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Threads

e A thread == A virtual CPU

e Threads == Virtual CPUs

— sharing the same memory space
— running “virtually” at the same time

e Java supports multithreading

e Typically used for
— increasing UI response
— animation
— networking
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public class Ball {
int x, y, r, dx = rand(-5, 5), dy = rand(-5, 5);
BallWorld world;
Color color = Colorutil.random();
public Ball(BallWorld ballWworld) {

x = rand(0, ballWorld.getWidth()); - .

y = rand(0, ballWorld.getHeight(Q)); GHEZRUENANY
r = rand(2, 10); LRZAUUIA

world = ballWorld;

}
public void move() {

int w = world.getWidth(), wh = world.getHeight();

X =X +dx, y =Yy + dy;

intd =2 * r;

iIfT x+d>ww) { Xx =ww - d; dx = -dx; } Lﬁaugnnaa

iIT X <=0) { x=0; dx = -dx; } ANUNASIAUNAL
if (y +d>wh) {y=wh-d; dy = -dy; }

iT (y<=0) {y=0;dy=-dy; }

}
public void draw(Graphics g) {

g-setColor(color);
g.-Filloval(x, y, 2 * r, 2 * r); [*1930UaR

}
¢t




pub!lc class BallWorld exFends Canvas { & patwortd =)0
List balls = new ArrayList();

e
public void init() { '
for (int 1 = 0; 1 < 10; 1++) { .
balls.add(new Ball(this));

+
while (true) {

for (int i = 0; i < balls.size(); i++) { |@uUAuUAI;
((Ball) balls.get(i)).move(); ARaul
1 AAILAIANNYN
repaint();
try { Thread.sleep(67); } AILANNNS
catch (InterruptedException ignored) {} uaﬂdaanqa
} (15 A / s)

}
public void paint(Graphics g) {
super.paint(g);
for (int i = 0; i < balls.size(Q); i++) {
((Ball) balls.get(1)).draw(g);
+
}
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public class BallWorld extends Canvas {
List balls = new ArrayList();

public void init(Q {
for (int 1 = 0; 1 < 5; i1++) {
balls.add(new Ball(this));
balls.add(new SBall(this)); [ingnuaanuand e

+
while (true) {

for (int 1 = 0; 1 < balls.size(); i++) {
Ball b = (Ball) balls.get(i);
b.move();

AILANNITLAR UL
UaIUAANNGN

iIT (b instanceof SBall) b.split();

41flu SBall 1iunnen

ks

repaint();

try { Thread.sleep(67); } AIUANNTT

catch (InterruptediException ignored) {} LEAIaaNIA
} (1520 / s)

}
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public class BallWorld extends Canvas {

List balls = new ArrayList();
public void Init() {
for (int i = 0; 1 < 5; i++) {
balls.add(new Ball(this));
balls.add(new SBall(this));
}
while (true) {
repaint();
try { Thread.sleep(67); }

catch (InterruptedException ignored) {}

dluaauaargn vinvutadle A
WiiniRauuaziddauuilasaiu
waknssunatavaenatilu

nilvan uily thread vinvudu
wiauq Au'lil

}

public class Ball

implements Runnable {

}
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public Ball(BallWorld ballwWorld) {
I new Thread(this).start();
+
public void run() {
while (true) {
move();
try { Thread.sleep(100); }

catch (InterruptedException ignored) {}

}
}
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public class SBall extends Ball {
public SBall(BallWorld ballWorld) { &
super(ballWorld);
}
public SBall(SBall b) {
super(b);
}

public void run() {
int longevity = 10 + (int) (10 * Math.random());
for (int 1 = 0; 1 < longevity; 1++) {
move();
try { Thread.sleep(100); }
catch (InterruptedException ignored) {}

ks

world.balls.remove(this); R

intn =2 + (int) (2 * Math.random());

for (int 1 =0; 1 <nj; i++) { > falifleymn
world._balls.add(new SBall(this)); (329 sync.

ks )

+
+
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An Example

[ |
I |
| private void veryLongTask() { done = true; !
| System.out.printIn('computing™); :
; while (1done) { L PR .
| } \\\\ I

I System.out.printin('done'™); . I

e ' thread #1

| |
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An Example

thread #1

l___/ __________

private void veryLongTask() {
System.out.printIn('computing™);
while ('done { T TTTTTTTTT

}
System.out.printin(done™);

Q.
o
-
)
[
=+
q
c
)

}

thread #2
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AN9&519 thread : wuun 1

class MyThread extends Thread {

public void run() { -

doSomething(Q); I

}

this run() overrides
Thread’s run()

put your execution
code here

create a new object

Thread th = new MyThread();

th.start(); <

invoke start()

 creates new thread,

* makes it runnable,

 and then returns immediately.

The new thread
« starts execution at its run() method
* terminates when run() exits.
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M E1IN1TRSY thread

public class A {
public static void main(String[] args) {
T1[] threads = new T1[4];
for (int 1 = 0; 1 < threads.length; 1++) {
threads[1] = new T1();
threads[i1].start();

} ¥ class Tl extends Thread {
1 public void run(Q) {
=== Thread-0-0 for (int i = 0; 1 < 100; i++) { _

Thread-0-1 System.out.printIn(getName() + ":" + 1);
Thread-0-2 for (int j=0; jJ<1000000; j++) J = J};
Thread-1:0

Thread-1:1

Thread-0:3

Thread-0:4

Thread-1:2

Thread-1:3

Thread-2:0
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class TimerThread(extends Thread){
Frame owner; long :
TimerThread(Frame owner,
this.owner = owner; thi
start();

}

ong duration) {
duration = duration;

public void run(Q {
while (true) {
try { Thread.sleepf&duration); }
catch (InterruptedException ignored) {}

< =0

sundan 25 183421 1CT 2004

public String getDate() { rgturn new Date().toString(Q); }

owner.repain

class ClockDemo extends Frame {
TimerThread clock;

L/“‘
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void 1nit() {
clock = new TimerThread(this, 1000);
setSi1ze(200, 100); setVisible(true);
+
public void paint(Graphics g) {
g-drawString(clock.getDate(), 10, 60);
}

public static void main(String[] args) {
new ClockDemo().1nit();
+

}
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}

class TimerThread extends Label {

long duration;

TimerThread(long duration) {

}

}

}

publi1€ void run(Q {
while

try { Thread.sleep(duration); }
catch (InterruptedException ignored) {}

this.duration = dura

new Th rea start(Q);

public void paint(Graphics g) {
g.clearRect(0, 0, getWwidth(), getHeight());
g.drawString(new Date().toString(), 10:_5?2;/

ForT; T~ Julaldadnelsing run( )

|

repaint();
+

11 thread 3anmnau start
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public class ClockDemo extends Frame {
void init() {
add(new TimerThread(1000));
setSi1ze(200, 80);
setVisible(true);

}

public static void main(String[] args) {

new ClockDemo().i1nit();

}
}

Io/UL/A
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A15&5719 Thread @ wuudi 2

class MyClass implements Runnable {

A

public void run(Q {

doSomething(); I

}

this run() implements run()
of Runnable interface

put your execution
code here

MyClass x = new MyClass();

Thread th = new Thread(Xx);

create a new object

th.start(); <«

public interface Runnable{
public void run();
+
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start()
* creates new thread,
 and then returns immediately.

The new thread
» starts execution at x’s run() method
* terminates when x’s run() exits.

16/01/48
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e —

}

class TimerThread extends Label(iﬁglfments Runnable
long duration;

TimerThread(long duration) {

}

public void paint(Graphics g) {

}

}

publiﬁ:zéié;ggEéi:E:}~ By
while

this.duration = duratsorr;

new Th rea start();

g.clearRect(0, 0, getWwidth(), getHeight());
g.-drawString(new Date().toString(), 10, 20);

try { Thread.sleep(duration); }
catch (InterruptedException ignored) {}

repaint();

\

T~ Julalduiaufid run( )

11 thread 3anmnau start

} public class ClockDemo extends Frame {

void initQ) {

© S.Prasitjutrakul 2004

setSi1ze(200, 80);
setVisible(true);

}

new ClockDemo().i1nit();

}
}

add(new TimerThread(1000));

public static void main(String[] args) {

Io/UL/A
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A Thread can only be started once

public class A {
public static void main(String[] args) {
T1 €t = new T1(Q);
t.start();
t.start(); // t is alive, throw lllegalThreadStateException
while (t.isAlive(Q)) ;
t.start(); // return immediately, can’t restart dead threads

class T1 extends Thread {
public void run(Q) {
for (int 1 = 0; 1 < 100; i++) {
System.out.printIn(getName() + ":" + 1);

for (int j=0; j<1000000; j++) J = j:
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Thread States

“new |

start()

run()

runnable]—{ running ]ths{ dead J

notify(), wait(),
interrupt() sleep(),
I/O complete, blocked 1/0O,
lock avallable wait for lock

Waltmg/blocked
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n155a19 thread ¥invuL&5a

void initialize() {
Thread thDB = new Thread(new DBConnection());
Thread thlmage = new Thread(new BannerlImage());
thDB.start();
thilmage.start();
while (thDB.i1sAlive());
while (thimage.isAlive());

void initialize(Q) {
Thread thDB = new Thread(new DBConnection());
Thread thlmage = new Thread(new Bannerlmage());
thDB.start();
thilmage.start();
try { thDB.join(); thlmage.join(); }
catch( InterruptedException i1gnored ) { }
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Money Transfer Simulation

© S.Prasitjutrakul 2004

}

class Account {
int amount;
public Account(int a) {
amount = a;
}

public void deposit(int d) {
amount += d;

+

public void withdraw(int w) {
amount -= wj;

by

public 1nt current() {
return amount;
+
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class Bank {
Account[] accounts;
Bank(int n, int amount) {
accounts = new Account|[n];
for (int 1 = 0; 1 < accounts.length; i1++)
accounts[i1] = new Account(amount);
+

public void transfer(int from, Int to, Int amount) {
1T (accounts|[from].current() >= amount) {
accounts[from].withdraw(amount);
accounts|to] .deposit(amount);
}
+
public Int getTotal() {
int sum = O;
for (int 1 = 0; 1 < accounts.length; 1++) {
sum += accounts[i].current();
}
return sum;

}
¥
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public class AccountSimulation {
public static void main(String[] args) {
Ffinal 1nt numAccounts = 4;
final i1nt numThreads = 10;
final Int nitialAmount = 100;
final Bank myBank = new Bank(numAccounts,
initialAmount);
Thread[] t = new Thread[numThreads];
for (int 1 = 0; 1 < t.length; 1++) {
t[1] = new Thread() {
public void run(Q) {
while (true) {
int 1 = (int) (humAccounts * Math.random());
int Jj = (int)(numAccounts * Math.random());
int amount = (int) (60 * Math.random());
it (1 '= jJ) myBank.transfer(i, j, amount);
}
+
}s
t[1]-start();

Four threads randomly
transfer money among 4
accounts

}

16/01/48

22



Thread sumThread = new Thread() {
public void run() {
int sum;
while (true) {
sum = myBank.getTotal();
IT (sum = numAccounts * 1nitialAmount) {
myBank .dumpAccounts();
System.exit(-1);

+
+
};
sumThread.start();

Total amount of all accounts must be the same all the time.
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Race Condition

class Account {
Int amount;

public void deposit(int d) {
amount += d;
} T

1 IS not atomic

Thread-1: acc[2].deposit(10);
Thread-2: acc[2].deposit(50);

Thread-1: regl <- amount // 200
Thread-2: regl <- amount // 200
Thread-2: regl <-regl+d //d =50
Thread-2: amount <- regl // 250
Thread-1: regl <-regl +d //d=10
Thread-1: amount <-regl // 210

© S.Prasitjutrakul 2004

aload O

dup
getfield #3;
1load 1

1add
putfield #3;
return

PNOOUINEFEO

(> R I N N R N R B R B R

regl <- amount
regl <- regl + d
amount <- reqgl
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Synchronized Object Methods

______________________________________________________________________________________

2l Bod Bptl Bl | c /1 d | g opncnonizee

N o) bj 1 3441 synchronized

thread 1afisiasnisi3an objl. Il 6296 lock 2ase objl Aau

1l object fitWenily lock evtuszuuaYa A TVILAEIRTY
thread wintfuinGan objl. = 'la

A objl = new AQ);

L

class A { A obj2 = new AQ);
synchronized void a() {---}
synchronized void bQ {---} objl.a(); objl.a(Q;
void c(Q {---}

objl.cQ; [| |objl.bQ;

}

obj2.a(); || |obj2.cQ);

b
bk
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synchronized

class A {
synchronized void a() {---}

i : A objl = new AQ;
synchronized void b() {...} S ’
void C() {___} A Ob_]2 = new A(),

}

T1 |objl-a(); § get objl's lock, can exclusively execute objl.a()

T2 |obj2.a(); | get obj2's lock, can exclusively execute obj2.a()

T3 objl.aQ; | blocked, wait for objl's lock
T4 | obj2.b(Q); || blocked, wait for obj2's lock

T5 |objl.cO);  no need to get any lock, go ahead for objl.c()

EEEEEE

T6 |objl-c(O); § no need to get any lock, go ahead for obj1.c()
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synchronized

class A {
synchronized void a() {---} .
synchronized void b(Q) {...} A objl = new A();I
void cQO {---}

+

T1 |objl.a();

T2 |objl.a();
T3 |0bj1.bQ);

T4 1 objl.cQ:;

EEEE

time
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synchronized

Aautdinnad'le lock aav

class Bank { bank fA3eA
Account[] accounts;’/////”— a !

public synchronized void /transfer(int from, int to,
int amount) {
1T (accounts|[from].current() >= amount) {

accounts|from] .wwthdraw(amount) ;
accounts|to] .deposit(amount);

}

}
public synchronized int getTotal() {

Int sum = 0O;
for (int 1 = 0; 1 < accounts.length; 1++) {
sum += accounts[i1].current();

}
return sum; sync. vinlhsurasildl
} fdadnIn-aautaItGen !

}
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synchronized block

class A { class A {

synchronized void a() { synchronized void a() {

+ }

void dQ) { void dQ) {
synchronized (this) { synchronized (obj9) {
) ) |

} + any object

void e() { void e() { f
synchronized (this) { synchronized (ok) {
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synchronized block

class Bank {

Account[] accounts;
public synchronized void transfer(int from, int to,

lock the entire bank

int amount) {

iIT (accounts|[from].current() >= amount) {
accounts|[from] .withdraw(amount) ;
accounts|[to] .deposit(amount);

}

class Bank {
Account[] accounts;
public void transfer(int from, Int to, Int amount) {
synchronized (accounts[from]) {
synchronized (accounts[to]) {
1T (accounts|[from].current() >= amount) {

accounts[from] .withdraw(amount);
accounts|to] .deposit(amount);

lock only 2 accounts

more efficient & scalable




Deadlock

class Bank {
Account[] accounts;
public void transfer(int from, int to, Int amount) {
synchronized (accounts[from]) {
synchronized (accounts[to]) {
iIT (accounts|from].current() >= amount) {
accounts|[from].withdraw(amount);
accounts|to] .deposit(amount);

T1 | transfer(l, 2, 40); I <Iockacc[1]>_

T2 | transger(2, 1, 50); I <|ockaccr21>_

time

© S.Prasitjutrakul 2004 16/01/48 31



Deadlock

class Bank {
Account[] accounts;
public void transfer(int from, Int to, Int amount) {
int 1 = (from < to ? from : to);
int J = (from < to ? to - from);
synchronized (accounts[i]) {
synchronized (accounts|[j]) {
iIT (accounts|from].current() >= amount) {
accounts|[from].withdraw(amount);
accounts|to] .deposit(amount);

ordering the locking sequence
} (always lock account with smaller ID first)

There is no known techniques to detect or prevent deadlock.
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Notes

e any variable assignment is atomic except for
long and double

e synchronization isn't free
e No promises about fairness
e use immutable objects

e use higher level concurrency abstraction
— JSR-166 (concurrency utilities) included in Java 1.5
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