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

public static void main(String[] args) {
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)
{...}
NN71V91 N'¥72190 '2A7 101 770 Aawim v DRI AN7 =
2 -1 6 D'VMIARN DY N7 K1 DX DN290 VTRN ANN2 T ,7un7 =

Java nowa 1 n1dIN
2'aX 7N NV'0NA1IX



"Let us speak of the
unspeakable”

? 2 -1 7 D'0INIARN A TP NN X
?07un7 N7ayn NYION DRN =
?n0n7 N7ayn =
20" 0NNyl =
7270 07w 97 N7Avn XN IR .

?NMIRY K77 0'P7NNN D1'RY D901 112V NION N'N7119] WIN'WN Y2INI

709X XIN N1DAN OX NpP' NN
?910'K7 71PN TNIM W 7270 DRN @
‘ ?9101'K 0111 QIOYI'X A 7TAN D'P DNN =

709X NIN N1DNN TWKD NION N'X;721191 vin'wn 2IXI

?0'¥72191 VMON WIN'Y NIAPYA NI NN
?9Iyn N'DINN DN =

?0TR LD DX 7AKAY Y ITNIN DN ®

?N10IN2 IWIRY NIR'AY DX ARY7 [N INIYXAKAY (12200 IX DINYN D' OXN §

Java nowa 1 n1dIN
2'aN 70 NV'ONANINR



..0'NINS NiXy "M Nl

71v9% divide 7y naw nixn 7y NITRWN 1237 D121 NN NNDNA 'R

Y1902 |''X7 W' D7INI
n'X;211I9N0 AN YX1AY nindnn I'n NN =
("I21 N1ON2 09X ,0'P7NNN DN DXN) D'VINIARND 7V NININ AT NN
DIYN DN N'XA0N NIANINNA 'nNN =
NININ2 177021w D"pnn 707 okNNa

n'X;2119nN 7Y ATIND N1IDN NIRIYA N'IANINNANT NININN VDS

NINIPYI D'P90 ' D'TIN D'ANNI D'POYN DYIVAY DWD wnn

721 ... 121 D'NINI 170,001 DM, 0T |72p =
11%
Java nowa 1 n1dIN
2'aX 7N NL'0NAMIIN

10



(design by contract) ntin 'o 7y 2Ix'Y

12NIX D7INI,NTINN [I'X? NOWNN 270D TNIM 12NN 'K Java nswa
NI1DN 7D 190N 717NN 1'ann 7y 001N)

N'NX219 70 ynw TV nNyna )

227 NY72190 AN 7w ninann [N — (precondition) nTp ‘RN =
N1 UYNNYN? N1'pnn NN

D, L]
N7 D'PNN D'YIM'YNN TNN

D'IN712 D™V 7Y D'NAINA YNAN 'RINI DTPN 'KIN DX IRN? 7TNe)
(In" TN X7) Naw 90 o"pIin

'D"'7IN D'IX712 D101 YIN'Y
NI PITN =
1¥'N 7D NITYA NTINN DX qIDX7 T'Ny2 17 ©WON' =

Java nowa 1 n1In 11
2'AN 7N NV'ONAIN



divide -7 mwox nTIN

/ * %
* @pre denominator !'= 0 ,
$ret x denominator + (numerator%denominator) == numerator
N L : ) L g )
numerator MUMETALOT  v,) iy RWI nainm
. denominator
denominator
X >\/4
. numerator
|$ret * denominator| < |numerator| |$ret| < | :
denominator

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)) $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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"X11A'S NTO

public static int MAX VAL = 40;
public static long [] fibSeries = new long[MAX VAL];

private static boolean isIntialized = false; //’
Iy vin'mn DXN
:/@post isIntialized() , "object is initialized” 237NN
public static void init(){ N1 T X7 DX
//for 0 <= i < MAX VAL, fibSeries[i]=fib(i), where: ?INIXR |7NY7
//£fib (i) = fib(i—lT + fib(i-2) \\» <//

//€ib(0) = 0, fib(1l) =1
isIntialized = true;

}

public static boolean isInitialized() {return isInitialized;}

/**
* (@pre 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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public static final int MAX VAL = ;
private static long [] fibSerles = new long[MAX VAL];
private static boolean isIntialized = false;

/**
* @post isIntialized() , "object is initialized”
*/
public static void init () {
//for 0 <= i < MAX VAL, fibSeries[i]=fib (i), where:
//fib (i) = fib(i-1) + fib(i-2)
//£ib(0) = 0, fib(1l) =1
isIntialized = true;

}

public static boolean isInitialized() {return isInitialized;}

/**
* (@pre 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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NTIN? NIIY N0 — NI WI9'N

/**
* 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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NTINT NIOY TIV — "IN WI9N

/**

* finds the index of v in a if present

*

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

*

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

public static

}...

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'DIN 7¢ (ANNYN ,NVINMINIINR) NIDN NDINT No1]
NINPN 190107 NIY counter nInwnn Y .NLVIYS
m() NNy

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 Nj7?7NN7 NION"NN 12 W'Y TIp YO
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7NNINN N'DINN [ND'17 StaticMemberExample np'?nnin na'yo

Va1 wNTNI .09X7 counter nxnwnn

75 7w 1910w D 1INWTD Wwav K 0 D N (n=K) nxpImakn nnan
K NIn counter 7w DY m() NnNw7 NIk K 1w T vop
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7 ninp k+1 oy Tz yop 2w 19102 D NN (n=k+1) n'¥pITIrRn TN

k+1 Xin counter 7w 1Dy m ()

m() 7 nixp kK+1 12w TIipn yop "0t iandin
YOR RINIT ARNP7 TY TIipn Yo m () -7 MINNRD NXMP2 2120)
IT DT N'YPITIRN NNIN 97 D71 . TA72 NI K oy
.counter==

7 071 DY D7 counter++ y¥xann m() NTINNN VIX'A Nya
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public class CounterExample ({

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

e )\
.!///

?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 NINwnNY7
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(private visibility) n'v19 nixMa

'YX DY DNYONN private D NINY IN NINYN NNTAN
N TAIN DAY DR7NNN I N

/** @inv counter == #calls 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() ;
E StaticMemberExample.counter++;

System.out.pri ("main(): m() was called " +
StaticMemberExample.counter + " times");
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(encapsulation) nonsn niadpn AT DIN'M

information ) yTm nanon N1yl v nondnn NN
ni7nn (hiding

NINE7 715 X7 DA NI NYD - ' NOYIA NNMNOoONN — N2
counter 7¥ DIV NN
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127V NX N'TN WX (public) NiMiAY N2 NITINN 1'TA)
'VI9N NMNYNN v

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

/** Qinv 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 33
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DN7 PO0oNY ATINNAN T NIN? D'YA 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 nowa 1 n1dIN 34
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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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NX1IY D09 DMV NIFNYT 0717V N2 'RIN] DA
‘NIP?nN 1'non?

/** Qimp post isIntialized */

public static void init()

/* isInitialized is private, while isInitialized() is
public */

NIMIAY NITINN 7W 0T 'NINQ X7 72X
V1N
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DNIX QIYNT7 7907 [I¥1 'K YUK TV 'MNY [YOXN 12N
YINn '97)
:D"VUI9D D'NINY NYTAN? NIMYOX NIA'0

NNI20N2 7 [I'AN 17 W' ,N2ADNIN NN'wNn 770 Yy¥an NNYn =
extract ,nTINN7 TIp yop yI7'n "'y XY NNY XN2AITY)
(method

72 YNKR I]|7Tl'7 NIX YT INNYNN NIX YO0 hNvn =
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(O TV NTINND quicksort 2 nunnwnn
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(package friendly)
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NNDIN IX D'IYONN DNPNAN 70 NPT 77210 17X NINdDIN N1an
(AMNNwNN NN2INA 'R NN7 NNIT) NYPZIMIR]

'NIN D D'NDINENNY? noda DN DT0 'RIN 'O 0'NIN IR =
NNy nNX'XY1 0"p¢"7n 1NKN

DN OX V1921 ,N1DIN NIMS07 NI'MAX N1 NN'YN W' 17X NINDINY
NIMI'n NINYNI Nivnwn

NI121 NNDIN" — 001N ATNKRA NINNAITA YAl KIXNT [N )07 NIKNAIT
"Dnny v

Java nowa 1 n1dIN
2'aX 7N NV'0NA1IX

40



NIZ7NN 7Y Nnid)

OV T2 T2 TIy? 7Y NIN'S? NIY'A NN nim'y/

7w 217'w a1 01 — (specification) 17w V9NN
NN D"NY

U1 (N'Y7219) NN 7D 7w ATINn I'X? V9

- DbC) nimx%1a ninyo nartva n70 np7nnn
ax¥n DN o019'v7 1121 (Design by Contract
NLYON N'¥71191 LYSIN

Java nowa 1 n1dIN
2'aX 7N NV'0NA1IX

41



D'N7v 2w NoNNn NTAN

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

LIFO nu'wa 1a1vn 01iM N1an X'H niaonn
71 N10NN IX DNIV'Y7PN NN N TAVY '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

N'10NNN VYSINN D1ININ 0I9'V7 NTIN A'X)
11011 NYO OX N NN
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public class StackOfInts {

[ %% NI71V9N NINN NN XVAN 12'R1'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() { ... }
TIY 9'011 [INN97 Ny¥n
/** returns true if stack is empty */ TN count() NN7'RY
pUbliC boolean :LsEmpty() { ... } DOMAND 190N NN
niaonniav
/** removes top element
* (@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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/** @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, ... , i,) */
public void pop ()

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

/** @abst $ret == n */
public int count()
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@abst Sret == i,
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StackOfInts 7 "MMYON VJIN'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];

}
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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 Y7¥UNN) stackofInts 7 MYON WIN'N

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

n =count +1

/** (@abst Sret == i, */ TN
public int top() {

return rep[count];
}

DIZ'MNI ,N0NN1 |I'7yNn 12'R7 oN'Nn i, |In'on
count XIn rep 1WwnNl 7Y
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/** @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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