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no>vn nn nniv? (multithreading) 1'7nnin nna =

(multi processes) n7yonn

NN Niv? (multi processors) orT1ayn ‘a1 =
(time slicing) Ty ar
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IRI0' AUNN 7YW NVYWON KIN (process) 1'7nn &

— (execution thread, execution context) vin =
X101 TAYN NLYWON NIN

CPU, Code, Data :!a 0'7*1Tan nx =
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ATIN NIN D"0N NIN YWNRDIINXRN NNY? "your"
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main()

main 1 OX 7vn7 =
e call f() f() 7 nxp nyom
NXINI XYl main yixn
0 f() orro mnx 7 y'wnn

A
P
<«

main()
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NIX — 17191 vINA f() NX YM' Main DX NXT NNIY7 =

(1) 2apna 1>'wnt f() -1 main

|t

main()J ‘Cnova =

® createThread(... f()...)

main() f()
\ D'MMIX O'N'ION DY/

' NN o-x nyxann () »
main() n'¥j197
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]
NOoNdN ,NIM7TIN :N1DIN NOTIn =

D'ANYNY 7'V win'y B
TN AIY'N =

NIM'OIN NIn'wn W
Non blocking I/O =
Timers =
NN 'N722a nm'vn =
DTIANI D*7' 2PN D'INMIA7R =
(Garbage Collection) "ypa o'¥"w 0NAT =
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IN"1DINN DX DX 19¥n NNdNA

N71V9 NI D% yxa? 720 TNX TAyn e
N'INT 10 NNX

1NIT /O 2amn v n'DIMA WO e
D7NWN? "WYY D'VIN] YWIN'vn
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Performance Issues

1
® Synchronization is expensive!

m Comparison table (in time units):

Non-synchronized Synchronized method
method

Single thread
accessing the 1 ~3
methods

n threads
accessing 1 ~3*n
simultaneously
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Performance Issues

——
® Thread creation and start are

expensive!
m Comparison table (in time units):

Creating a String 1

Creating a Thread ~10

Creating a Thread and starting it ~200 (1)
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—
pDyy XN Javaavinnoa,Java-2aMaTmD iy =

Thread np7nnn 7 yoIin =

YRR NN'NN QY NTiNN Y Tnn oin =
public void run() =

main() NX Y INY 'UXIN 0INNN yin =

7wUInn NX nwnnn oxva run() N nunnny ap7nn =
Runnable

17 "avinw Thread np7nnn 7w yoin Xin Java a vin oni7 =
implements X'w np7nnn oxy (‘X122 70n%) oniaxo
Runnable
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public class ThreadTester {
public static void main(String args[]) {
HelloRunner r = new HelloRunner();
Thread t = new Thread(r);
t.start();
// do other things...
} NNIN YN run 7 nN'Y' ARNp
} In1Md1'0 N2
class HelloRunner implements Runnable {
int 1;
public void run() {
1 = 0;
while (true) {
System.out.printin("Hello " + 1++);
it (i == 50) {
break;
New thread
} } Thread t
1 5;cmu/}:
} Hell Rfﬁ* {\ 00;;\./'6/’61’(3 \: H%I;lms‘t;ﬁ'ce "
Java J:iwn an. cIZssO HHEESE AL L /./ of HelloRunner
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public class TwoThreadTesterl {

public static void main(String args[]) {
HelloRunner r1l = new HelloRunner();
HelloRunner r2 new HelloRunner();
Thread tl = new Thread(rl);
Thread t2 = new Thread(r2);
tl.start();
t2.start();

}
}

public class TwoThreadTester2 {
public static void main(String args[]) {
HelloRunner r = new HelloRunner();
Thread tl = new Thread(r);
Thread t2 new Thread(r);
tl.start();
t2.start();

} Java noswa n1dIin nidayvn NiN'e
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yN7 0'7210' Runnable nxy INIX v — N1 TV nanann =
D'uIN 2 722

DN YT 21707 D'VINN Y7 AWONN 1ATN W

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

?209T'NNn W
N09TN7 0O'VYD 9'01N ,NN 0'9TN M INI'AIV |AN7 'O =
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public class TwoThreadTesterld {
public static void main(String args[]) {
HelloRunnerld r = new HelloRunnerld();
Thread t1 = new Thread(r, "first'");

Thread t2 = new Thread(r, "second");_-
tl.start();
t2.start();

}
}

class HelloRunnerld implements Runnable {
int 1;

public void run() {

1 = 0;

while (true) {
System.out.printin(
Thread.currentThread() .getName() +

"2 Hello " + 1++);
it (1 == 50)
break;

} Java noswa n1din nidayvn NiN'e
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~
/ Blocked <\
Dead
New Unblocked Event Blocked /‘\
.| / Exl -
\ | |
/
start() V. Sohecior "~ run() Completes
*{ Runnable \*- > Running —
N / N
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public class Runner implements Runnable {

public void run() {
while (true) {
// do lots of iInteresting stuff

// ...
// Give other threads a chance
try {

Thread.sleep(10);

} catch (InterruptedException e) {
// This thread’s sleep was
// interrupted by another thread

}

} -l suspend -2 vin'ya NX n9'7Nnn IT L'WY
deprecated 1TdInl — NI'MYaD 172N0Y resume
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public class Runner2 implements Runnable {

private boolean timeToQuit = false;

public void run() {
whille (1timeToQuit) {
// continue doing work
+

// clean up before run() ends

}

public void stopRunning() {
timeToQuit = true;

}
}
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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 1nstance of Runner
r.stopRunning(Q);

}

} -1 STOpP -2 YIn'yn NX no'7nn IT NL'Y

annvw runFinal1zersOnExit
deprecated 1mdInl — ni'nyad



NNRYIM Nirfnn

-
‘N7nD "nXnn =

http://java.sun.com/j2se/1.5.0/docs/quide/misc/threadPrimitiveDeprecation.html
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http://java.sun.com/j2se/1.5.0/docs/guide/misc/threadPrimitiveDeprecation.html

D'OIN OV NTIAY

1
NIN7'RY W
1IsAlive() =
iIsinterrupted() , interrupted() =

NX NIOTY W
getPriority() =
setPriority() =

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

join() =
(static) Thread.yield() =
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public static void main(String[] args) {
Thread t = new Thread(new Runner());
t.start();
//. ..
// Do stuff i1n 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 i1in this thread
// . ..
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Thread n nwiIN:

public class MyThread extends Thread {
public void run() {
while (true) {

// do lots of interesting stuff

try {
Thread.sleep(100);

} catch (InterruptedException e) {
// sleep interrupted

+

}
}

public static void main(String args[]) {
Thread t = new MyThread();
t.start();

}
}
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N'7ON NNIV7? nYINe

—
nwn7 N1 P71 Runnable x'n nnxy Thread np"\nnn =

VIN DA X'NY NP7 NI7Pa 72771 run() DX 0NT7 ,nanNn
'NNXY

122 D*AIZITINN NINN N'7ON7 .
71 2IX'Y =
NT'N' NYN'7 NAXRNN =
NINNX NIMS0 DY NIAP'Y =

NN 'av (77 0T awn) 2anyn DR NN wn' .
('8N 'Nn'n) NNIR VX7 W'Y [9INNIE VX7 Y'Y N70VN
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synchronized 21 WIN'Y

—
public class MyStack { D'W'NIN AIXNY N0
int idx = O: NZ7NNn DY NTIAY DAY
N2NN N'DINA N'7¥N X7
char[] data = new char[6]; D'VIN
public void push(char c) {
data[idx] = c; pop -1 push ni7iyon
1dXx++; X'77 YX2ANN7 NNy
¥ nYUI9N
public char pop() {
idx--; NI7IVOD NIX Y¥AT7 W' *
return datafrdx]; 2V NYY? T NInIox
1 ¥ 0'2/N10 1221 N7y
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‘019 71van (Object np'nna) nxy 707 npzoon Java =

DAY D'NNYA YIN'YT TN NNON NAI7IX =

NNP7 DNN TAX 71D' DXYD INIX 7V D'¥Y D'0IN 190N TWKRD B
D'INXN NX NIX DION7 021 MXY7 NNONN NX

public void push(char c) {

O

synchronized (this) { pua
datalrdx] = c; Behavior
1dx++; > Y
} Data or
State
} . %
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D'NXV7 71vIn

—
‘019 71van (Object np'nna) nxy 707 npzoon Java =

DAY D'NNYA YIN'YT TN NNON NAI7IX =

NNP7 DNN TAX 71D' DXYD INIX 7V D'¥Y D'0IN 190N TWKRD B
D'INXN NX NIX DION7 021 MXY7 NNONN NX

public void push(char c) {

4 ™
O synchronized (this) { S
data[ i dX] = C, Behavior
i dX++ ; V Data or
} L State )
}
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D'NXV7 71vIn

————
,2O0N 71200, TIR YO INIX? OINK V1IN Y'an QUKD &
INNTN? Nd>NN vINNI

public void push(char c) { ( A
synchronized (this) { /fcwem b
data[idx] = C; Behavior
1dX++; V \
} State”
} o /
71720 NX'X'] N'ONIVIX Y¥ANN 71yInn YNNY =
:synchronized

71720 DI'O NN =
71720 INN break, return, throw "NN =
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D'71Y1N] viIn'ya Ni'fapy

—
D) D'9NIYNN D'2IN7 NIYRAN 72 NX 12107 W' TIAY! [DANNY 1) W
(push mn Dal pop 1NN

private '"y D' 0'9SNIYN DN 7Y An7 v =
NITD1I0N X7 NIIX2 DNIX NRYYT D1 TIR? TIg DONX =

D'Y7IPW XAN TIPN 'WOR Y .
public void push(char c) {
synchronized (this) {
// The push method code

}
}

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

} Java noswa n1dIin nidayvn NiN'e
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Y
— Blocked =
\_
Dead

New
Unblocked Event Blocked 7N
¢ / \ ﬁ‘/

L
sta@i} s N Scheduler /—‘;\ run{} Completes

™ Runnable = » Running —
\ ; ) . | J
| |
\ |
Lock Acquired Synchronized
\ " Blocked in "“‘/
- Object’s
- Lock Pool
._\H- _//l
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(deadlock) nimo '1an

—
(Axwn) 71van% TNX 75 0" INNN D'VIN Y YYUXD B

INXRN 78X PTNINN

D7IRI L7700 NOpPN2 DN YIN'7 IR NINT? nWp =
QN2 NIXT 1YIN' D'0IYD 0'770 NNnd 7Y Ny
DN
yvIap N7'va 1T0 7V nL7Nn =
N'DINN IN7 YTON NO'DX =

3190 1 TOQ D'7IYVINN NNNY =
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(wait & notify) n'oin "2 nIwpn

-
Yyonn! N1imMn ANl nalnx =

:Java npoon |[I'van winm Ix7 =
notify -twalt nimmnn NX =

D'wnimnn) lock pool - n 7y qon wait pool NTan =
(D'W7Pn NINKkN

Jnn Xin notify -twart nimnna wvin'wn =
synchronized context
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~
- Blocked
o
New Dead
Unblocked Event Blocked
® / \,I ®
séart() Ve ' Scheduler [ I|‘ run(}/Comp;‘etes
\“’{ RUI’II’]HHE]"' - Running —
\_ .
| | wait ()
\ | [Must have lock]/
Lock ACE;ufred Synchronized Releases qu\k

R T
\ Blocked inl/ " Blocked in |
-1 Object’s notify () or Object’s

Lock Poolj interrupt () | Wait Pool |
ANy .
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public class Producer implements Runnable {

private SyncStack theStack;
private Int num;
private static iInt counter = 1;

public Producer (SyncStack s) {
theStack = s;
num = counter++;
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public void run() {
char c;

for (int 1 = 0; 1 < 200; 1++) {
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 1t

}

+
} // END run method

} // END Producer class
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public class Consumer implements Runnable {

private SyncStack theStack;
private Int num;
private static iInt counter = 1;

public Consumer (SyncStack s) {
theStack = s;
num = counter++;

}
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—
public void run() {
char c;
for (int 1 = 0; 1 < 200; 1++) {
c = theStack.pop();
System.out.printIn(’'Consumer'™ + num + - " + C);

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

} catch (InterruptedException e) {
// ignore 1t

}

+
} // END run method

} // END Consumer class
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public class SyncStack {

private List<Character> buffer =
new ArraylList<Character>(400);

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

}

public synchronized void push(char c) {
// ...

}

}

N1I'NNN pop N71IYOY |NZ'Vn TNW'Y D push -1 pop NITINAN NX AN 'R =
?N"0NN2 N2A'R DY DY
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pop()

—
public synchronized char pop() {
char c;
while (buffer.size() == 0) {
try {

this.wait();
} catch (InterruptedException e) {
// i1gnore 1t...

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

}

"StackNotEmpty" 'a17 ynx 07an mxy nuonnn upraik =

7V 2INY7 Nd>MIX NNDNNNENWAION NIIXA TIpa Y'oIin X7 YR =
NPy
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push()

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

}

nNnI'oa > (n7w NTINN 7w ANKN 'Kan 9"y) nn'uvan push nTNnn =
N7 NI’ N0NNN

(N> 0" DX) YINX2 D2*wnn TNR? (notify) nyTm nuonmn p 7y =
YNINN YNRNY

TNKR? 77 N7Y90N NOWN YITIN VNKY TN 'NNNN NP Y OR &
INIYNINN 7V D'Nnnn

notifyAll ) nTmna wnnwn? M2 0072 y1n? Nixw ox =
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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.start();
Producer p2 = new Producer(stack);

Thread prodT2 = new Thread (p2);
prodT2.start();

Consumer cl = new Consumer(stack);
Thread consTl = new Thread (cl);
consTl.start();

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

} Java noswa n1dIin nidayvn NiN'e
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NniN'wn |INTN

NNTIN DIN'YNAIL NPINT NIM'wn N2 (Atn? |nn Executor -1 Timer ni7nnn ntya =

// Define the time-display task
TimerTask displayTime = new TimerTask() {

public void run(Q {
System.out.printf("'%tr%n’, System.currentTimeMillis(Q));
by

};
// Create a timer object to run the task (and possibly others)
Timer timer = new Timer();

// Now schedule that task to be run every 1,000 milliseconds,
// starting now
timer.schedule(displayTime, 0, 1000);

// To stop the time-display task
displayTime.cancel();
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Executor

D'7D npoon YwKX java.util.concurrent nmoon nMmain Javada =
N7'A170 NYXIAN 1Y [9IXN DX X'ANNY

un% w
BlockingQueue [120 D12N21'0-X DIN1 '1an =
Runnable n 019'0 NX quiyn Executor pwinn =

/** Execute a Runnable i1n the current thread. */
class CurrentThreadExecutor implements Executor {
public void execute(Runnable r) { r.run(Q); }

}

/** Execute each Runnable using a newly created thread */
class NewThreadExecutor implements Executor {

public void execute(Runnable r) { new Thread(r).start(); }
}
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/**
* Queue up the Runnables and execute them in order using a single thread
* created for that purpose.
*/
class SingleThreadExecutor extends Thread implements Executor {
BlockingQueue<Runnable> q = new LinkedBlockingQueue<Runnable>();

public void execute(Runnable r) {
// Don"t execute the Runnable here; just put 1t on the queue.
// Our queue is effectively unbounded, so this should never block.
// Since 1t never blocks, 1t should never throw InterruptedException.
try { g-put(r); }
catch(InterruptedException never) { throw new AssertionError(never); }

}

// This 1s the body of the thread that actually executes the Runnables
public void run() {

for(;;) { // Loop forever
try {
Runnable r = q.take(); // Get next Runnable, or wait
r.run(); // Run 1t!
+

catch(InterruptedException e) {

// 1T 1interrupted, stop executing queued Runnables.
return;

Java nowa n1dIin nidavn NIno 44
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ThreadPoolExecutor

—
N'90Nn Executors imyya unn? NIX 17'9X |'K 7o B

ThreadPoolExecutor Npoon java.util.concurrent
Umal 21N

:Executors vonn np7nn narva IR TIAY7 N .

m Executor oneThread =
Executors.newSingleThreadeExecutor(); // pool size of 1

m Executor fixedPool =
Executors.newFixedThreadPool (10); // 10 threads i1n pool

m Executor unboundedPool =
Executors.newCachedThreadPool (); // as many as needed

(I"1'O9NN NIX ' TANT *T2) NWIISN NIIXD INIX MIX'YT7 IN -
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—————————
NYJ NN'YUN 7Y YIN1AN [DIX NIX DYT? X7 N70'n =

NN NOTINA NNON |[I'V X' MN'YNN NINTan
12T

TI7n NN VYSN §

212V DA TIPN INIX] YNNYN? [N12) Tign DX 7"'1On =
(NIM1N21'0-X NIN'YN 112V DAl NININDY'0 NINYYN

NOVNN 7Y AMY7ITINN X YOvn =
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Callable, ExecutorService

019'021 DA 7907 yTI'l EXecutor n v ExecutorService pwmmn =
Callable

call owa nnx n1inn 7o9n Runnable 7 nmima Callable =

‘Runnable -n nniva Callable v call nnwn =
TV TNN7 710" =
AN PNT? 20 =

?N"1ND1'0-X YXINN '"7INY NINWN 1Y Mthn 7Y NIynwnn nn =
N1IN21'0 MIxa IR yxan call 7 nn'wr ke =
N"IN21'0-X NI¥A INIX YX¥2N submit 7 nkp =
?submit 7 x\apw M7 DN NP AN =
INIMM32'0-X 0 I'vA 72 NX NIo i 0T ?blocked Xin oxn =
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———————
1"7vw Future<T> o19'un W 'thn call nnwun =

NITINNN DX 7'WoN7 N1
iIsDone() =

cancel() =
1sCanceled() =
get() =
blocked x'n nx"pN =
ExecutionException 21n piNt? 1wy NNWN =
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import java.util.concurrent.™;
import java.math._Biglnteger;

import java.util._Random; NYJAIT

import java.security.SecureRandom;

/** This 1s a Callable implementation for computing big primes. */
public class RandomPrimeSearch implements Callable<Biglnteger> {
static Random prng = new SecureRandom(); // self-seeding
int n;
public RandomPrimeSearch(int bitsize) { n = bitsize; }
public Biginteger call() {
return Biglnteger.probablePrime(n, prng);

}
}

// Try to compute two primes at the same time

ExecutorService threadpool = Executors.newFixedThreadPool(2);
Future<Biglnteger> p = threadpool.submit(new RandomPrimeSearch(512));
Future<Biglnteger> q = threadpool.submit(new RandomPrimeSearch(512));

}

Biglnteger product = p.get(Q.multiply(q.-get());
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Putting It all together

e
NX 17wn ScheduledExecutorService o19'on =

-1 Runnable 'o19'v n¥n oy Timer n nidn
Callable

niMiTnn oy ScheduledFuture 'o19'0 V' 1Aan7 N =
NN IR\

N?7NN2 NIpsion nim'knn Factory niminn =
Executors
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1
nwa7? N1 X7 (Javad 197) nniwxan Java nikonaa =
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import java.util.concurrent.locks.*; // New in Java 5.0

/**
* A partial implementation of a linked list of values of type E.
* 1t demonstrates hand-over-hand locking with Lock
*/
public class LinkList<E> {
E value; // The value of this node of the list
LinkList<E> rest; // The rest of the list
Lock lock; // A lock for this node
public LinkList(E value) { // Constructor for a list
this.value = value; // Node value
rest = null; // This is the only node in the list
lock = new ReentrantLock(); // We can lock this node
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/**
* Append a node to the end of the list, traversing the list using
* hand-over-hand locking. This method is threadsafe: multiple threads
* may traverse different portions of the list at the same time.
**/
public void append(E value) {
LinkList<E> node = this; // Start at this node
node. lock.lock(); // Lock it.

// Loop “"till we find the last node in the list
whille(node.rest = null) {
LinkList<E> next = node.rest;

// This 1s the hand-over-hand part. Lock the next node and then
// unlock the current node. We use a try/finally construct so
// that the current node i1s unlocked even i1f the lock on the

// next node fails with an exception.

try { next.lock.lock(); } // lock the next node

finally { node.lock.unlock(); } 7/ unlock the current node

node = next;

}

// At this point, node is the final node In the list, and we have
// a lock on 1t. Use a try/finally to ensure that we unlock it.

try {
node.rest = new LinkList<E>(value); // Append new node
+
finally { node.lock.unlock(Q); }
+
} Java nowa 1IN Npwn NIN'S 53
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®m Semaphore m Exchanger

m acquire() m exchange()

m release()

= tryAquire() m CyclicBarrier

m await()

® CountDownLatch

= await() ® (Reentrant)

= countDown() ReadWritelLock

= read()
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List synclist = Collections.synchronizedList(list);
Map syncmap = Collections.synchronizedMap(map);
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DelayQueue
SynchronousQueue
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Java.util._concurrent.atomic n?ana npoon Java =
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getAndIncrement -1 compareAndSet |12> =

import java.util.concurrent.atomic.Atomiclnteger;

// The countl(), count2() and count3() methods are all threadsafe. Two
// threads can call these methods at the same time, and they will never
// see the same return value.

public class Counters {

// A counter using a synchronized method and locking
int countl = O;

public synchronized int countl() {
return countl++;

}
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Atomiclnteger

// A counter using an atomic increment on an Atomiclnteger
Atomiclnteger count2 = new Atomiclnteger(0);

public int count2() {
return count2.getAndincrement();

}

// An optimistic counter using compareAndSet()
Atomiclnteger count3 = new Atomiclnteger(0);

public int count3() {
// Get the counter value with get() and set it with compareAndSet().
// 1T compareAndSet() returns false, try again until we get
// through the loop without iInterference.

int result;
do {
result = count3.get();
} while (Ycount3.compareAndSet(result, result + 1));
return result;
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public class AnimationBounce {
private static final int IMAGE_WIDTH = 100;
private static final int TIMER_INTERVAL = 10;

private static Iint x = 0
private static inty =0

private static int directionX = 1;

private static Int directionY = 1;

private static Canvas canvas;

public static void animate(Q) { ... }

public static void main(String[] args) { --. }
} Java noswa n1din nidayvn NIN'
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public static void main(String[] args) {
final Display display = new Display();
final Shell shell = new Shell(display);
shell_setText(""Animator');

shell.setLayout(new FillLayout());
canvas = new Canvas(shell, SWT._NO_ BACKGROUND) ;
canvas.addPaintListener(new PaintListener() {
public void paintControl(PaintEvent event) {
// Draw the background
event.gc.fillRectangle(canvas.getBounds());
event.gc.setBackground(shell .getDisplay() .getSystemColor (SWT.COLOR_RED));
event.gc.fillOval(x, y, IMAGE_WIDTH, IMAGE_WIDTH);

}
¥

shell.open();
Runnable runnable = new Runnable() {
public void run() {
animate():
display.timerExec(TIMER_INTERVAL, this);
s
“}_.
display.timerExec(TIMER_INTERVAL, runnable);

whille (Ishell.isDisposed()) {
ifT (Ydisplay.readAndDispatch()) {
display.sleep();
by
s
// Kill the timer

display.timerExec(-1, runnable);
display.dispose();



animate()

public static void animate() {
X += directionX;
y += directionY;

// Determine out of bounds
Rectangle rect = canvas.getClientArea();
iIfT (x<0) {
X = 0;
directionX = 1;
} else 1t (x > rect.width - IMAGE WIDTH) {
X = rect.width - IMAGE_WIDTH;
directionX = -1;
b
if (y <0 {
y = 0;
directionY = 1;
} else it (y > rect_.height - IMAGE_WIDTH) {
y = rect._height - IMAGE_WIDTH;
directionY = -1;

}

// _Force a redraw
canvas.redraw(); Java nowa n1dIn nidvn NM'o
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Double Buffering

public void paintControl(PaintEvent event) {
// Create the image to fTill the canvas
Image image = new Image(shell.getDisplay(), canvas.getBounds());

// Set up the offscreen gc
GC gclmage = new GC(image);

gclmage.setBackground(event.gc.getBackground());
gclmage.fillRectangle(image.getBounds());
gclmage.setBackground(shell .getDisplay() .getSystemColor(SWT.COLOR_RED));
gclmage.fillOval(x, y, IMAGE_WIDTH, IMAGE WIDTH);

// Draw the offscreen buffer to the screen
event.gc.drawlmage(image, 0, 0);

image.dispose();
gclmage.dispose();

1F
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