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1Introduction

1.1 ■ General

Modern operating systems such as Microsoft’s Windows, Apple’s MacOS, and the
different Unix-based versions such as Linux or Solaris use a graphical interface
to communicate with the user. The communication consists of information dis-
played by programs and actions and commands issued by the user. This book is an
introduction to graphic programming in Java. It is assumed that the reader knows
the basic concepts of Java such as object-orientation, inheritance, interfaces, ex-
ceptions and use of packages.

There are two libraries for graphics components in Java: the Abstract Win-
dowing Toolkit (AWT) and Swing. The first is the older one. It contains all the
components needed to design graphical user interfaces. However, using AWT is
not easy and the library is not free of bugs. The components of the Swing library
are easier to work with and are much better implemented. Some Swing compo-
nents need classes from the AWT library. To make these classes available we have
to import them by

import java.awt.*;

import javax.swing.*;

Sometimes it is advisable not to include the whole library by using * (because it
is so large) but only the classes needed.

Here we introduce the fundamental graphical components of the Swing library.
The aim is to enable the reader to design an interactive graphical interface. This
includes displaying graphics and text, making buttons react and the use of the
mouse. We present only the most important graphical components and control
concepts in this book. There are many more components that are not consid-
ered. Only the essential features of the components are described. Information on
additional components features can be found in the Java documentation.

Important facts and sources of frequent errors are marked by a ‘!’ in the margin. !The example programs are designed independent of a development environ-
ment. They can be compiled and run from the command line. All programs are
contained in the main package its for ‘Introduction to Swing’. This package con-
tains further (sub-)packages, each of which contains the programs for a specific

1
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topic. Packages correspond to directories/folders. The directory structure looks
like this:

Unix/Linux: its/[subPackageName]/[sourceFileName].java

MS-Windows: its\[subPackageName]\[sourceFileName].java

where you have to insert the appropriate names for [subPackageName] and
[sourceFileName].

To compile and then run a program go to the super-directory of its and issue
the following commands:

javac its\[subPackageName]\[sourceFileName].java java

its.[subPackageName].[sourceFileName]

Note that dots are used instead of the slashes in the java command. The file path
separators are different on different operating systems. Look at Section B.5 in
Appendix B for solutions to some common problems.

The its-package can be downloaded as a ZIP-file from the book’s home page
(http://www.imm.dtu.dk/swingbook/). It is in Windows file format so if you are
on Linux or Unix you might see a CR or an <M> at the end of every line. Use
dos2unix to get rid of it.

The correct directory structure is reconstructed when the ZIP-file is recon-
structed. To test it, go to the super-directory of its and type commands:

javac its\Test\Test.java
java its.Test.Test

You should get the picture in Figure 1.1. If you get error messages, see Section B.5.
The example programs follow the paradigm of object-orientation in that we de-

fine a class for every customized component. Most applications are started from
a separate start class (driver). The names of the start classes end with Driver.
All the example programs are very simple because we want to concentrate on the
graphical concepts. This means that we also omit tests that check for safety and
plausibility. For example, if the size of a graphical component is set to certain
values we do not check whether the values are positive, neither do we check

Figure 1.1 Result of the test program
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whether a file we want to open really exists. If writing an application for seri-
ous purposes, you have to insert these tests. Also, exceptions are not used to
cope with errors; for some errors a message will be displayed on the console.
When writing a larger application, it is advisable to make use of Java’s exception
mechanism.

The author is grateful for any corrections and suggestions. Please do not hesi-
tate to report typographical errors or to point out parts that appear unclear. Also
tell me if you would like to see an example of something specific or if there are
any problems concerning the example programs. If the reader is looking for a spe-
cial component or a feature of a component that is not explained in the book,
you should first consult the Java documentation. Answers to frequently asked
questions and program updates will also be placed on the book’s home page. The
author’s address is

Paul Fischer
IMM, Technical University of Denmark
Building 322
DK-2800 Kgs. Lyngby
Denmark

email paf@imm.dtu.dk

1.2 ■ How graphical interfaces work

Programs with graphical user interfaces (GUIs) are event driven. This means that
the program reacts to actions of the user; these actions are called events. Examples
of events are pressing a key, moving the mouse, pressing a button and selecting a
menu item.

A program with a GUI has a (short) start-up phase in which the GUI is con-
structed but not yet displayed. Some other preparations (not related to graphics)
are also performed. This phase is not event driven and user interaction is not
possible. After this phase the GUI is displayed on the screen and the program is
now controlled by events.

Of course, we want the program to react only to a few types of event, not all. The
programmer has to specify those events to which the program has to react and, of
course, what the reaction should be. In Java this is done by implementing so-called
listeners which wait for specific kinds of events to occur. Once the programmer
has implemented a listener for a specific type of event, the runtime system will
automatically inform the listener when such an event occurs. The listener then
performs the desired action. Events are processed in the order of their occurrence.

There are many types of event in Java, associated with the different event
sources, such as buttons, menus or the mouse. Events contain information on
what has happened, e.g. what triggered the event (a button, a menu) and where it
occurred (the coordinates of the mouse). This information is then exploited by the
listener.
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1.3 ■ A note on code formatting

The following notational conventions are used to address frequent questions from
attendants of courses which the author gave on Swing programming. Some fre-
quently occurring problems are addressed in Appendix B.

In the code listings we sometimes use comments to make the block structure
appear more clearly. Comments are added after the closing braces. This is not
always done but is used if many blocks are nested or there is a lengthy code
segment in a block. Here is an example:

for(int i =0; i < N; i++){

for(int j =0; j < N; j++){

if(j < i){

// many statements

}//if

}//for j

}//for i

When calling a method of a graphic component we sometimes unnecessarily add
the key word this to make clear to which component the method belongs. Here
is an example:

public MyPanel(){ // constructor of graphical component

JLabel myLabel = new JLabel("Test"); // another component

this.add(myLabel); // add the label to this panel

this.setSize(200,200); // set the size of this panel

// not of the label

}

1.4 ■ A note for teachers

This book is based on material that the author has used in various courses on
graphical interfaces. Students are assumed to know the basic concepts of Java,
such as classes, inheritance and range of variables. The courses are usually run
before the first large programming project is to be performed. Using a model–view–
control approach has greatly improved the quality of the resulting programs.

For a three-day intensive course Chapters 2 to 8 are appropriate. If additional
features are needed in a follow-up project, the students can easily find them in
the remaining chapters. In a one-week intensive course one can cover Chap-
ters 10 to 14 in addition or include some chapters on more elaborate topics if
needed.
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1.5 ■ Some books on Swing and related topics

The following list is a very individual selection on material and books on Swing:

■ Java Software Solutions by J. Lewis and W. Loftus, Addison-Wesley, 2003.
Sound introduction to (mainly) non-graphical Java.

■ Java 2 SDK, Standard Edition Documentation is essential. You can download
it from the Java site at SUN http://java.sun.com/.

■ Core Java, Volume 1 by C. Horstmann and G. Cornell, Sun Microsystems
Press/Prentice Hall, 2002. Is mainly an introduction to non-graphical Java but
also addresses the basics of Swing.

■ Graphic Java, Volume 2: Swing by D. Geary, Sun Microsystems Press/Prentice
Hall, 2001; 1680 pages. Explains most Swing components in much detail and
covers a number of advanced techniques.

■ UML Distilled, Second Edition by M. Fowler and K. Scott, Addison-Wesley,
2000. A compact hands-on introduction to the Unified Modelling Language.

■ Acknowledgements

The author would like to thank Anne Haxthausen, Jens Thyge Kristensen, Hans
Henrik Løvengreen and Jørgen Steensgaard-Madsen for suggesting many impor-
tant improvements. A special thanks to Thyge for his thorough proof-reading of
the lecture notes on which this book is based.
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2Frames, panels
and layouts

The basic element of any graphical operating system is a ‘window’. In this chapter
we shall first learn how to create a window and how to display it on the screen.
Then we shall see how one can embed other graphical objects into the window and
how they can be arranged in different ways.

2.1 ■ Frames

The main components of graphical applications are the so-called windows. These
are rectangular areas in which text, pictures or other information can be displayed.
Windows may also contain elements for user interaction, such as menus, buttons
or areas for text input. Most other graphical components discussed in this book
cannot be displayed alone but have to be placed inside a window. The actual
appearance of a window depends on the operating system, especially the width
and type of the border around a window. The position and colour of buttons might
vary.

In Java, the term frame is used for what is generally called a ‘window’ and
we shall henceforth stick to that notation1. In Swing, frames are realized by the
class JFrame. A frame is a rectangular area with a title bar on top. The title bar
also contains buttons for closing, maximizing or making an icon of the frame. As
mentioned above, the type and position of these buttons depend on the platform
(Windows, MacOS, Linux, Solaris, etc.). Below the title bar is an area into which
further graphical components can be embedded. This area is divided into two
parts: a space for a menu bar at the upper edge and the content pane below. The
content pane may have further graphical components embedded. If no menu bar is
added then the content pane is extended upwards. Usually there is a small border
around the frame to separate it from the background. The basic functions such as
resizing or moving the frame with the mouse are automatically supplied and do !not have to be implemented by the programmer. Figure 2.1 shows the structure
of a frame.

1 There is actually a component called ‘window’ in the Swing library. It is frameless, i.e. it
does not have a title bar, a border or additional buttons.

9
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Title

Content pane

Buttons

Space for menu bar

Figure 2.1 Structure of a frame. The title text can be set. The position and appearance of the
buttons depend on the operating system. Further graphical components can be embedded
into the content pane

We now present the constructor, list some methods of JFrame and explain their
behaviour:

JFrame()

setVisible(boolean b)

setTitle(String title)

setSize(int width, int height)

setLocation(int horizontal, int vertical)

pack()

setDefaultCloseOperation(int operation)

JFrame() is the default constructor. It generates an untitled frame. ‘Generate’
here means that the information for drawing the frame is provided. The frame
is, however, not shown on the screen. This is done by calling the method! setVisible, explained below.

setVisible(boolean b) makes the frame appear on the screen if b = true. If
a frame is visible then setVisible(false) makes it disappear but does not
destroy the information for drawing it. So, calling setVisible(true) on this
frame another time will make it visible again; we do not have to use the con-
structor a second time.

setTitle(String title) sets the title appearing in the title bar to title.

setSize(int width, int height) sets the width of the frame to width and the
height to height. These are outer measures in screen pixels.

setLocation(int horizontal, int vertical) moves the frame, so that its up-
per left corner is at position (horizontal,vertical). See also Figure 2.2.
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xx

bb

y

ba

a

Figure 2.2 The Java coordinate system is upside down. The origin (0,0) is the upper left
corner of the screen. The positive x-axis points right, the positive y-axis points downwards. If
embedding components into another one, e.g. into the content pane of a frame, then the
origin is the upper left corner of the parent component

pack() resizes the frame so that it tightly fits around components embedded into
its content pane.

setDefaultCloseOperation(int operation) determines what happens if the
‘close’ button of the frame is clicked. See the comments below.

Let us briefly discuss method setDefaultCloseOperation. By default, the frame
becomes invisible when its ‘close’ button is clicked. The application that made !it visible is, however, still running, i.e. the program is not terminated. There are
some predefined constants in the class JFrame which can be used for operation.
We shall use JFrame.EXIT_ON_CLOSE.

setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE)

Then the whole application is automatically terminated when the ‘close’ button
is clicked. Not adding this line would result in the following problem. Suppose
an application is started over and over again – as happens in the test phase of a
new program – and every time displays a new frame. Though the frames are all
made invisible by clicking the ‘close’ buttons, the applications are still running and
consuming resources. If many applications run in parallel and share the processor,
each of them is slowed down. Problems might also arise if all the free memory were
consumed.

Simply terminating an application by clicking the ‘close’ button is not always
a good idea. In general some cleaning up would be performed before exiting the
program. For example, one would save changes made to files, store data computed
or received while the program was running, etc. We shall see later in Section 9.3
how this can be achieved.

Let us apply our knowledge and create a first frame and display it. We shall
derive our own frame class from JFrame and add some new functions. Our class
is called SimpleFrame. As it is derived from Swing class JFrame, it inherits its
functionality. The constructor of a SimpleFrame is extended: it sets the size and
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location of the frame and also ensures proper termination as explained above. We
now list the program and explain it in detail.

File: its/SimpleFrame/SimpleFrame.java

1. package its.SimpleFrame;

2.

3. import javax.swing.JFrame;

4.

5. public class SimpleFrame extends JFrame

6. {

7. public SimpleFrame()

8. {

9. this.setSize(200,200);

10. this.setLocation(200,200);

11. this.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

12. }

13.

14. // Makes the frame visible.

15. public void showIt(){

16. this.setVisible(true);

17. }

18.

19. // Makes the frame visible and sets the title text.

20. public void showIt(String title){

21. this.setTitle(title);

22. this.setVisible(true);

23. }

24.

25. // Makes the frame visible and sets the title text

26. // and the position of the window.

27.

28. public void showIt(String title,int x, int y){

29. this.setTitle(title);

30. this.setLocation(x,y);

31. this.setVisible(true);

32. }

33.

34. // Makes the frame invisible.

35. public void hideIt(){

36. this.setVisible(false);

37. }

38.}

Let us look at the code: the class SimpleFrame is defined in a package of its own
which is also called SimpleFrame. It is a sub-package of the its package. We have to
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specify [package].[subpackage], in our case package its.SimpleFrame. Next,
we import class JFrame from the javax.swing library, so it becomes accessible
in our program (import javax.swing.JFrame;). We then specify the class name
SimpleFrame and that this class is derived from JFrame:

public class SimpleFrame extends JFrame

The constructor and the methods of SimpleFrame are now described in more
detail:

public SimpleFrame()

public void showIt()

public void showIt(String title)

public void showIt(String title,int x, int y)

public void hideIt()

SimpleFrame() augments the constructor of JFrame and sets the size to 200 × 200
pixels by calling setSize(200,200) in Line 9. Otherwise one would see only !the title bar because the content pane does not now contain anything. We also
set the position of the upper left corner of the frame to 200 pixels below the
upper edge of the screen and 200 pixels to the right. This is done by calling
setLocation(200,200) in Line 10. Note that the Java coordinate system is
upside-down: the positive y-axis points down; see also Figure 2.2. Finally the
constructor calls method setDefaultCloseOperation in Line 11 to guarantee
correct termination as described above. Note that keyword this in Lines 9 to 11
can be omitted. As mentioned in the introduction, we added it to make clear
that these statements refer to this frame.

showIt() makes the frame appear on the screen by calling setVisible with ar-
gument true.

showIt(String title) sets the title in the title bar to title and makes the frame
appear on the screen.

showIt(String title,int x,int y) sets the title in the title bar to title,
changes the location to x, y, and makes the frame appear on the screen.

hideIt() makes the frame disappear from the screen by calling setVisible with
argument false. The frame is not destroyed by this command. The graphical
information is preserved and the frame can be made visible again without
calling a constructor.

To test the class SimpleFrame we use a driver program. We might have defined
a main-method in SimpleFrame for this purpose but we did not because we
shall use SimpleFrame as the basis for further applications. The driver class is
SimpleFrameDriver. It generates two frames in Lines 7 and 8. The first frame
receives a title and is made visible in Line 9. The second one is in addition moved
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Figure 2.3 Result of the program SimpleFrameDriver

to position (300, 300) in Line 10. Both frames are empty, i.e. there is nothing in
their content panes.

File: its/SimpleFrame/SimpleFrameDriver.java

1. package its.SimpleFrame;

2.

3. public class SimpleFrameDriver

4. {

5. public static void main(String[] args)

6. {

7. SimpleFrame sFrame1 = new SimpleFrame();

8. SimpleFrame sFrame2 = new SimpleFrame();

9. sFrame1.showIt("SimpleFrame 1");

10. sFrame2.showIt("SimpleFrame 2",300,300);

11. }

12. }

The result should look like Figure 2.3. This picture is taken under WindowsXP; it
might appear slightly different on other platforms. As mentioned above, the frame
can be resized and moved with the mouse. These basic functions are automatically! supplied.

2.2 ■ Panels and layouts

We will now embed other graphical components into a frame. The components
used are called panels. These are rectangular components, which serve two main
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purposes: they can be used as a canvas that one draws on or they can be used as
containers to embed further graphical components.

In Swing the class JPanel implements panels. We list the constructor and some
methods and then present an example program that demonstrates the use of the
methods:

JPanel()

setBackground(Color c)

setPreferredSize(Dimension d)

JPanel() is the constructor. The size of panel is set to default values, 10 by 10
pixel on most systems.

setBackground(Color c) sets the background colour of the panel. The class
Color is from the AWT library. There, some colours are predefined, e.g. red by
Color.red. By default the background colour is grey.

setPreferredSize(Dimension d) sets the size of the panel. The class Dimen-

sion is from the AWT library. The constructor has the syntax Dimension(int

width, int height). Both width and height are in pixels. It is important !to remember that these values are only recommendations for the size of a
component. Depending on the size of other components, the runtime system
might choose different values! The values actually used are determined by a
LayoutManager at runtime. This flexibility is important for Java to be platform-
independent. We describe layout managers later in this chapter.

We now want to embed some panels into a frame. To make them visible and
distinguishable we colour them differently. As mentioned in the introduction, we
shall derive our own class for every non-trivial concept. It might look like some
kind of overkill here, where only the colour of the panel is set. However, we want
to follow the paradigm of object-orientation right from the beginning.

In the following listing we derive our own class ColorPanel from JPanel. Its
two constructors allow a panel to be constructed, each with a given background
colour, and given width and height.

File: its/SimpleFrameWithPanels/ColorPanel.java

1.package its.SimpleFrameWithPanels;

2.

3.import java.awt.*;

4.import javax.swing.JPanel;

5.

6.public class ColorPanel extends JPanel

7.{

8.// Generate a JPanel with background color col.

9.public ColorPanel(Color col)

10.{
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11. this.setBackground(col);

12. }

13.

14. // Generate a JPanel with background color col,

15. // width width, and height height

16. public ColorPanel(Color col,int width,int height)

17. {

18. this.setPreferredSize(new Dimension(width,height));

19. this.setBackground(col);

20. }

21.

22. }

We embed the ColorPanels into a SimplePanelFrame which is derived from Sim-

pleFrame. Thus a SimplePanelFrame inherits the functions of a SimpleFrame; in
particular an application will be terminated if the frame is closed. We generate five
ColorPanels in white, red, yellow, green and blue. The white one has a width of
50 pixels and a height of 20 pixels. For the others no size is specified, so they will
have the default size. The panels are then embedded into the frame.

Graphical components are embedded into others as follows. Let us call the com-
ponent into which we want to embed the parent component and the component
to be embedded the child component. Those Swing components into which others
can be embedded have a method add. Then, to embed a component childComp
into another component parentComp, the syntax is

parentComp.add(childComp)

The add-method might have more arguments which, for example, specify align-
ments or positions. There is a difference when embedding into a frame. Here we! have to specify that we want to embed into the content pane. Besides the content
pane a JFrame has more panes which we do not discuss here. It can be referred to
by using method getContentPane of JFrame. Then the syntax to embed a com-
ponent childComp into a frame parentFrame is:

parentFrame.getContentPane().add(childComp)

Let us now specify how the components are to be arranged in the content pane.
In order to have platform-independence the designers of Java have given some
flexibility to the graphic system. The programmer only specifies the structure of! the arrangement of the components, not their absolute positions. For example, one
specifies that ‘component A is to the right of component B’ instead of requiring that
‘component A is at position (x, y)’. At runtime, the positions of the components
are determined. This is done by the so-called layout manager which is associated
with the parent component. There are different predefined layout managers, some
of which we describe here. The programmer can define individual ones.

A JFrame has by default a BorderLayout, more precisely the content pane
has a layout manager of type BorderLayout. It allows the user to place one (big)
central component and up to four components at the borders. The positions are
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Figure 2.4 A frame generated by SimplePanelFrameDriver with a border layout. Note
that the panel at ‘West’ has been constructed with width 50 and height 20. While the width
is obeyed, the height has changed to fill the available space

specified by the constants CENTER, NORTH, SOUTH, EAST and WEST. These constants
are defined in class BorderLayout; see Figure 2.5a). If a border component is not
present, then the central component extends in that direction. The central com-
ponent usually contains the main information. The border components contain
additional information such as a status bar in the ‘South’-component. To insert a
component childComp into the content pane at location pos we use method

this.getContentPane().add(childComp,pos)

where pos is one of the constants BorderLayout.CENTER, BorderLayout.NORTH,
BorderLayout.SOUTH, BorderLayout.EAST or BorderLayout.WEST.

The code for class SimplePanelFrame and the listing for the driver class
SimplePanelFrameDriver follow. The first class is derived from SimpleFrame.
The five panels are created in its constructor and then embedded into the content
pane. The driver class generates a SimplePanelFrame and makes it visible. The
result is shown in Figure 2.4. There one can see that all the border panels are sized
to span the entire width or height of the content pane. The other dimensions are
the default width and height, which are 10 on most platforms. The white panel
CPWest at ‘West’ has width 50 as specified in its constructor. The height specifi-
cation of 20 is ignored in the layout; the height of panel CPWest is extended to fill
the available height inside the frame. The central component is also extended to
fill all the space in the middle.

File: its/SimpleFrameWithPanels/SimplePanelFrame.java

1.package its.SimpleFrameWithPanels;

2.

3.import java.awt.*;

4.import javax.swing.JFrame;

5.import its.SimpleFrame.SimpleFrame;

6.
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7. public class SimplePanelFrame extends SimpleFrame

8. {

9. public SimplePanelFrame()

10. {

11. ColorPanel CPWest = new ColorPanel(Color.white,50,20);

12. ColorPanel CPEast = new ColorPanel(Color.red);

13. ColorPanel CPNorth = new ColorPanel(Color.yellow);

14. ColorPanel CPSouth = new ColorPanel(Color.green);

15. ColorPanel CPCenter = new ColorPanel(Color.blue);

16. this.getContentPane().add(CPWest,BorderLayout.WEST);

17. this.getContentPane().add(CPEast,BorderLayout.EAST);

18. this.getContentPane().add(CPNorth,BorderLayout.NORTH);

19. this.getContentPane().add(CPSouth,BorderLayout.SOUTH);

20. this.getContentPane().add(CPCenter,BorderLayout.CENTER);

21. }

22. }

File: its/SimpleFrameWithPanels/SimplePanelFrameDriver.java

1. package its.SimpleFrameWithPanels;

2.

3. public class SimplePanelFrameDriver

4. {

5. public static void main(String[] args)

6. {

7. SimplePanelFrame spFrame = new SimplePanelFrame();

8. spFrame.showIt("Simple Panel Frame");

9. }

10. }

We now introduce two more layout managers: flow layout manager (FlowLayout)
and grid layout manager (GridLayout). Both classes as well as BorderLayout

implement the interface LayoutManager. Layouts are not restricted to frames.
Every Swing component into which other components can be embedded (a so-
called container) has a layout. The default layout is a border layout. In order to
change the layout of a parent component parentComp to another layout newLayout
one uses the command

parentComp.setLayout(newLayout)

If a component has a flow layout then the embedded components are placed
row-wise from left to right. If a row is full, the next one is started. Row layout
(mostly) respects the dimensions of the embedded components. The order
of the calls parentComp.add(child) determines the order of the embedded
components in the parent component. The height of a row is determined at
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Figure 2.5 Three layout managers. (a) The arrangement of the components in a border lay-
out. (b) The row-wise arrangement of the embedded components. The dashed lines indicate
the upper and lower boundaries of the rows. The height of each row is individually deter-
mined by the height of the tallest component in it. The spacing between the components
and between the rows can be modified. (c) A 2 × 3 grid layout into which five components
are embedded. All columns and rows are equally wide and high.

runtime by checking all components in the row. See Figure 2.5b. Here are some
constructors of FlowLayout:

FlowLayout()

Flowlayout(int align)

Flowlayout(int align, int hdist, int vdist)

The first constructor generates a layout which by default has five pixels between
the components in a row and five pixels between the rows. In addition, the second
constructor specifies the alignment of the components, where align is one of

FlowLayout.RIGHT, FlowLayout.LEFT, FlowLayout.CENTER

This determines whether the components in every row are ‘packed’ to the right, the
left or whether they are centred. The third constructor also specifies the horizontal
distance hdist between the components in a row and the vertical distance vdist

between rows. Program LayoutDriver shows some examples. The size of the !components for which we did not define dimensions are set to default minimum
values; these are 10 × 10 on most systems.

The layout manager for a component comp recomputes the layout every time
the component comp is redrawn, especially after a resizing of comp. If after resizing !more or fewer components fit into a row then they are newly arranged. Try it in
LayoutDriver. See also Figure 2.5.

The third layout manager described here is the GridLayout which orders the
components in a grid. The parent component (the content pane in our example) is
divided into r × c rectangular cells, where c is the number of cells per row and r is
the number of rows. All cells have the same size. The components are embedded !into the cells row-wise from left to right. If there are more cells than embedded

!components the layout manager tries to fill all rows as far as possible and might
generate fewer than c columns! If there are fewer cells than components then
columns are added. Basically the grid layout manager ignores the column number.
In order to have a fixed number c > 0 of columns, the row number must be set to
r = 0 and the column number to c. Then there will always be c columns and the
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Figure 2.6 Output of LayoutDriver. Standard flow layout; flow layout with bigger spac-
ing; grid layout

row number is adjusted depending on the number of embedded components. In
program LayoutFrame we generate a 2 × 4 grid for five components. The layout
manager then generates a 2 × 3 grid, where only one cell is empty. Sometimes
one embeds dummy components into a grid layout. These are Swing components,
usually labels, with no function other than to fill certain cells. They can be used to
produce an ‘empty’ cell between two other cells. Chapter 6 contains an example.
The dimensions of the embedded components are basically ignored by the grid
layout; the components completely fill the cells. See also Figure 2.5c.! Below we list the constructor and some methods for grid layouts. The number
of rows r and columns c and also the width of the gaps can be passed between the
columns (hdist) and rows (vdist):

GridLayout(int r, int c);

setHgap(int hdist);

setVgap(int vdist);

The following listings LayoutFrame and LayoutDriver show examples for the
layouts. The first defines a frame for which the layout can be selected by passing
a LayoutManager in the constructor.

Program LayoutDriver generates three LayoutFrames and makes them visible.
The first one is given a standard flow layout. The second one receives a flow
layout with specified distances between rows/columns and left alignment. The
third frame is given a 2 × 4 grid layout. The locations in the showIt instructions
are set in such a way that the three frames appear side by side. Figure 2.6 shows
the result.

File: its/Layouts/LayoutFrame.java

1. package its.Layouts;

2.

3. import java.awt.LayoutManager;

4. import its.SimpleFrameWithPanels.ColorPanel;

5. import java.awt.Color;

6. import its.SimpleFrame.*;

7.
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8.public class LayoutFrame extends SimpleFrame

9.{

10.public LayoutFrame(LayoutManager layout)

11.{

12.this.getContentPane().setLayout(layout);

13.

14.ColorPanel CP1 = new ColorPanel(Color.red,30,30);

15.ColorPanel CP2 = new ColorPanel(Color.yellow,40,20);

16.ColorPanel CP3 = new ColorPanel(Color.green);

17.ColorPanel CP4 = new ColorPanel(Color.blue);

18.ColorPanel CP5 = new ColorPanel(Color.white,80,20);

19.this.getContentPane().add(CP1);

20.this.getContentPane().add(CP2);

21.this.getContentPane().add(CP3);

22.this.getContentPane().add(CP4);

23.this.getContentPane().add(CP5);

24.}

25.}

File: its/Layouts/LayoutDriver.java

1.package its.Layouts;

2.

3.import java.awt.FlowLayout;

4.import java.awt.GridLayout;

5.

6.public class LayoutDriver

7.{

8.public static void main(String[] args)

9.{

10.FlowLayout flowLayout1 = new FlowLayout();

11.LayoutFrame flow1Frame = new LayoutFrame(flowLayout1);

12.flow1Frame.showIt("Flow Layout 1",60,60);

13.

14.FlowLayout flowLayout2 = new FlowLayout(FlowLayout.LEFT,40,30);

15.LayoutFrame flow2Frame = new LayoutFrame(flowLayout2);

16.flow2Frame.showIt("Flow Layout 2",300,60);

17.

18.GridLayout gridLayout = new GridLayout(2,4);

19.LayoutFrame gridFrame = new LayoutFrame(gridLayout);

20.gridFrame.showIt("Grid Layout",540,60);

21.}

22.}
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Exercises

2.1 What happens if you click on the ‘close’ button of one of the windows? Explain
the observed behaviour. Then remove the line.

setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

from the constructor of SimpleFrame. Add the following code at the begin-
ning of the main-method in class SimpleFrameDriver:

int k = 0;

while(true){

System.out.println("SimpleFrameDriver: Still running! "+k);

k++;

}

This will print lines to the console as long as the application is running. Then
compile and start the application and click on the ‘close’ buttons of the win-
dows. Observe what has changed and explain it.

2.2 Check what happens if the central component in a border layout of a frame
is not present. Add different combinations of border components, e.g. ‘East’
and ‘South’.

2.3 Play around with layouts to get a feeling of what the layout managers do. Re-
size the frames, change the parameters in the layouts (distances, row/column
numbers), etc.
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3A first GUI

The purpose of graphical interfaces is to display data and to allow a communication
between the user and a program at runtime. In this chapter we shall learn how to
design such graphical interfaces. In this example the user can communicate with the
program by pressing buttons. The program updates the display in reaction to that.

In this chapter we shall see the first example of a real GUI (graphical user in-
terface). ‘Real’ here means that we have a user–program interaction. The inter-
action is realized using buttons in the graphical display. Although the program
is very simple we would like to introduce the concept of a model–view–control
approach at this point. The (non-graphical) model part of the program deals with
storing, maintaining or manipulating the data. The graphical view part displays
the data and provides the components for user interaction, e.g. buttons. The (again
non-graphical) control part ensures that the user actions result in the desired re-
sponses by the program. The control part is the bridge between the model and view
parts.

The separation of the model, view and control structures is often the crucial
concept to a successful save and fast implementation. It also helps beginners to
better recognize the essential concepts and their interplay. In Java such a sep-
aration is easily possible by using object-orientation, i.e. different classes or at
least different methods for the different parts. In complex applications separate
packages might be used for the different parts.

In the following we start by specifying the GUI we want to implement. Then we
construct the non-graphical model and test that it works correctly. This is followed
by the design of the graphical display. Finally we implement the control structure,
i.e. the user–program interaction.

3.1 ■ The specification of the application

We want to implement a counter. It is specified as an abstract data structure.
The counter has a variable value which is an integer. Initially the value is 0. The
counter allows four operations (of course, more operations might be useful in
some applications):

23
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FrameFrame

Titlebar

ButtonLabelButton

Up 14 Down

Figure 3.1 The specification of the layout for the counter GUI

■ increment – increments the value of the counter by 1.

■ decrement – decrements the value of the counter by 1.

■ reset – sets the value of the counter to 0.

■ getValue – returns the current value of the counter.

Next, we specify what the graphics should look like and how it is to work. The GUI
we have in mind should display the current value of the counter and allow the user
to increment or decrement it. To this end the GUI has two buttons. Pressing the
first one (labelled ‘Up’), e.g. clicking it with the mouse, will increment the counter.
Pressing the other one (labelled ‘Down’) will decrement the counter. Figure 3.1
shows how we want this GUI to look. This concludes the specification of the GUI’s
functionality and layout.

3.2 ■ The counter model

We now implement a counter in the non-graphical class CounterModel. A counter
has only one integer variable value which is initialized to 0 in the constructor as
required by the specification. The variable value is private so that other classes
can only manipulate it through the methods of CounterModel. We implemented
the four operations requested by the specification in four methods with obvious
names: increment(), decrement(), reset() and getValue(). Here is the listing
of the class:

File: its/CounterGUI/CounterModel.java

1. package its.CounterGUI;

2. public class CounterModel {

3. private int value;

4.
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5.// The constructor initializes the counter to 0

6.public CounterModel() {

7.value = 0;

8.}

9.

10.public void increment(){

11.value++;

12.}

13.

14.public void decrement(){

15.value--;

16.}

17.

18.public void reset(){

19.value = 0;

20.}

21.

22.public int getValue(){

23.return(value);

24.}

25.}

A counter is such a simple object that we can immediately ‘see’ that our imple-
mentation is correct, i.e. meets the specifications. For slightly more complicated
entities, however, one can easily overlook a mistake. The problem of checking
whether a program meets its specifications is hard to solve, in fact it is in gen-
eral unsolvable. Therefore one has to rely on empirical tests. This means that
one sets up a test plan. This contains a (large) number of possible inputs to the
program and the correct responses of the program. The plan should activate all
parts of the program, e.g. all methods of all classes. Then one checks whether the
observed and expected responses coincide. Of course, such a plan is no guarantee
that the program is indeed correct because it might not contain an existing input
that causes an error. However, a good test plan often does discover mistakes in the
program.

To give an idea of what a test plan can look like we add the listing of class Coun-
terModelTest which implements a test plan for the counter model. It addresses
all methods at least once and compares the expected and observed results. The
comparison is done by method checkValue(a,b), which compares a and b and
prints the result of the comparison to the screen.

File: its/CounterGUI/CounterModelTest.java

1.package its.CounterGUI;

2.

3.

4.public class CounterModelTest {
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5.

6. private static boolean passed = true;

7.

8. public static void main(String[] args) {

9. CounterModel cm = new CounterModel();

10.

11. checkValue(0,cm.getValue());

12. cm.increment();

13. checkValue(1,cm.getValue());

14. cm.decrement();

15. checkValue(0,cm.getValue());

16. for (int i = 0; i < 37; i++) {

17. cm.increment();

18. }

19. checkValue(37,cm.getValue());

20. for (int i = 0; i < 21; i++) {

21. cm.decrement();

22. }

23. checkValue(16,cm.getValue());

24. cm.reset();

25. checkValue(0,cm.getValue());

26.

27. if(passed){

28. System.out.println("Test passed.");

29. }

30. else{

31. System.out.println("Test NOT passed.");

32. }

33. }

34.

35. private static void checkValue(int expectedValue, int observedValue){

36. if(expectedValue == observedValue){

37. System.out.println("Values are both equal to "+expectedValue);

38. }

39. else{

40. System.out.println("ERROR expected value "+expectedValue+

41. " and observed value "+observedValue+" differ!");

42. passed = false;

43. }

44. }

45. }

The following is the result of a run of CounterModelTest:

Values are both equal to 0

Values are both equal to 1
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Values are both equal to 0

Values are both equal to 37

Values are both equal to 16

Values are both equal to 0

Test passed.

3.3 ■ The counter view

To implement the graphical part of the counter application we use two new graph-
ical components from the Swing library, labels and buttons.

3.3.1 � Labels

A label is a rectangular component which displays text that cannot be edited by
the user (but might be changed by the program). Class JLabel realizes labels in
Swing. Here we present a constructor and a few methods.

public JLabel(String text)

public JLabel(ImageIcon picture)

public String getText()

public void setText(String text)

public void setText(String text, int alignment)

public void setForeground(Color c)

public void setBackground(Color c)

public void setOpaque(boolean b)

JLabel(String text) constructs a label which displays the text.

JLabel(ImageIcon picture) constructs a label which displays the image pic-

ture. For details on using images see Chapter 15.

getText() returns the text currently displayed in the label as a String.

setText(String text) replaces the text currently displayed in the label by text.
The new text is instantly displayed in the label.

setText(String text, int alignment) replaces the text currently displayed
in the label by text. It also sets the alignment of the text, left, right or centre.
The possible values of alignment can be found in the class SwingConstants,
e.g. use SwingConstants.CENTER to centre the text in the label.

setForeground(Color c) sets the text colour to c.

setBackground(Color c) sets the background colour to c. Note that labels are !transparent by default and their background colour is not visible. One sees
the background colour of the parent component shining through. To change the
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background colour of a label one has to first make it opaque (non-transparent)
using the method setOpaque.

setOpaque(boolean b) makes the label transparent if b is false and non-
transparent if b is true.

3.3.2 � Buttons

Buttons are rectangular areas (usually with a line around) which – like labels –
can display text. They differ from labels in the fact that they can trigger events.
An event occurs whenever a button is pressed. The Java runtime system monitors
buttons and recognizes when such an event occurs. Note that a button is not
necessarily pressed by clicking the mouse, it might also be a finger on a touch
screen monitor. Therefore, buttons are treated separately from the mouse.

In Section 3.4 we shall learn in detail how the runtime system informs our
program that an event has occurred. For now, the following explanation should
suffice: in order to notice when a button is pressed, something has to keep an eye
on the button. This is done by a listener, a (non-graphical) component from the
AWT library. The listener has to be assigned to the button in order to monitor
it. If an event occurs at that button the runtime system informs the listener. The
listener can then analyse the event and initiate a certain action.

Class JButton implements buttons in Swing. We only present the constructor
and the method to assign a listener to the button.

public JButton(String text);

public void addActionListener(ActionListener listener);

3.3.3 � Constructing the graphics

We use two buttons to change the value of the counter and a label to display
its value. There are many ways to arrange these components. One would be to
‘glue’ the buttons and the label directly into the content pane of the frame. We
use a different approach here: an intermediate panel into which the buttons and
the label are embedded. The corresponding class is called CounterPanel. Then
a CounterPanel is glued into the frame; see Figure 3.2. The advantage of this
approach is that one can reuse the CounterPanel as a ready-made module in
other applications.

We first have to decide which layout manager supports the intended GUI. In
our case, a border layout is appropriate for both the panel and the frame. We glue
the buttons into the west and east positions of the panel and glue the label into
the central one. Actually, panels have a border layout by default. We nevertheless
set the layout to make clear that this is one step of a GUI implementation.

Every CounterPanel holds its own instance of CounterModel in the variable
counter. This variable is private so that the counter cannot be manipulated di-
rectly from outside the class CounterPanel. Instead CounterPanel offers two
methods, increment() and decrement(), which simply call the respective meth-
ods of counter model counter.
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JButton

JLabel

JButton

JPanel

JFrame

Figure 3.2 The construction of the counter GUI. The intermediate JPanel is introduced to
guarantee modularity. The panel can be reused in other applications

The frame of our counter application is implemented in the class Counter-

Frame. This class is derived from SimpleFrame so that the application is termi-
nated when the frame is closed. A CounterFrame has a CounterPanel embedded
into the central position of its content pane. We list the code of the classes Coun-
terPanel, CounterFrame and the driver class CounterDriver below.

When the application is started, the frame appears. We can press the buttons
and see that their colour changes for a short period in response. This function
is automatically supplied. The application does not, however, change the value of
the counter in the label. It cannot do this at this point because we have not yet
‘told’ the application to do this. The control part introduced in Section 3.4 will
be responsible for that. In the listing of CounterPanel; Lines 29 to 31 will later
be used to enable the listener. Currently they are comments, so do not have any
effect.

File: its/CounterGUI/CounterPanel.java

1.package its.CounterGUI;

2.

3.import javax.swing.JPanel;

4.import javax.swing.JButton;

5.import javax.swing.JLabel;

6.import java.awt.BorderLayout;

7.import javax.swing.SwingConstants;

8.
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9. public class CounterPanel extends JPanel {

10.

11. private CounterModel counter;

12. private JLabel valueLabel;

13.

14. public CounterPanel() {

15. counter = new CounterModel();

16.

17. BorderLayout bordLay = new BorderLayout();

18. this.setLayout(bordLay);

19.

20. JButton upButton = new JButton("Up");

21. JButton downButton = new JButton("Down");

22. valueLabel = new JLabel(""+counter.getValue(),SwingConstants.CENTER);

23.

24. this.add(upButton,BorderLayout.WEST);

25. this.add(downButton,BorderLayout.EAST);

26. this.add(valueLabel,BorderLayout.CENTER);

27.

28. // The next three lines will later be used to incorporate

//the listener.

29. // CounterListener countList = new CounterListener(this);

30. // upButton.addActionListener(countList);

31. // downButton.addActionListener(countList);

32. }

33.

34. public void increment(){

35. counter.increment();

36. valueLabel.setText(""+counter.getValue());

37. }

38.

39. public void decrement(){

40. counter.decrement();

41. valueLabel.setText(""+counter.getValue());

42. }

43. }

File: its/CounterGUI/CounterFrame.java

1. package its.CounterGUI;

2.

3. import javax.swing.JFrame;

4. import java.awt.BorderLayout;

5. import its.SimpleFrame.SimpleFrame;

6.
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7.public class CounterFrame extends SimpleFrame {

8.

9.public CounterFrame() {

10.CounterPanel counterPane = new CounterPanel();

11.this.getContentPane().add(counterPane,BorderLayout.CENTER);

12.}

13.}

File: its/CounterGUI/CounterDriver.java

1.package its.CounterGUI;

2.

3.public class CounterDriver {

4.public static void main(String[] args) {

5.CounterFrame cfr = new CounterFrame();

6.cfr.showIt("Counter");

7.}

8.}

3.4 ■ The counter control (listeners and events)

The link between the user actions like pressing a button and the application is es-
tablished by listeners. These are non-graphical components supplied by the AWT
library java.awt.events.*. There are different listeners for different types of
events (pressing a button, moving the mouse, etc.). Listeners are, in general, in-
terfaces not classes. We will, however, first treat listeners in much the same way !as classes. Experience has shown that this is much easier for inexperienced pro-
grammers to understand. Later we will describe how to make use of the interface
mechanism.

We proceed by describing how the concept of a listener works in general. Some
components of Swing can trigger events. For example a button can be pressed or
a menu item can be selected. Such events are automatically noticed by the Java
runtime system. Now, the programmer can implement a listener and assign it to
the graphical component, say a button. The listener then ‘waits’ until the button
is pressed and takes action if this happens. The runtime system automatically
notifies the listener if the button is pressed. The notification is done by calling
a specific method of the listener. The name of this method is predefined in the
listener’s interface. The programmer must implement this method by inserting
the code that should be executed in response to the button being pressed.

In our counter application the counter has to be incremented or decremented
in response to pressing the respective button. The listener is thus assigned to both
buttons, i.e. it monitors both. If a button is pressed the listener is informed. In
order to take the appropriate action it has to know which button has been pressed.
This information is provided by the runtime system in the form of an object of type
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ActionEvent. This class is also found in the AWT library (in java.awt.events).
An object of type ActionEvent contains information about the event noticed by
the runtime system.

For our counter application we implement a listener in the class CounterLis-
tener. A CounterListener implements the Java interface ActionListener. The
implementation requires the definition of only one method actionPerformed:

public void actionPerformed(ActionEvent evt)

This is the method called by the runtime system whenever the button is pressed.
You do not have to call this method yourself, and you should not do this. The! runtime system also generates an action event evt and passes it to the method
actionPerformed. The programmer puts the code into the body of method ac-

tionPerformed1. This code is then executed in response to pressing the button.
The information contained in the action event can be used to gather further in-
formation on what triggered the event.

The code for the class CounterListener is listed below. We shall explain it
after the listing.

File: its/CounterGUI/CounterListener.java

1. package its.CounterGUI;

2.

3. import java.awt.event.ActionListener;

4. import java.awt.event.ActionEvent;

5.

6. public class CounterListener implements ActionListener{

7.

8. private CounterPanel countPane;

9.

10. public CounterListener(CounterPanel counp) {

11. countPane = counp;

12. }

13.

14. // This method is called by the runtime system.

15. // The programmer has to add the code to be executed

16. // as a response to the event.

17. public void actionPerformed(ActionEvent evt){

18. // Beginning of own code

19. String actionCommand = evt.getActionCommand();

20. if(actionCommand.equals("Up")){

21. countPane.increment();

22. }

23. else if(actionCommand.equals("Down")){

24. countPane.decrement();

1 This formulation has to be taken with a grain of salt. Some of the code might actually be in
other methods which are then called from inside actionPerformed.
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25.}

26.else{

27.System.out.println("ERROR: Unexpected ActionCommand");

28.}

29.// End of own code

30.}

31.}

In the code for the class CounterListener we find the word implements instead
of extends. This is due to the fact that ActionListener is an interface and not
a class. The constructor receives a CounterPanel as an argument. The listener
then ‘knows’ which counter panel it has to update. Check Section B.4 for more
details on this.

The heart of class CounterListener is the implementation of the method ac-

tionPerformed. We first determine which of the two buttons had been pressed.
This is done by inspecting the action event object evt that the method action-

Performed received from the runtime system. The line

String actionCommand = evt.getActionCommand();

extracts the action command out of the event object evt. The action command
is usually the text of the button which has been pressed. In our case it can only
be ‘Up’ or ‘Down’. We use an if–then–else structure to check which one it was2.
Depending on the outcome of the test we call the method increment or decrement
of the counter panel. At this point we see why the listener is given a reference to a
CounterPanel in the constructor. The listener thereby knows which panel it has
to update in response to the event.

In the listing of CounterPanel the comment signs at Lines 29 to 31 are removed.
These lines are

CounterListener countList = new CounterListener(this);

upButton.addActionListener(countList);

downButton.addActionListener(countList);

The first one creates an instance of CounterListener. The listener receives a
reference (this) to the panel in the constructor. The next two lines associate
the listener to both buttons of the GUI. This completes the implementation of
our GUI. Figure 3.3 shows what the application looks like. The structure of the
its.CounterGUI package can be found in Figure 3.4 as an UML-like diagram3.

2 The last case can only be reached if the action command is neither ‘Up’ nor ‘Down’. We added
this case to make sure that we become aware of an error that could be due, for example, to
changing the text of the buttons in the counter panel.

3 UML stands for ‘Unified Modelling Language’. UML is used to specify the structure of object-
oriented programs also by using graphical representations by the class structure. For more
details see the book by Fowler and Scott in Section 1.5.
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Figure 3.3 The counter application

JFrame JLabel

SimpleFrame

showIt()

CounterFrame

JButton

Counter

increment()
decrement()
reset()
getValue()

CounterPanel

JPanel

increment()
decrement()

CounterListener

actionPerformed(evt)

ActionListener

CounterDriver

main()

A

A A

A

BB

BB is derived from

uses

Legend:

Figure 3.4 The class diagram for the its.CounterGUI package. The test class Coun-
terTest has been omitted

3.5 ■ Summary

In order to develop an interactive GUI the following steps are necessary:

1. Implement and test the model.

2. Implement the view, especially:

(a) Decide which graphical components to use.
(b) Decide how to arrange them.
(c) Decide which layout manager(s) to use.

Page 45 of 92



P1: FCG/SPH P2: FCG/SPH QC: FCG/SPH T1: FCG

PEED003-03 PEED002-Fischer PEED003-Fischer.cls February 10, 2005 4:27

Exercises 35

3. Create an action listener, especially:

(a) Define in method actionPerformed what has to happen in response to an
event.

(b) Use the ActionEvent object to get information about the type of event that
occurred.

4. Assign the action listener to the relevant graphical components of the view.

The user–program interaction then works as follows:

■ The user presses a button.

■ The runtime system detects the user action and creates an event object which
contains information about the action.

■ The runtime system calls method actionPerformed of the listener which is
assigned to the button. The event object is passed to actionPerformed as an
argument.

■ The code in method actionPerformed is executed.

Exercises

3.1 Add a third button to the CounterPanel. It should be located at the bottom
and labelled ‘Reset’. When pressing this button, the counter should be reset
to 0. Then write an application that displays the new panel as in Figure 3.5.

3.2 Write an application that displays two counters as shown in Figure 3.6. Try to
‘recycle’ components already defined, e.g. CounterPanel.

3.3 Write an application that displays four buttons labelled ‘1’, ‘2’, ‘3’ and ‘4’ and
a label. Arrange the components as shown in Figure 3.7. The label initially
displays the text ‘No button pushed’. When one of the four buttons is pushed
the text in the label changes to ‘Last button pushed was no. X’, where X is the
number of the button.

Up Down14

Figure 3.5 Layout for the GUI in Exercise 3.1
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Up 14 Down

Up 22 Down

Figure 3.6 Layout for the GUI in Exercise 3.2

1 2

3 4

Last button pushed was no. 2

Figure 3.7 Layout for the GUI in Exercise 3.3
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4A second GUI

In this chapter we construct another graphical interface. The purpose of this one is
to pass text to a running application.

4.1 ■ The specification of the application

The application is to perform an extremely simple text analysis. The appearance
and functionality of the GUI should look like Figure 4.1. To the right of the text
‘Enter text:’ is an editable area where the user can enter or change text. If one
clicks on the button ‘Analyse’ then a small analysis of the text is performed and
the result is displayed in the following way. The text is converted to capital letters
and copied into the area to the right of ‘Current text:’. The number of occurrences
of the letter ‘E’ in upper or lower case is displayed to the right of ‘No. of Es in
current text:’. At the same time the content of the user editable area is erased.

Title

Enter text: Dannebrog

DANNEBROGCurrent text:

No of  Es in current text:        1

Analyse

Editable
text area

Button

Repetition of
text in upper
case

Fixed texts

Frame

Number of
E in text

Figure 4.1 The specification of the GUI for text analysis

37
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4.2 ■ The model part

The model is implemented in class TextAnalysisModel which is listed below.
The class uses the string variable currentText to store the text to be analysed in
upper-case letters. The integer variable currentNumberOfEs is used to store the
number of ‘E’s in the current text. The two other variables totalNumberOfEs and
totalNumberOfTexts will only be used in the exercises to this chapter.

The actual analysis is performed by method analyse(String str). This con-
verts the string str to upper case and stores the result in currentText. Then the
number of occurrences of the letter ‘E’ in currentText is computed by looking at
every character in the string. The last two lines of analyse update the variables
to be used in the exercises. The four get-methods return the respective values of
the variables.

File: its/TextAnalysisGUI/TextAnalysisModel.java

1. package its.TextAnalysisGUI;

2.

3. public class TextAnalysisModel {

4.

5. private int totalNumberOfEs;

6. private int currentNumberOfEs;

7. private int totalNumberOfTexts;

8. private String currentText;

9.

10. public TextAnalysisModel() {

11. totalNumberOfEs = 0;

12. totalNumberOfTexts = 0;

13. currentText = "";

14. }

15.

16. public void analyse(String str){

17. currentText = str.toUpperCase();

18. currentNumberOfEs = 0;

19. for (int i = 0; i < currentText.length(); i++) {

20. if(currentText.charAt(i) == 'E'){

21. currentNumberOfEs++;

22. }//if

23. }//for i

24. totalNumberOfEs += currentNumberOfEs;

25. totalNumberOfTexts++;

26. }// analyse

27.

28. public int getCurrentNumberOfEs(){
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29.return(currentNumberOfEs);

30.}

31.

32.public String getCurrentText(){

33.return(currentText);

34.}

35.

36.public int getTotalNumberOfEs(){

37.return(totalNumberOfEs);

38.}

39.

40.public int getTotalNumberOfTexts(){

41.return(totalNumberOfTexts);

42.}

43.}

We do not list the test class here but it should be obvious which functions it has
to check.

4.3 ■ The view part

We use one new Swing component to construct this GUI, described below.

4.3.1 � Text fields

Text fields display a single line of text. The text can be edited by the user. The
class JTextField realizes text fields in Java. To edit a text, click inside the text
field and a cursor will appear. The text field automatically scrolls horizontally if
the text gets long. This functionality is built in. Text fields are non-transparent
and have a white background and black text by default.

public JTextField(String text);

public String getText();

public void setText(String text);

public void setForeground(Color c);

public void setBackground(Color c);

JTextField(String text) constructs a text field which displays the text.

setText(String text) replaces the text currently displayed in the text field by
text.

getText() returns the text currently displayed in the text field as a String.

setForeground(Color c) sets the text colour to c.

setBackground(Color c) sets the background colour to c.
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4.3.2 � Constructing the view

We now describe how to construct the GUI. Figure 4.2 shows the structure. We
take a frame with border layout. The class is called TextAnalysisFrame and is
derived from SimpleFrame. At the bottom (South) we ‘glue’ a JButton into the
frame. In the middle (centre) we glue a panel of type TextAnalysisPanel. This
panel is defined to take the text components. It has a 3 × 2 grid layout. The grid
contains – in this order – a label, a text field and four more labels. The components
are coloured to make them easier to distinguish and the gap between rows and
columns is increased. Through these gaps we can see the yellow background of
the panel.

Other ways of constructing the GUI are possible. One could use another panel
that contains the ‘Analyse’ button and the text analysis panel. In this case the
listener should be instantiated in the new panel.

To achieve the desired functionality, we define the method startAnalysisAnd-
DisplayResult in TextAnalysisPanel. This method reads the text from text field
inputField and passes it to the text analysis model by calling method analyse of
TextAnalysisModel. The panel itself does not know how the text is analysed. The
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Figure 4.2 The blueprint for our GUI
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result of the analysis (the text in upper case and the number of ‘E’s in it) is then
acquired from the text analysis model by calling the appropriate get-methods of
the TextAnalysisModel. The results are displayed and the text in the text field is
erased, i.e. replaced by the empty string.

We now list the two classes defining the view.

File: its/TextAnalysisGUI/TextAnalysisFrame.java

1.package its.TextAnalysisGUI;

2.

3.import its.SimpleFrame.SimpleFrame;

4.import java.awt.*;

5.import javax.swing.JButton;

6.

7.public class TextAnalysisFrame extends SimpleFrame

8.{

9.public TextAnalysisFrame()

10.{

11.this.setSize(300,150);

12.TextAnalysisPanel taPanel = new TextAnalysisPanel();

13.this.getContentPane().add(taPanel,BorderLayout.CENTER);

14.JButton analyseButton = new JButton("Analyse");

15.analyseButton.setBackground(Color.blue);

16.analyseButton.setForeground(Color.yellow);

17.this.getContentPane().add(analyseButton,BorderLayout.SOUTH);

18.

19.TextAnalysisListener taList = new TextAnalysisListener(taPanel);

20.

21.analyseButton.addActionListener(taList);

22.}

23.

24.}

File: its/TextAnalysisGUI/TextAnalysisPanel.java

1.package its.TextAnalysisGUI;

2.

3.import java.awt.Color;

4.import java.awt.GridLayout;

5.import javax.swing.JLabel;

6.import javax.swing.JPanel;

7.import javax.swing.JTextField;
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8.

9. public class TextAnalysisPanel extends JPanel

10. {

11. private JLabel lastTextLabel;

12. private JLabel numberOfEsLabel;

13. private JLabel numberOfTextsLabel;

14. private JTextField inputField;

15. private TextAnalysisModel analysisModel;

16.

17. public TextAnalysisPanel()

18. {

19. analysisModel = new TextAnalysisModel();

20.

21. this.setBackground(Color.yellow);

22. this.setLayout(new GridLayout(3,2,10,10));

23. JLabel questionLabel = new JLabel("Enter text:");

24. JLabel replyLabel = new JLabel("Current text:");

25. JLabel numberTextLabel = new JLabel("No. of Es in current text:");

26. lastTextLabel = new JLabel("");

27. numberOfEsLabel = new JLabel("--");

28. inputField = new JTextField("");

29.

30. questionLabel.setOpaque(true);

31. questionLabel.setBackground(Color.black);

32. questionLabel.setForeground(Color.white);

33.

34. replyLabel.setOpaque(true);

35. replyLabel.setBackground(Color.black);

36. replyLabel.setForeground(Color.white);

37.

38. numberTextLabel.setOpaque(true);

39. numberTextLabel.setBackground(Color.black);

40. numberTextLabel.setForeground(Color.white);

41.

42. numberOfEsLabel.setOpaque(true);

43. numberOfEsLabel.setBackground(Color.red);

44. numberOfEsLabel.setForeground(Color.white);

45.

46. lastTextLabel.setOpaque(true);

47. lastTextLabel.setBackground(Color.red);

48. lastTextLabel.setForeground(Color.white);

49.

50. this.add(questionLabel);

51. this.add(inputField);

52. this.add(replyLabel);

53. this.add(lastTextLabel);
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54.this.add(numberTextLabel);

55.this.add(numberOfEsLabel);

56.}

57.

58.public void startAnalysisAndDisplayResult()

59.{

60.String text = inputField.getText();

61.analysisModel.analyse(text);

62.lastTextLabel.setText(analysisModel.getCurrentText());

63.int noOfEs = analysisModel.getCurrentNumberOfEs();

64.numberOfEsLabel.setText(Integer.toString(noOfEs));

65.inputField.setText("");

66.}

67.

68.}

4.4 ■ The control part

Class TextAnalysisListener implements the interface ActionListener. It
is required to implement method actionPerformed. Here actionPerformed

calls the method startAnalysisAndDisplayResult of TextAnalysisPanel. To
this end the TextAnalysisListener has to know the TextAnalysisPanel. This
is achieved by passing (a reference) to TextAnalysisPanel in the constructor of
TextAnalysisListener.

public TextAnalysisListener(TextAnalysisPanel taPanel)

Class TextAnalysisFrame generates an instance of TextAnalysisListener and
assigns it to the button labelled ‘Analyse’.

TextAnalysisListener taList = new TextAnalysisListener(taPanel);

analyseButton.addActionListener(taList);

Below are the listings of the class TextAnalysisListener.java and the driver
class testanalysisTest.java. Figure 4.3 shows the result.

Figure 4.3 The appearance of the text analysis GUI
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File: its/TextAnalysisGUI/TextAnalysisListener.java

1. package its.TextAnalysisGUI;

2.

3. import java.awt.event.ActionEvent;

4. import java.awt.event.ActionListener;

5.

6. public class TextAnalysisListener implements ActionListener

7. {

8. private TextAnalysisPanel taPanel;

9.

10. public TextAnalysisListener(TextAnalysisPanel t)

11. {

12. taPanel = t;

13. }

14.

15. public void actionPerformed(ActionEvent evt)

16. {

17. taPanel.startAnalysisAndDisplayResult();

18. }

19. }

File: its/TextAnalysisGUI/TextAnalysisDriver.java

1. package its.TextAnalysisGUI;

2.

3. public class TextAnalysisDriver

4. {

5. public static void main(String[] args)

6. {

7. TextAnalysisFrame taFrame = new TextAnalysisFrame();

8. taFrame.showIt("Text analysis");

9. }

10. }

4.5 ■ The embedding structure

Both the GUI in this chapter and the counter GUI of Chapter 3 were constructed
by a hierarchical embedding. This means that some components are first em-
bedded into a parent component and then the parent component is embedded
into a grandparent component. Hierarchical embeddings can span even more
generations.
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(a) (b)

Figure 4.4 (a) A legal and (b) an illegal embedding structure. The illegal structure contains
a cycle consisting of components B, C and D. The arrow from component B to component
A means that B is embedded in A

The important rule to obey with hierarchical embeddings is that they have to
be cycle-free. This means that there is no cyclic embedding such as component A
into component B, and component B into component C and then component C
into component A. Formally, the embedding structure has to form a rooted tree;
see also Figure 4.4. A cyclic embedding will result in a runtime error.

Exercises

4.1 Augment the text analysis application in two steps:

(1) Add two more rows to the TextAnalysisPanelwhich display the num-
ber of all texts analysed so far and total number of ‘E’s seen in these texts.
The model supplies this information.

(2) Add another button labelled ‘Reset’. When this button is pushed the
total number of texts and the total number of ‘E’s seen are set to 0. This
also requires a change of the model part.

4.3 Construct a traffic light GUI. At the bottom there is a button. Clicking the
button makes the traffic light go to the next phase, i.e. ‘red’, ‘red-yellow’,
‘green’, ‘yellow’, and back to ‘red’. Above, the current lights should be shown
as colours or text; see Figure 4.5.

RED
YELLOW

Figure 4.5 Sketch for the traffic light in Exercise 4.2

4.4 Design a GUI, with three buttons and one panel. The buttons are labelled
‘red’, ‘blue’ and ‘yellow’. When clicking on a button the panel should show
the corresponding colour; see Figure 4.6.
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red

blue

yellow

red blue

yellow

Figure 4.6 Sketch for Exercise 4.3

4.5 Construct an application where you can enter texts one after the other. After
entering a new text the application tells you whether this text has been
entered before or not.
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5Displaying a
drawing

In this chapter we shall learn how a program can display a drawing in a panel. For
now, the drawing is predefined and cannot be altered by the user.

To display graphics we use panels as canvases. The whole rectangular area of a
panel can be used to draw on, no matter whether it is currently visible or not.
The central means for drawing is method paintComponent of class JPanel. This
method redraws the panel. It is automatically called by the runtime system when
necessary; for example, when the GUI is resized. All the commands to draw some-
thing into the panel should therefore be put into that method. More precisely we !override paintComponent to add our own commands.

It is important never to call paintComponent directly in order to initiate a
redrawing. To do that, one calls the repaint()-method of the panel. This is done
to avoid conflicts between redrawing and other operations of the runtime system.
A call to repaint does not immediately repaint a component. Instead it tells the
runtime system that one would like the component to be redrawn. The system
calls paintComponent after other pending actions have been completed; see also
Chapter 20.

5.1 ■ Method paintComponent

Method paintComponent of class JPanel has the following syntax:

public void paintComponent(Graphics g)

It receives a parameter g of type Graphics. This is an abstract class from the AWT
library. A Graphics object connects the Java drawing commands to the actual
drawing mechanism of the current computer. The class Graphics also provides
methods to draw into a panel. As we will never call paintComponent directly,
we do not have to construct a Graphics object; this is done by the operating
system.

To add our own drawings to a panel we extend paintComponent by adding
graphics commands. To this end we override paintComponent. Of course we do

47
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not want to lose the original function of paintComponent, namely to draw the
panel itself, especially its background. Hence we call the original method using! the super command. This has to be the first command in our implementation
of paintComponent. Then our own graphic commands follow. Hence we have the
following generic structure:

public void paintComponent(Graphics g) {

super.paintComponent(g);

// Own graphics command

// which draws on the panel.

}

We are then sure that first the empty panel is drawn, and then our drawing is
displayed. In particular, any existing old drawing is erased before our drawing is
begun.

5.2 ■ The graphics commands

The class Graphics supplies a number of commands for drawing. We present only
a few – further commands can be found in the Java documentation.

drawLine(int xstart, int ystart, int xend, int yend)

drawRect(int xleft, int ytop, int width, int height)

drawOval(int xleft, int ytop, int width, int height)

drawString(String text, int xleft, int ybottom)

fillRect(int xleft, int ytop, int width, int height)

fillOval(int xleft, int ytop, int width, int height)

setColor(Color col)

We explain the commands below; see also Figure 5.1. The coordinates are in pixels
in the Java coordinate system. The shapes are drawn in the order in which the
graphic commands are executed. If shapes overlap, the one drawn later covers
those drawn previously.

drawLine(xstart,ystart,xend,yend) draws a line segment between the points
with coordinates (xstart, ystart) and (xend, yend).

drawRect(xleft,ytop,width,height) draws the contour of an axes-aligned
rectangle. The upper left corner of the rectangle is at (xleft, ytop). It is width
pixels wide and height pixels tall.

drawOval(xleft,ytop,width,height) draws the contour of an ellipse. The axes
of the ellipse are parallel to the coordinate axes. The upper left corner of the
bounding rectangle of the ellipse is at (xleft, ytop) and is called the reference
point. The horizontal axis of the ellipse has length width, the vertical one
height.
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Figure 5.1 The effect of the commands drawLine(10,20,30,10), drawRect(40,25,
20,10) and drawOval(80,40,10,20). The dotted lines and the dimensions do not ap-
pear in the graphic. The bounding rectangle for the oval is shown as a dotted line

drawString(text,xleft,ybottom) draws the string text. The lower left corner
of the bounding rectangle of the text is at (xleft, ybottom). This is the reference
point.

fillRect draws a filled rectangle using the current colour, otherwise like
drawRect.

fillOval draws a filled ellipse using the current colour, otherwise like drawOval.

setColor(col) sets the colour of the drawing to col. This colour is used until the
setColor command is used again.

5.3 ■ A simple graphical application

Our application is only to demonstrate the use of the graphic commands inside
paintComponent. As there is no user interaction that changes the drawing,
we do not need a model or control part. In the example we derive a class
SimpleGraphicsPanel from JPanel. In the constructor we set the background
to white (it is normally grey) and set the size to 300 × 300 pixels. Then method
paintComponent is overridden. As explained above, we first make a call to the
original paintComponent method. Then follow a number of graphics commands
which set the drawing colour and draw various shapes and a string. The com-
mands are provided by the Graphics class of AWT and thus have the syntax
g.drawSomething where g is an instance of Graphics. Now whenever the panel
is redrawn these commands are executed and the graphical objects are displayed.
Note that drawing a filled object with the background colour makes parts of other
objects ‘disappear’. In the example a white oval partly covers a cyan coloured
one.
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File: its/SimpleGraphics/SimpleGraphicsPanel.java

1. package its.SimpleGraphics;

2.

3. import java.awt.*;

4. import javax.swing.JPanel;

5.

6. public class SimpleGraphicsPanel extends JPanel

7. {

8. public SimpleGraphicsPanel()

9. {

10. this.setBackground(Color.white);

11. this.setPreferredSize(new Dimension(300,300));

12. }

13.

14. public void paintComponent(Graphics g)

15. {

16. super.paintComponent(g);

17. g.setColor(Color.black);

18. g.drawLine(10,10,100,100);

19. g.setColor(Color.red);

20. g.drawLine(10,100,100,10);

21. g.setColor(Color.green);

22. g.drawOval(120,60,70,40);

23. g.setColor(Color.yellow);

24. g.fillOval(230,150,30,30);

25. g.setColor(Color.red);

26. g.fillOval(245,150,30,30);

27. g.setColor(Color.black);

28. g.fillOval(238,160,30,30);

29. g.setColor(Color.cyan);

30. g.fillOval(10,120,100,60);

31. g.setColor(this.getBackground());

32. g.fillOval(50,140,100,60);

33. g.setColor(Color.blue);

34. g.drawString("Swing is nice.",100,200);

35. }

36. }

The next two listings define class SimpleGraphicsFrame and SimpleGraphics-

Driver. In the constructor of SimpleGraphicsFrame a SimpleGraphicsPanel is
created and glued into the frames content pane. The pack() command ensures
that the frame is packed around the embedded panel and the latter is visible in
its full size. Class SimpleGraphicsDriver is the driver class. Figure 5.2 shows the
result.
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Figure 5.2 Result of SimpleGraphicsFrame. The covering of shapes occurs in the order
in which the graphic commands are processed

File: its/SimpleGraphics/SimpleGraphicsFrame.java

1.package its.SimpleGraphics;

2.

3.import its.SimpleFrame.SimpleFrame;

4.import java.awt.BorderLayout;

5.

6.public class SimpleGraphicsFrame extends SimpleFrame

7.{

8.

9.public SimpleGraphicsFrame()

10.{

11.this.setTitle("Simple Graphics");

12.

13.SimpleGraphicsPanel SGP = new SimpleGraphicsPanel();

14.this.getContentPane().add(SGP,BorderLayout.CENTER);

15.

16.pack();

17.}

18.}

File: its/SimpleGraphics/SimpleGraphicsDriver.java

1.package its.SimpleGraphics;

2.

3.public class SimpleGraphicsDriver

4.{

5.
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6. public SimpleGraphicsDriver()

7. {

8. SimpleGraphicsFrame SGF = new SimpleGraphicsFrame();

9. SGF.showIt();

10. }

11. public static void main(String[] args)

12. {

13. SimpleGraphicsDriver sgt = new SimpleGraphicsDriver();

14. }

15. }

Exercises

5.1 Check and explain what happens if one omits the super-command in paint-

Component or if it is put at the end of paintComponent.

5.2 Add further graphic commands to paintComponent. Test what happens if
you draw outside the currently visible area. Resize the window.

5.3 A repaint of the GUI is initiated by the runtime system quite frequently. We
would like to see how often this occurs. To this end, define an integer variable
noOfRepaints in SimpleGraphicsPanel and set it to zero in the construc-
tor. Increment this variable in method paintComponent. Then its current
value is the number of calls to paintComponent. Add a command to paint-

Component which draws the value of noOfRepaints into the panel with
some explanation, for example, ‘The number of redraws is’. Move and resize
the panel to see how many repaints are actually performed.
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In this chapter we learn how the mouse is integrated into an application. We shall
see how the mouse motion and the use of buttons can be monitored and used by
an application.

In this chapter we describe how to use the mouse1 in a Swing component. In
previous chapters we used the mouse indirectly as a means of pressing buttons.
As buttons can be pressed in other ways (by a finger on a touch screen), these
applications reacted to buttons but they did not react to the mouse itself.

In order to directly integrate the mouse into an application we have to add a
mouse listener to some component. The listener then keeps an eye on the mouse
and starts user-defined actions if certain events occur. Such events can be clicking
a mouse button, the mouse leaving or entering the component, a change of the !mouse position while inside the component, etc. Note that the listener is assigned
to a component not to the mouse itself. It tracks the mouse only while it is inside
the component.

Often one is interested in the mouse buttons or in the mouse motion but not
both. Therefore there are two listeners defined by the interfaces MouseListener
and MouseMotionListener in the AWT library java.awt.event. The first is for
handling the mouse buttons while the latter monitors the motion. To add a mouse
listener to a Swing component comp use

comp.addMouseListener(MouseListener mouseListener);

comp.addMouseMotionListener(MouseMotionListener motionListener);

In Chapters 3 and 4 we introduced the ActionListener and the corresponding
ActionEvent. The implementation of an ActionListener requires the imple-
mentation of only a single method, actionPerformed. Mouse listeners have more
methods which correspond to different mouse actions. There is also a special
event, the MouseEvent. This is discussed in the following sections.

1 We use the term ‘mouse’ also to denote the reference point (hot spot) of the mouse pointer
icon.

53
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6.1 ■ The mouse listener

Interface MouseListener allows us to react to the use of the mouse buttons and to
entering or leaving the component to which the mouse listener is assigned. When-
ever the mouse enters or leaves the component or a mouse button is used inside
that component then the runtime system generates a MouseEvent and informs the
listener. Depending on the event, different methods of the listener are called. The
event object is passed as an argument to the method. The event object contains
information on the event; see Section 6.3 below. Interface MouseListener has five
such methods, all of which have to be implemented:

void mouseClicked(MouseEvent mevt)

void mouseEntered(MouseEvent mevt)

void mouseExited(MouseEvent mevt)

void mousePressed(MouseEvent mevt)

void mouseReleased(MouseEvent mevt)

mouseClicked(MouseEvent mevt) is automatically called by the runtime system
when a mouse button is clicked2. To find out which button was clicked one has
to look at the MouseEvent object mevt, see Section 6.3.

mouseEntered(MouseEvent mevt) is automatically called by the runtime system
if the mouse enters the component to which the listener is associated.

mouseExited(MouseEvent mevt) is automatically called by the runtime system
if the mouse leaves the component to which the listener is associated.

mousePressed(MouseEvent mevt) is automatically called by the runtime system
if a mouse button is pressed. To find out which button was pressed one has to
look at the MouseEvent object mevt, see Section 6.3.

mouseReleased(MouseEvent mevt) is automatically called by the runtime sys-
tem if a mouse button is released. To find out which button was released one
has to look at the MouseEvent object mevt, see Section 6.3.

A click results in calling three methods, mousePressed, mouseReleased and
mouseClicked.

6.2 ■ The mouse motion listener

Interface MouseMotionListener supplies methods to track the mouse. If a Mouse-
MotionListener is assigned to a Swing component and the mouse is moved while
inside this component then the runtime system generates a MouseEvent and

2 In most operating systems ‘clicking’ is equivalent to ‘press and release’.
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informs the listener. Depending on whether the mouse was moved or dragged3,
different methods of the listener are called. The event object is passed as an
argument to the method. A MouseMotionListener has two methods; both of which
have to be implemented:

void mouseMoved(MouseEvent mevt)

void mouseDragged(MouseEvent mevt)

mouseMoved(MouseEvent mevt) is automatically called if the mouse is moved
while it is in a component that the listener is associated to. The new mouse
position can be found by analysing the event object mevt. The mouse is ‘moved’
if the runtime system receives a signal from the mouse. Usually this results in
a change of the position of the mouse pointer on the screen by at least one
pixel.

mouseDragged(MouseEvent mevt) is automatically called if the mouse is moved
while a mouse button is pressed.

6.3 ■ Mouse events

The methods described above all receive a (MouseEvent) as a parameter. This
object contains information on what triggered the listener. The following meth-
ods from the class MouseEvent show where the event occurred. The x- and y-
coordinates are in pixels in the coordinate system of the component to which the
listener is assigned:

int getX()

int getY()

To find out which button was used we can use the following methods from class
SwingUtilities. They return true if the button appearing in the method name
is used, and false otherwise:

boolean SwingUtilities.isLeftMouseButton(MouseEvent me)

boolean SwingUtilities.isMiddleMouseButton(MouseEvent me)

boolean SwingUtilities.isRightMouseButton(MouseEvent me)

Java does not (yet) support double clicks. One can use method

int getClickCount()

to determine the number of clicks in a short period. The length of this period de-
pends on the platform and can usually be set using utilities of the operating system.
Then a double click can be checked by using if(mevt.getClickCount() == 2).

3 Dragging means moving the mouse with a button pressed.
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6.4 ■ A first mouse application

6.4.1 � Specification of the application

Let us specify the application that demonstrates the mouse listeners. The compo-
nent to which the mouse listeners are associated will be a 300 × 300 panel that is
centrally placed in a frame. Below that is another panel which displays information
about the mouse. We would like to display the current mouse position, the number
of clicks of the mouse button and whether the mouse is inside or outside the 300 ×
300 panel. The information is continuously updated. The intended layout can be
seen in Figure 6.1. We describe the implementation of the view and control parts;
a model part is not implemented because there is hardly any data to be handled.

6.4.2 � The view part

For the implementation we define the class MouseEventPanel. The panel (now)
has no methods of its own; it serves only as a playground for the mouse. It will be
the central component in a frame of type MouseEventFrame which we also define.
The mouse listeners will be assigned to this panel. They will then track the mouse
while it is in the panel.

Below the mouse event panel (South) we add another panel to the frame. This
is of type StatusPanel and will be used to display information on the mouse.

mouse is in component: yes
number of clicks:

x = 137
27

y = 53position:

Figure 6.1 The layout of the first mouse application
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A StatusPanel has a 3 × 3 grid layout, containing nine labels. The first one in
every row contains a fixed text, e.g. ‘Position’, the second and third are used to
display varying information, e.g. the current x- and y-coordinates of the mouse.
Two labels are ‘dummies’ placed at unused positions in the grid. A StatusPanel

has methods to set the coordinate values, the click count and the information
whether the mouse is in or out. Figure 6.2 shows how the components are arranged.
The listings of the classes are given below. In MouseEventFrame instances of My-
MouseListener and MyMousePositionsListener are created and are both as-
signed to the MouseEventPanel. This demonstrates that more than one can be
assigned to a single component.

mo
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= 
13
7

27

ye
s

y 
= 
53

nine JLabels

JPanel

JFrame

JPanel with
3 × 3 grid layout

Figure 6.2 A blueprint for the view part of the mouse application
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File: its/MouseEvents/MouseEventFrame.java

1. package its.MouseEvents;

2.

3. import its.SimpleFrame.SimpleFrame;

4. import java.awt.BorderLayout;

5.

6. public class MouseEventFrame extends SimpleFrame

7. {

8. MouseEventPanel mePanel = new MouseEventPanel();

9. StatusPanel stPanel = new StatusPanel();

10.

11. public MouseEventFrame()

12. {

13. this.setTitle("Mouse application");

14. this.getContentPane().add(mePanel,BorderLayout.CENTER);

15. this.getContentPane().add(stPanel,BorderLayout.SOUTH);

16. pack();

17.

18. MyMousePositionsListener mPosAdpt =

new MyMousePositionsListener(stPanel);

19. mePanel.addMouseMotionListener(mPosAdpt);

20.

21. MyMouseListener MAdpt = new MyMouseListener(stPanel);

22. mePanel.addMouseListener(MAdpt);

23.

24. }

25. }

File: its/MouseEvents/MouseEventPanel.java

1. package its.MouseEvents;

2.

3. import java.awt.Color;

4. import java.awt.Dimension;

5. import javax.swing.JPanel;

6.

7. public class MouseEventPanel extends JPanel

8. {

9. public MouseEventPanel()

10. {

11. this.setBackground(Color.white);

12. this.setPreferredSize(new Dimension(300,300));

13. }

14. }
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File: its/MouseEvents/StatusPanel.java

1.package its.MouseEvents;

2.

3.import java.awt.GridLayout;

4.import javax.swing.JLabel;

5.import javax.swing.JPanel;

6.

7.public class StatusPanel extends JPanel

8.{

9.private JLabel posText = new JLabel("position:");

10.private JLabel XCoord = new JLabel("0", JLabel.RIGHT);

11.private JLabel YCoord = new JLabel("0", JLabel.RIGHT);

12.private JLabel countText = new JLabel("no. of clicks");

13.private JLabel counts = new JLabel("0", JLabel.RIGHT);

14.private JLabel dummy1 = new JLabel();

15.private JLabel inOutText = new JLabel("mouse is in comp.");

16.private JLabel inOut = new JLabel("no", JLabel.RIGHT);

17.private JLabel dummy2 = new JLabel();

18.private int clickCount = 0;

19.

20.public StatusPanel()

21.{

22.this.setLayout(new GridLayout(3,3));

23.this.add(posText);

24.this.add(XCoord);

25.this.add(YCoord);

26.this.add(countText);

27.this.add(counts);

28.this.add(dummy1);

29.this.add(inOutText);

30.this.add(inOut);

31.this.add(dummy2);

32.}

33.// Updates the displayed coordinates of the mouse position.

34.public void setCoordinates(int x, int y)

35.{

36.XCoord.setText(Integer.toString(x));

37.YCoord.setText(Integer.toString(y));

38.}

39.// Sets the information whether the mouse is in or out.

40.public void setInOut(String str)

41.{

42.inOut.setText(str);

43.}

44.// Increments the click count and displays it.
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45. public void incrementClickCount(){

46. clickCount++;

47. counts.setText(Integer.toString(clickCount));

48. }

49. }

6.4.3 � The control part

The control part has to implement the following functionality:

■ If the mouse is in the MouseEventPanel the StatusPanel displays the current
mouse coordinates and a ‘yes’.

■ If the mouse is not in the MouseEventPanel, the StatusPanel displays the
coordinates (−1, −1) and a ‘no’.

■ When a mouse button is clicked the click count is increased by one.

■ Whenever the mouse is moved or a button is clicked, the information in the
status panel is updated.

■ The initial values to the coordinates and click count are all zero, and ‘no’ is
displayed.

To implement the first function we derive class MyMousePositionsListener

from MouseMotionListener. The listener is assigned to the MouseEventPanel.
We override method mouseMoved in such a way that it sets the current coordi-
nates in the status panel. In order for the MyMousePositionsListener to have
access to the status panel it receives a reference to the panel in the construc-
tor. As the method mouseMoved is executed every time the mouse is moved (in
the panel) we always display the current coordinates. Method mouseDragged is
implemented with empty body because we have not specified any reaction to
dragging.

The second, third and fourth functions are realized by a mouse listener, namely
the class MyMouseListener derived from MouseListener. There we imple-
ment the methods mouseEntered and mouseExited such that they set the text
of the inOut label in the status panel and also the coordinates to (−1, −1)
when exiting MouseEventPanel. For the fourth function, method mouseClicked

in MyMouseListener is implemented to call incrementClickCount() of
MouseEventPanel. In order for MyMouseListener to have access to the status
panel it receives a reference to the panel in the constructor. Methods Mouse-

Pressed and MouseReleased are not needed and therefore implemented with no
functions, i.e. with empty bodies.

This completes the application (see Figure 6.3); the listings of the two listener
classes and the driver class MouseEventDriver are given below.
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Figure 6.3 The first mouse application

File: its/MouseEvents/MyMousePositionsListener.java

1.package its.MouseEvents;

2.

3.import java.awt.event.MouseEvent;

4.import java.awt.event.MouseMotionListener;

5.

6.public class MyMousePositionsListener implements MouseMotionListener

7.{

8.private StatusPanel statusPane;

9.

10.public MyMousePositionsListener(StatusPanel s)

11.{

12.statusPane = s;

13.}

14.

15.public void mouseMoved(MouseEvent evt)

16.{

17.statusPane.setCoordinates(evt.getX(),evt.getY());

18.}

19.

20.public void mouseDragged(MouseEvent evt)

21.{

22.// implemented with empty body

23.}

24.}
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File: its/MouseEvents/MyMouseListener.java

1. package its.MouseEvents;

2.

3. import java.awt.event.MouseEvent;

4. import java.awt.event.MouseListener;

5.

6. public class MyMouseListener implements MouseListener

7. {

8. private StatusPanel statusPane;

9.

10. public MyMouseListener(StatusPanel s)

11. {

12. statusPane = s;

13. }

14.

15. public void mouseEntered(MouseEvent e)

16. {

17. statusPane.setInOut("yes");

18. }

19.

20. public void mouseExited(MouseEvent e)

21. {

22. statusPane.setInOut("no");

23. statusPane.setCoordinates(-1,-1);

24. }

25.

26. public void mouseClicked(MouseEvent e)

27. {

28. statusPane.incrementClickCount();

29. }

30.

31. public void mousePressed(MouseEvent e)

32. {

33. //implemented with empty body

34. }

35.

36. public void mouseReleased(MouseEvent e)

37. {

38. //implemented with empty body

39. }

40.

41. }
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File: its/MouseEvents/MouseEventDriver.java

1.package its.MouseEvents;

2.

3.public class MouseEventDriver

4.{

5.public static void main(String[] args)

6.{

7.MouseEventFrame MEF = new MouseEventFrame();

8.MEF.showIt();

9.}

10.}

Exercises

6.1 Change the status panel such that instead of the number of all clicks, the
number of clicks of the right and left buttons are displayed separately. Aug-
ment the mouse listener such that these functions work. Recall that the class
SwingUtilites provides methods to check which button was used.

6.2 Add the following function to the application described in Section 6.4. If the
mouse is in the ‘upper left corner’ of the MouseEventPanel then the colour
of this panel changes to yellow. By the upper left corner we mean the x- and
y-coordinates of the click position are both less than 50. If the mouse is inside
of the MouseEventPanel but outside the upper left corner then the colour
is white.
Hint: Find out which listeners have to be modified. If necessary, pass more
references to the listeners in their constructors. To change the colour of a
panel use the following two commands:

this.setBackground(Color.yellow);

this.repaint();

6.3 Remove the status panel from the application and display the information in
the MouseEventPanel. Do not embed any components into that panel, use
paintComponent.
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7Interactive graphics

In Chapter 5 we saw how an application can display predefined graphics. In Chap-
ter 6 the mouse was embedded into an application. We shall now see how to
combine these two things so that one can interactively generate and manipulate
graphics.

We extend the application from Chapter 6 by an interactive part. This will enable
you to generate and alter a drawing using the mouse. The drawing consists of
circles that are added to or removed by mouse clicks. The resulting application
has a model, a view and a control part. The model part consists of a class defining
a circle and a class defining a data structure which stores the circles currently in
the graphic and which also supplies methods to add a circle or remove one. The
view part is mostly like the application in Chapter 6. The class MouseEventPanel
of Chapter 6 is augmented by overriding its paintComponent method as described
in Chapter 5. The control part is implemented by extending the listeners from
Chapter 6.

7.1 ■ Specification of the GUI

The layout is very much like that in Figure 6.1. We therefore specify only the
additional functions:

■ If clicking the left mouse button inside the 300 × 300 panel, a small filled black
circle appears at the current mouse position.

■ If clicking the right mouse button the circle closest to the current mouse po-
sition is removed, but only if the distance is less than 30 pixels. Distances are
in the Euclidean metric of R

2. If more than one circle has the same distance
to the click position, choose an arbitrary one.

■ The status panel now also displays the current number of circles.
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7.2 ■ The model part

In this section we describe two classes that form the model part of our application:
Circle and CircleAdministration. The first is an abstract representation of a
circle and the second is used to administer the circles currently in the drawing.
Here ‘abstract’ means that a Circle is independent of its graphical representation.
A circle is specified by defining two quantities: the location of the centre and its
radius. As we do not want to restrict ourselves to pixel coordinates, we use double
variables. The class has methods to compute the distance of the centre to a given
point. The class CircleAdministration stores the circles that are currently in
the graphic. It also supplies methods to add a circle or to remove one.

7.2.1 � Circles

Class Circle has three double fields, x, y and radius, which contain the co-
ordinates of the centre of the circle and its radius, respectively. Following the
object-oriented paradigm of Java, only the class Circle knows how to draw a cir-
cle. Therefore, Circle provides a method draw which contains the graphics com-
mands to draw the circle. These commands need a graphics reference (Graphics)
which is given as an argument to draw. Note that the draw-method of class Circle !actually is a view part method. Thus, the distinction of view and model part in
this case is not only between classes but also inside a single class: some methods
handle ‘view’ aspects and others ‘model’ aspects.

The data on the centre and radius of the circle are stored as double; the draw
method, however, needs integers. We convert double to integers by simply round-
ing to the nearest integer. We shall learn about a better and more flexible way of
converting to pixel coordinates in Section 13.3. The fillOval-method expects
the upper right corner of the bounding box and the width and height of the box
as parameters. The coordinates are found by subtracting the radius from the co-
ordinates of the centre of the circle. By multiplying the radius by two we find the
width and height. To keep the code short we do not check whether the values are
plausible, e.g. that the radius or the pixel coordinates are non-negative.

Class Circle also supplies the method distance(double x1, double y1)

which computes the Euclidean distance between the circle’s centre and the point
(x1, y1). This method is used to determine which circle is closest to the location
of a mouse click and has to be deleted.

File: its/InteractiveGraphic/Circle.java

1.package its.InteractiveGraphic;

2.

3.import java.awt.Graphics;

4.

5.public class Circle

6.{

7.
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8. private double x,y,radius;

9.

10. public Circle(double xx, double yy, double rad)

11. {

12. x = xx;

13. y = yy;

14. radius = rad;

15. }

16.

17. // Draws the circle

18. public void draw(Graphics g)

19. {

20. g.fillOval((int)Math.round(x-radius),(int)Math.round(y-radius),

21. (int)Math.round(2.0*radius),(int)Math.round(2.0*radius));

22. }

23.

24. // Computes the distance between the circle’s

25. // centre and the point (x1,y1).

26. public double distanceTo(double x1, double y1)

27. {

28. return(Math.sqrt(Math.pow(x-x1,2)+Math.pow(y-y1,2) ));

29. }

30. }

7.2.2 � A data structure to administer circles

Class CircleAdministration does most of the work. The heart of it is an object
of type Vector. This is a class predefined in Java; one can think of it as an array
with flexible length. Vectors can store arbitrary objects. If a vector contains n
objects then they are indexed from 0 to n − 1. The vector circles used in Circle-

Administration stores the Circle objects currently in our graphic. To access the
ith object one uses the method get(i). The method returns an Object and thus
one has to cast it to the correct data type, a Circle in our case1. The syntax for
this is:

(Circle)(circles.get(i))

Besides the constructor, the class CircleAdministration has the following meth-
ods:

void addCircle(Circle circ)

void removeNearestCircle(int x1, int y1)

void drawAll(Graphics g)

int getNoOfCircles()

1 Version 1.5 of the Java SDK (software development kit) allows typed vectors to be defined.
These can only store objects from a single class, e.g. only Circles. This avoids casting.

Page 77 of 92



P1: JYS
PEED003-07 PEED002-Fischer PEED003-Fischer.cls February 10, 2005 4:28

Interactive graphics 67

addCircle(circ) adds circle circ to vector circles.

removeNearestCircle(x1,y1) determines a circle stored in vector circles

whose centre has minimum distance to the point (x, y). If the distance is at
most 30 (pixel), then the circle is removed from circles.

drawAll(g) draws all circles currently stored in circles. This is done by calling
the draw-method of each of them. The Graphics object g is passed on.

getNoOfCircles() returns the number of circles currently stored in vector cir-
cles.

In method removeNearestCircle(x1,y1) the circle to be removed is found by
computing the distances of the point (x1, y1) to the centre of all circles. This
is not the most effective way of doing this but we choose it to keep the code
short.

File: its/InteractiveGraphic/CircleAdministration.java

1.package its.InteractiveGraphic;

2.

3.import java.awt.Graphics;

4.import java.util.Vector;

5.

6.public class CircleAdministration

7.{

8.private Vector circles;

9.

10.public CircleAdministration()

11.{

12.circles = new Vector();

13.}

14.

15.public void addCircle(Circle circ)

16.{

17.circles.add(circ);

18.}

19.

20.public void removeNearestCircle(int x1, int y1)

21.{

22.Circle circ;

23.double minDist = Double.MAX_VALUE;

24.int minDistIndex = -1;

25.for (int i=0 ; i < circles.size() ; i++)

26.{

27.circ = (Circle)(circles.get(i));

28.if(circ.distanceTo(x1,y1) < minDist)
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29. {

30. minDist = circ.distanceTo(x1,y1);

31. minDistIndex = i;

32. }// if

33. }//for i

34. if ((minDistIndex >= 0) && (minDist < 30))

35. {

36. circles.removeElementAt(minDistIndex);

37. }//if

38. }//method

39.

40. public void drawAll(Graphics g)

41. {

42. Circle currentCircle;

43. for (int i=0 ; i < circles.size() ; i++)

44. {

45. currentCircle = (Circle)(circles.get(i));

46. currentCircle.draw(g);

47. }//for i

48. }//method

49.

50. public int getNoOfCircles(){

51. return(circles.size());

52. }//method

53. }

7.3 ■ The view part

The view is much like that in Chapter 6. The frame class InteractiveFrame is
just a renamed copy of class MouseEventFrame from Chapter 6.

The panel InteractivePanel is extended with respect to class MouseEvent-
Panel from Chapter 6. It now contains a field of type CircleAdministration

and methods addCircle and removeNearestCircle for adding and deleting a
circle to the circle administration. These methods just pass the mouse posi-
tions to those methods of CircleAdministration with the same name and
then call repaint. It is important to call the repaint method of the panel af-! ter every deletion and insertion of a circle! Otherwise a circle would only be
added to or deleted from the circle administration – the display would not be
updated.

The paintComponent method of JPanel has to be overridden to draw the cir-
cles. The panel itself knows neither which circles are currently present nor how
to draw them. This is known only by the CircleAdministration. Thus the only
drawing command in paintComponent is a call of the method drawAll of Cir-
cleAdministration.
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File: its/InteractiveGraphic/InteractivePanel.java

1.package its.InteractiveGraphic;

2.

3.import java.awt.Color;

4.import java.awt.Dimension;

5.import java.awt.Graphics;

6.import javax.swing.JPanel;

7.

8.public class InteractivePanel extends JPanel

9.{

10.

11.private CircleAdministration circleAdm;

12.private double radius = 6.0;

13.

14.public InteractivePanel()

15.{

16.circleAdm = new CircleAdministration();

17.this.setBackground(Color.white);

18.this.setPreferredSize(new Dimension(300,300));

19.}

20.

21.public void paintComponent(Graphics g)

22.{

23.super.paintComponent(g);

24.circleAdm.drawAll(g);

25.}

26.

27.public void addCircle(int x, int y)

28.{

29.circleAdm.addCircle(new Circle(x,y,radius));

30.repaint();

31.}

32.

33.public void removeNearestCircle(int x, int y)

34.{

35.circleAdm.removeNearestCircle(x,y);

36.repaint();

37.}

38.

39.public int getNoOfCircles()

40.{

41.return(circleAdm.getNoOfCircles());

42.}

43.}
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The status panel has to display the number circles. We change class StatusPanel
from Chapter 6 as follows. We now use a 4 × 3 grid layout and three more labels.
The additional labels contain the text ‘No. of circles’, the number of circles, and
a dummy to fill the grid. We add a method setNoOfCircles(int n) to set the
number of circles.

File: its/InteractiveGraphic/StatusPanel.java

1. package its.InteractiveGraphic;

2.

3. import java.awt.GridLayout;

4. import javax.swing.JLabel;

5. import javax.swing.JPanel;

6.

7. public class StatusPanel extends JPanel

8. {

9. private JLabel posText = new JLabel("position:");

10. private JLabel XCoord = new JLabel("0", JLabel.RIGHT);

11. private JLabel YCoord = new JLabel("0", JLabel.RIGHT);

12. private JLabel countText = new JLabel("no. of clicks");

13. private JLabel counts = new JLabel("0", JLabel.RIGHT);

14. private JLabel dummy1 = new JLabel();

15. private JLabel circleText = new JLabel("no. of circles");

16. private JLabel noOfCirc = new JLabel("0", JLabel.RIGHT);

17. private JLabel dummy2 = new JLabel();

18. private JLabel inOutText = new JLabel("mouse is in comp.");

19. private JLabel inOut = new JLabel("no", JLabel.RIGHT);

20. private JLabel dummy3 = new JLabel();

21.

22. private int clickCount = 0;

23.

24. public StatusPanel() {

25. this.setLayout(new GridLayout(4,3));

26. this.add(posText);

27. this.add(XCoord);

28. this.add(YCoord);

29. this.add(countText);

30. this.add(counts);

31. this.add(dummy1);

32. this.add(circleText);

33. this.add(noOfCirc);

34. this.add(dummy2);

35. this.add(inOutText);

36. this.add(inOut);

37. this.add(dummy3);

38. }

39.
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40.public void setCoordinates(int x, int y){

41.XCoord.setText(""+x);

42.YCoord.setText(""+y);

43.}

44.

45.public void setInOut(String str){

46.inOut.setText(str);

47.}

48.

49.public void incrementClickCount(){

50.clickCount++;

51.counts.setText(Integer.toString(clickCount));

52.}

53.

54.public void setNoOfCircles(int n){

55.noOfCirc.setText(Integer.toString(n));

56.}

57.}

7.4 ■ The control part

Of the two listeners only MyMouseListener is changed by adding more commands
to method mouseClicked. Depending on whether the left or right button was
pressed a circle is added using the methods addCircle(e.getX(),e.getY()) or
deleted using removeNearestCircle(e.getX(),e.getY()) of class Interactive
Panel. The information about which mouse button was clicked is extracted from
the MouseEvent object e using methods from the class SwingUtilities. If a mouse
has three or more buttons, any button that is not the left one is considered as a
right button. In any case the number of circles is updated using

[StatusPanel].setNoOfCircles([InteractivePanel].getNoOfCircles())

The texts in brackets have to be replaced by the appropriate variable names with-
out brackets. In order for the listener to have access to that panel the constructor
of MyMouseListener now receives a reference to the interactive panel.

File: its/InteractiveGraphic/MyMouseListener.java

1.package its.InteractiveGraphic;

2.

3.import java.awt.event.MouseEvent;

4.import java.awt.event.MouseListener;

5.import javax.swing.SwingUtilities;

6.
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7. public class MyMouseListener implements MouseListener

8. {

9. private StatusPanel statusPane;

10. private InteractivePanel interactivePane;
11.

12. public MyMouseListener(StatusPanel s,InteractivePanel i)

13. {

14. statusPane = s;

15. interactivePane = i;

16. }
17.

18. public void mouseEntered(MouseEvent e)

19. {

20. statusPane.setInOut("yes");

21. }
22.

23. public void mouseExited(MouseEvent e)

24. {

25. statusPane.setInOut("no");

26. statusPane.setCoordinates(-1,-1);

27. }
28.

29. public void mouseClicked(MouseEvent e)

30. {

31. statusPane.incrementClickCount();

32. if(SwingUtilities.isLeftMouseButton(e)) //left mouse button

33. {

34. interactivePane.addCircle(e.getX(),e.getY());

35. }

36. else // any other mouse button

37. {

38. interactivePane.removeNearestCircle(e.getX(),e.getY());

39. }

40. statusPane.setNoOfCircles(interactivePane.getNoOfCircles());

41. }
42.

43. public void mousePressed(MouseEvent e)

44. {

45. //implemented with empty body

46. }
47.

48. public void mouseReleased(MouseEvent e)

49. {

50. //implemented with empty body

51. }

52. }
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Figure 7.1 The interactive application. Only 14 circles are shown, rather than the 15 given
on the status panel, as 2 occupy the same location

7.5 ■ Running the application

Our interactive application is now complete. The result is shown in Figure 7.1.
Note that more than one circle can be at the same coordinates in which case one
‘sees’ fewer circles than there actually are. The number of circles displayed in the
status panel is always correct. Some circles might also be invisible because the
frame was resized and they are now outside the visible area.

7.6 ■ Summary and remarks

7.6.1 � Mouse listeners

We have seen how the two mouse listeners work. A MouseListener becomes active
when the mouse buttons are used or the mouse leaves or enters the component to
which the listener is assigned. A MouseMotionListener becomes active whenever
the mouse is moved. The mouse event object generated by the runtime system
contains information on the type of event and the location where it occurred.

The following steps are necessary to implement mouse listeners:

1. Determine inside which component the mouse should be tracked.

2. Create a mouse (motion) listener. That is, define in method mouseClicked,
etc. what has to happen in response to an event.

3. Assign the action listener to the relevant component.
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Since version 1.4 of the Java SDK (software development kit) there is a third
listener for the mouse: a MouseWheelListener keeps tracks of the mouse wheel
and is activated every time the mouse wheel is moved.

7.6.2 � The design of the application

Let us again summarize the implementation of the model–view–control concept
of this application. In this example the class CircleAdministration does all the
work to keep the abstract data up to date. The circles are stored in Circle-

Administration and this class deletes or adds circles. Only this class knows how
many circles there are. The class InteractivePanel, on the other hand, does
the work to display the graphics. It does not know about the circles. In order to
draw the graphic it has to consult CircleAdministration. It does so by calling
the drawAll method of CircleAdministration. Also, if the listener associated
with InteractivePanel detects a click, InteractivePanel only knows whether
to add or delete a circle and the position. It then passes the work to CircleAdmin-

istration by calling the addCircle (or removeNearestCircle) method. After an
update (add or delete) has been completed by CircleAdministration, Inter-
activePanel updates the display. To this end it calls its method repaint, which
causes the runtime system to call paintComponent at an appropriate time.

Exercises

7.1 Change the application as follows. Add a field color to class Circle as an
instance of java.awt.Color. Define a second constructor for Circle which
allows it to pass a colour in addition. Then modify CircleAdministration
in such a way that the circles in turn receive the colours red, blue, green,
red, etc.

7.2 Modify the application in the following way. Add a line to the status panel
which displays the coordinates of the centre of that circle that is currently
closest to the mouse pointer. Note that this might change with every move
of the mouse. Make sure that the application can handle the situation where
no circle is present.

7.3 Change the application to display line segments instead of circles. A line is
added by two consecutive clicks of the left mouse button. The location of the
first click is one end point of the line, the location of the second click is the
other end point. A click of the right button removes a line nearest to the click
location. There are various ways to define ‘nearest’, for example one can take
the distance to the first end point, to the middle of the line or the geometrical
distance.
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In this chapter we learn how to add menus to a frame and how to integrate them
into our application.

Menus are most often used as subcomponents of frames. They are hierarchically
organized. The topmost component is the menu bar. This is a rectangular area lo-
cated below the title bar of a frame and above the content pane. The intermediate
components are the menus. A menu appears as text in the menu bar. When one
clicks on such a text the actual menu will roll out. It contains the menu items,
which are lowest in the hierarchy. Figure 8.1 illustrates the structure. The menu
items are the components that trigger actions. They can be considered as a special
kind of button. In fact, like buttons, one uses an action listener to monitor them. It
sometimes is necessary to disable certain menu items for some of the time. A dis-
abled menu item does not trigger any action when clicked on. On most platforms
the text of a disabled menu item is shown lighter than that of enabled ones. One
situation where disabling a menu item makes sense is the following: assume data
are loaded from a file, and a menu item is then clicked on to start extensive calcu-
lations on the data. It would make no sense to repeat these extensive calculations
on the same data if the result is always the same. Thus one disables the menu item
that starts the calculations. It is enabled again only when new data are present.

We shall now implement a small GUI that demonstrates the use of menus in
Swing. As it does not handle any other data we do not implement a model part.

8.1 ■ Specification of the GUI

The GUI consists of a frame with a label embedded into the content pane. It has
a menu bar with two menus entitled ‘Menu 1’ and ‘Menu 2’. The first has three
items entitled ‘Item 1’, ‘Test’ and ‘Exit’. The second menu has two items entitled
‘Enable Test’ and ‘Disable Test’. Initially all items are enabled.

When a menu item is selected, the label displays a text ‘Item XXXX selected’.
The two items in the second menu do something in addition. Whenever ‘Disable
Test’ is clicked on, the item ‘Test’ in the first menu is disabled; if it was disabled
before, nothing changes. Whenever ‘Enable Test’ is clicked on, the item ‘Test’ in
the first menu is enabled; if it was enabled before, nothing changes.

75
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Menu1 Menu2

item 1
item 2

contentPane

Figure 8.1 The structure of an application with menus. The second menu is rolled out and
its entries can be selected

8.2 ■ The view part

We need the following three Swing components to implement menus. First, a menu
bar realized by class JMenuBar. This is added to a frame between the title bar and
the content pane. Second, we need a menu realized by JMenu, which adds a menu
to the menu bar by displaying its title. Finally, we need menu items realized in
class JMenuItem, which defines the menu items on which the user can click. The! basic functions are automatically supplied: a menu rolls out if one clicks on the
title and it closes if one clicks somewhere else.

8.2.1 � Menu bars

From JMenuBar we only need the constructor and the method to add a menu:

JMenuBar()

add(JMenu menu)

Menus are added to the menu bar from left to right in the order of the add com-
mands. To add a menu bar to a frame we use the following method from class
JFrame:

setJMenuBar(JMenuBar menuBar)

Note that there are distinct methods setJMenuBar and setMenuBar for adding a
JMenuBar (Swing) and a MenuBar (AWT).

8.2.2 � Menus

From class JMenuwe need the constructor which receives the menu title in a string
and methods to add menu items or separators (horizontal lines) to the menu:

JMenu(String menuTitle)

add(JMenuItem menuItem)

addSeparator()
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In a menu, the items or separators are added from top to bottom in the order of
the add commands.

8.2.3 � Menu items

From JMenuItem we need the constructor which receives the item title in a string
and a method to assign an action listener to the menu item. Menu items behave
much like buttons. In particular, the action listener is automatically informed
when the item is clicked on. The listener then starts the desired actions. Finally
we need a method to enable or disable a menu item:

JMenuItem(String itemText)

addActionListener(ActionListener listener)

setEnabled(boolean b)

The call setEnabled(false) disables a menu item. The item appears with a lighter
text and any listener assigned to it is no longer informed when the item is clicked
on. Hence, a disabled item does not trigger any reaction in the application. Call-
ing setEnabled(true) will enable the item again. Its text becomes darker and
listeners assigned to the item are again informed of events.

8.2.4 � Constructing the GUI

We are now able to implement the GUI. The listings below show the code for the
frame class MenuFrame and the driver class MenuDriver. A MenuFrame has a label
centrally placed in its content pane. A menu bar is created and added. Then the
two menus are created and added. Finally we generate the menu items and add
them to the respective menus. Finally an action listener is created and assigned
to all menu items. This listener is an instance of the class MenuListener which
we define later in Section 8.3. The frame class also has three public methods for
setting the text in the label, and enabling or disabling the menu item ‘Test’ in the
first menu:

setText(String text)

enableTest()

disableTest()

File: its/Menus/MenuFrame.java

1.package its.Menus;

2.

3.import its.SimpleFrame.SimpleFrame;

4.import javax.swing.*;

5.import java.awt.BorderLayout;

6.

7.public class MenuFrame extends SimpleFrame {

8.
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9. private JLabel display;

10. private JMenuItem testItem;

11.

12. public MenuFrame() {

13. display = new JLabel("No menu selected.",JLabel.CENTER);

14.

15. // Create a menu bar and add it to the frame

16.

17. JMenuBar menubar = new JMenuBar();

18. this.setJMenuBar(menubar);

19.

20. // Create and add the menus

21. JMenu firstMenu = new JMenu("Menu 1");

22. JMenu secondMenu = new JMenu("Menu 2");

23. menubar.add(firstMenu);

24. menubar.add(secondMenu);

25.

26. // Create the menu items and add them to the menus

27. JMenuItem firstItem = new JMenuItem("Item 1");

28. testItem = new JMenuItem("Test");

29. JMenuItem exitItem = new JMenuItem("Exit");

30. JMenuItem enableItem = new JMenuItem("Enable Test");

31. JMenuItem disableItem = new JMenuItem("Disable Test");

32.

33. firstMenu.add(firstItem);

34. firstMenu.add(testItem);

35. firstMenu.addSeparator();

36. firstMenu.add(exitItem);

37.

38. secondMenu.add(enableItem);

39. secondMenu.add(disableItem);

40.

41. // Create a listener and add it to the menu items

42. MenuListener menuList = new MenuListener(this);

43. firstItem.addActionListener(menuList);

44. testItem.addActionListener(menuList);

45. exitItem.addActionListener(menuList);

46. enableItem.addActionListener(menuList);

47. disableItem.addActionListener(menuList);

48.

49. // Add the label to the frame

50. this.getContentPane().add(display,BorderLayout.CENTER);

51. }

52.

53. // Method to set the text in the label

54. public void setText(String text){
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55.display.setText(text);

56.}

57.

58.// Method to enable the label

59.public void enableTest(){

60.testItem.setEnabled(true);

61.}

62.

63.// Method to disable the label

64.public void disableTest(){

65.testItem.setEnabled(false);

66.}

67.}

File: its/Menus/MenuDriver.java

1.package its.Menus;

2.

3.public class MenuDriver {

4.public static void main(String[] args) {

5.MenuFrame mf = new MenuFrame();

6.mf.showIt();

7.}

8.}

8.3 ■ The control part

The control part is realized by an action listener. We implement an Action-

Listener in class MenuListener. As a reaction to events coming from the menu
items the MenuListener has to update the information displayed in the MenuFrame
and to enable or disable the ‘Test’ item. In order to have access to the frame the
MenuListener receives a reference to a MenuFrame in the constructor.

As mentioned above, menu items behave much like buttons. If a menu item
has a listener assigned to it and is clicked, the runtime system generates an object
of type ActionEvent. This contains information on the type of event, e.g. which
menu item was clicked. The runtime system calls method actionPerformed of
the listener.

In our example, method actionPerformed exploits the action command to find
out which button was clicked using nested if-then-else statements. Depending
on the action command, a specific action is performed, namely the name of the
selected menu item is displayed in the label. Below is the code listing for this class.
Figure 8.2 shows the result of running the application.
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Figure 8.2 The menu application. The first menu is rolled out and its second item, ‘test’, has
been disabled

File: its/Menus/MenuListener.java

1. package its.Menus;

2.

3. import java.awt.event.ActionEvent;

4. import java.awt.event.ActionListener;

5.

6. public class MenuListener implements ActionListener {

7.

8. private MenuFrame menuFrame;

9.

10. public MenuListener(MenuFrame mf) {

11. menuFrame = mf;

12. }

13.

14. public void actionPerformed(ActionEvent evt) {

15. String actionCommand = evt.getActionCommand();

16. if(actionCommand.equals("Item 1")){

17. menuFrame.setText("Item 1 selected");

18. }

19. else if(actionCommand.equals("Test")){

20. menuFrame.setText("Item Test selected");

21. }

22. else if(actionCommand.equals("Exit")){

23. System.exit(0);

24. }

25. else if(actionCommand.equals("Enable Test")){

26. menuFrame.enableTest();

27. menuFrame.setText("Item \"Test\" in Menu 1 enabled.");

28. }

29. else if(actionCommand.equals("Disable Test")){
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30.menuFrame.disableTest();

31.menuFrame.setText("Item \"Test\" in Menu 1 disabled.");

32.}

33.else{

34.System.out.println("ERROR: unknown action command.");

35.}

36.}

37.}

Exercise

8.1 Construct a GUI consisting of a frame with a menu and an embedded panel.
The menu has three items ‘Red’, ‘Blue’ and ‘Yellow’. When a menu item is
selected, the background colour of the panel is changed accordingly.
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