4

.

by

-
L
’

‘\
-

Lol p Ryt
OALATH D
—wﬁﬂf%

v " f
e,

" '




HE|Ej A A (multi-tasking) 7S
o

o BE[EIAZ
o ofLte| SEZZEO0[ 02 719 HRYCENAT)E SAI0 X

CHEISIH A o= RS

et t= 8 == 8 ¥ SAlofl k= 7|



v

E[EfAE SEZ =20 At

q B ElEalA Al

0|c|o{ Z2i0|X]
QL XM EHAZ
QC|L XA EjAT

= (= (=) i
=58 280|=

== 4
H|C| XHAH EHAS EfO|H EHA=
AIEAt 7|/0FRA 7] =S W S =9

ol %j2| EjAT

(a) ojc|of S2fojofef EEJEiAZ (b) HIEZ|A A Y| HEIEHAZ

* 370 A3 Al =2 * 3712 EfA3 SA| 2



A2 E(thread) 7HE2F A (thread)

ObX| H=0| oLt & (thread)
= ZtX|i Ht=Zot= Aot X}
Htol ApE= €W &

A E A dE 2= B dd

A E A A E B



||||||||||||||||||||||||||||||||||||||||||||||||||

ojn
fill
ol

m

ol

S 0=
gl

Mo 44 )
Wi F-

A E B

AP E A

IIIIIIIIIIII

HA|7{2{® C

= Al
= =

o
B

=

* JVME 3 79|
M| =22 AS| I E(AFEX}

cf



AP ERF FEIAY S

A E
AP R RIS BE 2 M, JVMO| /3] A F R 0f M|
to)

ArHre| HE|EfAZ

HE|AY O Tts
AL VMO O[3t MEh THe| AHFE e
StLiel 38Z==2 02 /i A E=E #48 Tts
HE|AE Q| 21}
st AY E7} O 7|5
D20 MK EHOoZ A|ZHX|HS S



B M
=

A A2



IN=| g
A2 E(Thread)EH?

N
tH} A8 E
yNI=I
t& 71 A
A E9 ’éﬂmli\/M)oﬂ sloh =718
v AEO =7l IVM P
JVMI o e = ooz A ty E
Wit RE|2 ey
StL}Q] JVI\/I: o
o BIL
6h_Hj %gzngﬁg' INESE= [[Ir)Jv_E:L%{EP s
o %%EE:TEHl S=oIH JVI\I/I\AE()' il g'ﬁ":'
o s i B8
2l =2 StLE O] &t Q| AE;iﬂ ot
ol AYER F
MM
d 7ts
o

ot
il
-0
1o
kU
In
|



H
y

IVM JWM
23| 2|
SH=90] St=

(2) VM2 O3 7o) 22

A EQO| THA

A 2oz 24

JwM

Z A

Bl=teiley

(3) Shtel S22 10|

o2t 72l A= 7HE

A 0|2
T Ao

o213 Al 2}

JVM W T He| At SE8x=aUS
SAOf 2HA|7| DX} SFEH
SR T 712l JWME 0|83t
Leuaggaie
- o o — [
SH=2|04 ME 27 58 0[8310 Sl




XHHE A EQF JVM
10|

Aidh SEZ=20H

' ™y
43 : 245 . 7t ad|Eo] AP RES
3 A 2gm=1d o] ZHE
| "y
. | JVMO| 22| E& 2he|g
e | [ ae c 2227t E OIX]?
g2y T mm . 2= RE 0| 9|7} ofc|elx|?

- 2P EQ RMeels EOHIX|?

=

°* S

AR SELEel JVMO]| 2l38h 4 Jiof A =7 Hll S 0|
1 28 E 27b )vMOf| Qs AAZEE Y 25 /U



=o= T
AP E RE Ay
A ES ddotl A2 E ZES 2ASIES JVMOIA 238

A E OtE LS 2 J4X| g
java.lang.Thread 2efAE O|&ot= 8%

java.lang.Runnable QIE{HO|AE O



Thread S2fAE 0| 2SH A E MM

A E SelfA =AM

Thread 2iA M2 A SeflA B e R ——
@Override
public void run() { // run() 2H{2{0| g
AE.”_ JC 7£||-)é->| ) ———
run() HAE @B 20| Y }
run() IAEE A E ZESD HE
run() HIZE0M A E A3 A%

A0 E K AE > TimerThread th = new TimerThread();
A E AIE > th.start();
start() HAE =

AHER XS |4, JIVMO|| o8l AHEE|7| A|EHSH
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int n = @;

@0verride

public void run() {
-while(true) { // &

=k
try {

¥

SIEn=

—_T—=

Algt3Irt.

System.out.println(n);

sleep(1000); // 1= S2t &2 T = JHO{ACE.

catch(InterruptedException e){return;}

AHE AE L—r;:

13

public class TestThread {

L th.start();
¥

}

public static void main(String [] args) {
TimerThread th = new TimerThread();

main() A=

o —

new

TimerThread AdHE

main AZHEQ]

\
(«

“TimerThread AE=9]

b [[= sl
M

2= oslal

AWM O
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import java.awt.*;
import javax.swing.*;

class TimerThread extends Thread {
private JLabel timerLabel;

public TimerThread(JLabel timerLabel) {
this.timerLabel = timerLabel;

}

@OQOverride
public void run() {
int n=0;
while(true) {
timerLabel.setText(Integer.toString(n));
N+ +;
try {
Thread.sleep(1000);
}

catch(InterruptedException e) {
return;

}

} |2|Thread & g2 BlO| .. — O X

}

| 2

AF

| £ Thread

AL

1

—

=1
=

2OF 1=

ct9|9)

EHO[H 2= 7|

public class ThreadTimerEx extends JFrame {
public ThreadTimerEx() {

}

setTitle("Thread & & &2 2 EIO| A= Of &™)
setDefaultCloseOperation(Jframe.EXIT_ON_CLOSE);
Container ¢ = getContentPane();

c.setLayout(new FlowLayout());

JLabel timerLabel = new JLabel();
timerLabel.setFont(new Font("Gothic", Font.ITALIC, 80));
c.add(timerLabel);

TimerThread th = new TimerThread(timerLabel);

setSize(300,170);
setVisible(true);

th.start();

public static void main(String[] args) {

}

sage

Eojj~. - O X

6

new ThreadTimerEx();

g uswe ROl A. - O X

13
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Runnable QIEHLEHO|AZ A E BH=7]

AP E FefA By

O » class TimerRunnable implements Runnable {
O - A oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
Runnable Q/E{IH| O] @Override
AHEI= A 2eiA &AM » public void run() { // run() HAE T

G AYE AL EY

-1 O

run() HlAE Fa
= run() HAEE A E ZE
M E A

= run() H2E0A A2

0% Iu
>
1A 4o

a|

=

>

\ 4

0 ANHE KA A Thread th = new Thread(new TimerRunnable());

0 MY E AR

start() HIAE =

\ 4

th.start();
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int n = 9;
@Override
public void run() {
- while(true) { // FSI=E AlGHSICT.
System.out.println(n);

n++;
try {
:?-‘ Thread.sleep(1000); // 1% SOt &2 Xt Z THO{LtCt. |
} .
: catch(InterruptedException e){return;}
Py
)
} - - - - - - - - -

[ AR M| A

AHE AR rlj

public class TestRunnable {

public static void main(String [] args) {
I\x

Thread th = new Thread(new TimerRunnable());

_——— th.start();
}
}

17

main() A=

Thread AdE

T

main AZE9]
A E HE
JVM 4

Thread?|
PN =1

A wWN O
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CHQI 2 ZESl= EFO|H A E BHE 7

import java.awt.*; public class RunnableTimerEx extends JFrame {
import javax.swing.*; public RunnableTimerEx() {
setTitle("Runnable® 7215t EtO|H AP = O &|");
class TimerRunnable implements Runnable { setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
private JLabel timerLabel; Container ¢ = getContentPane();
c.setLayout(new FlowLayout());
public TimerRunnable(JLabel timerLabel) { JLabel timerLabel = new JLabel();
this.timerLabel = timerLabel; timerLabel.setFont(new Font("Gothic", Font.ITALIC, 80));
} c.add(timerLabel);
@Override
public void run() { TimerRunnable runnable = new TimerRunnable(timerLabel);
int n=0; Thread th = new Thread(runnable);
while(true) {
timerLabel.setText(Integer.toString(n)); setSize(250,150);
n++; setVisible(true);
try {
Thread.sleep(1000); th.start();
} }
catch(InterruptedException e) { public static void main(String[] args) {
return; new RunnableTimerEx();
} }
} }
} |£)|Runnableg #3I%t .. — O X |£|Runnableg 7383 .. — O X |£:|Runnableg &% .. — =] X

}
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import java.awt.*;
import javax.swing.*;

class FlickeringLabel extends JLabel implements Runnable {
private long delay;
public FlickeringLabel(String text, long delay) {
super(text);
this.delay = delay;
setOpaque(true);
Thread th = new Thread(this);
th.start();
}
@Override
public void run() {
int n=0;
while(true) {
if(n == 0)
setBackground(Color.YELLOW);
else
setBackground(Color.GREEN);
iftn ==0) n = 1;
elsen =0;
try {
Thread.sleep(delay);
}

catch(InterruptedException e) {
return;
}
}
}
}

L

public class FlickeringLabelEx extends JFrame {
public FlickeringLabelEx() {
setTitle("FlickeringLabelEx O ™)
setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
Container ¢ = getContentPane();
c.setLayout(new FlowLayout());

/] B0l= o= ¥

FlickeringLabel fLabel = new FlickeringLabel("Z}”,500);

// BE0|X| gt ol dY
JLabel label = new JLabel("QHZ5}");

// BHE0l= 8|0|& 4
FlickeringLabel fLabel2 = new FlickeringLabel("0{7| =

c.add(fLabel);
c.add(label);
c.add(fLabel2);

setSize(300,150);
setVisible(true);

}

public static void main(String[] args) {
new FlickeringLabelEx();
}
}

77kH}
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A E9] PC(Program Count) | == SIXf AlSH =01 ApE FEO| A

A= Al R NEW, RUNNABLE, WAITING, TIMED_ WAITING,
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NEW
A E7E S-SR RR| T A =7 OF 2 e =H|7F &K HUS
RUNNABLE

A EZF SR 2 E A AAL
2d =H|E| AAHEE S 7IChEl= SE)

= O L=

WAITING
wait) S S =3+ ALEf
CHE 2AETW notify()tt notifyAll()S 2215715 T2 g ALE
A E S7(3HE fo AFE
TIMED_WAITING
sleep(n)= 2510 n E2|x ¢ &= At U= HEf
BLOCK
AYEZLHI/0O Y S 2FEH JVMO| A+ 9 2 BLOCK MEHZ OHE

TERMINATED
A=t B2 A

| = AEf= JVvMO| ejglf 7| & 22| =
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22 = JEi 6 7HA|

threadA = new Thread()

NEW
RUNNABLE ,
“WAITING

-TIMED_WAITING [ NEW(E) J
-BLOCK | start()

*TERMINATED

RUNNABLE
(Z4I)

yield)] | run() = Iwmol ot ArEZE of

RUNNABLE
(running, = &)

Object.wait()

[ WAITING(CH7|) J

A BLOCK(=44)
** wait(), notify(), notifyAll()=
Thread?| H|A~E7} OFL|H TIMED WAITING TERMINATED
Objecte| HAEQ (AlZETHZ]) (B2)

threadB ://

'Object.notify();
Object.notifyAll();



ol M+

X = 10(I\/IAX_PRIORITY)

22 = 1(MIN_PRIORITY)

£7F = 5(NORMAL_PRIORITY)

A E M=%l SEEZ20H0AM HE Tt

void setPriority(int priority)

>
Il

int getPriority()
main() 2822 24&2| 4= =7|0] 5
AoEe FE ARt 38 R4S ds 7MKL EHY
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K £ QUEQI AYEI PMHOR AHEY
St S M&0l0| A ELE SOPIBHA AHSYELE 24)



=

QL
=
1|0
>
0%
Of
rlr
S

v

o JVME main 22|20 A main() O

= main() H2A2E7F ZS=5IH main 2




Ol M| 13-4 : main 28 EQ| ME =&

main() HAE0|A 24X A

0%

s 2fEHE

|

= 8ol

public class ThreadMainEx {
public static void main(String [] args) {
long id = Thread.currentThread().getld(); // 22| = ID &7
String name = Thread.currentThread().getName(); // 22 E O|& & 7|

int priority = Thread.currentThread().getPriority(); // 22|E M=% 2f €7|
Thread.State s = Thread.currentThread().getState(); // 22| = &Ef 2t &7|
System.out.printin("& X 22|= O|F =" + name);
System.out.printin("& X 22|E ID = " + id);
System.out.printin("e X A E SM=| 4f = " + priority);
System.out.printin("e X A E &E{ =" + ),
}

}

X A E O|F = main

A 22E D = 1

X A E M= 2k =5

Al A2 E AEf = RUNNABLE
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0 AAE BFE run() HAE 2[H

| E SEREF AHE X TR

0 EF ABEOAM ZH BF :interrupt() HIAE At

public static void main(String [] args) {
TimerThread th = new TimerThread();

th.start();
th.interrupt(); // TimerThread ZH =&

}

class TimerThread extends Thread {
private int n = 0;

@Override

public void run() {

while(true) {

System.out.printin(n); // StHO| F+2E 7t &

|m
3

n++;

try {
sleep(1000);
}

catch(InterruptedException e){
return; // 0|2 & AAR EB|ESIO S &

o
=3

}

main() 22| E

TimerThread 22| =

> -»catch(InterruptedException e)

th
th.interrupt(); ________..---—---""""'f"'_;:AH {return;}
InterruptedException =3 main 22 9] interrupt0
HaE =0 2f8} catch
= AW Jd2[d F=
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import java.awt.*;
import java.awt.event.*;
import javax.swing.*;

class TimerRunnable implements Runnable {
private JLabel timerLabel;

public TimerRunnable(JLabel timerLabel) {
this.timerLabel = timerLabel;

}

@Override
public void run() {
int n=0;
while(true) {
timerLabel.setText(Integer.toString(n));
n++;
try {
Thread.sleep(1000); // 1= &9+ &
}

catch(InterruptedException e) {
return; // 02|17} ZMSIH AYE TR

o

zht,

}
}
}
}

- =

public class ThreadlnterruptEx extends JFrame {
private Thread th;
public ThreadlnterruptEx() {

}

setTitle(" hreadInterruptEx Ol &™)
setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
Container ¢ = getContentPane();

c.setLayout(new FlowLayout());

JLabel timerLabel = new JLabel();
timerLabel.setFont(new Font("Gothic", Font.ITALIC, 80));

TimerRunnable runnable = new TimerRunnable(timerLabel);
th = new Thread(runnable); // 22| E A/
c.add(timerLabel);

// HES M 83t Action E|2LH §&
JButton btn =new JButton("kill Timer");
btn.addActionListener(new ActionListener() {
@Override
public void actionPerformed(ActionEvent e) {
th.interrupt(); // EIO|H A E ZH F=
JButton btn = (JButton)e.getSource();
btn.setEnabled(false); // HHE H|Z/d s}
}
n:
c.add(btn);
setSize(300,170);
setVisible(true);

th.start(); // 28| E SZHA|Z

public static void main(String[] args) {

}
}

new ThreadInterruptEx();
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public static void main(String [] args) {

class TimerThread extends Thread {
private int n = 0;
private bool flag = false; // false2 X7|2}
public void finish() { flag = true; }

@Override
public void run() {
while(true) {

System.out.printin(n); // 2tH0|| 7t2E 2t
N++;
try {

sleep(1000);

if(flag == true)
return; // 28 E &

=
E

TimerThread th = new TimerThread(); }

th.start(); catch(InterruptedException e){
return;
th.finish(); // TimerThread ZH & }
} }
}
}
TimerThread A2 =
main() 28| E
—> 5 flag | fal e
th L — T T
th finish() _————"""—ﬁ;——mlmgt = WA if(flag == true)
' 9 =FI= ue= & return; // 2 E &
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i _java
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java java java 3
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import java.awt.*;
import java.awt.event.*;
import javax.swing.*;

class RandomThread extends Thread {

}

private Container contentPane;

private boolean flag=false; // 22| E2| Z& TS HAISt= Bl 1. true : TE XA

public RandomThread(Container contentPane) {
this.contentPane = contentPane;

}

void finish() { // 28E 2 HHE flagoll EA|
flag = true;

}

@Override
public void run() {
while(true) {

int x = ((int)(Math.random()*contentPane.getWidth()));

int y = ((int)(Math.random()*contentPane.getHeight()));

JLabel label = new JLabel("Java"); //M &|0|& A

label.setSize(80, 30);

label.setLocation(x, y);

contentPane.add(label);

contentPane.repaint();

try {

Thread.sleep(300); // 0.3% &2+ &
if(flag==true) {

contentPane.removeAll();
label = new JLabel("finish");
label.setSize(80, 30);
label.setLocation(100, 100);
label.setForeground(Color.RED);
contentPane.add(label);
contentPane.repaint();
return; // 28 E &

mjo

zhet

}
}
catch(InterruptedException e) {return; }
}
}

public class ThreadFinishFlagEx extends JFrame {
private RandomThread th; // 28| E EHEHA

public ThreadFinishFlagEx() {
setTitle("ThreadFinishFlagEx Ol &™)
setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
Container ¢ = getContentPane();
c.setlLayout(null);

c.addMouselistener(new MouseAdapter() {
@Override
public void mousePressed(MouseEvent e) {

th.finish(); // RandomThread 23 E S8 EH

}

n;

setSize(300,200);

setVisible(true);

th = new RandomThread(c); // 28| E 4/
th.start(); // 28| E SEHA|Y

}

public static void main(String[] args) {
new ThreadFinishFlagEx();
}
}
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synchronized 25 x|

synchronized 7|9 E
st AP ST} S Ao} She 2 (S 7|3 BE)S HAY
AA HH(critical section) 7| 7|/ E
HaE HH B2 AE 22
synchronized =50 Cheh ALtA 52| X
XA fdoh A=V ELEH &R

|9/

rr

BLEHEH Y AN E SHH2Z A + e dY
BLHE 27 2227 2LHEHE LY [rh7
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synchronized void add() {

n+=10;
setCurrentSum(n);

}

int n = getCurrentSum();

void execute() {
// THE ZEE
//
synchronized(this) {
int n = getCurrentSum();
n+=10;
setCurrentSum(n);

}

// ttE 2ES

}

synchronized O & E

synchronized ZE =5

M| CHE A8 E 7




synchronized AFE 0f : &8
Y o )
public class SynchronizedEx {
public static void main(String [] args) {
SharedBoard board = new SharedBoard();
Thread th1 = new StudentThread("kitae", board);
Thread th2 = new StudentThread("hyosoo"”, board);
th1.start();
th2.start();
}
}
class SharedBoard {
private int sum = 0; // ATl g
synchronized public void add() {
int n = sum;
Thread.yield(); // A M3 50 AgE S
n+=10; // 10 37t
sum = n; // 3718t 22 HAE 7|1F
System.out.printIn(Thread.currentThread().getName() + " : " + sum);

}

public int getSum() { return sum; }

}

class StudentThread extends Thread {
private SharedBoard board; // AT FA
public StudentThread(String name, SharedBoard board) {
super(name);
this.board = board;
}

@Override
public void run() {
for(int i=0; i<10; i++)
board.add();
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board = new SharedBoard();
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L; synchronized public void add() {
- int n = sum;
Thread.yield();
n += 10;
; sum = n;
add() CH7| & System.out.println(Thread.currntThread().
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SharedBoard board; ‘\\ SharedBoard board;
public void run() { . public void run() {
for(int i=0; i<10; i++): for(int i=0; i<10; i++)
board.add(); -....... - board.add();
} }
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public class SynchronizedEx {
public static void main(String [] args) {
SharedBoard board = new SharedBoard();
Thread th1 = new StudentThread("kitae", board);
Thread th2 = new StudentThread("hyosoo"”, board);
th1.start();
th2.start();
}
}

class SharedBoard {
private int sum = 0; // ATl g
synchronized public void add() {
int n = sum;
Thread.yield(; // $ A% Z0l Agc
n+=10; // 10 37t
sum = n; // 712 42 YA 7|1=

System.out.printIn(Thread.currentThread().getName() + "

}

public int getSum() { return sum; }

}

class StudentThread extends Thread {
private SharedBoard board; // & A Eo| FA
public StudentThread(String name, SharedBoard board) {
super(name);
this.board = board;
}

@Override
public void run() {
for(int i=0; i<10; i++)
board.add();
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import javax.swing.*;
import java.awt.*;
import java.awt.event.*;

class MylLabel extends JLabel {
int barSize = 0; // Ht2| 37|
int maxBarSize;

MyLabel(int maxBarSize) {
this.maxBarSize = maxBarSize;

}

public void paintComponent(Graphics g) {
super.paintComponent(g);
g.setColor(Color.MAGENTA);
int width = (int)(((double)(this.getWidth()))

/maxBarSize*barSize);

if(width==0) return;
g.fillRect(0, O, width, this.getHeight());

}

synchronized void fill() {
if(barSize == maxBarSize) {

try {
wait();

} catch (InterruptedException e) { return; }

}

barSize++;
repaint(); // Bt CtA| 22| 7|
notify();

synchronized void consume() {
if(barSize == 0) {
try {
wait();
} catch (InterruptedException e)
{ return; }
}
barSize--;
repaint(); // Bt CtA| 22|7|
notify();
}
}

class ConsumerThread extends Thread {
MyLabel bar;

ConsumerThread(MyLabel bar) {
this.bar = bar;
}
public void run() {
while(true) {
try {
sleep(200);
bar.consume();
} catch (InterruptedException e)
{ return; }

public class TabAndThreadEx extends
JFrame {
MyLabel bar = new MyLabel(100);
TabAndThreadEx(String title) {
super(title);
this.setDefaultCloseOperation
(JFrame.EXIT_ON_CLOSE);
Container ¢ = getContentPane();
c.setlLayout(null);
bar.setBackground(Color.ORANGE);
bar.setOpaque(true);
bar.setLocation(20, 50);
bar.setSize(300, 20);
c.add(bar);

c.addKeyListener(new KeyAdapter() {
public void keyPressed(KeyEvent e)
{

}
Dk
setSize(350,200);
setVisible(true);

bar.fill();

c.requestFocus();
ConsumerThread th = new
ConsumerThread(bar);
th.start(); // 28| A|Z
}

public static void main(String[] args) {
new TabAndThreadEx(
"OFRZ|L} el Z2 Ht Xj7(");
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