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(1) 2apna 1>'wnt f() -1 main
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main()[ ‘Cnova =

® createThread(... f()...)
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Timers =
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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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DXV NIn Javaaovuin =

Thread np7nnn 7w yoIin =

YR NN'NN QY NTINN Y Tnn oin =
public void run() =

main() DX YNV 'UXIN 0INNN yYin =

PwInn NX nwnnn oxva run() N nunnny ap7nn =
Runnable

17 "avinw Thread np7nnn 7w yoin Xin Java a vin i =
implements X'nw np7nnn Dyy ('K121 7wn%) VNN
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...
3} NNIN YN run 7 nN'Y' AR

1 In1nd1'0 Nixa

class HelloRunner implements Runnable {
int 1;

public void run(Q) {
1 = 0;
while (true) {
System.out.printin("Hello " + 1++);

if (i == 50) {
break;
1 i New thread
Threadt
} T TN ——
} L CPU
[ 7N
|I \\\\‘\./// l_ ‘_-__‘__‘__‘--‘"‘--\.
¥ ~ | Code| Data | Instance "r"
HelloRunner \ / nstance 'r
e ngw?-; o class A\ J» v of HelloRunner
1717 T -
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1
NIN7'RY =
1IsAlive() =
isinterrupted() , iInterrupted() =

NX NIOTY W
getPriority() =
setPriority() =

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

join( =
(static) Thread.yield() =
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nwn7 N2 P71 Runnable x'n nnxy Thread np"nnn =

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

122 D" AIZITINN NINN 0N'7ON7 .
71 2IX'Y =
NT'N' NYN'7 NAXRNN =
NINNX NIMS0 DY NIAP'Y =
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synchronized 21 WIN'v

—
public class MyStack { 0'"W'NAN AXNY 0017 °
int idx = O: NP'7NNN DY NTIAY DDAV
N2INN N'DIN2 N'7¥N X7
char[] data = new char[6]; 0'oIN
public void push(char c) {
data[1dx] = c;
FdX++: pop -1 push Ni71yon °
} NX'77 YX2aNn? NNy
ny1on
public char pop() { Y9
1dx--;
return data[idx]; NI?IY9D NIN Y27 Y e
} 7V NINYY "1 NI'niox
¥ 021010 1121 Ni'a 72y
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synchronized 21 WIN'v

—
public class MyStack { 0'W'NAN AXNY D01 *
int idx = O: NZ7N0NN 0Y NTIAY DNAY
NN N'DINA N'7¥N N7
char[] data = new char[6]; 0'0VIN
public synchronized void push(char c) {
dataJi1dx] = c;
i x4+ - pop -1 push ni7iyon
} NX'77 YX2aNn? NNy
ny1on
public synchronized char pop() { L
1dx--;
return data[idx]; T“I?l_UE)D IDIN .UXJ.LI W' d
} 7V NINYY "1 NI'niox
¥ D'2inin N1an ni'a;7y
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INXRN 78N PTNINN
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QN2 NINT 1VIn' 0'0IYS 0'7%90 Nnd 7V Ny
DN
yvIap N7'va 1T0 7V nL7Nn =
N'IDINN IN7 YTON NO'DX =

3190 1702 D'7IYINN MNNY =
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(wait & notify) n'oin "2 nIwpn

-
Yol N1imMn ANl nalnx =

:Java npoon |[I'van winm ix7 =
notify -itwalt nimmnn NX =

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

Jinn Xin notify -twalt niImnna win'wn =
synchronized context
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- Blocked
-
New Dead
Unblocked Event Blocked
¢ / | ®
| [ |I| /‘,i
start() -~ o run () Completes
Scheduler
\“’{ Rurln::'iblt—:]*-I - Running —
o - —
i | wait ()
\ | [Must have lock]/
Lock ACE;ufred Synchronized Releases lock

w
v
\ Blocked inl/ " Blocked in |
-1 Object’s notify () or Object’s

Lock Poolj interrupt () | Wait Pool
N .
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NiN'wn |INTN

NNTIN DIN'YNAL NPINT NM'wn Ni7pa (Atn? N Executor -1 Timer niz7nnn ntya =

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

public void runQ {
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 WK java.util.concurrent nmoon nMman Javada =
N7'A170 NYXIAN 1Y [9IXN DX X'ANNY

un% m
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(Q) {

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

catch(InterruptedException e) {

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

Java nowa n1din Nnidavn NIno 22
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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 Im'R 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 A'TANT *T2) NWIISN NIIXD NIX NIX'T7 IN -
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NN NOTINA NNON |I'V X' MN'YNN INTan
12T

TI7n NN VYSN §

12V DA TIPN INIXA YNNYN? [N12) Tign DX 7"'On =
(NIM1N21'0-X NIN'YN 112V DAl NIYIND'0 NINYYN
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Callable, ExecutorService

019'02 DA 7907 yTI'l EXecutor n vwrr ExecutorService pwmmn =
Callable

call owa nnx nT1inn 7o9n Runnable 7 nmima Callable =

‘Runnable -n nmiwva Callable v call nnwn =
TV TNN7 710" =
AN PNT? 72D =

?N"ND1'0-X YXINN '"7INY NINWN 1Y Mthn YU NIynwnn nn =
N1ND1'0 NMIXa IR yxan call 7 nn'wr ke =
N'IN21'0-X NI¥A INIX YX¥IN submit 7 nkp =
?submit 7 x\apw M7 DN NP NN =
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
i1IsDone() =

cancel() =
i1sCanceled() =
get() =
blocked x'n nx"pN =
ExecutionException 2n pNt? 1wy NNwN =

Java nowa n1din ndayvn NiM'o
21772 TN



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 A7vwn 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 nin'knn Factory niminn =
Executors
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1
nwa7 N1 X7 (Javad 197) nniwxan Java nikonaa =
synchronized 172 T 70 X7x ,0'7100% NNy

[INTNN [12220 DX VYO ATAY XM AN N7'NNa &
UNNwnNnn [N3'7Tn 71N DX Y'POon7 nNna Java w nud =

AWND UNNT? N2 XY [1ND1'0 '"nNMATR W D n2ann n7IN W
block-scoped x'n n7'van

n'T1an jJava.util.concurrent. locks n7'ann =
NINN 7721w NON DX N1ODNIN7 DN'ThNN DNAN
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KNAI'T

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 i1s 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 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); }
+
3} Java noswa 1IN nidn NN 31
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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()

s write(Q)
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DX Java.util aSet, List, and Map 'wmm =
(Vector ,Hashtable 7 v19) synchronized

:0'212110N D'0I9'VA DNIX YIVYYT [N D'VIN AND DY D'TAIY TYUNRD &
List synclist = Collections.synchronizedList(list);
Map syncmap = Collections.synchronizedMap(map);

-1 put() niyon ny) Queue pwan? n'winm 5 1Isounn Javasa =
((take()

ArrayBlockingQueue =
LinkedBlockingQueue =
PriorityBlockingQueue =
H
H

DelayQueue
SynchronousQueue
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NI'MILVX NIV

Java.util._concurrent.atomic n?ana npoon Java =
N2 NIMIVK NI7IYD *7V21 0'0I9'V

getAndIncrement -1 compareAndSet |ix> =

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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NIYNIN TIX'Y FTD D'OIND WNNWAY [N .

N1INN7 NMINN |'2 NINNN OV NRDIMNh MTO I'Y =

public class AnimationBounce {
private static final int IMAGE_WIDTH = 100;
private static final int TIMER_INTERVAL = 10;

private static iInt x =

o)
private static inty =0

private static int directionX = 1;
private static Int directionY

I
=

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

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

} Java nowa n1din ndayvn NiM'o
21772 TN



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.FfillRectangle(canvas.getBounds());
event.gc.setBackground(shell .getDisplay() .getSystemColor (SWT.COLOR_RED));
event.gc.fillOval(x, y, IMAGE_WIDTH, IMAGE_WIDTH);
by
P:

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 (Mdisplay.readAndDispatch()) {
display.sleep();
¥
by
// 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;
+
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 nipvn NM'o
} 2710 TRIR




Flickering

]
NATIN N'YA X'NYiMMa Alnann N'ya =

DV'¥N 1IX MINNN 7Y [IDTY 752 ' NTAIVNN Nyan X'n -
YUTNN Jonn 73 NX

AITON NP'NN QAR ,10NN 7D 2V YN kN 7'nnn irxn =

DTV? NIX I'NY D270 7W AN Y na 7710 yn =

NI'ALVIVOX 'MYA N'YaN DY TTIMMNN?7 [N =
(clipping) TA72 MK TN NTRN 7W [IDTY =
(Double Buffering) o'w77n minxn 0715 nimnn 7w DTV =

Java nowa n1din ndayvn NiM'o
21772 TN



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();

DF
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17'K) 770 nI'7apnin N0 7oynin? nx¥11 X7 Dnaw DNpn ot W
(?0mMpn

"0W7pn INKn” Niapnn 1My DX NININ NTIAY NNnaoni NiMso W
Request e NINAAIT =
Request B .

e | T2 ] Swing '97an pYINN N0 =
N (Trivead ) (Tomcat nniaTd) L1V MY =

| iThread '

-IIII)

Processor load

NIAPYA IX D'AR] NIAPY NNPY79K7 "NO71IT" NI appnn DMypninn 7702
D'UIN NIANN N0 YIN'Y7 NINIVA [I'RY NIZ7NN] WIn'Y
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NINILVA NIFZ7NN DY NTIAY

]
thread safe > nIT AWK NIp7NNn Nnd Ny =

NN DINNI Synchronize 1an NIty NI9DIX 17X Nip7nn =
yT'nn Nin7vy

DA NIZ7NN [NIX? NTAN D71 O'WIX'2] Y'NN YT DIN'LA7 B
single thread miwa win'y? Anir NI7'7p NIXoNA

NNAIT? W
StringBuilder nn7ami StringBuffer =

ArrayList nn7apni Vector =
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