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(time slicing) Ta'y nrt

n>wn nn nniv? (multithreading) 7*7nnn nnn
(multi processes) n7vonin

Java 1 opnn non
23K 'm noona

Java a omTpnn o'Rwn
D'0IN NN NINON

172 TN
2'aX 7N Nu'oMIX

?0'0IN NnY

nondN ,NIMYTIN ;NN NOTIN
D'ANWYN] 7' win'w
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Non blocking /0 =

Timers =

NN 'M72a nn'wn =

D"72PN D'ANIR =

(Garbage Collection) "viz1a o'¥1"w DT =
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D'uin

X101 AUNN 7W NVYWON KIN (process) 1*7nn

— (execution thread, execution context) vin
7RIV TAYN NOYON KIN

CPU, Code, Data m

mr

main()

:C nowa
° createThread(... f()...)

main() \f()
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public class ThreadTester {

ublic static void main(St

HelloRunner r new He

hread t = new Thread(

tart();

Java -2 n'oin

th thing

MNew thread

Threadt

CPU

" | Code| Data

Dyy XIn Javaa vin oa ,Java -2 1271 % md
Thread np'7nnn Yw yomn =

NYIAP Nn'MN Oy ATINN Y TN oin
public void run() =
main() NX YNV 'WRIN VINNN YIN =

7wann nx nwnnn oxva run() DX NYNnNnw np7nn
Runnable

17 avinw Thread np7nnn 7w yom xin Javaa vin iz
implements x'nw np7nnn Dyy ('K112 7Un?) LNARD
Runnable
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public class TwoThreadTesterld

ublic static void main(String args[]) {
HelloRunnerld r = new HelloRunnerid();
Thread t1 = new Thread( *first
Thread t2 = new Thread(r, '‘second
tl.startQ);

tar

J
RGBT RGNS

0N NN'on

public class Runner implements Runnable {
public void runQ) {
while (true) {
// do lots of interesting stuff
/7 ...
// Give other threads a chance
try {
Thread.sleep(10);
} catch (InterruptedException e) {
// This thread’s sleep was
// interrupted by another thread

3} -1 suspend -2 wIn'wn NX 197NN IT NV'Y
deprecated 1Mdinl — NIMWYIA 172NNV resume
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public class ThreadController {
private Runner2 r = new Runner2();
private Thread t = new Thread(r);

public void startThread() {
t.start();
¥

public void stopThread() {
// use specific instance of Runner
r.stopRunning(Q);

-1 stop -2 wi'wn NX A9™7nn IT 'Y

H - - _
I"annw runFinalizersOnExit
deprecated min1 — nirM'yad

yTm™n qin'vy

YN'?7 07210 Runnable nxy MIX 7y — N7y n1nann
n'uin 2 7apna
DN YN PI7N7 D'OINN W7 TWONN 12T

public class TwoThreadTester {
public static void main(String args[]1) {
HelloRunner r = new HelloRunner();
Thread t1 = new Thread(r);
Thread t2 = new Thread(r);

tl.start();
t2.startQ);
3
3}
? 09TI' NN
N09TN7 D'V '011 ,NN 0'9TA M NI' AV AN7 ' T
Java 2 oTpnn nidn
212K N V0NN
(*77n) vIN 2w D*NNITAN
| Blocked ~
Dead
N;W Unblocked Event Blocked PS
f \ T
start() L . . Y
\ / Scheduler | I run () Completes
~= Runnable Running -
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public class Runner2 implements Runnable {
private boolean timeToQuit = false;

public void runQ) {
while (*timeToQuit) {
// continue doing work
by

// clean up before run() ends

b

public void stopRunning() {
timeToQuit = true;
¥

¥
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MIN7'RY
isAlive() =
isInterrupted() , interrupted() =

XN NI9TY
getPriority() =
setPriority() =

vin Nn'on
(static) Thread.sleep() =
joinQ =

(static) Thread.yield() =
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nnwIm nimnn

X700 Knn

http://java.sun.com/j2se/1.5.0/docs/quide/misc/threadPrimitiveDeprecation.html
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Thread n nwine

public class MyThread extends Thread {
public void runQ) {
while (true) {
// do lots of interesting stuff
try {
Thread.sleep(100);
} catch (InterruptedException e) {
// sleep interrupted
3

3
public static void main(String args[]) {

Thread t = new MyThread();
t.start(Q);
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Joinavwmwvy

public static void main(String[] args) {

Thread t = new Thread(new Runner());
t.start();
//. ..
// Do stuff in parallel with the other thread for a while
//. ..
// Wait here for the other thread to finish
try {

t.joinQ;
} catch (InterruptedException e) {

// the other thread came back early

// Now continue in this thread
//. ..

Java 3 oTpnn on 15
21K N NU'oMMIN

synchronized 2 win'y

public class MyStack { D'W'NAN ARNY no1 ¢

int idx = 0; NP'7NNnN oY NTIY DNaY

NANN NN N'7¥N X7

char[] data = new char[6]; n'oin
public void push(char c) {

data[idx] = c; pop -1 push ni7iyon «

dx++; X77 yxann'? nipny

3 nyIon

public char pop(Q) {

idx--; NI7IW9) [NIK Y¥a7 W' »

3 return data[idx]; 2V ANY? T NIMIvk

3 021NN 1120 NIy
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N'750 NnIv? nwiNe

N1 P71 Runnable x'n nnxy Thread np''nnn
ni77a 7ap'7 run() nX oNT? ,n1nn nw1Y
INNXY UIN DA R'NY NE7NN
N'7507 ,001j72 NI'ANTTN NN 11'K 12DY IND
D"AI7ZITINNA NN

T IWpEN2 DA

71 1IX'V =

TN AYNY NORDN .

NNNX NIMS0 DY NIy =
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'019 7w (Object np'7nna) nxy 757 npoon Java
D'MIY DAY YIN'YY TR NNON SNAIMIN =

NNZ7 DN TNKR 712' DXYD INIX 2V D'¥Y D'0IN 190N TWUXD
D'INNN DX NI DIONY7 221 IN¥Y? NN9NN NX

public void push(char c) {
synchronized (this) {

- Code or
data[idx] = c; Behavior
! dx++ ; Data or
} State
Javaa oTpnn nidn 20

273K 7N NV'0NIIK

n'myy7 721yn

'019 71w (Object njP'7nna) nxy 737 npoon Java
0¥ DMWY WIN'YY TR NNON SN B

NNZ7 DNN TNX 712' DXYD INIX 7Y D'¥) D'0IN 19010 TWURD
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public void push(char c) {
synchronized (this) H+——

D'71¥1N02 WIN'Y1 NI'ApY

D2) D'ONIYNN DDIMY7 NIYAN 75 NK 12107 W' TIAW! [1NNY 1D
(push ymn pai pop Mn

private ""v 0'w'A1 D'ONIYN DM 7V A7 W'
N1I21I0N X7 NII¥A DNIK NRYY 221 TI7 Tig DNk =

:D7IPY KA TIEN 'Wop Y
public void push(char c) {
synchronized (this) {
// The push method code
¥
3

public synchronized void push(char c) {
// The push method code

H Javaa oTgnn nnon 2
228 0 notorIN

c_iata[ldx] = c; Codear
idx++;
} Data or
State
b
Java 2 oTpnn nidn 19
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D'MxY? 721vIn
VINNI,N0N 71VINN TR YO INIK? AINK VIN YN TURD
Im TN ndnn
public void push(char c) { ?

synchronized (this)———— | eieer
data[idx] = c;

(deadlock) nimo '1an

(axrwn) 71ym%7 TR 75 DINNN D'OIN Y TWURD
ANKN 7¥X PTNINN

D7INI,"7'790 NN PN Va7 IR NINT? N
QN2 NNT 1IYIN' D'OIYD 0770 Nnd 7y Ny
Halairiahl

yIajp n'7'v1 170 7Y nu7Nn =
TNDINN IKT? 7TON NOOX B

q190 102 D'71YINN YNNY =
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idx++; Data or
} State
3
71720 NN NTVNIVIN Y¥ANN 71VI00 TNNY
:synchronized
71720 DI'o NN =
71720 1NN break, return, throw "INX &
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(*77n) vIN 2w DN ITAN
- Blocked =
/ - 7N Dead
N:" Unblocked Evert Bloked °

v

sta_r_tt) - N Scheduler . run() Completes
* Runnable =———= Running —

i
Lock Acquired Synchr;:-mzed
Blocked in

Objects =
Lock Pool
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- Blocked =
\ ~

(wait & notify) poin 2 niwpn

YOI NIMN AN :NAI7X

:Java npzoon |I'van winm ix?
notify-iwait nmnnn Nk =

nINxn 0'wninnn) notify pool -1 wait pool naTan =
(ow'7pn

Jmn i notify -1 wait nimnn wvin'wn
synchronized context

/ \ Dead
N;w Unblocked Event Blocked a
[ 4
st r ¥
start I.] - N Scheduer [ ) r\._u.\_(.l Compiletes
™ Runnable = = Running -
: . . - .
| wadlt (=
| f [Must have lock)/
Lock Acquired Synchronized  1eieases lock
\ 1
. | Blockedin | Blocked in
Object's =" notify() or Object's
| Lock Pool | interrupt() Wait Pool
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public void runQ) {
char c;

for (int i = 0; i < 200; i++) {

c = (char)(Math.random() * 26 +"A");
theStack.push(c);
System.out.printIn("Producer” + num + ": " + c);
try {

Thread.sleep((int)(Math.random() * 300));
} catch (InterruptedException e) {

// ignore it
H

by
} /7 END run method
} 7/ END Producer class
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public class Producer implements Runnable {
private SyncStack theStack;
private int num;
private static int counter = 1;

public Producer (SyncStack s) {
theStack = s;
num = counter++;
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public void runQ) {
char c;
for (int i = 0; i < 200; i++) {
c = theStack.pop(Q);
System.out.printIn('Consumer™ + num + ": " + c);

try {
Thread.sleep((int) (Math.random() * 300));

} catch (InterruptedException e) {
// ignore it
3

iy
} 7/ END run method

} 7/ END Consumer class
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public class Consumer implements Runnable {
private SyncStack theStack;
private int num;
private static int counter = 1;

public Consumer (SyncStack s) {
theStack = s;
num = counter++;
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212K N NU'oMIIIN




pop()

public synchronized char pop() {
char c;
while (buffer.size() == 0) {
try {
this.wait();
} catch (InterruptedException e) {
// ignore it...

3
c = buffer.remove(buffer.size() - 1);
return c;

3
"StackNotEmpty" 117 yinx n'7an nxy nuonnn v aIR

2V AMYY N21¥ NNIdNANENYAIDN NIXA TIpa Y'oIn X7 VRN
ey
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public class SyncTest {
public static void main(String[] args) {
SyncStack stack = new SyncStack();

Producer pl = new Producer(stack);
Thread prodTl = new Thread (pl);
prodTl.startQ);

Producer p2 = new Producer(stack);
Thread prodT2 = new Thread (p2);
prodT2.startQ);

Consumer cl = new Consumer(stack);
Thread consT1l = new Thread (cl);
consTl.startQ);

Consumer c2 = new Consumer(stack);
Thread consT2 = new Thread (c2);
consT2.start(Q);

3 Javaa oTpnn nion 3
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public class SyncStack {
private List<Character> buffer =
new ArraylList<Character>(400);

public synchronized char pop() {
/7 ...

}

public synchronized void push(char c) {
}
3
|N'vn MY 7 push -1 pop NITINAN DX 2INd1 'R
?N10NN2 1R N'N'Y )27 N1 pop N7IvsY
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push()

public synchronized void push(char c) {
this.notify(Q);
buffer._.add(c);

}

nnroa o (N7w nTINN 7w AnkA 'Xan 9"y) nn'wan push NN
NP IR Nonnn

(n™ 0" oX) ynRa pamwnn Tnx? (notify) nymm naonnn 2 7y
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MiwNINN 7 Dannnn
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