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-DYD

“ A simple, object-oriented, distributed, 
interpreted, robust, secure, architecture 
neutral, portable, high-performance, 
multithreaded, and dynamic language.”

— Sun

*UHJ�-� %DGURV
badros@cs.washington.edu

8QLYHUVLW\�RI�:DVKLQJWRQ��6HDWWOH
&6(������6XPPHU�����
�&��������*UHJ�-� %DGURV³$OO�5LJKWV�5HVHUYHG
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-DYD��$�7LPHOLQH

Patrick Naughton, James Gosling, 
et al. found the “Green Team” 
within Sun.  The language “Oak” 
is born, targeting embedded 
applications

NCSA introduces Mosaic 
browser, and the World 
Wide Web takes off

Oak retargeted to web,
WebRunner browser is born

1991

1993

23-May-1995
Public launch of Oak, 
renamed “Java”

23-Jan-1996
Sun ships JDK 1.0

29-May-1996
1st JavaOne Conference

18-February-1997
Sun ships JDK 1.1

1995

1997

/DWHVW�YHUVLRQ���-DYD����²-'.�����VKLSSHG�2FWREHU�����

5-August-1999 CSE 341 -- Java 3

-DYD��7KH�/DQJXDJH

Ref: Sun- What is Java? page

Byte codes
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+HOOR�:RUOG�

/** Application HelloWorld    
Just output "Hello World!" */

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

System.out.println("Hello World!");  
}

}

/** Application HelloWorld    
Just output "Hello World!" */

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

System.out.println("Hello World!");  
}

}

% javac HelloWorld.java
% java HelloWorld
Hello World!

HelloWorld.java
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-DYD�YV��&��

/** Application HelloWorld  */  

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

System.out.println("Hello World!");  
}

}

/** Application HelloWorld  */  

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

System.out.println("Hello World!");  
}

}

// Application HelloWorld

#include <iostream.h>

int main(int argc, char* argv[]) {
cout << “Hello World!” << endl;

}

// Application HelloWorld

#include <iostream.h>

int main(int argc, char* argv[]) {
cout << “Hello World!” << endl;

}
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8QOLNH�&����-DYD�KDV«�

❚ 1R�JOREDO�IXQFWLRQV�² HYHU\WKLQJ�LV�LQ�D�FODVV�

❚ 5HDO�6WULQJ REMHFWV�² QRW�MXVW�FKDU>@

❚ 1R�SRLQWHUV�² HYHU\WKLQJ�LV�D�UHIHUHQFH

❚ 1R�RSHUDWRU�RYHUORDGLQJ
❚ 1R�SUHSURFHVVRU�² FSS�LV�QRW�DV�QHFHVVDU\
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%UHZLQJ�-DYD

-DYD

basic operators, 
primitive types,

control structures

object model,
dynamic features,

rich class hierarchy

package 
system

object syntax,
object types,
exceptions
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-DYD�YV��6PDOOWDON

int x = 50, y = 50;
Ball ball = new Ball(x, y);
PinballAnimationPane pap = new PinballAnimationPane();
pap.addObject(ball);
ball.animate();

int x = 50, y = 50;
Ball ball = new Ball(x, y);
PinballAnimationPane pap = new PinballAnimationPane();
pap.addObject(ball);
ball.animate();

| ball  pap  x  y  |

x := 50.  y := 50.
ball := Ball newX: x centerY: y.
pap := PinballAnimationPane new.
pap addObject: ball.
ball animate

| ball  pap  x  y  |

x := 50.  y := 50.
ball := Ball newX: x centerY: y.
pap := PinballAnimationPane new.
pap addObject: ball.
ball animate
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8QOLNH�6PDOOWDON��-DYD���

❚ 6SHFLILHV�W\SHV�IRU�DOO�YDULDEOHV
❚ 3HUPLWV�SULPLWLYH�W\SHV�VXFK�DV�LQW
❚ +DV�QHZ NH\ZRUG�IRU�FUHDWLQJ�REMHFWV
❚ 'RHV�QRW�KDYH�NH\ZRUG�DUJXPHQWV
❚ 8VHV�&�RSHUDWRUV

❙  LV�DVVLJQPHQW
❙ � RSHUDWRU�IRU�PHVVDJH�VHQGV
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-DYD�YV��&����5HYLVLWHG

Ball *pball = new Ball(50,50);
PinballAnimationPane *pxpap = new PinballAnimationPane();
pxpap->addObject(pball);
pball->animate();

Ball *pball = new Ball(50,50);
PinballAnimationPane *pxpap = new PinballAnimationPane();
pxpap->addObject(pball);
pball->animate();

Ball ball = new Ball(50, 50);
PinballAnimationPane pap = new PinballAnimationPane();
pap.addObject(ball);
ball.animate();

Ball ball = new Ball(50, 50);
PinballAnimationPane pap = new PinballAnimationPane();
pap.addObject(ball);
ball.animate();

Ball ball(50,50); // creates ball on stack
PinballAnimationPane xpap(); // creates xpap on stack
xpap.addObject(ball); // calls: addObject(Ball &b);
ball.animate();

Ball ball(50,50); // creates ball on stack
PinballAnimationPane xpap(); // creates xpap on stack
xpap.addObject(ball); // calls: addObject(Ball &b);
ball.animate();

(pointer-style)

(reference-style)
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-DYD·V�+\EULG�2EMHFW�0RGHO

❚ 3ULPLWLYH�W\SHV�RQ�VWDFN
❙ 0D\�EH�ZUDSSHG RU�ER[HG��LQWR�D�UHDO�REMHFW

,QWHJHU�DQ,QWHJHU� �QHZ�,QWHJHU�����
�XVHIXO�IRU�VWRULQJ�LQ�MDYD�XWLO�
¶V�FROOHFWLRQV�

❙ 8QER[HG�SULPLWLYHV�YHU\�VLPLODU�WR�LQ�&��

❚ $OO�REMHFW�LQVWDQFHV�OLYH�LQ�WKH�KHDS��QRW VWDFN�
❙ DOO�REMHFW�FUHDWLRQ�LV�GRQH�ZLWK�QHZ
❙ 1R�³GHOHWH´ ² -DYD�XVHV�JDUEDJH�FROOHFWLRQ�OLNH�
6PDOOWDON��EXW�DOVR�SURYLGHV�ILQDOL]H�� PHWKRG
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-DYD·V�&ODVV�+LHUDUFK\

ObjectObject

StringString NumberNumber

ByteByte LongLong

arraysarraysBooleanBoolean ComponentComponent

ContainerContainer

PanelPanel

AppletApplet

CompilerCompiler

final class

abstract class

wrapped primitives

concrete class
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-DYD�'RFXPHQWDWLRQ
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+HOOR:RUOG�$SSOHW

import java.applet.*;  import java.awt.*;

public class HelloWorldApplet extends Applet {
static final String message = “Hello World”;
private Font font;
public void init() {   // one-time initialization

font = new Font(“Helvetica”, Font.BOLD, 48);  }
public void paint(Graphics g) {

g.setColor(Color.purple); g.fillOval(10, 10, 330, 100);
g.setColor(Color.red);
g.drawOval(10, 10, 330, 100); g.drawOval(9, 9, 332, 102);
g.drawOval(8, 8, 334, 104); g.drawOval(7, 7, 336, 106);
g.setColor(Color.black); g.setFont(font);
g.drawString(message, 40, 75);

}  }

import java.applet.*;  import java.awt.*;

public class HelloWorldApplet extends Applet {
static final String message = “Hello World”;
private Font font;
public void init() {   // one-time initialization

font = new Font(“Helvetica”, Font.BOLD, 48);  }
public void paint(Graphics g) {

g.setColor(Color.purple); g.fillOval(10, 10, 330, 100);
g.setColor(Color.red);
g.drawOval(10, 10, 330, 100); g.drawOval(9, 9, 332, 102);
g.drawOval(8, 8, 334, 104); g.drawOval(7, 7, 336, 106);
g.setColor(Color.black); g.setFont(font);
g.drawString(message, 40, 75);

}  }

HelloWorldApplet.java

Ref: Java In a Nutshell, O’Reilly
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5XQQLQJ�WKH�
+HOOR:RUOG�$SSOHW

<APPLET code="HelloWorldApplet.class"
width=350 height=120> Java Missing

</APPLET>

<APPLET code="HelloWorldApplet.class"
width=350 height=120> Java Missing

</APPLET>

HelloWorldApplet.html

$GG�����WR�\RXU��&/$663$7+��WKHQ
��DSSOHWYLHZHU�+HOOR:RUOG$SSOHW�KWPO

Ref: Java In a Nutshell, O’Reilly

Run on the
.html file

Run on the
.html file
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0HWKRGV�
$�&ORVHU�/RRN

❚ WKLV LV�LPSOLFLW�RQ�LQVWDQFH�ILHOGV�DQG�PHWKRGV
❙ FDQ�EH�H[SOLFLW�LI�WKH�ILHOG�LV�KLGGHQ�E\�D�ORFDO�RU�IRUPDO
❙ DQDORJRXV�WR�VHOI�LQ�6PDOOWDON��WKRXJK�VHOI�LV�QHFHVVDULO\�H[SOLFLW�

❚ DOVR�VXSHU NH\ZRUG��DV�LQ�6PDOOWDON��QR�&������RSHUDWRU�
❙ DOVR�XVHG�IRU�FRQVWUXFWRU�FKDLQLQJ�ZLWK�DUJXPHQWV

public class Point {
. . .
public void move(int dx) {

x += dx;
moved();

}
private void moved() { . . }
private int x, y;

}

public class Point {
. . .
public void move(int dx) {

x += dx;
moved();

}
private void moved() { . . }
private int x, y;

}

public class Point {
. . .
public void move(int dx) {

this.x += dx;
this.moved();

}
private void moved() { . . }
private int x, y;

}

public class Point {
. . .
public void move(int dx) {

this.x += dx;
this.moved();

}
private void moved() { . . }
private int x, y;

}
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0RUH�RQ�0HWKRGV

❚ ,QVWDQFH�PHWKRGV��QR�VWDWLF NH\ZRUG�
❙ KDYH�LPSOLFLW�WKLV DUJXPHQW
❙ FDQ�XVH�VXSHU NH\ZRUG
❙ QR�QHHG�WR�XVH�³�!´�RSHUDWRU�DV�LQ�&��
MXVW�� RSHUDWRU�VLQFH�WKLV��VXSHU DUH�UHIHUHQFHV

❚ VWDWLF �FODVV��PHWKRGV
❙ GR�QRW�KDYH�LPSOLFLW�WKLV DUJXPHQW
❙ FDQQRW�XVH�WKH�VXSHU NH\ZRUG
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'HIDXOW�$UJXPHQWV

➪1R�ODQJXDJH�VXSSRUW²
PXVW�XVH�RYHUORDGLQJ�LQVWHDG

public class Point {
public Point() { this(0,0); }
public Point(int x, int y) { this.x = x; this.y = y; }
public void move() { move(1); }
public void move(int dx) { x += dx; }
private int x, y;

}

public class Point {
public Point() { this(0,0); }
public Point(int x, int y) { this.x = x; this.y = y; }
public void move() { move(1); }
public void move(int dx) { x += dx; }
private int x, y;

}

special use

of "this"
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´2YHUULGHµ�YV��´2YHUORDGµ

❚ 2YHUULGH

❙ UHSODFH�D�VXSHUFODVV¶V�PHWKRG�ZLWK�D�VSHFLDOL]HG�YHUVLRQ
❙ VLJQDWXUHV�PXVW�PDWFK

�LQFOXGLQJ�UHWXUQ�W\SH��&���SHUPLWV�QDUURZLQJ�RI�UHWXUQ�W\SHV��-DYD�GRHV�QRW�

❚ 2YHUORDG

❙ ZULWH�VHYHUDO�PHWKRGV�IRU�D�JLYHQ�FODVV
ZLWK�WKH�VDPH�QDPH

❙ ODQJXDJH�FDQ�GLVDPELJXDWH
EDVHG�RQ�QXPEHU�RU�W\SHV�RI�DUJXPHQWV
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-DYD·V�&ODVV�+LHUDUFK\

ObjectObject

StringString NumberNumber

ByteByte LongLong

arraysarraysBooleanBoolean ComponentComponent

ContainerContainer

PanelPanel

AppletApplet

CompilerCompiler

wrapped primitivesfinal class

abstract class

concrete class
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:KDW�FDQ�DQ
2EMHFW GR�IRU�\RX�WRGD\"

❚ 2EMHFW FORQH��
5HWXUQ�D�GXSOLFDWH�FRS\�RI�VHOI

❚ ERROHDQ HTXDOV�2EMHFW�REM�
5HWXUQ�WUXH LI�DQG�RQO\�LI�VHOI�LV�YDOXH�HTXDO�WR�REM

❚ 6WULQJ WR6WULQJ��
5HWXUQ�SULQWDEOH�UHSUHVHQWDWLRQ�RI�VHOI

❚ LQW KDVK&RGH��
5HWXUQ�D�UHDVRQDEOH�KDVK�FRGH�IRU�VHOI

❚ &ODVV JHW&ODVV��
5HWXUQ�WKH�FODVV�REMHFW�IRU�VHOI
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2EMHFWV�DQG�,GHQWLWLHV

Ball ball = new Ball(50,50);
Ball sameBall = ball;

instance of Ball Class Ball

Ball(int, int)
animate()
…..

x: 50
y: 50
…..

Heap

Test object identity:
ball == sameBall ⇒ true

Test object value’s equality:
ball.equals(sameBall) ⇒ true
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&ORQLQJ�2EMHFWV

Ball ball = new Ball(50,50);
Ball sameBall = ball;

Ball anotherBall = (Ball) ball.clone();

instance of Ball Class Ball

Ball(int, int)
animate()
…..

x: 50
y: 50
…..

Heap

instance of Ball

x: 50
y: 50
…..

creates new
instance

Test object identity:
ball == anotherBall ⇒ false

Test object value’s equality:
ball.equals(anotherBall) ⇒ true
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&KDQJLQJ�D�%DOO

ball.setPosition(20,35);

sameBall

anotherBall

instance of Ball Class Ball

Ball(int, int)
animate()
…..

x: 20
y: 35
…..

Heap

instance of Ball

x: 50
y: 50
…..

Test object identity:
ball == sameBall ⇒ ???
ball == anotherBall ⇒ ???

Test object value’s equality:
ball.equals(sameBall) ⇒ ???
ball.equals(anotherBall) ⇒ ???
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,QHTXDOLW\�LQ�%DOOV�

ball.setPosition(20,35);

sameBall

anotherBall

instance of Ball Class Ball

Ball(int, int)
animate()
…..

x: 20
y: 35
…..

Heap

instance of Ball

x: 50
y: 50
…..

Test object identity:
ball == sameBall ⇒ true
ball == anotherBall ⇒ false

Test object value’s equality:
ball.equals(sameBalll) ⇒ true
ball.equals(anotherBall) ⇒ false
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$VVLJQPHQW
MXVW�FKDQJHV�WKH�SRLQWHU

ball

sameBall = anotherBall;

anotherBall

instance of Ball Class Ball

Ball(int, int)
animate()
…..

x: 20
y: 35
…..

Heap

instance of Ball

x: 50
y: 50
…..

Test object identity:
ball == sameBall ⇒ false
ball == anotherBall ⇒ false

Test object value’s equality:
ball.equals(sameBalll) ⇒ false
ball.equals(anotherBall) ⇒ false
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-DYD�YDULDEOHV�KROG���

❚ SULPLWLYH
ERROHDQ�IRR� ���ERROHDQ��QRW�ERRO�DV�LQ�&��
FKDU�D&KDU� �
D
� ������ELW�FKDU��XQLFRGH�

❚ 2EMHFW�UHIHUHQFH��PD\�EH�QXOO�
&RORUHG%DOO�FEDOO� �QHZ�%DOO���
%DOO�EDOO� �FEDOO�

❚ $UUD\�UHIHUHQFH
LQW>@�LQW$UUD\� �^����������������`�
6WULQJ>@�VWU$UUD\� �^��+HOOR����:RUOG���`�
���VDPH�DV
6WULQJ>@�VWU$UUD\� �QHZ�6WULQJ>�@�
VWU$UUD\>�@� �QHZ�6WULQJ��+HOOR���
VWU$UUD\>�@� �QHZ�6WULQJ��:RUOG���

String literals actually
invoke constructor

e.g., new String("World")

String literals actually
invoke constructor

e.g., new String("World")
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$UUD\V

❚ -DYD�DUUD\V�DUH��VW�FODVV�2EMHFWV
❚ ��LQGH[HG
❚ %RXQGV�FKHFNLQJ�LV�SHUIRUPHG
❚ 6WRUH�5HWULHYH�XVLQJ�>@�RSHUDWRU

VWU$UUD\>�@� �VWU$UUD\>�@�

❚ +DYH�LPSOLFLW�OHQJWK ILHOG
VWU$UUD\�OHQJWK���⇒ �

Similar to:

A field, not a method!A field, not a method!
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,GHQWLILHUV

❚ (YHU\WKLQJ�KDV�D�JOREDOO\�XQLTXH�QDPH
-DYD�ODQJ�6WULQJ
-DYD�XWLO�+DVKWDEOH
-DYD�DSSOHW�$SSOHW
('8�:DVKLQJWRQ�JUDG�JME�FDVVRZDU\�9DULDEOH�WR6WULQJ��

❚ 3UHWW\�ZRUG\��VR���

Package name Class name Method name

5-August-1999 CSE 341 -- Java 30

LPSRUW VWDWHPHQW

❚ 7ZR�IRUPV�
❙ LPSRUW�MDYD�XWLO�+DVK7DEOH�

-XVW�PDNH�WKH�+DVK7DEOH�FODVV�DYDLODEOH�IURP�SDFNDJH�MDYD�XWLO
❙ LPSRUW�('8�:DVKLQJWRQ�JUDG�JME�FDVVRZDU\�
�

0DNH�DOO�FODVVHV�IURP�SDFNDJH�DYDLODEOH�RQ�GHPDQG

❚ $OZD\V�DQ�LPSOLFLW��LPSRUW�MDYD�ODQJ�
�
❚ 3HUPLWV�XVLQJ�VLPSOH��VKRUW� QDPHV

❙ 1RW�OLNH�&��
V���LQFOXGH�
❙ 0RUH�OLNH�&��
V��XVLQJ�QDPHVSDFH��



Java Language, CSE 341, Spring 1998 5-August-1999

http://www.cs.washington.edu/education/courses/cse341/99su 6

5-August-1999 CSE 341 -- Java 31

+RZ�-DYD
)LQGV�D�&ODVV���

❚ 3DFNDJH�QDPHV�PLUURU�WKH�GLUHFWRU\�VWUXFWXUH
❚ SDFNDJH VWDWHPHQW�LQIRUPV�WKH�FRPSLOHU

SDFNDJH ('8�:DVKLQJWRQ�JUDG�JME�FDVVRZDU\�

SXEOLF�FODVV�9DULDEOH�H[WHQGV�$EVWUDFW9DULDEOH�^
�����

`

FODVV�+HOSHU�^�«�`

SDFNDJH ('8�:DVKLQJWRQ�JUDG�JME�FDVVRZDU\�

SXEOLF�FODVV�9DULDEOH�H[WHQGV�$EVWUDFW9DULDEOH�^
�����

`

FODVV�+HOSHU�^�«�`

./EDU/Washington/grad/gjb/cassowary/Variable.java
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&RPSLODWLRQ
RI�6RXUFH�)LOH

% ls
Variable.java
% javac Variable.java
% ls
Variable.java
Variable.class
Helper.class

One java source file
may create multiple

.class files containing
the byte-compiled code

One java source file
may create multiple

.class files containing
the byte-compiled code
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&ODVV�$FFHVV�3URWHFWLRQ

SDFNDJH�('8�:DVKLQJWRQ�JUDG�JME�FDVVRZDU\�

SXEOLF FODVV�9DULDEOH�H[WHQGV�$EVWUDFW9DULDEOH�^
�����

`

FODVV�+HOSHU�^�«�`

SDFNDJH�('8�:DVKLQJWRQ�JUDG�JME�FDVVRZDU\�

SXEOLF FODVV�9DULDEOH�H[WHQGV�$EVWUDFW9DULDEOH�^
�����

`

FODVV�+HOSHU�^�«�`

❚ 2QO\�RQH�SXEOLF FODVV�SHU�ILOH
❚ 1R�VSHFLILHU�⇒ SDFNDJH SURWHFWLRQ

YLVLEOH�WR�DOO�FODVVHV�LQ�WKH�SDFNDJH
QR�³SDFNDJH´�NH\ZRUG�² UHPHPEHU�LW�LV�D�VWDWHPHQW
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1RW�HYHQ�IULHQGV�FDQ
WRXFK�-DYD·V�SULYDWH�SDUWV

public class Point {
private int x, y;
void setXY(int x, int y) {

this.x = x; this.y = y;
}
protected void move(int x, int y) {

setXY(this.x+x, this.y+y);
}
public int getX() { return x; }
public int getY() { return y; }

}

public class Point {
private int x, y;
void setXY(int x, int y) {

this.x = x; this.y = y;
}
protected void move(int x, int y) {

setXY(this.x+x, this.y+y);
}
public int getX() { return x; }
public int getY() { return y; }

}

Y N N N private

Y Y N N package

Y Y Y N protected

Y Y Y Y public
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Ref: Java In a Nutshell, O’Reilly
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-DYD�$FFHVVLELOLW\�YV��&��

❚ 1R�³IULHQG´�NH\ZRUG

❚ (YHU\�ILHOG�RU�PHWKRG�KDV�DQ�DFFHVV�
VSHFLILHU��QR�³SXEOLF�´�VHFWLRQV�

❚ 'HIDXOW�LV�SDFNDJH�YLVLELOLW\�ZKLFK�KDV�QR�
DVVRFLDWHG�NH\ZRUG��QRW�SULYDWH�
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1R�1HHG�IRU
)RUZDUG�'HFODUDWLRQV

public class Point {
private PointColor c;
// setXY(int,int) used below before its definition in the source
protected void move(int x, int y) { setXY(this.x+x, this.y+y); }
void setXY(int x, int y) { this.x = x; this.y = y; }
private int x, y;

} ���QR�WUDLOLQJ�VHPLFRORQ��&���UHTXLUHV�RQH�

���3RLQW&RORU�DOUHDG\�XVHG�DERYH�EHIRUH�WKLV�GHILQLWLRQ
FODVV�3RLQW&RORU ^
E\WH�UHG��JUHHQ��EOXH�

`

public class Point {
private PointColor c;
// setXY(int,int) used below before its definition in the source
protected void move(int x, int y) { setXY(this.x+x, this.y+y); }
void setXY(int x, int y) { this.x = x; this.y = y; }
private int x, y;

} ���QR�WUDLOLQJ�VHPLFRORQ��&���UHTXLUHV�RQH�

���3RLQW&RORU�DOUHDG\�XVHG�DERYH�EHIRUH�WKLV�GHILQLWLRQ
FODVV�3RLQW&RORU ^
E\WH�UHG��JUHHQ��EOXH�

`

Definition

Use
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)LQDO�)LHOGV

public final class Circle {
private final double MY_PI = 3.1415;
public double area() { return MY_PI * r*r; }

}

public final class Circle {
private final double MY_PI = 3.1415;
public double area() { return MY_PI * r*r; }

}

❚ ILQDO ILHOGV�FRUUHVSRQG�WR�&��¶V�³FRQVW´
❚ ILQDO ILHOGV�FDQQRW�EH�FKDQJHG�RQFH�LQLWLDOL]HG
❚ ILQDO RQ�IRUPDO�IXQFWLRQ�SDUDPHWHUV�LV�QRW�SDUW�RI�
WKH�IXQFWLRQ�VLJQDWXUH��MXVW�LPSOHPHQWDWLRQ�GHWDLO�
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%DOO�DQG�&%DOO�([DPSOH

package BallExample;
public class Ball implements Bounceable {

private int x, y;
public Ball(int x, int y) {

this.x = x; this.y = y;  
}
public void Bounce() {

System.err.println("Ball bounces");
}
static public void ClassFn() {

System.err.println("Ball.ClassFn()");
}

}

package BallExample;
public class Ball implements Bounceable {

private int x, y;
public Ball(int x, int y) {

this.x = x; this.y = y;  
}
public void Bounce() {

System.err.println("Ball bounces");
}
static public void ClassFn() {

System.err.println("Ball.ClassFn()");
}

}

package BallExample;
public class CBall extends Ball {

private int colorSelector;
public CBall(int x, int y) {

super(x,y); // chain constructors
colorSelector = 0; // for black

}
public void Bounce() {

System.err.println(”CBall bounces");
}
static public void ClassFn() {

System.err.println(”CBall.ClassFn()");
}

}

package BallExample;
public class CBall extends Ball {

private int colorSelector;
public CBall(int x, int y) {

super(x,y); // chain constructors
colorSelector = 0; // for black

}
public void Bounce() {

System.err.println(”CBall bounces");
}
static public void ClassFn() {

System.err.println(”CBall.ClassFn()");
}

}

BallExample/Ball.java BallExample/CBall.java
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,QKHULWDQFH�0HFKDQLVPV

❚ H[WHQGV VXSHUFODVV

❙ VLPLODU�WR�³��SXEOLF´�LQ�&��
❙ IRU�H[SUHVVLQJ�DQ�³LV�D´�UHODWLRQ

❚ LPSOHPHQWV VXSHULQWHUIDFH

❙ VLPLODU�LQ�XVH�WR�&��¶V�PXOWLSOH�LQKHULWDQFH
❙ IRU�H[SUHVVLQJ�DQ�³LV�FDSDEOH�RI´�RU�
³NQRZV�KRZ�WR´�UHODWLRQ
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-DYD�,QWHUIDFHV

public interface Bounceable {
public void Bounce();
private void BounceNow();  // error

}

public interface Bounceable {
public void Bounce();
private void BounceNow();  // error

}

public interface BounceDropable 
extends Bounceable {

public void Drop();
}

public interface BounceDropable 
extends Bounceable {

public void Drop();
}

❚ ,QWHUIDFHV�FDQ�RQO\�VSHFLI\�SXEOLF�PHWKRGV
❚ 6LPLODU�WR�SURWRFROV�LQ�6PDOOWDON
❚ 0D\�EH�XVHG�DV�D�W\SH�IRU�D�YDULDEOH
❚ &DQ�VSHFLI\�VXE�LQWHUIDFHV

DQG�FDQ�H[WHQG�PXOWLSOH�LQWHUIDFHV�DW�D�WLPH
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%RXQFHDEOH�,QWHUIDFH

package BallExample;
public interface Bounceable {

public void Bounce();
}

package BallExample;
public interface Bounceable {

public void Bounce();
}

package BallExample;
public class BallTest {

public static void main(String[] args) {
Ball b1 = new Ball(10,10);
Ball b2 = new CBall(20,20);
Bounceable b3 = new Ball(30,30);
Bounceable b4 = new CBall(40,40);

b1.Bounce(); b2.Bounce();
b3.Bounce(); b4.Bounce();

b1.ClassFn(); b2.ClassFn();
b3.ClassFn(); b4.ClassFn(); 

CBall cb1 = (CBall) b1;
CBall cb2 = (CBall) b2;
cb2.ClassFn(); 

}    }  // end class

package BallExample;
public class BallTest {

public static void main(String[] args) {
Ball b1 = new Ball(10,10);
Ball b2 = new CBall(20,20);
Bounceable b3 = new Ball(30,30);
Bounceable b4 = new CBall(40,40);

b1.Bounce(); b2.Bounce();
b3.Bounce(); b4.Bounce();

b1.ClassFn(); b2.ClassFn();
b3.ClassFn(); b4.ClassFn(); 

CBall cb1 = (CBall) b1;
CBall cb2 = (CBall) b2;
cb2.ClassFn(); 

}    }  // end class

BallExample/Bounceable.java BallExample/BallTest.java

Errors?

Output?
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%DOO�([DPSOH
2XWSXW�DQG�(UURUV

package BallExample;
public class BallTest {

public static void main(String[] args) {
Ball b1 = new Ball(10,10);
Ball b2 = new CBall(20,20);
Bounceable b3 = new Ball(30,30);
Bounceable b4 = new CBall(40,40);

b1.Bounce(); b2.Bounce();
b3.Bounce(); b4.Bounce();  

b1.ClassFn(); b2.ClassFn();
// compile time errors
// b3.ClassFn(); b4.ClassFn(); 

CBall cb1 = (CBall) b1;  // ClassCastException
CBall cb2 = (CBall) b2;  // ok
cb2.ClassFn();

}    }  // end class

package BallExample;
public class BallTest {

public static void main(String[] args) {
Ball b1 = new Ball(10,10);
Ball b2 = new CBall(20,20);
Bounceable b3 = new Ball(30,30);
Bounceable b4 = new CBall(40,40);

b1.Bounce(); b2.Bounce();
b3.Bounce(); b4.Bounce();  

b1.ClassFn(); b2.ClassFn();
// compile time errors
// b3.ClassFn(); b4.ClassFn(); 

CBall cb1 = (CBall) b1;  // ClassCastException
CBall cb2 = (CBall) b2;  // ok
cb2.ClassFn();

}    }  // end class

BallExample/BallTest.java

% java BallExample.BallTest
Ball bounces
CBall bounces
Ball bounces
CBall bounces
Ball.ClassFn()
Ball.ClassFn()
CBall.ClassFn()
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7\SHV�YV��&ODVVHV

❚ 7\SHV�DUH�D�FRPSLOH�WLPH�QRWLRQ
❙ YDULDEOHV�KDYH�W\SHV
❙ XVHG�IRU�FKHFNLQJ�YDOLGLW\�RI�PHWKRG�LQYRFDWLRQV
❙ PD\�EH�DQ�LQWHUIDFH

❚ &ODVVHV�DUH�D�UXQ�WLPH�QRWLRQ
❙ REMHFWV��L�H��LQVWDQFHV��KDYH�FODVVHV
❙ XVHG�IRU�G\QDPLF�GLVSDWFK
�ELQGLQJ�RI�QRQ�VWDWLF�IXQFWLRQ�FDOO�

❙ (DFK�FODVV�KDV�D�FRUUHVSRQGLQJ�W\SH�²
WKDW�KLHUDUFK\�RI�W\SHV�PLUURUV�WKH�FODVV�KLHUDUFK\
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0XOWLSOH�,QKHULWDQFH�LQ�-DYD

❚ $�-DYD�FODVV�FDQ�H[WHQG��VXEFODVV��DQRWKHU�FODVV�
DQG�LPSOHPHQW�PXOWLSOH�LQWHUIDFHV

public class TopLevelWindow extends Window
implements Drawable, Cloneable, Streamable
{ . . .  }

public class TopLevelWindow extends Window
implements Drawable, Cloneable, Streamable
{ . . .  }

DrawableDrawableCloneableCloneable StreamableStreamable Window

TopLevelWindow

is-a
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$EVWUDFW�0HWKRGV
DQG�$EVWUDFW�&ODVVHV

// Note abstract keyword is used for the class, too
public abstract class Shape {

public abstract void rotate(int); // no definition
public abstract double area(); // no definition

}

// Note abstract keyword is used for the class, too
public abstract class Shape {

public abstract void rotate(int); // no definition
public abstract double area(); // no definition

}

❚ abstract methods correspond to C++’s “pure virtual functions”
(But C++ uses “=0” syntax, and permits an implementation)

❚ abstract methods must be overridden in concrete subclasses

❚ Only abstract classes can have abstract methods
(C++ infers abstract classes, Java requires you mark the class explicitly)
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)LQDO�0HWKRGV

public class Circle {
….
public final double area() { return Math.PI * r*r; }
double r; // radius

}

public class Circle {
….
public final double area() { return Math.PI * r*r; }
double r; // radius

}

❚ ILQDO PHWKRGV�FDQQRW�EH�RYHUULGHQ
❚ ILQDO PHWKRGV�PD\�EH�LQOLQHG��QR�³LQOLQH´�NH\ZRUG�
❚ VLPLODU�WR�QRQ�YLUWXDO�PHPEHU�IXQFWLRQV�LQ�&��
�EXW�WKRVH�FDQ�EH�RYHUULGHQ��WKH\�MXVW�GR�QRW�GLVSDWFK�G\QDPLFDOO\�
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)LQDO�&ODVVHV

public final class Circle {
….
public double area() { return Math.PI * r*r; }
double r; // radius

}

public final class Circle {
….
public double area() { return Math.PI * r*r; }
double r; // radius

}

❚ ILQDO FODVVHV�FDQQRW�EH�VXEFODVVHG�²
WKH\�DUH�OHDIV�LQ�WKH�FODVV�KLHUDUFK\

❚ PHWKRGV�LQ�ILQDO FODVVHV�DUH�LPSOLFLWO\�ILQDO
❚ SURYLGHV�FRPSLOHU�ZLWK�RSWLPL]DWLRQ�RSSRUWXQLWLHV
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WU\ ^�WKURZ `�DQG
FDWFK� ILQDOO\ �H[FHSWLRQV�

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

try {
// allocate some resource (besides memory)
doSomething();
if (!FThingsAreOkay()) {

throw new RuntimeException("Things not ok");
}
doSomethingElse();

} catch (RuntimeException e) {
System.err.println("Runtime Exception: " + e);

} catch (Exception e) { // similar to "catch (..)" in C++
System.err.println("Exception: " + e);

} finally { // finally is not in C++
// cleanup resource

}   }

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

try {
// allocate some resource (besides memory)
doSomething();
if (!FThingsAreOkay()) {

throw new RuntimeException("Things not ok");
}
doSomethingElse();

} catch (RuntimeException e) {
System.err.println("Runtime Exception: " + e);

} catch (Exception e) { // similar to "catch (..)" in C++
System.err.println("Exception: " + e);

} finally { // finally is not in C++
// cleanup resource

}   }
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([FHSWLRQ�+LHUDUFK\

ObjectObject
ThrowableThrowable

ExceptionException

ClassNotFoundExceptionClassNotFoundException

RuntimeExceptionRuntimeExceptionInterruptedExceptionInterruptedException NoSuchMethodExceptionNoSuchMethodException

CloneNotSupportedExceptionCloneNotSupportedException IllegalAccessExceptionIllegalAccessException InstantiationExceptionInstantiationException

NoSuchFieldExceptionNoSuchFieldException

ArithmeticExceptionArithmeticException NullPointerExceptionNullPointerException IndexOutOfBoundsExceptionIndexOutOfBoundsExceptionClassCastExceptionClassCastException
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7KUHDGV

public class Pendulum extends Applet implements Runnable {
private Thread myThread;
public void start() {

if (myThread == null) {
myThread = new Thread(this,"Pendulum");
myThread.start();

}
}
public void run() {

while (myThread != null) {
try { myThread.sleep(100); }
catch (InterruptedException e) { /* do nothing */ }
myRepaint();

}
}
public void stop() { myThread.stop(); myThread = null; }

}

public class Pendulum extends Applet implements Runnable {
private Thread myThread;
public void start() {

if (myThread == null) {
myThread = new Thread(this,"Pendulum");
myThread.start();

}
}
public void run() {

while (myThread != null) {
try { myThread.sleep(100); }
catch (InterruptedException e) { /* do nothing */ }
myRepaint();

}
}
public void stop() { myThread.stop(); myThread = null; }

}

set thread’s target 
to this Pendulum 
class, and use its 

run() method

set thread’s target 
to this Pendulum 
class, and use its 

run() method

Ref: Boone’s Java Essentials for 
C and C++ Programmers
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6XPPDU\�
:KDW�-DYD�/HIW�2XW�IURP�&��

❚ 1R�VWDFN�REMHFWV��RQO\�KHDS�REMHFWV
❚ 1R�GHVWUXFWRUV��RQO\�ILQDOL]H�� PHWKRG
❚ 1R�SRLQWHUV��HYHU\WKLQJ�LV�D�UHIHUHQFH
❚ 1R�GHOHWH��JDUEDJH�FROOHFWRU�LQVWHDG
❚ 1R�FRQVW��RQO\�ILQDO��PHWKRGV��ILHOGV��FODVVHV�
❚ 1R�WHPSODWHV��QR�SUHSURFHVVRU
❚ 1R�RSHUDWRU�RYHUORDGLQJ
❚ 1R�PXOWLSOH�LQKHULWDQFH�RI�FODVVHV
❚ 1R�HQXPHUDWLRQV�RU�W\SHGHIV
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6XPPDU\�
:KDW�-DYD�3XW�,Q��YV��&���

❚ *DUEDJH�FROOHFWRU
❚ 2EMHFW�URRWHG��ULFK�FODVV�KLHUDUFK\
6WULQJV��ILUVW�FODVV�DUUD\V�ZLWK�ERXQGV�FKHFNLQJ

❚ 3DFNDJH�V\VWHP�ZLWK�LPSRUW
❚ LQWHUIDFH��LPSOHPHQWV��H[WHQGV��DEVWUDFW
❚ ILQDOO\�EORFNV��VWDWLF�LQVWDQFH�LQLWLDOL]HUV
❚ 6HFXUH�DQG�SRUWDEOH�-DYD90��WKUHDGV
❚ '\QDPLF�UHIOHFWLRQ�FDSDELOLWLHV��LQQHU�FODVVHV
❚ -DYD'RF�V\VWHP


