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class IntCell

public class IntCell {

private int cont;
private IntCell next;

public IntCell(int cont, IntCell next) {
this.cont = cont;
this.next = next;

¥

public int cont() {
return cont;
}
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:Scheme nown cons man? aiax IntCell mann =
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cdri7 ik next() =
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class IntCell

|
public IntCell next() {
return next;

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

- - - - [ axnm o ATy Nnwn
public void printList() { IntCell o1o'0n Xin
s

System.out.print(List:

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

y = y-nextQ))

System.out.printin();
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List: 5
List: 3 5
List: 325
List: 5

?NITANN %W IX 201N 7¢ W17 N12n XD 'R =

CharCell ix StringCell 12> nwTn np7nn ny' =
IntCell 2 nn"En npa?7nn NN 795wn

Cell paman oiv'on Int 019'0N NVYWSNA NIX W' B

210 72 oy 1ay? Cell o19'on nx 7"a? oxn n'n =W
D'oIo'uN
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NI T2 YIXA? np'inn
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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(Q);

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

y.printList();

} Java nowa 1 ndm
22K N NU'OIANIK
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C++ nidnn Nowa DA D7 NIT [I'vY B
1
template) nan ir MmN NK17 C++21 =
I

TN JWUNN2 .VIYSON MIPNN DX 71 X1 YD B
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IntCell np'7nnn 7w n77n — nwKkY kNAIT =
75w 73, T "uNn1o 019'UN MDINY XN AIX™Y
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(n'12) 0775 D'NNYI NI NN

I
MTan NMwonn NIk (5.0 oa nxa) 1.5 xonan nn =
(Generics) 0™ 0'MNYI NN NIR7NN

AN IR TAXR [Y¥NY N2 019'0 N TAn M npnn. =
.0'w71wn 010 JMa (type variables) o19'v anwn
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Cell <T>

public T cont() {
return cont;
}

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

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

Java nowa 1ndm
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Cell <T>

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

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

Java nowa 1ndm
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Cell <T> xinmmwoioon =

ATNIN 0I9'0 731,17 NINWN ,N0N19 ,nTY 72 7w o1o'un
Taqe Int anw nnw v

ATNIN 0I9'0 721,17 NINWN ,N0N19 ,nTY 72 7w o19'un
Cell<T>aqunr Cell anw nnw 7w
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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.printin();
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qnI75 ,A™M5A 0190 NI'N7 2N 'VIAIFZN 019'UN W
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190N NIN DDINY D'RN 7wn? VX' orxN oy =
Cell <int>amd7n1ax%7,0%w
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(wrapper type)
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Cell <Integer> :xnaT? =
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Boxing and Unboxing

D'RNNN 'R127 ARAR Y (boxing) 17w quivn 019'07 11'UM9 019' DN N W

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

win'y "y (unboxing) D'XNNN '2'0'NMI9N 019'07 QUIY 019'0 DAN7 [N W
niMRNNN xxxValue nimnna

Float rf = new Float(3.0);
float pf = rf.floatvalue();
1y qQuivn 019'07 '2'0'N"MD 0190 ['2 "ONIVIX MYN NYONN 1.5 nux | |

Integer i = 0;// autoboxing

intn=1i; // autounboxing
if(n==1) // true
i+t // i==1

System.out.printIn(i+n); // 1
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(wrappers) n'sviy D'oI9'v

|
I0'RNN NM190 019'0 NIIX'AQ D)7 2A'U'MND 0190 N .

quivn double -7, Float quivn float -7 =
‘D1 Double

char -1, Integer 7 o'xnnn int 91T 'Rx* =
Character -7 o'xnnn

(immutable) owaipn ooV D'oP'ON 7D B
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D2 (AVND AT NINYN ,NTY) NINYN ¥ Tan? N1 =
Cell <Cell <Integer>> oiv'vnn

?nTnold'vN A N =

M7INNN DY NnXN Y XnaT |
Cell <Cell <Integer> > q =
new Cell <Cell <Integer>>
(new Cell<Integer> (8,null), null);
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MA 019'V] YWIN'YYT ANThA

apt? naax kv, Cell <T>anunnwnw np7nn nxa =
: IntCell 2 nwnnunw

public class TestGen {

public static void main(String[] args) {
Cell <Integer> x null;
Cell <Integer> y new Cell<Integer>(5,Xx);
y.printList(Q);
Cell<Integer> z = new Cell <Integer>(3.,y):;
z_printListQ;
z_setNext(new Cell <Integer>(2,y)):;
z_printListQ;
y.printList(Q);

Java nowa 1 ndm
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MyList<T> -7 IR 2Np
p

public class MyList <T> { List x1 MyList nxaj ngznnn

| a1 N1 7a%m X
nmvonn java.util._List
public MyList (Cell <T> head) { Java "w n'oamoon
this.head = head;

| private Cell <T> head;

]

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

public void printList() {
System.out.print(“List: ");
for (Cell <T> y = head; y != null; y = y.next())
System.out.print(y.cont() + " ");
System.out.printinQ;

Java nowa 1ndm
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? Cell<T> nnx

EE—
2nvipn NM'wn axtn nnxa CelI<T>oxn =

nowa v Java 1 07IR 2 X' Mwnn Schemenowa =
D'0I19'0 NLWONY? INI' DIV D'YXNX

XN XD — i ik Cell =
0'019'0D KNI AN'WA NNI'YIN TW DX R0AT (X)) N =

|n'7W NUWYONN NNI7 NIN'RNAN NRDN DY N9

v may'nn MyLIst<T> agnnn nxaxa =
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nw aNp - MyList <T>

public class MyList <T> {

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

public MyList <T> (T ... elements) {
this.head = null;
for (int i = elements.length-1; i >= 0; i--) {
head = new Cell<T>(elements[i], head);
ks

curr = head;

3

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

3

/** @pre lateEnd() */
public void advance() {
curr = curr.next();

b

vin'mn ninon

N
NIZ7nN INoINI 7Y N9 AN P70 N7 AR YN winm- =

nP7NNN DX D2 N7 0N MyList ng7nnn ning'? yymn winma =

Cell

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

Cell <Integer> x
Cell <Integer>y
Cell <Integer> z

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

MYIZN NN'Y1 NOWSMA YAID 12Th B
nN'wa7 wimmn NX 9*7nn? MyList 790 n¥1' Tnya bx ,7wn? =
N-IT
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MyList <T>

—
orp? yvim 'k (MyList <T>) nn'wan nig? ny> =
:CelI<T> atvn np'nn

MyList <Integer> | = new MyList <Integer>(3,5);
I.printListQ);

1.advance(Q);

1 .addNext(4);

I.printListQ);
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qwnn - MyList <T>

T——— =
;/)ubl i’;'_f, ézsizg(z / N3N KNA DK VTN 1K DAY

return curr.cont(); NN 7w PN Nx K7x (Cell o1910)
} (T) 'nonn

/** @pre lateEnd() */

public void addNext(T elem) {
Cell<T> temp = new Cell<T>(elem, curr.next());
curr.setNext(temp);

b

public void printList() {
System.out.print(“List: ");
for (Cell <T> y = head; y != null;
System.out.print(y.cont() +
System.out.printinQ;

= y.next())

y
)N

TINYN N7U9N NXXIN DX 0'9 T
Java nowa 1 Wy.cont() 2 T o19'un 7w toString

29K 70 NI

o'"'u1'N D'on

N
(D',UIX'J ,nr/lmn) NI'01A7X NIND AR N2I'YY N NIVIYS -'Rnwn ®
/** @pre lateEnd() */ A YA NN won? non W
public void addHere(T elem) {
addNext(elem);
[] eerip- eexEQ - 6QRE TRt scOnt()

[%] curr.cont = elenm;

1

2nnnm X cont NTYUN YW NIXN YW NIr0N9N NWNT AT NNpna Ik .
NPT NIN DTV 79 NIKNMN D770 &
w2 MyLIst <T>%w 2ty ng'inn x'n CelI<T> apnnn ,p7ixi =
0"0I9N NMITY? MyList <T> -7 niann nwa nikwan [Nn? npen
Cell<T> 7w

wIN'wn 1IX? D k7 N N setCont() ntmnn Cell 7 anfn 702 =
N7 WOX? NIV YIE'YN NN L RNN TN NN NWIVY 9NN
T NTY? M nwa

MyList <T>

I
nX 9'omn nNw — addHere(T X) nnNwn NX wnnl 'R &

Elnn-wn NN DIPNN 197 X 12NN

-I :i_; I (]Pm% xnarT 77 DN D'190NN) =

head curr

nyaxnn nx nnw? 01y nx addNext() nnwnn niva =
NIY2A NNd VA7 N1 D DYY .CUFT KNY?

CUrr 7y qon prev 7w npitnn 'K nwna =

'N2IIN 197 TNX DIZNN TV NN'WAN N7’NNN YN (2 nwra =
(curr 7 xn D " next() nxuwn "y)

- El D'XNN DN NO7NN2'A nwa =
N S

4

head curr Java nowa 1 mdm
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(nmizn) nirmae niNn
Inner (Nested) Classes

Java 2 n'm'u1'x n'on’

S

NN WNNWN7 19K n72n nnixa MyList 1 Cell ox =
W7 X'D D2 72N 072N NONKR NEnn 73 72K — n'7an
Cell 7w 0780 D'0"M97

NNX NNTaN "y Java 2 Niy'7nn 2 Arn'orR 11N N =
NINKN NP7NNN 7 N1 AE'7nnd Ninnn

|2 Xvann Java NSy NANN N1an [ N9 Nipnn =
N'N'0IR NNON INYUN

NI NRAT 7Y " B

019'0N DYY NI .AFYNNA NNMA XD Java a NI NN .
INIXN INX D¥Y 7¥ D09 NITY7 DA NWAT 7100 1Inw'7D
oI9'0N
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NP7NNNE NTMI90 NR7NNN 2 ON' 2V NTNIN M9 N7nn M B
MOLIVN

NIIX'NN NF7NNN 70 WPnd 71 NIvAwn W' nion npginn? - =
N1IIX'NN NF7NNN DY N''01'R NNDA W' o Agnn? - =
TIIX'NN NP7NN 70 TV NR7Nn XD NIon npnnn =

Inner Classes

EE—
DINN2 NMTAINY NP'7NN X' N1 ngnn &
NINX N77nn 7w (0v70710n0 |2 — Scope)

NI =
public class House {
MINDAT W . A
Iterator -1 Collection = private String address;
Brain-iBody = public class Room { I
Cell - List 1’00712 DNTamn 01iM 2an = private double width; 1% winw
private double height; 7¢ nTY N1'k Room
} House nj'7nnn
3
Java nowa 1mdin Java nowa 1mdin
21X 7N NV'0NIIK 212X 7N NV'0NIIK
| |

public class House {
private String address;
public class Room {
// hidden reference to a House
private double width;
private double height;
public String toString(){

return "Room inside: " + address;

} Java nowa 1 oM
21X 71 nU'eIAIX

X N9 apnna o19'un DXy 7w yoin 7> Javaa =
NOVIYN N'7NNN 019'vN DXYY 1'IYN NifaY

nphwn =
127 TR nann =
XMWY 090 NTY W' N'N'I9N NE7NnN 0I9'on DXV7  ®
NOVIVN NP7NNNN DXY? N'ONIVIR
17'9%) D'NNYY NWA N'N190 N7NN7 W' 1dn NRxIMD - =
novn np7nnn 7w (Inrv1o
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AWPNA NI DXV TR IM9N Nj77NNnn 019'on
XN DxYN 7Y
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Inner Classes

public class House { Height of House

private String address;
private double height; Height of Room
public class Room {
// hidden reference to a House
private double height; Height of Room
public String toStringQ{ S € tils Egit
return "Room height: " + height

+ " House height: " + House.this.height;

} Java nowa 1ndm
22K N NU'OIAIIK




NZ7NNN My X7W yoin Nyt
NIIN'NN

public class Test {
public static void main(String[] args){
House h = new House();

House.Room r = h.new Room(Q);

outerObject.new InnerClassName

Java nowa 1ndm
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NIIX'NN NP7NNAN 'Y YyoIn Ny

T
public class House {
private String address;
public void test() {
Room r = new Room();
System.out.printin( r );

public class Room {

} Java nowa 1 ndm
22K N NU'OIANIK

public class House { Enorthmroo%

private String address; is not related to

R = any house
ublic|s class Room
P € )

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

3 Not related to
} any house

public class Test {
public static void main(String[] ar(s){

House.Room r = new House.Room();

new OuterClassName. InnerClassName

29K 70 NV

Static Nested Classes

S
NNV ["¥7 DAl static > e AP YMn? . =
N50IWN NP7NNAN 7W 010N Yo7 MIYR NI'R

N'nl static > NTan N'MNY DY np7nn? a7k AT B
nn‘ion NZ7Nn 1Y 21903 Nwnwn

friend on' nnTan 'y awm nton' C++ nowa =
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NI'"1S NiIp7nn 7y nan
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o 'vN ,(public MYTAM NI'R) NN NI'K NMION NPNNN DR B
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public class Outer .. {
private static class Inner implements Somel

public static Somel getlnner() {
return new Inner Q;

}

Somel i = new Outer.lInner(); //error
Somel i = Outer.getlnner(); // ok

Java nowa 1ndm
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|
public class Test {

public void test (int x) {
final int y = x+3;
class Info {
public String toString(){

return “**7 4y 4 xR

¥
System.out.printin( new Info(Q));

} Java mowa 1mdmn
22K N NU'OIAIIK

nimipn Nipnn

public class Test {

public void test () {
class Info {
private int x;
public Info(int x) {this.x=x;}
public String toString() {

return “x* o4 x 4 SRR o

3
Info infl = new Info(0);
System.out.printIn(infl);

NIMn9 Ninn 7w mn

S
npP'7Nn .np'7nn 73 1y class yaip axr (W71onip) 17 Tann =
N7 NE7nnn N7 QM2 NIY NrR N'as

Outer$lnner.class n'n' n'1a9n npnnn oy =

IXI'W NP7NNN OW ,N'MAINX N'N190 NN ox E
Outer$l.class n'n* V7"onipn
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NI'7NNn 1107 [N NIMe Nignn nrya =
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NININ NI>YNA TIRN NI'YIN'Y NIMIIAXR DI7nn =
oipn wnna 171 (GUI j12d) owinx
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Cell 1 MyList 7 natn
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QM1 ,M190 AIX'N DX NN'YAN 7Y NIRan nony ' =
MyList 712 n'v1o ,nnpn np'7nnd Cell nx

?X7 IXN N'VVO NS NF7NN DRN &

n'wovo nIx Cell :nnx NNwox =

nn'wa? 117> MyList nxy'? y1wn Cell aion pxy ‘D 8 =
.U'oin KIN N2 NMN'YIN DX 107 DXY7 WWONNT ,NN'IoN

?NINK NN'WAYT 1Y KIN DX DYY1 NN 7aK =
o1IN NI 713* (PINN) NaRN IMYOR M7 NT nwyn? =
Cell o19'on Dxyn X7 728 ,NINX Nn'w?
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QY ,NINK D NN DAY natn X0 novo Cellox =
private T cont;

NNAY TN 7272

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

,MyList o19'on nxy7 non"nn X7 x'n ,n'wvo Cellox H =
MyList <T> npE7nn? K78 ,INN'¥2 YIP1 179 12NN 019'VY
T 7 '07j217 019'0 Y271 K7 MY

2N I T ?n%79 N1an onon nn ,p ox B
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public class MyList <T> { private Cell head;
private Cell curr;

private class Cell {
private T cont; public MyLis! !’ ! —

private Cell next;

public T cont() { public boolean atEnd(){
return cont; return curr == null;
} }
public Cell next() { [** @pre latEnd() */
return next; public void advance() {
} curr = curr.next();
}

Java nowill mdm
22K 0 nofonan

printList() i1
|

ymnnvu N printList() =

InT?" ANY? 'y nu7nn T —on? IS NNwn ;a'ya =
N7 YyTMN DX 0'9TNY7 ["M1Iyn NIF7n "Ik "nnarop
ANR

MR DR VTR AT NNY — toStringawmy jnnoe =
121X NTNNN2 NYY' NIF701 NTNNND AN

,0°'NIN ,NNNID) NO9TN UMD NXATON NNYN (d'ya =
71>' X7 NIP7n .NT VNII9Y? NI NR 72201 (NIYTN NNV

NP7NNN DX 1N K7 17'9X KIN DY INXY2 0T YT'N 9I0K7
Cell

private Cell <T> head;
private Cell <T> curr;
public MyList (...) {

public class MyList <T>{
private static class
Cell<S> {

}
public boolean atEnd(){

return curr == null;

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;

[** @pre latEnd() */
public void advance() {
curr = curr.next();

}
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22K N NU'OIAIIK 1 22K N NUOIAIK

(?77110 ?|¥X ?77TI0) N100R

—
D2IN1 NN 7V 12YNn 7 NLVYWON NKIN NIVIVK B
Ny

NYT7 W' ,017IN1 N1an 72V 2w aiyo yxa? o .
AXI' NID TYD

NIYONN D1ININ N12N7 V0K NTY W B

X 107 X K77 DM N1an N0 wnnwn?
17¥ M50 N1ann

a Y D'lIN D'P'ThnN D11N) 12N Y 2V NNTDATA W

- Java nowa 1ndm

29K 70 NV

I terator Design Pattern
|

N'12N) [1D'NN NN WIn'Y MY IT 'Y Ino1 =
Iterator (Qix'y

%' KIN X7X NNDNA NOWN 770 11 lterator =
2¥"7 MYONNY NMINON NRY'Y[7 ,|I'V] 09011
1775 021N N1AN NP0 IV NI

(C++, Java, C#) n'nxy Nniinin NdN NIdwa =
N"M5021 0I19'VD D"'YIN'Y DMIVIV'N D'wNINN
n'vITIVON
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public class MyList<T> {

public void printList(Q) {
System.out.print(‘Letters : ");

for (Cell<T> y = head; y != null ; y = y.getNext()) {

:]::; System.out.print(y.getCont() + " "),
i
i
o mnun oy

[ prings 337 12vn) Mwn

T R TV DY (Njﬁ

; i
} nuLa oxNn ]l]’l]'7 ArynMnYn

mxy

lal 4= [e[ f=[el4-[d[ f=[e] 4 [ [+
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char[] letters = {"a","b","c","d","e","f"};

void printLettersQ) { ma nva
System.out.print("Letters: "); Ao
Y i -P ° i mxy[imy

for (int i=0 ; i < letters.le.gth ; i++) {
System.out.print(letters[i] + " ");

Sys: 2m.out.printinQ;
TN
mnun T MNUN oI
ATy AU DRN 22K 22YN) YN
2INNRI Java nowa 1Nl (xan

29K 70 NV
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I Tann (interface) pwan pxya XN M0 =
7w 2N [IIan Y¥a7 N1 [DNTYaY NIrmor Niz7ys
0'90IX 7V NI7IYD

4 17y yxa%7 [N DX [terator X 019'0 Javal =
NI7IYo
(hasNext()) nu7a oxn nj*1a =
(next)) oI =
(next()) nxy M7 nua =
rxeIx — (remove ()) 1M 7w non =
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for (Iterator iter = collection.iterator();
iter_hasNext( ); ) {
System.out.printin(iter.next()):

nrva v
||n:|‘7 ATYN-MNYn
} NANNART miTp

DXVY) 177'N VO NIPY7 7907 'RINK INXY D2IMNIN N1an B

nnixnn (Iterator pwnn NX NYNNNY nE7nnn
021NN N12N N7'NN7

NN N'NINE?7? 790N MyList np?nnnw nx11 0ox =

QAUND7 N7 ONAKRD 7D IR 7N07 NNWORN
A T Iterator
NN YA DX
any Java nowa 1ndm
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INIX

:(Eiffel Ix c++) nnnx niswa =
[IM7 NY'ANI TYN NINWNA DIT'P A NTI9N W' =
1IN DA 1) NVIOR NN 77 nrR remove() =
(om0
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N'NINE?7 00K Npoon MyList<T>

|
public class MyList<T> implements Iterable<T> {
/7. ..
public Iterator<T> iterator() {
return new MyListlterator<T>(head);
}

}

X Niwnnn Dxya iterator() nTMNN DX NIYNNNN Nignn =
Ta72 1 nTmn 7onn Tterable<T> puin

X wnn? 7210 p  .ptn MyListlterator - MyList o Tmyn =
V19 NIN 7YY QOINN 7Y NI NP'7NNd NI0I0'RN

NN NN NYT7 72 NN MK D W N7 yxa? 7 nigin nyd =
n7w m1on
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nn MyListlterator

class MyListlterator<S> implements Iterator<S> {

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

3

public boolean hasNext() {
return curr 1= null;
¥

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

¥

public void remove() {} 7/ must be implemented

private Cell<S> curr;

Java nowa 1 ndm
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for/in (foreach)

N2 INY'7 DI 90IX MK 72 7V D79 NNIR NX nw¥anw for nx717 =
(for/in) Tnim 1anm now7? nnix 19'01n Java 5.0 2w T ,nnow

XAN TR P DTIpn Qpwnn Tign =
public void printSquares(MyList<Integer> list) {
for (int i : list)
System.out.printIn(i*i);

P DNT RN W W
"...list 01NN qoixaw Int o1o'vn 1 1Ak N7 =

Iterable pwinn NX wnn? 2n list D2MIn qOIX &
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printSquares

—
public void printSquares( lterable<Integer> ds ) {

for (lterator<iInteger> iter = ds.iterator();
iter.hasNext();) { .
int i = iter.next(); Autounboxing
System.out.printIn(i*i);
} 3 Whatis the output for:

System.out: printin(Citer.next()*iter_next());
(MININYY NITIRD 12 DTION 7Y 7 1nw)

'y DX ITY NTaa YNNWN? 21 NNn'Yan MIaX 'WIA NX 0'9Tn n|,7'7n [ ]

7Umn owa 92nm nirat? 721> MyList<Integer> vmixn oiv'v =
N12N 019'0 7w W NX 179K YT K7 NIR7n Tr1, terable<Integer>
DaImn
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for/in (foreach)

—
:Iterable oi9'v> Danann 0N D 'R B

int[] arr = {6,5,4,3,2,1};
for (int i1 : arr) {

System.out.printIn(i*i);
}

'wim'wn 01 nva for/in manm jmwmy =
IIVIVRN
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