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Wviaauadaa s Object

¢ poolean equals(Object obj)
— indicates whether some other object is "equal to" this one.

e int hashCode()
— returns a hash code value for the object.

e String toString()
— returns a string representation of the object.

® Object clone()
— creates and returns a copy of this object.

e (Class getClass()
— returns the runtime class of an object.

void finalize()

void notify() void notiftyAll()

void wairt(Q) void wart(long timeout)
void wairt(long timeout, Int nanos)
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equals : Wa'lsliday override

e ARFTINANAAULANANDINULAAGNIAUNNG
e superclass # equals N Td 1AL

e lidadn1511iusn1g equals wrasiulanliulilng
1381 equals wi 9

public boolean equals(Object 0) {
throw new UnsupportedOperationException();
by
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equals contract

e x.equals(null) savtilu false
e reflexive : x.equals(x) eavtilu true
e symmetric: x.equals(y) tiua3v Asialila
y.equals(x) tiux3e
e transitive : 61 x.equals(y) tiuaze way
y.equals(z) tfluaze uan
x.equals(z) tilua3e
e consistent:  dlaalianasluldanuunilag
13en x.equals(y) Anse Asavls
AU ULAN
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equals : Symmetric : aat1INm

class Point {

int x, y;

Point(int x1, int yl) { x = x1; v =vyl; }

public boolean equals(Object obj) {
iIT (1(obj instanceof Point)) return false;
Point that = (Point) obj;
return X == that.x & y == that.y;

+

™ class Point3D extends Point {
int z;
Point3D(int x1, int yl1, int zl1) { super(x1, yl); z = z1; }
public boolean equals(Object obj) {
iIT (1(obj instanceof Point3D)) return false;
return super.equals(obj) && z == ((Point3D) obj).z;

}

Point p = new Point(2,3);

Point3D p3 = new Point3D(2,3,4);
System.out.printin(p.equals(p3)); // true
System.out.printin(p3.equals(p)); // false
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equals : Symmetric gn w6 Transitive N

class Point {
int x, y;
Point(int x1, int yl) { x = x1; v =vyl; }
public boolean equals(Object obj) {
iIT (1(obj instanceof Point)) return false;
Point that = (Point) obj;
return X == that.x & y == that.y;

+
™ class Point3D extends Point {
int z;
Point3D(int x1, int yl1, int zl1) { super(x1, yl); z = z1; }
public boolean equals(Object obj) { W  __—---——-o____
1T (1'(obj instanceof Point3D)) return:§uper-equals(obj)})
return super.equals(obj) && z == ((Point3D)-obj)z;7

mixed-type comparison tAailaynin

}

Point3D p3 = new Point3D(2,3,4);
T pPoint p = new Point(2,3);
Point3D p4 = new Point3D(2,3,5);

System.out.printin(p3.equals(p)); // true
System.out.printin(p.equals(p4)); // true
System.out.printin(p3.equals(p4));// false
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equals : Symmetric gn Transitive gn

class Point {
int x, y;
Point(int x1, int yl) { x = x1; v =vyl; }
public boolean equals(Object obj) {
iIT (obj==null |] obj.getClass() !'= getClass()) return false;

Point that = (Point) obj;
return x == that.x && y == that.y;

mixed-type comparison - false

}
™ class Point3D extends Point {
int z;
Point3D(int x1, int yl1, int zl1) { super(x1, yl); z = z1; }
public boolean equals(Object obj) {
IT (1(obj i1nstanceof Point3D)) return super.equals(obj);
return super.equals(obj) && z == ((Point3D) obj).z;

}
Point3D p3 = new Point3D(2,3,4);
R PoiNnt p = new Point(2,3);
Point3D p4 = new Point3D(2,3,5);

System.out.printin(p3.equals(p)); // false
System.out.printIn(p.equals(p4)); 7/ false
System.out.printin(p3.equals(p4));// false
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equals : a'lusu mixed-type comparison

class A {
public boolean equals(Object obj) {
iIT (obj == null ]| obj.getClass() != getClass()) return false;
A that = (A) obj;

return ...

}

L class B extends A {
1 public boolean equals(Object obj) {
e IT (Isuper.equals(obj)) return false;

B that = (B) obj;

return ...

h

.. class C extends B {
3} public boolean equals(Object obj) {
— iIT (Isuper.equals(obj)) return false;

C that = (C) obj;

return ...

}
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equals : 2atuzun

e 191 instanceof Aau cast faavszIvaavnis
LRauiauaaldianduay subclass (mixed-type)

o LANANMULTIAE if (this == obj) return true;

public boolean equals(Object obj) {
iIT (obj == this) return true;

,

o AN AURINNAMRG

class A {
public boolean equals(A obj) { 7/ overload equals
iIT (obj == this) return true;
+
}

e override equals wain override hashCode s

© S.Prasitjutrakul 2004
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hashCode

e Au int AldAruraLsunU9lu hash table
(HashSet, HashMap, Hashtable, ...)

 hashCode uavaana Object Au memory
address Atfuaaiianeiiu

e dalluAl :

— 61 x.equals(y) tfua3v
X.hashCode() siavtvinau y.hashCode()

// 1T Point doesn"t override hashCode

Set s = new HashSet();

s.add(new Point(2, 3));

System.out.printiIn(s.contains(new Point(2, 3))); // false 1]
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hashCode : tuudaga (LUUWERA 9)

e AUAAIMNIATUUILRUND

° ATIANLURLIAL :

— x.equals(y) tflua3v x.hashCode() Awvindu y.hashCode()
o fiaLel

— "2u" uwnan !

— Usz&nonnn1svinvudu hash table dga 9

class Point {

public int hashCode() {
// a correct (and worst) hashCode
return O;

}
}

© S.Prasitjutrakul 2004 16/01/48 11



hashCode : sasing

class Point {
int x, y;

public int hashCode() {
int code = 17;
code = 37 * code + X;
code = 37 * code + y;
return code;
1
1| class Polyline {

== Point[] points;

public int hashCode() {
int code = 1;
for (int 1 = 0; 1 < points.length; 1++) {
Object obj = points|i];
code = 31 * code + (obj == null ? O : obj.hashCode());
+

return code;

}

}
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hashCode : A1s5vindu

® N

i h e

6.
/.

e 1i

© S.Prasitjutrakul 2004

sil@suusay field f iy ¢ (¢ il int )
hoolean : (f?20: 1)

oyte, char, short, int : (int) f

ong : (int) (f N (f >>>32))

float : Float.floatToIntBits(f)

double : Double. doubIeToIntBlts(f) 16 long uan
waau long vflu int d2e387 2

object reference : (f==null ? 0 : f.hashCode())
array : dnusiaydaslu array un@aan 1 -6

c aaveay field u1sruAU
result = 37 * result + c;
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hashCode : 21atugin

o Tlaanne fields Mldlu equals InA1UIU
e ¢ field ML Tduaanle
e atiNAA field aantnsIzaaINITAALIAINATTVINIIUY

e dntilupanauuu immutable & u1sa cache @n
hashCode 1314 Tuituauraa (wadludag
AuIn L)

o lLidnilusavsuaniarduial hashCode Tuaiia
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toString

e ... the toString method returns a string that "textually
represents” this object. The result should be a
concise but informative representation that is easy
for a person to read ...

System.out.printin(new Color(12, 13, 14).toString());
Object[] s = { "J2SE", new Date(), new Object() }:
List list = Arrays.asList(s);
System.out.printin(list.toString());

jJava.awt.Color[r=12,g=13,b=14]
[J2SE, Wed Oct 06 22:31:08 ICT 2004, java.lang.Object@757aef]
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toString

e szuuldan toString() 1¥iam 1ulk
— dnaadang + &m392n67
— wiiasffuwsfwasiduae3etin overload wiiaaL@enfuwssy
object reference walaan toString() 14

e toString() 2avAana Object (LuiAaadamiunune)

public String toString() {
return getClass().getName() + @' +
Integer.toHexString(hashCode());

14t

e ALAIaU toString() tNaANUFLAINUAY

Date d1 = new Date();

Date d2 = new Date();
d2.setYear(dl.getYear() + 1);
String s = ">>" + di;
System.out.printin(dl);
assert dl.compareTo(d2) > 0 :

e2oe

dl;
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toString : aating

package com.somchat;

public class Point {
int x, vy;

é&ﬁlic String toString() {
return getClass().getName() +
II[X:ll + X + ll’y:ll + y + ll]";

System.out.printin(new Point(2, 3));
System.out.printin(new Point(12, 52));

com.somchai .Point[x=2,y=3]}
com.somchai .Point[x=12,y=52]
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toString : sUuuuuaINRAWEA TALLUUAU

o 1NYAUTH toString( ) tNatindvdiayauadaaiianes

e A5 LUAAINT THARVINLAUTU
— 1@aulitvdaraulu javadoc 711 “aenvin”
— 1Yiu3n15 accessor methods

public class Point {
private iInt X, y;
/*

* Returns a brief description of this 2d-poe#qt:

* The format of the returned string IS8 subject to ChéEéEZ)
*/

public String toString() {

return "[x=" + x + ",y=" +y + "]";

+
public int getX() { return x; }

public int getY() { return y; }
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toString : sUuuvAINRANENALUUAUY

public class Point {
private int x, y;

A3svysUuuuiulilu javadoc

/**
Returns the string representation of this 2d-point.
* The format i1s "(X,Y)" where X and Y are comma
separated, and can be any number of digits.
*/

public String toString() {
return (" + x + ", +y + ")

;** i constructor M3uan39lusuuudona

* Constructs a newly allogated Point object that

* represents 2d-point indicated by the parameter whose

* format 1s the same as/returned by toString()

* @param s the String Ao be converted to a Point object.

* @exception lllegalArgumentException

* iIf the String es not contain a parsable 2d-point.

*/

public Point(String s) throws IllegalArgumentException {...}
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toString : Aauzin

e @25 override toString wlaidsuaaialna
e toString i lduaaviiayandrauuadaaians

e AsHiluiannvivdnsAudayann fields Nisng
luga3avin@auann toString

o 2NN getClass().getName()

e aiavlliaulu javadoc Tritataudl waaWan'laan
toString AsduuunnuaurIa'lil
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clone

e clone iu3n15&519 object TmidnAaunilen “wiiau”
aalilansiingnizen
— x.clone() '= x 1fux3v
— x.clone().getClass() == x.getClass() tilua3v
— x.clone().equals(x) iluazv

e AMAANFNUITIILFNS clone

— clone agAuaailiansdszinin Object

- Taanld glduinisdasidlaudssiandaya (cast) Tuilu
Usznnuavaaliandingn cloned

Point ptl
Point pt2

new Point(2, 3);
(Point) ptl.clone();

{1, 2, 3, 4, 5 };
(int[]) x.clone();
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Cloneable Interface

e flu marker interface
— Lifiuianlaly interface 4
— lii'lddeau public Object clone();
— NAAR&IU protected Object clone() annmana Object

— A1wavinalii clone Maala Object asragauin
Naanuuuaa&Trnlaanli clone nia 'l

package java.lang;

public iInterface Cloneable {

}
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clone : oL aULUUNIATFIU

e iy implements Cloneable
e iy throws CloneNotSupportedException
e (37 super.clone()

o aaandiizan clone() davaglunaai implements
Cloneable 11itasiuiiu CloneNotSupportedException

class Object {
protected native Object clone()
throws CloneNotSupportedException;

- nslaauaaliandiAindua’d
¥ class B implements Cloneable { d . L
= it b = 1234- nuvianuadnas Object

public Object clone() throws CloneNotSupportedException {
return super.clone();

}
S B bl = new BQ;
} B b2 = (B) bl.clone();
T System.out.printin(bl == b2); // fTalse
System.out.printin(bl.b == b2.b); // true
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clone : super.clone()

o Mslaauaailanedi Object avairvaalianduasnaia
LAeNAuUNIan clone MLINFA
class Object { I

protected native Object clone()
throws CloneNotSupportedException;

class A { // does not implement Cloneable I

Y| class B extends A implements Cloneable {
public Object clone() throws CloneNotSupportedException {
return super.clone();

}

class C extends B {

} A al = new AQ;
A a2 = (A) al.clone(); // Clone not supported
B bl = new B();
B b2 = (B) bl.clone(); 7/ OK
Ccl =new CQO;
C c2 = (C) cl.clone(); // OK
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clone : Object.clone vin shallow cloning

e TaauLanNy fields 61 9 vavfItadnay super aseiniilu
object reference #3a array [z 1AULRNIEAI references

class A {
int [] d = new i1nt[4];

i class B extends A implements Cloneable {

Point p;

int Xx;

public Object clone() throws CloneNotSupportedException {

return super.clone();
) B bl = new B(Q);

, B b2 = (B) bl.clone():

bl /
X p d fﬁ 8 4 -2
235 o
o~
2 | [ S |~
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clone : deep cloning

o nseiliilu object reference w3a array

favlaaualaalianeiad B bl = new BO:
class A { .-
int [] d = new int[4]; B b2 = (B) bl.clone();
[
i class B extends A implements Cloneable {
Point p;
int Xx;

public Object clone() throws CloneNotSupportedException {
B b (B) super.clone();
b.d (int []) d.clone();
b.p = new Point(p-x, p-y);

return b;

X p d I’ 6 8 | 4 | -2 X p\ d b2
235 o — 235 )

\/\/' 2
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clone : deep cloning

* UARARNFMITIUANAADAUNNTVIN cloning AavaILag
B bl = new B();

class A implements Cloneable {
int [] d = new Int[4];
public Object clone() throws CloneNotSupportedException {
A a = (A) super.clone();
a.d = (int []) d.clone();
return a;

é-BZ = (B) bl.clone();

}

1} class B extends A implements Cloneable {

T Point p;

int x;

public Object clone() throws CloneNotSupportedException {
B b= (B) super.clone();
b.p = new Point(p-x, p-y);
return b;

}
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clone : a191@18y CloneNotSupportedException

o Lilasu CloneNotSupportedException tilu Error

class A 1mplements Cloneable {
int [] d = new Int[4];
public Object clone() {
try {
A a = (A) super.clone();
a.d = (int[]) d.clone();
return a;
} catch (CloneNotSupportedException e) {
throw new Error(“'can®t clone');

}
1 class B extends A {

o Point p;

1 int X;

| public Object clone() {

B b= (B) super.clone();
b.p = new Point(p-X, p-Yy);
return b;

}

© S.Prasitjutrakul 2004 16/01/48 28



clone : tualiagnnsuudnis clone AnANa

e {1 superclass vin clone 16 ws subclass liidavn1g

class A 1mplements Cloneable {
public Object clone() throws CloneNotSupportedException {

return super.clone();

}

| class B extends A {
public Object clone() throws CloneNotSupportedException {
throw new CloneNotSupportedException();

}

, -

class C implements Cloneable {
public Object clone() {

class D extends C {
public Object clone() {

S— throw new UnsupportedOperationException();

}

© S.Prasitjutrakul 2004 16/01/48 29



clone : constructor 5a static factory

o 121U clone e 11999
e 11i copy constructor #3a static factory 91031

public class A {

int x;
Point p;
public A(A a) {
this.x = a.x;
this.p = new Point(a.p.getXx(), a.p.getY);
+

- public class A {

} int x;

— Point p;

public static A newlnstance(A a) {

A newa = new AQ);
newa.x = a.x;
newa.p = new Point(a.p.getX(), a-p-getY();

}
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Comparable Interface

public interface Comparable {
/**
* Compares this object with the specified object for
* order. Returns a negative iInteger, zero, or a positive
* 1Integer as this object 1s less than, equal to, or
* greater than the specified object.
*
* @param o the Object to be compared.
* @return a negative iInteger, zero, or a positive iInteger
* as this object 1s less than, equal to, or greater
* than the specified object.
*
* @throws ClassCastException 1T the specified object®s
* type prevents 1t from being compared to this Object.
*/
public 1nt compareTo(Object 0);
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Comparable Interface

o lutAtnazlsiaanuaaid Object
o ldAumaENTVLUIN UL UL LRNE

e AaFIVN UM damsiEauAaudiayaizuy
TreeSet, TreeMap, Collections, Arrays (tuvian
search, sort) and@a Comparable Ma&u

public Point implements Comparable {

public int compareTo(Object o) {
Point that = (Point) o;
double dThis = this.x * this.x + this.y * this.y;
double dThat = that.x * that.x + that.y * that.y;
iIT (dThis < dThat) return -1;
return (dThis == dThat ? 0 :© 1);

¥ iszaenmiaiaannandv (0,0) 1ilu
1 T Atrauiay
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Comparable : Exceptions

o Aalu compareTo

— cast ael 81vinll6ATNAR ClassCastException
— Udhae a1cilu null AléuAia NullPointerException

public Point implements Comparable {

public 1nt compareTo(Object o) {
mm) Point that = (Point) o;
double dThis = this.x * this.x + this.y * this.y;
‘ double dThat = that.x * that.x + that.y * that.y;
iIT (dThis < dThat) return -1;
return (dThis == dThat ? 0 - 1);
by

© S.Prasitjutrakul 2004 16/01/48 33



Comparable : fdauugin

e AtiNaanLUU subclass NANRNITHUAY
compareTo fa19NnUaY superclass

e ATLY compareTo Vi ugannaadnu equals
(x.compareTo(y) == 0) == (X.equals(y))

e AfiNLALIU public int compareTo(Comparable 0)
o atinanLauUNINTu compareTo

public class A implements Comparable {
int X;
A(int x) { this.x = x; }
public int compareTo(Object o) {
return X - ((A) 0).x; // WRONG

by
1 A al = new A(Integer.MAX VALUE);
eeeeeemm——— A a2 = new A(-1);
System.out.printin(al.compareTo(a2));
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