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Class way Interface

gue Usedngansena



Encapsulation

o aneansuda1snli (API)
Unilanisvineuaralu (implementation)

— Jhaeanis develop, test, optimize, use, understand,
wag modify

o Unilalvinnnfgadie access control
— private, package-private, protected, public

e aylsiiilu public wag protected édatiludayauin
A uInIsaRan bl

o fldtilatpaunn atdaaudaven
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Encapsulation : public final anxlidaaasne

e final fields 7.y public 14
— final primitives
— final reference li¢lv immutable object

public class Rectangle {
public final Point upperLeft, lowerRight;

Rectangle(Point ul, Point Ir) { public class Point {
upperLeft = ul; public int x, y;
lowerRight = Ir; . // mutable

}

Rectangle r = new Rectangle(new Point(2,3), new Point(8,9));

r.upperLeft = new Point(0, 1); // compilation error
r.upperLeft.x = 0O; // change r"s upperleft
r.lowerRight.y = 1; // change r"s lowerright
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Encapsulation : getter Aana'ludaaasie

o getter AAu reference 119 mutable object
lidaaase

public class Rectangle {
private final Point upperLeft, lowerRight;

public Point getUpperLeft() { return upperlLeft; }
public Point getLowerRight() {
return (Point) lowerRight.clone();

}
Rectangle r = new Rectangle(new Point(2,3), new Point(8,9));

r.getUpperLeft().x = 0
r.getLowerRight().y =

// changes r"s upperleft
// does not change r*s lowerright

0;

class Point implements Cloneable {
public Int x, y;
public Object clone() {.-..}
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Encapsulation : public final array lilaaase

public class Al {
public static final String[] DAYS =
{ "su", Mo, *“TU', "WE", "TH"™, "FR', "'SA" };

public class A2 {
private static final String[] PRIVATE_DAYS =
{ "su", MO, *“TU™, "WE"™, "TH', “FR'™, "SA"™ };
public static final List DAYS =
Collections.unmodifiableList(Arrays.asList(PRIVATE DAYS));

¥ public class A3 {
private static final String[] PRIVATE DAYS =

{ "su", MO, *“TU™, "WE"™, "TH', “FR'™, "SA"™ };
public static String[] getDAYS(Q {

return (String[]) PRIVATE _DAYS.clone();

}
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Immutable Class : anauy

e AR TINANRAULANANIURauULURY 1N IGAN
e VA N&svaalanedT1iudkIdl state sinvaALAEN

e patvlu Java API
— String, BigInteger, BigDecimal, wrapper classes

String sl = ""Java'';

String s2 = sl.concat(" Programming');

String s3 = s2.toLowerCase();

// Java,Java Programming, java programming
System.out.printin(sl + ", + s2 + "," + s3);

Biglnteger bi = new Biglnteger("'10000000000000000000000'");
for (int 1 = 0; 1 < 10; 1++) bi = bi.add(bi);

bi = bi.setBit(0);

System.out.printin(bi); // 10240000000000000000000001
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Immutable Class : aaaging

public final class Complex {
private final double re, iIm;

public Complex(double re, double 1m) {
this.re = re; this.im = 1Im;

}

public float realPart() { return re; }
public float imaginaryPart() { return im; }
public Complex add(Complex c) {

return new Complex(re + c.re, Im + c.im);
+
public Complex subtract(Complex c) {

return new Complex(re - c.re, Im - c.im);

+
public Complex multiply(Complex c) {

return new Complex(re * c.re - Im * c.im,
re * c.im + Im * c.re);
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Immutable Class : 1iaf tiafat

e da@ : WLliau immutable class
— vfigudne § state LBeGILGLAR
— thread-safe wiuau A1litAeaLldau
— liidavidiau clone, lidavidiau copy constructor

e diaf : {11 immutable class
— Uiy key Tu map v3a set laatrvaunela
— lidavmaaszudd 11davvin defensive copying

e ML
— WNaAnadULanGla
String s = "Java'’;

s = s.concat("" 1.5").toLowerCase().substring(2, 6);
// 'Java 1.5" -> "java 1.5" -> "'va 1"
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davseailald mutable object ilu key

Collection ct = new TreeSet();

Date d = new Date(103, 11, 31); // Date is mutable
ct.add(new Date(104, 11, 31));

ct.add(d);

d.setYear(105);

Collection ca new ArrayList(ct);

//[Sat Dec 31 00:00:00 ICT 2005, Fri Dec 31 00:00:00 ICT 2004]
System.out.printin(ct);
System.out.printin(ca);

System.out.printin(ct.contains(d)); // false !1!
System. .printIn(ca.contains(d)); // true
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Immutable Class

1 Aauating'ls

e A5G state Waalianddasvinlviiasaly
constructor #9a static factory method

e 14i defensive copy Au field itilu mutable
e favliuliilniance 9 gn overriden

e jlue private fields
e 6 final fields
e 1iNuil mutator

© S.Prasitjutrakul 2004

public final class A {
private final Int id;
private final String name;
private final Date date;
public A(int 1, String n, Date d) {
id =1

name
date

+

public Date getDate() {
return (Date) date.clone();

}

n,
(Date) d.clone();
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Immutable Class : THaadiansaiunu’le

o static factory &u1sa cache aaliansintdilias 9
Iaualag 9 tWailavdunisuanaadianeain’le

public final class Complex {
public static final Complex ZERO = new Complex(0, 0);
public static final Complex ONE = new Complex(l1l, 0);
public static final Complex I = new Complex(0, 1);

private final double re, im;

public Complex(double re, double 1m) {
this.re = re; this.im = Im;

by

public static valueOf(double re, double 1m) {
IT (re == 0 & 1Im == 0) return ZERO;
IT (re == 1 && 1m == 0) return ONE;
iIT (re == 0 & 1Im == 1) return 1;

return new Complex(re, iIm);
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Immutable Class : cache hashCode la

public final class Complex {
private final double re, im;
private int hashCode;

public Complex(double re, double 1m) {
this.re = re;
this.im = Im;
long code = 17 + Double.doubleToLongBits(re);
code = 37 * code + Double.doubleTolLongBits(im);
hashCode = (int) (code ™ (code >>> 32));

}

public boolean equals(Object 0) {

iIfT (0 == this) return true;

iIT (1(o instanceof Complex)) return false;

Complex ¢ = (Complex) o;

return (Double.doubleToLongBits(re) ==
Double.doubleToLongBits(c.re)) &&
(Double.doubleToLongBits(im) ==
Double.doubleToLongBits(im));

}
public iInt hashCode() { return hashCode; }
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Immutable Class : Lilviwniiangn overriden

1. final class
final method : subclass Al feature ‘L6

3. private #9a package-private constructor LLa?
31 public static factory methods

public class Complex {

private final double re, im;

private Complex(double re, double 1m) {
this.re = re; this.im = Im;

+

public static valueOf(double re, double 1m) {
return new Complex(re, Im);

+

public Complex add(Complex c) {
return new Complex(re + c.re, Im + c.im);

}
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Inheritance : 1am355%739

o LAHUAAT L1
— 11 extends Aanadu anafitlyrdraanadutiuildau
— NAzlriaadau extends gavsaumauuln 9

o 11 wrapper class daansntnin
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Inheritance : extends aa1&aufagsyId

public class InstrumentedHashSet extends HashSet {
private int addCount = O;

public InstrumentedHashSet() {}

public boolean addAll(Collection c) {
addCount += c.si1ze(); <

—
b
—
—
-—
e .
-~

return super.addAll(c); -
+ TuRe w1y addAll 14 add
%
public boolean add(Object o) {
addCount++; '
return super.add(o); public boolean addAII(CoIIectlon\c) {
¥ boolean modified = false; k
— 1
public int getAddCount() {| rovaror ® = ','cteratoro’ K
return addCount; while (e.hasNext()) { -
? iIT (add(e.next())) ~—~~~
1 ¥ modified = true;
+

return modified;

}
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Inheritance : vinan& encapsulation

public class InstrumentedHashSet extends HashSet {
// The number of attempted element i1nsertions

private int addCount = O;

public InstrumentedHashSet() {}

blic beol AL (Collecti N

—addCount += c.si1zeQO;——
—returr——super—addAHHCe)5—

public boolean add(Object 0) {
addCount++;

return super.add(o);

}

public int getAddCount() {
return addCount;

}
}

© S.Prasitjutrakul 2004

e au addAll 7iv fAgndag ...

e subclass Aavisnaasiaanni1svineu
2a9 superclass (geutd&a encapsulation)

e dnfinstd&aunisvinguuag addAll
1u superclass a1avin1% subclass
vinvuia (fragile class)
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Inheritance : fragile class

// version 1.0

public class A {
public void al() {-.-}
public void a2() {---}

}

Taifileyan

public class B extends A {
public void al() {---}
public void a2() {-.-}
public void a3() {.-.}
public void aaaa() {---}

}

© S.Prasitjutrakul 2004

// version 1.2
public class A {
public void al() {--.-.}
public void a2() {--- a3(); ---.}
public void a3() {-..}
public int aaaa() {---}

}

e AR B g Lma“l,umum aaaa()
e spec. 2av a3() 7 B ana'lumiiaui A
e self-use : Tu a2 fAn153an a3

J
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Inheritance : ianLR&Y self-use

o AtNALAaUARTIIFAU extends Aavsaumall

— wanLaa9 self-use overridable methods
o overridable method #finns3an overridable methods

— 811 self-use faviiau javadoc comment 1idaLau

/**

This 1mplementation iterates over the collection
looking for the specified element. If 1t finds the
element, 1t removes the element from the collection
using the iterator's remove method.

B

*/
public boolean remove(Object 0) {

, .-
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Inheritance : 11 private helper method

public class A {

public void a(int k) {
for (int 1 = 1; 1 < k;
b(i1); // self-use
+
}

public void b(int 1) {

public ACint 1) { b(1); } // danger : self-use

1++) {

© S.Prasitjutrakul 2004

public class A {
public A(int 1) { bHelper(i1); }
public void a(int k) {
for (int 1 = 1; i < k; i++) {
bHelper(1);
+

}

public void b(int 1) {
bHelper(i);

}

private void bHelper(int 1) {
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Inheritance : 14 wrapper class unu

<<interface>>
Set decorator pattern
HashSet InstrumentedSet <—— Client

public class InstrumentedSet implements Set {
private int addCount = O;
private Set s = 0O; // composition
public InstrumentedSet(Set s) {this.s = s}
public boolean addAll(Collection c) {
addCount += s.si1ze();
return s.addAll(c); // forwarding

+
public boolean add(Object o) { addCount++; return s.add(o); }

public int getAddCount() { return addCount; }
public void clear(D) { s.clear(); }
public boolean contains(Object o { return s.containts(o); }
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Inheritance : 21altuziin

— atin extends aa&atiuan package
— dafianainuayg superclass &9nanlii subclass

— superclass gayL&e encapsulation twsizanadadg
Latnedan1svindrumalutinatlinuau extends 16

— subclass t151 139918 LWs12éN superclass tUReu
WaatNungfingsu anansgnun1svineuuay subclass

— 1% A extends B tiiasiulax39 9 31 A "is-a" B
wae A Ay B atlu package Laeniu

— wani&avn13ld overridable method 1u overridable
method éaadu 14 private helper method 2

— ¥inuL3an overridable method Tu constructor, clone,
ey readObject

— 14 wrapper class winu inheritance agfnin
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Interface vs. Abstract Class : anueauy

e Tu interfaces w6
— public abstract methods
— public static final fields

e Tu abstract class i
— av15A1é7 class i way
— abstract methods
— constructor 131¥iantaan super(...)
e class %ilv
— implements 1d#ane interfaces
— extends "LéiuAndls class wiawnfly abstract class
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Interface vs. Abstract Class : n1stdau

e Interface
— Uifienulsziandayalumivinlvidusaia (mixin)

— 14 interface 97uAu wrapper class lNag&19IAas
Tuitealiigaeld inheritance

e Abstract class

— 14iflu skeletal implementation 2avaan&sN9 9 7
implements interface \&aeaiu

© S.Prasitjutrakul 2004
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Interface vs. Abstract Class : anating

© S.Prasitjutrakul 2004

<<interface>>
Collection
JAWA
<<intgrface>> AbstractCol lection <<interface>>
List Set
A L TR
AbstractList AbstractSet <<interface>>
SortedSet
2 A
ArrayList| |LinkedList HashSet TreeSet
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Interface vs. Abstract Class : anating

© S.Prasitjutrakul 2004

<<interface>>
Drawable

+getX()

+getY()

+setX(int x)
+setY(int y)
+draw(Graphics g)

__________________________

________________________

DRectangle

_X’y

+getX()

+getY()

+setX(int x)
+setY(int y)
+draw(Graphics g)

+getX()

+getY()

+setX(iInt x)
+setY(int y)
+draw(Graphics g)
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Interface vs. Abstract Class : anating

interface Drawable {
void draw(Graphics g);
int getX();
int getY();

class DRectangle implements Drawable {
N 2 _ private int X, y;

xg:g 23:?%:2% Xg: public void draw(Graphics g) {---}
Y- public int getX() { return x; }
}— public int getY() { return y; }

public void setX(int x) { this.x

public void setY(int y) { this.y

public void draw(Graphics g) {--.

- 1l I

1

class DOval 1mplements Drawable {
private iInt x, y;
public int getX() { return x; }
public int getY() { return y; }
public void setX(int x) { this.x
public void setY(int y) { this.y
public void draw(Graphics g) {--.

i1l
(o

(-
< X
(-
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Interface vs. Abstract Class : anating

<<interface>>
Drawable

+getX()
+getY ()

+setX(int Xx)
+setY(int y)
+draw(Graphics g)

AbstractDrawable

_X1y

+getX()

+getY()

+setX(int x)
+setY(int y)
+draw(Graphics g)

0

DRectangle

DOval

+draw(Graphics g)

+draw(Graphics Q)

© S.Prasitjutrakul 2004
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Abstract Classes : skeletal implementation

interface Drawable {
int getxX();
int getY();
void setX(int Xx);
void setY(int y);

void draw(Graphics Qg);
h

abstract class AbstractDrawable implements Drawable {
private int x, y;
public Iint getX() { return x; }
public int getY() { return y; }
public void setX(int x) { this.x
public void setY(int y) { this.y
public abstract void draw(Graphics

+

class DRectangle extends AbstractDrawable {
public void draw(Graphics g) {---}

X; }
y: }
g

class DOval extends AbstractDrawable {

1L
aim%’nﬂmaﬁ extends public void draw(Graphics g) {---}
skeletal impl. 16 Y o
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Abstract Classes : sim. multiple inheritance

public class DRectangle extends Polygon implements Drawable {
private int w, h;
// simulated multiple inheritance
private Drawable drawable = new AbstractDrawable() {
public void draw(Graphics g) {
g-drawRect(drawable.getX(), drawable.getY(),
Rectangle.this.w, Rectangle.this.h);
+
}3
public Rectangle(int x, int y, int w, int h) {
drawable = this.w = w; this.h = h;
drawable.setX(x); drawable.setY(y);
+
public int getX() { return drawable.getX(); }
public Int getY() { return drawable.getY(); }
public void setX(int x) { drawable.setX(x); }
public void setY(int y) { drawable.setY(y); }
public void draw(Graphics g) { drawable.draw(g); }

} s1sumAanaifl superclass agjuén
(14 simulated multiple inheritance)
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Interface vs. Abstract Class : 21atuziin

o 11 interface Tun1siianulsziandayalniiing
1“a1e 9 implementations

e atinl4 interface (agtiaLfiyu constants

e ANsUSULURU abstract class vin'ladreanin
interface

— unaalu interface assinaudlduiln

— Winaa?il default implementation Tu abstract
class tAinnansgnuilasl

o 1@a1U public interface fiavsaumauunn 9
LRautdasluavianaiunnuin ¢
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Nested Classes

o Top level classes ---{class A {

--7-*|static class B { ... }

e Nested classes
— Nested top-level -~ j=|class C{ ... }
— Member inner ----- | Vvoid gooO {
— Local inner _____- _--"=jclass C { ... }

— Anonymous inner --. y

void foo() {

: new Runnable() {
public void run(Q {

e -

P ]

-= =

\ I
}H-start();
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Nested Classes : Nested top-level classes

o aglu top-level 3a nested top-level

e 4] static ANAu class
e 21938V static members aav outer class latviniu
o JFUNANTANILLLY static way non-static

class Outer {

static int classVar;

static void classMethod() {}
int objectVar;

void objectMethod() {} Outer a = new Outer();
static class NTL { Outer.NTL b = new Outer_NTL();

static iInt cV = classVvar,

int objVvV = classVar;

— static void f() { classMethod(); }
void g { classMethod(); }

Y et

static class NTL2 { ... }
+
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Nested Classes : Member inner classes

e atilu top-level, nested top-level, member inner
o '13i%1 static AN class

e #1989NAN 9 members uag outer class 16

o JiFgUNTAlALANIZLUU Nnon-static

class Outer {
{static int classVar;

int objectVvar;
static void classMethod() {}

void objectMethod() {} Outer a = new Outer();
Outer.Inner b;

int objVvl = classVar; b = a.new Inner(); ]
int objV2 = objectvar; b = new Outer().new Inner();

— void fQ { classMethod(); }

1 void g { objectlethod(); } Aavil outer object fyagdl

Inner £O) { return new Inner(); } | member inner object 16

class Inner {

}
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Nested Classes : Local Inner

}
}

class Outer {
static iInt c;
static void TO{}
int v;
voird gQO{}

void init(boolean enable, Tinal |jint a) {

String s = “abc”;
Tinal Int aLocalVar = 2;

class Locallnner extends /A hyead
public void run()

y =
3

new Locallnner().start();

Local inner class #ia member inner class fitdigi

© S.Prasitjutrakul 2004

fienulu method (#1989 local var. vy final ')
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Nested Classes : Anonymous Inner

class Outer {
void 1nit() {

Runnable r

_______________________________

new Runnable() {
’ | new ???2?2(); I

&519310 interface

© S.Prasitjutrakul 2004

~ public void runQ { g I
E } class ?7?? 1mplements Runnable {
g}; public void run() {
r.start(); 1 ¥
+
" - Runnable ilu interface 1f9du void run() {...}
} new Runnable( ) {...} vunaiivliasaailianed

229 anonymous class # implements Runnable
Taaisnaaziaaauadnaidglsingiu {...}
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Nested Classes : Anonymous Inner

class Outer { §319310 class w3a abstract class
void Init() {

_______________________________________

_______________________________ __. new ????(0); I

public void run() { g I
-} o class 77?7 extends Thread {
5}; public void run() {
th.start(Q); 1 ¥

Thread ilu class
} new Thread( ) {...} wuadslvaivaaiiand
229 anonymous class 7 extends Thread 1l

Taaziagauadaadglsngiu {...}
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Nested Classes : Access Controls

e Top level class

o Nested class
— Nested top-level
— Member inner
— Local inner
— Anonymous inner

© S.Prasitjutrakul 2004

public, package-private

)\

public, protected,

package-private, private

— WU U
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14t nested top-level class iia'ls ?

© S.Prasitjutrakul 2004

class A { class A {

B b = new BO; B b= new BQ;
ks

‘ private static
class B {

class B {

... by
4 }

A& B gnldanizluaana A wintiu A9 B 1ilu
nested top-level 4iv private tanglunaia A

locality : aa1&AlANUFUNUTAUAITLITaUL TNRAY
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14 member inner class tia'ls ?

class Bag {

Object [] data;

Itr 1terator() {
return new ltr(this);

class Itr {

private Bag bag;

private int i1dx;

Itr(Bag b) {

this.bag = b;

ks

Object next() {
return bag.data[i1dx++];

}

class Bag {
private Object [] data;
Itr 1terator() {
return new ltr();

}

class I1tr {
private int i1dx;
Object next() {
return bag.data[idx++];
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AN Udiau : member inner
14 members uayg outer ‘laLas
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14 anonymous class tiia'ls ?

o aanETuUALEN 1A LMUILAEN TuLLian
e flu functor, process object, callback
o 14iTu static factory method

Arrays.sort(data, new Comparator() {
public int compare(Object ol, Object 02) {
return -((Comparable) ol).compareTo(o2);

M new Thread() {

public void run(Q) {
veryTimeConsumingComputation();

+
}-start();

frame.addWindowListener(new WindowAdapter() {

public void windowClosing(WindowEvent e) {
System.exit(0);

3} ):
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Nested Class : 21anuziin

o liiaYnTAsIRS VAR VIR

e liiindnilanana

o lfiflaanmNuddaunasianand

e A1l nested top-level 16 atnQuiiinA1I1 static
— 157131 Uszudanin

e 1& access control T¥ituz&U
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