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M08 Late-Binding

class Shape {
void draw( ){ }
void erase( ) { }

}

class Square extends Shape {
void draw( ) {

System.out.println(“Square.draw( )”);

}

class Circle extends Shape {
void draw( ) {
System.out.println(“Circle.draw( )”);

}

Lecture 7

public class Shapes {

public static Shape randShape( ) {
switch((int)(Math.random( )*2)) {
default:
case 0: return new Circle( );
case 1: return new Square( );
}
}
public static void main(String a[ ])
{
Shape s[] = new Shape[4];
for (int i=0; i<s.length; i++)
s[i] = randShape( );
for (int i=0; i<s.length; i++)
s[i].draw( );
¥
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Extensibility
Instrument
void play( )
String what( )
void adjust( )
\ \ |
Wind Percussion Stringed
void play( ) void play( ) void play( )
String what( ) String what( ) String what( )
void adjust( ) void adjust( ) void adjust( )
\ |
WoodWind BrassWind , " .
void play( ) void play( ) M3t method Hiso¥HAlHA
String what( ) String what( ) 1o q Yy o .
void adjust() void adiust( ) Taisl¥iAean)aeu tune(Instrument i) method
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Overriding VS Overloading
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Abstract classes and Methods

abstract Instrument

abstract void play( )
String what( )
abstract void adjust( )

A

Wind Percussion Stringed
void play( ) void play( ) void play( )
String what( ) String what( ) String what( )
void adjust( ) void adjust( ) void adjust( )
\ \ 91NF9819131009MIAMUA Instrument 1 TiNe
WoodWind BrassWind | common interface Tao lifimssmuadunoums
void play() void play() s Humsiiafuln class iduneadedos
String what( ) String what() | <0, o5 os iz awdeusaldate object 18
void adjust( ) void adjust( )
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Interfaces
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Interface { public interface Sleeper

Declaration
[ Method
public void wakeUp(); Declaration
Interface ) Constant
Body public long ONE_SECOND = 1000; } Declaration
public long ONE_MINUTE = 60000;
¥

Syntax :
<modifier> interface <name> { / * body * / }
«  Methods 14 interface 1:?1! implicitly i “public” L1 “abstract”
. laitle sz interface 130 method 14 interface @38 modifier “abstract”

Y
@ <
«  Constant 1 interface {1 implicitly Tl “public”, “static” t1a¥ “final”
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ﬂﬁal‘ffj interface

= | % o)
ﬂﬁ!ﬂﬂtﬂ‘lﬂ NIIN Interface

v
. Tagms implement interface U : implements keyword

public class MySleeper implements Sleeper  {

Public void wakeUp () {

H
}

~ douiims implement )1 method Anrua 13 interface
9y, v
o @150 1% interface iMiloUNY Type

— Sleeper aSleeper = new aSleeper () ;
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“Multiple Inheritance” Tu Java

. . . A =) 1 A
+ Multiple inheritance ADNITAUNDAVINYIAY base classes (e.g. D AUNDA

9
NI Lag a)

- moeyanaldiimsdunealaniniies 1 class (Single inheritance) = = >

i support multiple class inheritance

- Mmeyanaldimsduneaninvaie interfaces 14 = = > 9121 support

multiple interface inheritance
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Interface VS Multiple Class Inheritance

Class 92 @UNOALNEIAT constants 91 interface
class JieNu150@UNOA method implementations 91 interface

Y 4
interface hierarchy W' lUuAY class hierarchy
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class hierarchy FINAINLUIAAVD multiple inheritance
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multiple class inheritance
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NIVENY interface iﬂﬁlfﬂﬁﬁ‘ﬂ‘m’)ﬂ

¢ Interface mmsaﬁwmiﬁumﬂ”lé’f Hag @I1W15DNINTIINYAY interfaces

4 I 1
a1y interface Tnai1a
A . Y
« MITUNDAVON interface 1¥ extends keyword

« Interface 8131599 1MIFUN0A 141N multiple base interfaces
interface Monster { void menace (); }
interface DangerousMonster extends Monster { void destroy (); }
interface Lethal { void kill(); }
interface Vampire extends DangerousMonster, Lethal {

void drinkBlood () ;
h
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Grouping Constants

. 91919 interface TuMIa319NqUUDIAIAIN (AZ181Y enum 11 C) 1HiD9

1< % wva
910 fields 1Y interface 92131 public, static 1A final 1naon TUNA

public interface Months {

int
JAN =1, FEB =2, MAR =3, APR =4, MAY =5,
JUN =6, JUL=7, AUG =8, SEP =9, OCT =10,

NOV = 11, DEC = 12;

Lecture 7 Java Programming Language/ Copyright 2000 by V.Rujivorakul Page 16




Initializing fields I interface

o A . Il < 1

. mimwuﬂﬂmm?fumm fields 14 interface 113Jﬁ‘1l|1§mﬂu blank finals t{§1
o 9 . Y
TIUTDNINIY non-constant expression hlﬂ

public interface RandVals {
int rint = (int) (Math. random () * 10);

H

public class TestRandVals {
public static void main (String args [ ]) {

System. out. println (RandVals. Rint) ;

H

}

QSJ} o 1A 4 < 1 1
» fields uu%gﬂﬂmuﬂmgmﬁmﬁ@ class 9N loaded uazgmﬂmﬂumu
U static storage area
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Inner classes

+ Tnner Class 70 class fisz1yogmelu class 8 Taofinu1snd 19t data
member ¥4 object iAOUNUDY 1A
. Lﬁ’éﬂ%}ﬁ?ﬂiumi 11 implementation hiding
public class Percel {
class Contents {
private int j = 10;
public void value () {return j; }
H
public void ship () {
Contents ¢ = new Contents () ;

}
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Inner classes in methods and scopes

Y A £
« Inner class @111508319018 11 method 50 scope 1a scope U3
A ) . VA v A A .
— WWOAIN interface VNDYIUNDNITHINYITOAU object
A 9 Ao Y ] A '
— LW@"]f'JEJLLﬂ{]ﬂJWﬁ/]"]ﬁJ“K’E]H Taemsasie class MelungouvINNI@UDNNIFIY
.« A7081
~ o
— class NHUANY U method
— class imualuy scope M1 method
sq v, .
— anonymous class 'l implement interface
— anonymous class 1 extends 910 class 71 143 default constructor

{q ¥ A o . o Ay .
— anonymous class ﬁﬁlmﬁami‘m construction 1AYMUUAANUTUALUDY instance
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FUAVDI Inner Classes

* Nested top-level classes & interfaces

A A o v . A
— Class 1139 interface %gﬂﬂ1wuﬂ1ﬂzﬂu static member melu class Y199 interface
A 9 . . A . ~ v d . oy
’t]uvlﬂiﬂﬁl static modifier 139 nested interface Nlaedenilu static BYLA"

[ Y [ aé 1 = [
— ANYUEAAIYNY class ﬂﬂﬁmagﬂu package (A8INU

Y =R A = v A
— 91994 inner class #3® interface 1A8I38N class UBN ATNUAIYYA LLASFOVD
class U (Le., LinkedList.Linkable)

— mwsalyms import outer class I@uedfums import package

— Taem 'l 1diiedanguues class Mneadesiulidenu e lviine A
AzAn
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Nested Top-Level Class

¥HAYD Inner Classes (ﬂ'ﬂ)

public class TestBed {
public TestBed () {}
void print () {
System. Out. Println (“print () <) ;
H
/ / static inner class
/ / generated as a separated class called TestBed$ Tester
public static class Tester {
public static void main (String args []) {

*  Member classes

— class ignsmualiiiiu member 71014 class du Taohi lifldfmualviiiu

static
v 4
— class meluaiusonag access members U9V class ﬂ”l&li!’e)ﬂhlg{ 394N member
. “ _
Nszma’l3itu private aae

v o Jo . { o
— inner class object 9 TUWUITNY outer class object TGERSTEYY

— . Y { Y. . .
TestBed t = new TestBed () ; — 1% lunsaiNAeIN15 ¥ inner class instance 813150 access fields U4 instance
\ t.print () ; Y04 class NATOUI
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- |
Member Class ¥HUAVD Inner Classes (£19)
public class A { public static void main (String args[ ]) {
public String name = “A”; A a=new A(); * Local Classes
public class B { // create an A instance .

public String name = “B”; A.B b=amnew B();
public class C { // create a B instance
public String name = “C”; A.B.C ¢ =b.new C();
public void print_names( ) { // create a C instance
// C - name of C c.print_names( );
System.out.println(name); }
/I C - name of C }
System.out.println(this.name);
// B - name of B
System.out.println(B.this.name);
/I A - name of A
System.out.println(A.this.name);
}
¥

}
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— inner class fignimuan1a1d block Y83 code

< &
— ansognwiu Idiiesn1e1d block code 11

:J’ ~ A o F2
— inner class WHAIN1T07D access members V04 class DAoL 1A

Y 1 1
— UBANINHEIAINITONIE access final variables 1130 parameters ﬁ’t’]fﬂu scope
k4
Y04 code block 111

) d % .
— ey “adapter class” %3019 1UN3TANT event (event-handling)
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¥HAYD Inner Classes (91'?))

Local Class
class X { protected char x = ‘x’; // e -- final local
class Y { protected chary = ‘y’; System.out.println(e);
class Z extends X { /1 Z.this.d

System.out.println(d);

/I Z.this.z
System.out.println(z);

//'b (inherited by this class)
System.out.println(y);

private char z = ‘z’;

public static char d = ‘d’;

public void createLocalObject(final char e){
final char f= ‘f’;

inti=0; // a inherited by the container
class Local extends Y { System.out.println(x);
char g ="g’; }
public void printVars( ) { }
// all of these fields & Local 1= this.new Local( );
// var are accessible LprintVars();
// to this class this.g }

public static void main(String args[ ]){
Cc=new C();
c.createLocalObject(‘e’);

System.out.println(g);
// f -- final local
System.out.printn(f); )

¥
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* Anonymous classes
< { ' 4
— 11U class 1 lidive
o v F% 3 =
— MMITINAIUV0INTUTZMA 1Az NT instantiate qaiumuﬁaumm
@ Qs: =2 . . Y 3 2
— AIUUNFINTDYN instantiate Ulﬂl‘WENﬂi\iLﬂfJ’J
] A A A k4
— Tsdi@m159 extends 1150 implements class 139 interface au'ld
Y

— iansosimua constructor 1175114

Y
— Udnbazadeny local class N luding@nssunazns 19
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Anonymous Class

Anonymous inner classes

import java.io. * ;
public class Lister {
public static void main (String args [ ]) {
File f=new File (args [0]) ;
String [ ] list = flist (new FilenameFilterr () {
public boolean accept (File F, String's)  {
return s. endWith (“.java”) ;

s
for (int i=0; i<listlength; i++
System. out. println (list [i]) ;

}
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<3| 1 ] . AN 1A A
- Anonymous classes 11U 19819918904 inner class 71 1UTiM33z1%0
11915 implementation AIUANSOUNINIEII9 (new method MU
Y .
31 object)

_ ieanuazanuazaadesialunsiou class 130 interface 410 9 taz19iiioe
adudonTaolidoaars class Tnyj
frame.addWindowListerner (new WindowAdapter () [
public void windowClosing (WindowEvent €) {
frame.dispose () ;

System.exit (0) ;

1)
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Inner class ﬁ‘]Jmiﬁl‘lgij V1D outer class

Static Inner Classes

9, ) Y i o
« Outer class 81150 1% inner class 1@MABUNY class DU 11

o lunsainads object Y4 inner class 11 static method g]}@ﬂizl‘l
OuterClassName.InnerClassName
public class Percel {
class Contents {
private int j = 10;
public void value () {return j; }
}
public static void main (Stringargs[]) {
Percel p = new Percel () ;
Percel.Contents ¢ = p.new Contents () ;
}
}

) . I .
o @INITDNINUA access specifier Thilu private, protected class 18
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Ay o v, I . ' A
« luvensaindean viualy inner class 11U static (19U outer class N
I . o 9y 9 o . 3 . ..
method 11U static M1 1H151d098 11U inner class 11U static), static inner
class Hanyae
~ liiduiludeearira outer object 10N 314 static inner class

— 13i@131399¢ access outer object 910 object VDY static inner class

{ .. ) Y,
. a’nﬂiﬂﬁ%ﬂiﬁﬂ static inner class Tu interface 11@
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Inheriting from inner classes

Inner class identifiers

9
« MIAUNBAIN inner class TUADIT explicit association

class WithInner {
class Inner { }

}

public class InheritInner extends WithInner.Inner {
// Inheritlnner () { } //"lajam,”lsaf
Inheritlnner (WithInner w) {
w.super () ;
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A . Yy . A 9y
* 1® compile 1A inner class WwvoUsznoualy

A v y A .
— ¥DUD outer class HIUAY $ AMUAAWYDUDY inner class

y .
« Tun39i7T)% anonymous class, compiler 3z a5 19v M@V 1¥vuna@Y

AUNAINUYD
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Constructors and polymorphism : order of calls

. §19VVDINTITIN constructor

— 38 base class constructor F#99E111A151380 base class 1UANYUE recursive 11/
(508 ) IUNTILD root

111 member initialized MNANVMN5UTEMA

— MmsEendiu body U84 derived-class constructor
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Behavior of polymorphic methods inside constructors

v
=

- lunsalfizen dynamically-bound method (1%¥U abstract method N197

U
=

My definition NMeXd) 91nA1814 constructor, method NazgniEanldy

U

Ao method TnuRMMUATY (overridden definition)

. @208 PolyConstructors.java
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Downcasting and run-time type identification

9
. o [V Y 1
« 1um3 upcast Y94 object M 1MIFEAABULIRNIZVB type gl utlunis
cast ‘I/l‘]J’d’e’]ﬂﬂEl LWiT" base class fﬂ‘”ll‘iJiJ‘I/n\‘l‘V]%‘”ll interface ‘mﬂﬂﬂ’n

derived class ﬂ\TL!L!“I/Iﬂ message 'I/]ﬁ\‘llfll'lﬂJ'li‘]_l‘]Ji 2AUMVLENNTDINNU

&

« M3IN1 downcast ABIMVY explicit

- 1IMIasdeuTusg runtime iofiozalsefuiui | type fisey 1934
vn lezina ClassCastException mmﬁmmimnﬁeummﬂm runtime

type identification (RTTI)
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