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package il.ac.tau.cs.softwarel.shapes;

blic class ColoredRectanglel
Py glel { 7y ColoredRectanglel 7w Tipn N N2

nNIX Rectangle nz7nnin 7w TIzn no

private Color col;
VY VIAYD 1'KRY

private IPoint topRight;
private IPoint bottomLeft;
private PointFactory factory;

/** constructor using points */
public ColoredRectanglel (IPoint bottomLeft, IPoint topRight,
PointFactory factory, Color col) {
this.bottomLeft = bottomLeft;
this.topRight = topRight;
this.factory = factory;
this.col = col;

}

/** constructor using coordinates */
public ColoredRectanglel (double x1, double y1, double x2, double y2,
PointFactory factory, Color col) {
this.factory = factory;
topRight = factory.createPoint(x1,y1);
bottomLeft = factory.createPoint(x2,y2);
this.col = col;



NIN7'NY)

/** returns a point representing the bottom-right corner of the rectangle*/

public IPoint bottomRight() {
return factory.createPoint(topRight.x(), bottomLeft.y());

}

/** returns a point representing the top-left corner of the rectangle*/
public IPoint topLeft() {
return factory.createPoint(bottomLeft.x(), topRight.y());

b

/** returns a point representing the top-right corner of the rectangle*/
public IPoint topRight() {
return factory.createPoint(topRight.x(), topRight.y());

}

/** returns a point representing the bottom-left corner of the rectangle*/
public IPoint bottomLeft() {
return factory.createPoint(bottomLeft.x(), bottomLeft.y());

}
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/** returns the horizontal length of the current rectangle */

public double width(){
return topRight.x() - bottomLeft.x();

/** returns the vertical length of the current rectangle */
public double height(){
return topRight.y() - bottomLeft.y();

/** returns the length of the diagonal of the current rectangle */
public double diagonal(){
return topRight.distance(bottomLeft);

/** returns the rectangle's color */
public Color color() {
return col;

11



NITINa

/** move the current rectangle by dx and dy */

public void translate(double dx, double dy){
topRight.translate(dx, dy);
bottomLeft.translate(dx, dy);

/** rotate the current rectangle by angle degrees with respect to (0,0) */
public void rotate(double angle){

topRight.rotate(angle);

bottomLeft.rotate(angle);

}

/** change the rectangle's color */
public void setColor(Color c) {
col = c;

}
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/** returns a string representation of the rectangle */
public String toString(){
return "bottomRight="" + bottomRight() +
"\tbottomLeft=" + bottomLeft +
"\ttopLeft=""' + topLeft() +
"\ttopRight=""' + topRight ;

"\tcolor is: " + col ;
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package il.ac.tau.cs.softwarel.shapes;

public class ColoredRectangle2 {

[ nTw 7'on ColoredRectangle? np‘mnn]

private Color col; .Rectangle o19'un

private Rectangle rect;

/** constructor using points */
public ColoredRectangle2 (IPoint bottomLeft, IPoint topRight,
PointFactory factory, Color col) {
this.rect = new Rectangle(bottomLeft, topRight, factory);
this.col = col;

/** constructor using coordinates */
public ColoredRectangle2 (double x1, double y1, double x2, double y2,
PointFactory factory, Color col) {
this.rect = new Rectangle(x1, y1, x2, y2, factory);
this.col = col;
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/** returns a point representing the bottom-right corner of the rectangle*/
public IPoint bottomRight() {
return rect.bottomRight();

}

/** returns a point representing the top-left corner of the rectangle*/
public IPoint topLeft() {
return rect.topLeft() ;

}

/** returns a point representing the top-right corner of the rectangle*/
public IPoint topRight() {
return rect.topRight() ;

}

/** returns a point representing the bottom-left corner of the rectangle*/
public IPoint bottomLeft() {
return rect.bottomLeft();

}
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/** returns the horizontal length of the current rectangle */
public double width(){
return rect.width();

}

/** returns the vertical length of the current rectangle */
public double height(){
return rect.height();

}

/** returns the length of the diagonal of the current rectangle */
public double diagonal(){
return rect.diagonal();

}

/** returns the rectangle's color */
public Color color() {
return col;

}
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/** move the current rectangle by dx and dy */
public void translate(double dx, double dy){
rect.translate(dx,dy);

}

/** rotate the current rectangle by angle degrees with respect to (0,0) */
public void rotate(double angle){
rect.rotate(angle);

}

/** change the rectangle's color */
public void setColor(Color c) {
col = ¢;

)
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/** returns a string representation of the rectangle */
public String toString(){

return rect + "\tcolor is: " + col ;

n7v nTwa Rectangle n7'an ColoredRectangle2 np7nnin
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12700 7w toString nTINN? nianann narom toString nTiMnn 1117 0'wa
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Composition vs. Aggregation
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setAlarm()
setAlarmState ()

Is-a Example

Clock

setTime ()
getSeconds ()
getMinutes ()

getHours ()
secondElapsed ()

AnalogClock

getSecondsPointerAngle ()
getMinutesPointerAngle ()
getHoursPointerAngle ()

28



D'ANPN DNIY'YN W2 NN2IMN

Nip?Nn |2 n'on!

iIS-a onD nvIN!

NN N0NYUN




(?nWIN) NnwNN 12210

N72N DIpPNA) NIP2NN A is-a DN XDLA? TN 1'AN NPAaon Java °
(NWTNN NP2NNa NTYI NN np2nnn

NN NIN7NN 72 N2ANN D212 ATIN WIN'Y AwWaNn (122100 @

,JNNN NP7NN extends NN NNXY 2V 7NN IWNR Np7Nn e
17'%2 (LYNI) NpP2NnN NNIX NN 22 DX (NwN1) nanna 722pn
N7Y N'MNAION [nY

Nnwnnn IR prTaNNX NP2Nn na'mn Javal np?nn 72 ¢
((On1r v 0) 0'pwan

30




11UAN |]A7N

TIip 2190w —-1wmm

21D X7 NTY DWYTI' 12D 1ANAN °
(aggregation) N"22n—-2wmm

7'27 1271 DI19'LN NTY 712! 1IVAND 2700 °

VAN 7V NTw —qoIna e
(delegation) N7¥NN - 700 2700 NINW NTWN UXA! (2200 2@ NI2IVAN AN NN @

nwN'=3winm ¢

31



Rectangle n nwi!

package il.ac.tau.cs.softwarel.shapes;

public class ColoredRectangle3 extends Rectangle {

private Color col;

e
)

Rectangle np?nninn neni' ColoredRectangle3 np7nnn ¢
col - 9011 NTW M'Tan X'n Rectangle Yw DMN'wnl NITwn Yu qon
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Rectangle
public Rectangle(IPoint bottomLeft, IPoint topRight...) TN
public double width() 5 | .
public double diagonal() (base) 001 np7nN
public void translate(double dx, double dy) (super class) v np7nn
public void rotate(double angle)
public IPoint bottomRight()
nYUN' YR
(extension) nantn JAVA-2

ColoredRectangle

NXNX
public ColoredRectangle (IPoint bottomLeft, ...) (derived) mma np2nn
public Color color() (subclass) np2nn nn
public void setColor(Color col)
(XX 33
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/** constructor using points */
public ColoredRectangle3(IPoint bottomLeft, IPoint topRight,
PointFactory factory, Color col) {

super(bottomLeft, topRight, factory);
this.col = col;

/** constructor using coordinates */
public ColoredRectangle3(double x1, double y1, double x2, double y2,
PointFactory factory, Color col) {

super(x1, yl, x2, y2, factory);
this.col = col; 7190W NN VIIN? N1 'R

! ?0'N120 |2 TN
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/** returns the rectangle's color */
public Color color() {

return col;

/** change the rectangle's color */
public void setColor(Color c) {

col = c;
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public class Test {
public static void main(String[] args) {

A.func();
B. func(); [121 X7 72X ,TaIy
} In"RIVD0117
}
public class B extends A{
1 D'"OLVO D'NN'YY NXY1 O 1YNN2
"NN'YN NliYv mMiXa 0'aninn 0'vnnav
public class A{ D'YN1Y YOIN

public static void func() {
System.out.printin('"' This is a test!");

}
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(overriding) D'NNW NONT

NYIN'A N722 K'Y NTINA 0177 N212' np7nn ¢
NI 121w o
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super .methodName (arguments)
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(overriding) D'NNW NONT

'T] toString NX DINT? NXIN ColoredRectangle3 np?nnin ¢
|]270N YAX NDQTN NN DX N7 9'0IN?

NMIPNN toString NRXIN X MYIWN KN T 2193w VIIN? "7 °
NYTNN NP'Al27 (Nn01Tvw)

ot 711'¥OIN

@Override
public String toString() {
return-=super.toString() + "\ tColor is " + col;

DN NM' NN
N7'MN DX NN
? super
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package il.ac.tau.cs.softwarel.shapes;
public class Client {
public static void main(String[] args) {
IPoint tr = new PolarPoint(3.0, (1.0/4.0)*Math.PI); // theta now is 45 degrees
IPoint bl = new CartesianPoint(1.0, 1.0);

PointFactory factory = new PointFactory(); // or eg. (true,false)

ColoredRectangle3 rect = new ColoredRectangle3(bl, tt, factory, Color. BLUE);

rect.translate (10, 20);
rect.setColor(Color. GREEN); Rectangle n nwnn translate nTimnn
System.out.println(rect); x

1 ColoredRectangle3 2 noon setColor nTimnn

ColoredRectangle3 2 nonT toString nTinnn
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package il.ac.tau.cs.softwarel.shapes;
public class Client §{

public static void main(String|[] args) {
IPoint tr = new PolarPoint(3.0, (1.0/4.0)*Math.PI); // theta now is 45 degrees
IPoint bl = new CartesianPoint(1.0, 1.0);
PointFactory factory = new PointFactory(true, true);

Rectangle rect = new ColoredRectangle3(bl, tt, factory, Color. BLUE);
rect.translate(10, 20);
X| rect.setColor(Color.GREEN);  // Compilation Error

System.out.println(rect);
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* static typing vs. dynamic typing:
* Java is statically typed:
String str; // str’s type is always String.
* Python is dynamically typed:

str = “abc” # str is a String
str = [1,2,3] # now str is a list.

Rectangle r = new ColoredRectangle3(...);

—

Compile time type Runtime type
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Rectangle r = new ColoredRectangle3(..);
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Rectangle r = new ColoredRectangle3(..);
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NIan 7v MIrT 'L DIAD

void expectRectangle (Rectangle r);
void expectColoredRectangle (ColoredRectangle3 cr) ;

void bar () {
Rectangle r = new Rectangle(...);
ColoredRectangle3 cr = new ColoredRectangle3(...);

Mzt = cr; INWI 7w 'L DIAN

.Rectangle
191N I 7w NITA DI9'DN
.ColoredRectangle3 ni'n%

[V] expectColoredRectangle (cr) ;
[] expectRectangle (cr) ;

[/] expectRectangle (r) ;

X| expectColoredRectangle (r) ;

} ,ColoredRectangle3 nin r 9w mnartn 019'0NY NNNY
N'X2'1901p NRAW 022710 12NIX
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toString NTINNN NX wTNN wnn? N111un ColoredRectangle3 np?nnin ox NN
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/** returns a string representation of the rectangle */
public String toString(){
return "bottomRight is "' + bottomRight() +
"\tbottomLeft is " + bottomLeft +
"\ttopLeft is "' + topLeft() +
"\ttopRight is " + topRight +

"\tcolor is: " + col ; \

private > Rectangle 2 nTain niTwn
NIIOX DN'YZN NWAN |2 I
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qnI) Rectangle np2nninn neni* ColoredRectangle3 Np?nnnw QR 7y ¢
Rectangle 7¥ D'"DI9N N'MITY? nwA NRWIN N7 'R (INNIK 07N

NINIAND NITINNAN NTNR92 NV NTYUTN? WA 1T ©

/** returns a string representation of the rectangle */
public String toString(){
return "bottomRight is " + bottomRight() +
"\tbottomLeft is " + bottomLeft() +
"\ttopLeft is " + topLeft() +
"\ttopRight is " + topRight() +
"\tcolor is: "' + col ;
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protected — NYTN NINY T NMTAIN )2 DWY e

NN Awha DNMYaNn protected ANTANY NITY  ©
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N2'2NN NNINA NIP7NN N7212 NI'X protected NINNK D'AXY NINJIN NI9WA 27 IN'Y °
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package il.ac.tau.cs.softwarel.shapes;

public class Rectangle {

protected|IPoint topRight;
protected|IPoint bottomULeft;
private PointFactory factory;

//...

! package il.ac.tau.cs.softwarel.otherPackage;

public class ColoredRectangle3 extends Rectangle {

public String toString(){

/** returns a string representation of the rectangle */

return ""bottomRight is " + bottomRight() +

"\ tbottomLeft is " +|_bottomLeft -

"\ttopLeft is " + topLeft() +

"\ttopRight is " +/topRight

+

"\tcolor is: " + col ;

4
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Modifier

Private

A NINIY

Accessed by class
where member is

defined

Yes

Accessed by
Package
Members

No

Accessed by
Sub-classes

No

Accessed by all
other classes

No

Package
(default)

Yes

Yes

No

(unless sub-
class happens
to be in same
package)

No

Protected

Yes

Yes

Yes

(even if sub-
class & super-
class are in
different
packages)

No

Public

Yes

Yes

Yes

Yes




privatevs.protected

Java 2 nn 17 121 00 N NN MK MNID private NINI' 11 DIYIDY D'NI1INA Y
private DIPNA N2 WNNWN? 1IX N'n (package X77) NN protected NINIY
TN

19'NN DRYVIL DNNN
DAL 0O'PINI [N'MY21 NI2AI NIYRN MY
N'XYNID'O] N'7NIEN'DANA K'N NIYWIAN MY ['2 1NAN
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privatevs.protected

protected TUQ

INaN"1 NIV NN ,coloredRectangle3 isa Rectangle
NI'MATN NIX 17 ' 21mn 1221 "na?2nnn
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privatevs.protected

‘private TUA

1217V UT'NN NIN7W 2V AN7 'T2 wIN'MN NN 1'MININR710 DN'NMDN 1IXY D] °
IAINXNXN D) NINT 1'N0N?

1AMINIP7 NX DN 122'NY 190 PN NIK DN AN °

INXV NIX 1'2UN7,0'01N NP2NNn NTIN DX 1907 217V NID qTIV DU XXKRYX °
N1JINN NX 11AW71 AN 1IN 22727 NaxNn NP7

Private Property

NO TRESPASSING
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N NUnN

N™ NIP7NNA N0NT? NINMA N7 final 2 MTAINW nTINN °

NWIN'2 NIN1I N7 final 2 "MMAINY np72nnn

?UITNn final X'N String NP?NNN (RNDAIT °

public final class String {

public class MyString extends String{

) N'X7'9N17 NXAY
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?INT] '"Mn — private/package NIN112 '~ 'V NN N72aN

2''N NIN |271,0'010 NP7NN %W 'N11] Wiy NIWY7? NAMN DA Np2nn :MMiam
NINI'I N2'NAN N7 W1 NIMY

NN 7712 ,0'000 NP7NNA wWiN'Y NIYWU? NXAIN D'WNNYN? NN? X111 D'Ya?
NYIN' VIIN7 |'TVI1,N7W 8117

N7 'K QNIWN TIP N2'210 0'02N NP7NNRWA 21D XIN N'D19 NINY'IA 'N11 WINn'wn
NP7NN7 NNIT WIN'Y TWaN? 0'XIN OX 0'NNN X7 NN 228 ,NNXY 191 NIvawn
NNIN NIA'NNY NIP7NN7%1 001N
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sealed NivyxNNa N712n

(2021 naw) Javal7 n7nn -
DNIN NIA'NIAY NIP7NNN ' VIAP? NIP2NN IN D'PYIN? 1WaNn -«
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sealed A win'vw nnalT

public sealed interface IShape permits Rectangle, Triangle, Square{

}

n NYnNnnn TUKR np'mn

70 NN 'TAN7 02N sealed DNW pwIn\np'7nn
NNX VY NTAM NI'nY

permits '’V DNIX NIA'NNY nlp'mnn

public sealed class Rectangle implements Ishape permits
I ColoredRectangle, TransparentRectangIeI(} 1 TNN Y |2 DX Tl
final, sealed, non-sealed

public final class Triangle implements IShape {}

public non-sealed class Square implements IShape{}
Square n niwaI'w nipznnn v 0720 |'N

.non-sealed 2 MmN np>nNnnw niwn

Jwaxn sealed/non-sealed 1 win'win
NN opn (seal) "oiox?"



D'ANPN DNIY'YN W2 NN2IMN

Nip?Nn |2 n'on!

Object np2nnn

NN N0NYUN




Object n D'wNI' 0212

NMTAN OX NAL.PITA NNX NP2NNnN WAL Java 2 np2Nn 22 '2 071 1INX °
? extends N'PIDA NY712 X7 np2nnn

extends Object N'PIDAN NN 1INIPNAI2"ANIPN 9'OIN NT MNP *

public class Rectangle {

public class Rectangle extends java.lang.Object {
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Object n D'wN1I' 0212

(NI MINa 21R) Java 2 NIPZNNRN 22% oo nlinn Object Np2nNnn °
(?) Nn2MX Np2nn 22w 0"0'01 0'NINY 1901 N2'JNlI

multithreaded ) D'bIN DA NIR2N? NNIYPR DITINANNA P2N °
D'NTPNN 0'01IPA 1TA?' (programming
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Modifier and Type

protected Object

boolean

protected void

Class<?>

int

String

Object n 0'wN1I' 0212

Method and Description

clone()
Creates and returns a copy of this object.

equals(0bject obj)
Indicates whether some other object is "equal to" this one.

finalize()
Called by the garbage collector on an object when garbage collection determines that there are no more references to the object.

getClass()
Returns the runtime class of this Object.

hashCode()
Returns a hash code value for the object.

toString()
Returns a string representation of the object.

public X'n nin12n ,NNN XN X7 ox ,modifier n nTnva (*)
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AL AR L

NARIE N1 LIAY

M'TNNA1 LAIYNN DXVUN 7Y NT2 ANT pNIY MINEFIWN D219 N1'N - clone °
I'27N VUIaNNn

12'N WI2NN DXVUN DX TIAY! 27ThNN NMMA WINM '2 NLAIN K7 °
implements Cloneable

NTY-NTY DXV W 2 ARIYN NNDAN 2" 71 —equals °
(nman nxiwn) '=="11v1aIkn '"'v :Object 7w 2TNnn MMawinm

deep clone -1, deep equals 72U 1277 N ATA WD °
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0'NIXY DIA'Y

pl

\ X: 5
y: 5
O1 (CartesianPoint)

1197

IPoint p2 = pl.clone()

O1 (CartesianPoint)

X:5
y:5

02 (CartesianPoint)

lyTn VAN DX clone n Nn'IYo
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clone 2w winn

public class CartesianPoint implements IPoint, Cloneable{

// previous code
@Override

protected CartesianPoint clone() {
return new CartesianPoint(this.x, this.y);

; ;
} °0

nax'n clone nTinnn
NNMP NIVYNN] UTN VP IR
CartesianPoint 7w 'x12Y
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21NV DIAYI TIT DIAY

Deep cloning and shallow cloning

Rectangle np7nnin 2w nnNaITn NIVXNAN] DXV 7190w N0 [IT2 °
IPoint DI9'LN NITW W W' Rectangle DI9'™ON LPMAINT IDTD °
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21NV DIAYI TIT DIAY

IPoint tr = new CartesianPoint(5.0, 10.0);
IPoint bl = new CartesianPoint(20.0, 0.0);
Rectangle a = new Rectangle(bl, tr); o () O

NNAITN LIY'A NIXY
factory nn 1nnunn
IDNIaN NIMMY NK DY
INJQ7 'wHwn

a
N71U9n V'awn TX']
Rectangle b = a x5

, ;

! /v y: 5
topLeft: 02 (CP)
bottomRight:

x: 20
O1 (Rectangle) y: 0
03 (CP)

CartesianPoint 7 qix'7 xin CP (*)

69




21NV DIAYI TIT DIAY

IPoint tr = new CartesianPoint(5.0, 10.0);
IPoint bl = new CartesianPoint(20.0, 0.0);
Rectangle a = new Rectangle(bl, tr);

b a
N71V9N YIawn T80
Rectangle ¢ = a.clone() o I

, ;

: /v y: 5
topLeft: 02 (CP)
bottomRight:

\ x: 20

O1 (Rectangle) y: 0

03 (CP)
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21NV DIAYI TIT DIAY

IPoint tr = new CartesianPoint(5.0, 10.0); “HIW9A VAW TN
IPoint bl = new CartesianPoint(20.0, 0.0); Rectangle d = a.deep_clone()
Rectangle a = new Rectangle(bl, tr); - -
a C
X: 5
/ y: 5 \ v
topLeft: 02 (CP) topLeft:
bottomRight: | bottomRight:
\ X: 20

01 (Rectangle) y: 0 — o4 (Rectangle)

03 (CP)

7



21NV DIAYI TIT DIAY

IPoint tr = new CartesianPoint(5.0, 10.0); NTINN N2'X deep clone ()
IPoint bl = new CartesianPoint(20.0, 0.0); In P72N2 .0bject Y¥ NIITIVD
Rectangle a = new Rectangle(b], tr); |20 clone NN WNN1 DApNn
|]A1N2 0DMYa?i (aroni,) piny
a d T
X:5
X:5
v e y 10 v
. _—~|y: 10
topLeft: 02 (CP) topLeft: —
_ O5 (CP)
bottomRight: | x 20 bottomRight: ~ _|
v 0 ~ | X: 20
O1 (Rectangle) ' 04 (Rectangle) y: 0

03 (CP) 06 (CP)
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NN on'l 0'Ypwian

INIX DX D'"P7 D'212' D'PWIN W DA )2 NI ON! NIN'PNA NIP7NN MY D)
onmn

D'PYIN 19010 NWA7 2121 |12,072'0 Np2nn Nniv? ,pwan
D'PYIN 190N wNn? n212' np?2nnY Dwa pi'Ta e

72 NINI YN ININ 22 NITINAN 72 DX WNN? N2ANNA pwan NYRRNn np?nn
"IN NTAINY NITINNAN

NN A0 :NNAIT? °

<<interface>>

IList
<<interface>> <<interface>> <<interface>>

IBoundedList lUnBoundedList ISumList
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Unordered
Rejects
duplicates

<<interface>>
Collection

PAN

Collection Interfaces (partial)

Unordered
Rejects duplicates

<<interface>>
Map

£\

<<interface>>
Set

<<interface>>
List

<<interface>>
Queue

<<interface>>
SortedMap

JAN

<<interface>>
SortedSet

Ordered
Rejects duplicates

Ordered

Allows duplicates

FIFO Order
Allows duplicates

Ordered
Rejects duplicates
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Yt nitanmtn

"Nt Nt IR "nwint 'xu'n p7n [0 0Nxy NiNJm NN NiD Nip7nn e

NIAX'N NIP7NNN AW YV TN D' TI'Y 72211972 D011 NLAN YUN WY e
NI DX NIV

MN,0'01 NP7NN 12NN NYNI' NP7NNY 1017 NNA Java Navwaw NiNN7? ©
NINNND N'NW D'XVN NXIAP DN NDHXYHXYHD X' D101 [AINAY
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NNN M Y RN

DXV NIN NN 12 ]2 2VU1,p1I'TA NNR 0'02 NP2Nn W np?nn 737 12 ,wnam »
(Object np7nnn IwIIWY) yu

NI (1222010 P20 1R DPYIn wimm o
NN 'ON' W' DNAXY |22 D'PWIN AW 9K YU NINT
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WINA NIMDAIND NNIX WA YU? RDAIT

<<interface>>

______________________________________________________

Ellipse

g

Circle

Trapezoid

Parallelogram

Triangle

*

Diamond Rectangle
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abstract classes

vax v (Ellipse) noa7x21 (Polygon) U71xn7

TIp 2193W9% DN, DTN QPWA VIXAY '9] QWYY

NIN'RNN NITINAL color NTY '0IN? Y7X1 TN VAIN NITY pYIN? '0IN7 [N K7W INNND ©
Ellipse 7 D21 Polygon 7 D2

MPNA N ,NIWN AR K'Y NR720N0 NINR7NNN M7 11X XN INK NNWAaN »
N7 U2INND 112V QRN AN ) QR 0ay 'mm i nn inaN? nn
(N'22N2 NMIW "Y1 NDA7N 1AV

7N wINM DY np?2nn (abstract class) nowamn np?2nnn Nn'p 2 ow7
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abstract classes

:0'N2N D'2'0N DY 170 NR2NNn7 NRIT NLwain np?nn
D'PYIN IN 0'01 NP7NNN NN IVANY NITINN WNN? X7 N1 e
[wNnN? X721 NIWTN NITINA 2V TN2N7 N1 @
NLYAIN NP?2NN 2w D'WAIN N7 NI X7 °

NITY ' TAN?1 NITINA wNn? [N Nbwam np?nna

[120'N 7IX7 NI NIP7NNAY7 9NN D'01] NIYNWN NILWAIN NIR7Nn
TIp 7190w

AbstractShape njp?nNnn NN 1T

80



D'PWINI NIP?2NN NN

<<interface>>
IShape

-

<<abstract>>
AbstractShape

+

Ellipse

e

Circle

|
Polygon
A

Trapezoid Parallelogram

Triangle

*

Diamond Rectangle
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Shape pwinn

public interface IShape {

public double perimeter() ;

public void display() ;

public void rotate (IPoint center, double angle) ;
public void translate (IPoint p);

public Color getColor() ;

public void setColor (Color c);

//...
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AbstractShape NOWAIMN NP7NNN

public abstract class AbstractShape implements IShape {

protected Color color ;

ublic Color getColor() { In P70 P NwNNn Ap7nna
g returi colot 710N? T2 pYInn 7v NITINNN
J ’ "nMmMnn TN Tip 2100w

N'N NIYNINN X720 NITINAN NN @

ublic void setColor(Color ¢
P ( ) abstract 1 nixn

color = c;

}

public abstract void display();

public abstract double perimeter();

public abstract void rotate(IPoint center, double angle);
public abstract void translate(IPoint p);
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NoLwaIMn np?7nNnAbstractShape

public|abstract class AbstractShape implements IShape {
protected Color color ;

public Color getColor() { NITINN 2V MNXNN 2V N7 TWan

return color ; niwninn X7

! AbstractShape n wamnw np2nnn
7Y NITINNN NN WNn? XN

. . .nwnm N7 R IShape
public void setColor(Color c) {

color = c;
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NLYAIN NP7NNA 'NIA NMITAN

public abstract class AbstractShape implements IShape {

protected Color color ;

)

public AbstractShape (Color c) {
this.color = c;

}

public Color getColor() {

}

return color ;

public void setColor(Color c) {

}

color = c;

NP7NN2 0'R12ITAN? (Hxarn) nn
nowain

7w D'UAIN IX"7 N1 XYW QR 7V
D'NI] NN XIP' NN, NP2NR0n
NINTP) NI NIp72NNn 2w
I'2 TIp 2190w JON! a1 (super
NI Nip?nnn
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Polygon np7nnin

public class Polygon|extends [AbstractShape {

public Polygon(Color c, IPoint ... vertices) {

super(c);
// add vertices to this.vertices...

b
public double perimeter() {...}

public void display() {...}
public void rotate(IPoint center, double angle) {...}
public void translate(IPoint p) {...}

public int count() { return vertices.size(); }

private List<IPoint> vertices;

b ‘\[ ]
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— NI'DPIVOIAN NIP7NN IX D'PWIAN-Java 8 N 72NN :|I'T
YUNNvi nna

(default niITinn) niwninn vain nimnn 2207 212' pwan ,Java 8 n 7nn °

NIW2IN °
NMINN NP27NN Q8D W72 N212' K72 NTDPILOAN NP7NNN NYII'Y Np72nn ©
vaim niTw 21207 2121 872 ppan e

N?712' NP7NN DNINY D'PYINN 1901 2V N72220 |'N :D'PYINA WIN'W7 JNN! °
wnn?

INITY — N'OPIVOIAN NP7NN W 2ITaN NN °
NITYA NIWNNWAY NITINNA |21,0'812 1 TaN7 N1 ©

72210 MWK PWIN NNAIYV7 ,NM'Hn NIIRIIN 222 NITINA wNn? [N —q01 [Nn' °
private 71 public 7

APl 1TaN? WNTIWI D'pWIN] WNNWN? 9TV ,1970 [9IN] @
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NO0AN N? N2NN Noan

}
n1'x MyClass np7nnn
public interface I1{ NTINN QX ' DINXR .N290PNN
default void func() { ,wNNY N21X R'NY N'DPIVDIN
System.out.pr'inth("Il "),' Y 2 NIYINN ! 92N
, } func v o'winmn

public interface I2{
default void func() {
System.out.println("I12");

}
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public class MyClass implements I1, I2{

@Override
public void func() {
System.out.println("MyClass");

I1l.super.func();
} 12.super.func(); MyClass np?nnn :jnnan
} 122 NIN'MYN DX 1IN92 Narn
NN'WN DX NRXYA WNNNY
public interface I1{ func
default void func() { wnnwin? N1 Nt win'na
System.out.println("I11"); IN) 12 9w I8/l 11 9w D'winma
) } .(]'"u1?n? bnn D7unn?

public interface I2{
default void func() {
System.out.println("12");

}
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D'PWINI NIVWAIN NIPZNN

0pwin

YNNW'W NIIX? 7'2pN1 pwInn NN YRR NIHX :NIN'N 170N DK 22;mM% [N ppin DTN IwNd
pwina

(JDBC :7wn?) 0'pwin Yw qDIN D'01 72V DIPN I'TAN? N D19 »

NYTN NpP7NNN DXV DININND 17 12V ON DA YN? 1'WN' INY22 pwan DY TIAY7 2AN2Y N2 TIp ©
PwINnn NI DX NwNnnn

DNIX 112V 12121 122 WK NNWN NP 721 NN XD IR TR PRIN TWNNND Ap72NNn 1WNd °
(Comparable :2wn?) n'pwan

1IN

ColoredRectangle, :7wn?) Ni71¥p1Ia 12'Y IX NQ0IN NIX? NN NP72NNR %YW TIPATIN WIN'Y  ©
(SmartTurtle

72vn%) DN%Y QNIWN NINA NXN2 0'019'D NN27 QNI TIj TWKD ,D'019'D NN NN @
(AbstractShape
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’

3 pao npnn 2 790 Np7NN 1 pao NpvNn
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DID'D?

> pwan

I -

Nnowain np”Nn

A

! 2 P20 Np7nn 1 pao npnn
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D'ANPN DNIY'YN W2 NN2IMN

Nip?Nn |2 n'on!

XM N7 '019'L

NN N0NYUN



XM AT 019D

DXV 2W TN DI9'DN NN DWTI' X7 12X Java 2 0192190 wa
DLON DIV MIY NI MYV MNITN DI9I0N @

DXVUN 7V UX]? [N1Y NIQ0I NI71VA N2 DMWY MNITD 01900 [NA'NA
('DLON DI NTAIN N7Y NI71V9) VANXINN

N'29nn 2V (Casting) D'0I19'D NNN VUXA7 122V 17X NI21V9 2'wan? 1Ta

D'"'D'NMA9 D'DIA'D7 DN'NN 1A'R [N [I'TN :2IwN



Cast D'OI9'L NMNN

2'201 0'AI0 NN T 72U X131 Cast X1y MINAIN 1IDIAIN MV N'WY) @
107 0NN 12N D19'0N DYWY
(Type) <Expression>

,2AvUnNn <Expression> '|D'ANW DXUN 112V Type DIQ'DN DIN' X' NRIN °
0I19'D? D'NNN DXVUN DN

Type DIQ'D? O'NNN DXY7 DN'NN IXIY DIN'N ON NN7XND N21090 °
NIN Type 019'bN 172,972 NINA DI9'D? DIN' YW NN :(downcast) NLN? NN e
DXUN 7V 'DDDN DIQDN 7W NXNN
(pwan IX Np2nn) 1922 N1 0197 oIN' YW "N (upcast) N72UN? NN e
N'X7'901) IRAY NI TNR Mnn 72 ¢



public
public
public
public

class
class
class
class

Cast D'OI9'L NMNN

A
B extends A
C extends B
D extends A
A
B D
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Cast D'OI9'L NMNN

DIWA NN ;RN19N0 11DI9IN N2MIXA N7 272 TA1,NNY7810 TN N72uN? mnn- ©
VUT'n TAN? 172"anip? nmin

(A)c

> N
L N

4
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Cast D'OI9'L NMNN

DI19'D7 DXIN X7 VANINN DXUN DI9'L NXM |ATA OX 22207 N217V nbN? MnNn »

N >
Nn o

(©)a

(ClassCastException amn pat) qiun namn Type

A

/™
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O W

Q C©

(®b

Cast D'OI9'L NMNN

n'x'7'9n|,7 NRAY MR MMNNNMNN 7] °
2w IMTp AN IR B w 1'an .D 2 0a1 B2 DA INIX "DXNX?" N1 X7 :0T NN NN e
B n DA NI IWK NP72NN NN ON NNDIAY AT DAY QTN NNWaNn ;19021 D

A

/N

JAan' N7 viTa ntw ,D n Dl
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XM AT 019D

|]AN DI9'DAY ,NP'TA VX7 NX12 NN 72 1197 — 11X X7 12T X' N2 Nalvn
NNN? 0O'NNN
VININN DXVU7? NITY N9'0IN IN M'0N NA'R Java l mMninn 217 0w v

UXINN 2181 (compatible types) nawan naonn 12 pTa ANianip (na e
DXVUN P'TNNRY D'MNWN NIK?2D] 'Y

AN PINTNIE2WAM NPINKR? NN Ax© Rt msNa e

TIN DX NITNAL) D'YU21XN? P MTAIN maxSide () NN7'NWn NRAN NNAITA
N7 D)) Shape N7NN2 NNTI NN7'RY |21 'K (NI N2ITan U7xn
.(nowain

72V ,77UN2 NNIXN 722 '2N N1 N21Ta0 V23N IR IR AWN7? AXN NIp2nwa
DXNNA NNNN UNA?I 20192 17 1AVInW DXUN D19'D X 1127 NIpn



XM AT 019D

Object -2 NnmNn getClass NTINNN VU N'N NNTUNI? DNK T °
:NP7NN 7222 0'pin class 'DLON DTV

IShape [] shapeArr =
double maxSide = 0.0;
double tmpSide;
for (IShape shape : shapeArr) ({
if (shape.getClass() == Polygon.class) {
tmpSide =((Polygon) shape) .maxSide() ;
if (tmpSide > maxSide)
maxSide = tmpSide;

OI9'Un NNIX "7 Nn
? Triangle Ix Rectangle

N77NNNN D1'R NN D'Nky
19NNV X7 D71 Polygon




instanceof

N'N ONN NI72 - N22 Np2nnis-a n'™Man ONN pPTIAl instanceof 1IDMAINN °
n'YnNnn IX A'wAI IR NP7NNN NNIK 019'DN

IShape [] shapeArr =
double maxSide = 0.0;
double tmpSide;
for (IShape shape : shapeArr) ({
if (shape instanceof Polygon) {
tmpSide =((Polygon)shape) .maxSide () ;
if (tmpSide > maxSide)
maxSide = tmpSide;



instanceof

NJIVUNN [122N2 N'w2a 7V 2" 72 T'Wn 0'MXY NINAIM Nifaima Casting-a win'y) e
DT'O7IN'2192 1122 X2 win'wn 2N? nvanw ("design 2 ax1")

NI'272 N12IN NIMA0] D'wNNWN 1WNID Casting-2 win'wn 012N 'R DMY7 °
D792 2N TWNKI TIA'N? 2N UTN IWNRD IN, [N'ANID 2V ND'7Y 127 'K TWN
N'I2NN 7W NITNY XN D73 NP 2 NN



Pattern Matching

public interface Shape {
public static double getPerimeter (Shape shape)
throws IllegalArgumentException {
[if (shape instanceof Rectangle) {
Rectangle r = (Rectangle) shape;
return 2 * r.length() + 2 * r.width();

1

?
else if (shape instanceof Circle) { ] ?N2'NON DX LYOY [N DX
Circle c = (Circle) shape;

return 2 * c.radius () * Math.PI;

}

else {

throw new IllegalArgumentException ("Unrecognized shape");

public record Rectangle (float length, float width) implements Shape {}

public record Circle (double radius) implements Shape {}
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Pattern Matching

public interface Shape {
public static double getPerimeter (Shape shape)

throws IllegalArgumentException {

if (shape instanceof Rectangle r) {

return 2 * r.length() + 2 * r.width();

}
else if (shape instanceof Circle c) {

IJaval7 n 7nn TnI'm Y'anNn

return 2 * c.radius () * Math.PI;

}

else {

throw new IllegalArgumentException ("Unrecognized shape");

public record Rectangle (float length, float width) implements Shape {}

public record Circle (double radius) implements Shape {}
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Pattern Matching

:0'90D11 D'IN'712 DDA DY A7W7 N1 ©

if (shape instanceof Rectangle r && r.length() > 5) {

// ...
}

DUDNNA [IWRIN P700 DX N rlength() > 5 MLY% D'VAN :TAIV NTY N2ON - »

229NN 2N 'D'AN ONN ¢

if (shape instanceof Rectangle r || r.length() > 5) {
// ...
}
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XM AT 019D

N'X119N0 2NI1) NIP2n Java naw? Cnawn Tip "Din'? nraik aNan nnaIma Tipn e
NNIN 11107 N0, NMLAINA MIX DININND 72PN (rotate

(bwam ninw N7 0a) Shape Np?NN1 2120 NNW ITAIN X7 ITNNAITA @
7V192 17 12VINW DXUN DI19'D NN 127 NIP20 2V ,NIW 2120 NNY MIX 227w [1ran
DNNNA NNN YN

void rotate(IShape s, double degree) {

~

if (s instanceof Polygon :
p.rotatePolygon (degree) |; | Ellipse nip?nnn
recurn, niwnnn Polygon

}

if (s instanceof Ellipse e) { X9 NNR 7D
e.rotateEllipse (degree) |; 112'07 MNN
retcurmn;

}

assert false : "Error: Unknown Shape Type";



instanceof

IN) NLYAIM NP?NNA wNNwa 00 7 DA X7N Java -7 P X7 TIpN NN DAN7 'T @
NN 'RYNY 70 DY NN NTIAV? T'NR pwan paon WK (pwan

abstract class AbstractShape implements IShape ({
//...

abstract void rotate (double degree) ;

}



instanceof

abstract class AbstractShape implements IShape {
//...

abstract void rotate (double degree) ;

class Polygon extends AbstractShape {
//...

void rotate (double degree) ({
rotatePolygon (degree) ;

}

} [cilass Ellipse extends AbstractShape ({
T //...

void rotate (double degree) {
rotateEllipse (degree) ;

}




instanceof

IN) nbwain Np?NNAwNNw1 00 2 DA XX Java -2 ;A X2 TIpNn NINDAN? 'TD °
NN INXYRY 72 DV NN NTIAY? T'NXR PYIR paon W (pwan

abstract class AbstractShape implements IShape ({
//. ..

abstract void rotate (double degree) ;
}
NNIXN 22112V TIp MK WRNWA? Nip2n 221072t e

void rotateShape (AbstractShape s, double degree) {
s.rotate (degree) ;
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AAIAR AL AR
void rotate (IShape s, double degree) {
if (s instanceof AbstractShape aS) {
aS.rotate (degree) ;
return;
}
assert false : "Error: Unknown Shape Type";

NN AbstractShape 7 Casting vixa
NIP7NNA nwNIn ITNTINN .rotate nTinn?
Ellipse 1 Polygon



Dynamic dispatch

:(dynamic dispatch nna2) NANAIT RN Java 2 vam mnw nhvan e

NN 'Y K2R ,2'0907 W axpaia 1imx JVM-7 |'xn X2 121anipn nx?'anip jnia. e
210907 W' NNIXR ANPIAI9N 2w nnmnn

DI19'L '97 NI, NINITH DID'DN 97 O'RNAN NNYA DR 20an JVM n nxM nma. e«
V192 VaNINN DXUN
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Dynamic dispatch vs. Static binding

1'270NN 2702 ,707"9nNIpN 1AW 120NN N NTDIN ITAW NIRYI'T N70an e
NXM 0T N7 IX DD R? TREZ7'WAN7 W AP TR (Y80 D0, 0N21anipn
7'Van? W'Y N'¥PII9N 'NN 20 P'on?1 RN D19'DN 1NN

static bindin i N Di .
qIWp) static binding 0'81p2 YN NXpaIa TR Valp 12''anipn 0naw 0DNpn
(rovo



devirtualization :N'XTM'DAIN

0I9'D7 NNT NN W MNA'TA DIQ'DAY 1N N'X2'9N1H |NTA 112 ,0'M'M0N DNpPNA
N'R1DY' N72V902 7N |'N TN ,N7W 'DXDLON

:TIp2a ,7wn?
MyClass o = new MyClass() ;
o.methodl (5); // clearly o is a member of MyClass

NINT?2 A2"9nipn VTI' 78N DNPNRN 72 NIR K7 071N

AW DNpn !
final "mINMyClass DN °
17¥) NOMTVAIN AT ;£inal 2 np?nNa TN methodl NN'WNW IN °
private nnw nZvan
D'NJA N7Van e
super NNY N72uan ¢
(...0nw TN a1 ,static method) np?nn minw nvan -

2'van? n'¥pa 1IN JVM 72 nininYi devirtualization vx2? 2121 2"anipn ,n?8a 0Mpna. »



public class Animal {
public static void hide() {

System. out. format ("The hide method in Animal.%n") ;

}

public void override() {

System. out. format ("The override method in Animal.%n") ;

public class Cat extends Animal {
public static void hide () {

System. out. format ("The hide method in Cat.%n");

}

public void override () {

System. out. format ("The override method in Cat.%n") ;

public class Client{

public static void main(String[] args) {

Cat myCat = new Cat();

Animal myAnimal = myCat;
//myAnimal.hide () ; //BAD STYLE
Animal. hide() ; //Better!

myAnimal.override () ;

209TI' Nn

The hide method in Animal.
The override method in Cat.




public class Base {
private void priv() { System.out.println("priv in Base"); }
public void pub() { System.out.println("pub in Base"); }

public void foo () {
priv();
pub () ;

public class Sub extends Base ({
private void priv() { System.out.println("priv in Sub"); }

public void pub() { System.out.println("pub in Sub"); }

public class Test {

public static void main(String[] args) {

Base b = new Sub() ;
b.f ;
) w0 y ° © m

priv in Base
pub in Sub
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public class Base {
private void priv() { System.out.println("priv in Base"); }
public void pub() { System.out.println("pub in Base"); }

public void foo() { this.priv() 7 NP7 N7 priv() 7 RN}
this.priv () ; VXN I'78Y UPMAINT RIN DA Y'axn this yraxvnn
this.Pub () ; — Base T'nN XIn this 7w 'ovon o19'vin 72X ,b
) STIZN 2AIND DAY NZ7nnn 7w 019'0N

public class Sub extends Base ({
private void priv() { System.out.println("priv in Sub"); }

public void pub() { System.out.println("pub in Sub"); }

public class Test {

NN N1Y1 DNI
'0LON 0I19'VN
?Sub 7 b v

public static void main(String[] args) {
Base Sub b = new Sub();
b.foo () ° O O

priv in Base
pub in Sub
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Base n1ona xin foo Jima this 7w 'vvon o019'vNY YIONWA

Sub aw N1 NY> .Base X71 Sub XIn this 7w '0VON O019'VNW N7YWA N
g() owa nfanio n'yIe v

public class Sub extends Base ({
private void priv() { System.out.println("priv in Sub"); }
public void pub() { System.out.println("pub in Sub"); }
public void g() { System.out.println("g in Sub"); }

N'X7'on1P N1aY7 Wik Base ni77nna foo() 7w Nt winm i

public class Base ({
private void priv() { System.out.println("priv in Base"); }
public void pub() { System.out.println("pub in Base"); }
public void foo () {

this. priv() ;
this. pub () ; 7w 019'0N TN XIN this 7w '*vLVON 019'0N ND'T
| this. g() STI70 QM) DAY nz7nnn

}

X7 |2m>d 71 Base 2 0'Xx¥N1 K7W D'NIN'Y Base 21 this 7y 7'wvon? 0710 n'n mid
aan
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public class Base {
private void priv() { System.out.println("priv in Base"); }

public void pub() { System.out.println("pub in Base"); }

public void foo() {
this. priv () ;
this. pub () ;

}

public class Sub extends Base {
private void priv() { System.out.print In("priv in Sub"); }

public void pub() { System.out.println("pub in Sub") ; }

public class Test {

public static void main(String[] args) {

Sub s = new Sub|() ;

s.foo () ; 7w priv 7 |n'nw IxN7* b.foo() Dai s.foo() 117D
Base b = new Sub(); .Sub 7w pub 7 T~I Base
b.foo();
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?Sub 7w priv() 7 xINE7? D1 X
:(N?wn nania foo() N7 9'o11) X1 |9IX SUb NK [2TVI DX

public class Sub extends Base ({
private void priv() { System.out.println("priv in Sub"); }
public void pub() { System.out.println("pub in Sub"); }
public void foo () {

this. priv () ;
this. pub () ;
}
}
Sub s = new Sub() ; :NAN TIPN NN YN NYI DN
s.foo();
NX'N AT 019'07 DXNN D'WAM 371 public X'n foo D ,Sub 7w foo() XN X

.S ynxnn v

.Sub XIn (Sub NP7NN2) 1ITh nwTNN foo N2 this 7w 'vLVON 019'VN

NI7'N I7D this yraxnn 7w '00oN 019'0N '97 XIP'N XN D71 private X' priv
019'0N '97 NKI71 X'N D Sub 7w pub XP'N D ND .Sub 7w priv n'¥j19n
.(Sub xInW) this 7w M TN
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0'01N NP7NN2 D' NN NT O NTY ON DX 0T 'TAN? 212 el np2nn ¢
(ANX DI9'D IX DIQ'D ININN)

public class Base {
public int i = 5;

public class Test ({

} public static void main(String[] args) {
Base bb = new Base() ;

Sub ss = new Sub()

public class Sub extends Base { Base bs = new Sub();

public String i = "five";
} System.out.println(bb.1i);
System.out.println(ss.i);

System.out.println(bs.i);

five } ?09T1' NN




'DLO YD NN NITY

public class Base {

}

public int i = 5;

public class Sub extends Base ({

}

public String i = "five";

public class Test ({

public static void main(String[]

Base bb = new Base() ;
Sub ss = new Sub() ;
Base bs = new Sub();

System.out.println(bb.i);
System.out.println(ss.i);
System.out.println(bs.i);

args) {

7217 21M2% 7212 Sub v i % bs 1NN van? 1M
System.out.printin(((Sub)bs).i);

.Sub 7 Down-casting [N2 1I'wyY <-- “five” :09TI' TNI

...0NMNQ7 NILA 12NN AT NITY 2 1A 0TV .Sub Np2nna public int i 107 AN vman mpnn
ITD 1T NIWII'Y NIP2NNA OW ININ Y202 NITY TN 2N :N2pon
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NNl N0NUN

N2 DA IT'N :]121 INIY) YN N0 TR LN AY"anipa nonun v D'?DDJ :
yIn

(java.lang.String MmN NNITXNAN) 120 NXI T *

static String valueOf (double d) {..}
static String valueOf (boolean b) {..}

NTOY NN 72N °
overloaded (Rectangle x) {..}

overloaded (ColoredRectangle x) {..}
,017NN7 2121 210NN R N7 °

Rectangle r = new ColoredRectangle ()
ColoredRectangle cr = new ColoredRectangle ()
overloaded(r); // we must use the more general method

overloaded(cr); // The more specific method applies



NNl N0NUN

‘DTN A NT 722N °

overTheTop (Rectangle x, ColoredRectangle y) {..}
overTheTop (ColoredRectangle x, Rectangle y) {..}

ColoredRectangle a = new ColoredRectangle () ;
ColoredRectangle b = new ColoredRectangle () ;
overTheTop(a, b);

?bINa ?7DN9 NN 7w 7aN(casting) MmN NwITaw 1Na e
NN NPIN N7 "MW N2Van ;07NN NT'N °
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overTheTop (Rectangle x, ColoredRectangle y) {..}
overTheTop (ColoredRectangle x, Rectangle y) {..}

ColoredRectangle a = new ColoredRectangle () ;
ColoredRectangle b = new ColoredRectangle () ;
overTheTop (a, b);

N'PIN AN NMAY? NP, NP 01N 1 AN DX °

N7 171"anipn 228 ;N'pIn X727 N29n1 ARMPN,N21200 N0AN NN D'Q'0IN TWND °
NP N0A? NNP2I1,TIAV? 1'wnn NR2IMNENK YAIpA T OX ATDR D2

2NN NT;N2INN NIRNINN NN NIYN NINWN N7 yalp 2w p1 nx?21anipw 1o X7 ¢
alpkly)
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public class A {

/*

N1 NONVUN

System.out.println(“calling version A");

F=/

}

public class B extends A{
public void func(String s, Object o) {

System.out.println("calling version B");

¥

public class C {
public static void main(String[] args)
B a=new B();

d

a.func("abc", "abc");

71291012 Munnn A2 TIpn DK KNI ON
.B 2w nomin oy yn? ywnn C,AnN
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class B {
overloaded (Rectangle x) {..}

class S extends B {
overloaded (Rectangle x) {..} // override
overloaded (ColoredRectangle x) {..} // overload but no
override!'!

}

S o = new S();

ColoredRectangle cr =
o.overloaded( cr ) ; // invoke the purple

((B) o) .overloaded( cr ) // What to invoke?



class B {
overloaded (Rectangle x) {..}

}

class S extends B {
overloaded (Rectangle x) {..} // override
overloaded (ColoredRectangle x) {..} // overload but no override!

}

S o = new S();

ColoredRectangle cr = ...

o.overloaded( cr ); // invoke the purple
((B) o) .overloaded( cr ) // What to invoke?

2101 190N ,NINWN DY ,0OXVUN DI9'W) NNWN ¥ NRMNN DK NI :'DDO KIN NDAYNN (12210
NPT NN ATR VAN K2 [TV AN, (DMvman

NMNN (Nx?2'9nip (pra)nan ((B) o) .overloaded( cr )nNMpnIiay
B.overloaded (Rectangle)

IDITND XN 'D127N T'N' NINWA B D19'bN NIN ARTPN TU'Y 7720

(NN DINNNN NN, NNT NN 201 DAY 2 N1IAY,TNATN WA (12220 20910 nXN (R
2NN NN N1 |27, S NIN AT DI9'DN .ARMPN TU! 7Y 12N DI19'D?

B b =new S(); b.overloaded( cr ) :X'nXIpnDX?7"12
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