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AnnouncementsAnnouncements

•• No class next TuesdayNo class next Tuesday
My Fourth of July present to you: No quiz!My Fourth of July present to you: No quiz!

•• Assignment 3 due todayAssignment 3 due today

•• ReviewReview
Collections: List, Set, MapCollections: List, Set, Map

 Inner classesInner classes

AWT, Swing programmingAWT, Swing programming
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Jar FilesJar Files
•• Archives of Java filesArchives of Java files

 Essentially a Zip of the Java class filesEssentially a Zip of the Java class files

 Includes a special metadata file with the path Includes a special metadata file with the path META-
INF/MANIFEST.MF
•• jarjar creates a default metadata file, if not specified creates a default metadata file, if not specified

•• Why jars?Why jars?
 Package code into a neat bundlePackage code into a neat bundle

•• Easier, faster to downloadEasier, faster to download

•• Easier to useEasier to use

•• Works similarly to Works similarly to tartar
 jar cf myapplication.jar *.class
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Jar file: MetadataJar file: Metadata
•• Example metadata file that will allow you to executeExample metadata file that will allow you to execute

the JAR with the JAR with javajava
Manifest-Version: 1.0

Main-Class: MyApplication

 Note theNote the newline  newline at the endat the end
•• To create the jar file:To create the jar file:

jar cmf myManifest myapplication.jar *.class

•• Run it, using javaRun it, using java
 java -jar myapplication.jar

Useful later when we create applets

Specifying the metadatafile
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Using jarsUsing jars

•• Add jar files to CLASSPATH to use classesAdd jar files to CLASSPATH to use classes
in jar filein jar file

•• Example: adding a jar file to the currentExample: adding a jar file to the current
classpath classpath variable ($CLASSPATH)variable ($CLASSPATH)

setenv setenv CLASSPATH $CLASSPATH:CLASSPATH $CLASSPATH:myapplicationmyapplication.jar.jar

Current value of
CLASSPATH

In Eclipse, you need to “Configure Build Path” 
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FactoriesFactories

•• A Factory class exists just to createA Factory class exists just to create
instances of other classesinstances of other classes
Often produces compatible instances of severalOften produces compatible instances of several

related classesrelated classes

•• Given information about an object, will createGiven information about an object, will create
the objectthe object

•• Allows something else to determine theAllows something else to determine the
appropriate customization of objectappropriate customization of object
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FactoriesFactories

Factory
May have several different
implementations of object to
choose from; makes selection

Information
about object

Return
appropriate
instantiation of
object
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FactoriesFactories

•• Tend to have private constructorsTend to have private constructors
Cannot make an object using Cannot make an object using ““newnew””

•• Use a static method to get the factoryUse a static method to get the factory
Ensures that there is only one factory for allEnsures that there is only one factory for all

executing classesexecuting classes

 Factory factory = Factory.Factory factory = Factory.getFactorygetFactory();();
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Reviewing SwingReviewing Swing
•• Frame/Frame/JFrameJFrame

Swing Implementation: Swing Implementation: JFrameJFrame
•• Swing naming convention: begin with JSwing naming convention: begin with J

Basic window with titleBasic window with title
Positioning, sizingPositioning, sizing
Set image if Set image if iconifiediconified
How handles closing (How handles closing (setDefaultCloseOperationsetDefaultCloseOperation))

•• ToolkitToolkit
Get information about screen sizeGet information about screen size
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Reviewing SwingReviewing Swing
•• ComponentsComponents

Everything you Everything you seesee
 JFrame JFrame is a componentis a component
Use Use setVisible setVisible to display the frameto display the frame

•• WindowsWindows
 activationactivation

•• PanelsPanels
Contain content; useful for layout (more today)Contain content; useful for layout (more today)

•• Drawing on panelsDrawing on panels
Using different fontsUsing different fonts
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More GUI componentsMore GUI components

•• LabelLabel
Basically, just a stringBasically, just a string

•• ButtonsButtons
 Like a label but generates Like a label but generates eventsevents

•• CheckboxCheckbox
Buttons with state about if checkedButtons with state about if checked

•• CheckboxGroupCheckboxGroup
Radio buttons - only one can be selected at aRadio buttons - only one can be selected at a

timetime
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More GUI ComponentsMore GUI Components

•• ChoiceChoice
Drop-down listDrop-down list

•• FileDialogFileDialog
Opening and saving filesOpening and saving files

•• ListList
ScrollableScrollable

Allows multiple selectionsAllows multiple selections

•• ScrollPaneScrollPane
 scrollbarsscrollbars
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More GUI ComponentsMore GUI Components

•• TextFieldTextField
Single line of textSingle line of text

•• TextAreaTextArea
Multiple lines of textMultiple lines of text
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MenusMenus

•• MenuBarMenuBar
 Thing across top of frameThing across top of frame

 Frame.Frame.setMenuBarsetMenuBar((MenuBar mbMenuBar mb););

•• MenuMenu
 The dropdown partThe dropdown part

A sequence of A sequence of MenuItemsMenuItems

Menu is a subclass of Menu is a subclass of MenuItemsMenuItems, so can have, so can have
submenussubmenus
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Combining ComponentsCombining Components

•• Create a panel with three buttons on itCreate a panel with three buttons on it
Use panelUse panel’’s s addadd method method
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Placement of ComponentsPlacement of Components

•• How does the panel know where to place aHow does the panel know where to place a
button?button?

•• How does the panel know where to placeHow does the panel know where to place
the next button?the next button?

•• How does the panel know where to placeHow does the panel know where to place
anyany component that is added to it? component that is added to it?
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Layout ManagersLayout Managers

•• Java uses a concept of Java uses a concept of layout managers to to
place components inside a containerplace components inside a container

•• The The LayoutManagerLayoutManager  is an object thatis an object that
handles the placement of componentshandles the placement of components
When a component is added to a container,When a component is added to a container,

through through addadd(), the layout manager decides(), the layout manager decides
where to place the componentwhere to place the component
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The Border Layout ManagerThe Border Layout Manager

•• Default layout manager of the content paneDefault layout manager of the content pane
forfor JFrame JFrame

•• Lets you choose where you want to placeLets you choose where you want to place
each componenteach component
CenterCenter

NorthNorth

SouthSouth with respect to the containerwith respect to the container

EastEast

WestWest
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Border Layout RegionsBorder Layout Regions

•• The edge components are laid out firstThe edge components are laid out first
•• Center occupies remaining spaceCenter occupies remaining space

Center

North

South

West East
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Border Layout RulesBorder Layout Rules

•• The border layout grows all components to The border layout grows all components to fillfill the the
availableavailable  spacespace
 The flow layout gives each component its The flow layout gives each component its preferred sizepreferred size

•• If the container is resized, the edge components areIf the container is resized, the edge components are
redrawn and the center region size recomputed.redrawn and the center region size recomputed.

•• To add a component to a container using a borderTo add a component to a container using a border
layout, say the content pane of a JFrame:layout, say the content pane of a JFrame:

Container contentPane = getContentPane();
contentPane.add(yellowButton, BorderLayout.SOUTH);
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Adding ComponentsAdding Components
Using a Border LayoutUsing a Border Layout

•• If no region of the layout is specifiedIf no region of the layout is specified
Assumes center regionAssumes center region

•• Since border layout grows the componentSince border layout grows the component
to fit the specified regionto fit the specified region
What happens if we add multiple components,What happens if we add multiple components,

e.g., three buttons, without specifying a region?e.g., three buttons, without specifying a region?

Container contentPane = getContentPane();
contentPane.add(yellowButton, BorderLayout.SOUTH);
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A Border Layout LimitationA Border Layout Limitation

•• The three button grows to completely fill the center regionThe three button grows to completely fill the center region

•• The one and two buttons were discarded/overwritten byThe one and two buttons were discarded/overwritten by
each subsequently added componenteach subsequently added component

Three
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The Flow Layout ManagerThe Flow Layout Manager

•• Default layout manager for a Default layout manager for a panelpanel (not (not
JFrameJFrame))
What I changed our What I changed our JFrame JFrame to useto use

•• LinesLines the components up  the components up horizontallyhorizontally until there until there
is no more room in the containeris no more room in the container
 Then starts a new row of componentsThen starts a new row of components

•• If the user resizes the component, the layoutIf the user resizes the component, the layout
manager automatically manager automatically reflowsreflows the components the components
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The Flow Layout ManagerThe Flow Layout Manager

•• You can choose how to arrange the componentsYou can choose how to arrange the components
in each rowin each row
Default: center each rowDefault: center each row

Other options: left or right alignOther options: left or right align

•• Change alignment using the Change alignment using the setLayoutsetLayout() method() method
 causes the panel to use a flow layout manager, with thecauses the panel to use a flow layout manager, with the

row components aligned to the leftrow components aligned to the left

•• Also has Also has hgaphgap  and and vgapvgap  for gaps to put aroundfor gaps to put around
componentscomponents

setLayout(new FlowLayout(FlowLayout.LEFT));
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Using Panels w/ Border LayoutUsing Panels w/ Border Layout

•• Panels act as (smaller) containers for UIPanels act as (smaller) containers for UI
elementselements

•• Can be arranged inside a larger panel by aCan be arranged inside a larger panel by a
layout managerlayout manager

•• Use additional panels to address BorderUse additional panels to address Border
Layout problemLayout problem
create a panelcreate a panel
add some buttons to itadd some buttons to it
add that panel to the south region of contentadd that panel to the south region of content

panepane
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Using Additional PanelsUsing Additional Panels

•• Get fairly accurate and precise placement ofGet fairly accurate and precise placement of
componentscomponents

•• Use Nested panels withUse Nested panels with
Border layouts - for content panes and enclosingBorder layouts - for content panes and enclosing

panelspanels

 Flow layouts - for panels containing the buttonsFlow layouts - for panels containing the buttons
and other UI componentsand other UI components

FlexibleLayout.java
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Changing Layout ManagersChanging Layout Managers

•• Any container can use any layout managerAny container can use any layout manager

•• Use Use setLayoutsetLayout() to change layout manager() to change layout manager
before you add componentsbefore you add components

// sets the layout to a new flow layout manager which
// aligns row components to the left and uses a 20 pixel
// horizontal separation and 20 pixel vertical separation
setLayout(new FlowLayout(FlowLayout.LEFT, 20, 20));

// sets the layout to a new border layout manager which
// uses a 45 pixel horizontal separation between components
// (regions) and a 20 pixel vertical separation
setLayout(new BorderLayout(45, 20));
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The Grid Layout ManagerThe Grid Layout Manager
•• Divides the container into columns and rowsDivides the container into columns and rows

of equal size, which collectively occupy theof equal size, which collectively occupy the
entire container regionentire container region

•• Rows and columns are aligned like aRows and columns are aligned like a
spreadsheetspreadsheet
When the container is resized, the When the container is resized, the ““cellscells”” grow grow

and/or shrinkand/or shrink
Cells always maintain identical sizesCells always maintain identical sizes
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Grid Layout Manager ConstructionGrid Layout Manager Construction

•• The number and rows to be used in theThe number and rows to be used in the
layout is specified in the construction of thelayout is specified in the construction of the
grid layout manager:grid layout manager:

•• As with the border and flow layout managers,As with the border and flow layout managers,
you can specify a horizontal and verticalyou can specify a horizontal and vertical
separation (between rows and columns):separation (between rows and columns):

panel.setLayout(new GridLayout(5, 4)); // 5 rows, 4 cols

panel.setLayout(new GridLayout(5, 4, 20, 20)); 
// 5 rows, 4 cols, 20 pixels between rows & between cols
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Adding Components to a Grid LayoutAdding Components to a Grid Layout

•• Components are added to a grid layoutComponents are added to a grid layout
sequentiallysequentially

•• The first The first addadd() adds the component to the() adds the component to the
11stst row and 1 row and 1stst column column

•• The second The second addadd() adds the component to() adds the component to
the 1the 1stst row, 2 row, 2ndnd column. column.

•• And so forth until the 1And so forth until the 1stst row is filled in row is filled in
•• Then the 2Then the 2ndnd row begins with the 1 row begins with the 1stst column column
•• Continues until the entire container is filledContinues until the entire container is filled
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Grid Layout RulesGrid Layout Rules

•• When a component is added to a cell, it isWhen a component is added to a cell, it is
resized to take up the entire cell.resized to take up the entire cell.

•• This layout manager is quite restrictive butThis layout manager is quite restrictive but
can be useful for some applicationscan be useful for some applications

•• Example:Example:
to create a row of buttons with identical sizeto create a row of buttons with identical size
make a panel that has a grid layout with onemake a panel that has a grid layout with one

rowrow
 add a button to each cell add a button to each cell

•• set someset some horiz horiz//vert vert separation, so the buttonsseparation, so the buttons
are not touchingare not touching
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Handling User InteractionsHandling User Interactions
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Event BasicsEvent Basics

•• An event is generated from an An event is generated from an event sourceevent source and is and is
transmitted to an transmitted to an event listenerevent listener

•• Event sources allow event listeners to Event sources allow event listeners to registerregister with with
themthem
Registered listener is requesting that the event sourceRegistered listener is requesting that the event source

send its event to the listener when it occurssend its event to the listener when it occurs
•• Think of as mailing list for favorite band but notifies of Think of as mailing list for favorite band but notifies of pastpast

releases!releases!

•• All events are objects of All events are objects of event classesevent classes

•• All event classes derive from All event classes derive from EventObjectEventObject
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Java / AWT Event HandlingJava / AWT Event Handling

•• Listener objectListener object: implements a listener: implements a listener
interfaceinterface

• Event source: can register listener objects can register listener objects
and send them event objectsand send them event objects
Event source sends out event objects to Event source sends out event objects to allall

registered listeners when that event occurs.registered listeners when that event occurs.

•• Listener objects use the event object toListener objects use the event object to
determine their reaction to the eventdetermine their reaction to the event
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Java / AWT Event HandlingJava / AWT Event Handling

•• A A listenerlistener is  is registeredregistered with an event  source with an event  source
by using a line of code similar toby using a line of code similar to……

eventSourceObjecteventSourceObject..addaddEventEventListenerListener((

eventListenerObjecteventListenerObject););

•• For exampleFor example……
ActionListener listener1 = . . .;
JButton button1 = new JButton(“Click Me!”);
button1.addActionListener(listener1);

•• listener1 is notified whenever an listener1 is notified whenever an ““actionaction
eventevent”” occurs in the button occurs in the button
 For buttons, an action event is a button clickFor buttons, an action event is a button click

June 29, 2006June 29, 2006 Sara Sprenkle - CISC370Sara Sprenkle - CISC370 3636

Listener ObjectsListener Objects

•• A listener object must belong to a class thatA listener object must belong to a class that
implements the appropriate interfaceimplements the appropriate interface
For buttons, thatFor buttons, that’’s s ActionListenerActionListener

•• The listener class must implement theThe listener class must implement the
method method actionPerformedactionPerformed((ActionEvent ActionEvent event)event)
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Listener Objects and Event HandlingListener Objects and Event Handling

•• When the user clicks the button (button1 in ourWhen the user clicks the button (button1 in our
example), the JButton object example), the JButton object generatesgenerates an an
ActionEventActionEvent  objectobject
Which makes Which makes JButton JButton a what?a what?

•• JButton JButton calls the listener objectcalls the listener object’’s s actionPerformedactionPerformed()()
method and passes that method the generatedmethod and passes that method the generated
event objectevent object

•• A A singlesingle event source can have  event source can have multiplemultiple listeners listeners
listening for its eventslistening for its events
 The source calls The source calls actionPerformedactionPerformed() on each of its() on each of its

listenerslisteners
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An Example of Event HandlingAn Example of Event Handling

•• Suppose we want to make a panel that hasSuppose we want to make a panel that has
three buttons on itthree buttons on it
Each button has a color associated with itEach button has a color associated with it

When the user clicks a button, the backgroundWhen the user clicks a button, the background
color of the panel changes to the correspondingcolor of the panel changes to the corresponding
colorcolor

•• We need two things:We need two things:
A panel with three buttons on itA panel with three buttons on it

Three listener objects, each registered to listenThree listener objects, each registered to listen
for events on one of the buttonsfor events on one of the buttons
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Event Handling ExampleEvent Handling Example

•• Make some buttons and add them to panelMake some buttons and add them to panel

public class ColoredBackground extends JFrame {
   public ColoredBackground() {

…
JButton red = new JButton("Red");
red.setForeground(Color.red);
JButton yellow = new JButton("Yellow");
yellow.setBackground(Color.yellow);
JButton blue = new JButton("Blue");
blue.setForeground(Color.blue);
cp.add(red);
cp.add(yellow);
cp.add(blue);

…
JButton JButton constructor takes a Stringconstructor takes a String

(the button(the button’’s label)s label)
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Listener ObjectsListener Objects

•• Now that we have buttons (event sources),Now that we have buttons (event sources),
we need listenerswe need listeners
An action listener can be any class, as long as itAn action listener can be any class, as long as it

implements the ActionListener interface.implements the ActionListener interface.

•• Make a new class that implements theMake a new class that implements the
interfaceinterface
actionPerformedactionPerformed  method should set themethod should set the

background color of the panelbackground color of the panel
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Our Listener ClassOur Listener Class

class ColorAction implements ActionListener
{
  public ColorAction(Color c)
  { backgroundColor = c; }

  public void actionPerformed(ActionEvent evt1)
  {
  // set panel background color here

. . . 
  }

  private Color backgroundColor;
}

How can we do this?
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Registering Our Listener ClassRegistering Our Listener Class

•• Now that we have a class that listens for theNow that we have a class that listens for the
buttonsbuttons’’  ActionEventsActionEvents, we need to create, we need to create
objects and register them with the buttonsobjects and register them with the buttons……

ColorAction yellowAction = new ColorAction(Color.yellow);
ColorAction blueAction   = new ColorAction(Color.blue);
ColorAction redAction    = new ColorAction(Color.red);

yellow.addActionListener(yellowAction);
blue.addActionListener(blueAction);
red.addActionListener(redAction);

These are JButtons
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Registering Our Listener ClassRegistering Our Listener Class

•• When a user clicks the button with the labelWhen a user clicks the button with the label
““YellowYellow””, the yellow , the yellow JButton JButton objectobject
generates an generates an ActionEventActionEvent
 passes this event object to the passes this event object to the yellowActionyellowAction’’ss

actionPerformed() methodactionPerformed() method

method can then set the background color ofmethod can then set the background color of
the framethe frame

Any problems?
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The Listener Class & the FrameThe Listener Class & the Frame

•• The ColorAction objects have no access to theThe ColorAction objects have no access to the
frameframe
How can they change the background color?How can they change the background color?

•• There are two possible solutions:There are two possible solutions:
AddAdd a frame  a frame instanceinstance  fieldfield to the ColorAction class and to the ColorAction class and

set it in the constructorset it in the constructor
•• ColorAction ColorAction object knows which frame it is associated withobject knows which frame it is associated with

and can call the appropriate method of that frame toand can call the appropriate method of that frame to
change its background colorchange its background color

Make ColorAction an Make ColorAction an inner classinner class of ButtonPanel1 of ButtonPanel1
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Listener as an Inner ClassListener as an Inner Class

•• LetLet’’s make it an inner classs make it an inner class……

class ColoredBackground extends JFrame 
{
   . . .
   private class ColorAction implements ActionListener
   {
     . . .
     public void actionPerformed(ActionEvent evt)
     {
     setBackground(backgroundColor);
   repaint();
     }
     private Color backgroundColor;
   }
}
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The actionPerformed() MethodThe actionPerformed() Method

•• ColorAction ColorAction class does not have class does not have setBackgroundsetBackground()()
or repaint() methodsor repaint() methods

•• Since it is an inner class of Since it is an inner class of ColoredBackgroundColoredBackground, it, it
can can directly accessdirectly access that class that class’’ instance fields and instance fields and
methodsmethods

•• Inner class calls the outer classInner class calls the outer class’’s method using itss method using its
own private inner data (own private inner data (backgroundColorbackgroundColor))

•• Then it calls the outer classThen it calls the outer class’’s s repaintrepaint() method() method
Redraw the frameRedraw the frame

public void actionPerformed(ActionEvent evt) {
setBackground(backgroundColor);
repaint();

}
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Event Listeners as Inner ClassesEvent Listeners as Inner Classes

•• A common and beneficial practiceA common and beneficial practice

•• Event listener objects typically need to doEvent listener objects typically need to do
something to other objects when theirsomething to other objects when their
corresponding event occurscorresponding event occurs

•• It is often possible to place the listener class insideIt is often possible to place the listener class inside
the class whose state the listener should modifythe class whose state the listener should modify

•• It makes good sense from an OOP designIt makes good sense from an OOP design
standpointstandpoint
Not violating encapsulation rules Not violating encapsulation rules ……

 also makes things easieralso makes things easier
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A Different Listener ApproachA Different Listener Approach

•• Any object of a class that implementsAny object of a class that implements
ActionListener can listen for action eventsActionListener can listen for action events
from a sourcefrom a source
we could make our we could make our ColoredBackground ColoredBackground classclass

listen for its own buttonslisten for its own buttons’’ events events

 implement the interface and do the correctimplement the interface and do the correct
registering with the buttonsregistering with the buttons
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A Different Listener ApproachA Different Listener Approach
class ColoredBackground2 extends JFrame

implements ActionListener
{
   public ColoredBackground2()
   {
   . . .

yellow.addActionListener(this);
blue.addActionListener(this);
red.addActionListener(this);

   }
   . . .
   public void actionPerformed(ActionEvent evt)
   {

// set background color
. . .

   }
}
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A Different Listener ApproachA Different Listener Approach

•• The The ColoredBackground ColoredBackground methodmethod
actionPerformed() will run whenever any ofactionPerformed() will run whenever any of
the buttons is clickedthe buttons is clicked
How do we find out which button was pressed?How do we find out which button was pressed?

public void actionPerformed(ActionEvent evt)
{

Object source = evt.getSource();
// gets the source that generates this event

if (source == yellow) . . .
else if (source == blue) . . .
else if (source == red) . . .

} Why ==, not equals()?
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Which way is better?Which way is better?
•• The inner class approach makes sense from anThe inner class approach makes sense from an

OOP design pointOOP design point
Each event source gets its own listener, which canEach event source gets its own listener, which can

directly modify the panel as it needs to dodirectly modify the panel as it needs to do

•• Having the panel itself listen is much moreHaving the panel itself listen is much more
straightforwardstraightforward
Since the panel needs to change, have it listen!Since the panel needs to change, have it listen!

But, the handling method must determine the source ofBut, the handling method must determine the source of
the event and switch its behaviorthe event and switch its behavior

•• Consider: How easy to add additional eventConsider: How easy to add additional event
sources for each case?sources for each case?
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Which Way is Better?Which Way is Better?

•• Neither way is Neither way is ““better.better.””

•• If a container has multiple UI componentsIf a container has multiple UI components
that generate events, the container listeningthat generate events, the container listening
for and handling them all gets reallyfor and handling them all gets really
confusing and challengingconfusing and challenging

•• Inner classes make senseInner classes make sense
Somewhat confusing at firstSomewhat confusing at first

Great benefitsGreat benefits

We will tend to use the inner class listenersWe will tend to use the inner class listeners
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Simplification of our Event HandlersSimplification of our Event Handlers

•• For each button, we do four things:For each button, we do four things:
Construct the button with a label stringConstruct the button with a label string

Add the button to the panelAdd the button to the panel

Construct an action listener with the appropriateConstruct an action listener with the appropriate
colorcolor

Register that listener with the buttonRegister that listener with the button

•• Make a method that does this for us toMake a method that does this for us to
simplify the codesimplify the code
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Simplification of our Event HandlersSimplification of our Event Handlers

void makeButton(String label, Color backgroundColor)
{
  JButton button = new JButton(label);
  add(button);
  ColorAction action = new ColorAction(backgroundColor);
  button.addActionListener(action);
}

•• Makes the Makes the ColoredBackground ColoredBackground constructorconstructor
much simplermuch simpler……

public ColoredBackground() 
{

makeButton(“Yellow”,Color.yellow);
makeButton(“Blue”,Color.blue);
makeButton(“Red”,Color.red);

}
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One More StepOne More Step

•• We only use the ColorAction class in theWe only use the ColorAction class in the
makeButtonmakeButton() method() method

•• How can we further simplify the code?How can we further simplify the code?
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One More StepOne More Step

•• Make theMake the ColorAction  ColorAction class an class an anonymousanonymous
inner classinner class
only use this class at one pointonly use this class at one point

define it on the flydefine it on the fly
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An Anonymous Class ListenerAn Anonymous Class Listener

void makeButton(String label, final Color bgColor)
{
  JButton button = new JButton(label);
  add(button);
  button.addActionListener( new ActionListener()

{
   public void actionPerformed(ActionEvent evt)
   {

   setBackground(bgColor);
repaint();

   }
} );

}
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Window EventsWindow Events

•• Not every event is as simple to handle as aNot every event is as simple to handle as a
button clickbutton click

•• When a user closes a window, the windowWhen a user closes a window, the window
simply stops being displayedsimply stops being displayed
Program will not endProgram will not end

•• Suppose we want our program to end whenSuppose we want our program to end when
a certain frame is closeda certain frame is closed

•• Closing a frame is a Closing a frame is a window event
in contrast to an action eventin contrast to an action event
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Window EventsWindow Events

•• To catch window events, you need to createTo catch window events, you need to create
an object of a class that implements thean object of a class that implements the
WindowListenerWindowListener interface interface
WindowListener WindowListener object is registered with theobject is registered with the

frame using the frameframe using the frame’’s s addWindowListeneraddWindowListener()()
methodmethod

•• Note the parallels with action eventsNote the parallels with action events
change the type of listener and register it using achange the type of listener and register it using a

different (but similar) method calldifferent (but similar) method call

June 29, 2006June 29, 2006 Sara Sprenkle - CISC370Sara Sprenkle - CISC370 6060

The WindowListener InterfaceThe WindowListener Interface

•• The WindowListener interface containsThe WindowListener interface contains
sevenseven methods methods
One for each type of window eventOne for each type of window event

A class that implements A class that implements WindowListener WindowListener mustmust
have have all sevenall seven methods methods
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The WindowListener InterfaceThe WindowListener Interface
public interface WindowListener
{

void windowOpened(WindowEvent e);
void windowClosing(WindowEvent e);
void windowClosed(WindowEvent e);
void windowIconified(WindowEvent e);
void windowDeiconified(WindowEvent e);
void windowActivated(WindowEvent e);
void windowDeactivated(WindowEvent e);

}
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Implementing a WindowListenerImplementing a WindowListener

class Terminator implements WindowListener
{

public void windowClosing(WindowEvent evt)
{

System.exit(0);
}

public void windowOpened(WindowEvent e) {}
public void windowClosed(WindowEvent e) {}
public void windowIconified(WindowEvent e) {}
public void windowDeiconified(WindowEvent e) {}
public void windowActivated(WindowEvent e) {}
public void windowDeactivated(WindowEvent e) {}

}

•• To create an object that can listen forTo create an object that can listen for
window events on a frame and end thewindow events on a frame and end the
program when the frame is closedprogram when the frame is closed……

For JFrame’s use setDefaultClosedOperation
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Adapter ClassesAdapter Classes

•• Typing the code for the six methods that donTyping the code for the six methods that don’’t dot do
anything is somewhat tediousanything is somewhat tedious

•• Most AWT listener interfaces have a correspondingMost AWT listener interfaces have a corresponding
adapter class
Class that Class that implementsimplements all of the methods in the interface all of the methods in the interface

butbut  does nothingdoes nothing inside all of them. inside all of them.
 There are no adapter classes for AWT interfaces withThere are no adapter classes for AWT interfaces with

only one method (such as ActionListener)only one method (such as ActionListener)
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Adapter ClassesAdapter Classes

•• If you want an WindowListener class thatIf you want an WindowListener class that
does nothing with six of the seven windowdoes nothing with six of the seven window
events, but ends the program when theevents, but ends the program when the
window is closedwindow is closed
create a new class that extends thecreate a new class that extends the

WindowAdapterWindowAdapter class and override the class and override the
method(s) you are interested inmethod(s) you are interested in

When could extending a class be a problem?When could extending a class be a problem?
How big of a concern is that for this specificHow big of a concern is that for this specific

case/type of class?case/type of class?



33

June 29, 2006June 29, 2006 Sara Sprenkle - CISC370Sara Sprenkle - CISC370 6565

Extending an Adapter ClassExtending an Adapter Class

•• We can now redefine our Terminator class inWe can now redefine our Terminator class in
much less codemuch less code……

class Terminator extends WindowAdapter
{

public void windowClosing(WindowEvent evt)
{

System.exit(0);
}
// all other methods are the same as in 
// WindowAdapter, all do nothing.

}
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Registering a WindowListenerRegistering a WindowListener

•• Now, we can register our Terminator class toNow, we can register our Terminator class to
listen for window events.listen for window events.

•• Assuming that our Assuming that our ““mainmain”” window frame is window frame is
named frame1 (e.g., if frame1 is closed thenamed frame1 (e.g., if frame1 is closed the
program should exit)program should exit)……

WindowListener listener1 = new Terminator();
frame1.addWindowListener(listener1);
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One Step FartherOne Step Farther……

•• Using theUsing the WindowAdapter  WindowAdapter class instead of writingclass instead of writing
out all the methods in the WindowListenerout all the methods in the WindowListener
interface is nice, but we can go one step fartherinterface is nice, but we can go one step farther……

frame1.addWindowListener( new
WindowAdapter()
{

public void windowClosing(WindowEvent evt)
{

System.exit(0);
}

} );
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One Step FartherOne Step Farther……

•• This code does five things:This code does five things:
Defines a new class without a name that extends theDefines a new class without a name that extends the

WindowAdapter classWindowAdapter class
Adds a Adds a windowClosingwindowClosing() method to that anonymous() method to that anonymous

class (the exits the program)class (the exits the program)
 Inherits the remaining six empty methods from theInherits the remaining six empty methods from the

WindowAdapter classWindowAdapter class
Creates an object of this new classCreates an object of this new class

•• This object also does not have a nameThis object also does not have a name

Passes this new no-name object to thePasses this new no-name object to the
addWindowListener addWindowListener method of frame1method of frame1
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The AWT Event HierarchyThe AWT Event Hierarchy

•• There are There are 1010 different types of events in the different types of events in the
AWTAWT……
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AWT Event Types AWT Event Types –– Semantic Events Semantic Events

•• Four types of Four types of semantic events
 an event that expresses what a user did, such as clickingan event that expresses what a user did, such as clicking

a button.a button.

•• ActionEventActionEvent  –– button click, menu selection, button click, menu selection,
selecting a list item, pressing ENTER in a text fieldselecting a list item, pressing ENTER in a text field

•• AdjustmentEventAdjustmentEvent  –– user adjusted a scroll bar user adjusted a scroll bar

•• ItemEventItemEvent  –– user made a selection from a set of user made a selection from a set of
checkboxes or list itemscheckboxes or list items

•• TextEventTextEvent  –– the contents of a text field or text area the contents of a text field or text area
were changedwere changed
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AWT Event Types AWT Event Types –– Low-Level Events Low-Level Events
•• 6  types 6  types low-level events events

An event that makes a semantic event possibleAn event that makes a semantic event possible

•• ComponentEventComponentEvent  –– component was changed component was changed
(resized, moved, shown, etc(resized, moved, shown, etc……))

•• KeyEventKeyEvent  –– a key was pressed or released a key was pressed or released
•• MouseEventMouseEvent  –– the mouse was moved, dragged, or the mouse was moved, dragged, or

a button was presseda button was pressed
•• FocusEventFocusEvent  –– component got or lost focus component got or lost focus
•• WindowEventWindowEvent  –– window was activated, closed,  window was activated, closed, 

etc.etc.
•• ContainerEventContainerEvent  –– component was added or component was added or

deleted.deleted.
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AWT Event TypesAWT Event Types

•• Example: adjusting a scrollbar is a Example: adjusting a scrollbar is a semanticsemantic
eventevent
made possible by some low-level events such asmade possible by some low-level events such as

dragging the mousedragging the mouse

•• As a general rule, low-level events causeAs a general rule, low-level events cause
semantic events to happensemantic events to happen
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Event ListenersEvent Listeners

•• 11 interfaces that correspond to AWT11 interfaces that correspond to AWT
event listeners:event listeners:
ActionListener, ActionListener, AdjustmentListenerAdjustmentListener,,

ItemListenerItemListener, , TextListenerTextListener,,
ComponentListenerComponentListener, , ContainerListenerContainerListener,,
FocusListener, KeyListener,FocusListener, KeyListener,
MouseListener, MouseMotionListener,MouseListener, MouseMotionListener,
andand WindowListener WindowListener..
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Event ListenersEvent Listeners

•• SeeSee Javadocs  Javadocs for interfaces and all thefor interfaces and all the
methods that are in themmethods that are in them

•• Each listener interface with more than oneEach listener interface with more than one
method has a corresponding method has a corresponding adapteradapter  classclass
 implements the interface with all empty methodsimplements the interface with all empty methods
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Components and ComponentEventsComponents and ComponentEvents
•• A A component is a user interface element is a user interface element

 such as a button, textfield, or scrollbarsuch as a button, textfield, or scrollbar

•• All low-level events inherit from All low-level events inherit from ComponentEventComponentEvent
 getComponentgetComponent() returns the component that originated() returns the component that originated

the eventthe event
•• same thing as getSource(), but it returns the object as asame thing as getSource(), but it returns the object as a

ComponentComponent and not an Object and not an Object

•• For example, if a key event was generated because ofFor example, if a key event was generated because of
an input into a text field, then getComponent returns aan input into a text field, then getComponent returns a
reference to that text fieldreference to that text field
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Containers and Containers and ContainerEventsContainerEvents

•• A A container is a screen area or component is a screen area or component
can contain components, such as a window orcan contain components, such as a window or

a panela panel

•• A A ContainerEventContainerEvent  is generated wheneveris generated whenever
a component is added or removed from thea component is added or removed from the
containercontainer
supports the programming of dynamically-supports the programming of dynamically-

changing user interfaceschanging user interfaces
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FocusEventsFocusEvents

•• A A FocusEventFocusEvent is generated when a is generated when a
component gains or loses focuscomponent gains or loses focus

•• FocusListenerFocusListener  must implement twomust implement two
methods:methods:
focusGainedfocusGained(): called whenever the event(): called whenever the event

source the listener is registered with gains thesource the listener is registered with gains the
focusfocus

focusLostfocusLost(): called whenever the event source(): called whenever the event source
the listener is registered with loses the focusthe listener is registered with loses the focus

June 29, 2006June 29, 2006 Sara Sprenkle - CISC370Sara Sprenkle - CISC370 7878

KeyEventsKeyEvents
•• A A KeyEventKeyEvent is generated when a key is is generated when a key is

pressed or released.pressed or released.
•• A A KeyListenerKeyListener must implement three must implement three

methods:methods:
keyPressed() will run whenever a key is pressedkeyPressed() will run whenever a key is pressed
keyReleased() will run whenever that key iskeyReleased() will run whenever that key is

releasedreleased
keyTypedkeyTyped() combines the two () combines the two –– it runs when the it runs when the

key is pressed and then released, and signifies akey is pressed and then released, and signifies a
keystrokekeystroke
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KeyEventsKeyEvents
•• With what type of object does a KeyListenerWith what type of object does a KeyListener

register with?register with?
•• What is an event source for a KeyEvent?What is an event source for a KeyEvent?
•• Any Component can be an event source for aAny Component can be an event source for a

KeyEventKeyEvent
A component generates a KeyEvent whenever a key isA component generates a KeyEvent whenever a key is

typed in that componenttyped in that component

•• For example, if the user types into a textfield, thatFor example, if the user types into a textfield, that
textfield will generate the appropriate textfield will generate the appropriate KeyEventsKeyEvents
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MouseEventsMouseEvents
•• MouseEvents MouseEvents are generated like are generated like KeyEventsKeyEvents

mousePressedmousePressed()()
mouseReleased()mouseReleased()
mouseClickedmouseClicked()()
You can ignore the first two if you only care aboutYou can ignore the first two if you only care about

clickingclicking

•• Call Call getClickCountgetClickCount() on a() on a MouseEvent  MouseEvent object to distinguishobject to distinguish
between a between a singlesingle and a  and a double clickdouble click

•• You can distinguish between the various mouse buttons byYou can distinguish between the various mouse buttons by
calling calling getModifiersgetModifiers() on a() on a MouseEvent  MouseEvent objectobject

E.g., middle buttonE.g., middle button
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MouseEventsMouseEvents
•• MouseEvents MouseEvents are also generated when the mouseare also generated when the mouse

pointer enters and leaves componentspointer enters and leaves components
((mouseEnteredmouseEntered() and() and  mouseExitedmouseExited()).()).

•• All of those methods are part of the All of those methods are part of the MouseListenerMouseListener
interfaceinterface

•• The actual movement of the mouse is handled withThe actual movement of the mouse is handled with
the the MouseMotionListenerMouseMotionListener interface. interface.
most applications only care about most applications only care about wherewhere you click and you click and

notnot  howhow and  and wherewhere you move the mouse pointer around you move the mouse pointer around
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Model - Viewer - Controller (MVC)Model - Viewer - Controller (MVC)

•• A common design pattern for designing GUIsA common design pattern for designing GUIs
Design Pattern: proven way to design somethingDesign Pattern: proven way to design something

•• SeparateSeparate
Model: application dataModel: application data

View: graphical representationView: graphical representation

Controller: input processingController: input processing

ModelController View
NotifiesModifies
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Model-Viewer-ControllerModel-Viewer-Controller

•• Can have Can have multiplemultiple viewers and controllers viewers and controllers

•• Can modify one component without affectingCan modify one component without affecting
othersothers
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ModelModel

• Code that carries out some task

• Nothing about how view presented to user

• Purely functional

• Must be able to register views and notify
views of changes
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Multiple ViewsMultiple Views

•• Provides GUI interface components forProvides GUI interface components for
modelmodel

•• User manipulates viewUser manipulates view
 Informs controller of changeInforms controller of change

•• Example of multiple views: spreadsheet dataExample of multiple views: spreadsheet data
Rows/columns in spreadsheetRows/columns in spreadsheet

Pie chartPie chart
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Multiple ControllersMultiple Controllers

•• Update model as user interacts with viewUpdate model as user interacts with view
Calls modelCalls model’’ss mutator mutator methods methods

•• Views are associated with controllersViews are associated with controllers
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Designing a Card GameDesigning a Card Game

•• What is theWhat is the
ModelModel

View(s)View(s)
•• Solitaire?Solitaire?

•• Poker?Poker?

Controller(s)Controller(s)
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Project 1: Project 1: FreecellFreecell

•• Part 1: Understand code basePart 1: Understand code base
Given a Solitaire code base,Given a Solitaire code base, Javadocs  Javadocs (API),(API),

example code that uses code baseexample code that uses code base

Compile, use, and understandCompile, use, and understand

•• Part 2: Use code base to implement Part 2: Use code base to implement FreecellFreecell
GUI, Event handlingGUI, Event handling

 Implementing/Enforcing the Implementing/Enforcing the Freecell Freecell rulesrules
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Project 1:Project 1: Freecell Freecell

•• Submission: printed, electronic, and demoSubmission: printed, electronic, and demo
Submission due Thursday, July 13Submission due Thursday, July 13

New: Test PlanNew: Test Plan
•• Individual classes, whole applicationIndividual classes, whole application

Documentation: describe design decisionsDocumentation: describe design decisions

Demo with Demo with KeKe
•• Schedule demos Monday-Wednesday ofSchedule demos Monday-Wednesday of

following weekfollowing week

•• (Project 2 demos with Sara)(Project 2 demos with Sara)

Script file doesnScript file doesn’’t make as much senset make as much sense


