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public class MrHappyObject {
private String _mood = _HAPPY;
private final static String _HAPPY = "happy";
private final static String _ANNOYED = "annoyed”,
private final static String _ANGRY = "angry”,
public void printMood{) 1
System.out.printind "I am " + _mood 3},
¥
public void receivePinch(} {
If{ _mood.equals{ _HAPPY ) ) {
_mood = _ANMNOYED;
I else {
_mood = _ANGRY;
¥

¥
public void receiveHug() 1

If{ _mood.equals{ _ANGEY 3 ) {
_mood = _ANMNOYED;
1 else o
_mood = _HAPPY;
I

- Credit: Tony Sintes, JavaWorld.com, 11/21/01



MrHappyObject abjl
MrHappyObject abjz
abjl.printMood;
ab2. printMood;

new MrHappyObject();
new MrHappyObject();

objl.receiveHuqg);
abj2.receivePinchi);
abjl.printMood);
abj2.printMood);

private static int _instantiations;
public MrHappyObhject() {
_instantiations++;

¥

public static int instances{) {
returri‘_iHStaﬂtiatiDHS;
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Template Method Design Pattern

——
NITINN 7¢ D210 Y NNTaN NIVYWOIN Nipnn =

(effective, concrete) ni'wynn NITINN =
(abstract, deferred) niowom niImnn =

DAI0N Y 7¥U NUYONN NN |2 |'NAN? N =
"MI2N 77 'Y DNTAN 'Y NITINNN =

N2 Ntvaw (hooks) 'Ma nmax NN'Tan NIVYsInN NITINAN =
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abstract class AbstStack <T> implements IStack<T> {

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

}

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

}

DN7W NTINQ 1 K7X pop IX push 7w wimma 19N 1'R change_top nnwn =
770 DnMAX napn change _top =
callbacks ix hooks nn push -1 pop =
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,(abstract nTainw) hooks n Nx wnn%7 77 ni>xx AbstStack n niwAiIn nip7nn
D"770N D'NNMIATRN DX "D1'M” nirani

class Stacklmpl<T=> extends AbstStack <T> {
public void push(T t) {...}
public void pop() {...}

:NI90I11 NIRNAIT
D'1IN1 NI2N 72U 01''OXN NX'YNT7 DIV YIN'Y
AbstPoint 7w toString -1 distance o'nnwn =

NP7NN) wnnwnn v TIip7 XNp'? Ndyvn NN NN A WONN DT =
(nownn 7w Ap7nnn nuaI'y ,and ynnunnw

n'an MMy'va NIRNAITT7IY =
NYN' 7¢ 010N UIN'Y U'ATN N2 UIN'YN — AIX'Y N1AN DIT

NX 9'0INY 1YY |270 7wn% Ind) DRININ 019'07 NI7IYD q'0IN 'R YII'N =
nn'1on T INIXR (concretization) wnnn X7x ,(J27n% nimiyaxn nipn

DNMIAZRN DX N2 wnnY [N'] 0'0an np'mnn VIT I'RYUMMmMnvy NiNn7 =
2700
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(COMPARABLE) nxuwin |2 nai (NUMERIC) moon oa xin (REAL) 'wnnoon =

class NUMERIC {

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

}

class COMPARABLE {

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

INMYUN WY IR AN Pl .

class REAL extends NUMERIC , COMPARABLE {

?Float nP7mnnwarmn =
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class GoodDriver implements driver {
boolean signalBeforeTurns()

{return true;};

}

. - Class OpportunisticDriver
interface driver { extends GoodDriver, BadDriver
a (not possible)

+

class BadDriver implements driver {
boolean signalBeforeTurns()
{return fTalse;};

}
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AbstStack

AR AN

ArrayListStack LinkedListStack StackedStack

NIMonn 'alo Ty
AbstStack
/ AN \
BoundedStack LastModified Stack SumStack
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? Java 2 (SumArrayListStack nx XnaIT?) nwn' 'y NRT wnm 'R W

Java nowa 1 n1nin 14
2'AX YN NV'0MNIN



AbstStack

JAN

ArrayListStack LinkedListStack StackedStack

D\ 2\ D\

Bounded LastModified sum Bounded LastModified Sum
ArrayList ArrayList ArrayList Stacked Stacked Stacked
Stack Stack Stack Stack Stack Stack
Bounded LastModified\ Sum
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?TwoWayStack |12 wTn 0I19'0 Q'0IN7 NX N1 OX MP' NN =
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Abstraction Implementor

- impl : Implementor

+ implementation()

+ function() e

E thi5.impl.impiemantatiﬂn{%]

RefinedAbstraction Concretelmplementor

+ refinedFunction() + implementation()
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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(1StackImpl<T> 1mpl) {
this.impl = 1mpl;

by

public void pop() { 1mpl.remove(); }
public void push(T e) { i1mpl.insert(e); }
public T top() { return impl.get(0);}
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public class LastModifiedStack<T> extends SimpleStack<T> {
private Date lastModified;

public LastModifiedStack(IStackImpl<T> 1mpl) {
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.popQ);

}

public Date getLastModified() {
return lastModified;

}

} Java nowa 1 n1ndin
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public interface IStackImpl<T> {
public void insert(T e);
public void remove();

public T get(int index);

7winn fal IStack pwinn aw 71an%? 2% owa
IStackImpl

nnaonnn NX ax' 1Stack pumn =
naonnn wimm nx ay'm 1Stackimpl pymn =

n7on Istack nx nunnnn SimpleStack np'7nnn
IStackImpl nx nunnnn np7nn 7w yom

IStackImpl n yxann (aix") wimm Dx7? (winm) nun' =
I stack n yxann nowon? nyann (winm) nwin' =
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ArrayList DNTV] N'loNnN UIinm7 XnaiT e

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 YoIN 1IX'7 ['*21IynY '0I9'0 NIZ? DR I'N e
IStac teger> stack =
n leStack<Integer> (new ArrayListStackimpl<integer>());
Bug
? .
before we ?NT N1an 7¥ NiNonn Nn
assume O is ?DNIX NIN97 N1 'R °
the est Java noswa 1 n1Iin
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D'NXY 7Y 2'Imn

019'0NN NIIY NI'NT 1YY '"MIXI'TN 019'UN =
'O00N

NIS0I NI7IY9 NI'NT7 NIMYY MIKI'TN 0I19'0N NN =
NTAIN K7W NI71V9) YaXINN DXV 7V Y¥17 |NY
(ruvvon o19'v]

D'OI19'V NNNN YXA7 11'7V 17X NIy 7'yon7 1O =
n19onn 7V (Casting)
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Cast 0'019'v NNN

7y ¥l Cast X172y MAIX 1I0I9IX NNTYA N'WYI NIR'AQ D'OI9'0 NN
AMn7 0NN 'YX 019'0N W7 2'a0n 020 NN T

(Type) <Expression>
(D"2'0'M™M9 D'0I9'V7 ON"NN 1II'X |[XD |I'TN)
<Expression> "o'anwy oxyn 1Ay Type o19'un oIiN' X' KIN
.019'07 D'KNN DXVYN OX ,AVUNnN
Type 019'07 0'RNN DXV7 ON"'NN XY OIN*'N OX NN'7¥N N71Y9N

i ,"775 nino 019'V7 oin 7w nnn (downcast) nun7 NnNn
.DXYN 7¥ '00O0N 0I19'0N 7W RXKRX XIN Type o19'uN

IN N7'7nn) 270 AN 019'07 oin' 7w nnn :(upcast) n7yn7 nann
(PwIn

.NNX7'0NIR NXAY NNIA DINK NNn 72

N'D ;W19 1I0SIN NDIXN X7 970 1T, nN'¥n TN nun? nnn
yT'n TAX?7 17"'onip7 NN VIYS

DXIN X7 YAXINN DXYN 0I19'0 NXM [AT2 DX 7WD'N7 N717V nLn? NN
(CIassCastExceptlon blaly -nr"])) qQIvn NDINN Type 019'07

Java n9 21ln
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NX™M AT '019'V

,N' T2 Y¥I7 N¥Y1 NN 7D 1197 — 11X X7 02T XN NYDIN NOIYN
NNN7 D'RNN DX 0I9'VNY

DXY7 NITY N9'0IN IX N1'oN NA'R Java 2 nnnin D 17 D'w7 v
(un% C++ nowa slicing n naiwa) yaxmn
NMYON N10NN D 77121 N'X7'ONIp NTA =
(compatible types)

DXVN 7'TNNY D'NNYN NIX720] 'I'Y Y¥INN '2IXI =
(11 niy'wa ™7 Nt RWnN)

AN PINTNI7W2'N N'RIN X7 NONN DX NPT IINKD |

Nt 0W721N7? 1 nTam maxSide () XN7'RuUN nXaN XNAIma
Shape np'7nna NXT XKN'RY [2Md 'K (N1 D72Iman y7xn IR NN
(nuwoin X7 0a)

NNIXN 72 ['2n NI N21man Y20 IR DR AWN7 XN NIp7nwd
NINN VX271 75191 17 N2y DXYN 019'0 NX 127 NI 7V )vna
DXNN]
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-3 nTamn getClass nTinnn "'y X'n NINT Yy¥27 NN T =
7NN 721 ovpn class 'vvon nTwnl Object

Shape [] shapeArr = __._.
double maxSide = 0.0;

double tmpSide;

for (Shape shape : shapeArr) {

IT (shape.getClass() == Polygon.class){
tmpSide =((Polygon)shape).maxSide();
iIT (tmpSide > maxSide)
maxSide = tmpSide; o19'UN NNIX A7 NN
} ? Triangle Ix Rectangle

1 nP'7NNANn '~ NIX D'xy

1Ionnw' X7 p'n Polygon
Java nowa 1 nndin 2l
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INnstanceof

NI - YD NR7Nnis-a nmon oxkn pTia Instanceof 10N9OIRKN W
nN'UNNN IX N'YAI' I NP7NNN NNIX 019'0N X' OXN

Shape [] shapeArr = __._.
double maxSide = 0.0;
double tmpSide;
for (Shape shape : shapeArr) {
IT (shape instanceof Polygon){
tmpSide =((Polygon)shape).maxSide();
iIT (tmpSide > maxSide)
maxSide = tmpSide;
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Instanceof

7V 2" T2 T'wyn omyy ninam nirnima Casting-a wvin'y w
1N7 nyanv ("design-a axa") nd>ayvnn [1Dn2 n'a
DT'91IN'719] [1D1 X7 WIN'wn

D'wynnwn CwK) Casting-a win'wn onn |'k 0'N'y7 =
IN, [N'2ND 7V N0 17 'R AWK NI'775 N1DIN NIMS0a
N1j71 0 ONNI V79D 2ND1 WWKRD TIANT7 170 YT TWUKRD
N'ONN 7Y NTNY DX 077D

JDNIN'YA X7 '7IRE DT XD NINAY XNATn &
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NIMA NIZ7NNn X77 D'YIY an

I ——
Java 1 0'o19'v NTNNA YIN'Y7 NINDWN NIXNAITA NNR B

1.5 Java 197 011N 12N wiIin'wn X

D'019'VA YNNWN? n'n N2 X7 1.5 n0"7 Ty jinn =
D'ANNY NN7 NIMBOoN AN 1X7X1 ,(generics) 0'7701n
Object 17> nira n'%7n np7nninn on

,NI0NN 112V NP7NN IN/1 wIn 2IMd7 o'xN D N =
21 ,NITNNN 7W 110NN ,0'7W 7¢ NoNN IX'7? TWORNY
Generics A vin'y X179

(NTINN X77) nunnn nP7NNni ,NN0NNYT7 pwan — NnalTa .
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Interface Stack {
Ic Object top ();

OU
OU
OU
OU
OU

0

0
0
0
D

IC VOIO
IC VOIO
IC boO

IC boo

push(Object t);

pop();
ean empty();

ean full();
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OVIYO N'10NN ¥inN'n

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[toplndex];

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

}

public void pop() {
topIndex--;

}

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

}

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

}
}
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—
NITNNN 7¥ N1oNn D'XNY Nl =

Stack s = new FixedCapacityStack(5);

s.push(""hello™);

String t1 = s.top(); // compilation error
String t2 = (String) s.top(); //0k

OI9'V ININN DN NI0NN7 D'01DIMNN DMANXD ‘73@_1 NTI7? DNDNANA NINNXY =
Lo Casting n nanx L (NImnnn [XD)

Stack s = new FixedCapacityStack(b);

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'OI9D'U NIN'LA

NIN'VA O'TANNA 1INIX DX NTA N'YYI NN D' 1Y |11I'Dn =
N'OI9'L

720 NIQN NIP'TA 'AVNT7 D2'IVN R — XY I'RY AT INT =
|
n'x7'oniy INT? NN
I =

1717 7190w — 12K 019'0 757 NTI91 nP7Nn/pwan NN NN =

NIN'V NV NX DA NNIO NOYWL? 0'770IN 0'0I19'VN NO0IN =
TIPN 7190W N''va NX DAl D'OI9'UN
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(n"22) N7'7DIn np'nn

1
127 YT'n TAK? 72 TIP2 TIN W'Y AWONT TVIM N7700n [1n =
DXV 7Y 'OXLVON 0I9'0N

0I19'UN NION"NN NAYN 'T' 7V YXANN TIPATIN WIN'Y .70 72 =
OI19'0N NN ITNYT7 )T 'R VA INIXA ;'770 ANI' ,ONKX 019'07 TNN
NN 72 NN 'uRLON

ANINN NPTV ,NINNNA IX VIINT XN N7700 T'yon =

NYIN'N ON' ['21 077000 [12211 "2 N'¥PRIVI'RN 7720 D'DANON D'0YON =
(is-a-n on')

NIMIA X701 NIM2A NIKONA 2 NIN'KN Q0N 'Wiy B
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1
FCStack<Something> ni?75mn nip?nnn 75 nx nonn Y7onipn =
FCStack<Object> nxya x'nw (n772m x7) n7'a2 nnx np7nn?

7V NN TIRY 9'on Y7'onipa ,N77IN Np7nnl Unnuny Tiga ®
String 7wn% ,'orx'o0n 019'07 Object-n NiMwN Yyx¥a7 Nin

7V V'TIN X7 D71V71 N'2X¥N TN NNNNY XTI Y7"'9n1pn
.ClassCastError

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

'WIN'Y XIN XN Aonipnw Tipnn pgnm (T) 272mn o19'on i -
NP'NN X721 '70NN ;NN7'oNIR T2 0'0I9'0 NI'PN NIRPTA7
(erasure)
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D'OIS5'0 NIN'VA

I —
Stack <String> ss = new FCStack <String> (5);

ss.push("The letter A™);

¥| ss.push(new Integer(3));

M String t = ss.top(); // same as:(String)ss.top(Q);

NINNA NIX TV 'K N10NNA NI NIAY? N7 NITANN 7w [1on &

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

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

sr.push(rr);
sr.push(rc);
sr.push(cc);
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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));

RERE

FCStack<Object> 7w 110 n'x FCStack<String> :nmjjon =
121 72X "A'O'RIVI'R K7 DT W
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1
(Nx79n17 NnXAw) n'pin X7 to = ts nnwunn =

(Inann 1) 01702 AT NRT NNy =
new String[5];
as;

String [] as
Object [] ao

MY NT NINAY 771N YN 'Y win'y .
ao[0] = new Integer(); // throws ArrayStoreException

Java nov ¥ Mipnn 2'anna It N¥19 DNIo 07701 0'oIv'va win'wn .

(N ara T o19'vn NZ'NN 7721) NaA wn X7 N X7 -
content = new T[capacity] 7/ compile error

(Type Safety Warning oy) |p nt 72X
content = (T[]Dnew Object[capacity];
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(raw types) n'N1 D'019'V

NIF7NN UIN'Y AWOXR? 1IX D' 271 ,0NIRN DNR'AT7 Qo 77000 j1man =
NI7700 0 |'RY W' TN DA NIMUVNIS

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

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

raw = vs; // ok
vsS = raw; //"unckecked"™ compiler warning

770 11T12) "pwn 71aa" 2 97nm o19'on VNS X1 019'VA WIN'Y W
(Object
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MUNION OID'VN YWAI' NINNY PYINN IX NP7NNAN 7w DW NI |I'7V 7122

DXy 72V 719 75 y¥a7 N1 X7 Object x1n j1'7%vn 71220 Ywxnd W
'2aN 019'0NN

ANX |I'7Y 7122 7907 [N MA 00O NYTANL DY W

ININQ DTAMN D'NNYY NN NR7NNN 9122 UNNYN? TWOR' QTN -
NNN2 IX K77 117V 7122

public class SortedSetImplementation<T extends Comparable> {

Teleml=...

Telem2 = ...

... eleml.compareTo( elem2) ....
expectComparable(eleml);
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112 Comparable

——
(raw) nX1 no1aa Comparable pwmn 7w nikNaIT 'R0

'M'"'Y2 N2 YIN'wn
n1? nt Comparable n1x on 7ax Comparable nnn nnxX 7>w omyy 2w 1DN' =
Integer -1 String :xnAIT? =

NIN N2 YIN'yny ,N'Man noN'an NKR §'TyY1 1INIX

public class MyClass implements Comparable<MyClass> {
public 1nt compareTo(MyClass other) {

+
+
NN YXINW NINY D'790N1 ,0NXY7 NXRIYN M2 NMNYVY NR7NN DTN DRT NI
NNIYNN
N7 710V1 X7) 720N MNI' NWYI AT NI N7 NR'7nn7 ARIYN NNWOK 0'X¥IN DX
(oI
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NrNTin

'N DX AT ,N2'NNA (12220 NIYXAKA NYNINN 7700 nik'aaw 77222 =
I
0I9'VN NVNID7 DT

FCStack<String> 019'0n DXV |2 |'NANT TWOX 'R XM [N ,ni7n -
NNT1 N¥M nr,o19a1  FCStack<Integer> o19'on Dxy |l
NP7NN NNINN DNIYY

7w nnnn 2y, (Instanceof) np7nn% nd"w np'Ta 7V y'own nr =
static n'mionn NITY 7y1 ,0'770IN 0'yy

AN17D ,019'0 TVNTD 'O 7Y 'N1AT7 NP7 NNYWOXR vain N1l =
<T>vwvord m(T X) { Ty =new TQ; ---} 7/ i1llegal

..nTN NN TIY W'l =
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1
XN (AXINN 7Y MY N0 IRXNY) KAN TIPN IR AW7 iy =
UTNN

public static void printList(PrintWriter out, List list) {
for(int i=0, n=list.size(); i < n; i++) {
it (1 > 0) out.print(”, ");
out.print(list.get(1).toString());

22701n 019'07 List NN NIWI N'X7'9017 NINNTRN YIN'n7 'O =

public static void printList(PrintWriter out, List<Object> list) {
for(int i=0, n=list.size(Q); i < n; i++) {
if (1 > 0) out.print(”, ");
out.print(list.get(1).toString());

List<String> NNW7 1'aYn7 N1 X7 QIO X7 W
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public static void printList(PrintWriter out, List<?> list) {
for(int i=0, n=list.size(Q); i < n; i++) {
if (1 > 0) out_.print(”, ");
Object o = list.get(1);
out.print(o.toString());

InD ,J1"7Y DON 7907 W' NN'WYIN MAN 7V NI7IY9 yx¥a? Hnw o -
NNY2

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

0770 o'nNYI DRIMNN D'oN DAY W
public static Myclass addAll(Collection<? super Myclass> c, Myclass a)
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generics nid'o

1

TIR 790W7 70 NNNNN YyIn'n? A"WoOXN 700N [mn =

DN ,?I"TIN'7) 0'X1 D'0I9'0 1 ['RYI NIYAIISN NNNN 1 'RY TI7 =
N2'N2N NIV KIN (D' D'019'V] YIN'WN A7 'ATN X7 177 9nin
(type safe) n'o19'0

|AT7 NINQVIN NIZ'TAN DX AT NINN VIX 2D 72U X7 A Tip =
n'7onipn

N70 N'YPRI0I'RN 7720 0'0I9'0 7V NINNXN 20N N77DNn wm'un -
IS-a-n oNn' |21 0'7701M D'0I9'V ' NA'U'RIVI'N

7V 12727 X7 TIVI) NIMNTmM 90N 7710 nux'aa ni7on 'y wimmn .
(...]7D

7w 4.1 7791 KIXn? [N Xwim (N, tyn) gfpm T .
Java in a Nutshell, 5th Edition By David Flanagan
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(assertions) nnyLI NYIN!

I ——
’YIn IXR np'mn 112V NTAINY NNIMYI N2 'XIN 07T 'XIN =

DIWYI L (PWIND 'wnnnl) NR7NNnn 'RYKY 117 DA 0'97N
NINNwNY

IN] YN 019'0N N'MI9N 'V YaXIMN NI NP7NNN DXy -
7YINN NINY NX 07 )Y ,[0'0an np'7nn 019'0
[0'0an N77Nn]

NI' ARTN N DHY N7 NDMIX NP7NN 75 79 Minwy [Xon &
NN NIMwn

X7 NUYWY NT 270 7V nTORN 'R L,OT'OIN'7I9N 12210 7720 W
T'n DATIY '9) ,N1DINN NDIYNI NIYYa
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——————
I A NR7m v anip? X'n C npinn =

(Mmun INR) A-2nmon C-7vu' m
IN

A 019'0n Y0NS N7apn C 7W NITINAN NNX &
(A% nmon)

NNIX D"'P7 An noxnt AYw mmun nx MmN C =

=

Java nowa 1 n1nin 49
2'AX YN NV'0MNIN




NINYN - NIYNn N7y

————
-n NYARN npnn, A' -7 y'axn A -7 y\axnn vioa m

A
D7 A7V D1'PN D'ON'719 0'ON' 0DV *TOW NN B
A NNy NX NIN97
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NAI DT 'KIN — NIYN N7

—
A 7w r() n1'onn (overrides) noT A' np7nnn =

NYTNN NTINAN 7Y 2NN 0TEN 'KNINN UNT7 W' nn &
211NN N1'VNN 7Y 17X on

I 18

require
- emsure
P
end
A T
require
i
ensure
0 51

end



DT 'NIN — NMYN N7y

——
C np7nna nyvomn L.r() nxnpa pianm =

NN MR 7720 X0 GAK) w oTpn 'xan ko7 C oy m
A.r() orp 2v nyTer na'’1 A np7nnin NN

IN DY NI'N7 NN NR7NNA YTAMN 0OTEn 'RaN 7V D7 =
"N DTEN 'NINN NI U

ris
require

ensure
B

end

r s
require
4’
sure
ensure -
0

end



N2 'RIN — NIYN N7y

——
NI'N? NN NR7NNN 7 dNaN 'RIN 7Y 0IT 01p'en .

NN NN 'KINN ANt Th IR NlHY

O 910" DWYn NINKNY IoRT Ay B'noan' C nip?s m
1201 U7Nn

(subcontracting) "niwn nnn%ap" NN AT NN =

ris
require

= o
D >
. EHSUI‘C
B
end

B ©
require
v

= - ensure
0 53
end



NA'OPOXN MINYUN

——
70 7w 17 AND n naom np7nn 7 'n'mmx'n nmimwen =

TIXR? NN 7021 NP7NNn NNIK NIMYA NI''SmMn Nnyun
NYIN'M YV

NNTAIN X7 nWN'D Yva nnfon (NnZ7nn) nn Qv ox W
TRUE -> 07w namw% on"nn% N1 ,nmv

NTAINN NIX2 N7Y MM DR Y'TAN7 210 npnn anp =
TA72 NIWTNN NRyLun I v (implicit)

Java nowa 1 n1nin o4
2'AX 7N NO'0N1IN



'VPON DT 'KIN

——
N77NN2 UTNN MTAINY NTINN 7¢ "NmMK'n DTpn 'Nan =

700 1T NTIMN 7w 0TRN 'RIN 7D 7w 2170 OR N XN w7
NYIN'N YV NIN? NP7NNn NNIX 7¢ NN

'NIN 1TAIN X7 nwIN'D yya nnion (APnn) nnY 1y ox =
FALSE -> ow D170 'KaN7 on"Nn% N1 ,IT nTINN? DT

?V1Tn .0'02N Nj77NN 1IAY 091N X7 NT |Nj7V =

N77NN2 UTNN NMTAINY NTINNN 7W DTN 'KaN 2N =
'y 'y (implicit) nmann nxa mIx e Tan? o e
TA72 NIYTNN NRyLNn
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'A'0/OKX N2 'NXIN

——
N?7NN1 WTNN NNTAINY nTINN 7 "NmK'n 1Nan 'Kan =

IT NTINN 7w yNan 'xan 7 7w 2170 AND n Xin mw'p
NYIN'N YV INTZ NP7NNn NNIX 7¢ 0N 702

'NIN YTAIN K7 W' yya nn‘ion (NP7nn) AN 1y ox .
TRUE -> bw D77 'Kan7 ON"'Nn7 N1 ,IT NTINNY DT

N77NN] UTNN NTAINY DTINNAN 7W 2NAaN 'RIN2ND =
'y 'y (implicit) ntann nxa MR A TaAN? 20 w7
TA72 NIYTNN NRyLN
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public class MATRIX {

/** 1nverse of current with precision epsilon
* @pre epsilon >= 10 ~(-6)
* @post (this.mult($prev(this)) — ONE).norm <= epsilon
*/

void invert(double epsilon);
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public class ACCURATE_MATRIX extends MATRIX {
/** 1nverse of current with precision epsilon
* @pre epsilon >= 10~(-20)

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

*/
void 1nvert(double epsilon);
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D'TINI NWIN' 7V TV

——
NTINN 270 7Y nT'Opn NIX'A DNA%Y ,0'aNN7 qona .

YN ATIN 217'wn D'WYINRY N5W2a 09770 TIV U nvina

— NIXNIN DX 2707 "N [Mwnnnn] noYITh nTinn? =
'TAN? NION 72X ,ONIP 2NN NINAY OIVLO ' TANT? MNP
NI DXNIXA NIXYD 01VVO

NN D¥XNX7 ANM [nunnnn] noITh nTIiNN? (5 Xo1'an) =
NN XIN ATNIMN YN 019'0 INI7D ,ATNINN )IVN 0I9'0
N7Y 0'02N NZ7NNJ2 NTINNA ATNIMN VN 019'0 7Y 019'V
[Pwan2]
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—
Nnonn ,N1oNn NiZ7nnn 3 2 AD7Nn an .

? Nnion 'N'7a NaonNn ,nnion

naonn
/ / \\
naonn naonn
anion 'n'7a anion

N?7NNa push nTIMNN 7¥ 0PN 'KIN AN N .
?Nn0nn
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LWOIN D7 'NIN

"y prin' XN TR D (TRUE) 7 nirn? 215* X7 0Tn 'Ran
nNnionn Nonnn

XN FullO yuxo TRUll O ni'a? My oTrn 'Ran
(false ™nn n'TNnn NTINN IX) NVYWSIN NTINN
2'TNNYT NNIoN NYoNN NP7NN2 WUTNN YTAINY
count()==capacity()

NIONTIY NITINNA IXN NIVYOIN NITINNA 7NN DT/ 'XIN
ovdIn D17 'NX2N X021 nYN'N TiNAa

naonNnN 'y PTNNN PX 'OAPAIPN DTN 'KINY NNNY
12'Y X77 ARWI LYWOINN DTN 'KIN Nnionn
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LWOIN D7 'NIN

——
D"X'1IM0 DTR 'NIN ,NVYOIN 0'01N NZ7NN TWUND &

NIZ7NN 1PTIN' X7 T3, T'NY7 NXI D'YS7 DA'NN
N7

NIVYOSIN NIP7NNA )19 N2AT IR TNY7 Nk &

172 N2 DAXI'M TYWNX N1DIN NV NS0 XNAITA [21AN]) =
O"MIODINI MR ,N'DN |12 DY MIANn
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7m0 nno anxy 9P

I —
NIZ7NN N'TA2 D7'NNN X7 2070 7D NIRZ7NN DD 7W AXI7IaRn =
VEHICLE n v nirronige

AIRPLANE -1 CAR niz7nnn aix'v IK\L wimm 17nnaw anier aran -
N770N0 1IX TIZ 7190w Y7 121 ,9N1Iwnn 1 NN N7 W'y N7
[n'nw 2w im'nn X 7onw VEHICLE - n'w'w

VEHICLE py ' 2090 "0 gr =

VWOIN 0T 'KIN N0 NLVWSIN NP7NNN WINT? DTAM AT |'N L,ITAYKI -
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/' N NNAIT

CAR BICYCLE

1
? VEHICLE np7nnn 7w go() nTimnn 7w oTpn '8an inn =

NnoYOIN N2IY97 DT 'RIN D 'K—1MO 7y W
hasFuel() 2> niwTWw nLa N7 —? CAR Ap7Nnun Dy nn =
hasAir() (120 nivTw nva N7 —? BICYCLE np7nnn oy nn =

"'y prin' X7w Dai 'oon 975 0a go() 7 o '~an 1an VEHICLE 'x m
2NNV TNX X

S5

Py,

@ @
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_ ~. IINNDS

CAR BICYCLE

——
NTIAVN NX nwyn canGo() (1A NaX7a nTinn -

IX) VEHICLE N2y TRUE n'tnnd YTam nTinnn -
'97 2TAIN A'NIYAIM NNK 72 11wt (abstract > YTamwe
NIMKXN NP7NNN

NX17'n7 NdMX nN'n go() NTINNN Dxya =
'NIN2 NYNON 75 NN X7 701 'go_because _you_ can()"
"N’ TN
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VI DT NYIN! 0D'NYSY?

——
790 TIj7 1OIN WK [112M XN Ay W

7¥ M'ann 1210 X N (polymorphism) nirmaix-21n (man? one -
N'NIdN NA'RIEN7ON

(hTw) AnmidNn nirn?n720'B -7, Anwva"Bwnima =

|'TV 72T 0N 012101 nwN' 'on' W
has-a Ix is-part-of on' nniy7 is-aon' =

N'N N'RWN) 19'n7 X7 728 To be is also to have NXT Nniy7 =
(n1apn XN N 270 170 napn

"20Mv 17 D7 07D oD 7IXWT7 NID DMyos7? =
yian v npn XNNAIT? =

?2y0m IX W' W
?State -n nwnIr Massachusetts oxn =



N'NYnN Nion

——————
NNNPYN 2 DX D"R7 YA np7nnn 7y =

IS-a on' m
no7NNN [NV =

N1DINN NDIVNI D'NI'YY7 DNAN D 7V NNy 'R B

Rectangle ni%nnn on' NX X027 N01 (XNAIT7? =
NYIN' NTYa Square -
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public class Square { public class Rectangle
extends Square {

protected double length;

oublic double getLength(){ protected double width;

return length;

} public double getWidth(){
return width;

public double getWidth(){ }
return length;
h public double area(){
Jm -
oublic double area(){ return length*width;
return length*length; ¥
} -
+
¥ Rectangle is NOT a Square — "I77 aix'vn '> 30 =

getLength()==getWidth() nx 707 ¥ Square 7v "nnwnna 7un7 =
T 72v miw X7 Rectangle D Nal =
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public class Rectangle { n'pnn X7 7ax is-aon' ot'pnn =
protected double width; 99%000N [Ny
protected double length;
public double getWidth(){ 722 YN unnun? nax? =
return width; UNNWUN7 NN [N 1Y YN
} 2702

public double getLength(){

return length; Vi n'onnny [N —-ymosn nt =

3 |27 7w 210 NI

public double area(){ NX YNNI NXT D2 'R TR W
return length*width; ?12M1 yian nip7nnn

+

public void widen(double delta){ DM NIYY? W' aDINN 07yl B
width += delta; DAXID

}

}
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