COMP 303 - Lecture Notesfor Week 4 -
| nter faces and Polymor phism

Slides edited from, Object-Oriented Design Patterns, by Cay S.

Horstmann
Original slides available from:

http://www.horstmann.com/design_and_patterns.html
Modifications made by Laurie Hendren, McGill University

Topics this week:
O Interfaces and Polymorphism, Chapter 4
O Usingant for project builds and maintenance

Chapter Topics

Displaying an Image

Polymorphism

Drawing Shapes

TheComparable Interface
TheComparator Interface
Anonymous Classes

Frames and User Interface Components
User Interface Actions

Timers

Designing an Interface

Displaying an Image

UseJOptionPane to display message:
JOptionPane.showMessageDialog(null, "Hello, World!");

Note icon to the left

: =] Message

@ Hello, World!

Displaying an Image
® Can specify arbitrary image file

JOptionPane.showMessageDialog(
null,

"Hello, World!",
"Message",
JOptionPane.INFORMATION_MESSAGE,
new Imagelcon("globe.gif") );
'O | Message X

Hello, World!



http://www.horstmann.com/design_and_patterns.html

Displaying an Image Thelcon Interface Typeand I mplementing

® \What if we don’'t want to generate an imdige? Classes

® Fortunately, can use any class that implemksats interface type

® Imagelcon is one such class | |

® Easy to supply your own class Marsicon magelcon
_"I:I' ' Message X : :

i i
T i e e —————————— 1
. Hello, Mars! !
- v
oK . .
:l JOption | «interface»
Pane Icon

Thelcon Interface Type
public interface Icon POlym or ph | IN
{

int geticonWidth(); e public static void showMessageDialog(... Icon

int getlconHeight(); |

void paintlcon(Component c, Graphics g, int x, int y) anicon ) )
} ® showMessageDialog shows

O icon
| nterface Types © message
yp O OK button

e No implementation ® showMessageDialog must compute size of dialog

e Implementing class must supply implementation of all methods ® width = icon width + message size + blank size

e Chd/icon2/Marslcon.java ® How do we know the icon width?

® showMessageDialog expectdcon object int width = anlcon.geticonWidth():

® Ok to pasMarsicon

® Chd/icon2/IconTest.java




Polymor phism Benefits of Polymor phism

® showMessageDialog doesn’t knowwhichicon is passed ® | oose coupling
O Imagelcon ? L
O Marslcon ? O showMessageDialog decoupled frontimagelcon
o ...? O Doesn'’t need to know about image processing

e The actual type adinlcon isnotlcon e Extensibility

® There are no objects of tyjpeon ° ] )

e anlcon belongs to @lassthat implementscon O Client can supply new icon types

® That class definesgetlconWidth  method

Drawing Shapes
A Variable of Interface Type

® paintlcon  method receivegraphics contexof typeGraphics
IT e Actually aGraphics2D object in modern Java versions

Implements Icon
interface type public void painticon(Component ¢, Graphics g, int x, int'y)

{

anlcon = ﬂ Graphics2D g2 = (Graphics2D)g;
l? % PR

- }

® Can draw any object that impleme®tsape interface

Polymor phism o2 dran(e)

® WhichgetlconWidth  method is called? . )
e Could be Drawing Rectangles and Ellipses
O Marslcon.getlconWidth

o Imagelcon.getlconWidth ® Rectangle2D.Double constructed with

°
o .- . . . O top left corner
® Depends on object to whi@nlcon reference points, e.g. o width
showMessageDialog(..., new Marslcon(50)) O height
_ _ _ _ ® g2.draw(new Rectangle2D.Double(x, y, width,
® Polymorphism: Select different methods according to actual object height));

type



® ForEllipse2D.Double , specify bounding box

Drawing Ellipses

() Width

Relationship Between Shape Classes

Height

Drawing Line Segments

e Point2D.Double is a point in the plane
® Line2D.Double joins to points

Point2D.Double start = new Point2D.Double(x1, y1);
Point2D.Double end = new Point2D.Double(x2, y2);
Shape segment = new Line2D.Double(start, end);
g2.draw(segment);

Graphics
; «interface»
Graphice2D [r-rr—-sm—-smer=2 Shape
Py
Rectangle2D Ellipse2D Line2D
.Double .Double .Double

Drawing Text

® g2.drawString(text, X, y);
® X,y arebase pointoordinates



public interface Comparable
et {
Hi int compareTo(Object other);
Base point —— }
: Descent . .
® objectl.compareTo(object2) returns
Extent L
O Negative number ibbjectl less tharobject2
i o 0 if objects identical
F”“ng Shapes O Positive number ibbjectl greater thamwbject2
e Fill interior of shape
_ The Comparable Interface Type
g2.fill(shape);
e Set color for fills or strokes: ° sotr: rr11ethod corr_:_par(? an; re%rranges elenients
g2.setColor(Color.red); (© _JeCt -compare o(object2) >0).. .. ,
® String class implement€omparable interface type:
® Program that draws car lexicographic (dictionary) order
Chd4/icon3/Carlcon.java ® Country class: compare countries by afgad/sortl/Country.java
_ Ch4/sortl/CountrySortTest.java
|0 | Message X
— The Comparator interfacetype
=4 ! ,
. el Car ® How can we sort countries by name?
: ® Can'timplemenComparable twice!
® Comparator interface type gives added flexibility
public interface Comparator
{
The Comparable I nterface Type } int compare(Object objectl, Object object2);
® Collections has statisort method: ® Pass comparator objectgort :
ArrayLista="... Collections.sort(list, comp);

Collections.sort(a);

® Obijects in list must implement ti@mparable interface type



The Comparator interfacetype

® Ch4/sort2/CountryComparatorByName.java
Ch4/sort2/ComparatorTest.java

® Comparator object isfanction object

® This particular comparator object has no state

® State can be useful, e.g. flag to sort in ascending or descending order

Anonymous Classes

e No need to name objects that are used only once

Collections.sort(countries,
new CountryComparatorByName() );

® No need to name classes that are used only once

Comparator comp = new
Comparator()

public int compare(Object obj1, Object obj2)

{
Country countryl = (Country)obj1;
Country country2 = (Country)obj2;
return countryl.getName().compareTo(country2.getName());

}
b

Anonymous Classes

® anonymousew expression:
[

O defines anonymous class that impleme&asnparator
O definescompare method of that class
O constructs one object of that class

® Cryptic syntax for very useful feature

Anonymous Classes

e Commonly used in factory methods:

public static Comparator comparatorByName() {
return new Comparator() {
public int compare(Object 01, Object 02) { .. .}

I3
}

® Collections.sort(a,
Country.comparatorByName());

® Neat arrangement if multiple comparators make sense
(by name, by area, ...)

Frames

® Frame window hadecorations
[ ]

O title bar
O close box
O provided by windowing system

JFrame frame = new JFrame();

frame.pack();
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.show();

Adding Components
e Construct components
JButton helloButton = new JButton("Say Hello");

e Set content pane layout



Container contentPane = frame.getContentPane(); e \When button is clicked, text field is set
container.setLayout(new FlowLayout());

® Add components to content pane Accessing Variables from Enclosing Scope

contentPane.add(helloButton); e Remarkable: Inner class can access variables from enclosing scope

e Ch4/frame/FrameTest.java e.g.textField
® Can access enclosing instance fields, local variables
® |ocal variables must be markédal

final JTextField textField = ...;

[ Say Hello | [ Say Goodbye J [Click a button! |

= — User Interface Actions
User Interface Actions e Constructor attaches listener:
® Previous program’s buttons don't have any effect helloButton.addActionListener(listener);
: gglo(ljisﬁgecrlz;)stgeir?:ésl?a%:;%t:iongptionListener interface type ® Button remembers all listeners

® \When button clicked, button notifies listeners

public interface ActionListener . .
{ listener.actionPerformed(event);

int actionPerformed(ActionEvent event); . .
} ( ) ® Listener sets text of text field

Listeners are notified when button is clicked textField.setText("Hello, World!");

® Ch4/actionl/ActionTest.java

User Interface Actions
Constructing Related Actions

® \Write helper method that constructs objects

® Add action code intactionPerformed method
® Gloss over routine code

helloButton.addActionListener( ® Pass variable information as parameters
new ActionListener() e Declare parameters final
public void actionPerformed(ActionEvent event) public static ActionListener createGreetingButtonListener(
{ final String message )
textField.setText("Hello, World"); {
} return new

IOk ActionListener()



{
public void actionPerformed(ActionEvent event)
{
textField.setText( message);
}
b
}
Timers
e Supply delay, action listener
ActionListener listener = ...;
final int DELAY = 1000; // 1000 millisec = 1 sec
Timer t = new Timer(DELAY, listener);
t.start();
® Action listener called when delay elapsed
® Ch4/timer/TimerTest.java

[wed Nov 06 06:47:04 PST 2002 |

—r

Defining a New Interface Type

Use timer to move car shapes
Draw car withCarShape
Two responsibilities:

O Draw shape
O Move shape
Define new interface typloveableShape

1§

CRC Card for the MoveableShape
Interface Type

MoveableShape

paint the shape

mowve the shape

Defining a New Interface Type

® Name the methods to conform to standard library
[ J



public interface MoveableShape
{ CarShape

void draw(Graphics2D g2);
void translate(int dx, int dy);

} :
° v
«interface»
Shapelcon &>————— Moveable ¢-------------m---- tﬁ\qul);ggﬁ;r
Shape

public class CarShape implements MoveableShape
{

public void translate(int dx, int dy)

{x+=dx;y+=dy;} >

. «interface»

s JLabel [ |«interface» Timer lke——  Action

} lcon Listener

| mplementing the Animation

Label contains icon that draws shape

Timer action moves shape, capaint on label
Label need$con , we haveMoveableShape
SupplyShapelcon adapter class
Shapelcon.painticon callsMoveableShape.draw

| mplementing the Animation

Ch4/animation/MoveableShape.java

Ch4/animation/Shapelcon.java
Ch4/animation/AnimationTest.java

Ch4/animation/CarShape.java

| mplementing the Animation
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import java . awt.*;
import java .awt.geom.*;
import javax . swing .*;

/**

An icon that has the shape of the planet Mars.

*/
public class Marslcon implements Icon
{
/**
Constructs a Mars icon of a given size.
@aram aSi ze the size of the icon
*/
public  Marslcon (int aSize )
{
size = aSize ;
}
public int getlconWidth ()
{
return size ;
}
public int getlconHeight ()
{
return size
}
public void painticon (Componentc , Graphicsg , int x,
{
Graphics2D g2 = (Graphics2D ) g;
Ellipse2D . Double planet = new Ellipse2D . Double (x, y,
size , size );
g2 . setColor ( Color . RED);
g2 il (planet );
}
private  int size ;

}

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:
14:
15:
16:

import  javax.swing.*;

public class IconTest
{
public  static void main (String[] args)
{
JOptionPane. showMessageDialog (
null
"Hello, Mars!",
"Message”,
JOptionPane.INFORMATION_MESSAGE,
new Marslcon (50));
System. exit (0);
}
}



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

/**

An icon that has the shape of a car.

*/
public class Carlcon implements Icon

{

/**

Constructs a car of a given width.
@aramwi dth the width of the car

*/

public  Carlcon (int awidth )
{
width = aWidth ;

}

public int getlconWidth ()
{

}

public int getlconHeight ()
{

}

return  width

return width /[ 2;

public  void paintlcon ( Componentc , Graphicsg , int x,

{
Graphics2D g2
Rectangle2D

= (Graphics2D ) g ;
. Double body

= new Rectangle2D . Double (x, y +width [/ 6,

width - 1, width / 6);
Ellipse2D . Double frontTire
= newEllipse2D . Double (x + width
width / 6, width [/ 6);
Ellipse2D . Double rearTire
= newEllipse2D . Double (x + width
width | 6, width [/ 6);

[/ 6, y +width

/3,

* 2/ 3,y +width

/! the bottomof the front windshield

Point2D . Double r1
= new Point2D . Double (x + width
/1 the front of the roof

|/ 6, y +width

! 6);

/

int y)

3,

Point2D

. Double r2
new Point2D

. Double (x + width

/!l the rear of the roof

Point2D

/!l the bottomof the rear

Point2D

Line2D
Line2D

Line2D

g2
g2
g2
g2
g2
g2
g2

}

private

. Double r3
new Point2D

. Double (x + width

. Double r4
new Point2D . Double (x + width
. Double frontWindshield

new Line2D . Double (r1, r2 );
. Double roofTop

new Line2D . Double (r2, r3);
. Double rearWindshield

new Line2D . Double (3, r4 );

int  width

il (frontTire  );

il (rearTire ),

. setColor ( Color . red);
il (body );

. draw ( frontWindshield );
. draw ( roofTop );
. draw ( rearWindshield );

I3, y)

*21 3, vy)

wi ndshi el d

* 5/ 6, y +width

1 6);
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/**

A country with a name and area.

*/
public class Country implements Comparable
{
/**
Constructs a country.
@ar am aNarme the nane of the country
@aram anArea the area of the country
*/
public  Country ( StringaName , double anArea )
{
name = aName;
area = anArea ;
}
/**
Gets the nane of the country.
@eturn the nane
*/
public String  getName()
{
return name;
}
/**
Gets the area of the country.
@eturn the area
*/
public  double getArea ()
{
return area ;
}
/**
Conpares two countries by area.
@ar am ot her Cbj ect the other country
@eturn a negative nunber if this country has a smaller
area than otherCountry, O if the areas are the sane,
a positive nunber otherw se
*/
public int compareTo ( Object otherObject )
{

Country other = (Country ) otherObject ;

46:
A47:
48:
49:
50:
51:
52:

if (area <other .area) return
if (area >other .area) return
return  0O;

}

private  String name
private  double area ;

_l,
1
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import java . util .*
public class CountrySortTest
{
public  static void main(String [] args )
{
ArrayList countries = new ArrayList ();
countries .add(new Country ("Uruguay", 176220));
countries .add(new Country ("Thailand", 514000));
countries .add(new Country ("Belgium", 30510));
Collections . sort (countries );
/1 now the array list is sorted by area
for (int i = 0; i <countries .size (); i ++)
{
Country ¢ = (Country ) countries . get (i);
System .out. printin - (c. getName() + ""
}
}
}

+c . getArea

)k

01:
02:
03:
04:

06:
07:

09:
10:
11:

import

public

{

java

class CountryComparatorByName

public

{

.util ¥

int

compare ( Object objectl

Country countryl
Country country2

}

return

countryl

, Object object2

(Country ) objectl ;
( Country ) object2 ;
. getName (). compareTo ( country2

implements Comparator

)

. getName ());
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import java . util .*

public class ComparatorTest

public static  void main(String [] args )

{
ArrayList countries = new ArrayList ();
countries .add(new Country ("Uruguay", 176220));
countries .add(new Country ("Thailand", 514000));
countries .add(new Country ("Belgium", 30510));

Comparator comp = new CountryComparatorByName ();

Collections . sort (countries , comp);
/1 now the array list is sorted by nanme
for (int i = 0; i <countries .size (); i ++)
{
Country ¢ = (Country ) countries . get (i);
System .out . printin - (c. getName() + "" +c.getArea ());

}
}

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:

13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:

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

public class FrameTest

{
public static  void main(String [] args )
{
JFrame frame = new JFrame ();
JButton helloButton = new JButton ("Say Hello");
JButton goodbyeButton = new JButton ("Say Goodbye");

final int FIELD_WIDTH = 20;
JTextField textField = new JTextField (FIELD_WIDTH);
textField . setText (“Click a button!");

Container contentPane = frame . getContentPane ();

contentPane . setLayout (new FlowLayout ());
contentPane . add ( helloButton );
contentPane . add ( goodbyeButton );
contentPane . add (textField );
frame . setDefaultCloseOperation (JFrame . EXIT_ON_CLOSHE;
frame . pack ();
frame . show();
}
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45:

import java . awt.*; 46:  frame
import java .awt.event .%; 47: frame
import javax . swing .*%; 48: }
49: }
public class ActionTest
{
public static  void main(String [] args )

{

JFrame frame = new JFrame ();

final int FIELD_WIDTH = 20;
final  JTextField textField = new JTextField ( FIELD_WIDTH);
textField . setText ("Click a button!");

JButton helloButton = new JButton ("Say Hello");

helloButton . addActionListener (new

ActionListener 0

{
public void actionPerformed  ( ActionEvent event )
{

textField . setText ("Hello, World!");

}

Dk

JButton goodbyeButton = new JButton ("Say Goodbye");

goodbyeButton . addActionListener (new

ActionListener 0

{
public void actionPerformed  ( ActionEvent event )
{

textField . setText ("Goodbye, World!");

}

Dk

Container contentPane = frame . getContentPane ();
contentPane . setLayout (new FlowLayout ());

contentPane . add( helloButton );
contentPane . add ( goodbyeButton );
contentPane . add(textField );

frame . setDefaultCloseOperation (JFrame . EXIT_ON_CLOSE;

- pack ();
. show();
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import java . awt.*;
import java .awt.event .%;
import java . util .%
import javax . swing .*;
import javax . swing . Timer ;
/ * %
This program shows a clock that is updated once per second.
*/
public  class TimerTest
{
public  static  void main(String [] args )
{
JFrame frame = new JFrame ();
final int FIELD_WIDTH = 20;
final  JTextField textField = new JTextField (FIELD_WIDTH);
Container contentPane =frame . getContentPane ();
contentPane . setLayout (new FlowLayout ());
contentPane . add(textField );
ActionListener listener = new
ActionListener 0
{
public void actionPerformed  ( ActionEvent event )
{
Date now = new Date ();
textField . setText (now. toString ());
}
h
final int DELAY = 1000;
/1 mlliseconds between timer ticks
Timer t = new Timer ( DELAY, listener );
t . start  ();
frame . setDefaultCloseOperation (JFrame . EXIT_ON_CLOSE;
frame . pack ();
frame . show();
}
}

01:
02:
03:
04:
05:
06:
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08:
09:
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import java.awt.*;

/**
A shape that can be nmoved around.

*/

public

interface MoveableShape

/**

Draws t he shape.
@aram g2 the graphics context

draw (Graphics2D g2);

Moves the shape by a given anount.
@aram dx the anount to translate in x-direction
@aramdy the anount to translate in y-direction
*/
void

translate  (double dx, double dy);



01: import java .awt.*; 01: import java .awt.%;

02: import java . util .% 02: import java .awt.event .*;
03: import javax . swing .% 03: import javax .swing .*;
04: 04:
05: [ ** 05: [**
06: An icon that contains a noveabl e shape. 06: This programinplenents an ani mati on that noves
07: */ 07: a car shape.
08: public class Shapelcon implements Icon 08: */
09: { 09: public class AnimationTest
10: public  Shapelcon ( MoveableShape shape 10: {
11 int width , int height ) 11: public static  void main(String [] args )
12: { 12: {
13: this . shape =shape ; 13: JFrame frame = new JFrame ();
14: this . width =width ; 14:
15: this . height = height ; 15: final  MoveableShape shape
16: } 16: = new CarShape (0, 0, CAR_WIDTH)
17: 17:
18: public int getlconWidth () 18: Shapelcon icon = new Shapelcon ( shape,
19: { 19: ICON_WIDTH , ICON_HEIGHT);
20: return  width ; 20:
21: } 21: final  JLabel label = new JLabel (icon );
22 22:  Container contentPane =frame . getContentPane ();
23: public int geticonHeight () 23:  contentPane . setLayout (new FlowLayout ());
24: { 24:  contentPane . add (label );
25: return  height ; 25:
26: } 26: frame . setDefaultCloseOperation (JFrame . EXIT_ON_CLOSH;
27 27:  frame . pack ();
28: public  void paintlcon (Componentc , Graphicsg , int x, int y) 28: frame . show();
29: { 29:
30:  Graphics2D g2 = (Graphics2D ) g ; 30: final  int DELAY = 100;
31:  shape . draw ( g2); 31 /1 milliseconds between tiner ticks
32 } 32:  Timert = new Timer ( DELAY, new
33: _ _ 33 ActionListener ()
34: private  int width ; 34: {
35: private  int height ; 35: public void actionPerformed  ( ActionEvent event )
36: private  MoveableShape shape ; 36: {
370} 37: shape .translate (1, O);
38: 38: label . repaint  ();
30: 39; }
40: Dk
41: t .start ();
42: }

43:



private  static final int ICON_WIDTH = 400; 01: import java .awt.%;

private  static final  int ICON_HEIGHT = 100; 02: import java . awt.geom.*;
private  static final int CAR_WIDTH = 100; 03: import java . util %
04:
05: [ **
06: A car that can be noved around.
07: */
08: public class CarShape implements MoveableShape
09: {
10: [**
11 Constructs a car item
12: @aram x the left of the bounding rectangle
13: @aramy the top of the bounding rectangle
14: @aramwi dth the width of the bounding rectangle
15: */
16: public  CarShape (int x, int y, int width )
17: {
18: this .x =x;
19: this .y =y;
20: this . width =width ;
21: }
22:
23: public void translate (double dx , double dy)
24: {
25: X +=dx ;
26: y +=dy ;
27: }
28:
29: public  void draw ( Graphics2D g2 )
30: {
31: Rectangle2D . Double body
32: = new Rectangle2D . Double (x, y +width / 6,
33: width - 1, width / 6);
34: Ellipse2D . Double frontTire
35: = newElipse2D . Double (x +width / 6, y +width / 3,
36: width / 6, width / 6);
37: Ellipse2D . Double rearTire
38: = newElipse2D . Double (x +width * 2/ 3, y +width [/ 3,
39: width / 6, width [ 6);
40:
41: /1 the bottom of the front w ndshield
42: Point2D . Double r1
43 = new Point2D . Double (x +width / 6, y +width / 6);
44: /1 the front of the roof

45: Point2D . Double r2
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