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class IntCell

T ——
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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class IntCell

public IntCell next() {
return next;

}

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

}

- - . _ NX7170 7w TYN nIanwn
pUbllC void prlntLlSt() { IntCell 0I19'UNn NIN

System.out.print("List: ");

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() ;

} Java noswa 1 NN
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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;
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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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quIvn double -7, Float quivn float -7 =
'DI Double

char -1, Integer 7 D'KNNN int |9IT'RYI' =
Character -7 o'xnnn

(immutable) o'vaipn o'90I1yn D'o19'0N 7D =

"NJYJ'?) DXV IX U QYNRD DY'YIN'Y O'D0IYN DO'oI9'on =
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Boxing and Unboxing

:D'RNNN 'R1A7 nxp My (boxing) 17w quivn 019'0% '12'0'MMI9 019'0 DANT7 N W

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

win'y '"v (unboxing) D'XkNNn 2'0'MMI9N 0I9'V7 qUIY OI19'V DAON7 N1 W
NI'kNNN xxxValue nimnna

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

17w QUIYN 019'07 A'V'MMS 0I19'0 2 'VNIVIN NAYN NMYWOXN 1.5 KA =

Integer i = 0;// autoboxing

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

System.out.println(i+n); // 1
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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 = new Cell <Integer>(3,y):
z.printList () ;
z .setNext (new Cell <Integer>(2,y))
z.printList () ;
y.printList() ;
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Cell <Cell <Integer>> 019'UnNnN

PATN OID'VUN AN NN =

7INNX DY NONXN 7W XNAIT .
Cell <Cell <Integer> > q =
new Cell <Cell <Integer>>
(new Cell<Integer> (8,null), null);
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nNowa v' Java 1 07N . X'N NMIwnn Scheme nowa =
D'0I9'V NLYWOSN7 MNI' D'AIV D'YXNN
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D'0I9'VD KNI AN'YA NNI'YYAN AW DR XLA7 (X)) N =
[N7Y NLYWONN NNT7 NM'RNNN NRIDN DY N9YA
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public class MyList <T> { List X71 MyList nx1j71 np7nnn
private Cell <T> head; '3 N1 727N K7W 1D
n'"Mo50nn java.util.List
public MyList (Cell <T> head) { Java 7w n'uvamuvon

this.head = 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.println() ;
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NIZ'7nN ANoINI N7W M1I9N AIX'"AN 770 NIN7 MMy nn'van vin'n

N?70NN NN DA D07 0'D"MY MyList np7nnn ninig? yxmn win'na =

Cell

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

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

NMYIN NN'YN NVYOSNA VAID 2T =

NN'YA? wimmn NX 9'9Nn7 MyList 790 N TNy DX ,7wUn? =
NAD-IT

Java nowa 1 n1In
2'AX 7N nu'oNanIN



Y ANy - 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);
}

curr = head;

}

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

}

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

}




qwnn - MyList <T>

——
* % ] *
/ ¢pre tatEnd() / 'NJIIN XNN DX 'TNN 1'K NNYN
public T cont() ({ . ux (Cell .
return curr.cont () ; NN 7¢ pINn nX X7X (Cell o19'0)
} (T) 'nonn

/** @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() ;

NNWYN N7Y9N NXXIN DX 0'OT
Java nowa 1 m:”_y.COHt() 2w T o19'on 7Y toStrlng
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MyList <T>

e
DI'Z?7 VTN 'K (MyList <T>) an'van Nipg? nyd =

:Cell<T>TVn Np7NN

MyList <Integer> 1
l.printList();
1l.advance () ;
1l.addNext (4) ;
l.printList();

new MyList <Integer>(3,5);
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MyList <T>

NX 9'0nn NINY — addHere (T x) NNYN NX YNNI 'R &

3\ :
TN
head

54—

6 nNN'Y2a '"NoAN 0NN 1197 X 12A'NN

|

curr

(]2IN7 XNn2AIT 77 DN DM50NN) =

NYIXNN NX NNW7 0'D"X IX addNext () nNvnn miya =
NIY'A NND V1717 [N D DW7 .curr XN7

curr 7V 00N prev 7Y NyITNN 'N NW =

'NDNN 1197 TNX DIPNN TV NN'WAN N7'NNN YNl A nwi =
(curr 7 XN 73 7¥ next () nxuwn '"y)

D'NNN '"DN NO7NN "Anwna =

3 > 5
head curr

.| 6
e 4
8
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(D'WIX ,NPITNAN) NI'VIATX NIND X NIV NI NIVIYO 2 -1 'R NIwa =
/** @pre 'atEnd() */ 'ANYI NN YUNN7 no1 =

public void addHere (T elem) {
addNext (elem) ;

X| venp. rent (. cont . =onuwyy ;cont () ;
¥ curr.cont = elem;
}

?NTamM X'n cont NTYN W NIKM 7Y NI'ONON NYAT AT NN "Ik =
NPTXIN NI'X NTY 72U NIXNNIN NN =

W' D7IMyList <T> 7w 1Y np'7’nn X' Cell<T> np7nnn ,07INI =
D"0Y9N N'NITY? MyList <T> -7 NIANN nwA NIRWAN NN7 NpTYN
Cell<T> W

YIN'UN IIXR? D K7 00 N setCont () nTIMNNn Cell 7 nn'ni17nox =
N7 YWOX? NIy "1i'wn N0 N L RNDN MY NN'YAN AYIVY IDNN
NT NTY7 M'w' nwn
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Cell 7w nxn 0'v9Y

NNX NOTAN 'y Java 2 Ni7nn 2 NiMmoaR Y'1an7 |na =
NINXN NP7NNN 7¢ N9 ap'7nnd Nig7nnn
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019'0N DXV MMI?D .AP7NNA NN1A XN Java d NIXNNIN NANT =
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Inner Classes

DINNA NTAINY AP7NN XN N'1o apnn @

NINX N'7Nn v (D*70%710nn

public class House {

private String address;

I'a — Scope)

NXNNAIT =

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

107 win'v

7Y NTY N1'R Room
House np7nnn
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NIIX'NN AP7NNN 0Y N'N'YYI'R NNDN Y N'1I90 npNn7? - =
NIIX'NN AP7NNN 7w ATV NR7Nn X' NNaon apznnn =

NINNAAIT =
Iterator -ICollection =
Brain-IBody =
Cell -1 List :N'Opha DYTMAMN DM AN =

Java nowa 1 n1In
2'AX 7N nu'oNanIN



Inner Classes
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1'IX N'N1I9A NE7NNN 019'UN DXY 7Y yoIn D Javaa =

NOLIYA NF7NNN 0I19'VN DXY7 Y'IYN NI'AY

npYYwn =
'X1A7 TNhiMmM Y ann =

XMWY NMON NTY WU NN NP7Nnn 019'un DXV =
NOVIYN NP7NNNN DYY? N'ONIVIX
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Inner Classes

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 n1dIn
2'AN 7N NU'0NANIIX



Inner Classes

—
Height of House

public class House ({
private String address;
private double height; Height of Room
public class Room ({
// hidden reference to a House
private double height; Height of Room

Same as this.height
public String toString() { J

return "Room height: " + height
+ " House height: " + House.this.height;
}
}
} Java nowa 1 n1In
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public class House {
private String address;
public void test () {
Room r = new Room() ;

System.out.println( r );

public class Room {

} Java nowa 1 n1In
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public class Test {
public static void main(String[] args) {
House h = new House() ;

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

outerObject.new InnerClassName
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Static Nested Classes
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N'NY |'"X¥7 Pal static D N9 NP NN YMan? N =

NOVIVN NP7NNN 7Y D'I0N VOIN7 NMIYP NMI'X

X'nl static > NTAN 'NNY W Ap7nn% A7ak12Th .
nN'IoNn NP7NN 1Ay N"I90d NYnwn

friendon'nmmn"vaiwmnron' C++ novwa =
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public class House {

private String address;

|
Error: this room
IS not related to

public|static|class Room { AN .
public String toString() {
return “Room “ + address;
}
} Not related to
} any house

—

public class Test {

public static void main(String[] arc s) {

House.Room r =

new House.Room() ;

e
new OuterClassName.InnerClassName

2'2X 7N NU'0NAMIN
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o19'un ,(public NYTamM NI'R) N NI N'9N DPINNN DR W
NION"NN ¥' OX D'INOIN DI'X NP7NNNN D'AXY 72X ,ON0oIM N7v

public class Outer .. {
private static class Inner implements Somel

{..}

public static Somel getInner() ({
return new Inner ()

Somel i
Somel i

new Outer.Inner () ;
Outer.getInner() ;
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NP7NN NNIX 7¢U 07DNN DINND DX 7'2an QT -
TA72 nTINNRN NNIX DINNY

D'INYN] UNNYN7? 721N N'19N np7nnn =
final > NTAIN DN OX ) NTINAN 7W DN

(?v1Tn)
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nimipn Ni7nn

public class Test {

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

return “** N 4 x + “kxv

};
Info infl = new Info(0);

System.out.println (infl) ;



D''NIY/N D'INYN]A UIN'Y

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

return “**” 4+ y 4 “kkx7,;

};
System.out.println( new Info())

} Java nowa 1 n1dIN
2'AX 7N Nv'oNaIN



NIM"IIX NIZ7NN

S
NIP7NN ' TAN7 N NI NI7nn NIty -

DY N77 NI7NNn — NI'"NRX

NININ NIDIYNL TIKA NI'YI'Y NN NI7Nn =
oIn Ywnna 1m71 (GUI 123) n'winx
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N?7NN .NP7Nn 75 112y .class yaip Xt (W7onip) 7 Tnnn =

n'7'a0 np'mnn nT |[AMma MY N1'X N'N'1S

Outer$Inner.class N'N' N'M"19N NPNNN DY =

WXI'Y NP7NNN OW ,N'MIIAXK N5 npZnnn O W
Outer$l.class N'N* 17"9nIpN
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1IN ,'M"9N AIX'N X NN'YAN 7Y NI7nn 2'non? 1 &
MyList Jina n'o1o ,nnipn nP'7nnd Cell nx

?NX7 IN'OVO N'N19 NPNN OXN B

N'vLVo NMI'X Cell :NnNXx NNwox =

nN'w1? 1ni7> MyList oxy7 11wn Cell aion oxy D 18 =
V'9In XIN N2 NN'YAN DX 1'N7 DXV7 TWOKRNL ,NN'IoN

?TNX NN'YI7 1AV XIN DX WY1 NN 72X =

01211 NI'n? 713* (pIMN) 1axN "MYoX "M T Nwyn? =
Cell o19'vn nxyn X7 72X ,MNX Nn'wN?

n'owvo Cell :nmw nNwox =
?N1M1AN NM'NAN NRYNAN NN =
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X7 X'n MyList 3ima n'vvo X7 nn np'7nn Cell ox =

va Cell n 7w pinn 019'0 .Nn"M220 NTam nirn? narn
.0'Xxnnn MyList n Dxy 7w "7R1I078N Y0N19N 'O 7V

DXV 0DMANN 701 ,N"MAN 210 NX nyalpy nn'vnn ni7D .
ININT? D'ONIY NN'ION NN'YA 11y

TIPN NN 2AIND? 77 NI nxpy =

N'VIS NN NR7NN 7Y D'NNYAL NITYN NIRN Nyn W
71 NOLVIVN NP7NNT DWIT NN 721) N'NIvnwn N1'X
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public class MyList <T> { private Cell head,;
private Cell curr;

private class Cell {

private T cont; public MyLisW...

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();
}
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N'VVO NNIN NP7NN DY NN'YN

I
1Y ,NONK D DM N7 n2rn X0 nuvo Cell ox =

private T cont;

NN'AY NYTIN 72j7)
Cannot make a static reference to the non-static type T

,MyList o19'0n nxy7 non"nNn X7 X'n ,N'vvo Cellox > =
MyList <T> np7nn% X7x ,INT'N2 Y271 17w 1aXN 019UV
T 7 '07j217 019'0 Va1 X7 DAY

NN I T 70%w mnanunon nn,p DX ®

N7X NN 702Y 'An? )X 72X ,NIRIN [N NIFNYONN 'y W
7125720 nirn% 1%y win'wnl ,01v 0NN Y
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private Cell <T> head;
private Cell <T> curr;

Cell<S> { [:;ubllc MyList (...) {

private S cont;
private Cell <S> next;

public class MyList <T> {
private static class

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

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();

}

}

} Java nowa 1 n1In
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printList () :JI'T

e
VNI NNW XN printList() =

INT?" WMY? 'y n07NN T —Jo0nN7 MIS NNWN 'y =
APN? YT DX 0'9TN? "MIyn NIp7n IR "ol
NN

NMAN NIXRATN' AT NNY - toStringl wymM'v :JNNY =
AIXD NThNhNna nwy! n||7'7n| NTNNNS NN'Ywn

,0'NIN ,NNNID) NOOTN VMO X A'TODN NNYN DAY =
715' X7 NIZ70 0T UNI9T NI NX 772an1 (NIYTN NNIY

NP7NNN DX 1'DN X7 17'9X XIN DY INXYQ AT VTN 9I0N7
Cell
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Tterator Design Pattern

——
N"2N) [I2'NN NN wIn'Y 'y IT Ny 1Ino) .

Iterator (aIx'y

AX''N NIN X7X NINDNN NOYN 77N 12'X terator m
AX'"7 MYONNY N'MIDN NRY77 L'V ,0901177
27> 011N N1an NP0 [I'VY NN

(C++, Java, C#) nmxy Nniinm NiadN NSy =
N'1902 0I19'V) D''YIN'Y DNILIV'N D'YNINN
N'UITIVON
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(D'OPTI'X) 1WN NOOTH

I —
char[] letters = {'a','b','c','d','e','£'};

void printLetters () { nrya nwia
) " o TVN NINYN
System.out.print ("Letters: "); i

for (int i=0 ; i < letters.le..gth ; i++) {

System.out.print (letters[i] + " ") ;
}
Sys 2m.out.println();
}
NN
NInvn AT mnNnwn D'y
o Y91 OXA 1Q'X7 12yn) NTYn
SINNKI yava nowva 1 ndim (xan
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MY/ NN'Y NOOTn

public class MyList<T> ({

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

for (Cell<T> y = head; y !'= null ; y = y.getNext()) {
nTan

System.out.print(y.getCont() + " "),
Anwn |
-,jw NINYN DIT'P
e i prink : 12'XY7 1ayn) Tvn
} NPT Nnrya nw!'a (Njn
} IY/71 ONA [IM17 ATVN Mnwn
nxy

al—+—|Db + | c|+—|d — | e | — f -——12447
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NIND7 W'Y DTN VT NIDYIN NINTIHZN NIRNAITN 2 =
:D1ININ NN 7V NO9TNN n'x, 1o

N2 XIN NO'NI7'NNN KIN N9'R NYTI' X' =

VTN NN 72727 [N INNTYAY 019'0N N1AN DX NNDN XN &
y'axna 1imvn

I'MINRY 12'K7 Q'R0 11AWY7 'R W RN .

MyList nZ7nnn Nann NMvignn nn'vin naima =
NO9TNN NTINNA NX NNV IT X'N (N'790N)

10 NNKXR N71Y9 7Y '009 NIpn 0 INT - XD 2AXN 'R DT .
N7NNN 7V .0np'nn 7y y¥a7 nixa7 0wy NNy ninn
DXV 17XD NI7IYO YXA7 N'NINIR77 0772 7909
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' Tann (interface) pwan nxya XN 1I0IV'R =

7Y AN [11An Y¥27 [N [NOTVAY NIFTIo! NI7IVO
D'O0IN 7V NI71Y9

4 1"7y yx27 |In1 or lterator X' o19'0 Java 1 =
‘NI7IVO

(hasNext ()) nw72a XN nN7'1A =
(next())DITp =

(next ()) nxy |IN7 nw2 =
(remove () ) [IM 7w NNON =
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NN7'NY DAl NTIPS DA X'Nnext () Ixnnr,pm

2V pop () 7¥ D'N'ION D'YIN'MY DWD WnNn =
D''TNNA DAl [I'7VN 12'KN DX D''0Nn DA NoNn
INIX

.(Eiffel Ix c++) nnnx niswa =

IM17 NWIANITYN DINWN DIT'? "2 NTI9N W' B

1IN DA )21) VIV 'NNYN P70 N1'X remove () =
(DM100
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D"1IN1 QOIN NODTN7? '770 DNMIATN

——
INY7 collection D1IN] N12AN2 DIMWN DA'RKN DK 0'9T1 &

for (Iterator iter = collection.iterator();
iter.hasNext( ), ) {
System.out.println(iter.next()) ;

NIty N
[IM7 2TV NINWN
} N2D M2A'R7 Iyl

DXV) 17'N 1I0L0'R NP7 7907 'RONK MYV DRININ N1an &
7NNINNN (Iterator pwnn NX NYNNNY np7nnn
D'2ININ N1AN N?'NNY

NX N'NINIP?7 790N MyList NP7NNNY NX11 0OX =

AUND7 P~ 0 2] DNARND 7D DX 7IN07 NNWONND
i ‘NPT Iterator
nnwn 1192 OXN
ny Java nowa 1 n1dIN
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1PN MyListIterator

class MyListIterator<S> implements Iterator<S> {

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;

}

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

private Cell<S> curr;
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N'NINIPZ?7 MIVIV'N NPO0N MyList<T>

T ——
public class MyList<T> implements Iterable<T> ({

/...
public Iterator<T> jiterator() {

return new MyListIterator<T> (head);

NN NIYNNN DXV iterator () NnTINNN DX NIYANNN NIP7NN =
TA72 1T NTINN 7onn Iterable<T> pwinn

nX w7 7aym p 7 .ptn MyListIterator -IMyList |'2 Tin'¥n =
V19 NIN 'YW QOIXRN 7W N'N'9 N7NNnd 1I0IU'RN

N1QNN 1NN NYT? '72 NN'WAN MR 7D 7V N7y yxa? 720 nIgn nyd =
N7Y 'Non
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printSquares

S
public void printSquares( Iterable<Integer> ds ) {

for (Iterator<Integer> iter = ds .iterator () ;
iter.hasNext() ;) {
int i = iter.next();
System.out.println(i*i);

Autounboxing

} What is the output for:

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

(NIN'RYT NITIRO |2 NTY9N 7V D7 hnw)

NN'YI PN ITY NTAIVA UNNWAY? 72 Nnn'win MaN 'WIan DX 0'9Tn Nigin -

7YUINN DY 97N NIn% 710" MyList<Integer> LINIAXN OI9'0 W
NN 0I9'0 W MW NIX 17'O9X VT X7 NIZ7N TR, Iterable<Integer>
DININ
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for/in (foreach)

1
N INW7D 01IN1 qOIX MAX 72 7y n71w9 nnix X nyxanw for nx717 =
(for/in) TNI'M 1'aNN2 NSWY7 NNIX 19'01n Java 5.0 aw TV ,nn"DY

NAN TIR? 717w DTN Qpenn Tipgn .

public void printSquares (MyList<Integer> list) {
for (int 1 : list)
System.out.println(i*i);

2 NRT RNP7 W' W
"...1ist DIININ OINAY int 019'UN i MA'X D" =

Iterable pwInn NX wUnn? 2N list DINN QOIX =
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for/in (foreach)

—
:Iterable 0I19'0D D'ANINN O'DYN D 1I'K B

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

System.out.println(i*i) ;

'Yin'yn 021 N'n for/in n1ana 121 WIN'Y =
110N0'NN
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