Object - Oriented Programming & Design
PART XIll: The Java AWT
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Object-Oriented GUIs

GUIs = Graphical User Interfaces

Every thing on the screen is an object

In addition, there are some objects that are not visible

There are classes for everything, and they fall into hierarchies
Much of the code is “event-driven”

Copyright © 1996 - 2008
David Leberknight & Ron LeMaster. All rights reserved. (XHI') Java AWT - 2




GUI Frameworks

GUI frameworks are similar in that they al have an event loop
which receives an event, such as a mouse click, and dispatches it
to the appropriate widget; the application also gets a chance to
respond to the event, if it cares.

I

Wait for next event

user

Determine which
event

widget should
receive event

Can widget
handle the
event?

Application )
responds to the Widget responds
to the event
event
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Java’s AWT (Abstract Window Toolkit)

e The AWT framework in JDK 1.0 was much different from JDK 1.1.
e The AWT framework in JDK 1.1 isthe basis for the Swing classes.
— A better set of classes.
— Swing comes built-in to the VM in Java JDK 1.2.

e TheJavaAWT isaset of classesthat come “built in” to Java, providing a
robust framework for developing GUIs. The AWT isreasonably well
designed, and as a consequence, it is easier to learn than most other GUI
toolkits available today. But it isnot without its share of gotchas and snafus.
So asyou are learning to use it, you’ll need good reference materials. Do not
rely on these class notes for your AWT documentation. They are very much
incomplete; they won’t help very much with the kinds of practical
programming issues that you’ll run into the minute you start writing code.

e Sun does not provide a painter tool. GUIs are built by writing code.
e See the course web site for linksto good AWT (and Swing) documentation ...
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Basic Elements

e Components:
— Button/ List / Checkbox / Choice / TextField / Etc.
Containers (subclass of Component):
— Panel / Window / Dialog / Applet / Frame/ Etc.
Menu Components
— Menu/ Menu bar / Etc.
Layout Managers
— BorderLayout / GridLayout / Etc.
e Events
— MouseEvent / MouseMotionEvent / ItemEvent / Etc.
e Graphics
— Graphics/ Image/ Color / Font / FontMetrics/ Etc.
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Components, Containers, and Layout Managers

0..*

. <arranges components in <<interface>>
Canvas Button Container
LayoutManager
A A FlowLayout BorderLayout
‘ Applet ‘ ‘ Frame ‘
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Layout Managers

A LayoutManager is responsible for arranging the Componentsinside asingle
Container. Containers are often nested hierarchically.

LayoutManagers automatically adjust the layout of a Container whenever the
Container getsresized, and just before the first call to pai nt () .

Containers do not know how to do layout management.

Containers do know how to add and remove children Components.

A Component object can only be inside one Container.

The Container's layout Strategy may be changed at run-time (but usually isn’t).

Components may define size preferences, which may or may not be honored; the
layout manager may choose to ignore thisinformation. It iscommon to have
Component subclasses override the get M ni munsi ze() , get Maxi nunsi ze()
and get Pr ef er redSi ze() methods, because unfortunately, thereisno

set Pref erredSi ze() method (Swing fixesthis).

Similarly, it is sometimes necessary to override get I nset s() .
Always use layout managers to avoid hard-coding sizes and locations.
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Peers(JDK 1.1)

e Theimplementation of many AWT widgets (JDK 1.1.x) is different on different

platforms. For example, an AWT Button isimplemented by delegating to a
(native) Windows Button on the Windows platform, and a (native) Mac Button on

the Mac. These native widgets are called "peers’. Peerswere designed to
preserve the "native look and feel" for each platform, but they can be different
sizes on different platforms (and have dlightly different behaviors).

e Thenew "Swing Set" (of Components) fixes this by providing 100% pure Java
Components, with various 100% pure Java “pluggable ook and feels.”

e To get around some of the difficulties associated with the native peer model, and
to take advantage of other nice features, always use the AWT's Layout Managers
instead of trying to hard-code any x,y coordinate locations for widgets.

e Peersareimplemented using the Bridge and Abstract Factory design patterns.
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Peers (cont.)

e TheJava AWT (pre-Swing) uses the Bridge pattern to separate the widget
(component) abstractions from the platform dependent “peer” implementations.

e Thejava. awt . Butt on classis 100% pure Java, and is part of alarger hierarchy
of GUI components. Thesun. awt . wi ndows. V\But t onPeer classisimplemented
by native Windows code.

java.awt.peer.ButtonPeer
<< interface >>

I

java.awt.Button —

i i

i i

i i

i i

i i

sun.awt.windows.WButtonPeer sun.awt.mac.MButtonPeer
<< native >> << native >>
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Peers (cont.)

e The Abstract Factory pattern is used to create the correct family of peers.

java.awt.Toolkit
<< abstract >>
<< singleton >>

java.awt.peer.ButtonPeer
<< interface >>

+$ getDefaultToolkit() : Toolkit

+ createButton() : ButtonPeer = 0

+ createScrollBar() : ScrollbarPeer = 0
<< etc. >>

sun.awt.windows.WToolkit sun.awt.windows.WButtonPeer
- ——<< creates >>——= .
<< native >> << native >>
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Events

e Eventsoriginate from a source Component and are automatically sent to the

registered listener object(s) alathe Observer design pattern. A Component may
have more than one listener. A listener may listen to more than one Component.

e All AWT / Swing events (including paint) operate through a single thread, using
aqueue. Consider clicking the mouse over abutton... the following events are

generated:

S

. action at

mouse down at (X,y);
mouse up at (X,y);

mouse click at (x,y);
focus lost at whatever widget previously had the focus;
focus gained at button;

button.

These events might be in adifferent order on different platforms.

An application may put “events” onto this queue using

SwingUtilities.invokeLater( runnable ).
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Events (cont.)

<<abstract>>
java.awt. AWTEvent

getSource() : Object

B

java.awt.event.ComponentEvent

java.awt.event.ActionEvent java.awt.event.ltemEvent

R

java.awt.event.WindowEvent

java.awt.event.InputEvent

B

java.awt.event.KeyEvent

java.awt.event.MouseEvent
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Events (cont.)

java.awt.Component

0.*
777777 <<abstract>>
java.awt. AWTEvent
0.*
<<interface>>
java.util.EventListener
<<interface>> <<interface>> <<interface>>
java.awt.event.ActionListener java.awt.event.KeyListener java.awt.event.MouseListener
actionPerformed(Event &) keyPressed(KeyEvent e) mouseClicked(MouseEvent e)
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AWT 1.1 Design Patterns

e Components

— Components and Containers (which are kinds of Components) are usually
arranged in an object hierarchy, aathe Composite design pattern. The widget
abstractions are separated from the native peer implementation (pre swing)
using the Bridge pattern. The Abstract Factory & Singleton patterns are used
to construct the correct family of native peers.

e | ayout Managers

— Layout managers control size and position of al Components within a
Container. Container components may use different layout manager
Strategies. For example, a Frame (Container type Component) could use a
GridLayout or a BorderLayout strategy.

e Events

— Source/ Listener model uses the Observer Design Pattern. Objects register
themselves as listeners to events of interest. For example, a Button will want
to listen to “action” events (mouse clicks) using an ActionListener.
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GUI Application Structure

e Most GUI applicationsin AWT (pre-Swing) will have, as the “main” class, an
application-specific subclasses of Frame or Applet.

e Most other GUI components are instances of AWT classes:
— Menu / Menultem/ Button / Panel / Etc.

e All AWT classes can be subclassed to create custom components. Care
should be taken when overriding AWT methods.

e Events get passed to registered Listeners - instances of application-specific
classes that implement Listener interfaces.

e For aGUI Application, use aFrame. Thereisusualy only oneinstance of
one subclass of Frame. Only a Frame can have a menu bar.

e Your subclass of Frame can have mai n() , or it can be instantiated by some
other class that represents the whole application, which has mai n() .

e The Frame should set up its Panels, LayoutManagers, Menus, Buttons, etc.,
when its constructor executes, or just afterwardsin ani ni t () method.
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Example: Hello Goodbye

=3 Hello [M[=] B3

Hello!
Goodbyel |
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Hello Goodbye (cont.)

package awt Exanpl es. hel | oGoodbye;
import java.awt.*;
import java.aw.event.*;
public class Hel |l oGoodbye extends Frame {
public Hel | oGoodbye() {
super( "Hello" ); // Set’s the Frane’s Title
}
public void init() {
Label hell oLabel = new Label ( "Hello!" );
Butt on goodbyeButton = new Button( "Goodbye!" );
set Layout ( new BorderLayout() ); // for the Frame
add( hel | oLabel , BorderLayout.NORTH ); // Frane is a Container
add( goodbyeButton, BorderLayout.SOUTH );
goodbyeBut t on. addAct i onLi st ener ( new GoodbyeButt onHandl er () );
addW ndowLi st ener ( new W ndowEvent Handler( ) );
}
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Hello Goodbye (cont.)

public static void main( String args[] ) {
Hel | oGoodbye hg = new Hel | oGoodbye();
hg.init();
hg. pack(); // invoke the | ayout manager
hg. show(); // set visible and start AW threads
} // main() termnates, but the program continues to run..

/1 *** Inner C asses that “observe” AW conponents *** [/
cl ass GoodbyeButtonHandl er inpl ements ActionListener {
public void actionPerformed( ActionEvent e ) {
Systemexit( 0 );
b}
cl ass W ndowEvent Handl er ext ends W ndowAdapter {
public void wi ndowd osi ng( W ndowEvent we ) {
Systemexit( 0 );
P}
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Java Applets

e Therole of the Frame istaken over by abrowser. The browser first
allocatesreal estate based on the width and height in the HTML tags.
Then the browser’s Java Virtual Machine (JVM) verifies the bytecode
for the applet’s .classfile asit gets loaded from the network; then it
creates a new instance of the class. The JVM invokes the applet’s “life
cycle” methods as appropriate; it aso notifies the applet of Events, and
callsupdat e() / pai nt () when appropriate.

e Special applet “life cycle” methods:

—-init() ... Cadledwhentheappletisfirstloaded. Thisiswhere
constructor-type things are done.

- destroy() ... Caledwhenthe applet isabout to be unloaded.

- start() ... Caledwhentheapplet becomesvisible.

- stop() ... Caledwhen the applet becomes temporarily invisible.
e The applet has no constructor.
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Java Applets (cont.)

The VM insulates the Java program from the underlying platform...
Portability! But thisisnot perfect... “write once... debug everywhere”
Security restrictions for “untrusted” applets, inside the “sandbox”:
— Cannot access the local machine environment, including the disk.
— Cannot cal anon-Java (native) method, etc...

— Can communicate with the server from whereit originated. The applet can
thus access the server’s disk, subject to certain rules, and it can communicate to
the server via a Socket or viathe Java Servlet API.

e Sun’sJava WebStart ™ technology shares the primary advantage of applets (ease

of web-based depl _oyrpent)_while_bé/ga_si ng the dependency on Internet browsers:

htip://java, Sun. con products/javawebstart/
e Rich Internet Applications (RIA) using AJAX (Asynchronous JavaScript and
XML) have become the standard for serious web-based application development.

Thistopic is beyond the scope of this course.
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http://java.sun.com/products/javawebstart/

“Hello World” Java Applet

EiApplet Viewe . [M=l B
Applet

Hello % orld!

Applet started.
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“Hello World” Java Applet

o A special application-specific HTML file tells the browser how to launch the applet.
<HTML><APPLET code="awt Exanpl es. hel | oAppl et . Hel | oAppl et . cl ass”

wi dt h=180 hei ght =180>
<PARAM nanme="GREETI NG' val ue="Hel | o Worl d! " ></ APPLET></ HTM.>

o TheclassHel | 0Appl et must be an extension (subclass) of class Applet.

e Note: the. ht m file must bein the parent directory of the awt Exanpl es
subdirectory, whose subdirectory hel | 0Appl et containsthe. cl ass files.

o Thecoderesidesintwo files: Hel | oAppl et . j ava and Hel | oAppl et . htni .
e Hel | oAppl et getsitsgreeting duringi ni t () from an HTM. parameter.

e pai nt () getscaled automatically by the native Window manager whenever
necessary, such as when part of the Component'sreal estate gets re-exposed after being
hidden by another window, or sometime after acall tor epai nt () .

e Noticethat the circle and the text are drawn at the same x,y location. The difference
between drawing text and drawing graphics is described later...
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“Hello World” Java Applet (cont.)

package awt Exanpl es. hel | oAppl et ;

import java.applet. Appl et;
import java.aw.*;

public class Hell oAppl et extends Appl et
{

private String greeting;

private int x = 50;

private int y = 50;

public void init()
{
greeting = getParanmeter( "GREETING' );
if( greeting == null ) greeting = "Hello!";
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“Hello World” Java Applet (cont.)

public void paint( Gaphics g )

{
g.setCol or( Color.blue );
g.drawOval ( x, y, 80, 80 );
g.setColor( new Color( 255, 0, O0) ); // Color.red
g. setFont ( new Font( "Ti mesRoman", Font.PLAIN, 16 ) );
g.drawstring( greeting, x, y );
}
/1 public void update( Gaphics g ) // unnecessary
I {
I/ /1 Don’t redraw the background.
/1 paint( g );
1}
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Testing Applets

o Most browsers cache Java code differently from the way they cache HTML pages, and
so you must be careful to be sure that you’re running the right code...

e Test your code on various hardware platforms using different browsers. Remember to
aways clear the browser’s cache before running a new test (since browsers often use
cached Java code instead of downloading the new version ;-(

— Toclear the cache in Netscape... Edit... Preferences... Advanced... Cache...
Clear Memory Cache/ Clear Disk Cache.

— To clear the cache in Internet Explorer... Tools...Internet Options... General. ..
Temporary Internet Files... Delete Files.

o Sometimes you need to also delete all of your local .classfilesin order to test the
deployed Applet since some browsers will use class files they find on your local disk!
e When developing an Applet, it is sometimes nice to wrap it in an application Frame,
which behaves like a browser, so that it is easier to debug.
— Example: The Fractal Applet runs as both an Applet and an Application.
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Java.awt.Graphics

o Javamakesit easy to do simple graphics...
public abstract class G aphics {

public abstract void dispose(); // free systemresources

public abstract void drawm mage( Image i, int x, inty, ... );
public abstract void drawLine( int x1, int yl, int x2, int y2);
public abstract void drawOval ( int x, int y, int w, int h);
public abstract void drawstring( String s, int x, int y);
public abstract void fillRect( int x, int y, int w, int h);
public abstract void setColor( Color c );

public abstract void setFont( Font f );
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Java.awt.Graphics (cont.)

e Youwill never "new" an instance of the class Gr aphi cs. A Graphics object
will be provided to you by the AWT.

e Thedefault behavior of updat e() isto draw the background and then call
pai nt () to draw the foreground. Peopletypically override updat e() todo
nothing except call pai nt () to reduce visible “flickering”...

e repaint () schedulesan asynchronous call to updat e() in another Thread.
e Refrain from doing long calculations from within pai nt () .

e More sophisticated techniques are required for faster performance.
Y ou may get a Graphics object from an I mage to do painting “off screen”
(using a technique called “double buffering” described later);
you may get a Graphics object from a Canvas and paint without pai nt () .

G aphics g = canvasRef. get Graphics(); // not inside paint()
g.fillOval( ... ); // imediately draws onto canvas
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Java.awt.Component

public abstract class Component ... {

public synchroni zed voi d addKeyLi st ener( KeyListener kI );
public synchroni zed voi d addMouselLi st ener( MuseListener m );

public | mage createlmage( int w, int h);

public D mension getPreferredSi ze();

public Insets get I nsets();

public int getWdth();

public void paint( Gaphics g );

public void repaint();

public void update( Graphics g );

public void validate(); [// for dynanic |ayout managenent
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AWT Examples

« Following are some example programs that use the Java AWT...
« These programs are designed to demonstrate important features of the AWT.
« The proper techniques for doing some things with the AWT are not always obvious...

« Source code for all of these examplesis given on-line; follow the Download link from
the course home page, and look for awt Exanpl es. zi p andf ract al . zi p.

« Notice how each Application uses a dlightly different coding style to implement the
listener for the windowClosing event (generated by clicking the little x in the upper
right corner of the Application’s Frame).

Also refer to:
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Example: Center Text

[EiCenter Text =]

abcdefohijbdmnopagrstrvaye

« The CenterText application paints text, centered inside arectangle. Note that
g. drawRect () usesadifferent origin point than g. dr awSt ri ng() .

« Inthisexample, the class CenterText itself implements the WindowListener interface,
to listen for the WindowClosing event.
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Example: Center Text (cont.)

Drawing text is slightly different from drawing graphics; in particular, they use a
different reference point (origin). For example, g. dr awOval () uses the upper
left corner asitsorigin. Incontrast, the origin point for g. drawSt ri ng() is
shown below. The quantities ascent, descent, leading & height (plus width, given
a String) can be obtained from aFont Met ri cs object.

ascent )
.. height
origin-
\, baseline

descent

leading
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Example: Center Text (cont.)

package awt Exanpl es. cent er Text;

import java.awt.*;

i mport java.aw .event.*;

public class CenterText extends Frane inplements W ndowli stener {
private String textToCenter = "abcdef ghijkl mopqgrstuvwxyz";

public static void main( String[] args ) {
new CenterText( );

}

CenterText( ) {
super( "Center Text" );
addW ndowLi stener( this );
set Size( 222, 111 ); // works OK for Frane
show( );
}
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Example: Center Text (cont.)

void paint( Gaphics g )

{
g. set Font ( new Font( "Ti mesRoman", Font.PLAIN, 16 ) );
g.setCol or( Color.blue );
Font Metrics fm= g.getFontMetrics();
int nunPi xBuffer = 5;
int xTextOrigin = (getWdth()-fmstringWdth( textToCenter ))/2;
int yTextOrigin = (getHeight()-fmgetDescent()+f mgetAscent())/2;
int rectHeight = fmgetHeight() + 2 * nunPi xBuffer;
int rectWdth = fmstringWdth( textToCenter ) + 2 * nunPi xBuffer;
int xRect = xTextOrigin - nunPi xBuffer;
int yRect = yTextOrigin - fmgetAscent() - nunPixBuffer;
g. drawRect ( xRect, yRect, rectWdth, rectHeight );
g.drawstring( textToCenter, xTextOrigin, yTextOrigin );

}

Copyright © 1996 - 2008
David Leberknight & Ron LeMaster. All rights reserved. (XIH1') JavaAWT - 33

Example: Center Text (cont.)

/1 1nplenentation of the WndowLi stener interface:
public void w ndowC osi ng( W ndowEvent we ) {
/'l The user just clicked on the little "kill" X, or equivalent.
we. get Wndow() . di spose(); // garbage
Systemexit( 0 );
}
/1 W have to inplenent these methods, since they are part of the
/'l W ndowLi stener interface, but we don't care about them
public void wi ndowActivated( W ndowEvent we ) { }
public void wi ndowd osed( W ndowevent we ) { }
public void w ndowDeactivated( W ndowEvent we ) {
public void w ndowDei coni fi ed( W ndowEvent we ) {
public void w ndow conified( WndowEvent we ) { }
public void wi ndowOpened( W ndowtEvent we ) { }

}
}
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Example: Primitive Components

&3 Primitive Components =1 E3

|Tim0r Bomes |[irianJaya 0 7|

Lormbak 0 i’ Komodo =l

Lombak 1
Lombok 2 Bali | [ Sumatra
Lomboak 3
Lomhbaok 4
Lomhbok 5

Lamhbak B
Lombok 7
Lomhbok 8 i
Lombok 9 = G
=]

2l |

PrimitiveComponents shows each of the 9 primitive (“leaf”) AWT Components:
TextField, Label, Choice, List, TextArea, Button, Checkbox, Scrollbar, & Canvas
(with “erase-on-paint” scribble feature), plus a hierarchical nesting of Containers,
and a couple of different LayoutManagers.
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Example: Primitive Components (cont.)

Frame wi th BorderLayout
NORTH: Panel with Fl owLayout
TextField / Label / Choice
SQUTH: Scrol | bar
WEST: Li st
CENTER Text Area
EAST: Panel with GidLayout
Panel wi th BorderLayout
VEST: Button
EAST: Checkbox
Canvas

o Therearelistenersfor most Events, which dump interesting info to The Java Console
(found by navigating through the browser’s menus).

« Inthis example, a separate class, WindowHandler, implements the WindowL istener
interface, to listen for the WindowClosing event.
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GUI Design- Layout

Sketch the desired appearance on a piece of paper first.

Seeif any hierarchical nesting of simple LayoutManagers will achieve the desired effect:
e BorderLayout (north, south, east,west, center)

e GridLayout (regular, evenly-spaced grid)

o FlowLayout (uses preferred sizes, might “wrap” around if space too small)

If your design istoo complex for simple LayoutManagers, consider:
e GridBagL ayout (more complex, but also more powerful)
e CardLayout (to create tabs)

Note: Some LayoutM anagers respect preferred sizes, while others “stretch” the
components to “fill” the available space.

Sometimesit is necessary to experiment, since LayoutMangers do not always do exactly
what you would want them to do...
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Example: Random Colors

RandomColor s runs as both an Applet and an Application.

« The code defines a subclass of Canvas called ColorCanvas to display the graphic; it is
necessary to override get Pr ef er r edSi ze() for the Application version.

« Notethe use of ExitOnClose, aclass that extends WindowAdapter, whichisan AWT
"convenience class' (used instead of WindowListener).

« Alsonotethecall torepaint (). EiRandom Colors M E3
Change Colar |
<HTM_>

<HEAD><TI| TLE> RandonCol ors - Appl et Version

</ Tl TLE></ HEAD>

<APPLET code =

"awt Exanpl es. randonCol or s. RandonCol ors. cl ass”
wi dt h=300 hei ght =300>

</ APPLET>

</ HTM_>

R=3G=131 B=131
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Example: Random Colors (cont.)

e To bean Applet an an Application, RandomColors must extend java.applet.Applet, and it
must have a main() method.

e If main() isinvoked, then it isan Application, and it creates a Frame, into which it puts
an instance of itself; in this case, the class Applet substitutes for its superclass, Panel.
Invoking show() on the Frame starts up the AWT threads.

e |f the RandomColors classisreferred to from an HTML file, then it isan Applet, and
main() is never invoked. The browser is used as a container instead of a Frame.

java.awt.Frame ——— java.applet.Applet
RandomColors
+$ main()
+init()
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Example: Random Colors(cont.)

public static void main( String[] args ) {

i sApplet = fal se;

try {
Appl et randontCol or sAppl et = new RandontCol ors();
Frame applicati onFrame = new Franme( "Random Col ors" );
randontCol orsApplet.init();
appl i cati onFrane. set Name( " RandontCol ors Frane" );
appl i cati onFrane. set Layout ( new Bor derLayout() );
appl i cati onFrane. addW ndowLi st ener ( new Exi t OnCl ose() );
appl i cati onFrane. add( randontCol or sAppl et, BorderLayout. CENTER );
appl i cati onFrane. pack();
appl i cati onFrame. show();

}

catch( Throwable t ) {
System out. println( "Random Colors ERROR !'!'! " + t );

b}l
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Adaptersvs. Listeners (ExitOnClose)

/1 The AWI provi des handy "adapter" classes as a convenience.. .
/'l The cl ass W ndowAdapter provides do-nothing defaults
/1 for all of the nethods defined by the WndowLi stener interface.

class ExitOnCl ose extends W ndowAdapt er
{
public void w ndowCd osi ng( W ndowEvent we )
{
Systemout.printin( "GOODBYE !!! " + we );
we. get Wndow() . di spose(); // garbage
System gc();
Systemexit( 0 );
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Example: Dynamic L ayout

e DynamicL ayout plays around with the Frame’s layout at run time.

e A LayoutManager can betold to recalculate the layout by telling the Container to
val i dat e() itself. Frame'smethod’sshow() and pack() cal validate().

e Note: in order to do thisin a platform-portable way, it is necessary to call val i dat e()
on the outermost Container in the containment hierarchy (the Frame, Dialog, or Applet).
In this case, the Frame is already the outermost Container, so it is easy.

e TheFractal Applet’s Julia Set controls do the same thing in a more sophisticated way.
Look at the code in Fractal’sr ecal cul at eLayout () method!

e Notetheinner classes, particularly: Dynani cLayout $W ndowHandl er . cl ass
Eg}% Dy... [_ (O] <] WindowAdapter

DynamicLayout Z%
| +$ main() @ = WindowHandler

Shrink
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Example: Images

Imagesruns as an Applet and an Application, which is a bit trickyabee the Applet
version must load Image files from across the network.

« Both versions load and displayjgg file from theDocument Basejsing aURLto locate
the file, and avediaTracker to block until the Image loads.

« Note theanonymousinner classhat extend®VindowAdapter Images$1.class
« Note the various differences between the Applet & Applicatiorioes.
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