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/** @inv counter == #icalls 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'NRA NIXT NI
StaticMemberExample Nj77NN7 NION"NN 12 W'Y TIp YO

Java nowa 1 n1IN
2'aX 7N NV'0NANIIN



"o’

TR m () NTINNT AXM 'R 0'1on T yupa oX :(n=0) 0'oa napn
NDINN [ND'T7? StaticMemberExample Ni77NNn N1'WO N1
VA1 WINTNI .09X7 counter NINWNN 7NNINN

70 7w 19102w D 1InW7D wao k o D nm (n=Kk) A¥pITI'RN NNan
K NI counter 7w 1Dy m () NNYW? NI K 1AW TIp yoy

NI K+1 oy Tz yop 9w 19102 D NN (n=k+1) a'¥pITI'RN TYX
k+1 Xin counter 2w DWW m() 7

NINNNN AR pIaM .m () 7 NIk K+1 12w Tign yoe ' :andin
1271 .T272 ninp K DY yop RINIT ARNP7 TV TIpn yop m() -7
NTINNN VIX'A NV .counter==k IT NTIj722 N'¥PITI'RN NNIN '97
NITY 1PN k+1 7 2%y 0y % counter++ y¥xannm()
0107 TV counter 7w DI ,N'1DIN2 m () 7 NINNXN AXRPN
H.u.n waTd k+1 AN ndinn

Java nowa 1 n1In
2'aX 7N NV'0NANIIN



N'TA) XNAI'T

public class CounterExample ({

public static void main(String[] args) {
StaticMemberExample.m() ;
StaticMemberExample.m() ;
StaticMemberExample.counter++;
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/** @inv counter == #calls for m() */
public class StaticMemberExample {

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

public static void m() {
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") ;

}
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[** getCounter () == #calls for m() */

public class StaticMemberEx

private static int counter;

public static int getCounter() ({

return counter;

}

public static wvoid m() {
counter++;

}
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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");
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NNAIT?
[ ** getCounter () == #icalls for m()
* counter == f#icalls for m()
*/

public class StaticMemberExample ({
private static int counter;

public static int getCounter() ({
return counter;

}
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[ ** isIntialized */

public static void init(String login, String password)
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push, pop, top, iISEmpty
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StackOfInts sl = new StackOfInts()

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

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

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

System.out.println("sl.top() == " + sl.top());
System.out.println("isEmpty () == " + sl.isEmpty())
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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 top element */

public boolean isEmpty () { ... }

/** 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 becomes top element"

* (@post 'isEmpty() , "Stack can’t be empty"“ */
public void push(int x) { ... }




/** @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 top element
* (@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() == $prev(count()) + 1 */
public void push(int x) { ... }

/** returns the number of elements in the stack*/
public int count() { ... }
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/** Q@abst (i,, i,, ... , i,) or () for the empty stack */
public class StackOfInts {

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

/** (@abst $ret == i, */

public int top() { ... }

/** @abst $ret == (AF(this) == ()) */
public boolean isEmpty() { ... }

/** @abst AF(this) == (i,, i5, ... , i,)) */
public void pop() { ... }

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

/** @Qabst $ret == n */
public int count() { ... }
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StackOfInts 7 "MMYON VJIN'NM

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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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 Y¥UNN) stackOfInts 7 MYWON 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;

}

Java nowa 1 n1dIn 28
2'AX 7N NU'oNaIX



StackOfInts 7 'O17N wIN'N

NITYA 0ININ DX AX"7 127N 'RV YiIn'na

VN

NX NN 7'~ 0-n Dinnn 0NaXRN DX RN
count nivpn v NNTRE JNNKRN DIZNRNN DNANRD

3

0

0

0

0

T

count

DONX DY V17 171D

7071 [IURI7 NN DIPANN DNAXN DX X7

1

count n7Tan "v DNIX

Java nowa 1 n1DIn 29
2'AN 7N NV'0NANIIN



StackOfInts 7 'O17N wIN'N

N7Tan1 7900 StackOfInts np7nnn 2AND
N7NNN XIN QYKRD vnn

DI7N NXPNiN enlargeRep N'0ONON N'X72119N NNTVA
QY7 VNN DX Ap'nynl 719 UTn

T NNNN NIY'A V1717 171D
D'RN 7Y MYIZN NN'YI UNNYN?
N'MXI'T 07720 0DINM) AN wnnwny

tail Java nowa 1 n1IN
2'aX 7N NV'0NANIIN

30



NNN9n7? private -2 win'vy
790-N1?7 NINN

790N 712" NP7NNN 7Y 0'"'N1I9 NITY? NWR 'R TWUNRD
I'MINIP72 VIA97 72 Np7nnn win™m NX Jwnnl 9'7nn7

IN DOYIZN NN'YI2 VNN DX 97007 T'Nya NX1) DX 7Un?
D'ANN NO1DN 1TO NX 9'7NNnY

NI'N7 a"n nne (private 11'RY) NINIR?7? QUM yoin nTY
NP7NNN 7¢ N'T'NY N0T'A 701 10TV WY WAl DN7 v
N?7NNN 72U INNT7 NIN'RN 72V AMy7 1

N'NINIP7N M50 AINT'A NIX 'TN0) TN D7

Java nowa 1 n1IN
2'aX 7N NV'0NANIIN

31



NIXMI jJavadoc

NNIY NIXY NIAYTA I javadoc Tiv'nn ')

7Y DTN 'K XN TIV'NN )JnoNa ,7Thn N1
('onw X7 17'9X) 0'"VY9N NP7NNN 2NN

,TIVINN NO'YY MY NIXNIN NAYT DX Y TANT N0
NP7NNN 'NNSN7 DY TIV'N 'Non 2'9n7 DI
(Dnxya 0'NN9N '7IX) NE'7NNN NINR'77

Java nowa 1 n1In
2'aX 7N NV'0NANIIN

32



NOWONN N'X71I9

n?7nn (wnn?) ax"7 N 0nYT NIt D YR

NP7NNN 7Y [12'NN 2A7Y IN2IX'YA 2ATY X171 21X DTN
(design phase)

YIn'ml 0"2apy NI'N7 0DNY X NR7NNT 21X 17N2Y ONNY
VI5N7 DXIN NN YIN'NY ' T

wimm nonnn ,AF ,n0wsn NP1 N017 117y )0 INY
AF(this) vwoin axn% (this ,nmMn N3 2xX') 'Oy

191NN 70NN D2 DAIND X'D NVYWONN N'XPAI9
AIN'YN )'7NN7

Java nowa 1 n1In
2'aX 7N NV'0NANIIN

33



StackOfInts 7 NUYONN N'X71I9

AF (this) = (x,,...,

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

Java nowa 1 n1IN
2'AX 7N Nu'oNANIN

34



N'OAV TN-TN NI'X NDYOY NN N'XAID

775 0T D7IX NDAY-TR N'A NOYWONN N'XAI9
N2V TN-TN N1'X
D'A¥N] D'AXY DN NP7NN 7Y wimm |n1'na
(concrete state ,niIY |IND'T NIIMN) DY D'YNIN
VWOIN XN INIX? 191" TWUN

[ND'T] 0'NIXY ! VYoOIn 2XN

1l2]3]o]o]o]o ;

count==1 (2,1)
1 2 7 8
T__ Java nowa 1 n1dIN 35
count==

2'2X 7N NU'0NAMIX



NX7N NI'N NVYONN NYI9

N1 X7 1 ,O"71N DI'XRY D'YNIN DO'axXN 0o'nN'y?

[N2'Ta 0'NXY

I'?T VYOIN XN QX7 DNIX NISNY

VYOIN AXN

1

2

3

0

0

count

35

count ==

-11

—

Java nowa 1 n1IN
2'aX 7N NV'0NANIIN

36



AIX''D INNYN

AINN XIN [N Y21 7222 [11'Dn ,0xY 7Y 1''N )70na
D'DVN 7V DNI7'R D' LINW?D OWOIN 2XN ax"Y
I'MITY v

representation ) aix*'n "NNYN 0'RI71 17X D'XI7'R
12 "man” ovpnn% ooy oni (invariant

X120 DI'0Q
MY NN'Y 70 AN AN DN D% noda

Java nowa 1 n1In
2'aX 7N NV'0NANIIN

37



N2 7NN 7Y NIIDY NNDIN

NX DN XINL,WUTN DXV XD WX D NDN 'y AW
AIX''N NNYUN

N0'1D] D'"PNN OX :NDN AP7NNa NN'Y 7211y (A ae
NN'Y' TR ,D"PNN INNYNN DAL DTN 'KIN DNYY
D"'7NN 1NNYNN DA INKRD 'RKIN 0"PDN NN'YNN

N'DINM I'N,NP7NNN 7w 0'NN'Y? 019 D NDN Ay
D"7NN 121D XIN OX MNNYNAN DX 1907 YV TIp

count -1 rep OV '7OYNN7?' 71D' X7 TNK QX — 17 XNAITA
NP7NN7 yinn

Java nowa 1 n1IN
2'aX 7N NV'0NANIIN

38



StackOfInts 7 AIN'"'N YNNWYN

/** @imp inv count < rep.length

* (@imp inv count >= -1

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

*/

public class StackOfInts {

JDIN'RNNN NIN7'RUN 7Y (imp_post) 'win'm N2 'XKIN 1IN2 02 Y'9In7 NI7ID nnyvnn #7n

2 N7NpY @imp inv isEmpty() || top() == rep[count] noun "wn?
/** @imp post $ret == rep[count] */
public int top() { ... }
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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];
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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*2];
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public static void printOwing(double amount) {

//printBanner nUWDﬂl Dlnljw

System.out.println ("kkkkkkkkkkkkkkkkkkkk)

System.out.println("*** Customer Owes **"); NYJA'T
System.Out.Println("********************");

//print details
System.out.println ("name:" + name) ;
System.out.println ("amount" + amount) ;

public static void printOwing(double amount) {
printBanner() ;
printDetails (amount) ;

public static void printBanner() ({
System,out.println("********************");
System.out.println("*** Customer Owes **") ;
System,out.println("********************");

public static void printDetails (double amount) {
System.out.println ("name:" + name) ;
System.out.println ("amount" + amount) ;
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Application Programming Interface (API)
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How To Design A Good API and Why it Matters
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