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Interface Iterable<T>

Type Parameters:

T - the type of elements returned by the iterator

Iterator<T= iterator()

Returns an iterator over elements of type T.

Interface Iterator<E>
Type Parameters:
E - the type of elements returned by this iterator

boolean hasNext()

Returns true if the iteration has more elements.

E next()
Returns the next element in the iteration.

default void remove()

Removes from the underlying collection the last element returned by this iterator
(optional operation).
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q1QY' TNX 72 ,0M1I010'K 190N V' TAN7 [N qOIX 707 =
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Comparable and Comparator
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Comparable<T>

INIX VP'"AINN DX RN Comparable<T> pwinn
.(Rectangle nx ,wn%) nuwn% nx"

NX NHYN7 XM AR AP DX "N T =
Rectangle

NI ,INXY OP"AIRN 7Y 019'07 NNT 't T O" 1A =

public class Rectangle implements Comparable<Rectangle>

Interface Comparable<T>

Type Parameters:
T - the type of objects that this object may be compared to

compareTo(T o)

int
Compares this object with the specified object for order.
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Comparator<T>

TWNX D'OP"AIX INNN Comparator<T> pwinn
MW7 TNRN T 019'0N D'VRMAIN NXIIYNT7 D'YUNYN

:Comparator XInw VP"AIX NTANT7 KNAIT

public class RectangleComparator implements Comparator<Rectangle>

Interface Comparator<T>

Type Parameters:
T - the type of objects that may be compared by this comparator

compare(T 01, T 02)

int
Compares its two arguments for order.

Y7nIin .Qpwa DININNA DI'R TWK 0'901) D"V719'T\D'VLO D'NN'Y D' DT PYINY (*)
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https://docs.oracle.com/javase/8/docs/api/java/util/Comparator.html
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<<interface>>
IBoundedStack
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lUnBoundedStack
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ISumStack
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Collection Interfaces(partial)

Unordered
Rejects duplicates
<<interface>> <<interface>>
Collection Map
Unordered A AN
Rejects
duplicates
<<interface>> <<interface>> <<interface>> <<interface>>
Set List Queue SortedMap
s Ordered FIFO Order Ordered

Allows duplicates  Allows duplicates Rejects duplicates

<<interface>>
SortedSet

Ordered
; ) Java nowa 1 n1dIN 10
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<<interface>>

______________________________________________________

Ellipse

x

Circle

Trapezoid Parallelogram Triangle

$

Diamond

Rectangle
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abstract classes
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<<interface>>

IShape
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<<abstract>>
AbstractShape
| as |
Ellipse Polygon
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Shape pwiInn

public interface IShape {

public
public
public
public
public
public
//...

double perimeter() ;

void display() ;

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

Color getColor();

void setColor (Color c);
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AbstractShape NLOWOINN NP7NNN

public abstract|class AbstractShape implements IShape {

protected Color color ;
N 77N 77 nwnNnn np7nnn ¢

public Color getColor() { q10NY7 O PwInn v nimnnn
\ return color ; "nDINN TN TR 7190w
N'N NIvnimn X700 NIMnnn DX e
public void setColor(Color c) { abstract 2 Ni''xn
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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AbstractShape NLOWOINN NP7NNN

public abstract class AbstractShape implements IShape {
protected Color color ;

public Color getColor() {

return color ; 7V NINYNN 7Y N7 "wor
} nivninn X7 NITnn

n vAMvy npnnn

NX wnn? noxn AbstractShape
color = c; X7 X'nw Shape 7w niminnn

} nwunm

public void setColor(Color c) {
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public abstract class AbstractShape implements IShape {

protected Color color ;

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

h

public Color getColor() {
return color ;

J
public void setColor(Color c) {
color = ¢
}
} Java nowa 1 n1IN
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Polygon np7nnin

public class Polygon extends AbstractShape {

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

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

)
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;
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yoIn NITinn 7on% 715 pwan ,Java 8 n 7nn
(default niminn) nivnmn

NITINNAI D'PYIN] WIN'YT NID'TY W' — 119 7Y
790N 7V n722n 'K ,nwin' nniv? default
UnNn? n712' np7Nn DNIKY D'PYINN

INITY — N'OPVOAN NP7NN W 72ITAN NN
NITYA NIYNNYAY NITINNA |D1,0'K2 1 Tan? N1 =

DNIY NN DITINN Wnn? [N —qoNn |"hn'
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}

n1'x MyClass np'7nnin
OX 'K DIAX .N790pNN
N'NY N'OUPIVOAX NTINN

public interface I1{
default void func() {
System.out.println("11");

} W' 72N ,unn? N>y
} D'YIN'MN Y |'2 NIYAINN
func v

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

}
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public class MyClass implements I1, I2{

@Override
public void func() {

}

System.out.println("MyClass");
I1.super.func();
I2.super.func();

public interface I1{
default void func() {

}
}

System.out.println("11");

public interface I2{
default void func() {

}

System.out.println("12");
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PYUIMN INIXK IR TYNNNN NWTN Np7nnn

121122 12D TWKR NNWN NIXPZAI0 720 NN XD ,NIE IR TRR 7WIn Twnnn n'7nn TWUXD
(Comparable :7wun%) n'pwin nnix N2y

-NYIn

2UnN?) NI 11'Y IR N90IN IX7 NNt nPNn 7Y TIpa TN win'y
(ColoredRectangle, SmartTurtle

DN7YW QNIYN NIINA X¥N1 D'0I9'0 NNDY7 QNIYN T TWUXD ,0'019'0 NI NN
(AbstractShape 7wn?)
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7'1TNN 0I19'0N NN D'WTI' N7 IX Java 2 0T'o1IN'719n 7wa
D'nxy v

'YVON OI19'VNN MY NI'N7 'IYY 'MXI'TN 0I19'VN =

INW NID0N NIZIVO NI'NT NI'IYY "MIN1'TA 019'0N [N1'N2
(*0LON 019'V] NTAIN K7W NI7IVD) YANIND DXYN 7V VX217

(Casting) 0'019'0 NN Y¥a7 117V 17X NI71VO 7'von7 *1D
n'290N 7Y
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Cast 0'o19'v NYNN

7V qxn1 Cast X17aw MAIX 1I0I9IX NTVA N'WYI NIXR'AQ D'019'0 NN
AMN? 0N 17X 019'0N OY7 2'a0n 0'MAI0 NAMD T

(Type) <Expression>
(D"2'0'™M™M5 0'0I9'V7 ON"'NN N'X XD |I'TN)
<Expression> 'l0'QnV DXVN 1IAY Type 019'0n oIN' X' NIN
.019'07 D'NNN DXVN DX ,AUNn

Type 019'07 D'RNN DXY7 ON"'NN XY OIN''N DX NN'7¥N N71V9N
019'0N NI73 ,'7%7D NINd 019'V7 oIn* 7w NN :(downcast) nun? N"ONn =
.DXVN 7¥ '000ON 019'0N 7Y RXRX XIN Type
(7win IX nP'7NN) 775 Aner 019'07 oin' 7w NN (upcast) n7yn? nann
NY7'9017 NINAY NN DINK NNnn ‘D
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public
public
public
public

class
class
class
class

A

B extends A
C extends B
D extends A

AN
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Cast 0'o19'v NYNN

X' ;W19 1I0I9IX NDNI¥N X7 770 011, NN ¥n TN nyn? nnnn

> N

Q N

(A)c

YT TAX? 2?7'"'onip7? nnai uIYwoS
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Cast 0'o19'v NYNN

DNIN X7 YVAXINN DXV 0I19'0 NXM AT DX 7w0'N7 n217V nuon? nnn
(ClassCastException an par) qivn n2dINN Type 019'0Y

A

- /\

N >
n o
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Cast 0'o19'v NYNN

NNX7'0NIR NXRAY NNIA DINR NNn 72D
"Dxnx?" N1 X7 ,0'pwin X721 nipnn (0 D1 B v nn it inkn ['ann =
,209'N1 D T Ak 1k B w juion .D 7 Dal B 7 DA upraix niv
B n DA nwnIr "WX Np'7nn NNtz OX RN T OT DAY DTN NNWORKRN

x Jon' X7 yitd ntw ,D n nai
Bb=. A
Dd= (D)b
B
C
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DXV7 NITY N9'0IN IX NN'0N N1'R Java 2l nnnn D 17 0'y7 vt
yaxmn

(compatible types) nmwox n20nn D 7721 NN7'ONI7 N1 =
DXVN 7'TNNY D'NINWN NIX720] '1'Y YXINN "INl =
AN PNTNI 72N NN X7 DONN DX AT ImsD =

N1'TNNI) D'W21¥N7 0 NNTAIN maxSide () XN7'RWUN NXAN KNAIT2
Shape N'7NN2 NXT KN7'RY 2D 'K (NI 221N y7§n IR DX

(nuwoim X7 o)
NNIXD 72 20 N N2man YN IR DR 2WN? XN NR7ned

NINN YX271 7v191 17 12vIn DxXyN 019'0 NX 1NA7 NI 7V ,)vna
DXNN]

Java nowa 1 n1dIN
2'AX 7N NV'ONAIIN



NX™M AT '0I9'0

NNTAINN getClass nTINNN "'V X' NXT Y¥2A7 NNXK T
‘NP7NNn 721 0vpn class 'vvon nTwnl Object -2

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; oI19'0N NNIX 27 Nn
? Triangle Ix Rectangle

NP7NNNN D' N7X DNV
I9NNY' X7 D71 Polygon
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instanceof

- YD NP7Nn is-a n™MoOn OXN P17 instanceof IVYIRN
N'YNNN IX D'WYAIT IX NP7NNN NNIX 019'0N X'N DXRN NI7D

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;

Java nowa 1 n1dIN
2'AX 7N NV'ONAIIN



instanceof

7y >"T1a T'yn omyy ninm nidimna Casting-a win'y
2N7 nyanv ("design 2 axa") noaynn >N nwa
DT'91IN'7192 |1D] X7 WIN'wn

D'UNNwn TwKd Casting-2 wim'wn onn |'k 0D'N'Y7
IN, [N'2ND 7V N0™Y 17 'R AWK NIY77D N1DIN NIMB02
X171 0 ONNI V79D 2ND1 TWNRD TIART? 170 YT TWUKRD
J'DNN W NT'NY QXN 0D
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ani) nip?n Java now? C nown T "DIAN"? 119X RN NNAIT TIpn
NNIN 22107 NoINI ,NMLVNIN'A NIX VINIATKD 7270 (rotate N'X¥I9N

(uwom NN X7 Da) Shape nP7NN1 212'0 NNW YTAIN X7 ,IT XNAITA
17 72VINY DXV 019'0 NKX 1NA7 NN 7V ,N1IY 212'0 NNY NIX D7V 11N
DXNNA NNN Y¥a71 7y19a

void rotate (IShape s, double degree) {
if (s instanceof Polygon) {

Polvagon p = (Polvagon)s:
p.rotatePolygon (degree) ; I EIIipse n||7'7nnn
return;
} niwnnn Polygon
if (s instanceof Ellipse) { I
Ellipse e = (Ellipse)s: N'¥{72I9 NNR 73
e.rotateEllipse (degree) ; 212'07 NNKX
return;
}
assert false : "Error: Unknown Shape Type";
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instanceof

n?7nna wnnwl OO 7 pa X7x Java -7 71 X7 Tign NN DAON7 '

INXKXX 70 OV NN NTIAY? T'NKR 2YIN 790N YUK (7YIN IX) TVWOIN
I I I
e AREAN

NNIXN 72 Ay TR MIN YNNwN? N 1 2

void rotate (AbstractShape s, double degree) {
s.rotate (degree) ;

}
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instanceof

abstract class AbstractShape implements IShape {
//...

abstract void rotate (double degree) ;

class Polygon extends AbstractShape ({
//Oo.

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

}

} [ciass Ellipse extends AbstractShape ({

Il //...
void rotate (double degree) {

rotateEllipse (degree) ;
}
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71NN winm

void rotate (IShape s, double degree) {
if (s instanceof AbstractShape) {
AbstractShape aS = (AbstractShape)s;
aS.rotate (degree) ;
return;

}

assert false : "Error: Unknown Shape Type";

nNX"p1 AbstractShape 7 Casting vixa
NIP7NN2 nwnNIn IT nTINN .rotate nTINNY
Ellipse 1 Polygon
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Dynamic dispatch vs.
static binding

NMNI'T X' Java 2 yom "My N7yon
(N7 nn'nNn DX ) 2'won7 W A9 IR JVM-Y7 xn X7 2%ronipn =

'9%7 I ,'MKITN 019'0N '97 D'RNNN NNYA DX 7'von JVM nnynma =
V1921 yaXIinn DXYN 019'0

N'IXNIVI D'NYOY NIDN NMXY'T N7VON

3'70Nn 770D 277'9n1PN 1AW 170NN NI NTOIN ITDW NMKI'T N7YoN
[AT2 1127 X NN RT7 TREZ'WONT W QNI ITIR [M'¥N D', NN7'oNIpN
7'VON7 W'Y N'¥A19N NN 0N 2'on71 MNI'TN 019'0N 1NN NXNM

static binding n'x1j72 YNN n'¥219 IT'R YaIp 17791170 DNAY DN
(*vvo IYP)
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devirtualization :n'¥T'N'USIN

'ONLVON 019'07 NNT N™M9N 7W MNI'TN 0I19'VNY 1N N'¥7'ONIP |NTA 1) ,0'N'IoN DMPN]
N'IXRIVYEN7Y9N] IX 'R TR ,N7Y

“TIpa ,7wny
MyClass o = new MyClass() ;
o.methodl (5); // clearly o an instance of MyClass

NINT? A7monipn yTIr N78N DN 70 DR X7 07N

PY DM v
final "Tam MyClass DX =
17¥ NOMT van N7 ;£inal np7nNna VTaM methodl NnN'wnw IX
private NiNw n7yon
D'NX12 N7YON
super NNV N7yY95N
(...0nw TNNW '9) static method) np'7nn 'mNw N7yon

7von7 nxpao 1tk JVM 7 ninini devirtualization yxa%7 215 2177 onipn ;N80 npzna
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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! 20971 Mn

myAnimal.override() ;

) The hide method in Animal.
Java novn | The override method in Cat.
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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 () {
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() ;
ot m
} ° (o] (o]

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 NN"?7 NUPY priv() 7 mmp\
this. riv(); ynaxn I'78Y 0PMAIR? KIn DA y1axn this yraxnn
this. wb() ; — Base T'AN XIN this 7w 'vvon o19'vN 7AX b
} \ STI70 2IMD 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 ({

NKX N1W1 DNI
'0LON 0I9'LN
?Sub %7 b v

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

priv in Base
pub in Sub
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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 } 209T1* NN
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(YNN X7 NOMA IT'R :|1D1 NIY) YINN D02 IT'R 07NN A7'9nIEn nonyvn 7w DMjpna

(java.lang.String JIMN NNITYN9N) 120 AN AT

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

?07 DY Nn 72X
overloaded (Rectangle x) {..}

overloaded (ColoredRectangle x) {..}

,0'7NN7 210 VronIEn XN K7

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

Java nowa 1 n1dIN
2'AX 7N NV'ONAIIN



nNYInl NoONVn

:DTAIN 12D AT 72X

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

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

?b ixa 770un19 nr'X 7w 7ax(casting) nanin NYNTIwW 1M
NIN'AQ N'ZIN X7 NNAWN N7Y90 ;0'7NN7 T 'R
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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 NN"'N NAYY ARMPZN NP N0NAN 71 NN DN

72N ;N'ZIN K77 D290 NRMPN ,N7120N NONAN NIX 0'9'0IN WD
NINP71,TIAV7 1'wnn N'DINNIEL,INK YA72 N7 OX DT DR 07220 X7 2%7"9n1n
NPIN'N NoNA7?

;N'12INN NIANINN NX NIYN NINWA K7W YaIR 7Y 727 DX7'9N17Y 110 N7
MMAY QXN DT
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public class A {

/CK

public void func(Object o, String s) {
System.out.println(“calling version A");

¥/

¥

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();
a.func("abc”, "abc");

79N NYNNN A 2 TN DR XY DX
¥ X0Nan oy YN? y'wnn C A NX N
.B
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class B {
overloaded (Rectangle x) {..}

}

class S extends B {

overloaded (Rectangle
overloaded (ColoredRectangle x) {..} // overload

but no override!

x) {..} // override

S o = new S();
ColoredRectangle cr =

o.overloaded( cr );
((B) o) .overloaded( cr )

// invoke the purple
// What to invoke?
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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?

19501 ,NINYN OW ,0XVYN 0I19'0) NNWA 7W Nn'NNN NIX NI '0V0 KIN NONYAN [1221N
NPT NN'Y TR VAL K7 1TV 7aK,(DM0on1on Aol

NN (Nx?7'onip mra) "nan ((B) o) .overloaded( cr ) XN QY
B.overloaded (Rectangle)

IDITRD XID '022770 TN NNwn B 019'0on XN arnpn Ve 7722

D'XNNN DX ,NINT AN 702 DMWY 2 NIAY ,MTN AN (12200 7u91In AxN N
70N NINWN N2 P77, S KN M2TA 019'0N .AXNPA TV W arTA 019'07 NI

B b =new S(); b.overloaded( cr ) :X'n XN DX 7"D
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NX NT D'2'NINY D'0I9'07 0N X'N NONYNN TWXD TIN'2
|'017N7 DT N7 0T

NN'YN) NATYNRIDI'R X7 NN ANINNY T ,NIMNaY X
NP7NN2 P X701 DXY7 NION"'NNN 019'01 17N 7'Y9N DXYY
VoI P12 NN'Y QTR NYT? "Wl ,(Dxvn v
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