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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'¥1190 1T XNAITA
main 7Y N'P90 X'N doSomething
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public static void doSomething () {
// doing. ..

} Supplier.java

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

doSomething () ;
} Client.java
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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"

—

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

* "regular divide"

*/

public static int divide (int numerator, int denominator)

Jose nwa "7 7y ool1an Yannn
N'Y71190 9QI1an NP JNX NTIND D'MY9Y
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* %

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

* "you can't divide zero by zero"

-

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

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

-

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

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

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

* "always truncates the fraction"

_—

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

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

*/

public static int divide (int numerator, int denominator)
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public static int MAX VAL = 40;
public static long [] fibSeries = new long[MAX VAL];
public static boolean isIntialized = false;

public static void init() {
//for 0 <= i <= MAX VAL-1, fibSeries[i]=£fib (i)
//£fib (i) = fib(i-1) + £fib(i-2)
//€ib(0) = 0, fib(l) =1
isIntialized = true;

}

/**

* (@dpre isIntialized , "you must be initialize in first"
* @pre 0 <= n < MAX VAL
* @post “return the nth fibonacci element”
*/
public static long getFib (int n) {
return fibSeries[n];

}
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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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?1'"mn X770 yna won? =
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..NNNWN X7 72D IT 72X D"NONT7 X7 17'OX IX 'IAW W 'TNNT7 N1V
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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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N

/** @inv counter == #icalls for m() */
public class StaticMemberExample ({

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

public static void m() {
counter++;

}
}

72712V ,m () -7 NINPN 90N 7V DXPITI'RA NINT NN
StaticMemberExample N{77NN7 NION"NN 12 W'Y TI7 YOP
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public class CounterExample {

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

?0TIipn Qpwa "nnoIn"aon 't nn

NAY NP'7NNn7 YInn DA counter NX NNWY? NW [IAWN] NP7 X7
N TAIN

TIP2 NINIR7N YW Uin'yn 9182 017N NIY0N NI i

NYIAN DX NR7NNN NINR7A YIaNT IX W DRI 72V NNy IX?
counter ninwn?
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(private visibility) n'v1s nix

'YX DY DNYONN private D NINY IN NINYN NNTAN
TAIN DAY NR7NNN YINn 7N

/** @inv counter == #calls for m() */
public class StaticMemberExample ({

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

public static void m() {
countert++;
}
}

public class CounterExample ({

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

System.out.pri ("main(): m() was called " +
StaticMemberExample.counter + " times");
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127V NX N'TN WX (public) NiMiAY N2 NITINN 1'TA)
V19N MNYWNN v

[271 NP7 '975 POON 7w NTINNN 77N XIN Y"NNYNN
|'2N NIR7NY N9 NOIN XN

/** @inv getCounter () == #calls for m() */
public class StaticMemberExample ({

private static int counter;

public static int getCounter () ({
return counter;

}

public static void m() {
counter++;

}

Java nowva 1 n1dIn 28
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DN7 PO0oNY ATINNAN T NIN? D'YA NINR7N
790N
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 nowa 1 n1dIn 29
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(representation/implementation invariant) aix' "nnwn
(private) '01o yTm 7'onn "nnwn nxya Xin

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

NIMAY NITINN 7W 0T 'NIN2 X7 72X
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D'N7v 7w NoNN NTAN

NI71V9n0 DY D'Y7W D900 7w n1aonn ax''Man 021N Nian '1"[)_.'1'7 nx)
push, pop, top, isEmpty

LIFO nu'wa 1a1vn 01iM N1an X'H niaonn
7Y1 N10NN IX DNIV'Y7PN N N TAVY 19D §

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

N'10NNN VYSINN D1ININ 0I9'V7 NTIN A'X)
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public class StackOfInts {

[ %% NI71V9N NINN DX XV 12'N1'NVY ATINN D'
* @post isEmpty() , '"The constructor creates an empty stack"
*/
public StackOfInts() { ... }

/** returns top element

* (@pre 'isEmpty() , "can't top an empty stack" */
public int top() { ... }
TIY 9'011 [INN97 Ny¥n
/** returns true if stack is empty */ TN count() NN'7'RY
public boolean isEmpty() { ... } 0AXA 190N NIK
/** removes top element nonnay
* (@pre !'isEmpty() , "can't pop an empty stack" */
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"“ */
public void push(int x) { ... }
}
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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() { ... }

1 A
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NV |[INNOn

naonn ¥ voS0aIENN P7N N1'R count() NTINAN
NI71V92YW NINNN DX INN7 [N X7 NNOTY2 DA

NTIN? count 7y nyswnn NX Mw? n'n 9Ty
NP 7NNN 7Y wimmn

7v (VIYD VWD) LYWOIN TIXN 7V 2AIYNT7 DO
NIYNYN NX IXN7? 1'9 72V 21w 1D 011NN 019'V
NI71yon 5
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OYOINN AXNnN NI0"]

2IX ,NN0YO DM NN 'TANT D'YN INIRY 019'0N NIX N01)
N7 2T N VIYO NI 713' 0'WON 0'MY97) NNoN2 X7 728 nrunnn
(nino

NP70NN 'NNY 7 ATINN .VYWOINN JIRNN 'NAINA INOI* NIIDNN 7D
VYOINN 2AXNN 7V 0D11"ONN IN DINNNN DTV XLV

'0I217 019'0 72 NONNY DLWON N'XPAID 1'X) YIN'M NN INKY
11IN2W AIX™7 DRNNQ VYWOIN 2X¥N7 (NDIN] DXY)

D'NNWN D 7w D'wimmn D NI UINMNY NRINI DX NDINY D
vwoIMN 2x¥nn Dy (consistent) n"apy

M0WO VIYD KT 77210n
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/** @abst (i,, i,, ... , i,) or () for the empty stack */
public class StackOfInts {

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

/** (@Qabst S$ret == i; */
public int top() {

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

/** Qabst AF(this) == (i,, i3, ... , 1i,) */
public void pop ()

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

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

} Java nowa 1 n1dIN
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D'OYOSIN D'MIIMNA YTHhIN 7YY AXN

VWOINN 2XNN NN ["'¥N XN NITIEO 1Y
NTIZON VIX'A ONX? ,UTNN
@abst AF (this) == (i,, ii, ... , ip)
TN VN NN (¥ AIR'NDN L NINT7'RY 1Y
@abst Sret == i,
AXNN NN NIYN NI'X KN7'KY B

'9) NINWYN 197 N'NY VYOINN 2¥N7 oN DN
NP7NNN UNXI V'oINY
@abst (1, 1,, ... , 1,)

Java nowa 1 n1dIN
2'aN 70 NV'ONANINR

43



'YNiNn DXVI YYUOIN XN

nNnd 11ON" (VYWSIN ax¥N + NTIN) VY9N NN
NIYNTN 7V NV'Y 0V D'YINM

|I9IX 7V NININ [IAYN] AN'AN YIiMMn N1'NA
NP7NN1 Uin'vn

[IND'T NO"MX NI II7I|7'HJYJ nviin vin'nn N1'nNa
TIVI
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StackOfInts 7 "MMYON VJIN'NM

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];

}
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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 ¥INM

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;

}
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StackOfInts 7 'O17N wIN'n

NITYA 0NN DX AX"7 117N 11'KY vin'na

1n

NX PN Y?7'x 0-n ninnn DMANN DX IN7'D =
count naupn ™y NNTTR JNNKN DIPANNA DNARD

21310160

0

0

1

DONX DY V17 11710

71071 [IURI? INNRND DIPANN DNAXN DX XM7 =

count n71an ""v DNIX
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StackOfInts 7 'O17N wIN'n

N7Tana 790n StackOfInts Np7nnn QN
N7NNN XIN QYKRD vnn

DI/N NXpNinN enlargeRep N'UON N'X21I9N NNTY] =
QY7 vnn DX ANyl 7193 wn

1121310101010

T NINNX NIY 0717 12710
D'XN 7W NYIPN NN'YIl WNNWn? =
N'MKRI'T 0'7TAaN D2IN 12N WNNWNY =

1+—|2+— |3
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NnNNon? private -2 win'vy
790-NI77 NI7NN

790N 712' NP7NNN 7W 0'M1I9 NITYY NWA 'K TWUKD
I'MINIP?2 YIA97 72 Np7Nnn win' DX JwUnna 9'7nnY

IN TNYIZN NN'YI2 VNN DX 97007 T'Nya N¥11 OX 7un? =
D'2XN NO1DN 1TO NKX 9'7NN7

nrra? avn nne (private 11')kw) NiNR?? qUNv yoin nTv
NP7NNN 7Y N'T'MY N0 701 1DTY )W Va1 DN v
NP7NNN 7Y INKT? NIM'RN 729 Y7 1

I]'J'\II'\I.'I'?Y.I NN AIX"N NIXI'NO0] T'Nn |3'7
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NOYONN N'X{7119

N?7Nn (Unn?) ax"7 nian 0oYT DMt D 1R

NP7NNN 7Y [ID'MN AW IX AIXWYD AW X171 21XD NTNA
(design phase)

YINn'MI 0"y NI'N7 0DNY 1IN NR7NNT 21X 117N 1NNY
VI5N7 DXIN NN YIN'NY '

winm nonnn ,AF ,n0owsn Nn¥p119 N017 117y ) NIXY
AF(this) vwoin axn% (this ,n2mn N> ax') "oy

1D9INN )'7NNN 02 DA X'D NVYONN NN7I9
QIX'YN )'7NN7
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StackOfInts 7 NUWONN N'Y{71I9

AF (this) =(x,...,x,) st.:Vi=1l.n:x, =rep|lcount+1-1i],

n =count +1
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N'OAY TN-TH NI'X NUYO NN N'X2I1D

NIV TN-TN NA'X 770 0T NVYWONN N'¥7IIO

:‘many to one X'n iI»H

D'2AXN] DXV DN NP7NN 7Y winm N1 =
(concrete state ,niv |IN>'T N1MN) DIY D'YNIN
VYSIN QXN INIX? 191N TN

JIND'TA D'NIXVY : uYvJoIiNn AxXN

1121310101010

count==1 (2,1)

1121718
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NX7N NI'N NVYONN N'YI9

N1 X7 MI7D ,0"pPIN DI'XY D'YNIN D'2¥N DMy
'’ DWOIN QXN QX7 DNIX NI9SNY

[ND'T2 D'NXY i VYOIN 1X¥N

1121310101010

count == 35 % J_

count == -11
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revisited aix""n Mnwn

VYSIN QXN [IN YA 700 AX"7 WMK DXVY |11'ON
D'>IVN 7V 0MIon DNI?'R D'PNNT DDMYLINY'TD
I'MITY v

AIX''N NNYN DRI 19X DYNI7'R

D"7NN7 02X DNl (representation invariant)
i tn”

'N12N DI'0] =

12X NN'Y 700 AR'YAL AN DN'Y 707 NoDa =
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N?7NN 7Y NNl NNDIN

NKX D' KIN L,WTN DXV X1 WK D NN 'R A
A" INNYN

N0'1D] D'"PNN OXN :NDN NP7NNa NN'Y 22 11y (A
NN'¥' TN ,D"PNN NNYAN DAL DTRN 'RIN DN'YY
D"7NN MNNYNAN DA NKRD 'RKIN D"PDN NN

N'DINA I'N,NP7NNN 7¢ D'NN'w? 019 D NDNn i A
D"{7NN 12D XIN DX MNNYNN DX 1907 1YYY TIp

count -1 rep DY 'Poynn?' 710" X7 TNX QN — %W XNAITA =
NP'7NN7 yinn
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StackOfInts 7V AIN"'N TNNWN

/** @Qimp 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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N?7NN 7Y NNl NNDIN

D'AXVN 7V D"WUN D'NNYA D NIXINYT 7'901n X7 D7IX

NN D'YIY D'NNYN 72 D NIKONYG DA Y ,0"PIN 0'DY
NIYY? 0D"IY DN

NN2IY nOYWOSnn QY '3y D'MNYN Uin'n mi7D =

m() (NTIP9) NNY 7w Nna

2A¥NY7 INIX NY'NNNN m () NTIP91 as LYOIN A¥N [N1'N] =
CS 'UNIN 2¥N DY DXV 1Ay 'O D"PNNYT X as’ ubwoin

7 nomnn ¢s’ 2xn7 INIX avn m() NN (as -7 nomnn)
as’

AF(cs.m()) == AF(cs) .Spec m()
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:D'717Y D'YIN] 0717000 W NI

'YUNIn axn § VYOIN 2¥N

@ = @

2w n7yonm () 09NN 7w N7VoNn

m() 7w
AF)
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