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Chapter Goals

* To be able to declare and use interface types

« To understand the concept of polymorphism

* To appreciate how interfaces can be used to decouple classes
* To learn how to implement helper classes as inner classes

G To implement event listeners in graphical applications

Tgals gl aladiul 5 (de) o 5ol o<
JEYT aad PPYIN a@ﬁ .

Glaadall Jeadl Cilgal 5 aladio) (Say oS jaail o
i all Gl aelival) cilaalall 2,87 400K 48 jaal o
A g ) Cliplatl) 8 Gaaall uaivaal) 21 o
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Using Interfaces for Algorithm Reuse

« Use /nterface types to make code more reusable

 In Chapter 6, we created a DatasSet to find the average and
maximum of a set of numbers

« What if we want to find the average and maximum of a set of
BankAccount values?
Al sale Y ALE ST e ) Jead dgal s g sl ladial o
B Y (e de sana (o (alY) hj\j.m?w Aagy ciliby sacld Wil 1 Juadl) & o
fBankAccount cdll (e de genne (0 (e8] 2l g lass glall e Hsiall n i US 1Y) La o
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Using Interfaces for Algorithm Reuse

public class DataSet // Modified for BankAccount objects {
private double sum;
private BankAccount maximum;
private 1int count;

public void add(BankAccount x)
{

sum = sum + x.getBalance();

1f (count == 0 || maximum.getBalance () < x.getBalance())
maximum = X;

count++;

public BankAccount getMaximum ()

{

return maximum;
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Using Interfaces for Algorithm Reuse

Or suppose we wanted to find the coin with the highest value
among a set of coins. We would need to modify the DataSet

class again:

Ll a it i o
public class DataSet // Modified for Coin objects UA j,
{ le siall
private double sum; s .ih,\.j .
private Coin maximum; O Aad LAY
private int count; (R As gada
- Agadil) tiaﬂ\
public void add(Coin x) ) aalay ah g
{ 2 Jyaw
§um = sum + x.getValug(); 5 DataSet
1f (count == | | maximum.getValue () < N
- S~

Xx.getValue()) maximum = Xx;
count++;
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Using Interfaces for Algorithm Reuse

public Coin getMaximum ()

{

return maximum;

}
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Using Interfaces for Algorithm Reuse
« The algorithm for the data analysis service is the same in all
cases,; details of measurement differ

» Classes could agree on a method getMeasure that obtains the
measure to be used in the analysis

« We can implement a single reusable Dataset class whose add
method looks like this:

sum = sum + x.getMeasure()

1f (count == 0 || maximum.getMeasure () < x.getMeasure())
maximum = X;

count++;

alias Gl Jaali ¢V all aian A Lt & ULl Julad daodd 4 )5l 63 o
Jalall 3 Lealadia (uld e Juany 3 sl getMeasure e Gilsi o) oSa claghall e
i) sl 1 Jie san 53 DataSet 43 aladiuY) sale Y AL sas) g diw Wiy o

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



Using Interfaces for Algorithm Reuse

« What is the type of the variable x? st g b a e
X

- x Should refer to any class that has a S owd O rix
getMeasure method 48 )b Lgpal 438 g
getMeasure

* In Java, an interface type is used to specify s ldlall & .
required operations: Al s g 5 pladiul
Cilleall 328
public 1nterface Measurable ‘a0 glhal)

{

double getMeasure() ;

)

: : JS dgals (Ole) 3
* Interface declaration lists all methods thatthe [ .7 o _aly

Interface type requires fgal
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Syntax 9.1 Declaring an Interface

—

Syntax  public nterface InterfaceName
{

method signatue

}

Example publc 1nterface Measuranle

{ No fmplementatio s provided
The wethods of an fnterfae doube getMeasure(];f’f/
,r’"’f/

are avtoatiealy poble




Interfaces vs. Classes

An interface type is similar to a class, but there are several
Important differences:

» All methods in an interface type are abstract, they don’t have an
Implementation

» All methods in an interface type are automatically public

* An Interface type does not have instance fields

Al AL e Glia (K5 (A glia dgals g s

283l agadl (S Al B3 e (o8 Agal s g 58 (B Bk pan
Lolali dile dgals ¢ 50 (8 Bkl man o

Jidl sl dgal s g s ld 050 Y
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Generic DataSet for Measurable Objects

public class DataSet
{

private double sum;
private Measurable maximum;
private 1nt count;

public void add (Measurable x)

{

sum = sum + x.getMeasure()

1f (count == 0 || maximum.getMeasure () < x.getMeasure())
maximum = X;

count++;

public Measurable getMaximum ()

{

return maximum;
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Implementing an Interface Type

 Use implements reserved word to indicate that a class

implements an interface type: g xmas o ) s,L 5 ) saae 4l iy Hlasiad
agals

public class BankAccount implements Measurable

{
public double getMeasure ()

{

return balance; i T -
} Aenlsanls g sh e ) A0 (S0 28 cllin
g 8 e sl Al b e plad Ol aag 480
} ladari ) Clgal

A class can implement more than one interface type
« Class must declare all the methods that are required by all the

Interfaces it implements
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Implementing an Interface Type

« Another example: Jal Jus

public class Coin 1mplements Measurable

{
public double getMeasure ()

{

return value;
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Code Reuse

« A service type such as DataSet specifies an interface for
participating in the service

» Use interface types to make code more reusable
Aadd A Laall dgal 5 a0y il de sene Jie cilerill g s lling o
AR sale Y ALE ST ey Jaad dgaly o) sl pladin) o

Figure 1
Attachments Conform to the
Mixer’s Interface
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Syntax 9.2 Implementing an Interface

—
Syntax  public class ClassName implements fnterf.:zfeN.:zme, fﬂrfrfachamf, .
{
instance variables
methods
}
Example List all interface types
, . - |
Euhhc class BankAccount implements Measurable that this class inplements,
BankAccount oublic double getMeasure()
instance variables { \Thl o wrovides the il |
$ efnod provides the implementation
return balance;
Other | for the wethod declared in the interface.
BankAccount wiethods .
}
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UML Diagram of pataset and Related Classes

* Interfaces can reduce the coupling between classes

« UML notation:

» Inferfaces are tagged with a ‘stereotype” indicator «interface»
» A doftted arrow with a triangular tip denoles the ‘Iis-a” relationship

between a class and an interface

» A dotted line with an open v-shaped arrow tip denotes the ‘uses”

relationship or dependency

* Note that DataSet IS decoupled fror BankAccount Corn

BankAccount and Coin

Ciliadal) e o) 38 el s (e I o S

:op sl UML

e "aaill 3 ) pall” ae Cilgal s la jud sl e
«aga s

"alg " Je Ju S syl e halic agudly e
dgal g 48 A8 Al

Cile agndl dagiie V Gia JSE o go Laic Jad
daadll) o A "ClalasiyI" e Ja

«interfaces

DataSet — <—--c=-c=---=2 >
Measurahle

Figure 2 UML Diagram of the DataSet Class and the
Classes that Implement the Measurable Interface
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ch09/measurel /DataSetTester.java

coJdJoUrdWN K

/**

This program tests the DataSet class.

*/

public class DataSetTester

{

public static void main (String[] args)

{

DataSet bankData = new DataSet ()

bankData.add (new BankAccount (U));
bankData.add (new BankAccount ( ))
bankData.add (new BankAccount ( ))

System.out.println ( + bankData.getAverage())
System.out.println ( ),

Measurable max = bankData.getMaximum() ;

System.out.println ( + max.getMeasure())
System.out.println ( ),

DataSet coinData = new DataSet ()

Continued
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ch09/measurel /DataSetTester.java (cont.)

22 coinData.add (new Coin ( , ) ) s

23 coinData.add (new Coin ( , ) ) ;

24 coinData.add (new Coin ( , ) ) s

25

26 System.out.println ( +
coinData.getAverage())

277 System.out.println ( ) ;

28 max = coilnData.getMaximum() ;

29 System.out.println ( +
max.getMeasure()) ;

30 System.out.println ( ) ;

31 }

32
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ch09/measurel /DataSetTester.java (cont.)

Program Run:
Average balance: 4000.0
Expected: 4000
Highest balance: 10000.0
Expected: 10000
Average coln value: 0.13333333333333333
Expected: 0.133
Highest coiln value: 0.25
Expected: 0.25
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Self Check 9.1

Suppose you want to use the DataSet class to find the Country

object with the largest population. What condition must the
Country class fulfill?

Answer: It must implement the Measurable Interface, and its
getMeasure method must return the population.

byd L Gl e e ST pe ol SN e sial) ) DataSet 4 ladiul & yi ol a jil o
Cabll dsulall £ o) gy

O 3 5m o s ! getMeasure 4a b «ouball AL dgal 5 Gada o sy 1l 52l
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Self Check 9.2

Why can’t the add method of the Dataset class have a
parameter of type Object?

Answer: The Object class doesn’'t have a getMeasure
method, and the add method invokes the getMeasure
method.

CSl & 51 e dadaa o 5S) DataSet 4 dila) gl (S Y I o
sledinladd 44 s (getMeasure 4 b Sl A5 al Gud el sl
.getMeasure « skl
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Converting Between Class and Interface Types

* You can convert from a class type to an interface type,
provided Pl )b dealy g 5 M A g 5 (e ysad Sy
the class implements the interface Aenlsl Gl 45,0

* BankAccount account = new BankAccount (10000) ;
Measurable x = account; // OK

* Coin dime = new Coin (0.1, "dime");

Measurable x = dime; // Also OK@@MY&@“H&ﬁLﬁMY

« Cannot convert between unrelated types:

Measurable x = new Rectangle (5, 10, 20, 30); // ERROR

Because Rectangle doesn’t implement Measurable
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Variables of Class and Interface Types

Variable has
type BankAccount.

account = ﬂ'
meas = —/)

Variable has type Measurable;
can only invoke getMeasure method.

Figure 3 Variables of Class and Interface Types
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Casts
 Add Coin objectsto DataSet:

DataSet coinData = new DataSet();

coinData.add (new Coin(0.25, "quarter"));

coinData.add (new Coin (0.1, "dime"));

coinData.add (new Coin(0.05, "“nickel"));

Measurable max = coinData.getMaximum(); // Get the largest coin

« What can you do with max? It's not of type Coin:

String name = max.getName(); // ERROR

* You need a cast to convert from an interface type to a class
type
* You know it's a Coin, but the compiler doesn’t. Apply a cast:

Coln maxColin = (Coiln) max;

String name = maxCoin.getName () ;
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Casts

* |f you are wrong and max isn’'t a coin, the program throws an
exception and terminates

 Difference with casting numbers:
» When casting number types you agree to the information loss

« When casting object types you agree to that risk of causing an
exception

ity Ll & sl als y dlae Cand (aBY) a5 Uad e cuS 1Y)
:t._uaj\ ?&Ji CA d)sj‘

Cla glaall lags e sl g Al a8 ) o) il caa Ladic

el ) s o e 58 68 el sl ) gl cua Lanie
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Self Check 9.3

Can you use a cast (BankAccount) x to converta Measurable
variable x to a RankAccount reference?

Answer: Only if x actually refers to a BankAccount object.

‘BankAccount g » ) 8l ulall paiall Byl 31 (BankAccount) s 3l aladicl i€
.BankAccount (S ) sl #8150 x (S 13) Jadd Ayl
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Self Check 9.4

If both BankAccount and Coin implement the Measurable
Interface, can a Coin reference be converted to a BankAccount
reference?

Answer: No — a Coin reference can be converted to a
Measurable reference, but if you attempt to cast that
reference to a BankAccount, an exception occurs.

e e () 0SB dagaS Sy ¢ alall AL a5 24 0 S 5 BankAccount ¢ JS oS 1
‘BankAccount

) 8] il o gl 13) U5 el AL 55 ) Ll sat S oS 5 8- Y il sl
Uil &asy «BankAccount
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Polymorphism JUa) s

« An interface variable holds a reference to object of =~ 33 %ls s
ol e Y 6 )

a class that implements the interface: ks 2 Al e

"deal 4l

Measurable meas; el
meas = new BankAccount (10000) ;
meas = new Coin (0.1, "dime");

Note that the object to which meas refers doesn’t ¢ o9 o) 2a¥
anll alalay)

have type Measurable; the type of the object Is il LA sanmia
some class that implements the Measurable (Gl 3L & 55 aa oY
i Adll (amy ISl & 5
Interface 40t s
 You can call any of the interface methods: oLl

double m = meas.getMeasure() ;

 Which method is called?
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Interface Reference

Meds = J

R

Has a
getMeasure method

| SN

Figure 4 An Interface Reference Can Refer to an Object of Any Class that
mplements the nterface
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Polymorphism ) s

_ _ _ a8l Sleall e Lavie
* When the virtual machine calls an instance ol s Al (Jiia sl

method, it locates the method of the implicit - &exal ddadl 2 L

. . sy ‘55.\.0\_1:1.3 L_ijlm\ gle i
parameter's class — called dynamic method — 7 .y sy

lookup SIS I e Gl LY

_ ~ «BankAccount
* Ifmeas referstoaBankAccount object, then (ymeas.getMeasure

meas.getMeasure () calls the WP ML
BankAccount.getMeasure method BankAccount.getg/luer:

samiall Al culElay) 1)

e If meas refers to a Coin object, then method L
0 Ob) (58 S Y yady Y

Coin.getMeasure IS called sl e iy
_ Coin.getMeasure
 Polymorphism (many shapes) denotes the e aaall) JISEYT aaws

ability to treat objects with differences in behaviet 8 Lo Ju (J<Y)

. . DAY & <) C)\.c
In a uniform way o Ryl L]
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Animation 9.1: Polymorphism

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



Self Check 9.5

Why is it Impossible to construct a Measurable object?
Answer: Measurable IS an interface. Interfaces have no
flelds and no method implementations.

¢ Lelall IS el Jiniaal) (g s 13L]
i) 48y Hla aa g5 Sl Ll Gl Clgad s uliill dgal 5 58 1l sal)
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Self Check 9.6

Why can you nevertheless declare a variable whose type is
Measurable?

Answer: That variable never refers to a Measurable object. It

refers to an object of some class — a class that implements
the Measurable Interface.

okl A8 - F) nes com (S ) s A oLll AL (S L) a1l kil 134 sl s
il 3145 2
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Self Check 9.7

What does this code fragment print? Why is this an example of

ism?
polymorphism’ 38 13Lal P Ao el cibagle) 5 3o 138 ny 1ia

DataSet data = new DataSet () ; P i e Jla
data.add (new BankAccount (1000)) ;
data.add (new Coin (0.1, "dime"));

System.out.println (data.getAverage()) ;

Answer: The code fragment prints 500.05. Each call to add
results ina call x.getMeasure (). Inthe firstcall, x 1s a
BankAccount. In the second call, x is a Coin. A different
getMeasure method is called in each case. The first call

returns the account balance, the second one the coin value.

sledin) & ()x.getMeasure & zlladd slediul JS 00 v 0 auhay duaa pll Slaaladll ¢ a0
getMeasure 44,k Je Glhy | Coindlee gax «Alll cledinl SBankAccount. saXx ¢ Y
Alenl) Ao saa) 5 40l cbuall duay pla b (V) eledin) Al JS 8 dalissg
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Using Interfaces for Callbacks
 Limitations of Measurable interface:

« Can add veasurable interface only to classes under your control
« Can measure an object in only one way

« E.g., cannot analyze a set of savings accounts both by bank balance and
by interest rate

« Callback: a mechanism for specifying code that is executed at a
later time

 In previous DataSet iImplementation, responsibility of

measuring lies with the added objects themselves
‘Measurable (shall ALld dgaly e da jiall 2 58l
i ylages Con il ) Jadh ulll AL dga) g Alla) SiSay
L 2l g oladl 3 (S Ll (K
Bl sy (A el dna )l Gk e el s 5 Sl Cllus (e de gane Jilad S Y (JBall Jas e
" GaY iy i Ll Ayl cilaledl) pantl 401 1
agii] Calial sl uld sile o 2 A 5 suse Al llal) de pena ddni
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Using Interfaces for Callbacks

« Alternative: Hand the object to be measured to a method of an
Interface: Feal sl Al gl Al 2 3 S Al pa

public 1nterface Measurer

{

double measure (Object anObject) ;

}

 Object is the “lowest common denominator” of all classes

il aren (e ") & jidall anddll" g
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Using Interfaces for Callbacks

* The code that makes the call to the callback receives an object

of class that implements this interface:
Juaiyl Q) ‘559\ Bjcﬂ\ Jaas Gﬂ‘ :\..gM)J\ C'_m\.mlaﬂ\

public DataSet (Measurer aMeasurer) i . . m
{ Tea) sl oaa galai il Al (e (IS Ay
sum = 0;
count = 0;
maximum = null;
measurer = aMeasurer; // Measurer 1instance variable

}

* The measurer instance variable carries out the measurements:

public void add(Object x) labaall Ady JLS JELl) it

{

sum = sum + measurer.measure (x) ;

1f (count == 0 || measurer.measure (maximum) < measurer.measure (x))
maximum = X;

count++;
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Using Interfaces for Callbacks

A specific callback is obtained by implementing the Measurer
Interface: JUS dgals 25 A (e 2330 3 Lo J gl o

public class RectangleMeasurer implements Measurer

{
public double measure (Object anObject)

{
Rectangle aRectangle = (Rectangle) anObject;

double area = aRectangle.getWidth () *
aRectangle.getHeight () ;
return area;

)
« Must cast from Object to Rectangle:  Juaiwe J S e LBl of o

Rectangle aRectangle = (Rectangle) anObject;
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Using Interfaces for Callbacks

» Pass measurer to data set CONStruCtor: , s, ciiide yene ) JS 5

Measurer m = new RectangleMeasurer (),
DataSet data = new DataSet (m);

data.add (new Rectangle (5, 10, 20, 30));
data.add (new Rectangle (10, 20, 30, 40));
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UML Diagram of Measurer Interface and Related Classes

Note that the Rectangle class is decoupled from the Measurer
Interface LS dgal g e Janits g Julaiose daukall o BaaY

Rectangle

Measurer = Rectangle

;

«1nterface»

DataSet  ~=—====== —>
Measurer

Figure 5 UML Diagram of the DataSet Class and the Measurer Interface
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ch09/measure2/Measurer.java

oo Jdo Ul dWDNK

/**

Describes any class whose objects can measure other objects.

*/
public interface Measurer
{
/ *x %
Computes the measure of an object.
@param anObject the object to be measured
@return the measure
*/

double measure (Object anObject);
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ch09/measure2/RectangleMeasurer.java

1 import java.awt.Rectangle;

2

3 / * %

4 Objects of this class measure rectangles by area.

5 */

6 public class RectangleMeasurer implements Measurer
7 A

8 public double measure (Object anObject)

9 {
10 Rectangle aRectangle = (Rectangle) anObject;
11 double area = aRectangle.getWidth () * aRectangle.getHeight (),
12 return area;
13 }
14 }
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ch09/measure2/DataSet.java

1 / * %

2 Computes the average of a set of data values.

3 */

4 public class DataSet

5 |

6 private double sum;

7 private Object maximum;

8 private int count;

9 private Measurer measurer;

10

11 / * %

12 Constructs an empty data set with a given measurer.
13 @param aMeasurer the measurer that is used to measure data values
14 */

15 public DataSet (Measurer aMeasurer)
16 {

17 sum = (U7

18 count = 0;

19 maximum = ;
20 measurer = aMeasurer;
21 }
22

Continued
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ch09/measure2/DataSet.java (cont.)

23 /* *

24 Adds a data value to the data set.

25 @param x a data value

26 */

27 public void add(Object x)

28 {

29 sum = sum + measurer.measure (x);
30 if (count == | | measurer.measure (maximum) < measurer.measure (x))
31 maximum = x;

32 count++;

33 }

34

35 / * %

36 Gets the average of the added data.

37 @return the average or O if no data has been added
38 */

39 public double getAverage ()

40 {

41 if (count == 0) return 0;

42 else return sum / count;

43 }

44

Continued
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ch09/measure2/DataSet.java (cont.)

45 / *x %

46 Gets the largest of the added data.

47 @return the maximum or O if no data has been added
48 * /

49 public Object getMaximum ()

50 {

51 return maximum;

52 }

53 }
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ch09/measure2/DataSetTester2.java

1 import java.awt.Rectangle;

2

3 / * %

4 This program demonstrates the use of a Measurer.

5 */

6 public class DataSetTester?

7 A

8 public static void main (String[] args)

9 {

10 Measurer m = new RectangleMeasurer () ;

11

12 DataSet data = new DataSet (m);

13

14 data.add (new Rectangle (", , , ) ) ;
15 data.add (new Rectangle (!0, , , )) ;
16 data.add (new Rectangle (-0, , , ) ) ;
17

18 System.out.println ( + data.getAverage());
19 System.out.println( ) ;
20

Continued
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ch09/measure2/DataSetTester2.java (cont.)

21 Rectangle max = (Rectangle) data.getMaximum() ;

22 System.out.println ( + max) ;

23 System.out.println (

24 + ) ;
25 }

26 }

Program Run:

Average area: 625

Expected: 625

Maximum area rectangle:java.awt.Rectangle[x=10,y=20,width=30,height=40]
Expected: java.awt.Rectangle[x=10,y=20,wi1dth=30,height=40]
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Self Check 9.8

Suppose you want to use the DataSet class of Section 9.1 to find
the longest st ring from a set of inputs. Why can't this work"?

Answer: The String class doesn’t implement the
Measurable interface.

UAZ\cWUAMMdjL\L;cJM 1) ~ill DataSet 4 alasiul A 53 Sl yoa il
Cand) 1] S Y 1Al | DAL
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Self Check 9.9

How can you use the DataSet class of this section to find the
longest St ring from a set of inputs?

Answer: Implement a class StringMeasurer that
Implements the Measurer interface.

SR (e de gana (3o Al Jshal alag¥ QL 138 (e DataSet 438 aladiul @l Cas
IS dgal 5l (gadas Al 4l StringMeasurer s ol sall
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Self Check 9.10

Why does the measure method of the Measurer interface have
one more parameter than the getMeasure method of the
Measurable Interface?

Answer: A measurer measures an object, whereas
getMeasure measures “itself’, that is, the implicit parameter.

Tkl ALl deal s getMeasure 44 b e ST Aalaall aal5 058 JUS dgal s (il 45y Hla 13
Ataca dalzall ¢ ga 138 ¢ ¢Mlgidi" getMeasure omlall o) o st ¢S Gty JUS gl gall
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Inner Classes

* Trivial class can be declared inside a method:

public class DataSetTester3

{

A8l Ja1o Agdls Al Cay a3 (S

public static void main (String[] args)

{

class RectangleMeasurer implements Measurer

{

}

Measurer m = new RectangleMeasurer () ;
DataSet data = new DataSet (m);

Big Java by Cay Horstmann
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Inner Classes

* If inner class is declared inside an enclosing class, but
outside its methods, it is available to all methods of enclosing
class: z oA ST el Akl Jala dalall Akl e 1)

public class DataSetTester3 '\‘9J“i)°@ 2B sie (o 5 clelld

{

class RectangleMeasurer implements Measurer

{

public static void main(String[] args)

{

Measurer m = new RectangleMeasurer () ;
DataSet data = new DataSet (m);

Big Java by Cay Horstmann
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Inner Classes

« Compiler turns an inner class into a regular class file:

DataSetTester$lSRectangleMeasurer.class

Al A all Cile 8 L0 258 J pahy an e
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ch09/measure3/DataSetTester3.java

oJdoUld WN PR

import java.awt.Rectangle;

/* *
This program demonstrates the use of an inner class.

*/

public class DataSetTester3

{
public static voild maln(String[] args)
{

class RectangleMeasurer implements Measurer

{
public double measure (Object anObject)

{
Rectangle aRectangle = (Rectangle) anObject;
double area
= aRectangle.getWidth () * aRectangle.getHeight () ;
return area;

Measurer m = new RectangleMeasurer () )
Continued

DataSet data = new DataSet (m); Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



ch09/measure3/DataSetTester3.java (cont.)

25
26
27
28
29
30
31
32
33
34
35
36
37

data.add (new Rectangle (>, , , )) s
data.add (new Rectangle (!0, , , )) s
data.add (new Rectangle (-0, , , )) s
System.out.println ( + data.getAverage());

System.out.println ( ) ;

Rectangle max = (Rectangle) data.getMaximum () ;
System.out.println ( + max) ;
System.out.println (

+ ) ;

Big Java by Cay Horstmann
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Self Check 9.11

Why would you use an inner class instead of a regular class?

Answer: Inner classes are convenient for insignificant classes.
Also, their methods can access variables and fields from the
surrounding scope.

Caalall A pe Yo Al Al aadiiod i€ 13l
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Self Check 9.12

How many class files are produced when you compile the
DataSetTester3 program?

Answer: Four: one for the outer class, one for the inner class,
and two for the batasSet and Measurer classes.

fYDataSetTester gl daa i die Lgalii) a4 448 CGldle 2ae S
JS s DataSetd oo ol s ddalall dadall sasl g s A dddall sas) 5 rden )l 1l sall
gkl
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Operating Systems

A Graphical Software Environment for the Linux Operating System
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Mock Objects

« Want to test a class before the entire program has been
completed ALaSU ali ) (e slgiiY) 3 J A58 il b e

« A mock object provides the same services as another object,
but in a simplified manneri....ia b (<15 AT 18 Clasdl) i a5 (58 i s

« Example: a grade book application, GradingProgram,
manages quiz scores using class GradeBook with methods:

public void addScore (int studentId, double score)
public double getAverageScore (int studentId)
public void save (String filename)

« Want to test GradingProgram without having a fully functional
GradeBook class



Mock Objects

. Declare an interface type with the same methods that &+ ¢!

the GradeBook class provides c‘“j;
« Convention: use the letter 1 as a prefix for the interface name.: .Y\
public interface IGradeBook A Al

yid)y dauall

{ Q\ﬁﬁﬂ\
vold addScore (int studentId, double score); iday

double getAverageScore (int studentId); plasin

void save (String filename) ; S A EN

Lo e A5

} gl

« The GradingProgram class should on/y use this
Interface, never the GradeBook class which implements
this interface

oda Ladd 2adis (ol csGradingProgram ikl
dgal sl oda daw il ol jall yias 45 oyl dgal



Mock Objects

 Meanwhile, provide a simplified mock implementation,
restricted to the case of one student and without saving
functionality:

public class MockGradeBook implements IGradeBook

{

private ArrayList<Double> scores;
public void addScore (int studentId, double score)
{

// Ignore studentId

scores.add (score) ;

}
double getAverageScore (int studentId)

{
double total = 0;
for (double x : scores) { total = total + x; }
return total / scores.size():;
}
void save (String filename)
{
// Do nothing

}

cdods B l) A
daad g 28T 8 oS

railda g 5l g3 g



Mock Objects

« Now construct an instance of MockGradeBook and use it
Immediately to test the GradingProgram class

 When you are ready to test the actual class, simply use a
GradeBook Instance instead

* Don’t erase the mock class — it will still come in handy for
regression testing

Cila ol gealiys ARl LAY sl Lo Lgaladiul g S Aa ol o e Jiie sl oY)
A3 e Yy G daall Jiie aladind 3 jad diladll 2l LAY dasiu) o i Lie
Syl LAY cpad) Jolite 3 DI Y Gogn - e g A3l saa Y o



Self Check 9.13

Why is it necessary that the real class and the mock class
Implement the same interface type?

Answer: You want to implement the GradingProgram class

in terms of that interface so that it doesn’t have to change
when you switch between the mock class and the actual class.

figaly & 5 Ll 20 daad 5 ABal) g Addal) Anall o (555 puall (e Ja 3]
et ) st W Cum dgal g O Cua (e Sl pall A all el ya s ol il sy e
Alzal) Adplall 5 dpea 5 Adidall (0 Jpanll aie
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Self Check 9.14

Why is the technique of mock objects particularly effective when
the GradeBook and GradingProgram class are developed by

two programmers?

Answer: Because the developer of GradingProgram doesn’t
have to wait for the GradeBook class to be complete.

zeali o Aall g il pall yiy auia g ol Ladie (pald (S5 Alled drad 5 alua) 4380 g8 130
o _uall e Cpiil J8 (e il )
Sl sSal sl yias daal HUSEY) ) il ol el s (e shaadl (sl Gadd 439 1l sall
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Events, Event Sources, and Event Listeners

« User interface events include key presses, mouse moves,
button clicks, and so on

* Most programs don’t want to be flooded by boring events

« A program can indicate that it only cares about certain specific
events

o ala g o3l s sl @ aty (rlide e Jaxacall st dgal s Galaal) Jads
ilaa Slaall Ggee O s Y el il alaxs
Ladd Badae A Eilaal gy 45l s o alill (S s



Events, Event Sources, and Event Listeners

« Event listener:
» Notified when event happens

» Belongs to a class that is provided by the
application programmer

o [/ts methods describe the actions to be taken
when an event occurs

» A program indicates which events it needs to
recelve by installing event listener objects

e Event source:

» User interface component that generates a
particular event

« Add an event listener object to the
appropriate event source

o When an event occurs, the event source
notifies all event listeners

Caaa ¢aaag Ladie elodle)

O o5 oy A A8 )
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Gas G gas die ladlas)
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Events, Event Sources, and Event Listeners

« Example: A program that prints a message whenever a button is
clicked: 0 e il LS Al aday (3 el pll

@ Terminal
File Ecit wiew Terminal Tabs Help
~% cd BigJava/ch@9/buttonl

~fBigJava/ch09/buttonls javac ButtonViewer.java

~fBigJava/ch09/buttonls java ButtonViewer
I was clicked.

I was clicked.
I was clicked. =] [=]Ofx

J Click mel

M [=]E"

Figure 6 Implementing an Action Listener



Events, Event Sources, and Event Listeners

« Use JRutton components for buttons; attach an
ActionListener to each button JButton <bisSe plasi
TLBSIBERY

« ActionListener interface: & SMActionListener
2D

public i1nterface ActionlListener

{

vold actionPerformed (ActionEvent event);

}

* Need to supply a class whose actionPerformed method
contains instructions to be executed when button is clicked

 event parameter contains details about the event, such as the

time at which it occurred

la it Caal ol claaladll e (g gisy factionPerformed s kb cpdll 438y 6 ) zlias
20 Q_A‘: )9-‘5‘ die
iy g3 ) e cianll 138 Jgm Jealil e (g sint Cioal) ddlae



Events, Event Sources, and Event Listeners

« Construct an object of the listener and add it to the button:

Actionlistener listener = new ClickListener () ;
button.addActionlistener (listener) ;

0 N aln] y adiosall (o (SIS Ly
button.addActionListener ¢ ¢() 2> ClickListener = a<iwall ActionListener

T



ch09/button1/ClickListener.java

coJdoOrdWNBR

R R R R
WNROV

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;

/* *
An action listener that prints a message.
*/
public class ClickListener implements ActionListener

{

public void actionPerformed (ActionEvent event)

{
System.out.println( ) ;



ch09/button1/ButtonViewer.java

1 import java.awt.event.ActionListener;

2 import javax.swing.JButton;

3 import javax.swing.JFrame;

4

5 / * %

6 This program demonstrates how to install an action listener.

7 */

8 public class ButtonViewer

9 |

10 private static final int FRAME WIDTH = ;
11 private static final int FRAME HEIGHT = ;
12

13 public static void main (String[] args)

14 {

15 JFrame frame = new JFrame ()

16 JButton button = new JButton ( ) ;
17 frame.add (button) ;

18

19 ActionlListener listener = new ClickListener();
20 button.addActionlListener (listener) ;
21

Continued



ch09/button1/ButtonViewer.java (cont.)

22 frame.setSize (FRAME WIDTH, FRAME HEIGHT) ;

23 frame.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;
24 frame.setVisible ( ) ;

25 }

26 }



Self Check 9.15

Which objects are the event source and the event listener in the
ButtonViewer program?

Answer: The button object is the event source. The
listener objectis the event listener.

‘ButtonViewer gt n 4 Chaall t.ql..u.d\} Gaall jaas el.u;;‘z?\ o3 (e L
aal) aatiall g8 aabisall KD G2l jaae ga ) G ALY
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Self Check 9.16

Why is it legal to assign a C1ickListener object to a variable of
type ActionListener?

Answer: The ClickListener class implements the
ActionListener Interface.

fActionListener ¢ s (» i Jl ClickListener (RS uadl 44 glal) ga 13
ActionListener 4gal 5 2ath ClickListener 4 :aY)

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



Using Inner Classes for Listeners

* Implement simple listener classes as inner classes like this:
JButton button = new JButton("...");

// This 1nner class 1s declared in the same method as the
// button wvariable

class MyListener implements ActionListener

{

b s
ActionlListener listener = new MyListener();
button.addActionlistener (listener);

 This places the trivial listener class exactly where it is needed,
without cluttering up the remainder of the project

& 5 el (pe Agiiiall 3 Jidl) Gl (0 clgall Aalall oai Cun Japally 48l aaiosal) Akl gy La 138



Using Inner Classes for Listeners

« Methods of an inner class can access the variables from the

enclosing scope
» Local variables that are accessed by an inner class method must be
declared as final

« Example: Add interest to a bank account whenever a button is
clicked:

G i e i) ) J e sl) Adaal) ASal) b o (S
el e a4 Gl 5yl e L) Jsea sl sy 3 dalaall ol paniall Cly e cang
) e DA A LS i yeaddl Gl ) sailall délca) ;Ui



Using Inner Classes for Listeners

JButton button = new JButton ("Add Interest");
final BankAccount account =
new BankAccount (INITIAL_BALANCE) ;
// This inner class 1is declared in the same method as
// the account and button variables.
class AddInterestlListener implements ActionListener

{

public void actionPerformed (ActionEvent event)
{
// The listener method accesses the account
// variable from the surrounding block
double 1interest = account.getBalance()
* INTEREST RATE / 100;
account.deposit (interest);

};
Actionlistener listener = new AddInterestListener():;
button.addActionlistener (listener) ;



ch09/button2/InvestmentViewerl.java

1 import java.awt.event.ActionEvent;

2 import java.awt.event.ActionListener;

3 import javax.swing.JButton;

4 import javax.swing.JFrame;

5

6 / * *

7 This program demonstrates how an action listener can access

8 a variable from a surrounding block.

9 */

10 public class InvestmentViewerl

11 {

12 private static final int FRAME WIDTH = ;
13 private static final int FRAME HEIGHT = ;
14

15 private static final double INTEREST RATE = ;
16 private static final double INITIAL BALANCE = ;
17

18 public static void main(String[] args)

19 {
20 JFrame frame = new JFrame () ;
21

Continued



ch09/button2/InvestmentViewerl1.java (cont.)

22 // The button to trigger the calculation

23 JButton button = new JButton( ) ;

24 frame.add (button) ;

25

26 // The application adds interest to this bank account

27 final BankAccount account = new BankAccount (INITIAL BALANCE) ;
28

29 class AddInterestListener implements ActionListener

30 {

31 public void actionPerformed (ActionEvent event)

32 {

33 // The listener method accesses the account variable

34 // from the surrounding block

35 double interest = account.getBalance() * INTEREST RATE / ;
36 account.deposit (interest);

37 System.out.println ( + account.getBalance()) ;
38 }

39 }

40

Continued



ch09/button2/InvestmentViewerl1.java (cont.)

41 ActionListener listener = new AddInterestlListener();
42 button.addActionlListener (listener) ;

43

44 frame.setSize (FRAME WIDTH, FRAME HEIGHT) ;

45 frame.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;
46 frame.setVisible ( ) ;

47 }

48 }

Program Run:
balance: 1100.
balance: 1210.
balance: 1331.
balance: 1464.

= O O O



Self Check 9.17

Why would an inner class method want to access a variable from
a surrounding scope?

Answer: Direct access is simpler than the alternative —
passing the variable as a parameter to a constructor or
method.
il (Blai (e e (A a5l (s Adalal) dgydal) 48, Hla 130
sl i ) AdaS e pai - il (e el 58 iladd) J g sl i sl
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Self Check 9.18

Why would an inner class method want to access a variable from
a surrounding If an inner class accesses a local variable from a
surrounding scope, what special rule applies?

Answer: The local variable must be declared as final.

e olan e Jomy 210 238 13) Aainall e aiia G g sl () 5 Aalalall Zaadal) 45 jha 3L
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Building Applications with Buttons

« Example: Investment viewer program; whenever button is
clicked, interest is added, and new balance is displayed:

s ) s glae Ay Bl ddlia) A ) (e all A LS B ¢ lalindl aa i zali

2

\ Add Interest l balance: 1100.0

|

Figure 7 An Application with a Button




Building Applications with Buttons

« Construct an object of the JButton class: JButton ds al e (S ¢l

JButton button = new JButton ("Add Interest");

* We need a user interface component that displays a message:

Al ) (a ym (Al aadiuall dgal 5 juaic ) dalay (o

144

JLabel label = new JLabel ("balance:
+ account.getBalance())

« Use a JPanel container to group multiple user interface

Components together:
lxa eM\ deal 5 Al S Bamie de gaan ) JPanel sle g aladinl o

JPanel panel = new JPanel ()
panel.add (button) ;
panel.add (label) ;
frame.add (panel) ;



Building Applications with Buttons

 Listener class adds interest and displays the new balance:
B ) s et g Balall Canay aaiiall Aaudal)
class AddInterestlistener 1mplements ActionlListener

{

public void actionPerformed (ActionEvent event)

{

double interest = account.getBalance() *
INTEREST RATE / 100;
account.deposit (interest);
label.setText ("balance=" + account.getBalance())

J

« Add AddInterestListener as inner class so it can have
access to surrounding £inal variables (account and label)

il Gl el ) Jsasll 058 of oSy A Al Akl (e aciisddl AddInterest 4il)
(Apanaill 5 aluan) dilgl)



ch09/button3/InvestmentViewer2.java

1 import java.awt.event.ActionEvent;

2 import java.awt.event.ActionListener;

3 import javax.swing.JButton;

4 1mport javax.swing.JFrame;

5 import Javax.swing.JLabel;

6 import javax.swing.JPanel;

7 1mport javax.swing.JTextField;

8

9 / * %

10 This program displays the growth of an investment.

11 */

12 public class InvestmentViewer?2

13

14 private static final int FRAME WIDTH = ;
15 private static final int FRAME HEIGHT = ;
16

17 private static final double INTEREST RATE = ;
18 private static final double INITIAL BALANCE = ;
19
20 public static void main(String[] args)
21 {
22 JFrame frame = new JFrame () ;
23

Continued



ch09/button3/InvestmentViewer2.java (cont.)

24 // The button to trigger the calculation

25 JButton button = new JButton ( ) s

26

27 // The application adds interest to this bank account

28 final BankAccount account = new BankAccount (INITIAL BALANCE) ;
29

30 // The label for displaying the results

31 final JLabel label = new JLabel ( + account.getBalance())
32

33 // The panel that holds the user interface components

34 JPanel panel = new JPanel () ;

35 panel.add (button) ;

36 panel.add (label);

37 frame.add (panel) ;

38

Continued



ch09/button3/InvestmentViewer2.java (cont.)

39 class AddInterestListener implements ActionListener

40 {

41 public void actionPerformed (ActionEvent event)

42 {

43 double interest = account.getBalance() * INTEREST RATE /
44 account.deposit (interest)

45 label.setText ( + account.getBalance())
46 }

477 }

48

49 Actionlistener listener = new AddInterestlistener();

50 button.addActionlListener (listener) ;

51

52 frame.setSize (FRAME WIDTH, FRAME HEIGHT) ;

53 frame.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;

54 frame.setVisible ( ) ;

55 }

56 }



Self Check 9.19

How do you place the "balance: ..." message to the left of
the "Add Interest" button?

Answer: First add 1abel to the panel, then add button.
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Self Check 9.20

Why was it not necessary to declare the button variable as
final?

Answer: The actionPerformed method does not access
that variable.
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Processing Timer Events

 Javax.swing.Timer generates equally spaced timer events,
sending events to installed action listeners

» Useful whenever you want to have an object updated in regular
Intervals

Aifiall Jandl Cpraiosal) () Calaa¥) Jls ) 5 ¢ slaia JS4 2oLt < gl ClaaY) Al 5 javax.swing. Timer
dalaiie <l yib A Lgfhaad IS ()5S o 2 55 oS LS ade



Processing Timer Events

* Declare a class that implements the ActionListener
Interface: paisall Jae dgal gl gaki ) 4 (e

class MylListener 1mplements ActionlListener

{

vold actionPerformed (ActionEvent event)

{
Listener action (executed at each timer event)

}
« Add listener to timer and start timer: sl ey s Ll acivad) il

MyListener listener = new MylListener();
Timer t = new Timer (interval, listener);
t.start ()



ch09/timer/RectangleComponent.java

Displays a rectangle that can be moved

The repaint method causes a component to repaint itself. Call

this method whenever you modify the shapes that the
paintComponent method draws el s ) ol

1 import java.awt.Graphics; puy o] (J s repaint ey tale) clal
2 import java.awt.Graphics2D; I JSEY) Jaaety ol LalS gl 138 pledin) 4w
3 1import java.awt.Rectangle; pa”ﬂ(knnponent&g)bcﬁm
4 import javax.swing.JComponent;

5

6 /**

7 This component displays a rectangle that can be moved.

8 */

9 public class RectangleComponent extends JComponent
10 {
11 private static final 1nt BOX X = ;
12 private static final 1Int BOX Y = ;
13 private static final int BOX WIDTH = ;
14 private static final int BOX HEIGHT = ;

Continued
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ch09/timer/RectangleComponent.java (cont.)

16 private Rectangle box;

17

18 public RectangleComponent ()

19 {

20 // The rectangle that the paintComponent method draws
21 box = new Rectangle (BOX X, BOX Y, BOX WIDTH, BOX HEIGHT) ;
22 }

23

24 public void paintComponent (Graphics qg)

25 {

26 Graphics2D g2 = (Graphics2D) g;

27

28 g2 .draw (box) ;

29 }

30

Continued



ch09/timer/RectangleComponent.java (cont.)

31 / * %

32 Moves the rectangle by a given amount.

33 @param x the amount to move in the x-direction
34 @param y the amount to move in the y-direction
35 * /

36 public void moveBy (int dx, int dy)

37 {

38 box.translate (dx, dy);

39 repaint () ;

40 }

41 }

Big Java by Cay Horstmann
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ch09/timer/RectangleMover.java

oOJdo U b WNBR
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import java.awt.event.ActionEvent
import java.awt.event.ActionlListe
import javax.swing.JFrame;
import javax.swing.Timer;

/ * %
This program moves the rectangle.
*/
public class RectangleMover

{
private static final int FRAME

private static final int FRAME

.
4

ner;

_WIDTH = ;
_HEIGHT = ;

public static void main(String[] args)

{

JFrame frame = new JFrame ()

frame.setSize(FRAME_WIDTH,
frame.setTitle (

.
4

FRAME HEIGHT) ;
) ;

frame.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;

Continued



ch09/timer/RectangleMover.java (cont.)

22 final RectangleComponent component = new RectangleComponent () ;
23 frame.add (component) ;

24

25 frame.setVisible ( ) ;

26

27 class TimerListener implements ActionListener

28 {

29 public void actionPerformed (ActionEvent event)
30 {

31 component.moveBy (', 1);

32 }

33 }

34

35 Actionlistener listener = new TimerListener();

36

37 final int DELAY = ; // Milliseconds between timer ticks
38 Timer t = new Timer (DELAY, listener):;

39 t.start ()

40 }

41 }



Self Check 9.21

Why does a timer require a listener object?

Answer: The timer needs to call some method whenever the
time interval expires. It calls the actionPerformed method

of the listener object.
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Self Check 9.22

What would happen if you omitted the call to repaint in the
moveBy method?

Answer: The moved rectangles won't be painted, and the
rectangle will appear to be stationary until the frame is
repainted for an external reason.

moveBY A& )l 8 anysale) ) 5 seall Cdda 1Y) Caag 13k
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Mouse Events

- Use a mouse listener to capture mouse events o) gl ol

U skall Calas Lalaily

* Implement the MouselListener interface: el Gk

MouseListener:

public interface MouselListener

{

vold mousePressed (MouseEvent event);

// Called when a mouse button has been pressed on a
// component

void mouseReleased (MouseEvent event);

// Called when a mouse button has been released on a
// component

vold mouseClicked (MouseEvent event);

// Called when the mouse has been clicked on a component
volid mouseEntered (MouseEvent event);

// Called when the mouse enters a component

volid mouseExited (MouseEvent event);

// Called when the mouse exits a component



Mouse Events

* mousePressed, mouseReleased:
Called when a mouse button is pressed or released

agic I8V Sl Luslall ) e daraall 26 Ledie e
e mouseClicked:

If button is pressed and released in quick succession, and mouse
hasn't moved

s sall & ad Al g can o alii A die 2 85 ) e araall &3 1))

e mousekEntered, mouseExited:

Mouse has entered or exited the component’'s area

OsSall dddaie Caa ja ) calia sl



Mouse Events

« Add a mouse listener to a component by calling the
addMouselistener method:

public class MyMouselistener implements Mousellistener

{ .
// Implements five methods sledin) Ahaul o puaiall (Y o stal) acivual) 23L)

} addMouseListener; « slsY!

Mouselistener listener = new MyMouseListener();
component.addMouselLlistener (listener) ;

« Sample program: enhance RectangleComponent — when
user clicks on rectangle component, move the rectangle

Ay dihbiid) paie e aadiildl 8y Laic RectangleComponent - e as 1zl pall 723 sal
Julaiodll



ch09/mouse/RectangleComponent.java

import java.awt.Graphics;
import java.awt.Graphics2D;
import java.awt.Rectangle;
import javax.swing.JComponent;

/* *
This component displays a rectangle that can be moved.
*/
9 public class RectangleComponent extends JComponent
10 {

coOJdJoyOUldWDNR

11 private static final int BOX X = ;

12 private static final int BOX Y = ;

13 private static final int BOX WIDTH = ;

14 private static final int BOX HEIGHT = ;

15

16 private Rectangle box;

17

18 public RectangleComponent ()

19 {

20 // The rectangle that the paintComponent method draws

21 box = new Rectangle (BOX X, BOX Y, BOX WIDTH, BOX HEIGHT);
22 } Continued



ch09/mouse/RectangleComponent.java (cont.)

24 public void paintComponent (Graphics g)
25 {

26 Graphics2D g2 = (Graphics2D) g;
27

28 g2 .draw (box) ;

29 }

30

31 / * %

32 Moves the rectangle to the given location.

33 @param x the x-position of the new location
34 @param vy the y-position of the new location
35 * /

36 public void moveTo(int x, int y)
37 {

38 box.setLocation(x, V),

39 repaint () ;

40 }

41 }



Mouse Events

» Call repaint when you modify the shapes that
paintComponent draws:

box.setLocation(x, V);
repalnt () ;

:paint Component <l il JISEY) Jaass die au ) 3ale) sle il
¢(L= «w+) box.setLocation
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Mouse Events

* Mouse listener: if the mouse Is pressed, 1istener moves the

rectangle to the mouse location:  eeiwal cpuslall e araall o313 ;aiusall (s glal
) o gall Y Jibsiosal) o o
class MousePressListener implements Mouselistener
{

public void mousePressed (MouseEvent event)
{
int x = event.getX();
int y = event.getY():;
component.moveTo (x, V)

}
// Do-nothing methods

public void mouseReleased (MouseEvent event) ({}
public void mouseClicked (MouseEvent event) ({}
public void mouseEntered (MouseEvent event) ({}
public void mouseExited (MouseEvent event) ({}

}

« All five methods of the interface must be implemented; unused

methods can be empty ) (S gal s dusedll 3kl mpen 25 0 i
Ae Hla 5SS dardiuall e



RectangleComponentViewer Program Run

Figure 8 =N X
Clicking the Mouse
Moves the Rectangle




ch09/mouse/RectangleComponentViewer.java

1 import java.awt.event.MouselListener;

2 1import java.awt.event.MouseEvent;

3 import javax.swing.JFrame;

4

5 /* *

6 This program displays a RectangleComponent.

7 */

8 public class RectangleComponentViewer

9 |
10 private static final int FRAME WIDTH = ;
11 private static final int FRAME HEIGHT = ;
12
13 public static void main (String[] args)
14 {
15 final RectangleComponent component = new RectangleComponent () ;
16

Continued



ch09/mouse/RectangleComponentViewer.java (cont.)

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

// Add mouse press listener

class MousePressListener implements MouselListener

{

public void mousePressed (MouseEvent event)
{
int x = event.getX();
int y = event.getY();
component.moveTo (x, V);

}

// Do-nothing methods

public void mouseReleased (MouseEvent event) {}
public void mouseClicked (MouseEvent event) {}
public void mouseEntered (MouseEvent event) {}
public void mouseExited (MouseEvent event) {}

Mouselistener listener = new MousePressListener ()

component.addMouselListener (listener) ;

14

Continued



ch09/mouse/RectangleComponentViewer.java (cont.)

38 JFrame frame = new JFrame () ;

39 frame.add (component) ;

40

41 frame.setSize (FRAME_WIDTH, FRAME_HEIGHT) ;

42 frame.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;
43 frame.setVisible ( ) ;

44 }

45 |}



Self Check 9.23

Why was the moveRBy method in the RectangleComponent
replaced with a moveTo method?

Answer: Because you know the current mouse position, not
the amount by which the mouse has moved.

fJ MoveTo &k Jaiul RectangleComponent 2 moveBYy 44 yh a3 13l
oo sball il Al alaad) Gl g e A bl g ga ot Y 1l sl

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



Self Check 9.24

Why must the MousePressListener class supply five
methods?

Answer: It implements the MouselListener interface, which
has five methods.

$5 kb uwa MousePressListener aa Al (e clalag) Je sy 13
Gh Used L Al cMouseListener dgal sl Gaai 43) 1l sl

Big Java by Cay Horstmann
Copyright © 2009 by John Wiley & Sons. All rights reserved.



