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no>wn nn1 nniv? (multithreading) 3*2nnn nnY =

(multi processes) n7yonn

np17n nniv? (multi processors) o*T1ayn 12 =
(time slicing) 1A'y ar
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INI0T' AWUNN 7w nVWON KIn (process) )'7nn =

— (execution thread, execution context) vin =
IRI0VY' TAYN NVYWON NIN

CPU, Code, Data ;fan'»1an nx =
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ATIN NIN D"0N NIN YWNXDIINNN NNYWT? "your"

12y XN NNY7?
main()

main 2 oxX 7un7 =
e call f() f() 7 NXM P NY'OIN
NINI XY main yixa
0 f() oiro mnX 7 Y'wnn

main()
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NnixM — 191 vINa f() NX Y Main OX NRT N7 =

(") 7*apna »rwn' f() -1 main

lals

main() ‘Cnova m

® createThread(... f()...)

i f
main() 0 D'INIX D'N'ION DYPENA

\ N1INDY'0-X Ny¥ann £() O
main () N'XP1197
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————————
NoNdN ,NIM7TIN NN NOTIN =

D'ANYAY 7'V win'y =
TN AIWU'N =

NI'OIN NIN'wn =

Non blocking I/O =
Timers =
NN M7 nin'vn =
|
|

D'TIANI 0"7'2APN D'NNIAYN
(Garbage Collection) "y7na n'¥1"w 0T
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Performance Issues

e
® Synchronization Is expensive!

» Comparison table (in time units):

Non-synchronized Synchronized method
method

Single thread
accessing the 1
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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Java -2 n'uin

—
D¥Y XIn Javaiavin noa,Java-2aT D ind =

Thread Np7NNN 7Y YyoIn =

VI Nn'Nh QY nTIiNN Y TnNh uin =
public void run() =
main () NX YNV 'YRIN VINNN YIN =

7YUINN DX NYNNN 0¥V run () DX NYnNnnv np7nn =
Runnable

17 72vInw Thread np7nnn 7w yom Xin Javad oin iz -
implements N'NW NP7nNN DYV (*N112 7wUNn%) ONIARD
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...
} NNIX YN run 7 DN ALSAIT,

} In11N>1'0 NOIXa

class HelloRunner implements Runnable ({
int 1i;

public void run() {
i=20;
while (true) {
System.out.println("Hello " + i++);
if (i == 50) {

break;
} ! New thread
Threadt
} P
} CPU
} —
] HelloRunner \c0de| Data Instance "r"
ava Jowa nin class of HelloRunner




?NIXAN NIMDINN 2 2 770N 0N

public class TwoThreadTesterl {

public static void main(String args[]) {
HelloRunner rl = 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 n1din nidayvn NIN's
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yT'n qin'vy

T ——
YIN7 0'71>' Runnable DXV INIX 7V — N1'TY nlnann =

D'uIN 2 7'aNna
DN VTN 21707 D'VINN Y7 TWOXRN QTN &

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

?209T'Nn =
NO9TN7 0O'VID 'O ,NN 0'9ST "M INI' IV AN7 'O =
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public class TwoThreadTesterId {
public static void main(String args|[]) {
HelloRunnerId r = new HelloRunnerId() ;
Thread tl = new Thread(r, "first");
Thread t2 = new Thread(r, "second");

—
tl.start () ; —
t2.start () ;

class HelloRunnerId implements Runnable ({
int i;

public void run() {
i=20;
while (true) {
System.out.println (
Thread. currentThread() .getName () +
": Hello " + i++);
if (i == 50)
break;

Java noswa n1dIn NN NIN'o
} 2'AX 7N NL'0NAMIN



(*77n) vIN W 0NN ITNN

e
~
/ Blocked '\

Dead

New Unblocked Event Blocked @

.| / Exl 7/

\ | |
/
start () - v ~ Scheduler /4—\ run () Completes
— Runnable - > Running —
\_ y, N
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—

public class Runner implements Runnable ({
public void run() {
while (true) {
// do lots of interesting stuff

//
// Give other threads a chance
try {

Thread.sleep(10) ;

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

} resume -1 suspend -1 ¥INn'Yn NX 197NN IT NL'Y
deprecated ITDINI — NI'N'YID 172NNV
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OIh DI'O

e
public class Runner2 implements Runnable ({

private boolean timeToQuit = false;

public void run() ({
while (!'timeToQuit) {
// continue doing work

}

// clean up before run() ends

public void stopRunning () {
timeToQuit = true;

}
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OIh DI'O

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() ;

=] stop -2 VIN'YN NN 197NN IT NL'Y
I7ANNVY runFinalizersOnExit
deprecated ITDINI — NI'N'VID



NNRYI'M Nnirfinn

_—
‘N7nD "nXnn =

http://java.sun.com/j2se/1.5.0/docs/guide/misc/threadPrimitiveDeprecation.html
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D'OIN DY NTIAY

—
NIN7'KY =

isAlive () =
isInterrupted() , interrupted() =

XM NIOTY =
getPriority () =
setPriority () =

UIiNn NNn'on =
(static) Thread.sleep() =

join() =
(static) Thread.yield() =
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join a win'vy

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.join() ;
} catch (InterruptedException e) {

// the other thread came back early

}

// Now continue in 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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N7ON NNIV7 NN

T ——
NYI7 N1 D71 Runnable X'N nnXV Thread npg7nnn =

VIN DA X'NY NP7NN NI7P2 72771 run () DX ONT? ,NINN
'NNXY

122 D*MAIZITINN DNN 07N .
712Xy =
NT'N' NYN'Y? NAXNN =
NNNX NIMS0 DY NIV =

N An v (795 0T awn) 2ANyn DX nYNnn vt §
("'N'n1'Nn'n) NNIK yxa? v v 9IRNI YX¥AT7 W'Y NPovn
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synchronized 21 WIN'y

—
public class MyStack { 0'Y'NIN IXNY NoN °
int idx = 0; N77NNN 0Y NTIAY DNAY
N2NN NDINA NY7¥N X7
char[] data = new char[6]; n'uIN
public void push(char c) {
data[idx] = c; pop -1 push ni7iyon °
idx++; X'77 yxann7 nipnNy
} nYIon
public char pop() {
idx--; NI7IV9D [NIXK YX¥Q7 W' »
return datalidx]; 2V N7 "D Nirniox
} } 0'2/N1N 1221 N7y
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D'NXV7 71vIn

T ——
‘019 71van (Object n7Pnna) nxy 707 npoon Java =

'Y D'NNYA YIN'Y? TN NNO9N N'AI7IN =

NNP? DNN TNKR 712' DXV INIX 7V 0'¥Y 0'0IN 190N TWUKRD B
D'INNN DX DX DIONY? Y021 MXY7? NN9NN NX

public void push(char c) {

O

synchronized (this) { //A
data[idx] = c; coe s
idx++; > <
Data or
} State
} o %
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D'NXV7 71vIn

T ——
‘019 71van (Object n7Pnna) nxy 707 npoon Java =

'Y D'NNYA YIN'Y? TN NNO9N N'AI7IN =

NNP? DNN TNKR 712' DXV INIX 7V 0'¥Y 0'0IN 190N TWUKRD B
D'INNN DX DX DIONY? Y021 MXY7? NN9NN NX

public void push(char c) { S
O synchronized (this) { S
data[idx] = c; i Behavior
1dx+t; . Data or A
} State
N J
}
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D'NXV7 71vIn

S
,2 00N 71200, TIR YO INIX? ONK VN Y'an QUKD B
INNTN7 Nd>NN LINNI

a ™
public void push(char c) { - <
synchronized (this) { gﬁeq
data[idx] = c; N Shavier
idx++; 4 A
Data or
} State
} . 4
71720 NN'Y'] N'ONIVIN Y¥INN 71yInn NNy =
:synchronized

71720 DI'0O NN =
71720 (INN break, return, throw MNX =
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D'71YIN] win'vwl Nifagy

T ——
D1) D'ONIYNAN D1IIMY NIYIAN 72 NN 12107 W' TAY! 1NNy ') B

(push 1mn Dar pop NN

private "y 0'¢N D'SNIYN DM 7Y N7 W =
NID10N X7 NI DNIK NAYWT 21" TIR7 Tip DONXR =

D7IPY RAN TIpPN WOR Y B
public void push(char c) {
synchronized (this) {
// The push method code

}
}

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

} Java noswa n1din nidayvn NIN's
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———
— Blocked |=
N
Dead

New
Unblocked Event Blocked 7N
* / \ 5‘/
|

Y I
start () —
4 A Scheduler _ h
™ Runnable +=—— Running ~

\ * J —
| |

h .'
/
Lock Acbufred Synchronized

\ " Blocked in "“_/
1 Object’s

- Lock Pool
§ /

AN

run () Completes
__,/

Java noswa n1din nidayvn NIN's
2'AN 7N NU'0NANIIN



(deadlock) nimo '1an

S
(AxWN) 71vIn7 TNX 70 D'INNN D'OIN 1Y TYUKRD W

INXRN 78X PTNINN

D7INI,'"7700 NN Do VN7 IN DINT? nwp =
QN2 NNT 1IVIN' D'0IYS 0'775 Nnd 7Y NNy
talafrdaly
yiap n7'va 7o 7y nv7nn =
N'12INN NIX7 YTON NODN =

3190 1702 D'7IVINN MNNY =
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(wait & notify) nroin "2 mMIwpn

-
Yyonn!i NiMn ANl nalnx =

-Java npoon |[I'van winm Ix7 =
notify-lwait NITMNN NX =

D'wninnn) lock pool - n 7y qon wait pool n1an =
(D'W7Pn NINKRN

NN XN notify-lwait NIMMNa vin'wn =
synchronized context
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OIN 7w D"NN TN

-
- Blocked
-
New Dead
Unblocked Event Blocked
® / \, @
| | ||| /Ij
start () -~ Vs run () Completes
Scheduler
\“‘“ﬂ Runnable}- ~ Running —
N - —
i | wait ()
%,H e'l [Must have lock]/
Lock Acbufred Synchronized Releases qu\k

R B
\ Blocked inl/ " Blocked in |
| Object’s notify () or Object’s

Lock POOlj interrupt () | Wait Pool
Ny S/
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T ——
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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INX'N N7'AI?

S —
public void run() {
char c;
for (int 1 = 0; i < 200; i++) {
¢ = (char) (Math.random() * 26 +'A');
theStack.push(c) ;
System.out.println("Producer" + num + ": " + c);

try {

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

// ignore it
}

}
} // END run method

} // END Producer class
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BRND

T ——
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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|2XN N7'Al7

I —
public void run() {
char c;
for (int 1 = 0; 1 < 200; i++) {
c = theStack.pop() ;
System.out.println("Consumer" + num + ": " + ¢);

try {

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

// ignore it

}

}
} // END run method

} // END Consumer class
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NonNnnn

public class SyncStack {

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

public synchronized char pop () {

//
}

public synchronized void push(char c) {

//
}

}

N1'NNN Pop N7IYOY [NP'V TAY'Y D push -1 pop NITIMNN IX AN 'N B
710NN NN AN PY
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pop()

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

this.wait () ;
} catch (InterruptedException e) ({
// ignore it...
}
}

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

"StackNotEmpty" 'a17 yinx 07an imxy nuonnn upaIk =

7V 2INY7 N2MY NNDNNNTENYAIDA NIX] TIZA V'oI X7 VNN =
NIy
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push()

public synchronized wvoid push (char c¢) {
this.notify () ;
buffer.add(c) ;

nNnI'oa D (N7w NTINN 7w NN 'KIN 9"Y) NNn'van push NnTINNN =
N7 NI’ NoNNn

(N> 0" DX) VIR D2"ynn TNXRY (notify) ny'Tm nonnn p 7y =
YNINN VNRNY

TNKR? 71 N7Y90N NOWN Y'TIN VNKY? TNX 'NNAN NP Y OR &
INIYNINN 7y D'NNNN

notifyAll () NTINN YNNWN7 N1 D7D7 V' TIN7 NIX W' OX W
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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 nowa NN NN NIN'O
22X 7N NV'0NA1IN
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Nnimm'yn |Iintn

NNTIN DY NINT DiM'wn Nivpa N7 [nin Executor -1 Timer ni?nnn n1tya =

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

public void run() {
System.out.printf ("%tr%n", System.currentTimeMillis())

}
}i
// 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() ;

Java noswa n1din nidayvn NIN's
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Executor

D'7D NjPO0ON WX java.util.concurrent N"190n NNTain Java51 =
N'AI70 NYXIAN 1Y [9IXN NIX X'ANnY

un? =
BlockingQueue [12> 011N21'0-X D1IN1 '1aN =
Runnable n 019'0 nx quiyvn Executor pwinn =

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

/** Execute each Runnable using a newly created thread */
class NewThreadExecutor implements Executor ({
public void execute (Runnable r) { new Thread(r) .start(); }

Java noswa n1din nidayvn NIN's
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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> g = new LinkedBlockingQueue<Runnable> () ;

public void execute (Runnable r) {
// Don't execute the Runnable here; just put it on the queue.
// Our queue is effectively unbounded, so this should never block.
// Since it never blocks, it should never throw InterruptedException.
try { q.put(r); }
catch (InterruptedException never) { throw new AssertionError (never); }

}

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

for(;;) { // Loop forever
try {
Runnable r = g.take(); // Get next Runnable, or wait
r.run() ; // Run it!

}
catch (InterruptedException e) ({

// If interrupted, stop executing queued Runnables.
return;

} Java nowa N1dIn Nidyvn NIN'S 44

2'AN 7N NU'0NANIIN



ThreadPoolExecutor

T ——
N'190N Executors 11NXV1 wnNn% 1IN 17'9X 'K 7v191 B

ThreadPoolExecutor N?90N java.util.concurrent
wmnal 7tn

:Executors 7vonn np7nn ntva IR TIAY7 (N =

B Executor oneThread =
Executors.newSingleThreadExecutor(); // pool size of 1

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

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

(11'9XN NX ' TANYT "T2) NYWIIDN NIIXA INIK X7 IX B
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NIANT |'N — DV |I'N

—
NY] NN'YN 7Y YIXIAD [DIX DX NYT? X7 N71D'n =

N1DIN NOTINA NNON |I'VA X'n MN'YNnN NMTan

DTN -
TI7n NX LYUSN =

12V DA TIPN INIXA YNNYA? [N2) Tign DX 7''1On =
(N111N21'0-X NIN'YN 112V DAl NIYIND'0 NINYYN

NOVNN 7Y AMY7ITINAN X YOvWn =
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Callable, ExecutorService

019'01 DA 7907 YTI'l Executor n vNI' ExecutorService pwinn =
Callable

call owa NNX NTINN 7271 Runnable 7 nniTa Callable =

‘Runnable -n Nnliva Callable 7w call nnwn =
W TNN? 710! =
AN PNT? 720 =

?1"1N21'0-X YXINN '7INY NNYN 1Y Mthn 7Y nynwynn nn =
NIN21'0 NI INIX yx¥an call 7 nn'w annp =
N'IND1'0-X NIXA INIX Y¥an submit 7 axnp =

?submit 7 xapw M7 0N Nt an =
IMIMMN32'0-X 0 [I'va 72 NX NI0 N Nt ?blocked XN DR =
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—
1'7vw Future<T> o19'un W 'tnn call nnwn =

NITINNN DX 7'Won7 N1
isDone ()
cancel ()

isCanceled()
get ()

blocked x'n nx"pN =
ExecutionException AN pNT? WYY NNYN =
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import java.util.concurrent.*;
import java.math.BigInteger;

import Jjava.util.Random; NYJ A I -r

import java.security.SecureRandom;

/** This is a Callable implementation for computing big primes. */
public class RandomPrimeSearch implements Callable<BigInteger> ({
static Random prng = new SecureRandom(); // self-seeding
int n;
public RandomPrimeSearch (int bitsize) { n = bitsize; }

public BigInteger call() {
return BigInteger.probablePrime(n, prng);

// Try to compute two primes at the same time

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

}

BigInteger product = p.get() .multiply(g.get())

Java noswa n1din nidayvn NIN'
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Putting It all together

——
N NN NX A7wn ScheduledExecutorService o1v'on =
Callable -1 Runnable 'o19'v n¥xn oy Timer

IN\I niMitnn oy ScheduledFuture 'o19'0 107 N =
n'NYn

Executors np7nna nipoion nin'knn Factory niTinn =

NYA7? "ONNN N'NIDN v XN Future ny nTiAy =
callback ny nTIayn
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e
nwa7? N1 X7 (Javab 197) nniwxkn Java nikodaa =

synchronized 172 0T 70 X7X ,0'70I0%7 NN

[INTNN [12210 X VYON NATAY DR NN N72'NN] -
UNNunNnn |N2'TN 71N DX Y'P9n7 nna Java v nw) =

AWND UNN7? NI X7 [IND1'0 '"nNMAYX W D N7ann 07IN W
block-scoped x'n n7'van

N1'TAN java.util.concurrent.locks n7'ann =
NINN 7721Y NON DX NN1DNN? D'ThNN 0N
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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.
* It 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
while (node.rest '= null) {
LinkList<E> next = node.rest;

// This is 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 is unlocked even if the lock on the

// next node fails with an exception.

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

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

node = next;

}

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

try {
node.rest = new LinkList<E>(value); // Append new node

}
finally { node.lock.unlock(); }
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1
¥ Semaphore ¥ Exchanger
m acquire () ® exchange ()
B release()
®m tryAquire () W CyclicBarrier

B await ()
@ CountDownLatch

® await () ¥ (Reentrant)
® countDown () ReadWritelock
® read()

®m write ()
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D)'X java.util 21 Set, List, and Map 'win'n =
(Vector ,Hashtable 7 V19) synchronized

-0'2710110N N'OI9'0] DNIX ‘]IUD'? [N D'UIN AND QY D'TAIY ©TYUNRD &
List synclist = Collections.synchronizedList(list) ;
Map syncmap = Collections.synchronizedMap (map) ;

-l put () NI71Y9N DY) Queue pYINT? D'wWIN'M 5 1I901INN Java51 =
((take ()

ArrayBlockingQueue =
LinkedBlockingQueue
PriorityBlockingQueue
DelayQueue
SynchronousQueue
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java.util.concurrent.atomic n7'ana nyoon Java =
NIAM NI'MIOK NI71Y9 '"7¥1 0'0I9'Y
getAndIncrement -l compareAndSet |IAD =

import java.util.concurrent.atomic.AtomicInteger;

// 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 = 0;

public synchronized int countl () {
return countl++;
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AtomicInteger
I —

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

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

}

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

public int count3() {
// Get the counter value with get() and set it with compareAndSet() .
// If compareAndSet() returns false, try again until we get
// through the loop without interference.
int result;
do {
result = count3.get();
} while (!'count3.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 int x = 0;
private static int y = 0;

private static int directionX = 1;
private static int directionY = 1;

private static Canvas canvas;
public static void animate() { ... }

public static void main (String[] args) { ... }
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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) ;
}
1)

shell.open();
Runnable runnable = new Runnable () {
public void run() {

animatre () .
display.timerExec (TIMER INTERVAL, this);
}

} .
display.timerExec (TIMER INTERVAL, runnable);

while (!shell.isDisposed()) {
if (!display.readAndDispatch()) {
display.sleep();

}

// 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.getClientAreal();
if (x < 0) {
x = 0;

directionX = 1;

} else if (x > rect.width - IMAGE WIDTH) {
x = rect.width - IMAGE WIDTH;
directionX = -1;

directionY = 1;

} else if (y > rect.height - IMAGE WIDTH) {
y = rect.height - IMAGE WIDTH;
directionY = -1;

// Force g redraw
canvas.redraw () ; Java noswa n1din nidyvn NIN'o
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NATIN N'YA X' YN alnann Nt'ya =

DV'¥N DX MINNN 7W |IDTY 752 ') NTAIlVNN Nyan X'n =
YUTNN 10NN 72 NX

AITON NP'NN QAR ,|0NN 72 2V Yy arn 7'Nnn rxn =

DTV? IX I'RY D270 7W AN Y na 7710 2ryn .

NI'AVIVON 'MYI N'YaN DY TTINNN? [N =
(clipping) T272 MR TR NTRN W DTV =
(Double Buffering) n'w%pn minkn 0715 nJmnn 7w |DTY =
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Double Buffering

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

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

gcImage. setBackground (event.gc.getBackground()) ;

gcImage.fillRectangle (image.getBounds()) ;
gcImage.setBackground (shell.getDisplay () .getSystemColor (SWT.COLOR RED)) ;
gcImage.fillOval (x, y, IMAGE WIDTH, IMAGE WIDTH) ;

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

image.dispose() ;
gcImage.dispose() ;

}) s
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17'X) 770 nI'7apnin n1oa 7oynin? nx1a X7 Dnaw Dpn ot W
(?0Mm

"0hPn NINkN” Niapnn 1My DX NI7NIN NTIAY NNaoni NiMsSo -

Server
Request :DINDAIT .
Request g\"“ .
Reaquest ~ Swing 'o1an PwYInn N'"M90 =
o
et (e ) (Tomcat nnIAT) VNV MY =
ﬁp | I| 'd' | iThread |

NIAPYY IN D'ARD NPV NNPY79K?7 "NO7IT" niagnn oymnn na =
D'UIN NIANN N0 YIN'Y? NINIVA [I'XY NIZ7NN] WUIn'Y
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thread safe > nyIT "WX NIP7NN Nnd NNz =

NN DNKI synchronize 1an NITva NI9JIX 17X NIgnn =
yT'nn Nin7v

DA NIZ7NN [NIX? NTAN D71 0WIX' Q] Y'NN YT DINVA7 W
single thread mivw2 win'y7 ANI' N7 NIRONA

NNAIT? =
StringBuilder nn7'ajpnl StringBuffer =

ArrayList nn7'ai Vector =
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