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9.1 Introduction

* Object-oriented programming
— Inheritance
* Software reusability
« Classes are created from existing ones
— Absorbing attributes and behaviors
— Adding new capabilities
— Converti bl e inherits from Aut onobi | e
— Polymorphism
 Enables developers to write programs in general fashion
— Handle variety of existing and yet-to-be-specified classes
» Helps add new capabilities to system
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9.1 Introduction (cont.)

» Object-oriented programming
— Inheritance
* Subclassinherits from superclass
— Subclass usually adds instance variables and methods
* Singlevs. multiple inheritance
— Javadoes not support multiple inheritance
« Interfaces (discussed |ater) achieve the same effect
* “Isd’ relationship
— Composition
* “Hasa’ relationship
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9.2 Superclasses and Subclasses

e “Isd" Relationship
— Object “isan” object of another class
* Rectangle“isa’ quadrilateral
— ClassRect angl e inheritsfrom classQuadri | at er al
— Formtree-like hierarchical structures

B
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Superclass [Subclasses
St udent G aauat eStudent
Under gr aduat eSt udent
ape

Circle
Triangl e
Rect angl e

Loan Car Loan
Horrel npr ovenent Loan
Mbr t gageLoan

Enpl oyee Facul t yvenber
St af f Menber
[Account [Checki ngAccount

Savi ngsAccount

FFig. 9.1 some simple inheritance examples in which the subclass “is a” superclass.
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Fig. 9.2 An inheritance hierarchy for university Conmuni t yMenber s.

Communi t yMenber isadirect
superclass of Enpl oyee

Communi t yMenber

A .
Comuni t yMenber / | \

is an indirect superclass

of Facul ty /Enﬁ\ oy‘ee St udent Al ummi
Facul ty St af f
AL
Adni ni strator Teacher
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Fig. 9.3 A portion of a Shape class hierarchy.

Shape
.
TwoDi nensi onal Shape Thr eeDi nensi onal Shape
A= R Y
Qrcle Squar e Triangle Sphere Cube Tet rahedron
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9.3 protected Members

* prot ect ed access members
— Betweenpubl i ¢ and pri vat ein protection
— Accessed only by
* Superclass methods
* Subclass methods
« Methods of classes in same package
— package access

B
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9.4 Relationship between Superclass

Objects and Subclass Objects

* Subclass object
— Can be treated assuperclass object
* Reverseisnot true
— Shape isnotawaysaCircl e

— Every classimplicitly extendsj ava. | ang. Obj ect
* Unless specified otherwise in class definition’sfirst line
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h /1 Fig. 9.4: Point.java E Qutline
§ /1 Definition of class Point pr ot ect ed members prevent h—
b public class Point { clients from direct access (unless Poi nt . i
3 protected int x, y; /4 coordinates |clients are Poi nt subclasses or int.]ava
P N
4 /1 No-argument constructor f Line5
bl Poi nt
public Point () pr ot ect ed members
Lo /1 inplicit call to superclass constructor occurs here prevent clients from
hi setPoint( 0, 0); direct access (unless
L2 . .
b3 ) clients are Poi nt
[La Il constructor [subclassesor arein
s ublic Point( int xCoordinate, int yCoordinate
ke P ¢ y ) same packege)
b7 /1 inplicit call to superclass constructor occurs here
hs set Poi nt ( xCoordi nate, yCoordinate );
k]
po
b1 /1 set x and y coordinates of Point
p2 public void setPoint( int xCoordinate, int yCoordinate )
b3 {
p4 x = xCoordi nat e;
ps y = yCoordi nate;
b6 }
p7
ps /1 get x coordinate
po public int getX()
Bo
1 return x;
2
O 2002 Prentice Hall
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Ba  // get y coordinate E Qutline
5 public int getY()
6
B7 t f " .
be returny Poi nt . j ava
9
ko /1 convert into a String representation
b1 public String toString()
B2
k3 return "[" 4+ x + ", " 4y + :
ha
46 } /1 end class Point
O 2002 Prentice Hall
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/I Fig. 9.5: Grcle.java

QG rcleisaPoi nt subclass

Qutline

A
]

P /1 Definition of class Grcle
b public class Grcle ektends Roint { // inherits from Point " .
3 protected double radius; Grcle.java
b // . Cruct Q rcl e inherits Poi nt 's
no-ar gurtent _const ruct or h -
publ e G rote() ! prot ect ed varisblesand publ i ¢ [ine4 )
b methods (except for constucton rcl e isaPoi nt
ho /1 inplicit call to superclass CONSTTUCTOr OCCUTS Nere subclass
L1 setRadius( 0); v
L2
s — -
s 11 constructor Implicit cal to Poi nt constructor lﬁherits
s public Grcle( double circleRadius, int xCoordinate, Poi nt 's pr ot ect ed
he int yCoordinate ) . p .
h7 { variables and publ i ¢
ik} /1 call superclass constructor to set coordinates mahods(a(cq)t for
Lo super ( xCoordi nate, yCoogdinate ); constuctor)
po »
p1 /1 set radius .
p2 setRadi us( circleRadius ); Explicit call to Poi nt Linel0
b lconstructor using super Implicit call to Poi nt
bs /1 set radius of Grcle constructor
ks public void setRadius( doubl e circl eRadius )
p7 i
ps radius = ( circleRadius >= 0.0 ? circleRadius : 0.0 ); Llne:lg .
bo ) Explicit call to Poi nt
0 constructor using
super
O 2002 Prentice Hall
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1 /1 get radius of Grcle E Qutline
2 public doubl e get Radi us() h—
B3
4 return radius; fe] | .
5 } rcle.java
B6
B7 /1 calculate area of Crcle Lines44-48
8 public doubl e area() N
o Overrldemahod
ko return Math.Pl * radius * radius; i ng of class
b1 . N ] sam
# Overridemethod t oSt r i ng of class | PY using same
b3 I/ convert the Grcle to Ting Roi-—by-HSAg o re
B4 public String toString() a
Ks
he return "Center = eyt 4
K7 ", Radius =
hs )
po
po } I/ end class Grcle
O 2002 Prentice Hall
Al rights reserved.
7/ Fig. 9.6 InheritanceTest.java Qutline
p // Denonstrating the "is a" relationship
b /7 Java core packages .
b inport java.text. Decimal Format; | nheri t anceTest .
j ava
I /1 Java extension packages
inport javax.swi ng.JOptionPane; .
: Hep1819
o public class InheritanceTest { I;mateobjems
[ Instantiate Poi nt_aA@Q r cl e obj
L2 /1 test classes Point and Gircle Li 22
hs public static void main( String args[] ) ne
JLa { & e jnvokes
s Poi nt point1, point2; ostring
e Grele circlel, circle2 ) ; . .
h7 G rcl e invokes its overridden
he pointl = new Point( 30, 50 ); 4 » t oSt L+ bdne26
Lo circlel = new Gircle( 2.7, 120, 89 ); Superclassobject
po
b1 String output = "Point pointl: " + pointLl. toSy ces subclass
p2 "\nGrcle circlel:
p3
p4 /1 use "is a" rel atignsh
bs /1 with a Point reference okes
pe point2 = circlel; 4// assigns Grcle to a toString
p7
ps output += "\mnGrcle Circlel (via point2 ré&
o point2.toString();: «
0
b1 /1 use downcasting (casting a o
B2 /1 subclass data type) to assign poi
THTrEr——CrTTe T porTT e
34
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output += "\mnGrcle e.ﬁl_ﬂhlﬁ rcl e invokes its overridden |% Outline

Bs

6 circle2.tostring(); t oSt ri ng method

7

ks Deci mal Format preci sion2 = new Deci mal For mat (_"0.00" ); |~

ko output += "\nArea of c (via circle2): " + L tanceTest
ko precision2. formt( circle2. area() ): &

b1

h2 /1 attenpt to refer to Point object with Grcle reference

b3 it ( pointlinstanceof Grele ) { .
ha circle2 = ( Grele ) pointl Usei nst anceof todeter okesits
ks output += "\n\ncast successful "} if Poi nt refersto Gircl e toString
ke }

b7 else

ks output += "\n\npoint1 does not refer tO\Q

ko

o JOpti onPane. showMessageDi al og( nul |, output, If Poi nt refersto G rcl e,

b1 “Denonstrating the \"is a\" relationship", castPoint asQrcle  PKes

b2 JOpti onPane. | NFORMATI ON_VESSAGE ) ; oo

b3

ba Systemexit( 0); .

Es L|ne_43

b6 Usei nst anceof to
E end class InheritanceTest determineif Poi nt

referstoGircle

Line44

If Poi nt refersto
drcl e, cast Poi nt
asQrcle
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Fig. 9.6 Assigning subclass references tosuperclassreferences
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9.5 Constructors and Finalizers in
Subclasses

« Superclass constructor

— Initializes superclass instance variables of subclass
— Not inherited by subclass
— Called by subclass

« Implicitly or explicitly with super reference

B
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9.5 Constructors and Finalizers in

Subclasses (cont.)

e finalize method

— Garbage collection
— Subclassfi nal i ze method
« should invoke superclassf i nal i ze method
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h /1 Fig. 9.7: Point.java E Qutline
P /7 Definition of class Point =
B public class Point extends Cbject {
b protected int x, y; // coordinates o . .
E Poi nt . j ava
b /1 no-ar gunent
I public Point() « Lines720
{ X =0 Superclassconstructors|
Lo y =0;
i Systemout. printlp¢ " Point constructor: " + this ); Lines23-26
L2 . .
b3 ) Superclassf i nal i ze
[La /1 constructor method uses
hs public Point( int xCoordinate, int yCoordinate ) or ot ect ed for
he {
h7 X = xCoordi nat e; subclass access, but not
L8 y = yCoordinate; for other clients
ho System out. println( "Point const
po } . .
b1 /SJperdmsfl nal i ze method uses
b2 /1 finalizer pr ot ect ed for subclass access,
p3 protected void finalize() but-Ret-for-other-cHents
pa {
ps Systemout.printin( “Point finalizer: “ + this );
pe
p7
ps /1 convert Point into a String representation
po public String toString()
Bo
1 return "[" 4 x 4", " 4y 4 "]
2
B3
34 } // end class Point © 2002 PrenticeHall
entice
Al rights reserved.
il /1 Fig. 9.8 Grcle.java E Outline
P /1 Definition of class Grcle
public class Grcle extends Point { [
b protected doubl e radius; X .
3 Tmplicit call to Poi nt constructdf™ rcle.java
/1 no-argument const rug]
I public Grele() Line9
b /7 implicit call #o superclass constructor here Implicit cal to Poi nt
ho radius = 0; constructor
hi Systemout.printin( "Grele constructor: " + this );
L2 N
k2 Line19
L4 /1 Constructor icit cal to Poi nt
s public Grele( double circleRadius, int xCoordi i
he int yCoordinate ) . uctor using
h7 EX| cdl to Poi nt
hs /1 call superclass constructor constructor using sper
o super ( xCoordi nate, yCoordinate ); 4 Lines26-30
po ! —
b1 radius = circl eRadi us; Override Poi nt 's
p2 Systemout.printin( "Grcle const athod f i nal i ze,
B3 } all it using super
ps /1 tinalizer Override Poi nt s method
ps protected void finalize() finalize, butcal it using super
p7 {
ps Systemout.printin( "Crcle finalizer: " + this );
po super.finalize(); a// call superclass finalize nethod
+
31
O 2002 Prentice Hall
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A

2 /1 convert the Gircle to a String Qutline
3 public String toString() E =
4 (
5 return "Center = " + super.toString() + ) N
6 “. Radius = " + radius; Qrcle.java
7 }
8
0 )} // endclass Gircle
O 2002 Prentice Hall
Al rights reserved.

h /1 Fig. 9.9: Test.java Qutline
P // Denvnstrate when superclass and subcl ass =
B // constructors and finalizers are called
b public class Test { .
E est.java
b /1 test when constructors and finalizers are calles
I public static void main( String args[] ) Lines10-11

{ " "

Grele circlel, circle Instantiate G r cl e
o objects
hi circlel = new Gircle( 4.5, 72, 29 )¢
ho circle2 = new Gircle( 10, 5, 5); * .
b3 Linel7 .
L4 circlel = null; // mark for garbage col | ection InvokeG rcl e's
hs circle2 = null; // mark for garbage collection f ¢
e melhodfl nal i zeby
L7 Systemge(); & al| the garbage collector calling Syst em gc
s )
e Invoke O r cl e’s method
PO} // end class Test iadaemb:
4 oSy S

Point constructor: Center = [72, 29]; Radius = 0.0

ol
Poi

Poi
o]

rcle constructor: Center = [72, 29]; Radius = 4.5
int constructor: Center =[5, 5]; Radius = 0.0
rcle constructor: Center =[5, 5]; Radius = 10.0
rcle finalizer: Center = [72, 29]; Radius = 4.5
int finalizer: Center = [72, 29]; Radius = 4.5
rcle finalizer: Center = [5, 5]; Radius = 10.0

LBl R - vl ey T e e e .
O 2002 Prentice Hall
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9.6 Implicit Subclass-Object-to-
Superclass-Object Conversion

 Superclass reference and subclass reference
— Implicit conversion
* Subclass reference to superclass reference
— Subclass object “isa’ superclass object
— Four waysto mix and match references
« Refer to superclass object with superclass reference
* Refer to subclass object with subclass reference
« Refer to subclass object with superclass reference
— Can refer only to superclass members
« Refer to superclass object with subclass reference
— Syntax error

B
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9.7 Software Engineering with Inheritance

* |Inheritance

— Create class (subclass) from existing one (superclass)
* Subclass creation does not affect superclass

— New classinherits attributes and behaviors

— Softwarereuse

O 2002 Prentice Hall. All rightsreserved i1

9.8 Composition vs. Inheritance

 Inheritance
— “Isa’ relationship
— Teacher isan Enpl oyee
« Composition
— “Hasa’ relationship
— Enpl oyee hasa Tel ephoneNunber

B
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9.9 Case Study: Point, Cylinder, Circle

« Consider point, circle, cylinder hierarchy
— Poi nt issuperclass
— GircleisPoi nt subclass
— Cylinder isCircl esubclass

B
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A

h 7/ Fig. 9.10: Point.java Qutline
b // Definition of class Point E h——
b package comdeitel.jhtpd. chos; pr ot ect ed members prevent
E public class Point { clients from direct access (unless | [Poi nt . j ava
protected int x, y; /M coordinates |clients are Poi nt subclassesor
I i i
arein same package) Line6
/1 No-argunent const ruct or
b publ i c Point () pr ot ect_ed members
o prevent clients from
E //‘\Pnp\;(cuu cg\; to Stmercl ass constructor occurs here direct access (unless
setPoint( 0, 0); " ;
hs ) Constructor and overloaded | [clients are Poi nt
b5 1 construston consiructor Subdlasses of rein
he public Point( int xCoordinate, int yCoordinate ) package)
h7 {
ik} Il implicit call to superclass constructor occurs here Lines920
;g set Poi nt ( xCoor di nate, yCoordinate ); Constructor and
b1 overloaded constructor
b2 /1 set x and y coordinates of Point
b3 public void setPoint( int xCoordinate, int yCoordinate )
pa {
bs x = xCoordi nat e;
be y = yCoordi nate;
b7 )
bs
bo /1 get x coordinate
0 public int getX()
B1
B2 return x;
3 }
" .
© 2002 Prentice Hall
Al rights reserved.
5 /1 get y coordinate E Qutline
6 public int getY() =
k7
8 t ; . .
o y ey Poi nt . j ava
ko
ki /1 convert into a String representation
b2 public String toString()
h3
ha return +x o+ y o+
ks
ke
T T end crass Pornl
O 2002 Prentice Hall
Al rights reserved.
il /1 Fig. 9.11: Test.java E Outline
P // Applet to test class Point
b /7 Java extension packages .
F inmport javax.swing. JOpti onPane; Test. java
' /1 Deitel packages Linels
inport com deitel .jht p4. ch09. Poi nt; Ingtantiate Poi nt
b
o public class Test { - - - object
b1 Instani Poi nt object
ho /1 test class Point .
hs public static void main( String args(] Lines18-19
L4 { Methods get X ad
s Point point = new Point( 72, 115); 4 et Y read Poi nt 's
L6 .
h7 /1 get coordinates pr ot ect ed variables
ik} String output = "X coordinate is " + point gel“
Lo “\nY coordinate i's " + point.get Y
po
p1 /1 set coordinates
b poi nt. setPoi nt( 10, 10 ); Methods get X and get Y read
p3 Poi nt s pr ot ect ed variables
pa /1 use inplicit call to point.toString()
bs output += "\n\nThe new | ocation of point is " + point;
pe
b7 JOpti onPane. showhessageDi al og( nul |, out put,
ke “Denonst rating O ass Point",
bo JOpt i onPane. | NFORMATI ON_VESSAGE ) ;
0
b1 Systemexit( 0);
B2 )
34} /I end class Test © 2002 renticeHal
entice

Al rights reserved.
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Fig.9.11 Testing class Poi nt
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h /1 Fig. 9.12: Gircle.java E Qutline
P /7 Definition of class Grcle h—
B package com deitel .jhip4
b .
F - public class Grcle ektends PR inherits frompoint Grcle.java
b protected doubl e radi us; o ]
I G rcl e inherits Poi nt's ine5
;/ub‘”‘”;agg;‘gfg:)““”S””C‘“' prot ect ed variablesand publ i ¢ fi rcl e isa Poi nt

ho ethoes-texeept+ #ef—Tslibclass
L1 /1 inplicit call to superclass structor occurs here
h2 setRadius( 0);
ks } B
4 inherits
s /1 constructor H ’
L6 public Grcle( double circleRadius, int xCoordinate, POIv nt spr ot eCI,ed
L7 int yCoordinate ) variables and publ i ¢
L8 methods (except for
k] /1 call superclass constructor to set coordinates COl'\aUCtDT)
po super ( xCoor di nate, yCoor dihgqate )
p1 » .
p2 /1 set radius Linell
B3 setRadius( circleRadius ); Explicit call to Poi nt Implicit call to Poi nt
ps constructor
pe /1 set radius of Grcle
p7 public void setRadius( double circleRadius ) :
ps { Llnezo .
bo radius = ( circleRadius >= 0.0 ? circleRadius : 0.0 ); explicit call to Poi nt
Bo constructor using
T super

O 2002 Prentice Hall
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k2 /1 get radius of Grcle E Qutline
3 public doubl e get Radi us()
"
Bs return radius; . .
ke drcle.java
7
8 /1 calculate area of Gircle
Bo public doubl e area()
po
b1 return Math. Pl * radius * radius;
b2
3
b4 /1 convert the Grcle to a String
Hs public String toString()
6 {
k7 return " X Ry ]+
pe " + radius;
ko }
"
51} // endclass Grcle

O 2002 Prentice Hall
Al rights reserved.
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A

h o // Fig. 9.13: Test.java Qutline
b // Applet to test class Gircle E h——
b /7 Java core packages .
F - inport java.text. Decimal For mt; Test. java
' 1/ Java extension packages Line19

inport javax.sw ng.JOptionPane; N
b Insannale(] rcle
ho // Deitel packages object
i1 inport com deitel.jhtpa. ch09.Grcle;
L2 N
ha public class Test { Lines25and 28
ha Instantiate G r cl e object ||Calls to methods
s /1 test class Gircle i
e public static void main( String args[] ) get Radi us ad and
h7 { N
he /1 create a Grole Cdlsto r_nethodsget Radi _usand e's
Lo Gircle circle = new Grcle( 2.5 37,743 ); set Radi us read and manipulate fp)es
po Deci mal Format preci si on2 = new Deci nal Format ( ‘| O rcl e's pr ot ect ed variables
p1
p2 /1 get coordinates and radius Lines23-24and 29
p3 String output = "X coordinate is " + circle.
p4 “\nY coordinate is " + circle.ge Calls to methods Q_EI X
bs “\nRadius is " + circle.get get Y and set Poi nt
pe
b7 /1 set coordinates and radi Calls to methods get X get Y ad
ps circle. setRadius( 4.25); 4 set Poi nt read and manipulate G rcl e's s
28 circle.setPoint( 2, 2): 7 inherited pr ot ect ed variables
b1 /1 get String representation of Grcle and calculate area
B2 output +=
3 "\n\nThe new | ocation and radius of c are\n" + circle +
4 "\nArea is " + precision2 format( circle. area() ); © 2002 FrenticeHal

entice
All rights reserved.

6 JOpti onPane. showMessageDi al og( nul |, output, E Outline
7 “Denonstrating Class Grele, -
B8 JOpti onPane. | NFORMATI ON_NESSAGE ) ;
9 .
ko Systemexit( 0); Test. java
ki
B2

TTTTASSTeST

O 2002 Prentice Hall
Al rights reserved.

Fig.9.13 TedingclassGircle

B
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b 7/ Fig. 9.14: Oylinder.java - - - m Qutline
b // Definition of class Oylinde Oyl i nder isaGircl esubclass ﬁ =
package com dei tel . j ht p4. chQor
1 | ) )
F - public class Cylinder eXtends Qrcle { Oyl inder. java
protected double height; / bt of| Cylinder inherits Poi nt's
I 1 g e5
11 no-argurent_constr uetor arclesprotected S
b public Cylinder() varidblesand publ i ¢ methods | ! nder isa
Lo (except for_constuctors) cl e subclass
b1 /1 inplicit call to superclass
b2 setHeight (0 ); I..
hs } . X
ha ImplicitcaltoGircl e oonstructorl inherits
s /1 construct or ;
e public Cylinder( double cylinderHeight, double cylinderRadius, Poi nt ;and
h7 int xCoordinate, int yCoordinate ) Grcle's
i pr ot ect ed variables
;g " ca:\ s‘upe;c\ ass constructor (0 set Cgoo;m nat e)s/radl us and publ i ¢ methods
super ( cyl i nder Radi us, xCoordi nate, yCoordinate );
by P 4 N Y (except for constuctors)
b2 /1 set cylinder height
B3 set Hei ght (- cyl i nder Hei ght ); ExplicitcdltoGircle | |Linell
bs constructor using super Implicit cal to
ks /1 set height of Cylinder Gircl e constructor
% public void setHeight ( doubl e cyli nder Hei ght )
ps .
ba hei ght = ( cylinderHeight >= 0 ? cylinderHeight : 0); Line20
0 Explicit cal to
L Gircl e congtructor
using super
O 2002 Prentice Hall
All rights reserved.
2 11 get height of Cylinder E Outline
3 public doubl e get Hei ght () h—
Be Override method area
return height; 1i nd .
5 ) of-class G++6 Cylinder.java
B7
33 //b::alc:I albf area f; \Inder (i.e., surface area) Lines39-43
public doubl e area overi
erride method area
o
ki return 2 * super.area() + of classCrcl e
B2 2 * Math. Pl * radius * height;
b3 }
ka
K5 /1 calculate volume of Cylinder
ke publ i c doubl e vol ume()
K7
he return super.area() * height;
Ko
)
b1 /1 convert the Cylinder to a String
73 public String toString()
=
b4 return super.toString() + "; Height = " + height;
ps
p6
T TMOCTASS Oy T
O 2002 Prentice Hall
Al rights reserved.
b 7/ Fig. 9.15 Test.java E Qutline
p 11 Application to test class Cylinder
b /7 Java core packages .
F - inmport java.text. Decimal For mat; Test. java
' 1/ Java extension packages Line19
inport javax.swi ng.JOptionPane; Intantiate Oyl i nder
p
ho // Deitel packages object
i inport com deitel.jhtpa.ch09.Cylinder;
L2 N
13 public class Test { - - - Lines23-31
ha Instant] Oyl i nder object |Method calls read and
s /1 test class Oylinder ;
he public static void main( String args[ ngip::!a;er’s
h7 {
hs /1 create Cylinder N prot ect ed variables
;g Sé' i nd‘e:: cyl d nder = newzcyl i mﬁe:)(E 5. 7i Fz 5, . (12; 02201 and inherited
ci mal Format preci sion2 = new Deci mal For ma ]
by P pr ot ect ed variables
b2 /1 get coordinates, radius and hei ght
p3 String output = "X coordinate is " + cylin get X(\ +
p4 "\nY coordinate is " + cylinder.getY() »
ps \nRadius is " + cylinder.getRadius() +
pe “\nkeight is  + cylinder. getHeight(): Y
p7
ps /1 set coordinates, radius
po cylinder.setHeight( 10 ); .
0 Cyl i nder . set Radi us( 4.25 ); & Method calls read and manipulate
T Ty TTRIET SeTPOrm . 22 T Cyl i nder’'s prot ect ed variables
32

and inherited pr ot ect ed variables

O 2002 Prentice Hall

Al rights reserved.
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A

B3 /1 get String representation of Cylinder and calcul ate Outline
4 /1 area and vol ume E e
5 output += "\n\nThe new | ocation, radius " +
ke “and height of cylinder are\n" + cylinder + .
b7 “\nArea is " + precision2. format( cylinder.area() ) + Test.java
8 “\nVol ume is " + precision2. formt( cylinder.vol ume() );
9
ko JOpti onPane. showhessageDi al og( nul |, out put
b1 “Denonstrating Cass Cylinder”,
b2 JOpt i onPane. | NFORMATI ON_VESSAGE ) ;
h3
ha Systemexit( 0);
ks )
ke
b7 ) // end class Test
O 2002 Prentice Hall

Al rights reserved.

Fig. 9.15 Testing class Test

B

O 2002 Prentice Hall, Al rightsreserved

9.10 Introduction to Polymorphism

* Polymorphism
— Helpsbuild extensible systems

— Programs generically process objects assuperclass objects
¢ Can add classes to systems easily
— Classes must be part of generically processed hierarchy

B

O 2002 Prentice Hall. All rightsreserved
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9.11 Type Fields and Switch Statements

* swi t ch-based system
— Determine appropriate action for object
» Based on object’s type
— Error prone
» Programmer can forget to make appropriate type test
« Adding and deleting swi t ch statements

O 2002 Prentice Hall. All rightsreserved i1

9.12 Dynamic Method Binding

¢ Dynamic method binding
— Implements polymorphic processing of objects
— Use superclass reference to refer to subclass object
— Program chooses“ correct” method in subclass

B

O 2002 Prentice Hall, Al rightsreserved

9.12 Dynamic Method Binding (cont.)

* For example,
— Superclass Shape
— Subclasses G r ¢l e, Rect angl e and Squar e
— Each classdrawsitself according to type of class
» Shape has method dr aw
« Each subclass overrides method dr aw
« Call method dr aw of superclass Shape

— Program determines dynamically which subclass dr aw
method to invoke

B

O 2002 Prentice Hall. All rightsreserved
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9.13 final Methods and Classes

e final method
— Cannot be overridden in subclass
e final class
— Cannot be superclass (cannot be ext end ed)
 Class cannot inherit f i nal classes

O 2002 Prentice Hall. All rightsreserved i1

9.14 Abstract Superclasses and Concrete
Classes

¢ Abstract classes
— Objectscannot beinstantiated

— Too generic to definereal objects
* TwoDi nensi onal Shape

— Provides superclass from which other classes may inherit
» Normally referred to as abstract superclasses
» Concrete classes
— Classes from which objects are instantiated
— Provide specifics for instantiating objects
e Square,CircleandTriangle

B

O 2002 Prentice Hall, Al rightsreserved

9.15 Polymorphism Examples

* Video game
— Superclass GanePi ece
» Contains method dr awYour sel f
— Subclasses Mar t i an, Venuti an,Laser Beametc.
* Override method dr awYour sel f
— Marti an drawsitself with antennae
— Laser Beamdrawsitself as bright red beam
— This is polymorphism
— Easily extensible
» Suppose we add class Mer cur i an
— ClassMer cur i an inherits superclass GanePi ece
— Overrides method dr awYour sel f

B

O 2002 Prentice Hall. All rightsreserved
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9.16 Case Study: A Payroll System Using
Polymorphism

¢ Abstract methods and polymorphism
— Abstract superclass Enpl oyee
» Method ear ni ngs appliesto all employees
« Person’s earnings dependent on type of Enpl oyee
— Concrete Enpl oy ee subclasses declared f i nal
« Boss
* Conmmi ssi onWor ker
* Pi eceWorker
« Hour |l yWor ker

O 2002 Prentice Hall. All rightsreserved i1

h /1 Fig. 9.16: Enployee.java | bot + o ot ; E Outline
P // Abstract base class Enployee. h—
E —
b public abstract class Enployee { « .
b private String firstNane; i yee. ] ava
b private String |astName; abstract class can have instance data
7 - bst 'S el
/1 constructor b ]
publ i c Enpl oyeet~Sring fird/[string 1ast ) abstract class
Lo { v cannat be instantiated
L1 firstName = first;
2 lastName = last; abstract class can have constructors for
s ) S Can nave ConSiruclc 6and 16-0
4 STract classcan
hs /1 get first name a f
he public String getFirst have instance data.and
h7 { nonabst r act
L8 return firstName; methods for subclasses
ho }
po .
b1 /1 get last name Lines913
b2 public String getLast Nafre() abstract classcan
p3 {
ba return | asthame; have constructors for
bs ) subclassesto initialize
43 inherited data
b7 public String toString()
ps {
po return firstName + ' ' + | astName;
Bo
T
O 2002 Prentice Hall
Al rights reserved.
B2 /1 Abstract method that must be inplenented for each E Outline
3 /1 derived class of Enployee from which objects
4 /1 are insta t ed
Bs public abslvra’m earnings(): Enpl .
oyee. j ava
37 } // end class Enployee
Subclasses must implement Line35
abst ract method Subclasses must
implement abst r act
method
O 2002 Prentice Hall

Al rights reserved.
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b // Fig. 9.17: Boss.java Boss is an Enpl oyee subclass m Outling.
b /1 Boss class derived from Eqpleyee E
L public final class Boss éxtends Enployee { - - - a
b private double weeklySalary; Boss inherits Enpl oyee’s publ i ¢ [/
4 /1 constructor for class Boss mahods(e(ceptforconstll:lﬁtlog
public Boss( String first, String last, double salary ) Boss is an Enpl oyeel
p Er 2l
ho super( first, last ); call superclass_const ruct or subclass
b1 setVeekl ySal ary( salary )3
ho Explicit call to Enpl oyee || .
hs congtructor usingsuper _ [[Line4
ha /1 set Boss's salar Boss inherits
s public void setVéekl ySalary( double salary ) Enpl oyee’s publ i ¢
L6
h7 weeklySalary = ( salary > 0 2 salary : 0); methods (except for
i tuctor)
Lo
po /1 get Boss's pay
b1 publ i c doubl e earnings() I hism) |10
p2 Explicit cal to
k3 return veekl ySal ary; Enpl oyee constructor
bs using super
pe /1 get String representation of Boss's name
p7 public String toString() Lines21-24
ps { > .
bo return "Boss: " + super.toString(); Required to implement
0 } Enpl oyee’smethod
B1 i
N ol me ear ni ngs
(polymorphism)
O 2002 Prentice Hall

Al rights reserved.

I/ Fig. 9.18: CommissionVérker.ja Commi ssi onWr ker isan
a

/1 Conmi ssi onVér ker cl ass

public final class Commi 4si onWrker extends Enployee {

private double salary; /1 base salary per week
private doubl e comission; // amount per item sold
private int quantity; /1 total items sold for week

/1 constructor for class Conmissionwrker
publ i ¢ Conmi ssi onVérker ( String first, String last,
doubl e salary, double commission, int quantity )

Explicit call to Enpl oyee

{
super( first, last );
setSalary( salary );
set Commi ssi on(  cormi ssion );
setQuantity( quantity );

}

/1 set CommissionVrker's weekly base salary
public void setSalary( double weeklySalary )

salary = ( weeklySalary > 0 ? weeklySalary : 0);
/1 set CommissionVerker's commission
publi ¢ void set Commi ssi on( doubl e i tenCommi ssion )

commission = ( itenCommission > 0 ? itenComnission : 0);

E Qutline

Commi ssi onVr ker
.java

Line4

Commi ssi onVr ker
is an Enpl oyee
subclass

Linel3

Explicit call to

Enpl oyee constructor
using super

O 2002 Prentice Hall

Al rights reserved.

Qutline

&

Conmi ssi onVr ker
.java

Lines38-41

Required to implement
Enpl oyee’smethod
ear ni ngs; this
implementation differs
fromthat in Boss

p1 /1 set CommissionVrker's q ) .

2 public void setQuantity( in{ Required toimplement Enpl oyee's
3 ) iy ;
ka quantity = ( total sold >lDethod ear ni ngs; thisimplementation
Bs Stromthatin Boss

6

7 /1 deternine Commissi onVrker's earni ngs

ks public double earnings() 4

Bo

ko return salary + commission * quantity;

p1

F2

k3 /1 get String representation of CommissionVrker's name

b4 public String toString()

ks {

ke return “Commission worker: “ + super.toString();

h7 }

49} /1 end class Comm ssionverker

O 2002 Prentice Hall

Al rights reserved.
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h o // Fig. 9.19: PieceWrker.java Pi eceWr ker isan @ Outline
P // Piecevorker class derived fr o] Enpl oyee subclass E e
L public final class Pieceforker extends Enployee { . .
b private doubl e wagePer Piece; // vage per piece output Pi eceVir ker . j ava
private int quantity; /1 output for week
: " tructor for class Piecewrk Lined
constructor for class Piecewr ker " .
b public PieceVérker( String first, String |ast, Pi eceVior ker isan
ho doubl e wage, int nunberCfitens ) Enpl oyee subclass
L1
B ::FS\'&(ge'(‘\(/\:‘ge \)és! )i Ll call superclass.c.onsuuuov Line12
ha setQuantity( nunberCfItens); Explicit call to Enpl oyee Explicit cdl to
i: } constructor using super Enpl oyee congtructor
h7 /1 set PieceWorker's wage using super
hs public void setWage( double wage )
;g por i ( 05 o) Lines30-33
wagePer Pi ece = ( wage > vage : 0); }
by y e o o Implementation of
p2 Enpl oyee’smethod
p3 /1 set nunmber of itens output i - di
ba public void setQuantity( int numberOfltems ) fear ntlh;g(?f' ggfersa_d
bs { rom SS
ks quantity = ( nunberOfItems > 0 ? nunberCfitens : 0); Cormi ssi onVer ker
p7
ps Implementationof Enpl oyee’s method
B /1 determine PieceVrker's earniage—] ear ni ngs; differsfromthat of Boss
0 blic doubl e
By public double earnings() < and Conmi ssi onVr ker
B2 return quantity * wagePer Pi ece;
3 }
" .
O 2002 Prentice Hall
All rights reserved.
5 public String toString() E Outline
6
B7 return “Piece worker: * + super.toString();
8 . .
o Pi eceVérker . j ava
a0 T end class Precevorker
O 2002 Prentice Hall
Al rights reserved.
b 7/ Fig. 9.20: Hourl yWerker. | aua—" Hour | yWr ker isan Qutline
p /1 Definition of class HOGT|yWrker Enpl oyee subdlass
L public final class Hourl #verker extends Enployee { .
b private double wage; // wage per hour Hour | yWr ker . j av
private double hours; // hours worked for week a
7
/1 constructor for class Hourlywrker Linea
b public HourlyWrker( String first, String last, ine .
ho doubl e wagePer Hour, doubl e hoursWrked ) Pi eceWor ker isan
[ { Enpl oyee subclass
b2 super( first, last );
hs set Vage( wagePer Hour ) ¥ .
ha set Hours( hour sWrked ) ; Linel12
i: constructor usingsuper  |Explicit call to
h7 /1 Set the wage Enpl oyee constructor
hs public voi d setWage( doubl e wagePer Hour ) using super
Lo {
po wage = (wagePer Hour > 0 ? wagePer Hour : 0
p1 .
b2 Implementationof Enpl oyee’s method
gg //mSel ihedhouﬁbwyeg bie h verked ) ear ni_ngs; differs from that of other _fod
public voi d set Hours( doubl e hour sVér ke Enpl gyee SIagaRERas: di
bs gs; differs
pe hours = ( hoursVrked >= 0 && hoursWrked < 168 ? from that of other
¥ ) hour svér ked Enpl oyee subclasses
po
0 /1 Get the HourlyWerker's pay R
T DU T O e e AT TGSt T et U T Vee oS
32

O 2002 Prentice Hall

Al rights reserved.
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A

k3 public String tostring() Qutline
: %] )
5 return "Hourly worker: " + super.toString();
B6 .
- Hour | yVWr ker . j av
1 end cla Hour | v\Wrker a
O 2002 Prentice Hall
All rights reserved.
h Il Fig. 9.21: Test.java E Qutline
P /7 Driver for Enployee hierarchy h—
b
b /1 Java core packages .
b inport java.text.Deci mal Fornat; Test. java
P
I~ 1/ Java extension packages
inport javax.sw ng.JOptionPane;
[0 public class Test { nstantiate Enpl oyee
I but can reference one
h2 /1 test Enployee hierarchy
i3 public static void main(
L4 {
hs Enpl oyee enpl oyee; 4/ superclass reference
he String output = "*; ance
h7 eachof Enpl oyee
s Boss boss = new Boss( “John", “Snith", 800.0 ); subclasses
k]
po Conmi ssi onV\r ker conmi si onVir ker =
p1 new Conmi ssi onVer ker (
b2 “Sue", "Jones", 400.0, 3.0, 150 ); 4
B3
pa Pi eceViorker pi eceWr ker =
ps new Pi eceWrker( "Bob", “"Lewis", 2.5, 200 ); 4
pe
p7 Hour | yWor ker hour | yWer ker =
ps new Hour | yWrker ( "Karen", "Price", 13.75, 40 );"
po
Bo Deci mal For mat pr eci si on2 = new Deci mal For mat ( "0.00" );
T
O 2002 Prentice Hall
Al rights reserved.
k2 /1 Enployee reference to a Boss USe ENpI oyee toreference Boss E Qutline
3 enpl oyee = boss; <
4
Bs output += enpl oyee.toString() + * earned K -
ke preci si on2. format ( enpl oyee. earni ngs() )
7 boss.toString() + " earned $' + v
8 precision2. format ( boss. earnings() ) + " Method enpl oyee. ear ni ngs
Bo : 9
po /1 Enpl oyee reference to a Conmi ssi onWr ker dymlcaly hlnds_tomahod to
b1 enpl oyee = comi ssi onVir boss. ear pégfa@ice Boss
b2
.
k3 output += enpl oyee.toString() + arned $" + Line36
ha preci sion2. format ( enpl oyee. earniMgg() ) + "\n" + ine
ks commi ssi onWorker. toString() + " ear needS" + Method
ke preci si on2. f or mat ( ing
k7 commi ssi onWér ker . earnings() ) + "\ L
Ls Do samefor Comni ssi onWr ker  jdsto
ko /1 Enployee reference to aPeceVér ker and Pi eceYneted
gg enployee = pi eceVorker: boss. ear ni ngs
b2 output += enpl oyee.toString() + " earned $' + .
b3 precision2. format( enployee. earnings() ) + "\n" + Lines41-55
p4 i eceVior ker. toStri ni + " earned $" +
bo grﬁrl ion2 fornmt( gf?ﬂrﬁ\MrkPr earnings() ) & "\n'. DOSa.n'IEfYOT
56 Cormi ssi onWr ker

andPi eceVVr ker

O 2002 Prentice Hall
Al rights reserved.
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A

b7 /1 Enployee reference to an Hour | yWr ker Qutline
ks enpl oyee = hour | yWr ker ; E _
ko
ko output += enpl oyee. tostriMy) + * earned $* + )
b1 preci sion2. format ( enpl oyee.darni ngs() ) + "\n" + Test. java
2 hour I yver ker . toString() *\_earned §" +
3 preci si on2. for mat ( hour| yveNger . earnings() ) + "\n"; Lines58-63
p4
bs JOpti onPane. showhessageDi al og( nul N\_out put , Repest for
6 " Denonstrating Pol ynor phi snt', Hour | yWr ker
7 JOpti onPane. | NFORMATI ON_VESSAGE ) ;
ks er
b9 Systemexit( 0);
o
1
) end class Test
T =
| e e e i
-
Cmmwsivees wwle b e ro e LREE
cwwierew wwrs s rwe e s
[ ——,
e e et
A R et
T by e, By s PY O pepeed W OO
[=]
O 2002 Prentice Hall

Al rights reserved.

9.17 New Classes and Dynamic Binding

¢ Dynamic binding (late binding)
— Object’ stype need not be know at compiletime
— Atruntime, call ismatched with method of called object

B

O 2002 Prentice Hall, Al rightsreserved

9.18 Case Study: Inheriting Interface and
Implementation

¢ Point,Circle,Cylinder hierarchy
— Modify by includingabst r act superclass Shape

+ Demonstrates polymorphism

« Containsabst ract method get Nanme
— Each subclass must implement method get Name

« Contains (nonabst r act ) methods ar ea and vol ume
— Return 0 by default
— Each subclass overrides these methods

B

O 2002 Prentice Hall. All rightsreserved
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/1 Definition of abstract base clae Shape cannot be instantiated
public abstract class Shapeextends Cbject {

/1 return shape's area
public double area() N

return 0.0;
}
abstract classcan

/1 return shape's vol ume have nonabst r act

publ i ¢ doubl e vol ume()
return 0.0;
/1 abstract nmethod must be defined by concrete subclasses
/1 to return appropriate shape name
public abstract String getName();
»

} I/ end class shape

Concrete subclasses must
implement method get Nane

% Qutling
Shape. j ava
Line4

Shape cannot be
instantiated

Lines716

abstract classcan
havenonabst r act
methods for subclasses

Line20
Concretesubclasses
ust implement
ethod get Nane

O 2002 Prentice Hall
Al rights reserved.

b 7/ Fig. 9.23 Point.java Poi nt inherits Shape’s E Qutline
P /7 Definition of class Point ; h—
b
b public class Point extends 4hape { Poi .
b protected int x, y; /Ngoordinates of the Point int.java
b v
I /1 no-argunent constructor Lined
public Point() pr ot ect ed members prevent Poi nt inherits
bo Point( 0, 0) clients from direct access (unless Shape's publ i ¢
setPoint( 0, 0); . ;
b1 clients are Poi nt subclasses or pe sp
b N methods
h3 /1 construct or ' .
[La public Point( int xCoordinate, int yCoordinate ) Line5
s
he set Poi nt ( xCoor di nate, yCoordinate ); pr ot eclved members
h7 prevent clients from
L8 direct access (unless
Lo /1 set x and y coordinates of Point clients are Poi nt
po public void setPoint( int xCoordinate, int yCoordinate ) .
p1 { subclassesor arein
b2 x = xCoordi nat e; same package)
p3 y = yCoordi nate;
p4 }
ps
pe /1 get x coordinate
p7 public int getX()
ps {
po return x;
Bo
T
O 2002 Prentice Hall
Al rights reserved.
b2 /1 get y coordinate E Qutline
3 public int getY()
4
Bs t f " .
be returny Poi nt . j ava
7
8 /1 convert point into String representation Lines45-48
Bo public String toString() .
Lo Implementation of
5 return "[" + x + ", " 4y o+ "] Shape’s method
3§ Implementationof Shape’s | |get Nane
ha I/ return shape name method get Nane
ks public String getNane() 4 *** Note***
ke {
K7 return “Point";
hs }
50 } /I end class Point

Poi nt doesnot override methods
ar ea and vol une, because points
have neither areanor volume

O 2002 Prentice Hall
Al rights reserved.
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L // Fig. 9.24: Grcle.java Gi r cl e inheritsvariablesmethods @ Outline
b // Definition of class Grg from Poi nt and Shape ﬁ =
k public class Gircle4xtends Point { // inherits from Point . .
3 protected double radius; Grcle.java
r /1 no-argument constructor Lined
public Grele() " —
b [e] (cl e inherits
ho /1 inplicit call to superclad constructor here variables/methods from
1 setRadius( 0); Poi nt and Shape
L2
L3 .
ha 11 constructor Lines5and24-34
s public Grele( double circleRadius, in\xCoordinate, Methods for
e int yCoordinate ) " "
h7 { reading/setting
s /1 call superclass constructor " " ected value
ho super ( xCoordi nate, yCoordinate ): Methods for reading/setting
po pr ot ect ed value
p1 set Radi us( circleRadius );
p2 }
B3
p4 /1 set radius of Grcle
ps public void setRadius( double circl,
pe
% radius = ( circleRadius >= 0/ circleRadius : 0);
ps
po
0 /1 get radius of Gircle
B1 public doubl e get Radi us()
B2 {
3 return radius;
4 .
' O 2002 Prentice Hall
All rights reserved.
6 Il calculate area of Grcle E Qutline
7 public doubl e area() =
ks v
9 return Math. Pl * radiNg .
Lo ) ] e.java
b1 Override method ar ea but not method vol une
B2 /1 convert Circle to a Stri \' Lac-ck itk ! ) -40
b3 public String toString() N
La Override method ar ea
ks return “Center =" + super.toString but not method
:3 ) T e Implementationof Shape’s vo! une (drdesdonot
I
Ls p! P have volume)
ko /1 return shape name o9 -
o public String getNane() 4 Lines50-53
pl { .
b2 return "Gircle’; Implementation of
p3 Shape’s method
B2 get Nane
T e TraSS e
O 2002 Prentice Hall
Al rights reserved.
b 7/ Fig. 9.25 Cylinder.java / Qylinder inheritsvariables Qutline
p /1 Definition of class Cylinder and methods from Poi nt ,
b public class Cylinder extendd Gircle { Grcle and Shape i nder i
b protected double height; // height of Cylinder CQylinder.java
r /1 no-argument constructor Lined
bl i nd - —
b public Cylinder() o/! i nder inherits
ho /1 inplicit call to superclass constructor here variables and methods
[ setheight( 0 ); from Poi nt, Gircle
2 }
b3 and Shape
L4 /1 constructor
s public Cylinder( double cylinder Height,
e doubl e cyl i nder Radi us, int xCoor dinate,
h7 int yCoordinate )
L8
Lo /1 call superclass constructor
po super ( cyl i nder Radi us, xCoor dinate, yCoordinate );
p1
p2 set Hei ght ( cyl i nder Hei ght );
p3
p4
ps /1 set height of Cylinder
pe public void setHei ght ( double cylinder Height )
p7
ps hei ght = ( cylinderHeight >= 0 ? cylinderHeight : 0);
o Y
30

O 2002 Prentice Hall
Al rights reserved.
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/1 get height of Cylinder
public doubl e get Hei ght ()

return height;

}

/1 calculate area of Cylinder (i.e., surface area)
public doubl e area()

return 2 * super.area() TR _Math.Pl * radius * hei ght;

/1 calculate vol ume of Cylinde
publi ¢ doubl e vol ume() g

return super.area() * height;
}

/1 convert Cylinder to a String representation
public String toString()
{

return super.toString() + "; Height = " + height;

}

/1 return shape name . s
public String getName() g Implementationof Shape’s
{ method get Nane

return “Cylinder”;

1 end class CQulinder

Override methods ar ea
and vol une

A
]

Cylinder.java

Qutline

Lines38-47
Override methods
ar ea and vol ume

Lines56-59
Implementation of
Shape’s method
get Nane

O 2002 Prentice Hall
Al rights reserved.

0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
T

I/ Fig. 9.26: Test.java
/1 Class to test Shape, Point, Grcle, Cylinder hierarchy

11 Java core packages
import java.text. Decimal For mat;

/1 Java extension packages

12—
g Qutine

inmport javax.swing. JOpti onPane; Instantiate oneinstance

public class Test {

/1 test Shape hierarchy
public static void main( String args[]
{

/1 create shapes
Point point = new Point( 7, 11 ),

Grcle circle = new Gircle( 3.5, 22, 8);

Oylinder cylinder = new Cylinder( 10, 3.3, 10, 10%;

/1 create Shape array
Shape arrayOf Shapes[] = new Shape[ 3 ];

1 aimarrayCtshapes] 01
arrayQf Shapes| 0 ] = poi

/1 aimarrayCf Shapes[ 1] at
arrayOiShapes[ 1] = circle; 4

Tcle object

1 aimarrayClShapes( 2 at sufflass Oflinder object
arrayQf shapes[ 2 ] = cylinder;

Test. java

Lines16-18

Instantiate oneinstance
eachof Shape
subclasses

Lines21-30

Create three Shapesto
reference each subclass
object

Creste three Shapesto

O 2002 Prentice Hall
Al rights reserved.

B2 /1 get name and String representation of each shape
3 String output =
4 poi nt.getName() + ": " + point.toString() + "\n" +
ks circle. getName() + *: * + circie.toString() + *\n" +
ke cylinder.getName() + “: * + cylinder.toString();
7
8 Deci mal Fornat preci si on2 = new Deci mal For mat ( "0.00" );
ko
ko /1 loop through arrayCf Shapes and get name,
5 /1 area and vol ume of each shape in arrayCf Shapss —]
h2 for (int i =0; i < arrayOfShapes.|ength; i++ . .
ks output += “\n\n* + arrayO Shapes[ i ] getNarre()/Dyna"'Cdlybmdmal"Od
ha " " 4 arrayCf Shapes[ i ].toString() + ar ea for G rcleem
ks “\nArea = " + . o
fe ?{i\c/:,\shggz:'?rjm( arrayf hapes[ i ].area()%) + hethod areafor
hs preci si on2. format (arrayCf Shapes[ i ].vol IJVTE(N\ A rcleand
po } v S lelacts
Fo
L oupme shoumssanen oottt eutpst | pynamically bind method
k3 JOpti onPane. | NFORVATI ON_NVESSAGE ) ; vol une for CyjDymagricaltiedind
ba
b5 Systemexit( 0); mahod vol urTEfor
k6 ) Cyl i nder object
E
58} /I end class Test

O 2002 Prentice Hall

Al rights reserved.
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A

E Qutling
Test.java
‘Crinmer U = W0, "L POl ~ LK Fe v e
o =
ttann - ALY
|
O 2002 Prentice Hall

Al rights reserved.

9.19 Case Study: Creating and Using
Interfaces

¢ Useinterface Shape
— Replaceabst r act class Shape

« Interface
— Definition begins withi nt er f ace keyword
— Classesi npl enent aninterface (and its methods)
— Containspubl i c abst ract methods

¢ Classes (thati npl ement the interface) must implement these
methods

B

O 2002 Prentice Hall, Al rightsreserved

/1 Fig. 9.27: Shape.java E Qutline
/1 Definition of interface Shape

Classesthat i npl enent Shape

b public interface Shape { X
b ent these methods — |Shape. | ava
/1l calculate area
I public abstract double area(); 4 Lines7413
b /1 calculate vol ume Classesthat
ho public abstract double volume(); * i npl enent Shape
E 1 ret h must implement these
return shape nane
Ir DD T AT TSI g e methods
14 }
O 2002 Prentice Hall

Al rights reserved.
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A

h 7/ Fig. 9.28: Point.java Qutline
b // Definition of class Point E =
b public class Point extends Cbject inplemeqts Shape { . )
b protected int x, y; // coordinates of WRe Point Poi nt . j ava
r /1 no-argument constructor Lined
public Point() e
b Boi nt implements
ho setPoint( 0, 0); erface Shape
L1
L2
L3 /1 constructor
ha public Point( int xCoordinate, int yCoordinate )
L5
he set Poi nt ( xCoordi nate, yCoordinate );
L7
L8
Lo /1 Set x and y coordinates of Point
bo public void setPoint( int xCoordinate, int yCoordinate )
p1 {
p2 x = xCoordi nate;
p3 y = yCoordi nate;
p4 }
ps
pe /1 get x coordinate
% public int getX()
ps {
po return x;
0 }
1
O 2002 Prentice Hall
All rights reserved.
2 /1 get y coordinate E Qutline
3 public int getY() h—
B4
5 return y; . .
6 ) Poi nt . j ava
B7
Bs /1 convert point into String representation Lines45-60
9 ublic String toStrin
bo v o o0 Implement methods
b1 return X+ +y+] specified by interface
2 Shape
B3
ka /1 calculate area
ks public doubl e area()
pe
K7 return 0.0;
ke }
ko
o /1 calculate vol ume Implement methods specified
b1 public double vol ume() = N
p2
b3 return 0.0;
b4
ps
b6 /1 return shape name
b7 public String getName() #
b8
po return "Point";
o }
Bl
T end class Por it
O 2002 Prentice Hall
Al rights reserved.
b 7/ Fig. 9.20: Crcle.java E Qutline
P /1 Definition of class Grcle
b public class Grele extends Point { \//—shacits fromoior .
3 protected double radius; » rcle.java
I /1 no-argument construct or G rcl e inheritsvariablessmethods |0 4
public Grele() from Poi nt , including method rel e inherits
b { ; i r
ho /1 implicit call to superclass constdIPEMENtEionsof Shape | qjghiegmethodsfrom
[ setRadius( 0 ); Poi nt , including
L2 } :
b3 method implemen -
fLa 11 constructor tationsof Shape
s public Grcle( double circleRadius, int xCoordinate,
he int yCoordinate )
L7
hs /1 call superclass constructor
Lo super ( xCoor di nate, yCoordinate );
po
p1 set Radi us( circleRadius );
p2
p3
p4 /1 set radius of Grcle
ps public void setRadius( double circleRadius )
pe
% radius = ( circleRadius >= 0 ? circleRadius : 0);
ps
po
0 /1 get radius of Gircle
b1 public doubl e get Radi us()
B2
3 return radius;
T .
35 O 2002 Prentice Hall

Al rights reserved.

26



/1 calculate area of Grcle
publi ¢ doubl e area()

return Math. Pl * radi
}

* radius;

A
]

Crcle.java

Qutline

/1 convert Gircle to a St Lines43-47
public String tostring() & Override method

return "Center = " + super.toStri t oString

B ius =" + radius;

} Override methods ar eaand l_40md5053
11 return shape name get Nare but not method vol une | ethods
public String getNane() & ar ea and get Nane
{

return "Grele"; but not method
} vol une

} // endclass Grcle
O 2002 Prentice Hall

Al rights reserved.

I/ Fig. 9.30: Oylinder.java
/1 Definition of class Cylinder.

public class Cylinder extend\ Grcle {
protected doubl e hei ght; V)

G rcl e inheritsvariablesmethods
from Poi nt and G rcl eand

/1 no-argument constructor
public Cylinder()

/1 inplicit call to supercl'ass cons
setheight( 0);

}

/1 construct or

public Cylinder( double cylinder Height,
doubl e cyl i nder Radi us, int xCoordinate,
int yCoordinate )

/1 call superclass constructor
super ( cyl i nder Radi us, xCoordinate, yCoordinate );

set Hei ght ( cyl i nder Hei ght );

/1 set height of Cylinder
public void setHei ght ( doubl e cylinder Height )
hei ght = ( cylinder Hei ght >= 0 2 cylinder Height : 0 );

/1 get height of Cylinder
public doubl e get Hei ght ()

return height

E Qutline
Cylinder.java

Line4

Q rcl e inherits
variables'methods from
Point andGircle
and method
implementations of
Shape

O 2002 Prentice Hall
Al rights reserved.

&

po Outline
7 /1 calculate area of Dinder (i.e., surface area)
] public double area()
Bo . .
ko return 2 * super.area() + >N_Math. Pl * radius * height; Cylinder.java
b1
s /1 calculate vol f LinesS0-53
cal cul ate vol une o ;
ba publ i c doubl e vol ume() Override method
ks ng
ke return super.area() * height;
7 } Override methods ar ea_ |9
ke
ko 1/ convert Cylinder to a String (ion VOl une and get N§i®ije methods
ko public String tostring() 4 ar ea. vol une and
b1 )
b2 return super.toString() + " ight =" + height; get Nane
b3
ba
ks /1 return shape name
k6 public String get Name()
b7
ke return "Cylinder”;
Eo
2
61 } /I end class Oylinder

O 2002 Prentice Hall
Al rights reserved.
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/] Fig. 9.31:
11 Test Point,

Test.java
Grele,

/1 Java core packages
inport java. text. Deci mal Fornat;

/1 Java extension packages
inport javax. swing. JOpt i onPane;

public class Test {

/1 test Shape hierarchy
public static void main( String args[] )

/1 create shapes
Point point = new Point( 7,
Crcle circle = new Grele( 3.5, 22, 8);
Oylinder cylinder = new Cylinder( 10, 3.3, 10, 10 );

11 );

/1 create Shape array
Shape arrayCf Shapes| ]

new Shape[ 3 ]:
/1 aimarrayCf Shapes[ 0 ] at subclass Point object
arrayQf Shapes[ 0 ] = point;

/1 aimarrayCfShapes| 1] at subclass Grcle object
arrayOf shapes[ 1] = circle;

/1 aimarrayOf Shapes| 2 ] at subclass Cylinder object
arrayQf shapes[ 2 ] = cylinder;

inder hierarchy with interface Shape

A
]

Test . j ava

Qutline

Fig. 9.31isidentica to
Fig. 9.26

O 2002 Prentice Hall

Al rights reserved.

/1 get name and String representation of
String output =
poi nt. get Name() + "
circle gethame() + *
cylinder. get Name() + "

each shape

“ 4 point.toString() + "\n" +
+ circle. toString()
" + cylinder.toString();

Deci mal Format preci si on2 = new Deci mal For mat ( “0.00" );

/1 1oop through arrayOf Shapes and get

/1 area and vol ume of each shape in arrayCf Shapes

nane,

o+

E Qutline
Test. java

GOTTOTTOT T S S S S TS S S TSRO OO RT T

B Ee =0, B e+
ph L = [, B e = L3, P - B

rerr
CEE
Ve - LI

o e
LR
e - L

b (o - [, 40 R 1% P
i
ot e

2

3

4

5

6

7

8

9

0

1

2 for (int i =0; i < arrayCfShapes.length; i++) {

3 output += "\n\n" + arrayCf Shapes[ i ].getName() +

4 " + arrayOf Shapes[ i ].toString() +

5 “\nArea = +

6 precision2. format ( arrayOf Shapes[ i ].area() ) +

7 "\nVol ume = " +

8 preci si on2. format ( arrayCf Shapes[ i ].vol ume() );

9 }

0

1 Jpt i onPane. showMessageDi al og( nul |, out put,

2 "Denonstrating Pol ynor phi snf',

3 JOpti onPane. | NFORVATI ON_VESSAGE ) ;

4

5 Systemexit( 0);

6 }

7

8 } /1 end class Test
O 2002 Prentice Hall
Al rights reserved.
Bl
E Qutline
Test.java

| T — H

Output isidentical to
that of Fig. 9.26

Tothat of Fig. 9.26

O 2002 Prentice Hall
Al rights reserved.




9.20 Inner Class Definitions

* Inner classes
— Classisdefined inside another class body

— Frequently used with GUI handling
* DeclareAct i onLi st ener inner class

* GUI components can register Act i onLi st ener sfor events

— Button events, key events, etc.

O 2002 Prentice Hall. All rightsreserved i1

/1 Fig. 9.32: Time.java
I/ Time class definition

/1 Java core packages
inport java.text.Deci nal Format;

/1 This class maintains the time in 24-hour format

public class Time extends Chject {
private int hour; /1o0- 23"
private int minute; // O - 59
private int second; // 0 - 59

/1 Time constructor initializes each instan
/1 to zero. Ensures that Tine object starts i
/1l consistent state.

public Time()

setTime( 0, 0, 0);

/1 Set a new time value using universal time. Perform

/1 validity checks on the data. Set invalid values to zero.
public void setTime( int hour, int minute, int second )

{

setHour ( hour );
setMnute( minute );
set Second( second );

}

/1 validate and set hour
public void setHour( int h)

hour = ( (h>=08h<24) 2h: 0);

E Qutline
Ti ne. j ava
Line8

Same Ti e class used
inChapter 8

O 2002 Prentice Hall
Al rights reserved.

&

B6 /1 validate and set minute Outline
7 public void setMnute( int m)

8

zg ninute = ( ( mM>= 0 & m< 60 ) 0) Time. j ava
b1

b2 /1 validate and set second M utator and accessor
f2 public void setSecond( int s ) methods

ks second = ( (s >=0& s <60) 25 : 0))

6

K7

ke /1 get hour

o public int getHour()

o { accessor methods

pl return hour;

b2 }

b3

b4 /1 get minute

b5 public int getMnute()

b6

b7 return mnute;

p8

b9

0 /1 get second

1 public int getSecond()

b2 {

B3 return second;

- 7 >

65

O 2002 Prentice Hall
Al rights reserved.
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A

bo /1 convert to String in standard-time format Qutline
7 public String tostring() E =
8
o Deci mal For mat twoDi gi ts = Wy Deci mal For mat (" 00" I
po ci mal Format twoDi git's ci mal For mat ( Tine. | ava
1 return ( ( gethour() == 12 || @
g oo 15 ot mar( get Mt e() Lines67-76
woDi gi t's. format ( get M nut e A
fa twoDigits.format( getSecond() _Ovarlde mahod_
I’s ( getHour() <12 2 " AM : " PM' j ava. | ang. (bj ect
e } .toString
7
) end class Time I -
Override method
java.lang. Chject.toString
O 2002 Prentice Hall
All rights reserved.
h /1 Fig. 9.33: TimeTestW ndow. java E Qutline
P // Denonstrating the Time class set and get_methods I
B
b /7 Java core packages ) L ) ’ .
E import java aw.*: JFr ame provides basic window Ti meTest W ndow. j
b inport java.aw.event.*; o eHsehavior ava
4
/1 Java extension packages .
inport javax.swing.*; Linell . .
o [JFr ane providesbasic
hii  public class TimeTest Wndow extends JFrame X window attributes and
ho private Tine time; behavi
ha private JLabel hourLabel, ninuteLabel, secon aviors
L4 private JTextField hourField, ninuteField,
hs secondFi el d, di spl ayFi el d: JFr ane (unlike JAppl et)
he private JButton exitButton; .
h7 (unlike
he /1 set up G JAppl et ) has
he publ i ¢ Ti meTest Wndow() 4 constructor
bo {
b1 super( "Inner O ass Degnw _
p2 Line23
Si tine = new Tine(); 4 Instantiate Ti e object
bs /1 create an instance of inner class ActionEvent Handl er
be Acti onEvent Handl er handl er = new Ae{j onEvent Handl er () ; Line26
b7 . ; "
be 11 set up G Instantiats tt)&ectcf
bo Contai ner container = get Cont ent Pane() ; " ’ ]
ko cont ai ner. set Layout ( new Fl owLayout () ): Inslmtlart]eque(l:tuflnna- s
T classthat implements
VTN st ener
O 2002 Prentice Hall
All rights reserved.
B2 our Label = new JLabel ( " Set Hour" ); i
h bel bel Qutline
ks hour Field = new JText Fiel d( 10 );
4 hour Fi el d. addAct i onLi st ener (handl €
5 contai ner. add( hour Label ); v ] " ;
ke contai ner. add( hourField ): Ti meTest W ndow. j
7 ava
i ni nuteLabel = new JLabel ( "Set minute’ ):
o ninuteField = new JTextField( 10 ); ;
ho m nut eFi el d. addAct i onLi st ener ( handl er Lme.34' 40, 4_Gand55
b1 contai ner. add( mi nut eLabel ); v Reqister Act j on-
k2 contai ner. add( i nuteField ); er with
ks ]
s secondLabel = new JLabel ( "Set Second" . Register pes
H seconderel s = new et Feld( 100 Act i onEvent Handl er
secondFi el d. a tionListener andler ); -
h7 contai ner. add( secondLabel ); with GUI components
ke cont ai ner. add( secondFiel d )
ko
ko di splayFiel d = new JTextFi el d( 30 );
b1 di spl ayFi el d. set Edi tabl e( false);
k2 contai ner. add( di splayField );
ks
b4 exitButton = new JButton( "Exit" ): A
b5 exi t But ton. addActi onLi stener ( handier )
k6 contai ner. add( exi tButton );
b7
B8} // end constructor
bo
0 // display time in displayField
1 public void displayTime()
2 {
b3 di spl ayFi el d. set Text (_"The time is: " + tine);
T
65 O 2002 Prentice Hall

Al rights reserved.
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A

b6 /1 create TimeTest W ndow and display it Outline
7 public static void main( String args[] ) E =
8
?g Ti meTest W ndow wi ndow = new Ti meTest W ndow() ; Ti meTest W ndow j
63 vi ndow. set Si ze( 400, 140 ); Define inner class that implements [V&
2 dow. set Vi si bl e( t f . )
bs , Mndowsetvisible( true) Acti onLi st ener interface |
ba Tines77-78
I’s /1 inner class definition for handling JTgyP(ﬂand Define inner class
6 /1 JButton events . .
7 private class ActionEvent Hand er AMustimplement method act i onPer f or ed
Irs inplements ActionListener { 4 of Acti onLi st ener
o VoSt Tmprement
0 /1 method to handie action events method
Bl public void actionPerformed( ActionEvent event ) h
2 { act i onPer f or ned
3 Il user pressed exitButton
4 it ( event.getSource() == exi|] Whenuserpresses JBut t onor Enter key,
Bs Systemexit( 0); // ter] method act i onPer f or ned isinvoked N
6 »
7 11 user pressed Enter key in hOw(Field button or key, method
8 else if ( event.getSource() == hodkgield ) { acti onPer f or med
B9 tine. set Hour e
bo Integer. parselnt( event.get Acti onsmmand() ) ): isinvoked
1 hour Fi el d. set Text ( ™" );
2 Determineaction depending
p3 h ed .
ba /1 user pressed Enter key in minuteField on where event originate ion
5 else if ( event.getSource() == minutep) depending on where
6 time. set M nut e( P
b7 Integer. parselnt( event.get€tionCommand() ) ); eventoriginated
bs i nut eFi el d. set Text ( " );
9 .
O 2002 Prentice Hall
All rights reserved.
froo E Qutline
ho1 /1 user pressed Enter key in secondField h—
o2 else if ( event.getSource() == secondField ) {
ho3 time. set Second( Ti meTest W nd .
hoa Integer. parselnt( event.get ActionCommand() ) ); 1nefes naow. |
os secondFi el d. set Text ( *" ); ava
[Lo6
o7
hos di spl ayTi me() ;
o9 }
L0
i1 } /1 end inner class ActionEventHandl er
112
15 g class TiopTactWad
! LBl
™
I LB
[
O 2002 Prentice Hall
Al rights reserved.
L:l
E Qutling
K LBl
= Ti neTest W ndow. j
ava
=
K LBl
k i

O 2002 Prentice Hall
Al rights reserved.
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9.20 Inner Class Definitions (cont.)

* Anonymous inner class
— Inner class without name

— Created when classis defined in program

O 2002 Prentice Hall. All rightsreserved i1

b // Fig. 9.34: TimeTestWndow java E Outline
P // Demonstrating the Tine class set and get methods h—
B
b 11 Java core packages . . .
E import java. aw. *; Ti meTest W ndow. j
b inport java awt.event.*; ava
7
/1 Java extension packages
inport javax.swing.*;
Lo
L1 public class TimeTest Wndow extends JFrane {
h2 private Time time;
L3 private JLabel hourlLabel, m nutelLabel, secondLabel ;
L4 private JTextField hourField, ninuteField,
hs secondFi el d, di splayFi el d;
L6
L7 /1 set up GU
hs public Ti meTest W ndow()
ho {
o super( "Inner O ass Demonstration” );
p1
p2 1 create Time object
b3 time = new Time();
pa
ps Il create GU
b6 Container container = get Cont ent Pane() ;
p7 cont ai ner . set Layout ( new Fl owLayout () );
ps
po hour Label = new JLabel ( "Set Hour" );
Bo hourField = new JTextField( 10 );
T
O 2002 Prentice Hall
Al rights reserved.
b2 /1 register hourFigld event han E Qutline
3 hour Fi el d. addAct i on\j st ener (
4 \d Define anonymous inner class that
Bs /1 anonynous i nner X! ass . .
ke new ActionLi stener N\ 4 Tmplements ACt1 onLi st ener | Ti meTest W ndow. j
7 ava
8 publi ¢ void actionP d( ActionEvent event )
Bo N
ko tine. set Hour Line36
b1 I'nt eger . par sel nt ( nymous
h2 hour Fi el d. set Text ( "" .
b3 di spl ayTi me(); Inner class implements method
ba } act i onPer f or ned of
Hs ™ 1= e
ke } /1 end anonymous inner class ksimplements
K7 . .
hs ): I/ end call to addActionListener Pass Acti onLi st ener as
po argument to GUI component’'s _|Per f or med
Fo cont ai ner. add(_hour Label ); ethod addACt T onLi sTener
b1 contai ner. add( hourField ); A
k> ine33
b3 nminuteLabel = new JLabel ( "Set minute" ); Pass Act i on-
b minuteFi el d = new JTextFiel d( 10 ); Li st ener toGUI
b6 /1 register minuteField evept handler component’s method
b7 ni nut eFi el d. addAct i onLi st enel addAct i on-
p8 v - ner
b9 /1 anonynous inner clas$
o1 T RO SR | Repest processfor JText Fi el d |74y
m nuteFi el d Repeat processfor

m nut eFi el d

O 2002 Prentice Hall
Al rights reserved.
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b2 public void actionPerformed( ActionEvent event ) Outline
; ( i B
4 time. set M nut e(
b5 I'nteger . par sel ( event . get Acti onConmand() ) ); . " .
bo i nut eFi el d. set Text\ "" ); Ti meTest W ndow.
7 di spl ayTime() ; ava
8 Logic differs from logic in
po A N
o } /1 end anonymous inner cl a acti onP_erfm: rr_ed methodof ine6467 X
b1 hour Fi el d's inner dlass ogic differs from logic
;g )i /1 end call to addActionListener inaction-
lra cont ai ner. add( i nut eLabel ); Per f or med method
s contai ner. add( minuteField ); of hour Fi el d's inner
s _ . . class
7 secondLabel = new JLabel ( “"Set Second" );
I8 secondFi el d = new JTextField( 10 );
o - 83
b secondFi el d. addAct i onLi st ener ( Repest processfor JText Fi el d | process for
2 /1 anonymous inner class secondFiel d Fi _el d
3 new ActionListener() { 4 secondFi el d
4
Bs public void actionPerformed( ActionEvent event ) .
6 Line8790
7 time. set Second( Logic differsfrom logic
8 Integer . parsel \( event. get Acti onComand() ) ); in acti on-
Bo secondFi el d. set Text\ "" );
bo di spl ayTime() ; — — for_med methods
1 } Logic differs from logic in other inner classes
b act i onPer f or med methodsof
} /1 end anonynous inner cl a N
ba other inner classes
5 )i /1 end call to addActionli stener |c’>zoozn iceHal
2. entice
All rights reserved.
b7 cont ai ner. add( secondLabel ); E Outline
8 contai ner. add( secondField ); N
9
hoo di spl ayFiel d = new JTextFiel d( 30 ); o v :
ho1 di spl ayFi el d. set Edi tabl e( false ); Ti meTest W ndow j
ho2 cont ai ner. add( displayField ); ava
hos )
[Lo4 B
hos /7 display time in displayField Line118-131
06 public void displayTime() Define anonymous
o7 { inner class that extends
hos displ ayFiel d.setText( "The time is: " + time ); W ndows Adapt er to
[Lo9 .
hio enable closing of
i1 /1 create TinmeTestWndow, register for its window events [JFr ane
hi2  // and display it to begin application's execution
13 public static void main( String args[] )
14
his Ti meTest W ndow wi ndow = new Ti meTest W ndow() ; | Define anonymous inner class that
116 v
hi7 /1 register Iistener for wwﬂm extmtstWIHQOV\sAdapt er to
his wi ndow. addW ndowti st ener (< emebtectosmogt-3Frane
119
h20 /1 anonymous inner class for windowd osing event
ho1 new W ndowAdapt er () {
122
ho3 /1 terminate application when user closes w ndow
hoa public voi d windowd osi ng( W ndowEvent event )
125
26 Systemexit( 0);
27
[L28
h2o } 1/ end anonynous inner class
0 4 ’
131 Y, 77 end call Lo addW ndowLi stener O 2002 PrenticeHall
Al rights reserved.
32 E Qutline
1133 wi ndow. set Si ze( 400, 120 );
h3a wi ndow. set Vi si bl e( true );
|35 - " .
} Ti neTest W ndow. j
137 '} // end class TimeTest W ndow ava

B i

o

Bl

O 2002 Prentice Hall
Al rights reserved.
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A
&

Ti neTest W ndow. j
ava

Qutline

O 2002 Prentice Hall
Al rights reserved.

9.21 Notes on Inner Class Definitions

* Notes for inner-class definition and use
— Compiling classthat containsinner class
¢ Resultsin separate. cl ass file
— Inner classes with class names
« public,protected, privat e or package access
— Access outer class' t hi s reference
OuterClassName. t hi s
— Outer classisresponsible for creating inner class objects
— Inner classes can be declaredst at i ¢

B

O 2002 Prentice Hall, Al rightsreserved

9.22 Type-Wrapper Classes for Primitive
Types

¢ Type-wrapper class
— Each primitive type has one
* Character,Byte, | nteger,Bool ean, etc.
— Enable to represent primitive asChj ect
* Primitive data types can be processed polymorphically
— Declared asf i nal

— Many methods are declaredst at i ¢

B

O 2002 Prentice Hall. All rightsreserved
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9.23 (Optional Case Study) Thinking About
Objects: Incorporating Inheritance into the
Elevator Simulation
¢ Our design can benefit from inheritance

— Examine sets of classes

— Look for commonality between/among sets
« Extract commonality into superclass
— Subclasses inherits this commonality

O 2002 Prentice Hall. All rightsreserved i1

9.23 Thinking About Objects (cont.)

« El evat or Butt on and Fl oor Butt on
— Treated as separate classes
— Both have attribute pr essed
— Both have behaviorspr essBut t onandr eset But t on
— Move attribute and behaviors intosuperclass But t on?

* We must examine whether these objects have distinct behavior
— If same behavior
* They are objects of classBut t on
— If different behavior
« They are objects of distinct But t on subclasses

B

O 2002 Prentice Hall, Al rightsreserved

Fig. 9.35 Attributes and operations of classes FloorButton and ElevatorButton.

FloorButton ElevatorButton
- pressed : Boolean = false - pressed : Boolean = false
+resetButton() : void + resetButton( ) : void
+ pressButton( ) : void + pressButton( ) : void

O 2002 Prentice Hall. All rightsreserved
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9.23 Thinking About Objects (cont.)

e El evat or Button andFl oor Butt on
— Fl oor But t onrequests El evat or to FI oor of request
» El evat or will sometimes respond
El evat or But t on signalsEl evat or to move
» El evat or will alwaysrespond
— Neither button decidesfor the El evat or to move
» El evat or decidesitself
Both buttons signal El evat or to move
* Therefore, both buttons exhibit identical behavior
— They areobjects of classBut t on

— Combine (not inherit) El evat or But t on and
Fl oor But t on into classBut t on

O 2002 Prentice Hall. All rightsreserved i1

9.23 Thinking About Objects (cont.)

* El evat or Door and Fl oor Door
— Treated as separate classes
— Both have attribute open
— Both have behaviorsopenDoor and cl oseDoor
— Bothdoor “inform™ a Per son that adoor has opened
« both doors exhibit identical behavior
— They are objects of class Door

— Combine (not inherit) El evat or Door and Fl oor Door
into class Door

B

O 2002 Prentice Hall, Al rightsreserved

Fig. 9.36 Attributes and operations of classes FloorDoor and ElevatorDoor

FloorDoor ElevatorDoor
- open : Boolean = false - open : Boolean = false
+openDoor() : void +openDoor() : void
+ closeDoor() : void + closeDoor() : void

O 2002 Prentice Hall. All rightsreserved
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9.23 Thinking About Objects (cont.)

* Representing location of Per son
— Onwhat Fl oor isPer sonwhen riding El evat or?
— Both Fl oor and El evat or aretypesof locations
¢ Sharei nt attributecapacity
« Inherit fromabst ract superclassLocat i on
— Contains St ri ng | ocat i onName representing location
« “firstFloor”
« “secondFl oor”
« “elevator”
— Per son now containsLocat i on reference
» ReferencesEl evat or when personisin elevator
« References Fl oor when person is on floor

&=l

O 2002 Prentice Hall. All rightsreserved

Fig. 9.37 Class diagram modeling generalization of superclass Locat i on and
subclasses El e

QOutline

Itdicsindicate abstract
> cation class or method

ogaBrName : Sting 3

capaciy - Integer = 1 frozen

[ TCocatonName{ Suing T vor

\Qe!mcanonNamE() String

BNpeCapaciy():mieger
jetButton() : Button

I getDoor() : Door

Italicsindicate abstract

{frozen} indicates
constant (find in Java)

Elevator Floor
- moving : Boolean = false

- summoned : Boolean = fatse
- currentFloor - Integer

- destnationFoor : Ineger

- wravelTime : Integer =5
T3] voTd

-+ requestElevator(): void

+ enterElevator() : void
+exitelevator() - void _—
+ departElevator( ) : yoie— |
+ getutton() : Bution 4
+ getboor() : oo

Concrete classes

GetBution()  But
|+ getboor() : Door,

Concrete classesimplement

B

O 2002 Prentice Hall, Al rightsreserved

Fig. 9.38Class diagram of our simulator (incorporating inheritance).

Elevat

1
1

2 1 2
o001

-open-Booiean=raise | signars| ~[fpressed  sociean < aise | presses
i 1

-+ openaor() - void

T
+ closeDoor() : void 0

< ressaunont

Occupies

T
Si1ng ) Vol

getLocationamel ) - String

gl + getBution() - Butan
getDoor() : Door

B
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Fig. 9.39 Class diagram with attributes and operations (incorporating inheritance).

Elevatorhiodel [
numberOfPeople  Integer = 0 fightOn : Boolean = false
T adaperson) - vors Mot i) vord

wmOfLight() : void
Tocaion

MTocationame - sty
capacity: Integer = 1 Irozen)
ST ST T
'+ getlocationName( ) : Sting
'+ getCapacity() - Integer
[+getgution() - Button

Person

[ Teger
- moving - Boolean = true

[Fcoropened) voiw

Elevator
moving : Baolean = aise
- Summoned - Boolean = faise
currentFloor : Lacation
- destinationFloor : Location
ravelTime : Integer = 5

+ requesilevator() : void
[+ enterelevator():void

et TR
. oartont: s spendoory s via

&=l

O 2002 Prentice Hall. All rightsreserved

9.23 Thinking About Objects (cont.)

¢ Continue implementation
— Transform design (i.e., class diagram) to code
— Generate “skeleton code” with our design
* UseclassEl evat or asexample
« Two steps (incorporating inheritance)

B
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9.23 Thinking About Objects (cont.)
Step 1

public class E evator extends Location {
/1 class constructor

public Eevator() {}
}

B
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T B
/I Generated using class diagrams 9.38 and 9.39 E Qutline

public class Elevator extends Location {

Il class attributes
private bool ean movi ng; Step 2
private bool ean summoned;

private Location currentFl oor;

private Location destinationFl oor; ImpIeTml abstract
private int travel Time = 5;
private Button el evatorButton; classes

private Door el evat or Door ;
private Bell bell;

/1 class constructor
public Elevator() {}

/1 class methods
public void ride() (}

public void requestEl evator() {}
public void enterElevator() {}
public void exitEl evator() (}
public void departEl evator() {}

=]

Implement abstract cl
/1 method overriding getButtol
public Button getButton()
return el evatorButton;
11 method overriding get

publ i ¢ Door get Door ()
{

return el evat or Door ;

N O 2002 Prentice Hal
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9.24 (Optional) Discovering Design
Patterns: Introducing Creational, Structural
and Behavioral Design Patterns

« Design-patterns discussion
— Discuss each type
« Creationa
 Structural
* Behavioral
— Discussimportance
— Discuss how we can use each patternin Java

B
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9.24 Discovering Design Patterns (cont.)

* We also introduce
— Concurrent design patterns
* Used in multithreaded systems
« Chapter 15
— Architectural patterns
« Specify how subsystems interact with each other
* Chapter 17

B

O 2002 Prentice Hall. All rightsreserved

39



[Eesier——[creatonaroosior pavers | Swuciradesia paers | Gehavioral design patiers
924 Singleton
13.18 Factory Method ‘Adapter Chaind -Responsibility
Bridge mand
Composite Observer
Strategy
Template Method
17.11 [Abstract Factory Decorator
Facade
2117 [Frototype Tterator
IFig. 9.40 The 18 Gang-of-four design patterns discussed inJava How to Program 4/e.
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| = o de g e T ——
1513 ‘Sngle- Threaded Execution

Guarded Suspension

Balking

ReadWrite Lock

Two Phase Termination
71T Vode-View Cortraller

Layers

FFig. 9.41 concurrent design patterns and architectural patterns discussed inJava How to
Program, 4/e

B
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9.24 Discovering Design Patterns (cont.)

« Creational design patterns
— Addressissuesrelated to object creation
* e.g., prevent from creating more than one object of class
* e.g., defer at run time what type of objects to be created
— Consider 3D drawing program
« User can create cylinders, spheres, cubes, etc.

» At compile time, program does not know what shapes the user
will draw

 Based on user input, program should determine this at run time

B
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— Builder

O 2002 Prentice Hall. All rightsreserved

Factory Method
— Prototype
Singleton

&=l

9.24 Discovering Design Patterns (cont.)

« 5 creational design patterns
— Abstract Factory

(Chapter 17)
(not discussed)
(Chapter 13)
(Chapter 21)
(Chapter 9)

¢ Singleton
— Used when system should contain exactly one object of class
* e.g., one object manages database connections
— Ensures system instantiates maximum of one class object

B
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9.24 Discovering Design Patterns (cont.)

&

h 7/ singleton.java Qutline
P // Denonstrates Singleton design pattern

package com dei tel . htpd. desi gnpatterns;
I ! ;
FE - public final class Singleton { Si ngl eton. j ava
I /1 Singleton object returned by method ge
b private static Singleton singleton; pri vat e constructorensures | e constructor
ko /1 constructor preven{s instantiation frol__Onlyclass Singletoncan  fonly class
h1 private Singleton() 4 instantiate Si ngl et on ofgeeigl et on can
ho { - )
h3 Systemerr.printin( "Singleton object created.” ); instantiate .
L4 } Si ngl et on object
hs
he /1 create Singleton and ensure only one Singleton instance ;
h7 public static Singleton getSingletonl nstance() Lines20-23
L8 { Instantiate
ho /1 instantiate Singleton if null Si ngl et on object
bo if ( singleton == null
b1 singleton = new Singl et on() \ only once, but return
p2 » |same reference
b3 return singl eton;
4 1
) |Instantiate Si ngl et on object only

once, but return same reference

O 2002 Prentice Hall
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b // SingletonExanple.java m Qutline
b // Attenpt to create two Singleton objects E =
package com deitel . htpa. desi gnpat ter ns;

b )
F - public class SingletonExanple { Si ngl et onExanpl e
.java

4 /1 run Singl et onExanpl e

public static void min( String args[] ) .
b { " - )
ho Singleton firstSingl eton; Create Si ngl et on indtance L ngl et on
b1 Singleton secondsi ngl et on; instance
b2
hs /1 create Singleton objects _
fa firstSingleton = Singleton. getSi ngl etonl nstance() ; Linel5
s secondsi ngl eton = Si ngl et on. get Si ngl et onl nst ance() ; Get same Si ngl et on
L6 A
h7 /1 the "two" Singletons should refer to same Singl et o instance
he if (firstSingleton == secondsingleton )
Lo Systemout.printin( "firstSingleton and * +
bo “secondSi ngl eton refer to the same Singleton * +
b1 “object” );
b2 ) [

. | Get same Si ngl et oninstance

CEYTUTE——— =ial]

Hiparop. sy coam i

Fierohn it aid meord i et v e v Statzem woar |

e wsi | |

O 2002 Prentice Hall
Al rights reserved.

9.24 Discovering Design Patterns (cont.)

e Structural design patterns
— Describe common ways to organi ze classes and objects

— Adapter (Chapter 13)
— Bridge (Chapter 13)
— Composite (Chapter 13)
— Decorator (Chapter 17)
— Facade (Chapter 17)
— Flyweight (not discussed)
— Proxy (Chapter 9)
K
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9.24 Discovering Design Patterns (cont.)

* Proxy

— Allowssystem to use one object instead of another
« If original object cannot be used (for whatever reason)

— Consider loading several largeimagesin Java applet
« |deally, we want to see these image instantaneously
 Loading these images can take time to complete
» Applet can use gauge object that informs use of load status

— Gauge object is called the proxy object

» Remove proxy object when images have finished loading

B
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9.24 Discovering Design Patterns (cont.)
« Behavioral design patterns

— Model how objects collaborate with one another
— Assign responsibilities to algorithms
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9.24 Discovering Design Patterns (cont.)

« Behavioral design patterns
— Chain-of-Responsibility (Chapter 13)

— Command (Chapter 13)
— Interpreter (not discussed)
— lterator (Chapter 21)
— Mediator (not discussed)
— Memento (Chapter 9)

— Observer (Chapter 13)
— State (Chapter 9)

— Strategy (Chapter 13)
— Template Method (Chapter 13)
— Visitor (not discussed)

K
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9.24 Discovering Design Patterns (cont.)

*« Memento

— Allows object to save itsstate (set of attribute values)

— Consider painting program for creating graphics
« Offer “undo” featureif user makes mistake

— Returns program to previous state (before error)

« History lists previous program states

— Originator object occupies state
* e.g., drawing area

— Memento object stores copy of originator object’ sattributes
* e.g., memento saves state of drawing area

— Caretaker object (history) contains references to mementos
* e.g., history lists mementos from which user can select

B
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9.24 Discovering Design Patterns (cont.)

« State
— Encapsulates object’ s state
— Consider optional elevator-simulation case study
* Person walks on floor toward elevator
— Useinteger to represent floor on which person walks
* Person rides elevator to other floor
» On what floor is the person when riding elevator?

O 2002 Prentice Hall. All rightsreserved i1

9.24 Discovering Design Patterns (cont.)

» State
— Weimplement a solution:
* Abstractsuperclass Locat i on
» ClassesFl oor and El evat or extend Locat i on
« Encapsulates information about person location
— Each location has reference to But t on and Door
» ClassPer son containsLocat i on reference
— Reference Fl oor when on floor
— Reference El evat or whenin elevator

B
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