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public static void doSomething() {
// doing. ..

}

public static void main(String[] args) {
doSomething() ;

}

doSomething () N'¥j7219N 7W NNIFPT7 X'N main N'¥71190 IT XNAITA
main 7¥ N'P90 X'N doSomething

Java nowa 1 n1dIn
2'ax 7N nu'oNanIxR



N1DIN NDYN2 7901 NI?7?

D'WIX VI DIV NN ,011Y 02T AND'N7 DMWY NIR7NI 7900
(NP7NN NNIXQ) YAl INIRQ 1Y'OI' X7 2D TR D1IY

public static void doSomething() {
// doing. ..

} Supplier.java

public static void main(String [] args) {

doSomething () ;
} Client.java

NI7'OoNN NIR7NN — NIMD0 NA'MDA 701V NIDINN NMYYNA Ta1 77N
D'ION XY D"'YIN'Y D'NNY 90IX

n'Ion (domain) DiINN2A D'NNY 7902 09N N'"MID0N NI

Java nowa 1 n1dIn
2'ax 7N nu'oNanIxR




N1 "yYO

N1JIN 2D Y 71 DI'X NN 90NV 1IN ,N?'90N NI'R NN'NN
MY NI'NY DMWY 0DIIYW D'NIDNN Y'Y D'AND) 0D'MYSY DA XX D' T
D'I0N NNY TIP9N a7 N1an

272N ,N1I2ON YO, N'YALVN N9V NI72ANN D'YaN 0Nyo9nN
D71V 7¢ 'MO'WYI X7 IR 7Y IO "Wl DTRIM YT NIFY'RIVY'K
n'yvan

NINN NX N'TNNI DN90N Y 727NN divide NNWA 212N (XNAIT?
‘DN7Y

public static int divide (int numerator, int denominator)
{...}
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/**

* @pre denominator != 0 ,
“Can’t divide by zero"

@post Math.abs($ret * denominator) <= Math.abs (numerator) |,
"always truncates the fraction"

F ok k| k| *

* (@post (($ret * denominator) + (numerator % denominator)) ==
numerator,

* "regular divide"

*/

public static int divide (int numerator, int denominator)
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[ * %

* @pre (denominator !'= 0) || (numerator '= 0) ,

* "you can't divide zero by zero"

-

* @post (denominator == 0) && ((numerator > 0)) S$implies

* $ret == Integer.MAX VALUE
* "Dividing positive by zero yields infinity (MAX INT)"

x

* @post (denominator == 0) && ((numerator < 0)) $implies

* $ret == Integer.MIN VALUE
* "Dividing negative by zero yields minus infinity (MIN_INT)"
-

* @post Math.abs($ret * denominator) <= Math.abs (numerator) |,

* "always truncates the fraction"

L

* @post (denominator !'= 0) $implies

* ((Sret * denominator)+ (numerator $ denominator)) == numerator,
* "regular divide"

*/

public static int divide (int numerator, int denominator)
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public
public
public

public

static
static
static

static

String [] messages = new String[INBOX CAPACITY];
int head = 0;
boolean isIntialized = false;

void init(String login, String password) {

// connect to mail server...

// put new messages on the messages array...
// update head

isIntialized = true;

}

[ **
* @pre isIntialized , "you must be logged in first"
* @pre head < messages.length , "more messages to read"

* @post "returns the next unread message"

*/

public static String getNextMessage() {
return messages[head++] ;

}
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/**

* (@param a Am array sorted in ascending order

* (@param x a number to be searched in a

* @return the first occurrence of x in a, or -1 if not
* exists

*

*

@pre "a is sorted in ascending order"
*/
public static int findInSortedArray(int [] a, int x)
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/**

* finds the index of v in a if present
*

* @pre a[i] <= a[i+1]

* @post a[j] == v $implies $ret == j
* @post a[j] !'= v for all j

* $implies $ret == -1
*/

public static int findInSortedArray(int[] a, int v) {

}...
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/**

* finds the index of v in a if present

*

* @pre a[i] <= a[i+1]

*

* @post $ret
* @post $ret
* @post $ret

*/
public static

} e

j $implies a[j] == v
-1 $implies a[j] != v for all j
-1 && $ret < a.length

>

int findInSortedArray(int[] a, int v) {
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/** Qinv counter == #calls for m() */
public class StaticMemberExample {

public static int counter; //initialized by default to 0

public static void m() {
counter++;

}
}

70712y ,m () -7 NIXNPN 190N 7V ANPITI'RA NIXT NI
StaticMemberExample Nj?7NN7 NION"NN 12 W'Y TIp YOy
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public class CounterExample ({

public static void main(String[] args) {
StaticMemberExample.m() ;
StaticMemberExample.m() ;
StaticMemberExample.counter++; {ﬁ:ﬁ

?0Tipn Qpwa "nndin"aon i nn

NAY N77NN7 Yinn DA counter NX NNYY? NAY [IAwN] NNjP7 X7
N TAIN

T2 NINRN 79 win'wa 9182 N17N NIY0N NI NI

NYIAN DX NP7NN0N NINR7A YN IX W DRI 72V Nmy NIX?
counter NINWNY7
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/** @inv counter == #icalls for m() */
public class StaticMemberExample ({

private static int counter; //initialized by default to 0

public static void m() {

}
}

counter++;

public class CounterExample {

public static void main(String[] args) {

}

StaticMemberExample.m() ;
StaticMemberExample.m() ;
StaticMemberExample.counter++;

System.out.pri ("main() : m() was called " +
StaticMemberExample.counter + " times");

A'AX /JT JIUTO 121K




NONONI VT'N NNNOon

NTNNN T 7Y QONa1 "aRan DR DNIN" private -A Win'y

NLA? N'N counter NINYNN 7In"12 NX'AY NN DX NYD
TIX |'NI StaticMemberExample N{77NNN JIN2 NNXN)
(D27 NI'R% D*IYYY) NINR7N 202 NNIN U9N7

(encapsulation) non>n NidN AT DIN'N
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/** @inv getCounter () == #calls for m() */
public class StaticMemberExample ({

private static int counter;

public static int getCounter() ({
return counter;

}

public static void m() {
counter++;

}
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DN7 POOoNY NTINNN T NIN? D'YAI NINR7N
7900
public class CounterExample {
public static void main(String[] args) ({
StaticMemberExample.m() ;
StaticMemberExample.m() ;
// StaticMemberExample.counter++; - access forbidden
System.out.println("main(): m() was called " +
StaticMemberExample.getCounter() + " times");
}
}
Java nswa 1 n1In 29
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(representation/implementation invariant) aix' "nnwn
(private) '01o vy 7'onn "NNwn Xyl KXin

NNAIT?
/** @inv getCounter () == #calls for m()
* (@imp inv counter == f#calls for m()
*/

public class StaticMemberExample {
private static int counter;

public static int getCounter () ({
return counter;

}
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/** @imp post isIntialized */

public static void init (String login, String password)

NIMIA'Y NITINN 7w 0T 'KIN2 X7 72X
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Sort XnaIT?) NP7NNn 7w NLWOSNN N1 NX 195N NNYN =
(A TV NTINND quicksort 2 nunnwnn
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N7'2NN NN NIXI)
(package friendly)

NN"R ["ONN IN MIDN 7Y (NIK11) NWA NIRYIN DY 111'K TWURD
272NN NN NIk 'y 71N 1M

NIFZ7NN NN 1R (DNY IR NINWN) MDN? Nwa? N1 i
N1DNN DX TN Ap'7nnn md (package) n7'ann nnixaw

NIANDI NXI1D N7'aNN NNIKA ]'\IP'?I']DW NXIN LITD NINNY MTAND J1'A'nn

7Y 1T DINNYNN DX 1T 12'0N 1271 (NN NIX INIX) [12OX NI
niaa 1T

IYIN'Y X7 0K X N N7'72NN N2 DIk
INNYNN DX QIDK? 'TON T NN'NN- =
N'YUOIN NY'A YOXT? 'TON TN 1 TO)7 =
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NN NNoin

NNX 72 7 ATINN D NDINT XN ,ONNYNN NI DN2IN 7Y Qo
D"'PNN NITINNNN

ANKXN 'XIN YA DUPNNA DTN 'KINY N1 N =

NNDIN IXN D'YONN DPNN 70 N1 7710 17X NINdDIN N1an
(ANNYNN NNJIN 1'RIYW NNT7 NNITA) N'¥PITI'RA

'NIN D D'NDINE NNY? noda DN DTN 'X1N D 0'NMN DX =
NNYNN nNX'XY2 0"phn YNKRN

DN OX V9] ,N1DIN NINS07 NII'AXK NI NIA'YN W' 17X NINDINY
nMmin NidDynNa hivnwn

NI2121 NN2IN" — 01N ANKRA NIXNAITA YAIPA KI¥XNT [N )07 NIRNAIT
"Dnny v
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NIZ7NN 7w Ninida

DY T2 T2 TIZ 7¥ NIN'S? NIYAA NNd NINYye
7w 217'w ¥ 017 — (specification) 17w VY9N
NN D'NY

U1 (N'X219) NNY 75 7w ATINN [I'Y7 VD

- DbC) nimx712 ninyo narya a7 np7nnn
ax¥n D012Inan o019'07 111 (Design by Contract
NLYON N'¥71191 LYWOIN
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D'N7v v Nn11oNn NOTAN

N011 NYD DX Nj?7' NN
? sl.top() v¥a"

NI71V9N OV D'Y7W DM150n 7w N10NN AX'NMN 0DR2IN N1aN 'Y XM

push, pop, top, iIsEmpty

LIFO nu'wa Tavn 011N N1an XN N1onn
7Y1 N10NN IX DNIV'Y7PN NNY PN TAIVY '9) =

StackOfInts sl = new StackOfInts();

System.out.println("isEmpty() == " + sl.isEmpty()); // true
sl.push (1) ;

System.out.println("sl.top() == " + sl.top()); // 1
sl.push(2) ;

System.out.println("sl.top() == " + sl.top()); // 2
sl.pop();

System.out.println("sl.top() == " + sl.top()): // 1
System.out.println("isEmpty () == " + sl.isEmpty()); // false

N0NNN VLYOINN DININ 0I19'V7 NTIN A'X)
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public class StackOfInts {

T NI71V9N NINN DX XV 12'X1'NVY ATINN DY
* @post isEmpty() , '"The constructor creates an empty stack"
*/
public StackOfInts() { ... }

/** returns top element

* (@pre !'isEmpty() , "can't top an empty stack" */
public int top() { ... }
TIV 9'011 :|INND7 NY¥N
/** returns true if stack is empty */ 'Tnw count() NN'7'RY
public boolean isEmpty() { ... } 0NN 190N NIX
/** removes top element NaloInkaEe
* (@pre !'isEmpty() , "can't pop an empty stack" */
public void pop() { ... }
/** adds x to the stack as top element
* (@post top() == , "x becomes top element"
* (@post !'isEmpty() , "Stack can’t be empty"“ */
public void push(int x) { ... }
}
Java nowa 1 ndIN 38
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package il.ac.tau.cs.softwarel.lec4;

/** @inv count() >= 0 */
public class StackOfInts {

[ **
* @post isEmpty() , "The constructor creates an empty stack“ */
public StackOfInts() { ... }
/** returns top element
* (@pre !'isEmpty() , "can't top an empty stack" */
public int top() { ... }

/*» returns true if stack is empty
* (@post $ret == (count() == 0) */
public boolean isEmpty() { ... }

/** removes top element
* (@pre !'isEmpty() , "can't pop an empty stack"

* (@post count() == $prev(count()) - 1 */
public void pop() { ... }

/** adds x to the stack as top element

* (@post top() == x , "x becomes top element"
* (@post 'isEmpty() , "Stack can’t be empty"“
* (@post count() == S$prev(count()) + 1 */

public void push(int x) { ... }

/** returns the number of elements in the stack*/
public int count() { ... }

k| 4
} Java JiJoud 1 iaJigi
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"NV |NNON

n1aonn 7w vs0lIENN 7N N1'X count() NTINAN
NI71V92Y NINNN DX INN7 [N X7 NNOTY2 DA

NTIN? count 7y Nyswinn NX INMy7 NN Ty
NP7NNN 7Y wimmn

7w (LIYD ,I0YO) VYOI TIXN 7V AIWUNT7 NO01)
NIVNWN NX IXN7 1'9 72V 7710w 1D 011NN 019'0
NI7ivon 5
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OYOINN AXNnN NIO"]

71X ,NI0WO NZ"ITN NIXD 1'TANT DY INIRY 019'0N NX N0
N7 2Tl NP VIYO NI 715' D'WAN 0NIY97) NN2N2 X7 72K N'unnn
(nino

ﬂfl'?ﬂ)‘]ﬂ MNY 7Y ATIND .VYOINN IXNN 'NAINA INOIR' NRDNN 7D
VYSINN AXNN 7Y 0'1"'9XN IX NNNNN NNTY XLV

'0I211 0I9'V 70 NONNY NLWON N'XFAID A'¥] YWINM NN INKT
117N2W 2IX"7 DRNN] LYWOIN 2¥N7 (NDIN2 DXY)

D'NNYN D %Y D'wimmn D NDNR iR NN DX NDINY '
VWOINN a¥NN Dy (consistent) n"apy

M0YWO VIYD RIIT 772a10Nn
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/** Q@abst (i, i,, ... , i.) or () for the empty stack */
public class StackOfInts {

/** @abst AF(this) == () */
public StackOfInts () {

/** (Qabst $ret == i, */
public int top() {

/** Qabst $ret == (AF(this) == ()) */
public boolean isEmpty ()

/** @abst AF(this) == (i,, i,, ... , i) */
public void pop ()

/** @abst AF(this) == (x, i,, ... , i) */
public void push(int x)

/** @abst S$ret == n */
public int count ()

} Java nowa 1 n1dIn
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D'OYUSIN D'MIIMNA YThiN WY1 AXN

VYOINN AXNN NN ['¥N AIXR'NN ,NITIRS 1Y
NTIPON VIX' INN7 ,WUTNN
Rabst AF(this) == (i,, i;, ... , i)
TN VN NN ¥ RN, NINT7'RY 1Y
@abst Sret == i,
A¥NN DX NIYN NI'K KN'7'RY =

'9) NINYN 197 N'NY VYOINN A¥N7 oN1 DN
NP7NNN UNI V'oINY

@abst (i,, i,, ... , 1))
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'YNiNn OXVI oUOSIin axXnN

nNnd 110N (LYWSIN A¥Nn + NTIN) VI5N NN
NIYITN 7V Y'Y 01V D'YIN'M

|I9IX 7V NININ |[IAYN] NN'N YiMMn N1'NA
NP7NN] UIn'yn

[IN2'T NDMIX NI '"717'wn NVam wimmn N1'na
TIVI
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StackOfInts 7 NMYON VIN'M

package il.ac.tau.cs.softwarel.lec4;
public class StackOfInts {
public static int DEFAULT STACK CAPACITY = 10;

private int [] rep;
private int count;

public StackOfInts () {

count = -1;

rep = new int[DEFAULT STACK CAPACITY];
}

Java nowa 1 n1dIn
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(A¥NN) stackofInts 7 MYON WINM

public int top () {
return rep[count];

}

public boolean isEmpty () {
return count == -1;

}

public void pop() {
count--;

}

public int count() {
return count + 1;

}
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(2 YUNN) stackofInts 7 MYON YINM

public void push(int x) {
if (count == rep.length - 1)
enlargeRep () ;
count++;
rep[count]

X/

}

/** allocate storage space in rep */

private void enlargeRep () {
int [] biggerArr = new int[rep.length * 2];
System. arraycopy(rep, 0, biggerArr, 0, rep.length);
rep = biggerArr;

}

Java nowa 1 n1dIN 47
2'aX 7N NV'0N1NIIX



StackOfInts 7 'OI7N wIn'n

NITYA 01NN DX AX'"'7 127N 'RV YIiNn'na

VN

NN NN 7)1 0-n DIZnnNn DNARN DX DR =
count naun ™y NNTTR NNKN DIPANA DNARD

21310160

0

0

1

DONX DY 0177 171D

71071 [IWKYY? NNRD DIZANN DNARD DX X717 =

count n7Tan ""v DNIX
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StackOfInts 7 'OI7N wIn'n

N7Tan2 790n StackOfInts np7nnn 2AND
N'NNN XIN WK )vnn

DI/ NXpP?Nin enlargeRep N'UON N'X)21I9N NNTY] =
QY7 )YnNn DX Ap'nynl 719 UTn

1121310101070

T NINNKX NIV 01717 171D
D'RN 727U NYIN NN'YI WNNWn? =
N'MKI'T 0'77a0 011N 12N WNNWN7 =

1+—|21+— |3
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NNN9nY7 private -2 win'v
790-N1?7 NINN

790N 712' NP7NNN W 0''N19 NITYW? nWR 'R TWUKRD
I'MINIP?2 VIA97 72 Nr7Nnn win'm DX JWnna 9'7nnY

IN DOYIZN NN'YId VNN DX 97NN07 T'Nya NXY1 DX 7un? =
D'AXN NO1DN 1TO NX 9'7NnY

NnIn7 a"n nane (private 11'kY) NINRY?? QuNy yoin Ny
NP7NNN 7Y N'T'NY N0T'A 701 "1DTY W WAl DN7 v
NP7NNN 7Y NINNT7 NIN'RN 72V AMy7? ' 1D

I]'J'\Inlfl'".\ NN AIX"N NIXTI'NO0] T'Nn |3'7
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NLWONN N'X7119

N?7Nn (wnn?) ax"7 N 0T NNt D 1R

NP7NNN 7Y [1D'NN AT IR AXWYA A7Y X1 21D 1N
(design phase)

YIin'ml 0"2apy NI'N7 0DNY X NR7NN7 21X 10N ONNY
VI5N7 DXIN NN YIN'NY '

winm nonnn ,AF ,n0wsn N¥p1I9 N017 117y )0 NIXY
AF(this) vwoin axn? (this ,nmn o ax') "oy

291NN J'7ANN 02 DAINA X' NVYONN N'YID
AIN'VN )'7NN7

Java nowa 1 n1dIn
2'ax 7N nu'oNanIxR

51



StackOfInts 7 NUYWONN N'N71I9

AF (this) = (x,,...,x,) st.:Vi=1.n:x =rep[count+1-i],
n=count+1
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N'OoAV TN-TN NMI'X NODYONN N'X211D

NIV TN-TN NA'X 770 NT2 NLYWONN N'Y7AIO

‘many to one X'n Wi»n

D'A¥N] DMXY 11DN' NP7NN 7Y win'n [N1'n =
(concrete state ,niIv |ND'T NJINN) DIY D'YNIN
VWOIN 2XN ININT 191N TYUN

JIND'TA DXV : uYoOIN 2XN

1|213]o]o]o]o ;

count==1 (2,1)

1121718
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NX71 NI'X NLDYONN NYNIIO

N X7 17D ,0"pIN DI'XY D'YNIN D'2XN 0Ny
I'?T VYWOIN QXN QX7 DNIX NI9NYT

[N2'7T2 D'XY | LYOIN 2¥N

1121310101 07]60

count == 35 % _L
e

count == -11
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revisited a1x"n MNwnN

VWOIN 2XN [IN] VA1 700 Ax¥"7 MK DXYY |11'DN
D'D>VN 7V DM'IoON DNI7'R DY'PNNT 0DNY LINWD
I'MITY 7Y

AN MNNYN O'RI71 17X DN

D"PNN7 02X DNl (representation invariant)
i mnn”

'N1N DI'0] =

12X NN'Y 700 AXR'YAL AN DN'Y 727 N0'Da =
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NP?7NN 7Y NNl NNDIN

NX D"PN XINL,WUTN DXY XD IWUKRD D DD 'R A
AIX"'N NNYN

N0'1D] D'"PNN OXN (NN AP7NNa NN'Y 2511y (A A
NN'Y TN ,D"PNN YNNYNN DA DTN 'RIN DN'YY
D"7NN 1NNYNAN DA NKRD 'RIN 0D"PDN NN

NN 'N,NP7NNN 7w D'NN'Y? 019 D NDND A
D"PNN 12D NIN OX MNNYNAN DX 1907 "YYY TIp

count -1 rep DY 'Foynn?' 710" X7 TNX QX — 17w XNAITA =
NP7NN7 yinn
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StackOfInts 7¥ AIN'"'N TNNWN

/** @imp inv count < rep.length

* (@imp inv count >= -1

* (@imp inv top() == rep[count]
* (@imp inv isEmpty () == (count==-1)
*/

public class StackOfInts {
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NP?7NN 7Y NNl NNDIN

D'NXVN 7V D'WUN D'NNYN D NIXINYT 2'901n X7 D7IX

NN D'YIY D'NNYN 70 D NIKONY DA )Y ,0"PIn 0D
NIYY7 0Dy DNV

NNIY NnOYWONN OY 'Y D'INYN UiNn! MnipHD =

m() (NTIP9) NNY 7w NiId)

A¥N7 INIK DMNNN m () NTIPOI as VYWOIN 1¥N [N1'N] =
CS 'UNINn QXN DY DXV 1Y 2 D"PNN7 )X as’ uwoin
7 NoMnn ¢s’ axn7 INIX avn m() NNwn (as -7 nomnn)
as’

AF(cs.m()) == AF(cs) .Spec _m()
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vin'nn Nilidl

:D'717Y D'YON] 0717000 W NI

'WNIN axn | VYOIN 2XN

© = @

9 ayonm () I I 02907 70 790

QO = @

AF{()
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O'X12 NONYn

D'NNN 'R 17 UNNT U "NNYUNN DX DY X1 NNY NTY DXYY 'O
NI'¥{7219 NONYN7 NNITA 0'X12 0'YN7 N1
NOIXNN 7TIAQ YN URIN NIXZNT7 DX NIFT'NY 02V NI79N 11007 Y1 (RNAIT

public class StackOfInts {
public static int DEFAULT STACK CAPACITY = 10;

public StackOfInts () {

count = -1;

rep = new int[DEFAULT STACK CAPACITY];
}

public StackOfInts (int expectedCapacity) {
count = -1;
rep = new int[expectedCapacity];

MYY TIPN 7190W UINMN IR AIXT'D DX 9770 T'Nya ox T 2190w wimmn ninnon
INI'AP'V DX TANY
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101 O'NIA NoNyn

D'NIQN |2 DTN ARAP "V NIMPYN DR 91DK)

NONX NO0NA7 XNj'7 NXIN NIONYINN NIXONANN NNX OX 0'N12 honyn
this (args) n1ana wnnwn? n'y

public class StackOfInts {

public static int DEFAULT STACK CAPACITY = 10;

public StackOfInts () {
this (DEFAULT STACK CAPACITY) ;

}

public StackOfInts(int expectedCapacity) {
count = -1;
rep = new int[expectedCapacity];

NIIY1 Y'oIN? arn ,0"7 DX this (args) 1 wm'wn Java nosva
'NIQN 7Y NIIYKRIN
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