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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 n1dIN
2'AX 7N NV'ONAIIN



VIYOS N10NN vin'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[topIndex];

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

}

public void pop() {
topIndex--;

}

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

}

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

}
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NITNNN 7Y NoNn 0'¥NY N
Stack s = new FixedCapacityStack(5);
s.push("hello");
String t1 = s.top(); // compilation error
String t2 = (String) s.top(); //ok

ININA DN N'I0NNY7 0'01DINN DNARN 70V KTI7 AN1dNNA NINNK]
S2wor Casting n NNk L (NITNNn |XJ) 019'0

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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FCStack<Something> ni%7mn nip?nnn 75 NX nonn Y7"onipn
FCStack<Object> nxva x'nw (N772m X7) 720 nNX n'1Nn%
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:ClassCastError

String t = (String) s.top():
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Stack <String> ss = new FCStack <String> (5);
[V] ss.push("The letter A");
X| ss.push(new Integer(3));
Eﬂ' String t = ss.top();// same as: (String)ss.top(),

NINN2 IX TIY 'K N0NN2 NI7M N7 NI712' NITNNN 7w [11'’n

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) ;

KRR
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Stack <String> ts
Stack <Object> to
to = ts;

ts.push("The letter A");
ts.push (new Integer(3));
to.push (new Integer(3));

new FCStack <String> (5);
new FCStack <Object> (5);

K = X Bl

FCStack<Object> 7w 110 N'X FCStack<String> :n1j70n
121 72X "A'U'RIVYI'K K7 T
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String [] strArr
Object [] objArr

new String[5];
strARr;

7w wn? yaaxn objArr .Ta%71 nMvann n2'nan NEINCIT ANWn
XM AT NXRAYT? DA 12 'Y UIN'Y |3'7I ,LNITINNN
objARr[@] = new Integer(); // throws ArrayStoreException

XM AT NXRAYTZ NNNIA X ,N790PNN XD DA DRAN NNYNAN
Object[] objArry = new Object[1];
String[] strArr = (String[]) objArry; // throws ClassCastException

Java now 7wy Mipnn 2'ann2 It N¥19 0Nio 0'7721n 0'oI9'VA YIN'WN
.N'Y7'90170 27w 11D NIRD DM nvami

Java nowa 1 n1dIN 14
2'AX 7N NV'ONAIIN



n'77>In 0'DYN

X7 72N, 019'0 DY WN T'AN7 17 NYwoxn Java
NXM AT 0'0I9'VUN NP'NN 7721 ,NTD VN X7 TWONN

public class Test<T>{

II T[] arr;
public Test(){

% arr = new T[10];
}

}

>"T12 .Java a n0™yn oy "nThon X7 0'7705In 0'oIo'v
D'O0IX DY TIAYY71,0'772I0 0'DVNA YWIN'YN yIn'ta? ynimn
JINT DIPN 0'7'701n
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‘DDNNN7 TWON
arr = (T[])new Object[10];

N775mMn nE'7nnn N2 yxinn T 1Ay Ty an "pno”

public T[] createArr(T t){
arr = (T[])new Object[10];
arr[0] = t;
return arr;

VNNY (11D ,NXN AT DXRAY 7271 ,70VN0 DX TN NXIWD 72X
Object 7w 7vn nwyn7 XN thimn

Test<String> test = new Test<>();
String[] arr = test.createArr("abc"); // throws ClassCastException
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YIN'Y TWOKR? TIX NN 271 ,aNIRN nX'A%? qoi n%7onn j1nan
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class FCStack <T> implements Stack <T> {..}

Stack <String> vs = new FCStack <String>() ;
Stack raw = new FCStack()

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

770 0T2) "pfva 112a™a 97nim o19'uin CVNNS X1 019'V] YIN'YA
(Object
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public class SortedSetImplementation<T extends Comparable> {

T elem] = ...

T elem2 = ...

... eleml.compareTo( elem?2) ....
expectComparable(elem1);
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(raw) NnX1 N0N'1a Comparable pwiINN 7w NIRNAAIT I1'RN

'N"Ya N vin'vn

Comparable D1'X DN 72X Comparable DN TNX 70¥W D'MXY 1Y I1DN' =
2igals

Integer -1 String :XNAIT? =
ININ N2 YIN'YNY ,N'M1aN NO0N'AN NX 9TV INIX

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

}
}
yXanvy nny no'yp7sonl ,0NXY7 NNIYN N2 N'YVY np'mn D' TAN NINXT N1IX2
NXRINIYNN NX

710V1 X7) Ja10n NI' nwWY1 0T AN N7 7NNt ARign NNYOX 0N OX
(0Nl N
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,FCStack<Integer> 019'Un DXy |'Al FCStack<String>
N77NN NNIKA DNAYY NXI) DX N1 ,0192l

7w niNnn 7v,(instanceof) np7Nn7 ND"W N1 7V Yv'Oown Nt
static D'ionn NITY 7u1,0'"770IM DMyy

AN172 ,019'0 NVNTO 'O 7V 'RI1A7 KNP7 NNWOKX Vi DT
<T> void m(T x) { Ty = new T(); ...} // illegal
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public static void printList(List list) {

for(int i=0, n=list.size(); i < n; i++) {
if (i %2 ==20) {
System.out.println(list.get(1));
}
}

} 2770310 019'07 List NN NIWI N'X7'9017 NNNTNN VIn'7 "D

public static void printList(List<Object> list) {
for(int i=0, n=list.size(); 1 < n; i++) {
if (i %2 ==20) {
System.out.println(list.get(1));

}
} List<String> NNY7 1'12yn? [N X7 ,210 X7
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public static void printList(List<?> list) {
for(int i=0, n=list.size(); i < n; i++) {
if (1% 2 ==0) {
Object obj = list.get(i);
System.out.println(obj);
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public static double sumPerimiters(List<? extends IShape> list) {
double total = 0.0;
for(IShape n : list)
total += n.perimeter();
return total;

,IShape nx a'nnn o19'vu NN list 7w M1an 019'0N :NNTANN NIvnwn
Jam> mxy IShape 9715

IANN7 TNIM 2NN INT .0'PwIn Iy D extends 2 win'w?7 17 my =

List<IShape> shapes = ... TIN'Y YIN'y
List<Circle> circles = ...

List<Triangle> triangles = ...

double shapesPerimeterSum = sumPerimiters(shapes);

double circlesPerimeterSum = sumPerimiters(circles);

double trianglesPerimeterSum =sumPerimiters(triangles);
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public static boolean addItem(List<? super ColoredRectangle> 1st,
ColoredRectangle item) {
return lst.add(item);

¥

o19'0 IX ColoredRectangle xin list nn'wan 7w Man 019'0N NIvnwnn
2'nn ColoredRectangle imixw

. NN'Ya vIn
List<ColoredRectangle> cRectangles=...; nifda win'y

List<Rectangle> rectangles=...;
List<Object> objects=...;
ColoredRectangle cRect=...;
addItem(cRectangles, cRect);
addItem(rectangles, cRect);
addItem(objects, cRect);
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List<T super MyClass>

gj}-——-€> MyClass

List<T extends MyClass> \t:)
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public class Test{ -n|7l7nnl7

public static void main(String[] args){
List<Integer> intlLst = Arrays.asList(1,2,3);
List<String> strLst = Arrays.asList("a", "b", "c");
int firstInt = getFirstItem(intlLst);

String firstStr = getFirstItem(strlLst);

7'on getFirstItem nn'win

<T>m1270n1o
} YIj7' M2an 0N19n v 1Dy
U7 N7 arnpn Nt
List<String> n7wiwNd

/* ,
I/@pre list.size() > © VA Tvu}Djv;;E?;ié
public static <T> T getFirstItem(List<T> list){
return list.get(0);
}
}
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public class MyType<E>{

class Inner{}
static class Nested{}

public static void main(String[] args) {
MyType mt; //warning: MyType 1is a raw type
MyType.Inner inn; //warning: MyType.Inner is a raw type
MyType.Nested nest; //no warning, not a parametrized type
MyType<Object> mtl; //no warning
MyType<?> mt2; //no warning, ? is OK for a type
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List names = new ArraylList(); //warning: raw type
names.add("Kyle");

names.add("Eric");

names.add(Boolean.FALSE);

for (Object o : names){
: . . NN'AYN 1712
String s = (String)o; i
System.out.println(s.toUpperCase()); | 'V¥720l7 A1
} Ny N7
//throws ClassCastException
// java.lang.Boolean cannot be cast to Jw

List<String> names = new ArraylList<>();
names.add("Kyle");

names.add("Eric");

names.add(Boolean.FALSE); //compilation error!
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public static void main(String[] args){
List<String> strlLst = new ArraylList<>();
appendNewObject(strLst); //compilation error!

public static void appendNewObject(List<Object> 1st){
lst.add(new Object());
}

nN'n appendNewObject n'¥719n DX NI N'N NN
?X1 List n7apn

J
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(wildcard) <?7> n miiw Raw

public static void main(String[] args){
List<String> strLst = new ArraylList<>();
appendNewObject(strLst); //this is fine

}
public static void appendNewObject(List<?> 1lst){

Ist.add(new Object()); //compilation error!
}

[N N'N'Y 1N K7 NTY [2md
nn'w1? Object o19'vn Dxy qroINY
NT DX YIN7 1Y, P7 ,nirnnn v
.NY7'9n170 27w 10D
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public static void printCollection(Collection<?> c){
for (Object o: c){
System.out.println(o);

¥

.QO0IX 70 printCollection n'¥j197 NihwW? NN

C )INn 0'VINXRT? NWA7 N1 printCollection N2
.Object 'vvon o19'vN NX DN7 "W

Collection<?> c = new ArraylList<>();
c.add(new Object()); // Compile time error
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TR 795W7 72 nNnnn yanta? Awoxn n770nn nam

DX ,?1"TIN'7) D' D'OI9'Y 1A 'RYI NIYAION NNNN 1 ['RY TIR
N2'NQN NIV XIN (D'X) D'OI9'VI YWIN'WN A7 1'NITA K7 17"9nipn
(type safe) n'o19'0

|AT7 NNAVIN NIFFTAN NXN AT NONN VINKDD 7wWD' X7 N1 TIR
n'Y7'onin

N70 N'YPRIVI'RN 7722 0'019'0 7V NINNYN 20N N770N1 win'win
IS-a-n oN' |'a1 0'770M D0'0I19'V |'2 N'YA'Y'RIVI'K

7V 1172'T X7 TIvI) NINTIA 1901 7710 nix'aa ni7'on v wimmn
(...]710

72w 4.1 7791 Xi¥n%? I xwim (Nt ,ravn) pn i
Java in a Nutshell, 5th Edition By David Flanagan
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270 DNMIATX
Template Method Design Pattern

NITNN 7w 0210 2w niNtTan (abstract) nivwsim nip'7nn
(effective, concrete) ni'wnn nimnNn =
(abstract, deferred) niowom nimnn =

D'AI0N 1Y 7¥ NUYWOSNN NN |2 'NANY? N1
MNIAN 77D ('Y NNYTAN A'YNAN NITINNN =

|N Mvaw (hooks) |'a max NN'Tan NIVYSINN NITINNN =
NWYI NIDYWOIMN NITINNAN 7¥ wimmn .0"770 omnNnX wnn?
JDIWAIF Nip7nna

INo1oN NAnMIVN —127 My =

win'm oy NMNdn 2'nn X7 naonna changeTop nTIMNN winm :XNaiT
nNYY nonnn
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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 NTINQ 71 K7X pop IX push 7w win'ma 17N 12'K changeTop NNwn
270 DNMIATR N1dn changeTop
N'O'Y90 NIIXA UNN7 NIDNX NWAIF Nignnw hooks nn push -1 pop
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NTAINY) hooks n nx wnn7 71 Ny AbstStack n niwairn nip'7nn
D"770n D'NMAYRN NX "D1'm" ni7apni (abstract

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

:NI90I11 NINNAIT
D'2IN] N1AN 7 01'9XN NX'YNT7 DNIVV'RA YIN'Y &
AbstPoint 7w toString -1 distance o'nnwn =

NP7NN) Ynnwnn 7w TR XNjp'? NN NDIN7 NN P2 YWONN AT E
(nd>vnn by NP7NNN NYII'Y ,AND Unnuwnnw

7v D'IoN WIn'y ¥Tn N win'wn — design pattern aix'y nnan it
1J/al

NN Q'0INY 1IYaX |27 7wnY Ind) 0IMan 019'07 NI7IVS 0N 'K WII'n =
nn'ion T2 INIX (concretization) wnnn X7X ,(]271% nimiaxn nipn

N1 wNn? N1 P L(N'0zIv0oaRN) 0'0aN NP7NNA VIT I'R WIN'MNY NINNY7 =
%200 DNNIATRN DX
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NINVINN NIF7NN |2 D'ON' NAID] NIXA IXRNT? TV AYAINN [12200
'T'MXN D71V (D'0I9'0) NIMY?

NNAIT? .N2NN NWIINT NpTYN W' 0D'NY97

712aN) 720 WK DAl (O7NN TNM7N) VITIVO DA KIN ARIN TV =
(hvoith 7200 K2

MK XN P71 ARINN AT 79 'Dwan'n 2 7y o'pnn is-aontn =
D'T'?79NN W NX NIAX'NY NIR7NNN NW1Y

VITIVO) NMID0Q K 'O'0D YW 7AANN7 - NV DWW NN IT =
NNIY N7RWN NIDT 17 NIzavim Dnn TN 7011 (7201
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(COMPARABLE) nxuwin |2 nai (NUMERIC) m90n na xin (REAL) 'wnn 190n
class NUMERIC {

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

}

class COMPARABLE {

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

INTYUN WANY IR MmN DI
,  COMPARABLE {

class RHAL tands NUMERIC

Java nowa 1 n1dIN
2'AX 7N NV'ONAIIN



NN nwain Java 1 |I'N

(770w 210 "7IX1) NaNN AwAIn Java 1 'R
NNN 71 YWU' NN =
NIAXID NNYWO NIYY7 U' =

ITN N'VAN DY DNITTINNN YUK AIX'Y NIYAN ANd NIty
DIV DYZN]

D'OYTA NNX 7V w7 7210 NINNY NIMANN NNXA 1IN
N2NNN NYAINN N1 [INNSY

NI7nn nd>wn nin's — Bridge Design Pattern
DIV D'A10N D'RYXY NIP7NNN NNX7 QUKD , DD
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class GoodDriver implements Driver {
boolean signalBeforeTurns()
{return true;}

}
interface Driver { Class OpportunisticDriver
cen extends GoodDriver, BadDriver
} (not possible)

class BadDriver implements Driver {
boolean signalBeforeTurns()
{return false;}
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AbstStack

yd

N1Monn 'alo

[ ™

ArraylListStack

LinkedListStack

StackedStack

/A

AbstStack

N1Monn 'alo Ty

T~

BoundedStack | [LastModifiedStack

SumStack
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3 7w nwIInN a1on NJIY Ny Nip7nnn 3 7w awainn aio
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? SumArrayListStack :7wn%7 nx11 ox N7 Nn

NYAI'N NWTN Ap7Nn XY N3 (Eiffel I C++ [120) Nin‘ion Niswa
[N'Mwn

75 NX XVANVY (INIP7NN 9) N'Tv N79ON7 NND NNI NATN =
D'IYONN D'9N'¥N

NIP7NN 7¢ ANX791R XY NTIAT =

? Java 2 (SumArrayListStack NX XNAIT?) NWAIN "'y NIRT WNNl 'R
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ArrayListStack LinkedListStack StackedStack

T

Bounded LastModified Sum Bounded LastModified Sum

ArrayList ArrayList ArrayList Stacked Stacked Stacked
Stack Stack Stack Stack Stack Stack

Bounded LastModified Sum
LinkedList LinkedList LinkedList
Stack Stack Stack
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:nnnon
N1 TIZ 7190w =
?TwoWayStack |120 WTN 019'0 '0IN7 DX DX M7' NN =
D'YYN 'MN 727 INIX 9'0IN7 N Y

N'M"YIAN NN DX NONIS NNTA X7 NO9YWT7 DaNn nwAin NO0IN D2

Uimmn NUN' nna XN Bridge aix'va nnan 'y yximn [nnen
(delegation n7¥xn ny) a'Hna

NNNX NIAY AIX'Y NN Y'SIin ar jNNS =

D'ATANN X7 ("'UIMMN1 YOINN) DNIYNN W NWIINN 'YV
(D"721ANNIX)
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Bridge Design Pattern
- NI77NN D'YON -

n7on on

| - imp ..l.

Abstraction e Implementor

Operation{} ¢ Opearationimpy)

_____ imp—=Cperationimp(); /k
JA)
I I
Concretelmplementorh ConcretelmplementorB

RefinedAbstraction

Crperationtmg()

Operationtmp()
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Bridge nn1an niy¥nxa aIx'y

[ (LastModified ,Bounded) nianann 'xNn ]
public interface IStack<T> {
public void push (T e);
public void pop ()
public T top ()

[ (ArrayList, LinkedList) wim'm axnn

public interface IStackImpl<T> {
public void insert(T e);
public void remove () ;

public T get(int index);
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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);}

Java nowa 1 n1dIN
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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();

supet.pop();
} —
winnm? nux LastModifiedStack
public Date getLastModified() { DV NNT NN TIAYNI ,NRoNnn v
return lastModified; NXINY win'nm 75
}
} Java nowa 1 n1dIN 48
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public interface IStackImpl<T> ({
public void insert (T e);
public void remove() ;

public T get(int index) ;

7wiInn |'al IStack pwinn 'av 771207 27 0'w
IStackImpl

naonnn NX ax'n IStack pwinn =
naonnn winm nx axy'n IStackImpl pumnmn =

n7On Istack NN Nunnnn SimpleStack np7nnn
IStackImpl NX Nwnnnn Np7nNn 7w yoin

IStackImpl N YXINN (AIX'") Ui DIIX7 (Uin'm) nwlin =
Istack N YXINN NLOWON? Nyann (Win'm) nwlin =
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ArrayLiSt Niy¥nxd NoNNn winm? Xnar

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 7W YoIn IX'7 ['I1yNnY '019'0 NIZ7? DR 'R
SimpleStack<Integer> stack =
new SimpleStack<Integer> (new IArrayListStackImp1|<Integer> 0);

?071 N1an 7w nnnonn nn
?0DNIX NINO97 [N N
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Bridge aix'vn nnan

P00 TV N7 v ™

NIANINN |2 217'W 73 1x"7 117 DWONNY D'PYIN Y
umm?y

NIYONN QNI ,N'NIDXNM vyn IStackimpl pwinn NaTan
.DMIP'M7 NYA? UyNnnNwn? DNYONN NNIXY [I1I'DN D'1aX]

DNIX NX 2I'12 IStackimpl 2 710 102 e Nkl =
IStack 2 w'w o'nin'wn

DIV D'PYIN Y 7V 2IMY7 0NN NNIXR — 1Y TXN =
ny IStack 7w n2on Nnirn? n>"Y n1onn 70 .0''RNnYy
|Stackimpl
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0Ol 2UIX'Y

public interface IStackBase<T>{
public void push (T e);
public void pop ();
public T top ();

[ (LastModified ,Bounded) nianann W1xNn }

public interface IStack<T> extends IStackBase<T>{

}

[ (ArrayList, LinkedList) win'm axnn

public interface IStackImpl<T> extends IStackBase<T>{

}
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0Ol 2UIX'Y

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.pop(): }
public void push(T e) { impl.push(e); }
public T top () { return impl.top();}
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0011 AIX'Y

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

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

public E top() { return rep.get(rep.size()-1);
public void push (E e) { rep.add(e); }

public void pop() { rep.remove(rep.size()-1);

}

}
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0Ol 2UIX'Y

'Y )2 7V DMINIY NN WUTNN AIX'Y]

7w (IStack) nianann 7w nad>n X'n nonn 7O =
(IStacklmpl) win'n

AIN'VAN NIYA D'ARKAT7 NNO NINSD — NP AN WIN'N =
|IStackimpl 7w oTi7n

|IStackimpl 7¥ AanIr na1v nondn7 NITIN
?D2NNn NV YN DX

MY 7¢ TIP2 TIN YIN'Y D'YIY 1DNIX DINX XY =
n1aonn 72 ,wimm<7 NNXI NIANINNT NNXR ,NIRP7NN
DNX DZ70MN 1 NI YTAY

Java nowa 1 n1dIN
2'AX 7N NV'ONAIIN

55



0Ol 2UIX'Y

SimpleStack<Integer> stack =
new SimpleStack <Integer>|(new ArrayListStackImplI<Integer> 0);

Oy 71 Is-a on' nn'pn stack nonnn
.SimpleStack

NIN 'M"19N YIN'MNY NYT7 )T DIY 'R ,NYYn?
ArrayListStackimpl

117 AN TINN NT ONI
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0Ol 2UIX'Y

public interface IArrayListImpl{

}
nuninn NP7nnny X7 ITP9NY UTN pwin 9'on

ArrayList niv¥nxa

public class SimpleArrayListStack<T> extends SimpleStack<T>
implements IArrayListImpl{

public SimpleArrayListStack() {
super(new ArrayListStackImpl<>());

¥
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YTh 1IX'V

NNNonN

Uinm 7¢ N2dN 70 112y NIrv)ig Nignn tan =
17wUn Np'7nn ' Tan? 10XI NNl

17Un 7' PYIn 2'TANY 10X winm 707 :0'pwin M =
nnnn

NI X7% ,ArrayList niy¥xnxa nwnmnn n\onn =
|ArrayListimpl oy is-a on' "N ,NIANINN2

NIYNINNN NINoNNa N750nv 7197 nNIX N17W7 Yun? |nn
ArrayList niyxnxa
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?N2Nn nwin' 1727 DRN

X7 72X 2Ny

on' nn"pn SimpleArraylListStack nnonnn
0y Is-a

SimpleStack np7nnn =

|ArrayListimpl pwinn oy =

on' D"PNN NN L,N'MMKX NANN QYN AN OX
ArrayListStackImpl oy Is-a
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(assertions) NnyovIl nYAIN

7Y IX NP7NN 112Y NTAINY NNIMYIE N 'KIN,0TR 'KIN
DIWYIL(PWINN 'wnnnl) N'7Nnnn 'RYKRY 227 DA 0'97N
NINYNY?

INX] 7WINN 019'0N N'™M9N 'Y YaXINN NITA NpP7NNN Oxy
7YINN NIy NX 0"p7 )Y ,[0'oan Np7nn 019'0
[0'0aN Np7Nn]

JNI' DPTN IN DHY N7 NDMX Nr7NNn 72 72U MInww |Xon
NN NIMwn

X7 NIYWY AT 770 7V nTORN 'R ,OT'OIN'719N [12211 7722
T' DATIY '9D ,N1DINN NDIYNI NIYva
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NIWN N7y

M7 LA np7nn v anir? X' C np7nn
(nITun INX) A-7nmon C-7v' =
IN

A 019'0n YN N7an C 7Y NITINAN NNX =
(A 7 nmon)

C I

NNIX D"?77 An noxnt A v mmwn nX n1dn C
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NMMYN - NIYUN N7y

-n NYANN np7nn , A' -2 yraxn A -7 y'axnn ,7vioa
A

n"27 A7y 01'7n 0'ONM'219 D'oN' 077 FTOW 1IN]
A NIy NX NINSY
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N2l 0T 'NIN — MW NI7ap

A 7w r() nn'w (overrides) noT A' npnnn

YTNN DN'YN 7Y NN DTN 'KINN WNT? W' nn
715N DN'wn 7w 1787 ona

func:
(:: ' @pre: a
@post: B
func':
@pre: v
@post: &
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NNDAI'T

:Nan Tipn y'oin Client np7nnn qma

public class Client {

public static void g(String[] args)

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

(A) poon XN List -1 (C) ni77n Xin Client IT XNAIT2

List NN nYnnnw np'7nnn nxy? 7191 y'axn 1st — w 1N 07INI
(A’) nawn n17ap X't nP7nn ((ArrayList '7IN)

NTINQ TINY7 12010 NOX¥N L17W NIYUNN |77 IR 1'DN 1'RY NI
(j7o0n 7 NTINN) NIENN

Java nowa 1 n1dIN
2'AX 7N NV'ONAIIN



DT 'NIN — NIYNn N73p

:X2n TIzn y'oim C ap7nna » nm

A aObj = ...;
a0bj.func()

NX NDN AR 2D X CGAr() 2w ot 'an ko C
A.r() orrp 2y nyTir n1'RkE A" np7nnn

w7n IX AIIY NI'N7 NN 07NN Tamn TN KN 7y 2
17NN DTEN 'NINN NI

(:: Y 3 func:
4 @pre: a

@post: B

func':
@pre: vy
@post: &
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N2 'NIN — NIYN N7y

NI'N? NN NR7NNN 7W 1NN 'RIN 7V 0MIT 0Y721p'un
17NN 1NN 'KINN NI PTN X ALY

d po10' 0'W7pn NINRNW 1oxl A My B 'noain' C nip7%
11N w7nn

(subcontracting) "niawn nnn7ap" napn At NN

(:: Y N func:
g @pre: a

@post: B

func':
@pre: vy
@post: &
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NI'A'YYOKN NNRYLN

70 7w 117 AND n naoqm np7nn 7w 'n'nmi'n nnmwn
TIXT NN 7021 NR7NN NNIXK MM NIYSIMN NIyLn
nYIINN YV

NP7NN2 UTNN NTANY ATINN 7Y "N'MKX'N DTN 'KIN
702 1T nTINN 7w DTN 'RAN D v a1t OR N XN ,'nw'D
NYIINN YV 1IX? NR7nn NNIR 7¢ 0NN

NP?7NN1 UTNN NMNTAINY 2TINN 7Y "N'MKX'N 2NN 'RIN
D"A'VFZONN YNAN 'NIN 7D 7w 217a AND o XIin e
NYIINN YV 1INT? NP7NN0 NNIR 7¢ 0NN 722011 nTinn v
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NNDAI'T

public class MathWizard {

/** returns the square root of num
* @pre epsilon >= 10 ~(-6)
* @post abs($Sret*$ret - num) <= epsilon
*/

double sqgrt(int num, double epsilon);
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NNDAI'T

public class AccurateMathWizard extends MathWizard ({

/** returns the square root of num

* @pre epsilon >= 107 (-20)

* @post abs (Sret*$ret - num) <= epsilon/2
*/

double sqgrt(int num, double epsilon);

(N7*09X >V ANI' NWIN) MNP WIN DTN 'RIN KNAITA
(ANI* 20 21T N'VaN) PTN NI NN 'KIN
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NIWN N7y

,MYUN 721 N7 ,790 'ON' 0'011VY |I'A'NN NIX NANWN
727 D'NAN D"1I'WUN 237 Java Nov fpin DX 1'a0N7? N1
:U¥27 715" mawnn

D'2N 7V NNXNON 'N'Y =
NIN "'V =
ATNMN WD 'Y =
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D'A" N NWAIIN

710" 'K (NN [Nhwnnn] noITn ,[hwnnn] nwArr np'7nn) nawn |7ap
[Pwina IX] 0O0TIN NNWA YTAIN K7W 21N D770 INKN 2INTY?

D'AN NINS ZNT71 NIR7N 7Y 707 AN [hwnnnin] noaima nTinnY
[Pwina] n7w 0'0an Np7nna nTIMNNN

N1 func 7w nIkoYaAN "an 17'R LA D7NNN wIinm (NN XNAIT?
public class A{ ?A nnwIv B7 9oin?

public void func() throws IOException{ }
}

public class B extends A{
M //public void func() {}
M1//public void func() throws IOException {}
[M//public void func() throws EOFException{}
B //public void func() throws Exception{}
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NIRRT NnYInN

'TAN7 M1 — NIKNIN DX 7707 AN [hwnnnin] noaima nTinnY
NI D¥NIXA NIRII 0IVVO I'TANT TIOX 72K ,ONIF AN NIXN 01VVO

N1 func 7w nIkoYaAN "an 17'R LA D7NNN wIinm (NN XNAIT?
?A nnuwr'y B7 qoin?

public class A{
protected void func(){ }

}

public class B extends A{
M //public void func(){ }
M //protected void func() {}

X //void func() {}
B //private void func() {}
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ATNINA NVl NI

,2TNMN YN 019'0 NX OXNX? AN [wnnnn] NoYITN NTINNY
ITNINN VN 019'0 7W_019'0 NN XIN ITNINAN VN 019'0 NI
[Pwina] n7w 0'0an Np7nna NTINNA

N1 func 7w nIkoYaAN "an 17'R LA D7NNN wIinm (NN XNAIT?
?A nnuwr'y B7 qoin?

public class A{
public Number func() { return null; }

}

public class B extends A{
Xl //public Object func() { return null; }
M //public Number func() { return null; }
/] //public Integer func() { return null; }
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LWOIN DT? 'NIN

Nn0Nn ,N10NN NiZ7nnn 3 2 1N 'nn
? Anion 'n72 n1onn ,nnion

n1aonn
n1aonn naonn
anion 'n'7a nnion

NP?7NN2 push NTINNN 7 DTN 'NAN AN NN
?n1onn
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LWOIN DT 'NIN

"y print XN ™R D (TRUE) 7 nirn? 715' X7 o170 'Ran
NNIoNN Nnaonnn

XN full () YWXD '£ull () NI'n? )XY OTEN 'NIN
. (£alse TN N'TANN NTINA IX) TOYWOIN NTINN
N'TNNY D NNIX Wnnn "nnion nfonn np7nnn
count () ==capacity ()

NIONTIY NITINN IX NIVYWOIN NITINNA 7'900 DT 'NIN
OWOIN D77 'XIN X7 NYAINN YV TN

naonnN 'y PTNNN IX 'O DTRN 'RINY NINNY
"11'Y X727 OIXWI DYWOINN DTPN 'KIN NnioNn
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LWOIN DT? 'NIN

DUIX'11IMU DT 'NIN ,NVWOIN 0'02N N77NN TWUKD
NIR7NN IPTIN' K7W T2, T'NY7 N*X1 D'YS7 D'A"'NN
NINTA)

NIVYOIN NIP7NNA 91N 12T NI'R TNY? AR

25 N2 0'AXI'M AWNX NIDIN NDIVN JNS01 KNAITA [A12N]
D"IOIXRI |IN'TIX ,N11D0N |120 DY MIann

Java nowa 1 n1dIN
2'AX 7N NV'ONAIIN



7M1 nnoY annn P

N?'NNN X7 2070 720 NIR'7Nn D' 7w nXI7IaRn
VEHICLE n iwA"w nironie nip7nn N1

-1 CAR nip7nnn aix'y IX\I wimm 17nnaw nir arran

yvians i1 ,q9nivnn n n1n |07 w'w n721 AIRPLANE
nX 750w VEHICLE - n'w'w npnn 1ixa Tip 7190w

IN'NY 7Y IN'NN

VEHICLE 71 12'K 200 YD N

‘NI NI0" NUWOIN NZ7NNN WINT? OTAIN AT 'NLIT N'XI2
vwoIN DTy
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I—}] VEHICLE |€—

NNDAI'T

CAR BICYCLE

? VEHICLE nj7nnn 7w go() nTimnn 7w 0Tpn 'Ran 1Inn
NLYOIN N71Y97 DT 'RIN 7D 'K — 119 7V

hasFuel() pao niwnT W nva N7 — ? CAR nP7nnin oy nn
hasAir() 120 niwnTw' noa N7 — ? BICYCLE np7nnin ny nn

"y pTIn' X7w DAl 7'oon 770 0a go() 7 o1 'xan vTan VEHICLE X
?20MivIIm TNX N
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I—}] VEHICLE |€—

IINNO

CAR BICYCLE

NTI2VN DX nwyn canGo() 120 NX7IA NTINN

IN) VEHICLE N2y TRUE na'tnnd 21aim nTinnn
N TAINT OOT'N A'NIYWAIM NNK 72 11t (abstract > YTamw
NIIMXN NP7NN2 D'RNNY NN 197

N17'n? N> NN go() NTINNN DXyl
'NIN2 NYNon 72 NN X7 )21 "go_because _you_can()"
"\rmn" oTpEn
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' ahidhalh

790 TIj7 JOIN MWK [112117 X'N NYAIN

7w 1NN DI0 X' nwAIn (polymorphism) nirmaix-20n 1an% 1o
N'NIDN NA'RIE NN

(MTw) Anmadpnn nrn7n72'B-7, A-nwva" By nipma =

|'TV 72T 0N 01101 nwAIn 'on!
has-a Ix is-part-of on' nniy? is-aon' =

N'N N'RWN) 19'n7 X7 72X To be is also to have nxt nniy? =
(NN XN N2 270 I NN

"?0mw 17 nirn? 070 orN" 72IKWY NI Dysy
D'YIIN W OY NN N7 070 OXND YN ¥ NDNn? XN =

?V9In IX NYAIN
?State -n nwn1r Washington oxn =
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N'NYnN Nion

NNNPYN 2 DX 077 eI ng7nnn 7y
IS-a on' =
NoO7NNN |NPY =

N1DINN NDIYNI D'NII'YYT DINAN )2 7V NNy 'X

-I Rectangle nip7nnn on' NN XV27 N0 (XNAIT?
NYIIN N1y Square
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public class Square ({ public class Rectangle
extends Square {
protected double length; 4

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; }
}
: }
I Rectangle is NOT a Square — 177 aix'vin > 1M

getLength () ==getWidth () NX 7'on7 1" Square 7¢ InnYwna 7wn?
73 7V nivw X7 Rectangle N1l =
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? 127N wAlIr yian "2IX T

public class Rectangle { 72X (]27n X1 viIan) is-a on' pv'pnn
protected double width; [INPY D''PNN X7 TN '9'¥90N WIn'na
protected double length; .N97Nnnn
public double getWidth() { [N 1AW YR 702 viana wnnwn [N XY
return width; 2702 wnnwin? nn

}

AlO XIN VI N'ONNNY |I1'ON — Y'NO5SN N7

public double getLength () { |15n‘nu

return length;

}
VIaN NIR7NNN DX Wnnl NRT 722 'R TR

?
public double area() { ?|ami

return length*width;
} "D'axpd DN NIWY? W inn 07y

public static void widen (Rectangle rect, double delta) {
rect.width += delta;

}
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