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class VersionedString:
Initial State: length() ==
add(String s):
Requires: s !=null
Ensures : length() == old length()+1
getVersion(length()) ==s
int length():
Ensures : number of calls to add() so far
String getVersion(int i):
Requires: length() > 0 and 0 < i <= length()
Ensures : return_value ! = null
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VersionedFolder NamedVersString VersionedString
strings: [ed name: "exl.doc" n: 26
L\ values: last:
NamedVersString VersionedString
name: "ex2.doc" n: 26
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NamedVersString VersionedString
name: "ex9.doc" n: 26
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vf.add("ex2.doc","This exercise...");
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vs.last=null IX vs.n=3 y¥a7 1w 110X

private DT NITYN DX AT DX AN'0AN DR ©
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221 DNY7R D'ON"NN DAY D'WAIN X7 DMXY? 871,190
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class VFlterator {
VersionedFolder vf;
int nextString;
public boolean hasNext() {
return nextString < vf.strings.length-1;

public NamedVersString next() {
return vf.strings[ nextString++ 1;
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VersionedFolder vf = ...;

VFlterator i = vf.iterator();
while (i.hasNext()) {
NamedVersString nvs = i.next();
... // MTAINY NTNNN2 D'WNNYUn
}
T2 NITNNAN 72 DR ATNNY NDMX IT X717 o

MNX IR) M0I0'RY? NIKMPN |2 )TN DX DY DX O
|121 X7 21¥9%7 717y X0 L (12 win'win 1971 NIy

2Taw ,)wnn N'7'NN2 'Y 0'9011 DA DX ,7wnY? o
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class VersionedFolder {
NamedVersString strings[];

public VFlterator iterator() {
VFlIterator i = new VFlterator();
i.vf = this; // ntn 1Y on'nn 11010'RN
i.nextString = 0; / NIWXIN NTNNNY7I
return i;
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class VFlterator {
VersionedFolder vf;
int nextString;
public boolean hasNext() {
return nextString < vf.strings.length-1;
}
public NamedVersString next() {
return vf.strings[ nextString++ 1;
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MM (09X7) NITY 7w '0NIVIRD 7INNKN DX D'YIV NN O
?ANNYNN DX DY K7W 2¥N2 XD NNY NTY DXY

DXVYNVY [¥NY X712 NTY 12210 X7 72X MYOX NN 0
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private boolean initialized; //initialized to false
private void initialize() {
initialized = true; ... }
public someMethod() { //all methods start like this
if (linitialized) initialize();

ANVIVND 7Y HNYND (e

vi points to a VersionedFolder object
0 <= nextString <= vf.strings.length
D"PN 1R XIN P71, vi==null ;¥ M100'RN WK 7aX ©
INNYNn NX

n T %Y NI0I0RD NITY ZINNK T2V N'wan DR NN o
7> ,VersionedFolder.iterator() ,nxyn Nx x'w
ANNYNN DX D' M0I0'RNY

DXY XI'Y NIR7 7V 7007 AWOKR 'R ;N7¥IM |NNO X7 AT 0
1D ,ANNYAN DX DUPNY NN INIXK XY DIMNRD IR
' 771 nyT? 11X X7 nipin
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class VersionedFolder {
NamedVersString stringsl];

public VFIterator iterator() {
return new VFlterator(this);

}
}

&
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&€ (constructors)onya |e

nN'yv nNX Y"\n'7 NANRIT NNXY1 N5WN 210 NI |NnS o
'NIQ ONXK NN'Y INWTR YA 197 72INnNXN
212! NINIL,DXVN DWD NN 'K12N DY DR ,1I'KOY 19D O
ANX NN'Y 1N D'VINIAN 7277
class VFlterator {
private VersionedFolder vf;
private int nextString;
public VFIterator(VersionedFolder vf) {
this.vf = vf;
nextString = 0;
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D2l ,0'N12 (overloading) omyn? Ywor nIk'aa o
NNNX NI

(scope) DINN MIXAY NWIN'D NIYY7AI9 7w nonyn o
190N NNIY X ,OY INIX NI7Y2 NIYRAI9 NNd NNTaN
NIN21 NA'RNAN Y1901 ,0N'0I9'0A IN D'OINIAIND
N7Ysm XN N7YY DMK 'O 7 V7vonipn My

712'NY7 wnwn + I1019IKN :DNIVIDIN NoNYAY? KNAIT o
NITANN YWY ,N9X NTIPIA D901 AN DY
9'0IN7 TIWOK 'R 72X ,+ NX NOMYN NNXY NOWN)
Tiyal ,C# ,C+ +-2 2WOK ;nIX'AQ DNIVIDIX 7w Nonyn
(niow
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NpPoon NIXR'A ,NP7NNa 7701 'R Tam X7 oX o
N7 (default constructor) 71nn N2 '
DI'7D NYIY K71 D'OIMIAN 72N

v = new Version() > n"vrav na'on It o
NN X7 Version np7nnnw ninn o'7vis
N1
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class String {

public String(byte[] b, String encoding) {...}
public String(byte[] b) {
this(b,"ASCII"); / DANX N9'0 N'NAN NIR'YN]

}

D' NYAY K71 AT O
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class String {

public String() {...}

public String(String s) {..} //copy constructor
public String(char(] c) {...}

public String(byte[] b) {...}
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,VersionedString 7w n1ina q'voa pam o
add(String s):
Requires: s!=null
Ensures : length() == old length()+1
getVersion(length()) == s
D'{?"I0 1Y NITYA OPITI9NA NZANNN NTN NTINA 0

axn 7w 0ton VAN NOWINY ,length ,nn%7'kw NaTva o
NTh

7T7 17  NITE 7w 0'uInIRe niont'nn Ty o
DXYN 7V Y'owUn NN naw
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(abstract state) vwoin axn D TAN ,N7RD DN ©
D'NNN 2NN INYT'NA D720 DYVNY

(concrete state) 'wnin axn 0NN oxyn Y NITYUN o
D'I0N LWSIN XN AX"NY

D'VYOIN D'AXN D'ax''n 0'Nxy ,n||7'7n RV Be)

D'NIINA DTN ,(ANKAT DTN 'KAN) ATIND AT NN o
WNINN 2¥NN XINW AN 79 X7 ,0U9In a¥nn 7w

nx nonn (abstraction function) nowosnn ni¥jmIe o
vwoINY 'WNINN 2¥NN
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'NIN NIX 1'TANT TWONIL,NP'90N ITN NYWAN ,0N7n NN O
NAYINY D'UINIAIRNT NIN7'RYN NITYA INRDI DTN

NRIYN NIyn MY ITh NYA? o

X 1'TaN7 NN 7Y NUTN NOW R'¥NNY7 IX 'K N'UKY O
M'TAN NN7'RYY W7 ON'NN7 YIX7 01D ,NTINN 'KIN
NIN'YN YIX' IR ITNIMY 1971 ,NNWN Yixa 197
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DA KI¥N? NN 7y 7wn7 ,n¥" [N DNIX 71727 WWOK
7'win 0'ysY 7ar 7'y X7 IR ;NDIma

YIn'na NIy TN N72VNN Yinm 191 0'71YoNn MY o
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NI TN-TN X7 72K TN X' n'Y2150 D"pPnn AN o

72N ,LYDIMN 2NN PIMTA TNR )Y D'RNN AIX" 757 o
VYOIN 7Y 727 DX 190N 11N

X fraction==0 ox :n2i¥" nan v 0-7 ,nnama o
NITYN 1w 1 nn aiwn X7 ,0 X0 aximn wn
DINKN

A(nonpositive, exponent, fraction) =
(nonpositive ? -1.0 : 1.0)
* 9(32768-exponent)
* (fraction / 65536)
A(np,e,f)==A(np,e+1,{f/2) ,q01a1 o
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class SimFloat { Dp"wnn nn90n a7 NP7Nn
private boolean nonpositive;
private char exponent;
private char fraction;

A:SimFloat > Fc R  nowsnn 19 ¥ nnoni ninnn
A(nonpositive, exponent, fraction) =
(nonpositive ?-1.0: 1.0)
* p(82768-exponent) * (fraction / 65536)
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public add(SimFloat alpha) {..}  nnarT? nN'w
requires: nothing
ensures: A(this) == round( A(old this) +
A(alpha) )
A nLWSNN NUYPAID NN LMD YT X7 NIpn o

a¥N1 ''Y TN NTIR9N W NTIND L NIR?N 1IAY o
NYIT NN 713V N'X{71191 WIN'Y JIN) DWOINN
790N N'ThNI 'wnn 190n N'7ajny round
(nowonn Ny 7w F nnoa
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class TolerantVs {
VersionedString vs;
public TolerantVS(VersionedString vs) {
this.vs = vs;
}
public void add(String s) { vs.add; }
public String getVersion(int i) {
if i <0 ||i>=vs.length)
return null;
return vs.getVersion(i);
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*

@imp-inv: cartesian or polar

#*

@imp-inv: if (polar) (0 <= p_theta &k p_theta
<= Two_pi)

*

@imp-inv: if (cartesian) p_x, p_y meaningful

#*

@imp-inv: if (pelar) p_rho, p_theta meaningful
*/

public class Complex {

private boolean cartesian, polar;

private double p_x, p_y, p_rho, p_theta;
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public double y() {
set_cartesian();
return p_y;

}

public double rho() {
set_polar();
return p_rho;

}

public double theta() {
set_polar();

5 return p_theta; }
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/#** constructor for cartesian only
*/
public Complex(double x, double y) {
cartesian = true;
p_x = x;
Pey-FiY 3
} // the queries should have doc comment!!
public double x() {
set_cartesian();
return p_x;
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SE=x
* Make polar representation available
* Qimp-post: polar
=/
private void set_polar() {
if (!polar) {
p_rho = Math.sqrt(p_x * p_x + p_y * p_y);
p-theta = Math.atan2(p_y, p_x);

polar = true;
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S ex
* Make cartesian representation available
* Qimp-post: cartesian
®/
private void set_cartesian() {
if (lcartesian) {
p_x = p_rho * Math.cos(p_theta);
p_y = p_rho * Math.sin(p_theta);

cartesian = true;
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/** Multiply by the value of other
* @imp-post: polar @imp-post: !cartesian
# @post: rho() = $prev rho() * other.rho()

* @post: theta() = ($prev theta ()
other.theta()) % 2*Math.PI
=/

public void multiply(Complex other) {

set_polar(); cartesian = false;
p_rho *= other.rho();
p_theta=(p_theta+other.theta())%(2*Math.PI);
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[ %
*# Add the value of other
* Qimp-post: !polar @imp-post: cartesian
= @post: x() = $prev x() + other.x()
* @post: y() = $prev y() + other.y()
*/
public void add(Complex other) {
set_cartesian();
polar = false;

p-x += other.x(); p_y += other.y();
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