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public interface RandomNumberGenerator {
public int random() ;

} NNAI'T

:ID 2un? ,11IN¥D] NIOTWA DR WNN? NN WOR E

public class FastRandom implements RandomNumberGenerator ({
public int last;

public FastRandom() {
last = (int) System.nanoTime() ;

}

public int random() {
last = last * 1103515245 + 12345;
return (short) (last & OXFFFF) ;
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java.util.Random =
nyal =
TIDIWN] WNTN PYUIND DX NYNAN NI'R N7Nnn =
RandomNumberGenerator

random() wINTN NNWN DX TYNNN N1’ XN VIS =

Method Summary

protecte

:_l next (int bits)
Generates the next psendorandom number.

nextBoolean|)
Returns the next pseudorandom, uniformly distributed boc1ean value from this random number generator's sequence.

nextBytes (byvte[] bytes)
Generates random bvtes and places them into a user-supplied byte array.

double

nextDoukle|)
Returns the next pseudorandom, uniformly distributed double value between 0.0 and 1. 0 from this random munber generator's sequence.

=% lnextFloat ()
Returns the next pseudorandom, uniformlv distributed £10at value between 0.0 and 1.0 from this random number generator's sequence.

deuble | nextGaussian()
Returns the next pseudorandom, Gaussian ("normallv") distributed douple value with mean 0.0 and standard deviation 1. 0 from this random number generator's sequence.
% lnextInt ()
Remrns the next pseudorandom, uniformlv distributed 2 nc value from this random number generator's sequence.
P lnextInt(int n)
Returns a psendorandom, uniformly distributed int value between 0 (inclusive) and the specified value (exclusive), drawn from this random number generator's sequence.
ng

nextlongi)
Returns the next pseudorandom, uniformly distributed 10ng value from this random number generator's sequence.

setSeed(long seed)

Sets the seed of this random number generator using a single 1ong seed.
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(Adapter) oknn np7nn NNSn =

public class RandomAdapter implements RandomNumberGenerator {
java.util.Random r;

public RandomAdapter () {
r = new java.util.Random() ;

I'2 (NNaNN) NN Ap7NNN
7win? Random np7nnn v pwinn
RandomNumberGenerator

public int random() ({
return r.nextInt (),
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import java.util.Set;

public interface RandomSetGenerator {
public Set<Integer> random() ;

}

import java.util.Set;
import java.util.TreeSet;

public class RandomSetAdapter implements RandomSetGenerator {
java.util.Random r;

public RandomSetAdapter () {
r = new java.util.Random() ;

public Set<Integer> random() ({
Set<Integer> result = new TreeSet<Integer> () ;
result.add(r.nextInt()) ;
result.add(r.nextInt()) ;
return result;
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abstract class AbstStack <T> implements IStack<T> {

public void changeTop(T t) {
pop ();
push(t);

}

abstract public void push(T t);
abstract public void pop();

}

DN7Y NTIN2 Y X7X POP IX push 7w wimma 17N 1’k changeTop nnwn =
295 DNMIA7X nadn changeTop =
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class StackImpl<T> extends AbstStack <T> {
public void push(T t) {...}

public void pop() {...}
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AbstPoint 7w toString -1 distance o'nnwn =
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class NUMERIC {

NUMERIC add NUMERIC other);
NUMERIC subtract NUMERIC other);

}

class COMPARABLE {

boolean lessThan (COMPARABLE other);
boolean lessThanEqual (COMPARABLE other);

INMUNn wAry IR amn ple .
class REAL extends NUMERIC, COMPARABLE {

?Float np/nnnnvnrr'mn =
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public interface IStack<T> {
public void push (T e);
public void pop (),
public T top ()

}

public class SimpleStack<T> implements IStack<T> ({

private IStackImpl<T> impl;
// MyArrayList or MyLinkedList

public SimpleStack (IStackImpl<T> impl) {
this.impl = impl;
}

public void pop () { impl.remove(); }
public void push (T e) { impl.insert(e); }
public T top() { return impl.get(0) ;}
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public interface IStackImpl<T> {
public void insert(T e);
public void remove () ;

public T get(int index) ;

7wInn |'al IStack pwinn 'aw 771207 27 0'w
IStackImpl

naonnn NX ax'n IStack puinn =
nonNNN vin' NX ax'n IStackImpl pwinn =

n7ONn Istack NX nunnnn SimpleStack np7nnn
IStackImpl NX NWYNNAN NZ7NN 7W yoIn

IStackImpl N YXINN (AIX'") winm DIIX7 (Winm) nviin =
Istack N YXINN NOWON7 Nyann (YiMm) nwIin =
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public class LastModifiedStack<T> extends SimpleStack<T> ({

private Date lastModified;

public LastModifiedStack (IStackImpl<T> impl) ({

super (impl) ;
lastModified = new Date() ;

}

/** Push element and update date */

public void push (T e) {
lastModified = new Date() ;
super .push (e) ;

}

/** Remove top element and update date */

public void pop () {
lastModified = new Date() ;

super.pop() ;

public Date getLastModified() {
return lastModified;

}

} Java nowa 1 n1IN
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‘ArrayList NNTY] N'IONN WIN'M7 XNAIT  °

public class ArrayListStackImpl<E> implements IStackImpl<E> {

ArrayList<E> rep = new ArrayList<E>() ;

public E get(int index) { return rep.get(index) ; }
public void insert(E e) { rep.add(e); }
public void remove () { rep.remove(rep.size()-1); }

?N10NN 7Y YyoIn IX'7 ["IVnY 'oI9'0 NI AR 'R ¢

SimpleStack<Integer> stack =
new SimpleStack<Integer> (new ArrayListStackImpl<Integer>()) ;

707 M1an v nnnonn nn - ¢
?7DNIXNMNO7 NI 'R
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YT %V X1 Cast X17aw MR NI09IR NNTYVA N'YWYI NIR'A 0'0I19'0 NNNN
N7 0N 'R 019'0N WY 2'aon 0'MAI0 NA'MD

(Type) <Expression>
(D"2'0'™M™M9 0'oI9'V7 ON'NN 11'X XD [I'TN)
<Expression> 'l0'anw DXVN 112V Type 019'un oIN' X' XN
.019'07 D'NNN DXVN DX ,AYUNN

Type 019'07 D'RNN DXY7 ON''NN XY OIN"N OX NN'7¥N N71Y9n
019'0N NI 770 NINYS 019'V7 oIN* 7w nnn :(downcast) nun? NN =
.DXYN 7W '00OoN 019'0N 7Y RXRX NIN Type
( PwIn IX NP7NN) 270 AN 019'07 oIn' 7w nnn c(upcast) nyn? nOnin =
NNX7'9N1I INAY DM NN NNN D =

N'D ;W19 1I0IDIN NDMI¥N X7 770 0T, nn7x¥n TN n7un% nonn
VT Tax? 2779ni? nnii vivo

DXIN X7 Y2XINN DXYN 019'0 NXM N7 OX 7wd3'7 n717Y nun7 NN
(ClassCastException amn a) qivn naoimn Type 019107
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(7un? C++ nowa slicing n nwa) yaxmn

(compatible types) nmwox n210nn D T2 NX7'ONIE NPT =
DXVN 7'TNNY D'NINWN NIX720] '1'Y YXINN 71X =
AN PNTNI 7N N'PIN X7 0NN DX AT M) =§

N'TNNI) DW2IXNT7 71 NNTAIN maxSide () XN7'RUN NXAN NNAITA
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-1 NNTAINN getClass NTINNN ™Y X'N NRT Y¥2A7 NNXK T =
NP7nn 721 0vpn class 'vvon nTwnl Object

Shape [] shapeArr =
double maxSide = 0.0;
double tmpSide;
for (Shape shape : shapeArr) {
if (shape.getClass() == Polygon.class) {
tmpSide =((Polygon) shape) .maxSide() ;
if (tmpSide > maxSide)
maxSide = tmpSide;

oI19'UN NNNIX "1A7 Nn
? Triangle Ix Rectangle

} nNZ'7NNAN D1'X 07N DYy
I9SNNY' X7 P71 Polygon

L9
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NI - YD NR7NNis-a N'™Mon DRN PTIA instanceof 1IVIOINKN W
nN'YUNNN IX DY IX NP7NNN NNIX 019'0N X' OXN

Shape [] shapeArr =
double maxSide = 0.0;
double tmpSide;
for (Shape shape : shapeArr) {
if (shape instanceof Polygon) {
tmpSide =((Polygon) shape) .maxSide() ;
if (tmpSide > maxSide)
maxSide = tmpSide;
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7V >"T1a T'wn nomyy nimam nioimna Casting-a wvin'y w
2N7 nyanw ("design 2 axa") na>avnn jnOna nwa
DT'91IN'719] |1D1 X7 WIN'wn

D'ynNnwn WK Casting-a win'wn onn |'k 0D'N'Y7 =
IN, [N'2ND 7V N0™MY 17 'R AWK NIY77D N1DIN NIMB02
N1j71 0 ONNI V79D 2ND1 TYWKRD TIANT7 170 YT TWUKRD
D'DNN 7Y NT'NY QXN V7D
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(VwWoIn NNY X7 DA) Shape NP7NN2 212'0 NNW YTAIN K7 ,IT XNNAITA =
17 7AVINY DXYN 019'0 NX 1NA7 NIRP?A 7V ,MIY 212'0 NNY NIX 2% jin =
DNNN] NONN YX¥a71 7y19a

void rotate (Shape s, double degree) {
if (s instanceof Polygon) {
Polygon p = (Polygon)s;
p.rotatePolygon (degree) ;
return;

}

if (s instanceof Ellipse) {
Ellipse e = (Ellipse)s;
e.rotateEllipse (degree) ;
return;

}

assert false : "Error: Unknown Shape Type";
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nP7Nna wnnwl OO0 7 pa X7x Java -7 ma X7 TIpn N DAON7 'O W
'NXRY 70 DY NN DTIAY? T'NR W 790N TWK (PWIn IX) NOYWOIN
n'277'NN

NNIXD 7D 012Y TIR NI YNANWA? NIR7n 21D .

void rotate (Shape s, double degree) ({
s.rotate (degree) ;
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instanceof

abstract class Shape implements IShape {

//...

abstract void rotate (double degree) ;

class Polygon extends Shape {
//...

void rotate (double degree) {

rotatePolygon (degree) ;
}

class Ellipse extends Shape {
//...

void rotate (double degree) {
rotateEllipse (degree) ;

}

Java JIiovd 1 idJni
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Dynamic dispatch vs. static binding

i
NMNKYI'T XN Javal yoin 'mNY nyon =

(N7¥ nn'nNn DX ) 27wonT7 W a9 IR JVM-7 xn X7 2onipn =

'97 017D ,"IN1TN 019'0N '97 D'KNNN NNYA DX 7von JVM nnxnta =
2V192 yaxinmn Oxyn 019'v

N'INIVY'I D'YO7 NIDN NMXA'TN7YoN =

'70Nn 7703 27v'9nIpn 1AW 70NN AN DTN ITDY NMRIT NYon W
[AT2 227 IX D XT TRE'WONT W 2210 IT'N XN D, NN7'onIpn
7'WONT7 W'Y N'XRA19N 'NNn 2N 2'oNY7I 'MANA'TA 0I19'0N 1NN NXN

static binding D'X1j71 YNN N'¥2219 IT'R VAl 17"'9nIpn DNAY Dgn =
(rvvo IYPR)
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devirtualization :n'NYT™M'OUOIN

'UXLVON 0I9'07 NNT N™M9N 7W MNKI'TN 0I9'VUNY 1N N'X7'ONIPZ [AT2 1) ,0'N'IoN DN &
NIV N7Y9N IX 'R TR ,N7Y

T 7wn? W
MyClass o = new MyClass() ;
o.methodl (5); // clearly o is a member of MyClass

NINTZ A7monipn yTIr N7 DM D NIRRT 0D7INE &

PY DM =

final YTain MyClass DN

17¥ NOMT Vain N7 ;£inal np7Nna V1AM methodl NN'WNY IX
private NiNW N7yon

D'NX12 N7YON

super NNV N7V9N

(...0nw TMINW '9) ,static method) np'7nn 'MW N7yon

7von7 nxpao 1Tk JVM 7 ninini devirtualization  yxa7 210 277 onipn ,n7"0 0ppna =
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public class Animal {
public static void hide() {
System. out. format ("The hide method in Animal.%n") ;

}
public void override () {
System. out. format ("The override method in Animal.%n") ;

}

public class Cat extends Animal {
public static void hide() {
System. out. format ("The hide method in Cat.%n");

}
public void override () {
System. out. format ("The override method in Cat.%n");
}
}

public class Client{
public static void main (String[] args) ({
Cat myCat = new Cat();

Animal myAnimal = myCat;

//myAnimal.hide(); //BAD STYLE
Animal.hide() ; //Better!

myAnimal .override () ;

The hide method in Animal.
AR L The override method in Cat.
2'aX 7N nu'oNIN



public class Base {
private void priv() { System.out.println("priv in Base"); }
public void pub() { System.out.println("pub in Base"); }

public void foo () {
priv();
pub () ;

}

public class Sub extends Base {
private void priv() { System.out.println("priv in Sub"); }
public void pub() { System.out.println("pub in Sub"); }

}

public class Test {

public static void main (String[] args) ({
Base b = new Sub() ;
b.foo();

} 20971 NN

priv in Base
pub in Sub
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(ANKX 0I9'V IX 0I19'V ININN) 0'01N

public class Base { public class Test {

public int i = 5;
} public static void main(String[] args) {
Base bb = new Base() ;
Sub ss = new Sub();

public class Sub extends Base { Base bs = new Sub();

public String i = "five";
} System.out.println(bb.i);
System.out.println(ss.i);
System.out.println(bs.i);
5 }
five } 20971 NN
5
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(YNn X7 N0 TR (122 ANIY) YN N0 IT'R V7NN 79NN noNYN 7w DN W

Kjava.lang.String"nnn]MWHXHDD)WEH)nNWJnT u

static String valueOf (double d) {..}
static String valueOf (boolean b) {..}

20Ty ARk =
overloaded (Rectangle x) {..}

overloaded (ColoredRectangle x) {..}

,0'70NN07 20 YroniIgn kK7 W

Rectangle r = new ColoredRectangle ()
ColoredRectangle cr = new ColoredRectangle () ;
overloaded(r); // we must use the more general method
overloaded(cr); // The more specific method applies
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—
‘DTAMN D AT AR =

overTheTop (Rectangle x, ColoredRectangle y) {..}
overTheTop (ColoredRectangle x, Rectangle y) {..}

ColoredRectangle a = new ColoredRectangle () ;
ColoredRectangle b = new ColoredRectangle () ;
overTheTop (a, b);

?b ixa 770n19 nrx 7w 7ax(casting) nnn nwaTaw NN =
NIN'AQ N'ZIN X7 NNAWN N7Y90 ;07NN7 T |'R -
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—
overTheTop (Rectangle x, ColoredRectangle y) {..}

overTheTop (ColoredRectangle x, Rectangle y) {..}

ColoredRectangle a = new ColoredRectangle () ;
ColoredRectangle b = new ColoredRectangle () ;
overTheTop(a, b);

n'yin Nnh'"n NAYY? NXPN NN NoNan Y NnNh''n OR =

72N ;N'IN X77 D290 NANMPN ,N7120N NONAN NN 0'9'0IN WNRD W
NINPZ71,TIAV7 1'wnn NADINNEL,NK YAZA 0T OX 0T IR 07220 X7 27790170
NPIN'N NoNA?

;N'12INN NIANINN NX NIYN NINWA K7W YaIp 7Y 70 AN7'oNIpw A1I0 X7 =
MMAY QXN DT
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class B {
overloaded (Rectangle x) {..}

}

class S extends B {
overloaded (Rectangle x) {.} // override
overloaded (ColoredRectangle x) {..} // overload but no override!

S o = new S();
ColoredRectangle cr =
o.overloaded( cr );
((B) o) .overloaded( cr )

// invoke the purple
// What to invoke?
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Vinanl' - nvinl noONyvn

class B {
overloaded (Rectangle x) {..}

}

class S extends B {
overloaded (Rectangle x) {..} // override
overloaded (ColoredRectangle x) {..} // overload but no override!

}
S o = new S();
ColoredRectangle cr = ...

o.overloaded( cr ); // invoke the purple
((B) o) .overloaded( cr ) // What to invoke?

190N ,NNWYN OW ,0XYN 0I19'0) NINYN 7¥ Nn'NNN NX NI '0VO XIN NONYNN [N &
NPT NN ATR YaIp X7 1TV 7ax,(0Mon1on aiol

:nnn (Nx7'onip nta) 'nan ((B) o) .overloaded( cr )nAXpnAy =
B.overloaded (Rectangle)

IDITRN NIN '012770 T'NN NN B 019'on XIn RN 1YY 7720

D'XNNN DX ,NRT NANN 702 DMWY 1 INIRY MR AW (12212 7V91n n¥M [Tl
710 NNWN N2 27, S KIN M2TN 019'0N AR TV 7w M2TN 019107 aNnin

B b =new S(); b.overloaded( cr ) X'nnXnDX7"1D =
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VA r nonvn

—
I'UDY TN ,[210N |I'VY X'N NONYNY DNYIDNWN X7 TIV DX
INTN 0T

NX NT D'2'NONY D'0I9'07 ON'A X'N NONYNN TWNRD TIN"Y ™
|'017N% DT N7 0T

NN'YN) NAMYRIDI'R X7 NN ANINNY TIZ ,NIMNAY X -
N?7NN2 20 X701 DXY7 NION"'NNN 019'V1 17N 7'Y9N DXYY
VoI pI'12 NN'Y AT'R NYT? "Wl ,(oxvn v

'NTD N7 ,N'ONOK X' (7702 OX) NT'N'N NMIMNAY [Nt =
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NIMA NIF7NN X77 D'YIY An

I —
Java 1 D0'o19'u NNNA YIN'Y? NINYDWN NIRNAITN NNX B

1.5 Java 197 021N1 12N W'y XN

D'0I9'V] WNNWN? n'n N2 X7 1.5 1077 Tyw |Inn =
D'ANNY NN7 NIMSO0N AN 1X7X) ,(generics) 0'7721n
Object ni7> nira n'%2on np7nninn on

,NI0NN 112V NP7NN IX/1 pwIn 2IM>7 0N D N =
21 ,NITNNN 7¥ 110NN ,0'M%Y 7w N1oNn 1IX'7? TWORNY
Generics 2 uin'w X749

(NTINN X77) nunnn np7Nni ,N"0NNYT7 pwan — XNaITa -
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interface Stack {
public Object top ();
public void push(Object t);
public void pop();
public boolean empty();
public boolean full();

Java nowa 1 n1IN
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OIYO N110NhnN vinn

public class FixedCapacityStack implements Stack{

private Object [] content;
private int capacity;
private int topIndex;

public FixedCapacityStack(int capacity){
content = new Object|[capacity];
this.capacity = capacity;
topIndex = -1;

}

public Object top () {
return content[topIndex];

}
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OIYO N110NhnN vinn

public void push(Object t) {
content[++topIndex] = t;

b

public void pop() {
topIndex--;

b

public boolean empty() {
return (topIndex < 0);

b

public boolean full() {
return (topIndex >= capacity - 1) ;

)

Java nowa 1 n1IN
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—
NITNNN 7w N1oNn O'XNY N1 =

Stack s = new FixedCapacityStack(5);
s.push('"hello");

String t1 = s.top(); // compilation error
String t2 = (String) s.top(); //ok

OI9'0 INIXN 0N NI0NNY7 0'01DINN DNANN ‘Dv_J XTI7? NNDAINA NINNNY W
Swor Casting n nnX L (NITnnn |Xd)

Stack s = new FixedCapacityStack(5);

s.push('"hello");

s.push(new Integer(4));

s.push(new PolarPoint(3,2));

String t2 = (String) s.top(); / /compilation ok. Runtime Error !
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D'OI9'VU NIN'LA

NIN'V] O'TAXN INIX DX NTA N'YYI NN N 1Y 1IN =
D'0I9'0

700 NIQY NIRPTA Y'AVNT 0D2'IYN X — XY 1'RY QT INT &
n'xY7'onlyp IAT? NN
2 =

1717 2190w — 12'R 019'0 727 NTID) NP NN/PWIN ANKR [NND W

N"'Yya NX D2 NN "Ov? 0'9'7D1IMnN 0'oI9'vN NOY0IN =
TIn 7190V N'ya NX DAl D'OI9'VN NIN'VA
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1
217 YT TAX? 72 T2 1IN Wi AWOKR? TVIMm 07000 jman =
QXY 7¥ 'UXVON 0I9'LN

0I9'0UN NION"NN NAWA *T' 72V Y¥aNN T TN wm'y ,n7Dn %1 »
0I9'0N NX ITNYWT7 T 'R YA INIXKNA ;77 ANI' ANX 019'07 TNX
NNN 72 NN 'URLOoN

ININA NPTV ,NNNND )IX VIINT XN n770n T'on =

onN' |'a1 N775NN (12211 2 NYPRIVI'RN 7722 0'DANON D'MIYN 7AK W
(is-a-n on') nwNINn

NIMA X701 NN NIKOOA |'2 NIN'RN Q0N 'Yip =
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1
FCStack<Something> ni?7omn nig7nnn 75 X nonn Y7 "onipn =
FCStack<Object> nxya x'nw (n770m X7) 720 nnX n7'7Nn?

7V nIANA TIR7 Q'om Y7onign ,N77n npnnl wnnuny Tiga =
String 7un% ,'o'x'o0n 019'07 Object-n NiNwN yxa7 nin

7V V'TIN X7 D71V71 NY2XN TN DONNNY XTI 77onipn @
:ClassCastError

String t = (String) s.top():

'WIN'Y XIN X' 779nIpnw Tignn gnna (T) 972mn o1o'on ,nin =
NP'NN X721 7'70N0N ;NN7'oNIR [Nt 0'0I9'0 NI'PN NIZ'TAY N
(erasure)
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1
Stack <String> ss = new FCStack <String> (5);

[V] ss.push("The letter A");

X| ss.push (new Integer(3))

Ea'String t = ss.top(); // same as: (String)ss.top();

NINNA IX TIV 'K NY0NND NI N7 NI710 nIrNnn v [iron. =

Stack <Rectangle> sr = new FCStack <Rectangle>(5) ;

Rectangle rr = new Rectangle(...)
Rectangle rc = new ColoredRectangle(...)
ColoredRectangle cc = new ColoredRectangle(...)

Eﬂhsr.push(rr);
V] sr.push(zrc);
[V] sr.push (cc) ;
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IS-a oNn'l N27On

Stack <String> ts = new FCStack <String> (5);
Stack <Object> to new FCStack <Object> (5);
to = ts;

ts.push ("The letter A");

ts.push (new Integer(3));

to.push (new Integer(3));

R E R E

FCStack<Object> 7¥ 110 N'X FCStack<String> :nmjjyon =
122 72X A'ORIVIR K7 DT W
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(Qwnn) is-a on'1 n7'7On

[ —
(Inx¥7'9n17 nxaw) npin X7 to ts nnunn =

(Inmann 71) 0702 NT NRT NNIy? =
String [] as new String[5];
Object [] ao = as;

XM AT DXRAY 771N )Nl 'Y win'y. w
ao[0] = new Integer(); // throws ArrayStoreException

Java now v Mipnn 1'"annA IT N¥19 DNIo 0'772In D'0I9'VA WIN'wn M

(n¥™ 2 T o19'vn NP'nNn 7722) "M wn X N X7 =
content = new T[capacity] // compile error

(Type Safety Warning DVy) |D N7 72X
content = (T[])new Object[capacity];

Java nowa 1 n1dIN o7
2'AX 7N Nu'oNANIN



(raw types) n'N1 n'o19'V

NIP7NNY WIN'W AWOKR? IX N 271 ,0NIKN DNIXR'A7 qon n%70nn jman =
NI7950 2 'RY [ TI7n DA NIMUVNIS

class FCStack <T> implements Stack <T> {..}
Stack <String> vs = new FCStack <String>();

Stack raw = new FCStack();
//same as: Stack<?> raw = new FCStack<Object>() ;

raw = vs;, // ok
vs = raw; [//"unckecked" compiler warning

(Object 775 10 T1) "2vn 71232 97nmM o019'0N VNI X1 0I9'VA WIN'WL W
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D'"NYN XIN 71020

1
UNION OI19'VN YAI' NINNY YWINN IX NP7NNN 7Y DY XIN |17V 7100 ™
DXy 72V n71v9 75 y¥a7 N2 X7 Object Xxin ['7vn 71an Ywxd w

12N 019'0NN
ANKX [I'7V 7122 7907 N NM1A 019'0O NTANA ,P 7Y W

ININQ D'YTANN D'NN'YA NN NR7NNN 9120 WNNWN7 TZWOXRN 12T &
NNN2 NIX X77 1117 7122

public class SortedSetImplementation<T extends Comparable> {

T elem] = ...

T elem2 = ...

... eleml.compareTo( elem?2) ....
expectComparable(elem1);
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712 Comparable

—
(raw) NX1 N0N'AQ Comparable pwINN 7W NIXNAIT I2'RN

M"Yl N YIN'yn
NT7? NT Comparable D1'X DN 72X Comparable DNN TNX 70W D'NXY QY 11DN' =
Integer -1 String :NQAIT? =

NXIN M YIN'yny ,Nn'Mlan no'an NXK 91y 11NIX

public class MyClass implements Comparable<MyClass> ({
public int compareTo (MyClass other) ({

}
NX VXanv NNy 0'750nli ,ONXVY7 NXIYN "N NMMXYY np'mn D' TAN NXT N1IX2

NXRIYNN
N7 7101 X7) )210n NI WY AT N N7 NNt aknlwn NNYOK 0'XIN DX
(0N
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I'N DX AT ,A'NNAN (12221 NIYXAR] YN 7700 Nk 7920 =
OI9'0N VN7 T

FCStack<String> 0I19'0n DXV |'2 'NANYT TWOK 'K DX AT NNl =
NNI2 NXM T ,019a1 ,FCStack<Integer> 019'0UN DYV |l
N?'7NN NNINN DNIYY

7w nnnn v,(instanceof) np7Nn7 NR"Y NP'TA 7V y'OwN N7 W
static DInIonn NITY 7V1,0'770IN D'MYY

172 ,019'0 TVNTD 'O 7Y 'X1AT7 XNNP? NNYWOXR vain N7l B
<T> void m(T x) { Ty = new T(); ...} // illegal

...n1TN NN TIY W'l &
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[ —
XN (AXMN 7Y MY N0 IIRXYNY) KA TIPn NXR A7W7 11y &
WTNN

public static void printList(PrintWriter out, List list) ({
for(int i=0, n=list.size(); i < n; i++) {
if (i > 0) out.print(", ");
out.print(list.get (i) .toString()) ;

1770310 019'07 List NX MW N'X7'9N17 NNATNN VIN'n7 "1 W

public static void printList(PrintWriter out, List<Object> list) {
for(int i=0, n=list.size(); i < n; i++) {
if (i > 0) out.print(", ");
out.print(list.get (i) .toString())

List<String> NINW7 1'AVUN7 N1 X7 ,A10 X7 W
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(7 - N7RY N'0) W1'A2 wnnwa

public static void printList(PrintWriter out, List<?> list) ({
for(int i=0, n=list.size(); i < n; i++) {
if (i > 0) out.print(", ");
Object o = list.get(i);
out.print(o.toString()) ;

INd ,|1I'7Y DON 7907 W' NN'WAN MAN 7y NITIYS yxah? Hnw
NNwa

public static double sumList (List<? extends Number> list) ({
double total = 0.0;
for (Number n : list)
total += n.doubleValue() ;
return total;

'0'772IN D'NNYI DIINNN D'AO0N DA Wt
public static <T> boolean addAll (Collection<? super T> c, T... a)
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generics nid'o

1
TIR 795W7 72 NNnnn yvan'n7? "woXn n70nn jman =

DX ,P1"TIN'7) 0'KX1 D'OI9'Y 1 'RYI NIYAION NNNN 1 'RY T =
N1'NQN NIV RIN (D'X) D'OI9'V] WIN'WAN A7 'ATN X7 17"9nipn
(type safe) n'o19'0

INT? NN2AYIM NIF'TAN QDX AT NNNVIXA] W' X7 D T =
n'x7'onipn

N7N D'¥PRIVI'RN 7722 0'019'0 7Y NNNXN Jaon N7Dnavin'wn =
IS-a-n oN' |'a1 0'7701n D'0I9'V ' N'A'V'RIVI'N

7V 1172'T X7 TIVI) NINTIM 1501 770 nnxr'aa ni7on ' wimmn =
(...]710

72w 4.1 1o Xixn? N xwna (Natr,ptMyn) Qtn [T =
Java in a Nutshell, 5th Edition By David Flanagan
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(assertions) NnyoI nwAIN

—
7UIN IX N77NN 1Y NTAINY NNINYIE N 'KIN,0TR 'NIn .

DIWYIL(PWINN 'wnnnl) NR7NNn 'RYKY 127 DA 0'97N
NnINNYNY

IN] PYINN 019'0N 019N 'V YaxImn NI NpP7nNnn nDxy =
7YINn NIy NX 0"p7 )y L,[0'oan Np'7nn 019'0
[0'0an N7 Nn]

NI' DPTN IN DUY N7 N2MIX NR7NN 75 79 Minwy [xon W
NN NINYnN

X7 DMWY AT 790 7V NTORN 'R ,OT'OIN'Y7I9N 12210 7720 W
T'N D'ATIY '9D ,N1DINN N>IyYN1 NIYva
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NIYN N71p

e
M7 A nR7m v anig? X'n C npnn =

(nITun INX) A-7nmon C-7vu' =
IN

A 019'Un YVN1S N7a7 C 7Y NITINAN NNX =
(A 7 nmon)

NNIXK D"?'7 An noxnt AYw mmun Nk DN C =

D
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NINYN - NIYN N7y

e
-n NYANN np7nn, A' -7 y'axn A -7 y'axnn ,7vioa =

A
D27 A7y 01'pn 0'ONM719 D'on' 0YR7 'HOY N B
A MY NX NIN9Y
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N2 DT 'NIN — NMIYN N7y

S
A 7w r() n1'oin (overrides) noT A' np7nnn =

NYTNN NTINAN 7¢ 2NN DTPN 'RINN YUNT? W nn &
?NMpEnn N'VINN 7w 17X ona

7 1s

require
ensure
B
end
r s
require
3 Y
ensure
0 69

end



NNAI'T

—
N2 TIizn y'oi Client npnnnma =

public class Client {

public static void g (String[] args)

{
List<String> 1 = Arrays.aslist (args)

(A) 790N XIn List -1 (C) nip7n Xin Client IT XNAITA =

List NX Nunnnv np7nnn Dxy? 72vio9a y'ayn 1 — v N2 n7ixe -
(A’) mawn n172p X't npP7nn ((ArrayList '7IR)

NTINQ TIMY7 12010 N9XN L17W NN |72 DX DN 1KY NN =
(790N 7 NTINN) NN
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DT 'NIN — NIYN N7y

I ——
Cnp7nnanyomn l.r () NnXpa pIAn) =

NON IR 7D RN CGAN) v oTpn RN kD7 C oy m
A.r() orpg v nyTr 2’1 A np7nnin NX

IN DY NI'N7 NITAN NP7NN2 TAIMN DTN 'RIN 7Y D7 -
17NN DTPN 'RINN N YN

ris
require

ensure
B

end

A
require

(A > Y
ensure
0

end
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N2 'NIN — NIYN NIR7AR

I ——
NI'N? NN NR7NNN 7W 2NN 'KIN 7V DMIT 0Y71'un .
17NN 1NN 'KINNA NI PTR X ALY

O 910" 0'W7pn NINKknY YIorE A Yy B 'noain' C nip?7 =
120N Y7Nnn

(subcontracting) "niwn nnn7ap" Napn AT NN =

ris
require

cnsure

B

end

s
require

4D ’
ensurg

0 72
end



N'A'YPZONXN MiNnun

I ——
70 7w 217 AND n naoqm np7nn 7w n'nmx'n nnmwn =

TIXT7 NN 7021 NR7NN NNIX DMWY NIYOIMN NIRyLN
nYIINN YV

NITAIN X7 NWAINN Yya Nntion (nP'7nn) nna 11y ox -
TRUE -> n%w namw? on"nn% N2 ,nmv

NTANN NMIX2 N7Y NIMYN DX Y'TAN7 7210 Apnn anp =
TA72 NIWTNN NIvLN I v (implicit)
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'VPON DT 'NIN

I ——
NP7NN2 UTNN NTANY QTINN 7Y "NMKX'N DTN 'KAN W

701 1T NTINN 7w DTN 'RAN 7D 7w 2a1tn OR N XIn,'nw™D
NYIINN YV IX? N7Nn NNIX 7¢ 2NN

'NIN OTAIN X7 WD yyva nnton (nP7nn) nnn1iay ox .
FALSE -> ow nTn 'Kan% on"nn% [N ,IT NTINN? D7)

?V1TN .0'02N N7NN 1IAY 09IN X7 AT [NpPY =

NP7NN2 UTNN NTANY QTINNAN 7W DTpN 'KAN2ND =
'y "'y (implicit) nmann nIxa ImIX TN 200 e
TA72 NIYTNN NIRYLN
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"A'0/OK N2 'RIN

1
N'?I09] 1IY'SINY NIYON NX 71 X7 7710 nTINn 7w "nmx'n anan 'xan =

D"PNN X7 DTN 'NIN OX) DTPN 'RIN D72 17N DA KR @post n
NI ,(NaT7 21NN X7 790N

$prev (@pre) => @post

N XIN 'NY7D NPNNA TN MNTAINY ATINN 7Y "Nmxn Nnan 'xan .
¢ NMIN DA T NTINN 7Y D1ATYEONRN INAN 'NIN 7D 7w aitn AND
NYIINN YV NIR? NpP7nn NNIX

DT 'NIN 1TAIN X7 NYIINN Yy nntion (ng7nn) nn iy ox .
TRUE -> ow DTN 'RINT7 ON"NN7 N1 ,IT NTINNY

712" 'MW NP7NNa UTNN NTAINY ATINNN 7W 7N2N 'KAIN2ND W
TA72 NIWTNN NRyoN |irx My (implicit) nminn nIxa ImiX 2 1an?
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NNAI'T

public class MATRIX ({

/** inverse of current with precision epsilon

* @pre epsilon >= 10 ~ (-6)

* @post (this.mult(S$prev(this)) - ONE) .norm <= epsilon
*/

void invert (double epsilon) ;
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NNAI'T

public class ACCURATE MATRIX extends MATRIX {

/** inverse of current with precision epsilon

* @pre epsilon >= 107 (-20)

* @post (this.mult ($prev(this)) - ONE) .norm <= epsilon/2
*/

void invert (double epsilon) ;

(N7'09X >V ANI' NWIN) MNP WIN DTN 'RIN KNAITA W
(ANI* 20 21T N'VaN) PTN NI ANAN 'KIN
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1
public class A {

public float foo(float a, float b) throws IOException{

}
}

public class B extends A {

Which of the following methods can be defined in B:
X| 1. float foo(float a, float b){...}

Ml 2. public int foo(int a, int b) throws Exception{...}
X| 3. public float foo(float a, float b) throws Exception{...}
M 4. public float foo(float p, float q){...}
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public class Square { public class Rectangle
extends Square {

protected double length;

public double getLength () { protected double width;

return length;
} public double getWidth () {

return width;

public double getWidth () { }
return length;
} public double area() {
*wi .
public double area () { return length*width;
return length*length; }
}
: }
} Rectangle is NOT a Square — 77 aix'vn > 12 =

getLength () ==getWidth () nx 7'on7 "y Square 7¥ Innwna 7wn7 =
72 7V MYy X7 Rectangle N1l =
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public class Rectangle {
protected double width;
protected double length;

public double getWidth () {
return width;

}

public double getLength () {
return length;

}

public double area() {
return length*width;

}

(A7 xin vian) is-a on' 0NN
n97nNN [Ny 0"pnn X7 7aX

701 yiaa wnnwn? [N X7
UNNWN? NN N1 QW WWpn
|]27n2

yIan N'onnny |11'n — y'non nt
271 7w 210 KIN

NN UNN1 NXT 721 'R X
?12Mmi1 yian ninnn

public void widen (double delta) {
width += delta;

}
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