCommand()

public String getActionCommand()
public boolean isEditable()
public void setEditable( yesOrNo)

IltemEvents are generated when a different selection is made from the drop-down list
and also, if the combo box is editable, when a new item is entered. ActionEvents are also
generated by an editable combo box when the user uses the editor, with the
actionCommand if specified.

public void addItem( Object toAdd)

public void insertItemAt( Object tolnsert, int location)
public void removeltem( Object toRemove)

public void removeltemAt( int Tocation)

public void removeAllItems()

public Object getlItemAt( int Jocation)

public int getItemCount()

public int getMaximumRowCount ()
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Methods to count, add to, remove from or obtain items from the list. The
maximumRowCount attribute is the number of items that can be shown on the
drop-down menu without requiring a vertical scroll bar.

public Object getSelectedItem()
public void setSelectedIndex( int Tocation)
public void setSelectedItem( Object toSelect)

Methods to obtain, or set, the selected item.

The construction and configuration of the two remaining JComboBoxes, the styleList
on lines 0054 to 0057 and the sizeList on lines 0059 to 0062, are essentially identical and
will not be commented upon further. Once all three of these controls have been prepared,
line 0064 constructs the JPanel, fontPanel, that they will be mounted upon; and line 0065
installs a one row by three column GridLayout manager into this panel.

A GridLayout manager can accommodate an indefinite number of children laid out in
an equal-sized grid, optimally determined by the widest and highest of the children. The
sequence in which children are added to the GidLayout’s associated Container determines
where they will appear, with the grid being populated in a left/right, top/down manner.
Lines 0066 to 0068 add the three JComboBoxes to the fontPanel in a sequence that will
produce the appearance shown at the top of Figure 2.1.

Object — java.awt.GridLayout

public Gridlayout( int rows, int columns)
public Gridlayout( int rows, int columns, int hgap int vgap)

Constructs a GridLayout instance capable of laying out children in a grid with the
number of rows and columns specified, with a horizontal (hgap) and vertical gap (vgap)
between the cells if specified. The children will be added in a left/right, top/down
manner and all will be forced to be the same size.

public void setRows( int newRows)
public int getRows()

public void setColumns( int newColumns)
public int getColumns()

public void setHgap(int newGap)

public int getHgap()

public void setVgap(int newGap)

public int getHgap()

State setting and inquiry methods for the four defining attributes.

The next part of the constructor, between lines 0071 and 0077, constructs and
configures the middle part of the interface. Line 0071 constructs the fontArea as an
instance of the JTextArea class. A JTextArea instance is capable of storing and showing a
multi-line String. The argument to the constructor, sampleText, is the four-line String
declared on lines 0031 to 0035 and defines the text that the instance will display. By
default a JTextArea is editable, allowing the user to change the contents, and as this is not
appropriate in this artifact it is set non-editable on line 0072.
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JComponent — JTextComponent — javax.swing.JTextArea

public JTextArea ()

public JTextArea ( String toShow)

public JTextArea ( int rows, int columns)

public JTextArea ( String toShow, int rows, int columns)

Constructs a JTextArea instance with various combinations of the String toShow and
the (approximate) number of characters in a row and the number of columns.

public int getColumns()

public void setColumns( int newColumns)
public int getRows()

public void setRows( int newRows)

Inquiry and setting methods for the number of rows and columns.

public void append( String toAppend)
public void insert( String tolnsert, int offset)
public int replaceRange( String replacelWith

int fromHere, int toHere)
public String getText()
public String getText( int fromHere, int toHere)

Methods to manipulate the text contained in the component. The getText() methods
are inherited from JTextComponent.

public boolean getEditable()
public boolean setkEditable( boolean yesOrhNo)

The editable attribute determines whether the user can change the text from the
keyboard; default true.

public int getlLineCount()

public int getLineStartOffset( int TineNumber)
public int getlLineEndOffset( int TineNumber)
public int getLineOfOffset( int offset)

public boolean getLineWrap()

public void setLineWrap( boolean yesOrhNo)
public boolean getWrapStyleWord()

public void setWrapStyleWord( boolean yesOrNo)

The text is considered as a sequence of lines. These methods allow the number of lines
and their start and end locations within the text to be determined. The lineWrap
attribute determines whether lines that are wider than the width of the window are
broken and continued on the next line (default false). The wrapStyleWord attribute
works in concert to break lines at word boundaries.

Lines 0073 to 0075 construct an instance of the JScrollPane class called frontPane. The
arguments to the constructor indicate that the JScrollPane instance should automatically
supply the horizontal and vertical scroll bars whenever they are needed and should not
display them if they are not needed. A JScrollPane instance is a Container that can have
only one child, which is added to its viewport. This child is then shown within the compo-
nent’s window and the scroll bars can be used to pan the viewport across the underlying
child if it is larger than the viewport’s window. Accordingly, line 0076 adds the fontAreato
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the fontPane’s viewport, implementing the relationship illustrated in Figure 2.2. This rela-
tionship, where the scroll bars are connected to control the view of the fontArea, is
supplied automatically by the fontPane and does not need any effort by the developer to
effect it. The final stage in the configuration of the fontPane, on lines 0077 and 0078, is to
establish a minimum and preferred size for it. These resources, instances of the AWT
Dimension class, will be used when layout negotiations take place and specify a reason-
able size given the nature of this artifact.

JComponent — javax.swing.JScrollPane

public JScrollPane()
public JScroll1Pane( Component toShow)
public JScrollPane( int verticalpolicy, int horizontalPolicy)
public JScrollPane(Component toShow ,
int verticalpolicy, int horizontalPolicy)

Constructs a JScrollPane instance with various combinations of the component in the
viewport and specified scroll bar policies: VERTICAL_SCROLLBAR_AS_NEEDED
(default), VERTICAL_SCROLLBAR_NEVER and VERTICAL_SCROLLBAR_ALWAYS
(and corresponding for HORIZONTAL).

public JScroll1Bar getHorizontalScrollBar()
public JScroll1Bar getVerticalScrollBar()
public JScroll1Bar getViewport()

Inquiry methods for the components of the JScrollPane.

public int getHorizontalScrollBarPolicy()
public void setHorizontalScrollBarPolicy( int newPolicy)
public int getVerticalScrollBarPolicy() ()
public void setVerticalScrollBarPolicy( int newPolicy)

Inquiry and setting methods for the scroll bar policies.

The constructor continues, on lines 0081 to 0085, by constructing and configuring an
instance of the JButton class, called exitButton, and mounting it upon its own JPanel,
called exitPanel. These techniques do not differ from those used to construct and
configure the JButtons on the Stopwatch interface, as described in the previous chapter.
As there is only one button on this interface there can be no confusion regarding where
ActionEvents originated, so the actionCommand attribute of the exitButton need not be
set.

The final step in the FontViewerUl constructor adds the three child components to this
instance of the FontViewerUl instance being constructed. This stage, and the previous
stages where components have been added, implement the layout requirements estab-
lished in Figure 2.7. Consequently, when the artifact becomes visible to the user,
assuming that it is being executed as an application, it will appear as shown in Figure 2.1.
The implementation of the setFontToShow() method is as follows.

0092 protected void setfontToShow( Font toShow) {
0093 fontArea.setFont( toShow);
0094 } // End setFontToShow
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This is a wrapper method which passes its Font argument, toShow, directly on to the
fontArea setText() method inherited from JTextArea. This will cause the component to
install the new font and re-render the text it contains using the new font. The only
remaining method is addNotify(); this method is called by the Java environment before the
component becomes visible, but immediately after its parent component has been
created. It is only at this stage that the FontViewerUl instance can determine whether it is
being used within an applet or within a standalone application. As illustrated in Figure
2.3, and explained above, in this configuration the exit button should be suppressed, as it
is not possible to exit an artifact when it is running within an applet.

Consequently, the FontViewerUl addNotify() method has to decide whether it is
executing within a browser and, if so, remove the exitButton from the interface. It accom-
plishes this by ascending the layout window hierarchy until it locates an instance of the
Applet class (which includes JApplets) and can then ask it to supply an AppletContext. An
AppletContext encapsulates information about the browser environment that it is oper-
ating within. If the artifact is executing as an application then this attempt to obtain an
AppletContext will throw an exception.

It is vitally important that an overriding addNotify() method calls the overridden
addNotify() method, either at the start or at the end, otherwise the interface will not
become visible. In this example the overridden addNotify() method should be called at the
end of the method so that layout negotiations do not include the exitButton, in case it has
to be removed. The implementation of the FontViewerU! addNotify() method, which
completes the class, is as follows.

0097 public void addNotify() {

0098

0099 Component itsParent = this;

0100 AppletContext 7tsContext = null;

0101

0102 while ( ! (itsParent instanceof Applet)) {
0103 itsParent = itsParent.getParent();

0104 } // End while.

0105

0106 try {

0107 itsContext =

0108 ((Applet) itsParent).getAppletContext();
0109 this.remove( exitPanel);

0110 } catch ( NullPointerException exception) {
0111 // do nothing.

0112 } // end try/catch.

0113 super.addNotify();

0114 } // End addNotify.

0115

0116 } // End class fontlViewerUI.

The method commences, online 0102 to 0104, by ascending the layout window hierarchy
until the Applet instance is located. This is accomplished by using the AWT component
getParent() method, which returns the identity of the Container to which a component
has been added. At the conclusion of this loop the itsParent local variable contains the
identity of the artifact’s Applet, and on lines 0107 and 0108 an attempt is made to obtain its
AppletContext by calling the Applet getAppletContext() method. This method will throw a
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Figure 2.9 FontViewerUl class diagram.

NullPointerException if the artifact is executing as an application and so must be
contained within a try/catch structure.

If the exception is not thrown then the artifact is executing as an applet, so, on line
0109, the exitPanelis removed from this instance of FontViewerUI. The remove() method
can be used to remove a component that has previously been added with add(). If an
exception is thrown then the artifact is executing as an application and the exitPanel
should not be removed; accordingly the catch clause, on line 0111, does nothing. In all
circumstances the super addNotify() method must be called, thus concluding the
method.

FontViewer: design and implementation

The class diagram for the FontViewer class is given in Figure 2.9. It shows that the
FontViewer class extends the JApplet class, is a member of the fontviewer package of
classes and implements the ActionListener and ItemListener interfaces. It has two encap-
sulated attributes: an instance of FontStore, called fontStore, and an instance of
FontViewerUl, called thelnterface.

As an extended JApplet it has an init() method instead of a constructor. The
ActionListener interface mandates an actionPerformed() method, to which ActionEvents
will be sent to be processed. The ltemListener interface mandates a method called
itemStateChanged(), which takes a single argument of the ItemEvent class. As with the
ActionListener protocols, only if a class states that it implements the ItemListener inter-
face can it be registered with an ltemEvent source as its itemListener resource. When the
ItemEvent source generates and dispatches an ItemEvent it is passed as an argument to
the itemStateChanged() method, which is guaranteed to exist as it is mandated by the
ItemListener interface.
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java.awt.event.ltemListener interface
public void itemStateChanged( ItemEvent event)

Single method mandated by the ItemListener interface.

Object — EventObject ~ AWTEvent — java.awt.event.ltemEvent

public ItemEvent( int source, int id,
Object item, int stateChange)

Constructor specifying the source of the event and the item which was selected or dese-
lected causing it to be dispatched, the manifest reason for dispatching the event (id)
and the stateChange (ItemEvent.SELECTED or ItemEvent. DESELECTED).

public Object getSource()

public ItemSelectable getItemSelectable()
public int getID()

public Object getltem()

public int getStateChange()

Inquiry methods for the attributes of the event. ItemSelectable is an interface that
mandates certain methods for components that generate ltemEvents.

The implementation of the FontViewer class as far as the start of the init() method is as
follows.

0010 package fontviewer;

0011

0012 import javax.swing.*;
0013

0014 import java.awt.*;

0015 import java.awt.event.*;

0016

0017 public class FontViewer extends JApplet

0018 implements ActionlListener,
0019 ItemListener {
0020

0021 private FontViewerUI thelnterface = null;

0022 private FontStore fontStore = null;

The class is declared as a member of the fontviewer package of classes and, following the
necessary importations, the class is declared exactly as indicated on its class diagram.
Lines 0021 and 0022 then declare, but do not construct, the two encapsulated attributes.
The implementation of the init() method is as follows.

0025 public void 7nit() {

0026

0027 Stringl[] styleNames = fontStore.getStyleNames();
0028 String defaultStyle = FontStore.getDefaultStyle();
0029 Stringl[] fontSizes = fontStore.getfFontSizes();
0030 String defaultSize = FontStore.getDefaultSize();
0031

0032 fontStore = new FontStore();

0033
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0034 thelnterface = new FontlViewerUI( this, this,

0035 fontStore.getFamilyNames (),
0036 fontStore.getDefaultFamily(),
0037 styleNames, defaultStyle,
0038 fontSizes, defaultSize);
0039

0040 thelnterface.setFontToShow(

0041 fontStore.getDefaultFont());
0042 this.getContentPane().add( thelnterface);

0043 } // End init.

Lines 0027 to 0030 call the static methods of the FontStore class to obtain the list of styles
and font sizes, together with the default values, storing them in appropriately named vari-
ables. Line 0032 then constructs an instance of the FontStore class, storing its reference in
the fontStore attribute. The next stage, on lines 0034 to 0038, constructs an instance of the
FontViewerUlI class called thelnterface. The first two arguments are the identity of the object
to dispatch ActionEvents and ItemEvents to, and both of these are specified as this instance
of FontViewer currently being constructed. The next two arguments are the list of font fami-
lies and the family to be selected by default. These are obtained by calling the appropriate
instance method from the fontStore instance. The remaining four arguments are the previ-
ously initialized local variables, specifying details of the font styles and sizes.

Once thelnterface has been constructed, lines 0040 and 0041 install the defaultFont
obtained from the fontStore instance into it. This will ensure that when the user first sees
the interface the font used in the text area and the state of the three drop-down menus will
be congruent. The final step in the init() method is to add thelnterface to this applet’s
contentPane, so that it will subsequently become visible to the user.

The FontViewer class declares that it implements the ActionListener interface in order
that it can be registered as the exitButton’s actionListener resource, and so must supply an
actionPerformed() method, as follows.

0046 public void actionPerformed( ActionEvent event) {
0047

0048 Component itsParent = this;

0049

0050 while (! ( itsParent instanceof Window)) {
0051 itsParent = itsParent.getParent();

0052 } // End while.

0053

0054 ((Window) itsParent).dispose();

0055 } // End actionPerformed.

This method will only be called if the artifact is executing as an application; the
exitButton will not be shown if it is executing within a browser, as explained above. The
exitButtonis the only source of ActionEvents in the interface, so there is no need to deter-
mine which control generated the event. The method should terminate the application
and remove its window from the desktop. To accomplish this it must first determine the
identity of the top-level Window; this is the JFrame instance that the main() method adds a
FontViewer into. To achieve this it ascends the layout window hierarchy, using techniques
similar to those described in the FontViewerUl’s addNotify() method, as described above.
Having obtained the identity of the top-level Window in itsParent, its dispose() method
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can be called. Disposing of a top-level window destroys it and all its children, causing the
application to disappear from the desktop.

The FontViewer class declares that it implements the ItemListener interface in order
thatit can be registered as the JComboBoxes itemListener resource, and so must supply an
itemStateChanged() method, as follows.

0058 public void itemStateChanged( ItemEvent event) {

0059

0060 String origin = ((Component) event.getSource()).

0061 getName();
0062 String selected = (String) event.getltem();

0063 Font newFont = null;

0064

0065 if ( event.getStateChange() == ItemEvent.SELECTED) {
0066 if ( origin == "family") {

0067 fontStore.setSelectedFamily( selected);

0068 } else if ( origin == "style") {

0069 fontStore.setSelectedStyle( selected);

0070 } else if ( origin == "size") {

0071 fontStore.setSelectedSize( selected);

0072 } // End if.

0073

0074 newFont = fontStore.getSelectedFont();

0075 thelnterface.setFontToShow( newfont);

0076 } // End if.

0077 } // End itemStateChanged.

This method will be called twice when the user selects one of the options from the
drop-down list on one of the JComboBoxes. It will be called once to indicate that the
currently selected item has been deselected and again to indicate that a different item has
been selected. An ItemEvent has a getStateChange() method that returns one of the mani-
fest values ItemEvent. SELECTED or ltemEvent. DESELECTED, so that the reason why the
event was dispatched can be decided.

The ItemEvent could have originated from any one of the three JComboBoxes on
the interface and the method has to decide which of them it was. When the JComboBoxes
were constructed their name attributes were set in order that this identification could
be effected. The name attribute is introduced into the Component hierarchy by the
Component class itself, so all Components, including all JComponents, will support this
attribute.

The first step in the itemStateChanged() method, on lines 0060 and 0061, is to retrieve
the name attribute of the Component that generated the event. All Event instances,
including ItemEvent instances, have a source attribute that contains the identity of the
Object that dispatched the event. The getSource() method returns this identity and as in
this situation it is certain that the ItemEvent originated from a JComboBox, an extended
AWT Component, it can be safely cast to Component so that the getName() method can be
called. The name is stored in the String origin for future use.

An ItemEvent also supports an item attribute that contains the identity of the element
on the list that was selected or deselected. In this example all items on the list are String
instances, so, on line 0062, the event getltem() method is called to obtain the item
attribute, which is stored in the local variable selected.
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Figure 2.10 FontViewer: user interaction and closure.

ItemEvents received as a consequence of an item on the list being deselected can be
ignored; only those generated as a consequence of an item being selected need be
responded to. Accordingly, the major part of the method is contained within a one-way
selection structure controlled by the if condition on line 0065. Only if the eventis shown to
have originated as a consequence of an item being selected will the body of the if struc-
ture be executed.

The first part of the if structure is itself a three-way selection structure containing a
branch for each of the JComboBoxes, as determined by the value of the origin variable.
Each branch calls the appropriate fontStore method, passing on as an argument the item
selected by the user. As one attribute of the selectedFont within the fontStore has
changed, a newFont, corresponding to the changed selection is obtained, on line 0074,
and immediately passed to thelnterface’s setFontToShow() method.

The effect is that whenever the user selects a new font item from one of the drop-down
lists on thelnterface, an IltemEvent containing this information is dispatched to its
listening object. The listener method calls an appropriate state setting method in
the fontStore and subsequently asks it for a newFont, which it passes back to thelnterface.
The user will see the sample text in the text area part of thelnterface change to illustrate
the font selected. This cycle, which closes the user’s experience, is illustrated in Figure
2.10.
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Figure 2.11 FontViewer with editable size control.

The FontViewer revisited

The JComboBox is so called because (in its default configuration) it is a combination of a
drop-down list and a text entry area; by default the text entry area is non-editable. When it
is editable the user can either select an option from the drop-down list or can type an item
into the text entry area. In the FontViewer artifact it would be possible to us an editable
JComboBox for the control that determines the font size, allowing the user to investigate
fonts of any size. This can be effected by adding the line sizeList.setEditable( true) to the
configuration of the sizeList component in the FontViewerUl constructor, and the
resulting appearance of the interface is illustrated in Figure 2.11.

The illustration shows that the user has requested a 240 point, bold italic, sans serif font
and that the platform has been able to supply it. However, there is no guarantee that the
user will always enter an integer value into the text entry box and, with the existing imple-
mentation, this will cause a NumberFormatException to be thrown when the fontStore
attempts to interpret the user’s input as a number in its makeFont() method. This excep-
tion will cause the application to terminate prematurely and is unacceptable. Figure 2.12
presents an amended state transition diagram which indicates how the behavior will be
changed to accommodate this consideration.

The diagram shows that if the item entered by the user, or selected from the list, is valid
then the behavior is as previously specified. Otherwise the font is not changed and the
font size entered shown in the area before the user typed in an invalid value is restored.
This will require a change to the FontStore itemStateChanged() method, as follows. In this
design, and subsequent implementation, a new valid entry made by the user into the text
area will not be added to the list on the pull-down menu.

0058 public void itemStateChanged( ItemkEvent event) {

0059

0060 String origin = ((Component) event.getSource()).

0061 getName();
0062 String selected = (String) event.getltem();
0063 Font newFont = null;

0064 int newSize =0;

0065 boolean fontHasChanged = true;

0066

0067 if ( event.getStateChange() == ItemEvent.SELECTED) {

0068 if ( origin == "family") {
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Figure 2.12 FontViewer artifact: amended state transition diagram.

0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087

fontStore.setSelectedFamily( selected);

} else if ( origin == "style") {
fontStore.setSelectedStyle( selected);
} else if ( origin == "size") {
try {

newSize = Integer.parselnt( selected, 10);
fontStore.setSelectedSize( selected);
} catch ( NumberFormatException exception) {
thelnterface.restoreSize(
fontStore.getSelectedSize());
fontHasChanged = false;
} // End try/catch.
Y // End if.

if ( fontHasChanged) {
newFont = fontStore.getSelectedFont();
thelnterface.setFontToShow( newfFont);
} // End if.

Y // End if.
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0088 } // End itemStateChanged.

The major changes in this version of the method are in the part of the inner if structure
that deals with events received from the size control, on lines 0073 to 0080. It commences,
on line 0074, by attempting to convert the selected item into an integer, in newSize. As
this may throw a NumberFormatException it is contained within a try/catch structure. If
the exception is not thrown then the user’s input was a valid integer, and the method
proceeds to call the fontStore setSelectedSize() method, as before.

However, if the attempt to convert selected does throw an exception then the exception
handler, on lines 0077 to 0079, will be executed. Its first step is to call a new method of the
FontStoreUl class called restoreSize(), which will be described shortly. The argument to
this call is the current selected size obtained by a call of a new fontStore inquiry method
called getSelectedSize(). If the exception handler has been invoked then the font has not
been changed and the fontHasChanged flag, declared on line 0065, is set to indicate this.
The state of this flag determines, on lines 0083 to 0086, whether a message is to be sent to
thelnterface to redisplay itself with a new font.

The old font size shown on the size control could be restored, on lines 0077 to 0078, by
the following fragment.

((JComboBox) event.getltemSelectable()).
setSelectedItem(
fontStore.getSelectedSize());

The itemSelectable attribute of the event identifies the component that generated the
event and this can be safely cast to JComboBox in this situation. Having obtained its iden-
tity, its setSelectedltem() method can be called, passing as an argument the selectedSize
attribute of the fontStore, which has not been changed by the itemStateChanged()
method. This will restore the unchanged selectedSize from the fontStore into the size text
entry box on the interface, butin doing so it will also generate two further ItemEvents. One
will indicate that the invalid value has been deselected and the second will indicate that
the previous (valid) value has been restored. This second event will be processed as a valid
size change and will cause the interface to install an identical font and redraw itself.

Although this is probably not significant in this situation, in general such unwanted
side effects should be avoided. The new FontViewerUI restoreSize() method will change
the selected item in the sizeList, without dispatching any event. The implementation of
this new method is as follows.

0100 protected void restoreSize( String toRestore) {
0101 sizelist.removeltemListener( itsitemlListener);
0102 sizelist.setSelectedItem( toRestore);

0103 sizelist.addItemListener( itsltemListener);
0104 } // End restoreSize.

This method makes use of an additional encapsulated attribute of the class of the
ItemListenerinterface class called itsltemListener, which is initialized in the constructor to
the identity of the interface’s item listener passed to it in the senditemsHere argument.
The restoreSize() method effects the change of the selected item on the sizeList control
without causing it to dispatch an ltemEvent by first removing itsltemListener, then
changing its selecteditem to the argument toRestore and finally reinstalling
itsltemListener.
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This change to the FontVieweris not optimal as it allows the user to make a ‘mistake’ by
typing in an entry that cannot be interpreted as an integer, and then having to correct the
consequences of this. It would be preferable to prevent the user from making the ‘mis-
take’ in the first instance by the provision of a specialized component that only allowed
numeric inputs. The construction of such a component will be described in Chapter 4.

The second change that will be made to the FontViewer interface is to replace the
JTextArea, where the font is illustrated, with an instance of a new class
FontViewerTextArea. The appearance of the FontViewer as illustrated in Figure 2.1 shows
that the sample text is displayed left justified. It is a small improvement to the appearance
to make it centered, as illustrated in Figure 2.13. However, this illustrates the user inter-
face design principle that details matter.

Details matter! Although the essential functionality and usability of an artifact are
very necessary, by themselves they are insufficient. The fine details of behavior and
presentation are essential if the user is to maintain an overall favorable attitude
towards the product.

The FontViewerTextArea class diagram is shown in Figure 2.14. It shows that the
FontViewerTextArea class extends the simplest of the JFC classes, the JComponent class.
This allows it to inherit many JFC capabilities, such as the ability to display a border as will
be explained in the next chapter, without inheriting any specialized resources, such as a
JButton’s ability to respond to the user. It contains two encapsulated attributes: showThis
is the content to be shown and the font toUse is used to render it. It also contains a private
method called establishSize(), whose purpose will be described below.

The protected constructor takes the String which the component is toShow. The
setFont() method allows a newFont to be specified; this method must be declared public
as it overrides an existing method with public visibility introduced into the hierarchy by
the AWT Component class. The public addNotify() method is supplied, as some essential
initialization operations cannot be performed until the component is almost ready to be
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Figure 2.14 FontViewerTextArea class diagram.
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displayed. The final method, paint(), will be described in detail shortly. The implementa-

tion of this class, as far as the start of the constructor, is as follows.

0010 package fontviewer;
0011

0012 import javax.swing.*;
0013

0014 import java.awt.*;
0015 dimport java.util.*;

0016

0017 class FontViewerTextArea extends JComponent {
0018

0019 private String[] showThis = null;

0020 private Font toUse = null;

The class is declared, without public visibility outside the fontviewer package, on line
0017. The showThis attribute is declared as an array of String, on line 0019, and the Font

toUse on line 0020. The constructor is implemented as follows.

0024 protected FontViewerTextArea( String toShow) {

0025

0026 super();

0027

0028 StringTokenizer tokenizer = new

0029 StringTokenizer( toShow, "\n");
0030 int numberOflLines = tokenizer.countTokens();

0031 showThis = new Stringl[ numberOfLines];

0032 for ( int index =0; index < numberOfLines; index++) {
0033 showThis[ index] = ((String) tokenizer.nextToken());
0034 } // End for.

0035 toUse = this.getFont();

0036 } // End FontViewerTextArea constructor.
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After calling the super, JComponent, default constructor a StringTokenizer instance called
tokenizer is constructed, initialized to split the String toShow into lines by tokenizing on
new line (“\n”) characters. The fokenizer can then be used to count the numberOfLines in
toShow by calling its countTokens() method. As the numberOfLines is now known, the
bounds of the showThis array can be established on line 0031. The loop on lines 0032 to
0034 will iterate through the array extracting each line, using nextToken(), from toShow
and storing them in the array showThis. The last step of the constructor, on line 0035, is to
initialize the Font attribute foUse to the JComponent default font, obtained by calling the
getFont() method inherited from the AWT Component class.

Further initialization of the FontViewerTextArea instance occurs in the addNotify()
method, which, as explained above, will be called by the Java run-time environment just
before the component is engaged in layout negotiations. The purpose of the
FontViewerTextArea addNotify() method is to establish the required height and width of
the instance so that the layout negotiations will reflect its requirements. The implementa-
tion of addNotify() is as follows.

0039 public void addNotify() {
0040 this.establishSize();
0041 super.addNotify();
0042 } // End addNotify.

The method first calls the private establishSize() method and then calls its super
addNotify() method to allow layout negotiations, and the subsequent display of the
component, to continue. The implementation of the establishSize() method is as follows.

0054 private void establishSize() {

0055

0056 Dimension bestSize = new Dimension( 0, 0);

0057 FontMetrics metrics = this.getFontMetrics( toUse);

0058 int thisWidth = 0;

0059 int widest =0;

0060

0061 bestSize.height = showThis.length * metrics.getHeight();
0062

0063 for ( int index =0; index < showThis.length; index++){
0064 thisWidth = metrics.stringWidth( showThis[ index]);
0065 if ( thisWidth > widest) {

0066 widest = thisWidth;

0067 } // End if.

0068 } // End for.

0069 bestSize.width = widest;

0070

0071 this.setMinimumSize( bestSize);

0072 this.setMaximumSize( bestSize);

0073 this.setPreferredSize( bestSize);

0074 this.setSize( bestSize);

0075 } // End establishSize.

The purpose of this method is to determine the appropriate size of the component, given
the Font that it is toUse. To accomplish this it commences by constructing an instance of
the Dimension class, called bestSize, initialized with a 0 by 0 width and height. Dimension is
a very simple class, supplied by the AWT, that has two public attributes called width and
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height. The details of the dimensions of the individual glyphs that make up a Font are
encapsulated within instances of the FontMetrics class and, on line 0057, an instance of the
FontMetrics class, called metrics, is obtained for the Font toUse. The two remaining local
declarations will be used to record the width of each line in turn, thisWidth, and to record
the width of the widestline, which will determine the required width of the component.

Object — java.awt.FontMetrics

public FontMetrics( Font toObtainMetricsFor)

Constructs a FontMetrics instance containing details of the Font supplied as an
argument.

public Font getFont()

public int getAscent()

public int getDescent()

public int getHeight()

public int stringWidth( String toObtainTheWidthOf)

Inquiry methods. The heights of every character glyph in a font are identical; the width
depends upon the characters contained in the string toObtainThe WidthOf.

The steps of the method commence on line 0061, where the number of lines in
showThis is multiplied by the height of every character in the font. The resulting value is
the required height of the FontViewerTextArea instance and is used to initialize the value
ofthe bestSize height attribute. Every glyph in a font has the same height, consisting of the
maximum extent to which some characters extend below the baseline and the maximum
extent to which some extend above the baseline. The baseline is an imaginary line along
which characters are laid out. For example, in the character sequence goh the baseline is
at the bottom of the ‘0’ and the tail of the ‘g’ extends below this; the maximum height is
indicated by the tip of the ‘h’.

Although all characters in a font have the same height they do not always have the same
width. For example, in the character sequence miw the ‘i’ character requires less width
than the ‘m’ or the ‘w’. Accordingly, the width of the lines in the String toShow can only be
established by supplying each line in turn to the metrics stringWidth() method. This is
accomplished within the loop between lines 0063 and 0067, which stores the width of
each line in turn in thisWidth and stores the widest of them in widest. After the end of the
loop, online 0069, the value in widestis used to initialize the width attribute of bestSize.

The effect of this first stage of the establishSize() method is to store in bestSize the
required height and width of the FontViewerTextArea instance with regard to the Font
specified in toUse. Lines 0071 to 0074 use bestSize as the argument to methods that set
the values of the minimumSize, maximumSize and preferredSize attributes. These attrib-
utes will be used during layout negotiations to determine the range of sizes that the
component would like; however, there is no guarantee that it will be accorded a size
anywhere within this range. The final step of the establishSize() method is to request that
it be resized by calling its setSize() method; this will initiate layout negotiations which
may cause it to be accorded the space it has asked for.

The establishSize() method is also called from the setFont() method, as a change of Font
will require a different amount of space on the screen. The implementation of setFont() is
as follows.
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0045 public void setfont( Font newfont) {
0046 tolUse = newFont;

0047 if ( this.isShowing()) {

0048 this.establishSize();

0049 this.repaint();

0050 } // End if.

0051 } // End setfont.

After storing the newFont in the toUse attribute the component calls its establishSize()
method to attempt to obtain a suitably sized window and then calls the inherited repaint()
method to redisplay the component with the newFont. However, it is possible that this
method may be called between the time that the instance is constructed, but before
addNotify() has been called. In these cases the attempt to obtain FontMetrics in
establishSize() will throw an exception, and to prevent this the latter part of setFont() is
only executed if the component isShowing().

A component should, in general, never render itself directly onto the screen. Instead it
should supply a paint() method which does this and wait until it is called. It will be called
when the component first becomes visible and subsequently when the window needs
refreshing after being occluded by another window or after being minimized. A call of
paint() can be explicitly requested by calling the repaint() method, as at the end of the
setFont() method, which will arrange for the paint() method to be called on a separate flow
of control so as not to interfere with processing the user’s requests. Redisplaying the
contents of a window can be a time-consuming process and if it were performed on the
main flow of control this would result in the interface becoming unresponsive while this
happened. This indirect mechanism for refreshing a window avoids this problem. The
implementation of the FontViewerTextArea paint() method is as follows.

0079 public void paint( Graphics context) {
0080
0081 FontMetrics metrics = this.getFontMetrics( toUse);

0082 int characterHeight = metrics.getHeight();

0083 int totalHeight = showThis.length *

0084 characterHeight;
0085 int TtsWidth = this.getSize().width;

0086 int fromTop = ((this.getSize().height -
0087 totalHeight) /2) +

0088 metrics.getMaxAscent();
0089 int leftOffset = 0;

0090

0091 super.paint( context);

0092 context.setFont( tolUse);

0093 for ( int index =0; index < showThis.length; index++) {
0094 leftOffset = ( itsWidth -

0095 metrics.stringWidth( showThis[ index]))/2;
0096 context.drawString( showThis[ index],

0097 leftOffset, fromTop);
0098 fromTop += characterHeight;

0099 } // End for.

0100 } // end paint.

0101

0102 } // End FontViewerTextArea.
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When the Java run-time environment calls a paint() method it supplies an instance of
the AWT Graphics class. This is known as the Graphics context and encapsulates a large
amount of information, including the size of the window to draw in, the Font to use, the
foreground and background colors to use, the line style and width to use, and the plotting
mode to use. It also supplies a large number of methods to draw lines and shapes and to
render text into the window. The paint() method uses the resources of the context passed
to it to redisplay the contents of the window to reflect the state of the object. In this case it
shows the String toShow, using the Font toUse, horizontally and vertically centered within
the available extent.

To accomplish this it needs a number of local variables, declared and initialized on
lines 0081 to 0089. The first of these is an instance of FontMetrics, called metrics, initialized
to describe the characteristics of the Font toUse, as described above. The characterHeight
is the height of every glyph in toUse and totalHeightis the height required to display all the
lines in showThis. Line 0085 declares itsWidth and initializes it to the actual width of the
window as determined by the getSize() method, which returns a Dimension instance
whose public width attribute can be accessed directly. Lines 0086 to 0088 compute the
vertical offset from the top, fromTop, of the window where the first line should be
rendered. This is determined by the height of the window (line 0086): half the totalHeight
required for the whole of the contents (line 0087) and the distance from the top of a glyph
to its baseline (line 0088). The final declaration, on line 0089, of /eftOffset, will be used to
decide the distance from the left-hand side of the window where each line in turn is to be
displayed. These considerations are illustrated, in outline, in Figure 2.15.

The first step of the method, on line 0091, is to call the super, JComponent, paint()
method passing on the context. This will clear any existing contents of the window and fill
it with the background color. Line 0092 then informs the contextof the Font that it is foUse
when rendering Strings.

The loop between lines 0093 and 0099 renders each line in turn into the window. The
first step, on lines 0094 to 0095, is to compute the extent of the /eftOffset taking into
account the width of the window (itsWidth) and the width required to display the current
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Figure 2.15 FontViewerTextArea: paint() method implementation details.
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2.8

line (showThis index]). Having determined this the line is rendered into the window using
the context drawString() method; the arguments to this method are the String to be
rendered, the offset from the left-hand side of the window and the offset from the top of
the window. Before the loop finishes, the value of fromTop is incremented by the
characterHeight, so that the next line will be positioned below the line that has just been
rendered. The end of the loop is also the end of the paint() method, which, in turn,
completes the FontViewerTextArea class declaration. The FontViewerUl class can be
amended to use a FontViewerTextArea rather than a TextArea instance, by declaring and
constructing an instance of the new class and also removing the setEditable() call, as a
FontViewerTextArea does not support editability.

The implementation of the FontViewerTextArea class has not taken into consideration
the environment in which it will be used, in this example the FontViewer artifact. This is
essential if the class is to be successfully reused in other circumstances where it might not
be contained within a JScrollPane’s viewport. In this circumstance it is almost certain that
the instance will always be accorded its preferred size, as only the part of it which appears
within the viewport need actually be displayed. The JScrollPane will, during layout nego-
tiations, take the FontViewerTextArea instance’s size into account to decide whether the
scroll bars should be provided. It will also arrange for the paint() method to be called, with
the context supplied constraining output to the screen to those parts that are actually
visible within the viewport, as the user interacts with the scroll bars. Hence although the
paint() method will redisplay the entire contents of the window, only that part of it which
is visible will actually be shown on the screen, as illustrated in Figure 2.1. When the user
interacts with the scroll bars, the JScrollPane instance will arrange for the
FontViewerTextArea’s paint() method to be repeatedly called, with the context supplied
constraining output to the appropriate area.

There is the possibility, when a small font size is chosen, that the preferredSize of the
FontViewerTextAreainstance will be smaller than the viewport. In these circumstances the
JScrollPane will accord it a window size larger than it has requested, equal to the size of
the viewport. However, the paint() method is constructed so as to continue to display its
contents centered within the available space, as illustrated in Figure 2.13. This illustration
also shows that, by default, the FontViewerTextArea will use a gray background, rather
than the white background provided by the TextArea used in Figure 2.1. The next part of
this chapter will consider the techniques available to control resources such as this.

Resource management
The illustrations of the artifacts presented so far in this book have used the default
appearance supplied by Java. The way in which a component appears, and the manner in
which it interacts with the user, is known as its look and feel. The default look and feel
supplied by the JFC is known as “Metal” and features black or blue/gray characters on
gray backgrounds with a light purple used for highlighting. It has a high degree of consis-
tency between different classes of component and has been produced so as to be visually
appealing without looking and feeling like any of the existing well-known user interface
toolkits such as MS Windows, Apple Macintosh or X/Motif. Where one of these native
look and feels is required it can be requested and installed on an application-wide basis,
as will be demonstrated in the next chapter.

However, some aspects of the look and feel, particularly the look part, may be inappro-
priate to some categories of users. There are three fundamental attributes, introduced by
the AWT Component class, that determine the most important aspects of how a
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Figure 2.16 FontViewer. amended appearance.

component presents itself to the user. These are the Font to use, the foreground Color to
use and the background Color to use. These attributes are inherited by every AWT and JFC
component class and their state-setting methods can be used so as to alter the appear-
ance of an artifact’s interface. For example, the setFont(), setBackground() and
setForeground() methods of all the components used in the FontViewerUl interface could
be specified as it is initialized. Figure 2.16 shows the appearance of the interface after the
backgrounds have been consistently set to white, the foregrounds to black and the font to
Dialog bold 18.

This was achieved, for example, with the familyList JComboBox with the following code
fragment.

0055 familylList = new JComboBox( namesToShow);

0056 familylList.setSelectedltem( selectedName);

0057 familylist.addItemlListener( sendItemsHere);

0058 familylList.setName( "family");

0059 familylList.setBackground( Color.white);

0060 familylList.setBackgroun( Color.black);

0061 familylList.setFont( new Font( "Dialog". Font.Plain, 18));

Additionally, in order for the configuration of the Panels to be effective their opaque
attribute must be specified as true in order to ensure that their backgrounds are actually
painted; for example fontPanel.setOpaque( true). By default panels are transparent,
which allows any underlying image to show through.

Although this technique for controlling the appearance of components is effective, it is
piecemeal and laborious. It can be predicted that during construction, or maintenance,
an attribute that should be set will be omitted or misset, causing parts of the interface to
have an inconsistent appearance. A more effective approach is to inform the UIManager
of the defaults for all resources on a class-wide basis.

Object — javax.swing.UIManager

The object which maintains knowledge about the look and feel resources using three
levels: user, look and feel, and system. When a resource (e.g. a color or a font) is required
theyare checked in the sequence stated so that the user’s requirements are paramount.

public static Object get( Object key)
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public static Object put( Object key, Object value)

User resource preferences are stored as key/value pairs. The put() method will return the
default value for the resource.

When a component is rendering itself on the screen it consults the static UIManager to
obtain values for the various resources it should use. If the UIManager is informed of the
preferred resources to use before any of the components are rendered then this approach
will ensure consistency and be considerably less laborious than setting all the resources
individually. The same appearance as shown in Figure 2.16 can be obtained by including a
new private method called setResources(), implemented as follows, and calling it at the
start of the FontViewerUI constructor, immediately after the super constructor has been
called.

0134 private void setResources() {

0135

0136 ColorUIResource defaultBackground = new

0137 ColorUIResource( Color.white);
0138 ColorUIResource defaultForeground = new

0139 ColorUIResource( Color.black);
0140 FontUIResource defaultFont = new FontUIResource(

0141 new Font( "Dialog", Font.BOLD, 18));
0142

0143 UIManager.put( "Button.background",

0144 defaultBackground) ;
0145 UIManager.put( "Button.foreground",

0146 defaultForeground);
0147 UIManager.put( "Button.font", defaultfont);
0148

0149

0150 UIManager.put( "Panel.background",

0151 defaultBackground);
0152 UIManager.put( "Panel.foreground",

0153 defaultforeground);
0154

0155

0156 UIManager.put( "ComboBox.background",

0157 defaultBackground) ;
0158 UIManager.put( "ComboBox.foreground",

0159 defaultforeground) ;
0160 UIManager.put( "ComboBox.font", defaultfont);
0le6l

0162 UIManager.put( "TextField.font", defaultFont);
0163 } // End setResources.

The majority of the implementation of the method is calls of the static UIManager put()
method. This method takes two parameters: a keyidentifying the resource and a value for
the resource. Java defines the keys, and a technique to obtain a list of them will be
described shortly. The values must be instances of one of the appropriate javax.swing.plaf
resource classes, for example ColorUIResource.

The method commences by constructing two instances of the ColorUIResource class,
called defaultBackground and defaultForeground, the argument to the constructor being
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one of the class-wide constants supplied by the Color class. (The Color class will be
described in detail in the next chapter.) An instance of the FontUIResource class, called
defaultFont, is constructed, specifying as an argument a newly constructed instance of the
Font class.

These three resources are then used as value arguments in the rest of the method to
ensure that all components have the same resources. For example lines 0156 and 0157
establish the defaultBackground, white, as the background color of all JComboBox
instances that are used in the interface. The last resource configuration is of the font
resource of the JTextField class, as an instance of this class is used as the text entry area of
the editable sizeList JComboBox.

The following static program will output a list of all known resource keys and their
values on the terminal. The UIManager getDefaults() method returns a Hashtable, called
defaults, containing all known keys and values. Having obtained the Hashtable an
Enumeration, called enum, is prepared to iterate through all of its keys. Within the body of
the loop each key is obtained from the enumeration in turn and used as an argument to
the defaults get() method to retrieve the value associated with it. Having obtained a key
and its value they are output on the terminal.

0011 import java.util.*;
0012 import javax.swing.plaf.*;

0013

0014 public class ResourceDemo extends Object {

0015

0016  public static void main( String args(1) {

0017

0018 Hashtable defaults = UIManager.getDefaults();
0019 Enumeration enum = defaults.keys();

0020

0021 Object key = null;

0022 Object value = null;

0023

0024 while ( enum.hasMoreElements()) {

0025 key = enum.nextElement();

0026 value = defaults.get( key);

0027 System.out.printin( key + "\n " + value +"\n");
0028 } // End while.

0029 } // End main.
0030 } // End class ResourceDemo.

When this program was executed on a Windows 95 platform the output consisted of
over 440 key/value pairs, commencing as follows.

ToolBar.background
javax.swing.plaf.ColorUIResourcel[r=204,g=204,b=204]

Tree.selectionBorderColor
javax.swing.plaf.ColorUIResourcelr=255,9=255,b=255]

TextPane.caretForeground
javax.swing.plaf.ColorUIResource[r=0,g=0,b=0]

text
javax.swing.plaf.ColorUIResource[r=255,9=255,b=255]
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When a resource is specified to the UIManager using its put() method, it is installed into
its first-level resource table, known as the user resources. There are two further tables, one
for the look and feel resources and one for the native platform resources. When a component
requests a resource, using the UIManager get() method, it will return the value from the first
table which contains an entry for it. Hence user-specified resources will take priority over
look and feel resources, which in turn will take priority over the native platform resources.

Hence by producing a list of the different components that are used in an artifact’s
interface and consulting the list produced by the ResourceDemo program a
setResources() method can be produced that will pre-configure the appearance of all
classes used. This approach will be effective even with any of the four standard look and
feels (Metal, MS Windows, Macintosh and X/Motif) supplied by Java. Unfortunately,
there is no standard mechanism in the current Java environment that allows the required
resource settings to be established for all artifacts.

Summary
4 Customization of an artifact to a user’s individual requirements is essential to the
production of high-quality products.

4 Fonts can be specified by defining family, style and size.

<

For portability, only the Monospaced, Serif, SansSerif and Dialog families should be used.

4 The construction of artifacts should take into account whether they are executing as
an applet or as an application.

4 The JComboBox class provides a pull-down list capability; if it is editable it includes a
text area input area.

4 A JComboBox instance dispatches ItemEvents when the user changes its value and
requires ItemListeners to be registered with it to receive them.

4 The ItemListener interface mandates a single method called itemStateChanged().

4 The JScrollPane class provides a window containing horizontal and vertical scroll bars
and a viewport; it will automatically pan over any component added to the viewport.

4 The addNotify() method is called after a component has been constructed but before it
engages in layout negotiations, and some initialization of a component has to be left
until this time.

4 The GridLayout manager arranges its components into rows and columns, with each
cell forced to be the same size.

4 The JTextArea class provides a single line text input area and fires an ActionEvent when
the user presses the <ENTER> key.

4 Specialized classes can be extended from existing classes.

4 The UlManager put() method allows user resource values to be specified that take
priority over both look and feel and native resources.

4 All JComponents provide accessibility support.

Exercises
2.1 Add a fourth pull-down list to the FontViewer artifact with entries indicating
upper-case, lower-case, digits and punctuation. The central area should only display
a line of glyphs corresponding to that indicated by the user.
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2.2

2.3

2.4

2.5

2.6

2.7

2.8

Extend the artifact developed in Exercise 2.1 so that it displays five lines of glyphs.
The central line should show, in black, the font size requested by the user; the two
lines above should show, in gray, two smaller sized fonts and, likewise, the two lines
below two larger sized fonts. This will require the FontViewerTextArea class to be
re-engineered.

Remove the style menu from the FontViewer artifact as developed in Exercise 2.1 and
instead display four lines of text with plain, bold, italic and bold italic styles.

Attempt to determine which of the four versions of FontViewer is preferred by users.
To do this, ask a number of users to use one of the versions to choose a collection of
fonts (two or three) for specified requirements (e.g. to use as the text for the front and
inside of a birthday card). Obtain the user’s opinion of the artifact by means of a
questionnaire.

Add two further pull-down menus to the FontViewer artifact as developed in the
chapter which allow the foreground and background color of the central area to be
changed.

Adapt the FontViewer artifact as developed in the chapter so that it displays the first
256 characters from the font in a 16 row by 8 column GridLayout.

Revisit the Stopwatch artifact from Chapter 1 and add a setResources() method to it
to improve the appearance of the interface.

Investigate the protocol of JComboBox and upgrade the editable instance used in the
chapter so that it adds the font size entered by the user into the appropriate place on
its drop-down list.
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Some fundamental JFC
attributes

Introduction

In Chapters 1 and 2, two central concepts concerned with the production engineering of
artifacts that have a GUI were emphasized: the event generation and listening mecha-
nism and the derivation of a software architecture from usability considerations.
However, the visual appearance of the interfaces produced was not particularly engaging
until resource management was introduced at the end of Chapter 2. In this chapter some
fundamental attributes that further enhance the appearance of a large number of JFC
component classes will be introduced.

This will be accomplished by the development of an artifact called TabbedLabelDemo.
The interface will present a single instance of the JLabel class accompanied by a number
of control panels which allow the effects of changing the value of some of its attributes to
be interactively investigated. In order to implement the control panels a number of
different layout management policies, JFC component classes and event classes will have
to be introduced.

The intention is not only to provide a detailed introduction to the JLabel class, but, as
many of the attributes which will be introduced are common to many other simple JEC
components, to allow this understanding to be subsequently generalized. The engi-
neering of the artifact in this chapter will not be as rigorous as that presented in the
previous chapters, since because the example does not have any real purpose, there is no
need for a full three-layer implementation.

The major artifact introduced in this chapter will require a number of different control
panels. The implementations of these panels contain many repeated code fragments,
and accordingly, in places, only the parts that differ significantly will be presented in
detail. The Appendix contains details of how the entire source code can be obtained.

The JLabel class

The JLabel class is one of the simplest of the JEC classes; its most obvious attributes are an
image used as an icon and a text label to accompany it. When a JLabel instance was used
in the previous chapter it was constructed so as to display only the text label by specifying
a String as its label resource using its setText() method. In this chapter other resources of
the JLabel class will be introduced and described. Many of these resources are common
to all, or many, of the JComponents, so an understanding of how they operate in a JLabel
instance can be used with other classes.
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In order to add an iconic image to a JLabel instance an instance of a class which imple-
ments the Icon interface must be specified as its icon resource, either when it is
constructed or afterwards using its setlcon() method. The JLabel class has a number of
constructors, allowing a combination of icon and label to be specified, along with the
horizontal positioning of the icon and label within the extent of the JLabel’s window.

JComponent — javax.swing.JLabel

JLabel()

JLabel( Icon icon)

JLabel( Icon icon, int position)

JLabel( String Tabel)

JLabel( String Tabel, int position)

JLabel( String Tabel, Icon icon, int position)

Constructs a JLabel instance with the image, icon and label supplied; position can be one
of StringConstants.LEFT, StringConstants.CENTER (default) or StringConstants.RIGHT.

Icon is an interface specification and the simplest class which implements it is the
Imagelcon class, instances of which encapsulate a small non-editable image. The easiest
way to specify the image to be displayed by an Imagelcon contained within an application
is to specify the name of a GIF or JPEG file located in the same file store from which the
java class file was obtained. For example, the Imagelcon constructor:

Imagelcon( String filename)

will attempt to construct an image from the file specified. The file will be loaded and
theimage constructed on a separate thread of control, so it may not be immediately avail-
able, or may not be available at all if the filename is invalid or the file it identifies does not
contain a recognizable image. To cater for this possibility and, more importantly, to
provide support for environments and users that cannot use images, alternative
constructors allow a text message to be associated with the image. When the graphic
cannot be shown, the text message will be shown in its place. Further details of the
Imagelcon class and Icon interface can be obtained from the JFC documentation.

Object — javax.swing.Imagelcon

Imagelcon( String filename)

Imagelcon( String filename, String message)
Imagelcon( URL Tocation)

Imagelcon( URL Tocation, String message)

Attempts to construct an Imagelcon containing the picture contained in the filename
indicated, stored in the same file store as the Applet was obtained from or from the URL
specified. The picture will be loaded on a separate thread of control and the Imagelcon
will only display message if the picture could not be loaded for any reason.

The following, very minimal, applet illustrates how a JLabel instance containing an
image and a label can be constructed.

0001 // Filename FirstdLabelDemo.java.
0002 // First demonstration of how to construct a
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0003 // JlLabel instance.

0004 //

0005 // Written for JFC book, ch 3, see text.
0006 // Fintan Culwin, v0.1, Dec 1999.

0007

0008 package chap3;

0009

0010 import javax.swing.*;

0011 import java.awt.*;

0012

0013 public class FirstdlLabelDemo extends JApplet {
0014

0015 private final static Imagelcon Tlabellcon =

0016 new Imagelcon( "shredder.gif"
0017 "shredder");
0018

0019 public void 7init() {

0020

0021 JLabel demolLabel = new JlLabel( "destroy", Tabellcon,
0022 SwingConstants.CENTER);
0023 demolabel.setBackground( Color.white);

0024 demolLabel.setForeground( Color.black);

0025 demolLabel.setOpaque( true);

0026 this.getContentPane().add( demolabel);

0027 } // End init.

0028

-- // Details of main() omitted

Following the who, what, why, where, when comments and the declaration that this class is
a member of the chap3 package, lines 0010 and 0011 provide access to the JFC and AWT
facilities. Line 0013 then commences the declaration of the FirstJLabelDemo class by
stating that it extends the JApplet class. Lines 0015 to 0017 construct a constant class-wide
instance of the Imagelcon class containing the image from the “shredder.gif” file, with the
alternative message “shredder”. As a class-wide instance the image will commence loading
as soon as the class isloaded, before any instances of it are constructed. This technique also
allows the single image to be shared between all instances of the class that may require it
and, as it is declared as a constant, they cannot corrupt it. The advantages of this approach
are minimal in this case, as only a single instance of the class will be used; however, it may
be advantageous in other circumstances.

The FirstiLabelDemo init() action is then declared, on lines 0019 to 0027, and proceeds
by constructing an instance of the JLabel class, called demoLabel, containing the text
label “destroy” and the icon from labellcon, both of which are horizontally centered within
the extent of the label. The JLabel instance is then configured by having an opaque white
background and black foreground specified. By default a JFC component will (probably)
have a transparent gray background with pale blue foreground, which is not particularly
aesthetic for this requirement.

Once constructed, the JLabel instance is added to the JApplet’s contentPane, which will
ensure that it becomes visible as the applet is launched. The appearance of this applet is
shown in the left-hand image in Figure 3.1, the right-hand image shows its appearance
when the iconic image cannot be obtained and the alternative text is used.
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Figure 3.1 A simple JLabel instance.

Figure 3.1 shows that, by default, the text label is positioned to the right and centered
within the height of the icon. The location of the text relative to the icon is determined by
the values of two attributes of the JLabel class called horizontalTextPosition and
verticalTextPosition, which will be explored in the following section.

Theicon is suggesting the complete destruction of a resource, using the metaphor of a
document shredder. Deletion of a document in a desktop windowing system does not
actually delete the file but just moves it to a temporary storage area, a wastebasket or
a recycle bin, from where it can be retrieved. Even emptying the temporary storage
area, equivalent to using a delete command from the command line, does not destroy
the information in the file but only the filename entry in the directory structure. It is
still possible for the contents of the file to be retrieved, as many have discovered to
their cost. This icon might be associated with an action which physically removes the
information from the storage medium, although here the metaphor might not be
completely accurate, as it is possible for a shredded document to be taped back
together, again a problem which some have discovered. These considerations illus-
trate that an iconic representation of an action within a computer interface is a
metaphor for the real-world understanding of the corresponding action and not an
exact analog. It is likely that all of the most effective metaphors have already been
discovered, and hence providing an iconic representation of an action will need addi-
tional support if the user is to be expected to understand it.

The technique for constructing an Imagelcon instance from a filename, as given above,
may generate a security exception when the artifact is executed as an applet. The reason
for this is that most systems will be configured so as to prevent an applet, which may have
arrived over the Web from an unknown host, from having any access to local resources. In
these circumstances the file containing the image will have to be loaded across the Web
from the host which supplied the applet. The amended code is as follows.

0010 package chap3;

0011

0012 import javax.swing.*;

0013 import java.awt.*;

0014 import java.net.*;

0015

0016

0017 public class FirstdlLabelApplet extends JApplet {
0018

0019 private Imagelcon TabellIcon = null;
0020
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0021 public void 7nit() {

0022

0023 JLabel demolLabel = null;

0024

0025 if ( TabellIcon == null) {

0026 try {

0027 URL url = null;

0028 this.getAppletContext();

0029 url = new URL( this.getCodeBase(),

0030 "shredder.gif");

0031 labellIcon = new Imagelcon( url, "shredder");
0032 demolLabel = new JLabel( "destroy", Tabellcon,
0043 SwingConstants.CENTER) ;
0034 } catch ( MalformedURLException exception) {

0035 demolLabel = new JlLabel( "destroy",

0036 SwingConstants.CENTER);
0037 } catch ( NullPointerException exception) {

0038 labellIcon = new Imagelcon( "shredder.gif",

0039 "shredder");

0040 demolabel = new JlLabel( "destroy", Tlabellcon,
0041 SwingConstants.CENTER) ;
0042 } // End try/catch

0043 } // End if.

0044

0045 demolabel.setBackground( Color.white);

0046 demolLabel.setForeground( Color.black);

0047 demolabel.setOpaque( true);

0048 this.getContentPane().add( demolLabel);

0049 } // End init.

The first significant difference is the inclusion of the java.net package of classes, on line
0014, which will be required in order to have easy access to the facilities for using Internet
resources. Within the init() method a check is made to ensure that the labellcon has not
already been constructed and, if not, the try/catch structure starting on line 0026 is
executed. The first step, on line 0028, is an attempt to obtain an appletContext for this
applet. This attempt will fail, throwing a NullPointerException, if the applet is executing as
an application, and the appropriate exception handler, on lines 0037 to 0041, constructs
the Imagelcon from a file on the local file store as before.

Ifno exception is thrown on line 0028 then the applet is executing within a browser and
lines 0029 and 0030 prepare a URL (Uniform Resource Locator) instance to access the
shredder.gif file at the Web location from where the applet was obtained. URLs and
otherjava.net facilities will be considered in detail in Chapter 8. If for some reason itis not
possible to obtain the URL connection a MalformedURLException will be thrown and the
appropriate exception handler, on lines 0035 and 0036, construct the demoLabel as a
JLabel instance containing only the text label “destroy”. Otherwise, line 0031 constructs
the labellconImagelcon, passing urlas the first argument (indicating that it should obtain
its image across the Web) and lines 0032 and 0033 construct demoLabel using the icon
and the text.

The effect of this try/catch structure is that demoLabelis guaranteed to be initialized,
possibly containing only the textlabel if it is not possible for the image to be obtained. The
remaining parts of the init() method configure and display the JLabel as before.
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Figure 3.2 The LabelDemo applet.
3.3 Relative positioning of the icon text: introducing

JRadioButtons

In order to explore the attributes that control the relative positioning of the icon and text
in a JLabel instance, and in order to allow the JRadioButton class to be introduced, an arti-
fact to allow them to be interactively explored will be designed and developed. The arti-
fact, called LabelDemo, with suitable resources configured as described in the previous
chapter, is illustrated in Figure 3.2.

The horizontalTextPosition attribute determines the horizontal location of the text rela-
tive to the icon and can have one of the values SwingConstants.LEFT, SwingConstants.
CENTER (identified as “middle” in Figure 3.2.) or SwingConstants.RIGHT. The
verticalTextPosition attribute determines the vertical location of the text relative to the
icon and can have one of the values SwingConstants.TOP, SwingConstants.CENTER or
SwingConstants.BOTTOM. As each of these attributes can be specified independently of
the other, this gives a total of nine combinations of horizontal and vertical spacing. Only
two of these are illustrated in Figure 3.2.

horizontalTextPosition & verticalTextPosition methods

public void setHorizontalTextPosition( int manifest)
public int getHorizontalTextPosition()

public void setVerticalTextPosition( int manifest)
public int getVerticalTextPosition()

Attributes introduced by the JLabel class, and independently by the AbstractButton
class, which control the positioning of the text message relative to the image icon.
Manifest values for horizontalTextPosition are SwingConstants.LEFT, SwingConstants.
CENTER (default) or SwingConstants.RIGHT. Manifest values for verticalTextPosition
are SwingConstants. TOP, SwingConstants.CENTER (default) or SwingConstants.
BOTTOM.

The upper line of radio buttons in the artifact control the vertical positioning of the text
and operate independently of the lower row of buttons, which control the horizontal
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Figure 3.3 LabelDemo layout diagram.

positioning. To emphasize this distinction to the user a plain border has been provided
around each of the two functional button groups.

This is illustrating the user interface design principle known as grouping. Each of the
borders is indicating to the user that the three enclosed controls are connected together
in some way and are distinct from the other three controls. Sets of radio buttons, in partic-
ular, should always be grouped together and never distributed across an interface.

The geometry relationships of the components that comprise this interface are illus-
trated in Figure 3.3. The JApplet window supplied by the LabelDemo class has a two row
by one column GridLayout management policy. A GridLayout manager divides its space
into a rectangular matrix of cells. Unlike a BorderLayout manager, but just like a
FlowLayout manager, a GridLayout manager forces all of its instance children to be the
same size.

The relative positioning of the Components that are added to a Container which has a
GridLayout management policy is decided by the order in which they are added. The first
Componentis added into the top left cell, with subsequent Components added to adjacent
cells to the right. When the first row is full the next Component is added in the leftmost
location of the next row, and this pattern continues until all cells of the Container have
been occupied.

The upper cell of the applet window contains a single JLabel instance called
demoLabel. The lower cell contains an instance of the TextLocationPanel, called
locationPanel, which also has a two row by one column GridLayout. The upper cell of the
locationPanel contains a JPanel instance called verticalPanel and has a one row by three
column GridLayout manager; each of its three cells contains a JRadioButton instance. The
lower cell of the locationPanelalso contains a JPanel instance, called horizontalPanel, with
a one row by three column GridLayout manager; the remaining three JRadioButtons are
mounted upon it.

This layout management arrangement will ensure that the upper half of the applet
window is used to display the JLabel and the lower half the controls. The lower half is
again divided horizontally exactly in half for the two rows of radio buttons. Furthermore,
because both of the panels upon which the radio buttons are mounted must have exactly
the same width and as they both have a GridLayout manager that will divide them verti-
cally exactly into thirds, the six radio buttons will be vertically presented as three aligned
columns.
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Figure 3.4 LabelDemo artifact: instance diagram.

An instance diagram for the LabelDemo artifact is given in Figure 3.4. It shows that the
LabelDemo class supplies the labelDemo applet, containing an instance of the JLabel
class, called demoLabel, whose layout attributes are controlled by an instance of the
TextLocationPanel class, called locationPanel, also contained in the applet. The
locationPanel contains six instances of the JRadioButton class and, as they dispatch
ItemEvents when they are clicked, the TextLocationPanel class implements the
ItemListener interface in order to be able to listen to them. As the purpose of this interface
is to demonstrate the use of the JRadioButton class and the location attributes of the
JLabel class, a separate translation class has not been provided.

The implementation of the LabelDemo class is as follows.

0008 package chap3;

0009

0010 import javax.swing.*;

0011

0012 import java.awt.*;

0013 import java.awt.event.*;

0014

0015 public class LabelDemo extends JApplet {
0016

0017 private final static Imagelcon labellcon =
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0018 new Imagelcon( "shredder.gif",
0019 "shredder");

0020

0021 public void 7nit() {

0022

0023 JLabel demolLabel = new JLabel( "destroy", Tabellcon,
0024 SwingConstants.CENTER);
0025 TextLocationPanel locationPanel =

0026 new TextlLocationPanel( demolLabel);
0027

0028 this.setResources();

0029 this.getContentPane().setlLayout( new GridLayout( 2, 1);
0030 this.getContentPane().add( demolabel);

0031 this.getContentPane().add( TocationPanel);

0032 } // End init.

0033

-- // details of setResources() and main() omitted.

The declaration of this class commences by stating that it belongs to the chap3 package of
classes and continues with the importation of the required swing and AWT classes. This
time it includes the awt.event classes, as this artifact will have to respond to the user’s
interactions with it.

The init() action commences by constructing the demoLabelJLabel instance in an iden-
tical manner to the construction, and subsequent configuration, of the JLabel instance in
the FirstLabelDemo artifact, as previously described. It then continues by passing the
identity of this JLabel instance to the TextLocationPanel constructor in order that it can
know which instance it is to control. Having constructed the two instances that it
contains it calls its own setResources() method to configure its appearance. The contents
of the setResources() method will be given later in the chapter.

On line 0029 it establishes a two row by one column GridLayout policy, without any
spacing between the added components, for the Applet’s contentPane, and then adds the
instances to it. The four arguments to the GridLayout constructor, on line 0030, are the
number of rows, the number of columns and the horizontal and vertical separation (in
pixels) between the components which are added to it. The order in which instance chil-
dren are added to a Container which has a GridLayout manager determines where they
appear in relation to each other. In this example there are only two cells in the matrix, so
the JLabel instance is added in the upper cell and the TextLocationPanel instance below it,
as shown in Figure 3.2.

GridLayout constructors
Object — GridLayout

public GridLayout( int rows, int columns, int hgap, int vgap)
public GridLayout( int rows, int columns)
Constructs a GridLayout instance which will lay out its Container’s children in
equal-sized areas, using the number of rows and columns indicated. The location of
the children is decided by the sequence in which they are added, starting at the top left
and continuing in a right, down manner. Horizontal and vertical spacing between the
children is determined by hgap and vgap.
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The first part of the implementation of the TextLocationPanel class, also contained in
the chap3 package, is as follows.

0016 class TextlocationPanel extends JPanel implements ItemListener {
0017
0018 private JlLabel controllingThis = null;

0019

0020 protected TextLocationPanel( JlLabel toControl) {

0021

0022 JPanel verticalPanel = new JPanel();

0023 JPanel horizontalPanel = new JPanel();

0024

0025 ButtonGroup verticalGroup = new ButtonGroup();

0026 ButtonGroup horizontalGroup = new ButtonGroup();

0027

0028 JRadioButton topRadio = new JRadioButton( "Top");
0029 JRadioButton centerRadio = new JRadioButton( "Center");
0030 JRadioButton bottomRadio =

0031 new JRadioButton( "Bottom", true);
0032

0033 JRadioButton TeftRadio = new JRadioButton( "Left");
0034 JRadioButton middleRadio =

0035 new JRadioButton( "Middle", true);
0036 JRadioButton rightRadio = new JRadioButton( "Right");

The declaration of this class is not stated as public, so it can only be seen and used by
other classes in the same package. It states that the TextLocationPanel class extends the
JPanel class and implements the ltemListener interface, exactly as illustrated in its
instance diagram. It contains a single instance attribute, declared on line 0018, which is
the identity of the JLabel instance whose attributes are to be manipulated in reponse to
the user’s interactions.

The constructor, whose declaration starts on line 0020, requires a single argument of
the JLabel class which provides the identity of the label to be controlled, as was described
when the constructor was called on line 0027 of the LabelDemo init() method above. The
constructor commences by declaring and constructing the two JPanel instances that will
be mounted upon it, as illustrated in the layout management diagram, shown in Figure
3.3.

The constructor continues, on lines 0025 and 0026, with the declaration and construc-
tion of two instances of the ButtonGroup class, called verticalGroup and horizontalGroup.
Instances of the ButtonGroup class determine which collections of JRadioButtons will
operate as a set of radio buttons, allowing only one of them to be selected at a time and
automatically deselecting the others when it is selected. As there are two independent
sets of radio buttons in this interface, two instances of the ButtonGroup class will be
required.

Object — javax.swing.ButtonGroup

public ButtonGroup()
public void add( AbstractButton toAdd);
public void remove( AbstractButton toRemove);
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Constructs a ButtonGroup instance and maintains a set of AbstractButtons (including
JRadioButtons) which it controls. Will ensure that only one button in the group can be
selected at any instant by deselecting the existing selected button.

The constructor continues with the declaration and construction of the six
JRadioButtons, on lines 0028 to 0036. The identifier for each button reflects the text label
that will be associated with each of them on the interface and this is stated as the text
argument to each of the constructors. Two of the constructors, for the Botfom button in
the vertical buttons and for the Middle button in the horizontal group, have a second
boolean argument (true) which ensures that they will be selected when the user first sees
the interface. The constructor continues as follows.

JComponent — AbstractButton — JToggleButton — javax.swing.JRadioButton

public JRadioButton()

public JRadioButton( Icon 7con)

public JRadioButton( Icon 7icon, boolean selected)

public JRadioButton( String text)

public JRadioButton( String text, boolean selected)

public JRadioButton( String text, Icon 7con)

public JRadioButton( String text, Icon icon, boolean selected)

Constructs a JRadioButton instance with an icon and/or text and possibly selected.

0038 this.setlLayout( new GridLayout( 2, 1, 5, 5));
0039

0040 controllingThis = toControl;

0041 controllingThis.setVerticalTextPosition(

0042 SwingConstants.BOTTOM) ;
0043 controllingThis.setHorizontalTextPosition(

0044 SwingConstants.CENTER);
0045

0046 topRadio.addItemlListener( this);

0047 centerRadio.addItemListener( this);

0048 bottomRadio.addItemListener( this);

0049 leftRadio.addItemListener( this);

0050 middleRadio.addItemListener( this);

0051 rightRadio.addItemListener( this);

Line 0038 establishes a two row by one column GridLayout policy as shown on the
layout diagram in Figure 3.3. Line 0040 then stores the identity of the JLabel button which
is to be controlled, supplied in the toControl argument to the constructor, in the instance
attribute controlling This. The initial configuration of the radio buttons suggested that the
text label would be positioned centrally below the icon. Lines 0041 to 0044 use the appro-
priate state-setting methods and arguments to ensure that this will be the case when the
interface is first made visible to the user, as shown in the left-hand image of Figure 3.2.
The vertical positioning of the text label is determined by the value of its
verticalTextPosition attribute, and the call of the setVerticalTextPosition() method, with the
argument StringConstants.BOTTOM, causes the text to be positioned below the icon. In a
similar manner the horizontalTextPosition attribute determines the horizontal location of
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the text label and the call of setHorizontalTextPosition() method, with the argument
StringConstants.CENTER, causes the text to be positioned in line with the icon.

This part of the constructor concludes by establishing the itemListener resource of each
radio button by using its additemListener() method. The addltemListener() method is
comparable to the JButton addActionListener() method, described in Chapter 1, estab-
lishing the identity of the listener object which will receive the ItemEvents generated by
the JRadioButtons when the user selects them. In this example the TextLocationPanel
instance is listening to itself, so the argument supplied is this. The constructor continues
as follows.

0053 topRadio.setHorizontalAlignment( SwingConstants.LEFT);
0054 centerRadio.setHorizontalAlignment( SwingConstants.LEFT);
0055 bottomRadio.setHorizontalAlignment( SwingConstants.LEFT);
0056 leftRadio.setHorizontalAlignment( SwingConstants.LEFT);
0057 middleRadio.setHorizontalAlignment( SwingConstants.LEFT);
0058 rightRadio.setHorizontalAlignment( SwingConstants.LEFT);
0059

0060 verticalGroup.add( topRadio);

0061 verticalGroup.add( centerRadio);

0062 verticalGroup.add( bottomRadio);

0063

0064 horizontalGroup.add( TeftRadio);

0065 horizontalGroup.add( middleRadio);

0066 horizontalGroup.add( rightRadio);

JRadioButtons share many attributes with the JLabel class, one of which is the
horizontalAlignment attribute, which determines where within its area it is to display itself.
In order to achieve the visual layout shown in Figure 3.2 it is necessary that the radio
buttons are horizontally left aligned. This is accomplished, in lines 0053 to 0058, by calling
each button’s setHorizontalAlignment() method in turn.

Lines 0060 to 0062 then use the add() method of the verticalGroup ButtonGroup
instance to ensure that the upper three buttons on the interface will operate as a single
group of radio buttons. Lines 0064 to 0066 then do the same for the lower three buttons,
adding them to the horizontalGroup.

At this stage the sixradio buttons and the two ButtonGroups have been constructed and
configured. The remaining part of the constructor, which follows, is concerned with
configuring the two intermediate panels and then assembling the interface using the
instance relationships shown in Figure 3.3.

0068 verticalPanel.setBorder(

0069 new LineBorder( Color.black, 1));
0070 verticalPanel.setlLayout(

0071 new GridlLayout( 1, 3, 5, 5));
0072

0073 verticalPanel.add( verticalTopRadio);

0074 verticalPanel.add( verticalCenterRadio);

0075 verticalPanel.add( verticalBottomRadio);

0076

0077 horizontalPanel.setBorder(

0078 new LineBorder( Color.black, 1));

0079 horizontalPanel.setlayout(
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0080 new GridLayout( 1, 3, 5, 5));
0081

0082 horizontalPanel.add( horizontalleftRadio);
0083 horizontalPanel.add( horizontalCenterRadio);
0084 horizontalPanel.add( horizontalRightRadio);
0085

0086 this.add( verticalPanel);

0087 this.add( horizontalPanel);

0088 } // End TextlLocationPanel constructor;

The fragment commences on line 0068 and 0069 by establishing a plain, single line,
black border for the verticalPanel. A detailed description of the border facilities supplied
by the swing.border package, which has been imported by this class, will be given later in
this chapter. Lines 0070 and 0071 then establish a one row by three column GridLayout
manager for the verticalPanel, before the three vertical JRadioButtons are added to it on
lines 0073 to 0075. Lines 0077 to 0084 are essentially identical, but concerned with the
horizontal radio buttons. The constructor concludes, on lines 0086 and 0087, by adding
the verticalPanel and horizontalPanel to this TextLocationPanel currently being
constructed.

When the user selects one of the JRadioButtons on the interface an ltemEvent is gener-
ated and dispatched to its registered ItemListener. This listener object must announce
that itimplements the ltemListener interface and, in order for this to be allowed by Java, it
must supply an jtemStateChanged() method. This is comparable to objects which
announce that they implement the ActionListener interface having to supply an
actionPerformed() method. The dispatching of an ItemEvent from a JRadioButton to its
listener is effected by the itemStateChanged() method in its listener object being called
with the ItemEvent passed as its argument.

An ItemEvent has a number of attributes. The most significant in this example is the
item attribute, which can be obtained using the ltemEvent’s getltem() method. This will
return the identity of the JRadioButton which generated the event and, having obtained
its identity, the text which it is displaying can be obtained with its getText() method. Once
the label of the radio button is known the appropriate actions can be taken, as follows.

0091 public void itemStateChanged( ItemEvent event) {

0092

0093 String location =

0094 ((JRadioButton) event.getltem()).getText();
0095

0096 if ( Tocation.equals( "Top")) {

0097 controllingThis.setVerticalTextPosition(

0098 SwingConstants.TOP);
0099 } else if (location.equals( "Center")) {

0100 controllingThis.setVerticalTextPosition(

0101 SwingConstants.CENTER);
0102 } else if (Jocation.equals( "Bottom")) {

0103 controllingThis.setVerticalTextPosition(

0104 SwingConstants.BOTTOM) ;
0105

0106 } else if (location.equals( "Left")) {

0107 controllingThis.setHorizontalTextPosition(

0108 SwingConstants.LEFT);
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0109 } else if ( Tocation.equals( "Middle")) {

0110 controllingThis.setHorizontalTextPosition(

0111 SwingConstants.CENTER) ;
0112 } else if ( Tocation.equals( "Right")) {

0113 controllingThis.setHorizontalTextPosition(

0114 SwingConstants.RIGHT);
0115 } // End if.

0116 } // End itemStateChanged.

0117 } // End class TextlLocationPanel;

Line 0091 is the required prototype of an itemStateChanged() method which must be
supplied in order for a class to implement the ltemStateChanged interface. On lines 0093
and 0094 the getltem() method of the event passed as argument is used to obtain the iden-
tity of the Component which generated the event. This Component, in this example, is
known to be an instance of the JRadioButton class which is cast to this class once it is
retrieved. The final term in the expression calls the getText() method of the retrieved
JRadioButton to obtain the text of the radio button which was passed as a String instance,
which is finally stored in the /ocation local variable.

The rest of the method is a six-way selection containing a branch for each
possible radio button. Within each branch either the setVerticalTextPosition() or
setHorizontalTextPosition() method of the JLabel instance passed to the constructor and
stored in the controlling This instance variable is called, passing an appropriate value from
the SwingConstants package.

The effect of this method call is to change one of the attributes that determine the
spatial relationship between the icon and its text. The JLabel instance responds by imme-
diately changing its visual appearance to comply with the changed attribute. The
right-hand image in Figure 3.2 shows that the verticalTextPosition attribute has been
changed from BOTTOM to TOP and that its horizontalTextPosition attribute has been
changed from CENTER (middle) to LEFT.

For example, if the user were to press the button labeled Middle an itemEvent would be
generated and passed to the itemStateChange() method. The first step of this method
would be to retrieve the text of the button, Middle, and hence the part of the if selection
structure which calls the button’s setHorizontalTextPosition() method with
SwingConstants.CENTER as the argument would be executed. The visible effect of
changing the horizontalTextPosition attribute is that the button would redraw itself with
the text label destroy positioned immediately above the icon. At the same time, because
all of the lower buttons are in the same ButtonGroup, the button labeled Left would appear
deselected and the button labeled Middle would become selected.

Positioning of the icon: introducing JTabbedPanes

In addition to the horizontalTextPosition and verticalTextPosition attributes, which deter-
mine the relative location of the text label and the icon; two additional attributes,
horizontalAlignment and verticalAlignment, independently determine the location of the
icon and text within the extent of the JLabel’s window. In this section the effects of these
attributes will be introduced using an artifact called TabbedLabelDemo, which is devel-
oped from the LabelDemo artifact just described. The appearance of this first version of
the TabbedLabelDemo’s interface and the effect of these two attributes is shown in Figure
3.5.
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Figure 3.5 TabbedLabelDemo showing icon positioning.
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Figure 3.6 TabbedLabelDemo, showing both Panels.

In the left-hand image the radio buttons on the panel labeled Icon Location have been
selected so as to set the value of verticalAlignment to SwingConstants.TOP and the
horizontalAlignment to SwingConstants.LEFT. In the right-hand image these attributes
have been set to CENTER and RIGHT respectively. The JLabel instance shown above the
tabbed pane has responded appropriately.

Figure 3.5 also indicates that a JTabbedPane has been used to provide the layout
management of the lower part of the interface. A tabbed pane consists of a number of
tabs, in this example two labeled text and icon, each of which is associated with a Compo-
nentwhich only becomes visible when its tab is selected. In the TabbedLabelDemo artifact
there are two extended JPanels associated with the two tabs. An instance of the
TextLocationPanel in the previous section is associated with the fext tab. An instance of
the IconPositionPanel, which is very similar to the TextLocationPanel, is associated with
the icon tab. Figure 3.6 illustrates the two appearance of the panels.

Figure 3.7 is an instance diagram for the TabbedLabelDemo artifact. It shows that
the applet is an instance of the TabbedLabelDemo class and that it contains an instance
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Figure 3.7 TabbedLabelDemo instance diagram.

of the JLabel class called demoLabel and an instance of the JTabbedPane class
called tabbedPane. The tabbedPane contains two components, an instance of
the TextLocationPanel class, identified as locationPanel, and an instance of the
IconLocationPanelclass, called positionPanel. Both of these components control the value
of attributes in the demoLabel instance and both of their classes are extended from the
JPanel class.

The only difference in the TextLocationPanel as used in this artifact is the provision of a
title at the top, intended to reinforce to the user the different function of the two panels,
which might not always be immediately obvious from the selected tab. This is accom-
plished by installing a TitledBorder into it. A TitledBorder is a compound border which, in
this example, contains a EmptyBorder and a title. The construction and installation of this
border is accomplished within the constructor of the TextLocationPanel as follows.

this.setBorder( new TitledBorder( new EmptyBorder( 5, 5, 5, 5),
"Text Location",
TitledBorder.CENTER,
TitledBorder.TOP));

The setBorder() method is being used to install a border into the TextLocationPanel, this,
which is currently being constructed. The first argument to the TitledBorder constructor
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is the Border which is to have the title inserted into it. This is an EmptyBorder, i.e. one that
will reserve space for itself but will not draw anything within that space. The second argu-
ment is the title to be used. The third and fourth arguments position the title, using mani-
fest values from the TitledBorder class; other possible values that can be used to position
the title will be introduced later in this chapter when borders are discussed in detail.
The construction of the IconPositionPanel is essentially identical to the construction of
the TextPositionPanel, as previously described. The two rows of JRadioButtons are again
assembled as two independent groups, each group mounted on its own intermediate panel
which has a simple one pixel line border. The upper row controls the JButton instance’s
verticalAlignment attribute by calling its setVerticalAlignment() method with one of the argu-
ments SwingConstants. TOP, SwingConstants.CENTER or SwingConstants.BOTTOM, as
appropriate. The lower group controls the horizontalAlignment attribute by calling the
setHorizontalAlignment() method, with one of the arguments SwingConstants.LEFT,
SwingConstants.CENTER or SwingConstants.RIGHT as appropriate.

horizontalAlignment and verticalAlignment methods

public void setHorizontalAlignment( int manifest)
public int getHorizontalAlignment()

public void setVerticalAlignment( int manifest)
public int getVerticalAlignment()

Attributes introduced by the JLabel class, and independently by the AbstractButton
class, which control the positioning of the text and icon within the component’s
window. Manifest values for horizontalAlignment are SwingConstants.LEFT,
SwingConstants.CENTER (default) or SwingConstants.RIGHT. Manifest values for
verticalAlignment are SwingConstants. TOP, SwingConstants.CENTER (default) or
SwingConstants.BOTTOM.

The JTabbedDemo’s init() method constructs an instance of both of these classes
adding them to an instance of the JTabbedPane class, located below a JLabel instance, as
follows.

0008 public void 7nit() {

0009
0010 JLabel demolLabel = new JlLabel( "destroy", Tabellcon,
0011 SwingConstants.CENTER);

0012 JTabbedPane tabbedPane = new JTabbedPane();
0013

0014 this.setResources();

0015 this.getContentPane().setlLayout(

0016 new GridlLayout( 2, 1,));
0017

0018 demolabel.setOpaque( true);

0019

0020

0021 tabbedPane.addTab("text",

0022 new TextLocationPanel( demolLabel));
0023 tabbedPane.addTab("icon",

0024 new IconPositionPanel( demolabel));

0025
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0026 tabbedPane.setSelectedIndex( 0);

0027

0028 this.getContentPane().add( demolLabel);
0029 this.getContentPane().add( tabbedPane);

0030 Y // End init.

Lines 0010 and 0011 construct an instance of the JLabel class called demoLabel as before.
Line 0013 then constructs an instance of the JTabbedPane class called tabbedPane, using
its default constructor and setResources() is called on line 0014 to configure the visual
appearance of the artifact. A two row by one column GridLayout is established for the
JApplet’s contentPane, on lines 0015 and 0016, before the demoLabels opacity is config-
ured as before.

Lines 0021 and 0022 construct an anonymous instance of the TextLocationPanel and
add it to the tabbedPane, with a tab labeled text associated with it. The JTabbedPane
addTab() method adds a new component to the pane, the first argument is the text label to
be shown on the tab and the second argument is the component which is to be shown
when the user selects the tab.

JComponent — javax.swing.JTabbedPane

public JTabbedPane()
public JtabbedPane( int tabPosition);

Constructs an empty JTabbedPane layout manager with the tabs in the default (TOP)
position or with position (TOP, BOTTOM, LEFT, RIGHT) as specified.

public void addtab( String title, Component toAdd);
public void addtab( String title, Icon 7con, Component toAdd);
public void addtab( String title, Icon icon,
Component toAdd, String tip);
public void inserttab( String title, Icon icon,
Component toAdd, String tip, int index);

Allows tabs with associated Components and possibly with an icon and/or a tool tip to
be added to the pane. When a tab is selected the associated Component becomes
visible.

public void setSelectedIndex(int index)

public int getSelectedIndex();

public void setSelectedComponent( Component toSelect)
public Component getSelectedComponent()

Allows the currently selected Component to be set or queried.

Lines 0023 and 0024 add a second tab to the tabbedPane, this time an anonymous
instance of the IconPositionPanel, with the associated tab icon. The init() method
continues by calling the tabbedPane’s setSelectedindex() method. The argument (0) to
this call indicates that the first tab added should be selected and hence the component
associated with the tab will be visible when the applet is first shown to the user. The last
actions of init() are to add the demoLabel into its upper GridLayout location and the
tabbedPane into the lower location.

Following execution of the init() method, as the applet is started, the artifact will
become visible to the user in the configuration shown in the left-hand image of Figure 3.6.



Some fundamental JFC attributes

89

3.5

2 Tabbed Label Demo

destroy

text | icon color|

Background Color

E White 2 Red 2 Green 2 Blue

Yellow O Cyan ' Magenta © Gray

Figure 3.8 TabbedLabelDemo showing the color panel.

If the user then presses the icon tab the component associated with that tab, an instance
of the IconPositionPanel, will be become visible, as shown in the right-hand image of
Figure 3.6. Whichever of the panels is visible the user can press one of the radio buttons
and the appearance of the JLabel instance will change accordingly.

The background Color attribute — standard colors

In this part of the chapter a further tab will be added to the TabbedLabelDemo artifact
which will control the background Color attribute, allowing the user to choose between a
small number of standard colors. The appearance of the TabbedLabelDemo artifact when
the color tab has been selected and a different background color has been selected is
shown in Figure 3.8.

The color tab is associated with an instance of the ColorPanel class whose design and
implementation does not differ significantly from that of the TextLocationPanel. Tt
contains eight JRadio buttons, mounted on an intermediate panel with a two row by four
column GridLayout, all of which are associated with a single ButtonGroup.

Each JRadio button has the ColorPanel instance, which it is part of, registered as its
ItemListener resource, and so will dispatch an ltemEvent to its own itemStateChanged()
method when the user selects it. The ColorPanel itemStateChanged() method
commences by retrieving the String associated with the JRadio button and continues
with an eight-way if/else if structure, containing a selection for each of the standard
colors. Each selection consists of a call of the controlling This setBackground() method. The
argument to this method is an instance of the Color class, which is supplied by the AWT
for the definition of colors. In this version of the ColorPanel one of the manifest constants
provided by the Color class is used as an argument. For example, the branch associated
with the “Yellow” radio button is implemented as follows.

} else if ( theColor.equals( "Yellow")) {
controllingThis.setBackground( Color.yellow);
}
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Object — java.awt.Color

public Color( float red, float green, float blue)
public Color( int red, int green, int blue)
public Color( int alphaRedGreenBlue)

Constructs a Color from floating-point red/green/blue intensities in the range 0.0 to
1.0, integer values in the range 0 to 255 (0x00 to 0XFF), or by taking alphaRedGreenBlue
as eight-bit values from the 32 bit integer.

black blue cyan darkGray gray TlightGray
magenta green orange pink red yellow white

Constants supplied by the Color class.

public int getRed();
public int getGreen()
public int getBlue()

Obtains the red, green or blue component of the Color in the range 0 to 255.

public Color lighter();
public Color darker();

Constructs and returns a lighter or darker hue of the Color.

Unlike the attribute changes caused by the text and icon panels, which caused the
demolLabel to automatically redisplay itself, changing the background color attribute is
not immediately visible. Consequently a call of controllingThis.repaint() at the end of the
itemStateChanged() method has to be included to make the change visible.

Background color and opacity

public void setBackground( Color setTo)
public Color getBackground()

Introduced into the hierarchy by the Component class and determines the background
Color of the Component’s window.

public void setOpaque( boolean opaqueOrNot)
public boolean isOpaque()

Introduced into the hierarchy by JComponent. An opaque component will be rendered
in its entirety, occluding anything underneath it. A non-opaque component will not
render any parts which would be displayed in the background color, allowing any
components underneath to be visible.

The init() action of TabbedLabelDemo would have to be extended to create an instance
of the ColorPanel class and add it to the tabbedPane, using its addTab() method, in order
to produce the interface shown in Figure 3.8. The instance diagram for this version of
TabbedLabelDemo does not differ significantly from that of the previous version given in
Figure 3.7. The revised diagram would show that the tabbedPane contains an additional
component, of the ColorPanel class. Like the other two components, the new component
will control the attributes of the JLabel demoLabelinstance.
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Figure 3.9 TabbedLabelDemo showing the border panel.

This version of the ColorPanelallows the user to select between a small number of stan-
dard colors. In a later section of this chapter it will be extended to allow the user to inter-
actively indicate more precisely exactly which color they require.

Borders

This extension to the TabbedLabelDemo adds an instance of the BorderPanel class to the
tabbedPane with an associated tab labeled border. The appearance of this version of the
interface is shown in Figure 3.9.

The plain, titled and empty border capabilities of all JFC components have already
been briefly introduced. The plain, in-bevel, out-bevel and etched-in and etched-out
borders are simple borders supplied by the LineBorder, BevelBorder and EtchedBorder
JEC classes. The exaggerated appearance of these borders is illustrated in Figure 3.10. The
plain border is provided as a simple outline rectangle of a solid color, darker than the
component’s background color. The beveled borders provide a pseudo-three-dimen-
sional appearance. For the in-bevel it is imagined that there is a light source to the top left
of the component, and that it is recessed into the screen. Accordingly the top and left of
the component are shown in darker hues than the background, as they are in shadow, and
theright and bottom are shown in lighter hues, as they are imagined to be more directly in
the light. An out-bevel is similar, but it is imagined that it projects from the screen,
reversing the pattern of hues. The etched border contains a single outlined rectangle of a
darker, or lighter, hue inscribed within the limits of the component.

The titled border is a compound border, supplied by the TitledBorder class, which
contains a border and a title inscribed within it. The matte border is supplied by the
MatteBorder class and is implemented by the tessellation of an Icon supplied to its
constructor. The Compound border is supplied by the CompoundBorder class, which
allows different borders to be inscribed within each other.
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Figure 3.10 Exaggerated simple borders.

The five borders shown in Figure 3.10, and the absence of a border associated with the
None button, are installed by the first part of the BorderPanels itemStateChanged()
method, given below. The BorderPanel’s constructor does not differ significantly from the
previous constructors. It creates nine JRadioButton instances and installs them on a
panel with a three by three GridLayout, all of which are members of the same ButtonGroup
and all of which dispatch ItemEvents to their own itemStateChanged() method. The init()
action of the TabbedLabelDemo class has also been extended to construct an instance of
the BorderPanel class and adds it, with the tab border, to the tabbedPane. This produces
the appearance shown in Figure 3.9.

0084 public void itemStateChanged( ItemEvent event) {
0085
0086 String borderType = ((JRadioButton)

0087 event.getltem()).getText();
0088

0089 if (borderType.equals( "None")) {

0090 controllingThis.setBorder(

0091 new EmptyBorder( new Insets(2, 2, 2, 2)));
0092

0093 } else if (borderType.equals( "Plain")) {

0094 controllingThis.setBorder(

0095 new LineBorder( Color.black, 2));
0096

0097 } else if (borderType.equals( "In Bevel")) {

0098 controllingThis.setBorder(

0099 new BevelBorder( BevelBorder.LOWERED));
0100

0101 } else if (borderType.equals( "Out Bevel")) {

0102 controllingThis.setBorder(

0103 new BevelBorder( BevelBorder.RAISED));
0104

0105 } else if (borderType.equals( "Etched In")) {

0106 controllingThis.setBorder(

0107 new EtchedBorder( EtchedBorder.LOWERED));
0108

0109 } else if (borderType.equals( "Etched Out")) {

0110 controllingThis.setBorder(

0111 new EtchedBorder( EtchedBorder. RAISED));

The declaration commences, on line 0084, with the required prototype of an
itemStateChanged() method and continues, on lines 0086 and 0087, by retrieving the
String associated with the JRadioButton which generated the event. The first branch of the
iffelse if structure, commencing on line 0089, responds to the selection of the None
button by installing an EmptyBorder into the JLabel instance controllingThis, using its
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setBorder() method. An EmptyBorder is a border that reserves space for itself and prevents
anything else from drawing in that space. The amount of space reserved is defined by the
Insets argument to the constructor, as shown on line 0091. An AWT Insets instance
contains four public int attributes called top, left, bottom and right which define the
amount of space (in pixels) to be reserved at each edge of the component. In this example
all four of these insets are specified as two pixels. The difference between a null border
and an EmptyBorder is that having no border at all, i.e. a null border, does not reserve any
space at the edges of the component, so there may be no visible separation between
components. However, an EmptyBorder will reserve the amount of space determined by
Insets within the extent of component, and upon which nothing will be drawn.

A LineBorder differs from an EmptyBorder by having an equal-sized inset at each edge
of the component, defined by the second argument to its constructor as shown on line
0095. The first argument to the constructor specifies the solid color that is to be used to
draw the border and the second is the size of the border in pixels. In this example a
two-pixel black border is installed into the JLabel, on lines 0094 and 0095, when the user
selects the Plain button on the BorderPanel.

The next two selections, between lines 0097 to 0103, install instances of the BevelBorder
class. The difference between an in-border (depressed) and an out-border (raised) is deter-
mined by the manifest argument to the constructor, as shown on lines 0099 and 0103. This
constructor supplies only a two-pixel border; wider borders have to be constructed as
CompoundBorders containing a number of BevelBorders. The final borders in this part of
the method are the EtchedBorder instances constructed and installed between lines 0105
and 0111, using techniques similar to those used for the BevelBorders.

Object — AbstractBorder — javax.swing.border.EmptyBorder

public EmptyBorder( Insets insets)
public EmptyBorder( int top, int JTeft, int bottom, int right)

Constructs a border, with insets as specified, which will reserve space for itself but will
not draw anything in it.

Object — AbstractBorder — javax.swing.border.LineBorder

public LineBorder( Color color)
public LineBorder( Color color, int thickness)

Constructs a border shown as a simple rectangle draw in the color specified; thickness
defaults to 1 unless otherwise specified.

Object — AbstractBorder — javax.swing.border.BevelBorder

public BevelBorder( int manifest)
public BevelBorder( int manifest, Color highlight, Color shadow)
public BevelBorder( int manifest,
Color outerhighlight, Color innerHighlight,
Color outerShadow, Color innerShadow)

Constructs a pseudo-three-dimensional border with colors derived from the back-
ground color, or as specified. The first, manifest, argument can be BevelBorder.
LOWERED or BevelBorder.RAISED.
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Object — AbstractBorder — javax.swing.border.EtchedBorder

public EtchedBorder( int manifest)
public EtchedBorder( int manifest, Color highlight, Color shadow)
public EtchedBorder( int manifest,
Color outerhighlight, Color innerHighlight,
Color outerShadow, Color innerShadow)

Constructors as for the BevelBorder, as given above.

Instances of the TitledBorder have already been introduced, when titles were added to
the simple LineBorder used to surround the Panels in the tabbedPane. The TitledBorder
installed in response to the user pressing the “Titled” button is constructed on lines 0113
to 0116, as follows.

0113 } else if ( borderType.equals( "Titled")) {

0114 controllingThis.setBorder( new TitledBorder(

0115 new LineBorder( Color.black, 1),
0116 "Title"));

The arguments to this TitledBorder constructor are the border into which the title is to
be inserted, in this case a single-pixel LineBorder, and the title which is to be used. By
default the title is shown at the top left of the component and the horizontal extent of the
characters used to render it is added to the top of the Insets. As was shown in the previous
TitledBorder constructors, more complex constructors can also be used which allow the
position of the title to be varied. For example, the installation of the “Border Style” title
into the BorderPanel, as shown in Figure 3.9, was accomplished as follows.

0036 this.setBorder( new TitledBorder(

0037 new LineBorder(Color.black,1),
0038 "Border Style",
0039 TitledBorder.CENTER,
0040 TitledBorder.TOP));

The third argument controls the horizontal positioning of the title and the fourth its
vertical positioning. Both of these arguments are specified using manifest values from the
TitledBorder class: including, LEFT, CENTER, RIGHT, TOP and BOTTOM.

Object — AbstractBorder — javax.swing.border.TitledBorder

public TitledBorder( Border border)
public TitledBorder( Border border, String title)
public TitledBorder( Border border, String title,
int titledustification, int titlePosition)
public TitledBorder( Border border, String title,
int titledustification, int titlePosition,
Font titleFont)
public TitledBorder( Border border, String title,
int titledustification, int titlePosition,
Font titleFont, Color titleColor)

Constructs a TitledBorder inserting the title into the border supplied, possibly using the
titleFont and titleColor supplied. The titleJustification argument may take one of the
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Figure 3.11 The matte icon and tessellation detail.

values LEFT (default), CENTER, RIGHT. The titlePosition argument may take one of the
values ABOVE_TOP, TOP (default), BELOW_TOP, ABOVE_BOTTOM, BOTTOM or
BELOW_BOTTOM. All of these manifest values are supplied by TitledBorder. State
setting and enquiry actions for the title, titleColor, titleFont, titlePosition and
titleJustification attributes are supplied.

A MatteBorder is constructed by tessellating an Icon, supplied to its constructor, within
the insets also supplied to its constructor. The next part of the BorderPanel
itemStateChanged() method, shown below, uses an Icon, called mattelcon and an
eight-pixel inset at each edge. The mattelcon is an instance of the Imagelcon class,
constructed at the start of the BorderPanel class, also shown below, from a GIF file called
matteX.gif. This is the same technique as was used in the TabbedLabelDemo class to
construct the imagelcon.

---- private static final Imagelcon mattelcon
= new Imagelcon( "matteX.gif");

0118 } else if ( borderType.equals( "Matte")) {
0119 controllingThis.setBorder(
0120 new MatteBorder( 8, 8, 8, 8, mattelcon));

Figure 3.11 showsthematteX. gif file and the detailed appearance of the MatteBorder
which it is tessellated within. It also illustrates, by the positioning of the icon within the
extent of the component’s window, the effects of the left and bottom insets. The posi-
tioning of the shredder image and the rendering of the “destroy” text