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class IntCell

public class IntCell {

private int cont;

private IntCell next;

public IntCell (int cont,

}

this.cont
this.next

cont;
next;

public int cont() ({

}

return cont;

cont: 1

cont: 2

IntCell next) {

cont: 3

next————— | next— | next— null

IntCell

IntCell

IntCell



class IntCell

public IntCell next() ({
return next;

}

public void setNext (IntCell next) {
this.next = next;

}
NX7170 7w ATVN nanwn

public void printList() ({

1 ; IntCell 0I9'Un XIN
System.out.print("List: "); ntCe

for (IntCell y = this; y !'= null; y = y.next())
System.out.print(y.cont() + " ")

System.out.println() ;
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public class Test {

public static void main (String[] args) {

IntCell x = null;

IntCell y = new IntCell(5,x);
y.printList() ;

IntCell z = new IntCell(3,y);
z.printList() ;

z .setNext (new IntCell(2,y));
z.printList() ;

y.printList() ;
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List: 5
List: 3 5
List: 3 2 5
List: 5

PRITNNN 7Y IX 201N 2¥ 1IN 1120 11X 'R
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Cell AT>

20N95nN NMMTan

public class Cell <T> {
private T cont;
private Cell <T> hext;

T0NO] YIN'Y
T m1an

public Cell (T cont, Cell <T> next) {

this.cont = cont;

this.next = next;
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Cell <T>

public T cont() {

return cont;

h

public Cell <T> next() {
return next;

h

public void setNext(Cell <T> next) {
this.next = next;

)
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Cell <T>

public void printList() {
System.out.print('' List: ');
for (Cell <T> y = this; y != null; y = y.next())
System.out.print(y.cont() + " ");
System.out.println();
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Double q0IVn double -7, Float qvuiun £loat-7?
i]

7 D'NNNN int ((NINWN NNJ0IN NA'NAN) |QIT 'KXIT @
Character -7 b'NNnNin char -1, Integer

(immutable) D'waipn Drfavivn DOI9'VN 72
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Boxing and Unboxing

117 NP "V (boxing) 17w qDIVN DIQ'DY '2'DMNIMA DI DANT N1
:D'NTINN

char pc = 'c';
Character rc = new Character (pc) ;

NITINNA win'w "'y (unboxing) D'NNNN '2'D'MM9N DI DIV DIQ'D DN NN
NIMNNNN xxxValue

Float rf = new Float(3.0);
float pf = rf.floatValue() ;

17w QDIVN DIQ'D? '2'DNIMA DIQ'D |'A 'DAIDIN 12VN MYaNN NIR'

Integer i = 0; // autoboxing
int n = i; // autounboxing
if(n==i) // true

i++;// i==

System.out.println(i+n); // 1
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712 DI9'LA WIN'YW7? NTNA

NP72NN? NI2AR K'Y, Cell <T>I1nNwnnwnw nap?nnnaxmn e
: IntCell 2 NWNnwnwy

public class TestGen {

public static void main (String[] args) {
Cell<Integer> x null;
Cell<Integer> y new Cell<Integer>(5,x) ;
y.printList() ;
Cell<Integer> z
z.printList () ;
z .setNext (new Cell <Integer>(2,y));
z.printList () ;
y.printList() ;

new Cell<Integer>(3,y);
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MyList<T> -7 pwxianygy

List N?21MyList nxpa np2nnn

'l N2 7272N1 K7W 1)
private Cell <T> head; n'"M9onNnN java.util.List
Java 7w n'oimvon

public class MyList <T> {

public MyList (Cell <T> head) {
//code here

}

public Cell<T> getHead() ({
//code here MyList

head

}

public void printList() {

A\ 4
\ 4

//code here
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MyList<T> -7 pwxianygy

public class MyList <T> {

private Cell <T> head;

public MyList (Cell <T> head) {
this.head = head;

}

public Cell<T> getHead() ({
return head;

}

public void printList() {
System.out.print("List: ") ;

List N?21MyList nxpa np2nnn

'l N2 7272N1 K7W 1)
N"M9a0oNN java.util.List

Java 27w n'o1mavon

for (Cell <T> y = head; y !'= null; y = y.next())

System.out.print (y.cont ()
System.out.println() ;

+ w ") ;
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NIP20N IN0INI N7W N9 AIXTAN P70 N2 NN AN'WIN YINM
Cell np?nnin NX DX 112N7 DX MyList np?2nnn NINP? uXinn winma ¢

Cell<Integer> x = null;
Cell<Integer> y = new Cell<Integer>(5,x);
Cell<Integer> z = new Cell<Integer>(3,y)

MyList<Integer> 1 = new MyList<Integer>(z) ;
l.printList() ;

MYIPN NN'Y1 NLWaNA VA9 121N °
NIM-IT AN'WI? WInmn NN 9'7Nn7 Cell p90 nX' TNV ON ,7WnN7 ©
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nwanp - MyList<T>

public class MyList<T> ({

private Cell <T> head;
private Cell <T> curr;

public MyList (T... elements) ({

//code here

}

public boolean atEnd() {
//code here
}

/** Qpre 'atEnd() */

public void advance() {
//code here

}

MyList

head

curr

A\ 4

\ 4

27




nwanp - MyList<T>

public class MyList<T> ({

private Cell <T> head;
private Cell <T> curr;

public MyList (T... elements) {

//code here

}

public boolean atEnd() {
return curr == null;
}

/** Qpre 'atEnd() */
public void advance() {
curr = curr.next();

}

MyList

head

curr

A\ 4

\ 4
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nwangp - MyList<T>

public class MyList<T> ({

private Cell <T> head;
private Cell <T> curr;

public MyList (T...

this.head = null;
for (int i =

}

[Zj} curr

}

head;

elements) {

elements.length-1; i >= 0; i--) {

|

head =\new Cell<T> (elements[i], head);

new MyList(1,2) 112y nx1n nnaIT

MyList head curr

\ | 1
' I
null null

|

Cell| 2

P

A
=

Cell




Wwnn-MyL1st<T>

* % 1 *
/** @pre 'atEnd() */ 'N213N XNN DX VTN 1IN DAY

ublic T cont
P return curr(,)co{nt() ; NN 2w [2mn X XX (Cell o1aw)
(T) 'nann

}

/** @pre 'atEnd() */
public void addNext (T elem) {
\Cell<T> temp = new Cell<T>(elem, curr.next());}

\curr.setNext(temp)y Y
}

|

\ 4
A\ 4

N

curr elem [ «—temp
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wnn-MyL1st<T>

/** @pre 'atEnd() */
public T cont() ({
return curr.cont() ;

}

/** @pre 'atEnd() */
public void addNext (T elem) ({
Cell<T> temp = new Cell<T>(elem, curr.next());

curr.setNext (temp) ;

}

public void printList() ({
System.out.print("List: ") ;
for (Cell <T> y = head; y !'= null; y = y.next())
System.out.print(y.cont() + " ");
System.out.println() ; |

NNYN N7Uan NXXIN DX O'aT!
y.cont() v T o1a'wn Yw toString
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MyLi1ist<T>

MUN NP2NN DIP? VTN R (MyList) nn'wan NIp? nua »
:Cell<T>

MyList<Integer> 1l = new MyList<Integer>(3,5);
l.printList() ;

1.advance() ;

1.addNext (4) ;

l.printList();




MyLi1ist<T>

NN Q0NN NNY —addHere (1nt x) NNWANXWNN] N °®
3« »| 54| 6 :NN'YNIA 'NIIN DIPNA? X 12A'RN

Ny

head curr

N7 NUANNN DX N7 012NX 18 addNext () hnwnn miwa e
:NIWI NN LIPI? N1 2 0YW7 .curr

curr 7V Q011 prev 7w nNpIitnN :'N nwn ¢

"'y) 'n21an 192 TNN DIpNN TV RN N2'NNN YN A nwn e
(curr 7 NN 72 9w next () NNIWN

D'NNN DIN NA”?NN A nwmn e

TN G

head curr| 8 addNext niyxnxa
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(D'WIX,NPITAN) NI'DIAAZX NINA X NV NI NIDIWA 2 -1 'R NIwn

/** @pre 'atEnd() */ 2 N NN wnn? no1l
public void addHere (T elem) { cont NTYN lnwa
ZadNext (eurz cont) 70 103 1TV Nin
} Ul X7 P71 ,Cell
MyList 7

PNNTAIN N'N cont NTWN W NI W NI'DION NYNT AT NNl 121N
NPTXIN NI'R NTY 22 NI N7N

INN? NpTXN W 271 MyList<T> %W 1tV np?nn X'n Cell<T> np7nnin ,D7INI ©
Cell<T> %W D"DIAN N'MITY? MyList<T> -2 NIxNN Wi NIRWIN

NYIVY QIDNN wIN'wn 1IN? 121117 n'n [N setCont () nTnMnn Cell ? nn'n 17 D)
NTNTW? MY W N2 1Wax? NI 21p'wn am N, RNN MmN nn'vin
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N'M'DANX NININ INWA |12 XDANN Java NAW2A N'ANN 112N [D NN Nip?nn

:TIN1I NIAT 2V mMun

NWA? 212" INW722 D19'DN OXV 11172 .Ap2NNn NNNA NN Java 2 NI DT @
DI9'LN MNINN NN DXV 7V D'"DVIAN NITYW? D)
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Inner Classes

D'MAI0N |'2 — Scope) DINNA NMTANY NP7NN X' NM9 np2nn ©
NNN NpP7Nn 7w (0'70710nN

NDAT °
public class House ({
private String address;
17 win'y
public class Room { 7 2TY N1’k Room
private double width; House nj72nnn

private double height;



Inner Classes

D'MAI0N |'2 — Scope) DINNA NMTANY NP7NN X' NM9 np2nn ©
NNN NpP7Nn 7w (0'70710nN

public class House { AT e
private String address;
private Room[] rooms; 127 win'w
public class Room { 7¥ ATW N2’k Room

House np?nnn
private double width; H !

NI NTYW X2 DN DN °

private double height;
Y1902 NINT NIWY7 v




NIMnI9 NIp?2nn

NP7NNNIENTMNI90 NP?2NNRN ['2 DN 2V DTN NMN9d Np?nn NTn
:NALIVN

NIIN'NN NP2NNRN 7Y WpnNa P NIVNWN W NNian np?2nn? -
NIIN'NN NP7NNN DY NMDI'N NN W N'MIan np?2nn? -
NIIN'NN NP2NNAN 2w TV NP7NN X' NMN9n np?2nnn - ©

NINDAIT

Iterator-1Collection

Brain-iBody °

Cell -I List :@'O0uprapDmmnDMINan e

39



NIMI9 NiN7NN o
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DXVU?7 N'DNIDIN INIMY NMa9n NTY W' N'MN9n np?Nnn 019'bn OxY? -
Navivn Np2NNNN
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NIMI9 NiN7NN o

public class House ({

private String address;

public class Room {
private double width;
private double height;

O

@)

public String toString() { o
return “Room ” + address;

}
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N1'N N'NY ["X? )02l staticanmanp?nnymn? N e
NavIvN NP2NNN 2w 010N vam? mivp

NNl static 2 NTN AMNY 22w np?7nn? 21728121 e
NN'ON NP7NN 112V N0 NwnNnwn
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NI'LLO NI NIP7NN

public class House ({

private String address;

public

static

class Room {

private double width;

private double height;

public String toString() {

}

¥ return “Room ” + address;
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final 2 NTAIN
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NITINN 71N2 NI'MM9 NIp?2NN

public class Test {
public void test(int num) {
final int x = num+3; n712' toString DKRN
int y = num*2; ?NUM 2 DA NWA?
int z= num-1;
class Info{
public String toString() {
return "**" 4 x 4+ "k*" 4 y 4 "kx" 4 7, [

}

}

1
z = 4; INN? TIN7 Mp' nn

?
System.out.println(new Info()),; 21T MY NA0In

}

public static void main(String[] args) {
Test t = new Test()
t.test(5);
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.N7121 NP2NNRN AT |aind v

OuterS$SInner.class n'nian npynNnn v e

NN 219NN XY NP72NNn DY ,N'M1IIN NNN9N Np?2NnNn DX °
OuterS$l.class

47



Cell IMyList 72 mMin

NWIWaN? 721,190 A" NIN NR'WIN 2W NIp2nn 1'Non? ' ©
N'LI9 ,NNIPN NP7NN]1 Cell Nk 1IN21 Cell YW D'"'LION NITYW?
MyList )In2

?N7 IN I'DDD N9 NP7NN DRN °

N'DLO NI'N Cell :NNN NNWAN

IWaNNI ,NNIoN nn'w1? 1172 MyList DXU? 1Mwn Cell AI0ON DXY 72 TR °
1IN XIN N2 NN'YIN DR 11207 DXVUY?

PIMINN NN'WI211QV NIN DX NWYUI NN 7QN °

X7 228 ,mMNX Nn'w1? 01210 NI 2120 (J2mn) 1ann mwan m ntnwun?
Cell DI9'LN DXUN

N'LD Cell :n"MIW NNWARN °
’TIM2AN N2'N2N NIX2wnn NN ©
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N111PN NP2NN DY Nn'eN

NTAIN NI'N? NAMN X7 X'N MyList N2 N'ovo X7 NNipn np?nn Cell DN °
N DXV 72W 2NRIDPNN 10Man 'a 2V V1l Cell A 7w ]2INN DI9'D .NM2XD
D'NNNN MyList

NN'ON NN'YN 1AV DNIXIY 02NN 721,NMNAN A0 NIN VAR NR'wIN NI »
210 ININ? D'aniw

TIPN NN 2N 2p NNy °

721) N'MIVAYN NA'N N'DI9 NP NP72NN 2w DMNYAINITYN NI MUn e
(N7 ;1 navivn Np?2Nn? DWIT N

49



public class MyList<T> {

private class Cell {
private T cont;
private Cell next;

public T cont() { return cont; }
public Cell next() { return next;}

//
}

private Cell head;
private Cell curr;

public MyList(...) { ... }

public boolean atEnd() { return curr == null;

/** @pre l'atEnd() */
public void advance() { curr = curr.next();

//

}

}
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N'LLO NNIPN NP7NN DV NN

12V ,NMNX 12,1022 N2 Narn X0 N'ooo Cell DX ©
private T cont;
INIW NUTIN 72

Cannot make a static reference to the non-static type T

17w 12NN D19'VY MyList 019'bN DXVY? NON'NNA X7 X' ,NLLO Cell DN °
T 7 '00MIp 019'L VAPI X7 NAw MyList <T>np?nn? N7x,IMx vip)

NN IN T ?n%w Maanonmannn,2 0N °

,01IY DINWN 1Y D28 MR 7222W 'An?7 1IX 228 ,N1IN [0 NFNWann my
227221 NI 219V wimwnl
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public class MyList<T> {

private static class Cell<S> {
private S cont;
private Cell<S> next;

public Cell (S cont, Cell<S> next) ({
this.cont = cont;
this.next = next;

public S cont() { return cont; }
public Cell<S> next() { return next;}
//

private Cell<T> head;
private Cell<T> curr;

public MyList(/* ... */) { ... }

public boolean atEnd() { return curr ==

//

null;

}

52



printList () :I'T

public void printList () {
System.out.print("List: ") ;
for (Cell <T> y = head; y '= null; y = y.next())
System.out.print(y.cont() + " ");
System.out.println() ;

VNMANNY NN printList ()

|NT?2" ANW? wiw nb72nn "It =012 NiIa NNwn :n'wa
INK DIPNA? VTN DX 0'9TN? NA"MIVN NNR7n 21X "axnmalgp

NMN'YIN NMARNDR VTN NTNNY - toString 1 win'y ;NN
N1IX1] NTNNNA NYUN NP0 NTNNNA

NNIY ,0'NIN ,NINNI) ND9TN LNIA NN 2NN NNYN WA
qQION? 712! X7 NNIP?N .NT LMIA? NNIP7N DX 2'2N1 (NIYWTN
Cell np7NnNn NXR 1IN N7 17'9N KIN [2W NRXYA NTUTN
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printList () :I'T

NAIYWN 1ITNN? VTI'Y Inwn 't MyList np?nn?w DNy anaNe e
NI7RY MY 7V

’NANMANN NN .1
?0'901) DNA'N NNID ONN .2

public interface Iterator<E>{
E next (),
boolean hasNext() ; |public interface Iterable<E>{
} Iterator<E> iterator();
}

public class MyList<E> implements Iterable<E>{

public Iterator<E> iterator() {// implementation }
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D'2IN1 QOIN NDATN? 772 DNMIA7N

:INW71 collection 0'2IN] N1ANA DNINYWAN DNANN NN D'QT] °

for (Iterator iter = collectid®n.iterator();

}

iter.hasNext( ); ) {

System.out.println(iEﬁ%.next()%y ®

O

O
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D'2I1N1 QOIN NDATN? 772 DNMIAN

INW71 collection D'1IN]1 N1AN] DNINYN DNANN NX O'QT) ©
for (Iterator iter = collection.iterator () ;

iter.hasNext( ); ) {
System.out.println (iter.next()) ;

}

NYNNNY 20NN 0OXY) 12PN 11010 NIPR27 pa07 'RINK 1NXY DIMIN NN °
D'2ININ N12AN N7'NN2 2NNINNN (Iterator pwnn NN

72 NX PIND? NNYARN DX NMNINN?7 pa0N MyList Np7NNnw NX11 0N @
Iterator N7 2IN17 12'2V,NN'w12 DNANRND
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NN MyListIterator

class MyListIterator<S> implements Iterator<S> ({

private Cell<S> curr;

public MyListIterator (Cell<S> cell) {
this.curr = cell;

}

public boolean hasNext () ({
return curr != null;

public S next () ({
S result = curr.getCont() ;
curr = curr.getNext (),
return result;

MyList

head curr

\ 4

\ 4

curr

MyListlterator




N'MININ77 1ILIDIX NPA0N MyList<T>

public class MyList<T> implements Iterable<T> ({
//...
public Iterator<T> iterator() {
return new MylListIterator<T> (head);

}

}

PYINN NN NIwNNN DVl iterator () nTINNN DX NIWRNRNN NIR7NN ©
TA72 ITNTINND 222NN Iterable<T>

NN WNN? 721pn |2 %V .ptTnMyListIterator -IMyList "2 TInXn ©
7V19 NIN 72U QDINN 72 N9 Np2NN0] 11D1D'RN

N12NN 1NN NYUT? 122 Nn'wan MaN 72 2V NI21IVa UXa? 212' NIp2n nua »
N7 'nnan
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printSquares

public void printSquares( Iterable<Integer> ds )
{

for (Iterator<Integer> iter = =, .iterator();

) ds
iter.hasNext();) { /‘ Autounboxing
int i = iter.next();

System.out.println (i*i) ;

} What is the output for:

System.out.println(iter.next () *iter.next()) ;

(NIN'RYUTZ NITIRO 2 nT9N 7V 27 Nnw)

NN AN ITYW NTAIV WNNWN72 122 NN NAXK 'WWIAN NIXR 0'aT NP °

PYINn DY 97NN NI 712" MyList<Integer> LININNN DIQD °
D'2ININ N12N DIA'L 7V AW NKX 17'a8 YT N7 NIp7n 81, Iterable<Integer>
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for/in (foreach)

,NANJIY N2 INW722 021N DIX "M2AN 72 2V 071V9 NNIX NN NUXANY for NN717 ©
(foxr/in) TNIM 112NN NAW7 NNIX 19'0IN Java 5.0 2w TV

:NAN TIN? 21pw DTN Qpwnn Tipn

public void printSquares (MyList<Integer> list) ({
for (int 1 : list)

System.out.println (i*i) ;

22 NINT KNP W
"...1ist DIININ QOINAY int DI19'LN 112X 727" °

Iterable pwinn NN WNN? 2"N 1ist D2ININ 9OIN
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lterator

.0'M%Y 2¥ 1uUn %V TAIVW DIYA 1ILID'N WNN)

NX TN ILIL'RN ,lowerBound |INNN DDN [N2NA = 1IDIV'NN NLN
A7 DY IN D'21TAY DMNAND

1NN

.DMNA'N k n NINa TN 1ILILIRNY N7 212',0M2AR k W MUnNa DX
?lowerBound 7 D'W IN D'21TAN DNAN NI ['NW UTI TN — 200100 P70n

:NAN [9IN] WIN'Y 12 NV 22722 1IDID'NN WINTM NNN

int[] arr ={1,4,7,3,6,2};

lterator<Integer> it = new Mylterator(arr, 2);

while(it.hasNext()){
System.out.printIn(it.next());

}
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public class Mylterator implements Iterator<integer>{
private int[] arr;
private int lowerBound = 0;
private int currPos = 0;
private int lastValidIndex = -1;

public Mylterator(int[] arr, int lowerBound){
this.arr=arr;
this.lowerBound = lowerBound;
for (int i = arr.length-1; i>= 0; i--){
if (arr[i] >= lowerBound){
this.lastValidindex = i;
break;

1}

public boolean hasNext() { return currPos <= lastValidIndex; }

public Integer next() {
while(arr[currPos] < lowerBound){
currPos++;
}
return arr[currPos++];
} int[] arr={1,4,7,3,6,1};
} lterator<Integer> it = new Mylterator(arr, 2);
while(it.hasNext()){

System.out.printin(it.next());

}




public class Mylterator implements Iterator<integer>{
private int[] arr;
private int lowerBound = 0;
private int currPos = 0;
private int lastValidIndex = -1;

public Mylterator(int[] arr, int lowerBound){
this.arr=arr;
this.lowerBound = lowerBound;
for (int i = arr.length-1; i>= 0; i--){

it.arr={1,4,7,3,6,1}
it.lowerBound = 2

if (arr[i] >= lowerBound){ it.currPo.s =0
this.lastValidindex = i; it.lastValidindex = 4
//index of 6

break;

1}

public boolean hasNext() { return currPos <= lastValidIndex; }

public Integer next() {
while(arr[currPos] < lowerBound){
currPos++;
}
return arr[currPos++];
} int[] arr={1,4,7,3,6,1};
} |:> lterator<Integer> it = new Mylterator(arr, 2);
while(it.hasNext()){

System.out.printin(it.next());

}




public class Mylterator implements Iterator<integer>{
private int[] arr;
private int lowerBound = 0;
private int currPos = 0;
private int lastValidIndex = -1;

it.arr={1,4,7,3,6,1}
it.lowerBound =2
it.currPos =0
it.lastValidIndex = 4
//index of 6

|:> public boolean hasNext() { return currPos <= lastValidIndex; }

public Integer next() {
while(arr[currPos] < lowerBound){
currPos++;

}

return arr[currPos++];
} int[] arr={1,4,7,3,6,1};
} lterator<Integer> it = new Mylterator(arr, 2);
while(it.hasNext()){

System.out.printin(it.next());

}



public class Mylterator implements Iterator<integer>{
private int[] arr;
private int lowerBound = 0;
private int currPos = 0;
private int lastValidIndex = -1;

it.arr={1,4,7,3,6,1}
it.lowerBound =2
it.currPos = 2
it.lastValidindex = 4
//index of 6

public boolean hasNext() { return currPos <= lastValidIndex; }

public Integer next() {

while(arr[currPos] < lowerBound){ arr[C arr[1] <2 ???
currPos++,
}
|:> return arr[currPos++]; return arr[1]

} int|]arr=41,4,7,3,6,1};
} lterator<Integer> it = new Mylterator(arr, 2);
while(it.hasNext()){

|:> System.out.printIn(it.next());

}



DANPN ONIV'YUN W2 NN

DWIPN 0N

DN D'INYNA 0'0I19'D NPaon

generics 7y Ty



D'DI9'DL NPON

'DLON DIQ'LN NMINXN 2V MNIIZ N1 ,0MN0N DNPPRA —NMvnn |
Java 10 n 7nn 0"p .Mipn ndnwn v

List<String> cities = List.of("Brussels", "Cardiff",
"Cambridge");

Map<String, Integer> citiesPopulation

= Map.ofEntries(Map.entry("Brussels”, 1 139 000),
Map.entry("Cardiff", 341 000));
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D'DI9'DL NPON

'DLON DIQ'LN NMINXN 2V MNIIZ N1 ,0MN0N DNPPRA —NMvnn |
Java 10 n 7nn 0"p .Mipn ndnwn v

var cities = List.of("Brussels", "Cardiff",
"Cambridge");

var citiesPopulation

= Map.ofEntries(Map.entry("Brussels”, 1 139 000),
Map.entry("Cardiff", 341 000));
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NI722n - 0'OI9'D NPON

Q122 2INNN DIV D"'PY D'INWN 1AV 1 var 2 Wnnwn? N
NINYNN 2V MnXnNn

var 1i;

2'0N7 [N 'Y )2 2NNINRA NITA? )X var D19'DN NINWN
:0I19'DN NN 2INNKNN

var i = null;

(?NN%?) var 019'LDN N'¥PIAIDT7 VN9 VITANT [N X7
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NI722n - 0'OI9'D NPON

NINWNN 7Y 2INNNN '972 yapa oiaon W
var 1lst = new PolarPoint(..); //1lst is of type PolarPoint

M22 10NM97 NAXNA variwnnwn? N x? N

List<var> i = new ArraylList<String>();

INN'MTa 228,022 D'0I19L MAwa var A wnnwn? N o =

var strArrList = new ArraylList<String>();
//strArrList is of type ArraylList<String>

var objArrList = new ArraylList<>();
//objArrList is of type ArraylList<Object>
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Diamond Syntax

Javal'pin Nan2man e

List<String> sArrlList = new ArraylList<>();
22 21pwi
List<String> sArrList = new ArraylList<String>();

TV 2V 1IN (=) NRPWNN ILIAIN 2V 'R TXAY 0,122 019D 7 VAN DNNI'YWA
2'0' NWUN7 172'"anipnt,IT MTtNN Vani2i 1Xp?7 137 "Mwaxn Java .019'dbin 1bma
NYWNN 1IDIAINT 78NWN VAN nn 'a% 019'bn 1LbN19 1V NN



NN NIN?2NN X772 D'WIV NN

11202 WIN'WN N'N Java 2 0'019'D NNNNA YIN'W? NINMWN NIRNAITN NN
(Java 5 0a n'np) 1.5 Java 197 Dnima

,(generics) 077210 0'019'VA WNNWN? N'n [N X7 1.5 Nn0A? TUW [1'an
172 0N N'9730 NpP2NNNN DN DNAXRNY N'1IN7 NIMA90N 'ANIiD IX7X)
Object

7¥) N1I0NN 1IN IWaARNY ,N10NN 112V Np7Nn IX/1 pwan 2in2% DN 2 N1
Generics 2 wIN'w X277 '121,NITNNN 2w n'aonn ,0may

(NTINN X7%) nwnnn np?2nnt ,Nn1onNn? pwan — nnaima



naonn pwin

interface Stack {
public Object top ();
public void push(Object t);
public void pop();
public boolean empty();
public boolean full();



DIYA N10NN wiNn

public class FixedCapacityStack implements Stack{

private Object [] content;
private int capacity;
private int topIndex;

public FixedCapacityStack(int capacity){
content = new Object[capacity];
this.capacity = capacity;
topIndex = -1;

public Object top () {
return content[topIndex];



DIYA NI10NN vinn

public void push(Object t) {
content[++topIndex] = t;

public void pop() {
topIndex--;

public boolean empty() {
return (topIndex < 0);

public boolean full() {
return (topIndex >= capacity - 1) ;



?1'70NN2 NN I'N

NITNNN 7w N1ONN DXNY N1 °
Stack s = new FixedCapacityStack(5);
s.push("hello");
String t1 = s.top(); // compilation error
String t2 = (String) s.top(); //ok

|NJ) DI19'D ININA DN N1I0NN? D'0IIINN DNANN 72W NTH? NNIINAN NINNND °
2w Casting n mnn,(NImnnn

Stack s = new FixedCapacityStack(5);

s.push("hello");

s.push(new Integer(4));

s.push(new PolarPoint(3,2));

String t2 = (String) s.top(); / /compilation ok. Runtime Error !



D'OIQ™L NINLA

NNV D'TANND 1INIR AXM INTA 'YV M N 1avY |ian
D'oI9'vL

|20 222 N2 NIPTA'AUNT DMV 1R = XY 'R 1T INT
n'x?2'anip |nT?

UITN °

171 2192w — 72K 019'D 227 NTI91 NP2NN/PYIn ANK [NN9

NIN'LA N'"'YA NIX DX NTNIQ NawW? 01772170 D'DI9'LN NADIN
TIpPN 2192w N NN DAl D'OI19'DN



(NM22) N2722mM np7nn

DI9'DN A7 YT TAN? 122 TIP2A TN WIN'Y 1WaN? TUI'M 027200 (12210
DXV 7V TDNDON

TNX DIQ'LN NIDN'NN NAWN T 2V UXINN TIN2ATIN win'Y ,n?73n 171
122 MIPNN TDRDON DI'LN NN ATNY? T 'R VX ININNA ;773 NP ,1NN 019107
nnn

ININND NIPTAIY ,NINNNA NIX VIIN? XIN 0772200 T'pan

NYIINN ON' ['21 N772200N [122210 "2 NIXPRIDA'RN 2722 022NN D'MIVN 7aN
(is-a-n on')

N1M22 X271 NN NIKDA |2 NINKRN 1901 W



Generics 1 wnnwnv |INha

Stack<T>"M1n pwInn NIRRT °

interface Stack<T> {
public T top ();
public void push(T t);

ININ NwNNNY FCStack<T> nMaan np2nnin NN @
class FCStack <T> implements Stack <T> {..}
:2wn? , NITNNN 2w nnonn 1" 2213721 ©

Stack <String> vs = new FCStack <String>() ;



D'OI9'™L NINLA

Stack <String> ss = new FCStack <String> (5);
[V]ss.push ("The letter A");

X|ss.push (new Integer(3))
MIstring t = ss.top(); // same as: (String)ss.top()

MNNA TIX TIV |'X N'I0NNA NI721 N2 NI212' DITNNN pw jlinn - e

Stack <Rectangle> sr = new FCStack <Rectangle>(5);

Rectangle rr = new Rectangle(...)
Rectangle rc = new ColoredRectangle(...)
ColoredRectangle cc = new ColoredRectangle(...)

sr.push(rr) ;
sr.push(rc) ;
sr.push(cc) ;



NIV 12"anipny 11D NN?

List names = new ArraylList(); //warning: raw type
names.add("Kyle");

names.add("Eric");

names.add(Boolean.FALSE);

for (Object o : names){
: : . NN'AYN '17'2
String s = (String)o; e
System.out.println(s.toUpperCase()); @ 'x720l7 N1
} Ny Nt X%
//throws ClassCastException
// java.lang.Boolean cannot be cast to Je

List<String> names = new ArraylList<>();
names.add("Kyle");

names.add("Eric");

names.add(Boolean.FALSE); //compilation error!
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(raw types) 0'NX1 0'DI9'D

NIN7NNA YIN'Y AWaN? TIX NN |221,0NIRNA NIIR'A7 Q012 Nn727200 12210 ©
J17720 12 'S W TN DA NIMbNa

Stack <String> vs = new FCStack <String>() ;

Stack raw = new FCStack(), //What about T?

NIN'NNN XYI111 AWNNN? NX78] Java 5 1 nawh 033 0'019'D 2w naoinn °
:DIN N7 NAN TIP? TNYaxny 0'o19'd NJWN MITaN Java ,ni71 AInK?

raw = vs; // ok, for backward compatibiity

Vs = raw; // compiler warning: '"unckecked"“ conversion



(Type Erasure) D'OIQ'D N{P'NA 12221

NT'N2 ,0'NXIN D0'019'L D1'N FCStack<String> -1 FCStack ,ani72
NnN'ion

1NX?) Java 5 n 2Nn Java 7w 0'019'DN NN [IIDN 2V DN T @
D'22N 0'019'DA 719'DNI (NAW? 0'M2AN D'DI9'DN NADIN

(Type Erasure) D'OI19'DN NP'NA (12220 X1P2 DT[N0 °



?TAIV NT 'N

np2nn? FCStack<Something> ni%?2amn nip?nnn 22 nx nann A72"anipn
FCStack<Object> np?nn? nnnin nwun?w (N77210 87) 7220 NNN

UX1?7 NIN 2V nNnRn Tip? Qroim 1%2"anipn ,Nn%72im np?nni wnnwny Tipa
String Ywn? ,'a1xaon 019'07 Object-n Ninwn

:ClassCastError 2u urTin X7 D21V71 N'2X¥N T'NN MNNnY XTHN 121anipn
String t = (String) s.top();

1 'WIN'Y RIN X' 12Manipne Tipnn pnna (T) 97221mn o1aon ,nima
(erasure) Np'nn X121 720NN ;N'X2'901p P12 D'DI9'L NIA'PN NIP'TA?



DIOIQ'LN NP'NN 13211

public class Gen<T> {
T t;
Gen<T> gen;

NpP7NNN NMTANA 2901,72 0TIp
.Gen
722N DI9'DN NX7'anNIp N1
J1"2VUn 21222 97NN

public Gen(T t) {
this.t = t;

} NINT 1'TA ?[1"2U0 21220 1NN
2121 ITNNAITA ,Jwnna

public T getT() { NANK J'I¥ K7 D, Object

return t; 220 019'VN NNTaN
}
public void setT(T t) {
this.t = t;
} public static void main(String[] args){
} Gen<String> b = new Gen<>("abc");

String item = b.getT();




D'OIQ'VN NP'NA |13211

public class Gen<T> { public class Gen {

T t; Object t;

Gen<T> gen; Gen gen;

public Gen(T t) { public Gen(Object t) {
this.t = t; this.t = t;

} }

public T getT() { public Object getT() {
return t; return t;

} }

public void setT(T t) { public void setT(Object t) {
this.t = t; this.t =

} }

N'X7'9n17 INKRI 197 Np7nnn DTN
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D'OIQ'VN NP'NA |13211

public static void main(String[] args){
Gen<String> b = new Gen<>("abc");
String item = b.getT();

public static void main(String[] args){
Gen b = new Gen("abc");

String item = (String)b.getT();

N'X21901pPN MNKRI 197 NN NP7NNA WIN'Y nwIvY TIipn
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DIOIQ'LN NP'NN 13211

public class Gen<T> {
T t;
Gen<T> gen;

public Gen(T t) {

this.t = t;

}

public T getT() {
return t;

}

public void setT(T t) {

this.t = t;
}

TN nion"Nn

public class SGen extends Gen<String> {
public SGen(String t) {
super(t);
}

public void setT(String t) {
System.out.println(t);
super.setT(t);

n'X219nip 1297 Nipnn TIipn
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DIOIQ'LN NP'NN 13211

public class Gen { TN nion'inn
Object t; public class SGen extends Gen{
Gen gen; public SGen(String t) {
super(t);
public Gen(Object t) { }
this.t = t;
} public void setT(String t)
System.out.println(t);
public Object getT() { super.setT(t);
return t;
}
public void setT(Object t)
This.t = T, i
} setT nx noTN? SGen 7w setT

} .Gen v
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DIOIQ'LN NP'NN 13211

public class Gen { WA NN N 219NN
ngeCt F; public class SGen extends Gen{
en gen; public SGen(String t) {
public Gen(Object t) { } super(t);
this.t = t;
} public void setT(Object t) {
public Object getT() { } setT((String)t);
return t;
} public void setT(String t) {
public void setT(Object t) { zﬁ:zimézziiig?ntln(t);
this.t = t; ) ?
}
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is-a ON'l N772nN

Stack <String> ts = new FCStack <String> (5);
Stack <Object> to = new FCStack <Object> (5);
[®] to = ts;
ts.push("The letter A");
X| ts.push (new Integer(3)):;
] to.push(new Integer(3)):;

FCStack<Object> w0 N'N FCStack<String> :njpon -
[121 22N "2'D'NIDINR N7 T @



Covariance

'PIN N'N NNAN NNYNNY D2NIN Java 72w DIwRIN 0mn e

String [] strArr
Object [] objArr

new String[5];
strArr;

(is-a on' Object DV Nn''pn String ¥ X'n N2'0N)

T8 P DI19'DN NINWN? Dwin NifM? 212' C 019'DN TV DX :D'2VN 1AV NI
P[ ] o19'vn nanwn 1IN? owin nirn? 212 C[ ] o1a'on My

Convariant on 0'2WN :Covariance NRI IT NN

Tun? viaxn objArr 1122 NN'ANN N2'NaN NpIN 20 nnwnn 12217 N
AOXN NTNINAY? DN 1A DY WIN'Y [271,NITNNN 7Y

objArr[0]

new Integer(12); // throws ArrayStoreException



i

Covariance vs. Invariance

X7V NN NX72nnnt,nawn 2w misfeature 2 avna 0'avn 72w Covariance
WTN TIp D'ANIDWI 12 WNNWn?

NAN TIPN DNN,1N172 2022 D'019'D 112V DA N22pNN NNIT NIRNINN DRN
n'X7'9nip 11aY!

FCStack <Object> to = new FCStack <String> (5);

Inx?1anip 11av X7
FCStack< Object >0V is-a DN'D"PN 1I'N FCStack< String >

Invariant DN D022 D'0I9'D :Invariance MR IT NAIDN



D'"NYN NIN 21220

MLNIAN DIQDN YAI' NINAY PWINN I NP2NNRN 2W DWW RIN [1'70 2122

M22N DI9'LNN DMXY 72V N71V9 72 uX¥27 N1 X7 Object NN [1'72UN 21220 TWND
NN |1'7V 2122 P07 N M2 019D MTANA,|2 7V

(Object 772 11T12) "1*2vn 2122"2 92NN 0I19'DN VN9 ,N1 DIV WIN'YA 27 IN'Y

X77 [I'7V 2122 ININ2 DTAIN D'MN'WA NN220 NR70N0N 922 WNNYN? 1WaNn 121N
NN IN

public class SortedSetImplementation<T extends Comparable> {

T eleml = ...

T elem2 = ...

eleml.compareTo( elem?2) ....

expectComparable(elem1l); //eleml is indeed Comparable

}



nirntin

qIT I'N DX AT, NR'NNAN [122210 NIVXNANI NYWNAIMN 07730 NlIRAaY 7722
0I19'LN 1VNA?

' FCStack<String> DI9'DN DXV |2 ['NANT TWAK 'K XM AT ,11172
NNINN DNIWW X1 DX N1 ,019011 , FCStack<Integer> DI19'LN Exu
np7Nn

D'NXV 7w ninnn 2V ,(instanceo£f) np?nn? nia"w np'1a %V v'awn 0t
static Dnionn NITw 2v1,0'%972N

:IN172,019'D 1VMA '3 7V X127 XNP? NNWAaN Vain Nt
<T> void m(T x) { Ty =new T(); ...} // illegal

..nTN NN TIV W



...72YnN%

WTNN NN (IXINN 7W NI DDA 1IIRXAY) NAN TIPN DK 1987 1% @

public static void printList(List list) {
for(int i=0, n=list.size(); 1 < n; i++) {
if (1% 2 ==0) {
System.out.println(list.get(1));
}

} :7721N0 D19'D? List NN NIV N'X7'901)p NNNTRA VINMN7 'T] °

public static void printList(List<Object> list) {
for(int i=0, n=list.size(); 1 < n; i++) {
if (i %2 ==20) {
System.out.println(list.get(1));
}

) List<String> NNW7 1'aun? [N X7 ,21L X7 °



DPIA

(? - 78w |N'0) Wplfaawnnwa e
public static void printList(List<?> list) {
for(int i=0, n=list.size(); i < n; i++) {
if (1% 2 ==0) {
Object obj = list.get(i);
System.out.println(obj);



DPIA

N2 ,]1I'2V DON 907 W' NR'WIN NAN 72U NI'A'XA0 NI71IVa U¥A? 7011w 7] °
:NNwa

public static double sumPerimiters(List<? extends IShape> list) {
double total = 0.0;
for(IShape n : list)
total += n.perimeter();
return total;

7712 ,IShape NN 2'MNn 019'd KRIN list 7w N1an D19'DN MDD NIVAWN °
.]2In2 Inxv IShape

JIANN? TNIM 'ANN INT.0'PWIN 112V D) extends 2 wIN'W? 17 In'w °
List<IShape> shapes = ... nntvavin'y e
List<Circle> circles = ...

List<Triangle> triangles = ...

double shapesPerimeterSum = sumPerimiters(shapes);
double circlesPerimeterSum = sumPerimiters(circles);
double trianglesPerimeterSum = sumPerimiters(triangles);



DPIA

0INNN7 OMNOoN DA YWt

public static boolean addItem(List<? super ColoredRectangle> 1st,
ColoredRectangle item) {
return lst.add(item);

}
019'D IN ColoredRectangle NI list nn'wN 2w M2an 019D NIVNWNN ©
.2'Mn ColoredRectangle INinw
NN vin'y e
List<ColoredRectangle> cRectangles=...;
List<Rectangle> rectangles=...;
List<Object> objects=...;
ColoredRectangle cRect=...;

addItem(cRectangles, cRect);
addItem(rectangles, cRect);
addItem(objects, cRect);



super vs. extends

List<T super MyClass>

. I : . |

MyClass

List<T extends MyClass>
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public class Test{
public static void main(String[] args){
List<Integer> intlLst = Arrays.asList(1,2,3);
List<String> strLst = Arrays.asList("a", "b", "c");
int firstInt = getFirstItem(intlLst);

X . ) 720 getFirstItem ninwn
String firstStr = getFirstItem(strLst);

<T>mnwma
} vlp' 22N 1bman 7w 121y

,72N7% NN naRNpn Nnta
List<String> nwiwNa

/>I<
201 T %Y 1075 ,70m9)
" . .
*/@pre list.size() > © String

public static <T> T getFirstItem(List<T> list){
return list.get(0);

}
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Public static <T> void f1(List<T> 11, List<T> 12) { }

Public static void f2(List<?> 11, List<?> 12) {}

public static void main(String[] args) {
List<String> 11 = null;
List<Integer> 12 = null;

X| f1(11, 12);

M f2(11, 12);
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public class MyType<E>{

class Inner{}
static class Nested{}

public static void main(String[] args) {
MyType mt; //warning: MyType 1is a raw type
MyType.Inner inn; //warning: MyType.Inner is a raw type
MyType.Nested nest; //no warning, not a parametrized type
MyType<Object> mtl; //no warning
MyType<?> mt2; //no warning, ? is OK for a type
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<Object> n niIw Raw

public static void main(String[] args){
List<String> strLst = new ArraylList<>();
for'_ (_S-:cFi_n-g;I s: strLst) {
System.out.println(s);

}
}

public static void appendNewObject(List<Object> 1st){
lst.add(new Object());

}

NN appendNewObject n'xpalon ox MiIp NN NN
?N1 List n%apn

106



<Object>n nmiIw Raw

public static void main(String[] args){
List<String> strLst = new ArraylList<>();
appendNewObject(strLst); //succeeds!
ey fOr (String s: strlst) {
System.out.println(s);

}
}

public static void appendNewObject(List 1lst){
lst.add(new Object());

}

.29npnn N Tipn ,Na List n7apn nnt appendNewObiject nixpaian ox
nMiIwn v ClassCastException Aalon NxM [NTNNAY N72pNN AN 22N
01210 7aN String 019'D7 NN'WI2 12K 22 1'NNY N0IN NK?170 12 ,YyNA NINIONN
.Object n1a'bn oxv naMy
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(wildcard) <?>n niiw Raw

public static void main(String[] args){
List<String> strLst = new ArraylList<>();
appendNewObject(strLst); //this is fine

}
public static void appendNewObject(List<?> 1lst){

Ist.add(new Object()); //compilation error!
}

qQ'0IN? [N NM'Y 1N X2 NTY |A1N]
7w nn'wn? Object oi19'on Dxv
7120 AT DK VIIN% 1YL, [27 011NN
NX21901pn A7wa
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public static void printCollection(Collection<?> c){
for (Object o: c){
System.out.println(o);

}

qOIN 72 printCollection n'¥pia? niws N1

0I19'DN NN DN7 1"'W721 ¢ 1NN D'LIN7XR? NwA? N printCollectionma
.Object ovon

Collection<?> ¢ = new ArraylList<>();
c.add(new Object()); // Compile time error

109



generics DIQ'O

TIp 792W7 122 NINNNN YVIn'™M7? 1wann n?22nn 122an ©

N7 17"9nipn OKX,pI'TIN'Y) ORI D'OI19'D 1 'KW1 NIWII9N NNNN 1 |'RY TIp ©
(type safe) 0'019'L N2'NAN NILA NIN (D1 0'OI9'LA YIN'WN 1227 1NN

N'X21901PN |NT? NNAVIA NIP'TAN NXM AT NN VINIL W' K2 DT TIp °

N70 NIXPNIDIRN 2722 D'OI9'D 2V NINNXN 12010 N7722nawin'win ©
is-a-n ON' |'al 02721 D'OI9'D |'2 N'A'D'NIDAN

(...]212 2V 1202 T X7 TIVI) NIMATIN 190N 7210 nHR22 NI77200 2w winmn e

7w 4 P91 NINDT? N1 KW (NalL,mavn) 9ipn T
By David Flanagan Java in a Nutshell, 8th Edition
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