2110101 : asvintdswunsumaunlLaas

Classes & Objects

AMAITNIAINTTUAANNILOAS
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Ada

e AJAUTTNALUAIARNH

e N5UTEANE NITRFY UAYNITVINANLAAULANG
e Instance variables

e Class methods way object methods

e Constructor methods

e mMatg : A& Complex

— Newton-Raphson
— Mandelbrot Set
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29A1IzNAUAAIARR

class Robot {

data members

constructor methods

class & object
methods
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ANUIULEI AU

o MUIULTILUAU Z=X+ 1y
— x tiludruiuxdv

— iy tudrunuIuaaw —
e y tiudrurulidv e =-1
« i=1£1 (imaginary unit)

e conjugate z7=x-iy

e absolute square : \z\z =77 = (X+iy)(X—iy) = X" + y°
o Wz, =X, +1iy; WAL 2, = X, + iy,

* L+ = (X HXp) F1(YitY)

e latandntaaslu IWW tATavna a6 ...
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2NN TAANUIULTIH AU

o AMNIAUAIIUIUIZI INUIULAN

o LA LTI MULTITaY AavaanuuuLad

o dau class 1midia Complex

o 21U class = liaulitnuuasdssiandayauulng

& o y &£ o & o a
o LAUANWIULBIHAUNUIAIUIU = LAUITUIUIFIRAY
MUU z=X+1y

public class Complex {
public double X
public double Vv,

fields
(data members)

}
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ANTUsEAALRZANTREY

public class Complex |
public double x; fignuuaIARH
public double v;

}

Wann'laann new

Complex z;
= new Complexq:

Complex z;
dlunsdsenduasasiediudls z aedilidredatlanifudaya
Afluwuy Complex

z = new Complex();

\HunsasvllaniAvdayaniiuuuu Complex
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ANNAlA

class #ta Complex

public class Complex ¢

public double @
public double ®;
¥

Ailsenvde object
2a9 class Complex

- ) object il (u3a instance)
Z m m avaa& Complex
X Yy

object reference
N/

instance variables

fields (3a data
members) aav9 class
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6N 1AUINIAUAUTND

g7 1101

- 12'lAnionas

- YinTuAsIaHE

Ll

class ussenaavAlsgnauy

2110101 3finssumauiiteas 3N

LiaNTANAALEINNFAS
2 (@
O O

object Aauavzefignasiediu
object uav class tHeIAU w6
AuarAauAu Aanafisuazidan
Aaluliwmliauiu
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D)
)
e

Cookie Cutter
(Class)

0 -
* e
..... 0
N B
. %)
Cookies (- J
(Objects) | @ 7
=

2110101 3ernssumaniiiianas I3

Cookie Dough
{memory)

Ca dy

prinkl s

s & (values)
o/
o

o

¥
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new Hutaiiauisvanus’sig objects

e new a¢&319 object Tnuuay class N ual
o fAaviifiulsmaadusunivanvady object Tua

Complex z1l = new Complex();
Complex z2 = new Complex

Point p1 = new Pointy;
Rectangle r new Rectangley
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UL

e Object Mgn&5198u wei'lifidndslaa1ay

o Uangalan

e 52UV "tAvuae" dntllanwia1'lu 19 v

Complex

z1l = new Complex();

z1l = new Complex();

#1
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#1

// #1

// #2

#2
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N15IILLALYvinate object

o &5191681% new

e VINAIatatN AL TalUa198989

+
zal[ 2]
za[ 3]

Complex [] za
for(int 1=0;

null;
new Complex();

= new Complex[4];
I< za.length;
za[1] = new Complex();

1++) {

null luaaefAAEuNy
object reference N'lii'laavdvayls
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1914 Instance Variables

e instance variables Aaauiseineg aaluuag
object N'lagnas192iu
o atnnagld Mlaulusy object. variableName

public class Complex {
public double x; —
public double Vv, Z
X y

}

Complex z = new Complex();

-X 4;
y 9.8;
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A9 LA UAUAY instance variable

public class Complex {
public double x;
public double Vv,

}

Unéiiia object nlivgnad1vdiu elin151¥iaA 0 uay false Au

instance variables 6199 1av object Atdudsziandruiu
WA boolean aua6U

public class Complex {
public double X = 10
public double vy = oo

}

TRANBUAULAIALE LdULREIAUNITAIAIBUAY
Aaadmtdsnalutniias
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Methods

e AANLUUARNRLNAUITENEURAN R USUDIAR
— fields ussenaanrauzuag object
— methods ussenau3a1sAfilvinsyvindu object

e AR& Complex
— fields :

* X LAY Y LNUINUIUITILREIUANN

— methods :
* 111 absolute
* 111 congujate
o WINAUINUAIANUIULTIHAURDIIUIU
e sort diayalu array vas int Adwualv {1 LiAen
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Class Methods vs. Object Methods

e aanuuuiaalvigauizanlifldaasis
— class methods className . methoadNamg(...)

C

double a = Complex.abs(zl);
Complex z2 Complex.conjugate(zl);
Complex z3 = COmplex.add(z2, z1);

— object methods objectName .methodName(...)

double a = zl.abs();
Complex z2 z1l.conjugate();
Complex z3 z2.add(zl);
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faUDRE

o LA8ITY class methods u1a?

— Math.sqgrt(x)

— JLabIO.readInt( )

— Array.equals(a, b)

— public static void main( String [] args )
e LAaTld object methods uuan

— str.toUpperCase()

— in.readLine()

— System.out.println( msg )
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Class Methods

public class Complex | I
public double x;
public double v ussenaAaa Complex

public static double abs( Complex z ) {
return Mathsqrt( zx » zX + Zzy * ZVY );

}
}

public class Test ¢
public static void mainc String [ args ) {
double a = JLablOreadDoublecreal part : v
double b = JLablOreadDoublerimag part : v
Complex z = new Complex;

ZX = Qa; s - -
zy - b &519 object wagld method aay Complex
Systemoutprintinc Complexabsz) )
}
}
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Object Methods

public class Complex { |
public double Xx; fnANI static 79 A
public double . uunady object method

public s ic doublle abs( ) ¢
return Mathsgrtthisxthisx + thisythisy)

+
ks / this Tdfe9fiv object Mign
Baaliunrvinnuiuian

public class Test ¢
public static void | mainc String [ args ) {

double a = JLablOreadDoublerreal part :
double b = JLablO\readDoublerimag part : v,
Complex z = new Complexq;
ZX = Q;
zy = b
Systemoutprinting z.
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Class Methods vs Object Methods

e class method fidni1 "static" ANAUTAYI method
e object method 11ifid131 "static" AL

e 3un class methods 1difiamalaiin

e 3an object methods 1difiaaautaneiin

e AN : usWaladinvaviltaanld class method

— System.getProperties( )
— Math.random( )

n1se9diaatinedl
— JLabIO.format( x, 5, 2') seuuagalniidnia
— a.compareTo(b) Tsunsuléaau
— rectangle.setSize( w, h )
— Math.PI
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niat1d Object Methods aay Complex

public class Complex |
public double X v s data members

public doublle abs( ) {
return Mathsgrtthisxthisx + thisythisy)

by
public Complex conjugate() {

Complex zbar = new Complex();
zbar.x = this.x;

zbar.y = -(this.y); ZZX—in
return zbar;

}

public Complex add( Complex z ) {
Complex sumz = new Complexo:
sumzXx = thisx + zX
sumzy = thisy + zy;
return sumz

}

Z) + 2, = (Xp+X%p) + (Y 1Y)

}
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Object Method #A58 : toString

e toString filuilaviiayanralu object (instance
variables) 19iilu String iauautiinla

o 1o llfAavihlvinanvna'ldasaln
LW31E31 System.out.printin( z ) [g3an
z.toString() 1aean TuiH

public class Complex {
public double X V.

public String toStringo ¢
return ¢ + thisx + ' 1" + thisy + "

}
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Object Method #a354i : equals

e NARAU 0bjl == o0bj2 nu1aAINNIN objl LA
obj2 ilu object LatnAuWIa’li

e Na&au objl.equals( obj2 ) nuraAINUIN
object obj1 "tvindAu" object obj2 #aa'li

e ANUKINEUDINTT "LVINAU" UaY object W
Junufiaanuuu class

public class Complex |
public double Xx v

public boolean equals( Complex z )
return thisx == zX & thisy == zy;

}

equals aun)TluaNNLININAINGU
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AagILN6

e 1311 instance variable object.variable
e 13anl object method object.method( ... )
e GNVAUATINIIVLRUNIA'Y

public class Complex {
public double X V.

public String toStringo ¢
return ¢ + thisx + ' 1" + thisy + "

%__ Complex z1 = new Complexq;
1 .-
| double p = z1x
String s = z1.toStringo;
double g = z1.X0: 1 WRONG
String t = z1toString; 1 WRONG
Systemoutprintinc 'what am 1 » ),
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faUDRE

e String way array Lilu object
e String fiuviaa length()
e array §l instance variable a1 length

String s = 'Hi Ho Hi1 Ho;
INt a = new 1ntpoo:

Systemoutprintinc slengthy )
Systemoutprintinc alength )
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Constructor Methods

o HuviaafiAruatnana G9szuuzanldiae
A0 TUITHNAY new Aan&u

o 5 aRvAGRAUTYIAY instance variables
2129 object 11 GILAIGNFEY

o HuuaniLAL
— fagavniiaudia class
— giav'laiszy return type aadnvian

public class Complex {
public double X V.

public Complex( ) {
thisx = oo

thisy = oo
by
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Constructor Methods

e QOverload “Léjﬁmmsﬁmummmsmaa
WITHLA AT LA ARIIAU

public class Complex { I
public double X V.

Complex z1
Complex 2z
Complex zs3

new Complexo;
new Complexe, 3s5),

li
public Complex( ) { new Complex( z2 ),

thisx = oo

thisy = oo

oo

public Complex( double x1, doublle y1 ) {
thisx = X
thisy = y1

}

public Complex( Complex z ) {
thisx = zXx;
thisy = zy;

}
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Constructor Methods

e Constructor yanfiutadle 1aald this

}

public class Complex {
public double X vV

public Complex( ) {

‘ Complex(0, 0);

// WRONG

public Complex( double x1, doublle y1 ) {

}

}

}

2110101 3ernssumanitiiinas I3

this.Xx
thisy

X1;
vy

thiy sublic class Complex (
this" public double x, y;

public Complex( ) {

mEmm)> this(0, 0);

// CORRECT

public Complex( double xi, double y1 ) {

aue Uszandyasza (2545)
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32913

o Utility class Aamaafifiue class methods
(2w Math.*, Arrays.*, JLablO.*)

o A& LUATHudaviiuiAian main atilupaan
N1l laGanTdulaansy

o AMAAF UL constructor szuuagtGN AL UL T
ANSIUNHLAAS

o syfanaatidu noun degawiiaailu verb

Q/ " = [ 1%
e 6R this. ‘I/I\‘]ﬂvl,G] public class Complex |
public double X, vy

public boolean equals( Complex z ) {
return X == zX 8& Y == 2V,

}
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mAIagg : W1nae Newton-Raphson

* AAJYNITNITINUAIRNANS f(X) = 0
e WlatawiIzsnNIuIIUIURGY

e 35229 Newton-Raphson
— faviaunusuay f(x)
— 61 X, Aamlszunaladn ATAUITAAIUIN
Alszanaaagsn (NANIN) X, 69l

f(x
Xeyg = X — %) /

(%)
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2110101

Class NewtonRaphson

public class NewtonRaphson ¢
public static double T double Xx) {

return X = X + 4 * X + 4 2
1 f(X)=x +4x+4|
public static double df double Xx) {

return 2 * X + 4, 'I:'(X) — 2X+4
+ _I

public static void solve double xnew, double tol Int Imax) ({
double xold

int 1.

for (i - o 1 < imax: i+ | B f(x,)
xold = xnew: Xip1 = X — f'(X )
xnew = xold - fixold) / dfxold); K
Systemoutprintinex = ' + xXnewy
1T Mathabsxnew - xold) < tol) break;

%f(i >= Imax) Systemoutprintlncnot converge,

}

public static void mainStringg args) {
solvep, 1e-10, 100);

}
}



115 (Wusrurdiviaule)

o LAaIUmANE Complex 11
— data members : X uazy
— constructor

— object methods :
add, subtract, multiply, divide, abs, toString

o Ziauma& NewtonRaphsonComplex
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Class Complex

public class Complex ¢
public double X Y,

public Complexdouble xi, double y1) ¢
X =X,y = VY1
Foo _ _
public String toString) ¢
iIT (y >=0 return  + X + " + I’
else return ¢ + X +
oo _
public Complex multiplyComplex z) ¢
return new ComplexXxX » zX -y * 2y, X * 2y + Y * ZX),
+
public Complex divideComplex z) ¢
double abs2 = zx » zX + zy * Z2YV;
return new Complex(x  zx + vy = zy) / abs?,
ZX *y -zy = X / abs2;

y +
sy

+
I||

public double abs() {
return Mathsgrtx » X + y * vy

¥ Weauuiaa add uay subtract tav
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Class NewtonRaphsonComplex

public class NewtonRaphsonComplex ¢

public static Complex fComplex X) {
Complex two = new Complexe, oy

Complex c1 = xmultiplyX); )
Complex c2 = xmultiplytwo) f (X) = X" +2X+ 2'
return ci.addc2.addtwo));

}

public static Complex dfComplex X) {
Complex two = new Complexe, o)

Complex c2 = xmultiplytwo) /
return c2addtwo; f (X) = 2X+ 2'

}

— U\‘]ﬁﬁia_"
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Class NewtonRaphsonComplex

. Ldauea
pubTic static void solveComplex xnew, double tol, Int 1max ¢
Complex xold, temp:;

int 1.
for (1 = o, 1 < IMax; 1++ {
xold = xnew;
temp = f(xold).dividedfxoldy,

xnew = xoldsubtracttemp)
Systemoutprintlnx = ' + xXnew)
temp = Xnewsubtractxold)
1T (tempabs) < tol) break;

by
i
+

public static void mainStringn args) {
solvemnew Complex(, 3), 1€-10, 100);

T (1 >= 1max) Systemoutprintlncnot converge,

}

}
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Edit + Compile + Run

'= JLab 3.06.07 _ O] <]

Eile  Edit

Build Debug Tools

Window Help

LU R [ Ry [T - T S

el e
P N T I T |

15

public static Complex fi(Complex =)
new Complex(Z, 0):

Complex two
Complex ol =
Complex o2

public static Complex df (Complex x)
new Complexi2, 0);

Complex two
Conmplex o2 =

H

public static wvoid solve (Complex xnew,

public class NewtonRaphsonComplex {

x.mualtiplyi=):
x.multiplyicwo)
return cl.add(cd.additwa) ) ;

x.rwultiplyitwo)
return cZ.add(two) ;

{

{

re
—

double tol, ixd

e o -
_ﬁ Complex.java ﬁ M ewtanA apheonComples. java

EE T

=

(-0
(-0
-1
— I:_l
(-0
-1

i-0.

-0, 873630577934735a87
-1.00115589671691623

JLahl

. 000000657 2394056
-0.599933233933253466
-1.0 + i1.m

+
+
+
+
+

JLah}java HNewtonFaphsonConplex
076923076923076587 + 11.6153546155846154)
LBT7179487179457 16 il.
L9573851353041239)
il.
id.
id.

in

0410256410256409)

0005525341350855)
99999944591 2558)
99933399999933469)

=l

| Ready

=]
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AU

Complex cl
Complex c2
Complex c3

new Complex(5,0);
new Complex(4,0);
new Complex(3,0);

Complex c4
Complex c5

cl.add(c2) .subtract(c3);
cl.multiply(c2).add(c3);
Complex c6 cl.add(c2).multiply(c3);
Complex c7 cl.add( c2.multiply(c3) );

c4, cb, c6, c7 =7

public Complex {

public Complex sqr( ) {
return .

}

1 o L danuLunananfitavgadluaa
Complex Taan1sldiuiaa multiply

2110101 3ernssumaniiiianas I3 aure Uszansyasega (2545 37




Mandelbrot Set (8nn%9)

e TYidNAUUDIAUIU
ediau d, Awatlann .
d =(d_)?+c Taan
d,=0+i0 =0 uay
¢ tudnuruLdedian

e C LilusunTnuay
Mandelbrot set a1a1eu -
229 |d,| LINWIAIAIRT |

0.5

0.5

AU X WNULRUATUIUIZI AU Y LNULFUIIUIUIUAN N
A TuslAasguinuay Mandelbrot set
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TuUswnsuLLsEay Mandelbrot set

public void paintGraphics Q) {
int n;
Complex c, d;
double stepX = 3.0 / getSize().width;
double stepY 3.0 / getSize().height;
for (double y = -1.5; y <= 1.5; y += stepY) {
for (double X = -2.0; x <= 1.0; x += stepX) {

c = new Complex(x, Yy);

d new Complex(0, 0); |d |< 2
n 0;

while (d.abs() < 2 && n++ < 256) {

il
d = d.multiply(d).add(c);
} dn = (dn-l)2 +C I

1T (n >= 256) {
g-drawRect((int) ((x + 2) / stepX),
(nt)((y + 1.5) / stepY), 1, 1);
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LUUANNYG : asnnleaaala "Rational"

e Rational flupaatAulaunssney
- n.8. 3/4, 15/7, 8/1
e iidav fields : numerator way denominator
— 6.8, 15/7 § numerator tiflu 15 way denominator iy 7
e flutviandofl
— add, subtract, multiply, divide, toString, e equals
e ATLAVLLLAATY LU 4/8 astAuiilu 1/2

public class Rational {
public iInt numerator

public Int denominator
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