ARNRLLAZAAULANG

AU AaaAaTdsuATy

public class ClassGPA {

public static void main(...) {

b3

o a
tUanau 9

nAianfiA1in static | class methods
Wvianilszdiaana) static methods
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fofidnuuy : eaddAadssiandaya

fadvnanafidulssandaya : Ball

public class Ball { public class

r }

Product {

public class Point { public class

r }

ComplexNumber {

public class Rectangle { public class

o }

Date {

public class Employee { public class

o }

Currency {

public class ClassRoom { public class

o }

BankAccount {
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public class Ball {

‘ Mudsilsyandauianed ‘

object variables

MR ‘

constructors

o o = <
| wiiaaszandautans |

object methods

Mmussganaana

class variables

wiaaisyanaana

} class method
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LULGEge : Janwizdiayatiag

&519aaULANAAIE hew

public class Ball {

fuilsilszandautansd

object variables

data members
attributes
fields

ussenaanistayataanialu

public class Ball {
public double x, y;
public double dx, dy;

public double r;
}

2110101 3minssuaaniineas 314 (15/06/52)

public class Ball {
public double x, y;
public double dx, dy;
public double r;

3

ﬁanmsﬁ\

‘ Ball b =

faduls &vdautanduad
ﬂma Ball

new Bal 10;

b[ +—

x| 00 | dx[ 0.0 | r| 0.0 |
P LRNHN

dautans yL 00 | dy[ 00 ]

(object reference)

2110101 Fenssumaniiinas 3+ (15/06/52)

%AY new
1eAquanun

dautans




AGRGUNaIGILssTIVEauLane

waazdaulanaddindsdseardauansuadsiiiag

e UAY new, Auadduilsilszdrdauansd
- 47U fifn 0
— boolean ifn false
 WiAAunauilsenia object variable ‘6

public class Ball {
public double x, y;
public double dx = 2, dy = 4;
public double r = 10;

}

2110101 Fminssuaaniineas 34 (15/06/52)

Ball bl = new Ball(Q);

Ball b2 = new Ball(Q);

Ball ball = new Ball();

Ball big = new Ball(Q);
b1 [ —»{x(0.0]dx{00]r [00]

y[00)oy[00]

b2 [ —»(x(oojax{oo]r[o0]|  big [ F—»(x00Jxo]
y[00]ay[o] y[00]dy[0o]

bl, b2, ball, big flusavdsdamanduuu Ball

1eafaindan "Sauand bl unudauiandd bl d19dea
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msuldsudruavdindsilszandauians

Wwiaasudauane

public class Ball {
public double x, y;
public double dx, dy;
public double r;

}

all b = new Ball(Q;

b.x a@ w3 duds x vasdauand b

bE|—>(x| 50 | dx[ 0.0 | r[ 0.0 |
y[99.0] dy[ 0.0 |

2110101 3minssuaaniineas 34 (15/06/52)

e AsRVAAULANAIRLUAAR
= ° 1 [~ r'd | Qs 1'% a
AansRIsNLUvLasdauLane (ANuadaaN98Y)

o fRoAURSUIvA AV ULANGLAENAY

public static void main(String[] args) {
Ball b = new Ball(Q);

X[s0lax(0.0]r [0.0]
y[o.0Jdy[o.]

Yy TTIEsIIIIn

-~

<+ <
public static void moveRight(Ball b 11, double d) {

y ball.x += d; ball d

2110101 Fenssumaniiinas 3+ (15/06/52) 10

Wwiaadusautans

o mMsfudauand g Zanuvian
= o 1 I3 o %
Aansgvsinunlvaavaautansdaunsuly

public static void main(String[] args) {
Ball b = createRandomBall();

b

,

public static Ball createRandomBall() {¢

Ball ball = new Ball(Q); El_"‘dxr@

ball.r = random(10, 15); ball
ball.dx = random(-5, 5); y[oojdy[ 4]

ball.dy = random(-5, 5):

return ball; Mulsluiaana Lﬁ'a}um‘am
> YULREA uadaulandnaselu
wiiaa e drfefidauils
anvdviiuat
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Mae : gnuaatdvluiuiad

public static void main(String[] args) {
DWindow w = new DWindow(250, 200);
Ball bl = createRandomBall();
bl.x = 125; bl.y = 100;

while (true) { public class Ball {
w.fade(0.3); public double x, y;
draw(w, bl); public double dx, dy;
move(w, bl); public double r;
w.sleep(30); }

public static void draw(DWindow w, Ball b) {
w.FillEllipse(b.x, b.y, 2 * b.r, 2 * b.r);

public static void move(DWindow w, Ball b) {
b.x = b.x + b.dx;

b.y = b.y + b.dy;

if (b.x + b.r > w.getWidth() || b.x < b.r) b.dx = -b.dx;

if (b.y + b.r > w.getHeight() || b.y < b.r) b.dy = -b.dy;
}

2110101 Fenssumaniiinas 3+ (15/06/52) 12




Timand Ball SuRim2faunis draw way move

teau draw Tuaana Ball Legavuu

21

DWindow w = new DWindow(250, 200);
Ball bl = createRandomBall();
bl.x = 125; bl.y = 100;

h-l & = oo
e
Ball.draw(w, bl); lumana Ball

Ball.move(w, bl);
w.sleep(30);

3
public class Ball {

b.y = b.y + b.dy;
if (b.x + b.r > w.getWidth() || b-x < b.r) b.dx = -b.dx;
if (b.y + b.r > w.getHeight() || b.y < b.r) b.dy = -b.dy;
¥
} 13

public double x, y, dx, dy, r;

public static void draw(DWindow w, Ball b) {
w.FillEllipse(b.x, b.y, 2 * b.r, 2 * b.r);

public static void move(DWindow w, Ball b) {
b.x + b.dx;

class method \

object method

o ea N
Ban bl.draw(w), x AAa bl.x

}Ball.draw(w, b1l);

public class Ball { ‘

public double x, y, dx, dy, r; 3un draw 7Audiey
Tlumand Ball

public static void draw(DWindow w, Ball b) { |
w.FillEllipse(b.x, b.y, 2 * b.r, 2 * b_r);
¥ §<§( gas¥u Ball b a0 wiaae
L'L'Eﬂ'wiw'waoﬁamanﬁb

bl.draw(w);

public class Ball { :

public double x, y, dx, dy, r; bl Judawansngn
Bunlifu3nis draw
public void draw(DWindow w) {

w.FillEllipse(X, ¥, 2 *r, 2 * r);

3

| shulsimaniidadauls
\ﬂaoﬁaunnﬁﬁqnﬁun
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class method fiu object method

avAlsznauuavmana : @I&3519 (constructor)

¢ class method
— fid static Awvian
- sluvunsBan : Faaara. Fawviaa( ... )
¢ object method
- “Laifidn3n static Aivwiian
— sluwunsiBan : drdwbvdamand. Fawuvian( ... )

wnsTAeAuSauans
sinugiaulilu object method

public class Ball {
public double x, y, dx, dy, r; class method
public static void draw(DWindow w, Ball b) {
w.FillEllipse(b.x, b.y, 2 * b.r, 2 * b.r);

3 public class Ball {

public double x, y, dx, dy, r; object method

public void draw(DWindow w) {
w.FillEllipse(X, ¥, 2 *r, 2 * r);

2110101 3 } 15

Ball b = new Ball();
b.x = 50; b.y = 50;

b.dx = 2; b.dy = 3;

b.r = 20;

Ball b = new Ball(50, 50, 2, 3, 20);

public class Ball {
public double x, y;
public double dx, dy;
public double r;

gagasmfiaudanaa
"laifl static
sl Ussiannadng

public Ball(double x1, double y1,
double dx1, double dyl, double r1) {
x =x1; y =yl; dx = dxl; dy = dyl; r = rl;
}

2110101 Fenssumaniiinas 3+ (15/06/52) 16

nivpaaAGIRF IR HLLLALG

Default Constructor (fa519szuutdinli d1lailéideu)

public class Ball {
public double x, y;
public double dx, dy;
public double r;

public Ball() {

}
public Ball(double x1, double y1) {
x =x1; y =yl; r = 10;

¥
public Ball(double x1, double yl1l, double r1) {
X =x1; y=yl; r =rl;

}
public Ball(double x1, double y1,
double dx1, double dyl, double rl1) {
X =x1; y =yl; dx = dxl; dy = dyl; r = rl;
¥
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public class Ball {
public double x, y;
public double dx, dy;
public double r;

public class Ball {
public double x, y;
public double dx, dy;
public double r;

T —— .
laidausiasie, compiler |
gLAN IS O Tulie

public class Ball {
public double x, y;
public double dx, dy;
public double r;

L auAIRZ LA
compiler Litdudn

public Ball(double x1, double yl1) {
X =x1; y =yl; r = 10;
¥

2110101 Fenssumaniiinas 3+ (15/06/52) 18




#m2ae19 : BankAccount

public lidaansda, private dlavAuls

public class BankAccount {
public String id = "";
public double balance = 0;

public BankAccount(String newlD, double initialBalance) {
id = newlD;
balance = initialBalance;

public void withdraw(double amt) {
if (amt > 0 && balance >= amt) balance = balance - amt;

}
public void deposit(double amt) {

if (amt > 0) balance = balance + amt;
BankAccount ba = new BankAccount(*'A11", 100);
} ba.deposit(200);

public class BankAccount {
private)String id = "";
double balance = 0;

public BankAccount(String newlD, double initialBalance) {
id = newlD;
balance = initialBalance;

dsung@nidu private ‘16
wwnzluaaanidaulvingu

}
public void withdraw(double amt) {
if (amt > 0 && balance >= amt) balance = balance - amt;

}
public void deposit(double amt) {
if (amt > 0) balance = balance + amt;

ba.withdraw(50);

System.out.printin(ba.balance);
ba.id = "99-99-9999-9"; // 11!
ba.balance = -1e6; /7 111
2110101 3 Ji0as W (15/06/52) 19

} BankAccount ba = new BankAccount(**A11", 100);
ba.id = ""99-99-9999-9";
ba.balance = -1e6; wdalaisnu

2110101 Fenssumaniiinas 3+ (15/06/52) 20

a

anasadlvivdnisuatiayaiiu private

#m2atv : Dice

public class BankAccount {
private String id;
private double balance;

public String getiD(Q) {
return id;

public double getBalance() {
return balance;

}

BankAccount ba = new BankAccount(''02-125-872", 0);

ba.deposit(100);

System.out.printin(ba.getiD() + "," +
ba.getBalance());

2110101 3minssuaaniineas 34 (15/06/52) 21

o linuaandLNaagsvgnLein Iusn1savil
—int roll1Q : Taugnen warAununaeuuinmle
— int getValue() : Auninaiauuniinyadgnisn

public class Dice {

private int value;

public Dice(Q {
rol1Q;

¥

public int roll(Q {
value = 1 + (int)(6 * Math.random());
return value;

}
public int getvalue() {
return value;
¥
}

2110101 Fenssumaniiinas 3+ (15/06/52) 22

@acinv : PiggyBank

ol

o Wauaadfiagsonszlnaanduliuldnnzvsagy
1 1, 2 1, 5 1 way 10 v Winsasaod
— PiggyBank() : davnszynaanduidan 9
—void addl(int ¢)

o

D vHaaLudag 1 un c i

o

—void add2(int ¢) : vHaaALUIEY 2 1NN C L1
—void adds5(int c) : uzaawiuey 5 un c 3y
—void add10(int c) : naaaudag 10 U c WWIaeY
—void clear(): wwiaqvionunaanannnsziln

—int getTotal () : AusnnulduovuaiiAulunszln

2 2

PiggyBank pb = new PiggyBank();

pb.add1(3); pb.add2(1); pb.add5(2); pb.add10(1);
pb.add1(2); System.out.printin(pb.getTotal());
pb.clear(); System.out.printin(pb.getTotal());

2110101 3minssuaaniineas 314 (15/06/52) 23

faatv : PiggyBank : éhuilsiszanaauianed

public class PiggyBank {

private int one, two, five, ten; {"

public PiggyBank() { Y 4

clear(); A;
"y 4

b __.‘

public void clear() {
one = two = five = ten = 0;

public void addl(int coins) {one
public void add2(int coins) {two
public void add5(int coins) {five
public void addl10(int coins) {ten
public int getTotal() {

return one + 2*two + 5*five + 10*ten;
b

}

one + coins;}
two + coins;}
five + coins;}
ten + coins;}

aavilfuilselvinszalnfiainug
CPAPHET RSy P T[T )
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null : AAunua1Tlidvavaauansdle

'
a

ABuAuLaIRIwlsUsTINdauLane

Ball b = new Ball();

b = null;
o] [
@ ylo0ldy[oo]
null

Ball[] a = new Ball[4]; // & sudAawsd
a[3] = new Ball(Q);

T ¥[0.0]dy[0.0]

2110101 Fminssuaaniineas 34 (15/06/52)

il

25

public class A {
private DWindow window;
private String text;
private int[] array;
private int number;
private boolean success;

} o A a = new AQ;
window

dgnsvAradauiane
oxt [ty | AR Baund

asdARadauane
array

uuleadr 0

success boolean ‘lgidiia

2110101 Fenssumaniiinas 3+ (15/06/52) 26

aLsetuavdauLane

Ball[] b = new Ball[4]; // & suAaisd
for (int i = 0; i < b.length; i++) {
b[i] = new Ball(Q);

3 =
b[2].dy = 9;
b[ +— null
x[0.0]dx[0.0]r[0.0] | (x[0.0]dx[0.0]r [0.0]] [x[0.0]dx[0.0]r[0.0]| (x[0.0]dx[0.0]r [0.0]
y[0.0]dy[0.0] y[0.0]dy[0.0] v[o0]dy[o.0] y[0.0]dy[0.0]

Li

2110101 3minssuaaniineas 34 (15/06/52)
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Maeiv : gnuaa 50 an (Tdawsd 5 uad)
DWindow w = new DWindow(250, 200);
int n = 50;
double[] x = new double[n], y = new double[n];
double[] r = new double[n];
double[] dx = new double[n], dy = new double[n];
for (int i =0; i <n; i++) { T e M %

x[i] = 125; y[i] = 100; r[i] = 5; N
dx[i] = -4 + 8 * Math.random(); § ) ”
dy[i] = -4 + 8 * Math.random(Q); ’

R AR Y
PR
w.fade(0.3); A
for (int i = 0; i <n; i++) { L
w.FfillEllipse(x[i], y[il, 2 * r[i]l, 2 * r[i]);

x[i] = x[i] + dx[i]; y[i] = y[i] + dy[i];
if (x[i] + r[il > 250) dx[i] = -dx[i];

=%

3
while (true) {

if (x[i] - r[i] < 0) dx[i] ; -dx[i];
if (y[i] + r[i] > 200) dy[i] = -dy[i];
it (y[i] - r[i1 < 0) dy[i] = -dy[i];

¥
w.sleep(30);

Nauazlsue

21101 28

A& Ball dna%

daey : gnuaa 50 an (1dansduavg Ball 1 wad)

public class Ball {
public double x, y, dx, dy, r;

public Ball(double x1, double yl1,
double dx1, double dyl, double r1) {
X =x1; y =yl; dx = dx1; dy = dyl; r = ri;
}
public void draw(DWindow w) {
w.FillEllipse(X, ¥, 2 *r, 2 * r);
¥

public void move(DWindow w) {
X = X + dx;

y =y +dy;
if (x +r >w.getWidth() || x < r) dx = -dx;
if (y + r > w.getHeight() || v < r) dy = -dy;
}
}

2110101 3minssuaaniineas 314 (15/06/52)
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public static void main(String[] args) {
DWindow w = new DWindow(250, 200);
Ball[] b = new Ball[50];
for (int 1 = 0; i1 < b.length; i++) {
b[i] = new Ball(125, 100,
random(-5, 5), random(-5, 5), 10);

}
while (true) {
w.fade(0.3);
for gint i =0; i <b.length; i++) {
EEH ﬂgi\g%g I 3un move vasgnuaa b[i] |

}
w.sleep(30);

}

public static double random(int a, int b) {
return a + (b - a) * Math.random(Q);

}

2110101736
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daev : Card (1w 1 Tu)

daeg : Deck (1 1 &5u)

public class Card { i ) public class Deck {
private String suit; // Twae1 Twaweay vauaa Wila private Card[] deck;
private int rank; // 2, 3, ..., 14 private int numberOfCards;
public Card(int r, String s) { public Deck() {
suit = s; deck = new Card[52];
rank = r; int k = 0;
1 K& J0 for (int i = 2; i <= 14; i++) {
- Ao‘/ “’ _ PR S S
public int getRank() { ’ deck[k++] = new Card(i, "Twid'™);
return rank; 149 deck[k++] = new Card(i, "Twfuas);
¥ ] 4 deck[k++] = new Card(i, "wawda');
public String getSuit() { ‘.“ deck[k++] = new Card(i, "#hla™);
return suit; . '- }
} T numberOfCards = 52;
h T
public Card nextCard() {
numberOfCards--;
return deck[numberOfCards];
T
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Aaeing : Deck : da'lw avAlsznavuadmad : dndslszanaans
public class Deck { . = .
private Card[] deck; ¢ gaunisdszandauiansd
private int numberOfCards; k Ty — usardauandidifudluuasdias iy ball.dx
e = 96Lay ball.d

public void cut(int k) {
Card[] temp = new Card[k];
for (int 1 = 0; 1 < K; 0+t+)

for (int i = k; i < numberOfCards; i++,
deck[J] = deck[i];

for (int i = 0; 1 < k; i++, j++)
deck[j] = temp[i]l;

Id i3
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(siavfidautandfvaziicdauilsuuuil)
o iamlszandautand

- usmsidauiandfidenld wu account.deposit(100)
(davfidauansiivazBanmiiaauuuil'le)

o WiianszanAana

- Ganldldwraiaalidasasedauansd Math.sin(x)
(ihuihffawvianfiafanaa)

e suwisiszanaana
- fifudayailseirdnaia

o

(LaidiasasredauandAfiAAult)
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1/ static AnAdusiudsdszanaans

1/ static ArAusInlsdsyanmaa

public class DayOfWeek {
public static String getDayOfWeek(int d) {
String[] dow = {3, onfiad", "Suns",

ny T AT T S Suw

F9a3", ws", W ARUE", anst ) ;

return dow[d]; if awstifignasionnaeit
LgetDayOfWeek gnan

}

o1 " Lo o
(a'nsuuqnaswﬁ%\ammmnma
o DayOfWeek gni3anld

public class DayOfWeek {
privateString[] dow =

LW, el U Iuns T, e, e, W diRu@™, tandt' ) ;

public static String getDayOfWeek(int d) {
return dow[d];

3
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public class Coin {
|private static int numberOfCoins = 0; |
private int value;

public Coin(int v) { fhau staticvaan
v A [ & ?
value = v; L?avl,nrsm.,"Lsauu ?

[numberOfCoins++;

public int getvalue() {
return value;

}

public static int getNumberOfCoins() {
return numberOfCoins;

bs

3

TuinnuwdagAldnanin
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Matanagaumudinia : class & obj. var.

fataan g

public class A {
private static int sv;

private int ov;
}...
A.sv = 1; class A
I
A_sv++

al.ov+;;

al.sv++;

a2.sv++;
A.ov = 9 // wrong a2 El_'

2110101 Fminssuaaniineas 34 (15/06/52)

37

Class methods

— Math.sin(x), Math.random(), ...

Class variables

— System.in, System.out, DWindow.RED, ...
Object methods

— kb.nextInt(), System.out.printin(), w.sleep(30), ...

Object variables
— fiviae tnzdin Wil private

2110101 Fenssumaniiinas 3+ (15/06/52)

38

n5ld == dudautane

equals uav Dice

e 1 a uay b tHudrudsansdedauiand
< '
e a == b lunmnasauin
— a uag b avdssnhuniderduniala
— a uag b Avdvdautanddfadunia’li
o AMsfFauAauANNLYINANARIRATY F9'lUTd ==
"a" == "A".toLowerCase() 'l@ false)
- davldfluinviaaunu ( s1.equals(s2) )

Dice d1 = new Dice();

Dice d2 = new Dice();

Dice d3 = d2;

System.out.printin((dl == d2) ); //Tfalse
System.out.printin((d2 == d3) ); // true

-~

- -

dlEI—»I’_.H d2[ oofem a3
9 b { ]

2110101 3minssuaaniineas 34 (15/06/52) 3 ' :
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2110101 Fenssumaniiinas 3+ (15/06/52)

public class Dice {
private int value;
public Dice() { rollQ; }
public int getvValue() { return value; }
public int roll(Q {
value = 1 + (int)(6 * Math.random());
return value;

public boolean equals(Dice d) {
return value == d.getvalue();

H Dice d1 = new Dice(Q);
b Dice d2 = new Dice();

intc = 1;

while (ldl.equals(d2)) {
di.rollQ);
d2.rollQ;
C++;

}
System.out.printin( c );

40




