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CPU

(garbage)
. GUI

1-1:

bounce() 1000

11

Bl

bounce()



Thread sleep 5

class Ball
{
public void bounce()
{ draw();
for(inti=1;i <=1000; i++)
{ move();
try{ Thread.sleep(5); }
catch(InterruptedException €) {}
}
}
}
Sleep() . — sleep()
Thread
Sleep InterruptedException . Exception
1,000
Stop Back
11

1-1: Bouncejava

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;



public class Bounce
{ public static void main(String[] args)
{ JrFrame frame = new BounceFrame();

frame.show();

class BounceFrame extends JFrame
{ public BounceFrame()
{ setSize(300, 200);
setTitle("Bounce");

addwindowL istener(new WindowAdapter()
{ public void windowClosing(WindowEvent €)
{ System.exit(0);
}
P

Container contentPane = getContentPane();

canvas = new JPanel();
contentPane.add(canvas, "Center");
JPanel p = new JPanel();
addButton(p, " Start",
new ActionListener()
{ public void actionPerformed(ActionEvent evt)
{ Badl b = new Bdl(canvas);
b.bounce();

b

addButton(p, "Close",
new ActionListener()
{ public void actionPerformed(ActionEvent evt)

{ System.exit(0);



1;
contentPane.add(p, "South");

public void addButton(Container c, String title,
ActionListener a)
{ JButton b = new JButton(title);
c.add(b);
b.addActionListener(a);

private JPanel canvas;

classBal
{ public Ball(JPanel b) { box = b; }

public void draw()
{ Graphics g = box.getGraphics();
gfillova(x, y, XSIZE, YSIZE);
g.dispose();

public void move()
{ Graphics g = box.getGraphics();
g.setX ORM ode(box.getBackground());
gfillova(x, y, XSIZE, YSIZE);
X += dx;
y +=dy;
Dimension d = box.getSize();
if (x <0)
{ x =0; dx=-dx; }
if (x + XSIZE >= d.width)
{ x = dwidth - XSIZE; dx = -dx; }
if (y < 0)



{y=0;dy=-dy;}

if (y + YSIZE >= d.height)

{ y = d.height - YSIZE; dy = -dy; }

gfillova(x, y, XSIZE, YSIZE);
g.dispose();

public void bounce()
{ draw();
for (inti =1;i <= 1000; i++)
{ move();
try { Thread.sleep(5); }
catch(InterruptedException €) {}

private JPanel box;

private static final int XSIZE = 10;
private static final int YSIZE = 10;
private int X = O;

private int y = 0;

private int dx = 2;

private int dy = 2;

BouncePanel Vector

move

repaint

XOR

. paintComponent




(O]

.. Thread
run
Thread
ball . run
class Ball extends Thread
{
public void run()
{ draw();
for(inti=1;i <= 1000, i++)
{ move();
try{ sleep(5); }
catch(InterruptedException €) {}
}
}
}
InterruptedException
. sleep  wait interrupt

InterruptedException



Thread run
Bdl b=new Bal(...); //
start
b.start();
run - start
run
(idle)
run
( 1-2 ) sleep
( dleep Thread . ) Bdl run 5
seep(5) . 5

TIP : Thread
current Thread sleep  sleep

idle

Thread Bdl
is-a
? ?
run run
run
Ball Thread Thread

Runnable



1-2: Ul Ball

1-2: BounceThread.java

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;

public class BounceThread
{ public static void main(String[] args)
{ JFrame frame = new BounceThreadFrame();

frame.show();

class BounceT hreadFrame extends JFrame
{ public BounceThreadFrame()
{ setSize(300, 200);
setTitle("Bounce");

addWindowL istener(new WindowAdapter()
{ public void windowClosing(WindowEvent €)
{ System.exit(0);
}
P

Container contentPane = getContentPane();
canvas = new JPanel();
contentPane.add(canvas, "Center");
JPand p = new JPanel();
addButton(p, "Start",
new ActionListener()

{ public void actionPerformed(ActionEvent evt)



{ Bdl b = new Ball(canvas);
b.start();

b

addButton(p, "Close",
new ActionListener()
{ public void actionPerformed(ActionEvent evt)
{ canvas.setVisible(false);
System.exit(0);

1;
contentPane.add(p, "South™);

public void addButton(Container ¢, String title,
ActionListener a)

{ JButton b = new JButton(title);
c.add(b);
b.addActionListener(a);

private JPanel canvas;

class Ball extends Thread
{ public Ball(JPanel b) { box = b; }

public void draw()
{ Graphics g = box.getGraphics();
gfillova(x, y, XSIZE, YSIZE);
g.dispose();

public void move()
{ if ('box.isVisible()) return;



Graphics g = box.getGraphics();
g.setX ORM ode(box.getBackground());
gfillova(x, y, XSIZE, YSIZE);

X += dx;

y +=dy;

Dimension d = box.getSize();

if (x <0)

{ x=0; dx = -dx; }

if (x + XSIZE >= d.width)

{ x = dwidth - XSIZE; dx = -dx; }

if (y <0)

{y=0dy=-dy}

if (y+YSIZE >=dheight)

{ y = d.height - YSIZE; dy = -dy; }

gfillova(x, y, XSIZE, YSIZE);
g.dispose();

public void run()
{ wy
{ draw();
for (inti =1; i <= 1000; i++)
{ move();
sleep(5);

}
catch(InterruptedException €) {}

private JPanel box;

private static final int XSIZE = 10;
private static final int YSIZE = 10;
private int X = O;

private int y = 0;

private int dx = 2;

private int dy =2



javalang.Thread
® Thread()
run
® void run()
® void start()
run()
®  static void sleep(long millis)

1-3:

1-3

1,000

run

API



(new)
(runnable)
(blocked)
(dead)

(New)
new

new

(Runnable)
start

14

1-4: CPU

(Blocked)

, hew Bdl() -

new

start

(running) (

CRU
10

NT



1 sleep()

2. /
wait()

4,
5. suspend()

method code

1-5
/
)
1-5:
, Bal run

class Ball extends Thread
{

public void run()
{ draw();

lock object lock

runnable state

for(inti =1; i <=1000; i++)

{ move();

try { sleep(5); }

. Object lock

deprecated



catch(InterruptedException €) {}

3. wait notify notifyAll
( wait, notify/notifyAll )
4, object lock object

object lock (

5. resume

suspend resume deprecated method code

resume

I1legal ThreadStateException . ,

suspend



run

®  Uncaught exception

Stop
ThreadDeath Error
stop

run

. Stop
stop

isAlive

stop

javalang.Thread
® booleanisAlive()

® void suspend()

® voidresume()

Deprecated method

® void stop()

Deprecated method

suspend()

. Deprecated method

® voidjoin()

® voidjoin(long millis)

run

deprecated method

run while loop



public void run()

{
while ( no request to terminate & & more work to do)
{ do more work
}
/I exit run method and terminate thread
}
sleep wait while loop
interrupt
interrupt sleep wait I nterruptedException
I nterruptedException catch action
exception
run
public void run()
{
try
{
while (more work to do)
{ do morework
}
}
catch(InterruptedException €)
{ /lthread was interrupted during sleep or wait

}
/] exit run method and terminate thread



interrupt
I nterruptedException
interrupted
while( linterrupted() & & morework to do)
{ do more work
}
/ interrupt /
interrupted
interrupted isInterrupted . Interrupted
current thread . interrupted
isInterrupted
javallang.Thread
® voidinterrupt()
“interrupted” true
sleep wait I nterruptedException
®  static boolean interrupted()
Current thread ( ) . current
thread “interrupted” status  false
® Booleanisinterrupted()
interrupted “interrupted”
status
setPriority

MIN_PRIORITY (Thread 1



)

MAX_PRIORITY (10

.NORM_PRIORITY 5

yield
(
/
, notify
10
Windows NT 7 10
VM NT



Yield

sleep

10



- (
). Start
. Express

public BounceExpress
{ ...

addButton( p, “ Start” , new ActionListener()

{ public void actionPerformed(ActionEvent e)

{ for(inti=0; i<5 ; i++)

{ Ball b= new Ball( canvas, Color.black);
b.setPriority(Thread.NORM_PRIORITY);
b.start();

}

}

1

addButton( p, “ Express’, new ActionListener()

{ public void actionPerformed(ActionEvent e)
{ for(inti=0; i<5; i++)

{ Ball b= new Ball( canvas, Color.red);
b.setPriority(Thread.NORM_PRIORITY +2);
b.start();

}

}
1



sleep yidd

NT Solaris

code

1-6:

1-3: BounceExpressjava

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;

public class BounceExpress
{ public static void main(String[] args)
{ JrFrame frame = new BounceExpressFrame();

frame.show();

class BounceExpressFrame extends JFrame
{ public BounceExpressFrame()
{ <etSize(300, 200);

setTitle("Bounce");

addWindowL istener(new WindowAdapter()

{ public void windowClosing(WindowEvent €)



{ System.exit(0);
}
P

Container contentPane = getContentPane();
canvas = new JPanel();
contentPane.add(canvas, "Center");
JPanel p = new JPanel();
addButton(p, "Start",
new ActionListener()
{ public void actionPerformed(ActionEvent evt)
{ for (inti=0;i<5;i++)
{ Bal b = new Badll(canvas, Color.black);
b.setPriority(Thread. NORM_PRIORITY);
b.start();

b

addButton(p, "Express’,
new ActionListener()
{ public void actionPerformed(ActionEvent evt)
{ for (inti=0;i<b5 i+
{ Bal b = new Ball(canvas, Color.red);
b.setPriority(Thread. NORM_PRIORITY + 2);
b.start();

b

addButton(p, "Close",
new ActionListener()
{ public void actionPerformed(ActionEvent evt)
{ canvas.setVisible(false);
System.exit(0);



1;
contentPane.add(p, "South™);

public void addButton(Container c, String title,
ActionListener a)

{ JButton b = new JButton(title);
c.add(b);
b.addActionListener(a);

private JPanel canvas;

class Ball extends Thread
{ public Ball(JPanel b, Color c) { box = b; color =¢; }

public void draw()
{ Graphics g = box.getGraphics();
g.setColor(color);
gfillova(x, y, XSIZE, YSIZE);
g.dispose();

public void move()
{ i (tbox.isVisible()) return;
Graphics g = box.getGraphics();
g.setX ORM ode(box.getBackground());

g.setColor(color);
gfillova(x, y, XSIZE, YSIZE);
X += dx;
y +=dy;
Dimension d = box.getSize();
if (x <0)

{x=0; dx =-dx; }
if (x + XSIZE >= d.width)



{ x = dwidth - XSIZE; dx = -dx; }
if (y <0)

{y=0dy=-dy;}

if (y + YSIZE >= d.height)

{ y = d.height - YSIZE; dy = -dy; }

gfillova(x, y, XSIZE, YSIZE);
g.dispose();

public void run()
{ wy
{ draw();
for (inti =1; i <= 1000; i++)
{ move();
sleep(5);

}
catch(InterruptedException €) {}

private JPanel box;

private staticfina int XSIZE = 10;
private static final int YSIZE = 10;
private int X = O;

private int y = 0;
private int dx = 2
private int dy = 2;

private Color color;

javalang.Thread
® void setPriority (int newPriority )

. Thread.MIN_PRIORITY  Thread MAX_PRIORITY

Thread NORM_PRIORITY
® daticint MIN_PRIORITY



® daticint NORM_PRIORITY
® daticint Max_PRIORITY

10

® staticvoidyield()

(selfish)
sleep . Sleep

yield()
sleep yidd

run

class SelfishBall extends Ball

{
public void run()
{ draw();
for(inti =1; i <=1000; i++)
{ move();
longt = new Date().getTime();
while(new Date().get Time() <t + 5);
}
}
}
run 5

sleep yield



sleep yield

1-4: BounceSelfishjava

import java.awt.*;
import java.awt.event.*;
import java.util .*;

import javax.swing.*;

public class BounceSelfish
{ public static void main(String[] args)
{ JFrame frame = new BounceSelfishFrame();

frame.show();

class BounceSel fishFrame extends JFrame
{ public BounceSelfishFrame()
{ setSize(300, 200);

NT

(time dlicing)

1-4

10



setTitle("Bounce");

addwWindowL istener(new WindowAdapter()
{ public void windowClosing(WindowEvent €)
{ System.exit(0);
}
P

Container contentPane = getContentPane();
canvas = new JPanel();
contentPane.add(canvas, "Center");
JPanel p = new JPanel();
addButton(p, "Start",
new ActionListener()
{ public void actionPerformed(ActionEvent evt)
{ Bal b = new Ball(canvas, Color.black);
b.setPriority(Thread. NORM_PRIORITY);
b.start();

b

addButton(p, "Selfish",
new ActionListener()
{ public void actionPerformed(ActionEvent evt)
{ Bal b = new SelfishBal(canvas, Color.blue);
b.setPriority(Thread. NORM_PRIORITY + 2);
b.start();

b

addButton(p, "Close",
new ActionListener()
{ public void actionPerformed(ActionEvent evt)
{ canvas.setVisible(false);
System.exit(0);



1;
contentPane.add(p, "South™);

public void addButton(Container c, String title,
ActionListener a)

{ JButton b = new JButton(title);
c.add(b);
b.addActionListener(a);

private JPanel canvas;

class Ball extends Thread
{ public Ball(JPanel b, Color c) { box = b; color =¢; }

public void draw()
{ Graphics g = box.getGraphics();
g.setColor(color);
gfillova(x, y, XSIZE, YSIZE);
g.dispos&();

public void move()
{ if (\box.isVisible()) return;
Graphics g = box.getGraphics();
g.setColor(color);
g.setX ORM ode(box.getBackground());
gfillova(x, y, XSIZE, YSIZE);
X += dx;
y +=dy;
Dimension d = box.getSize();
if (x <0)
{ x=0; dx = -dx; }
if (x + XSIZE >= d.width)



{ x = dwidth - XSIZE; dx = -dx; }
if (y <0)

{y=0dy=-dy;}

if (y + YSIZE >= d.height)

{ y = d.height - YSIZE; dy =-dy; }

gfillova(x, y, XSIZE, YSIZE);
g.dispose();

public void run()
{ wy
{ draw();
for (inti =1; i <= 1000; i++)
{ move();
sleep(5);

}
catch(InterruptedException €) {}

private JPanel box;

private static final int XSIZE = 10;
private static final int YSIZE = 10;
private int X = O;

private int y = 0;

private int dx = 2

private int dy = 2;

private Color color;

class SelfishBall extends Ball
{ public SelfishBall(JPanel b, Color c) { super(b, ¢); }

public void run()
{ draw();
for (inti=1; i <= 1000; i++)



{ move();
long t = System.currentTimeMillis();
while (System.currentTimeMillis() < t + 5)

thread group

String groupName = ...

Thread Group g = new ThreadGroup(groupName);

Thread t = new Thread ( g, threadName);

activeCount

if(g.activeCount() == 0)
{ 1 g
}

interrupt



g.interrupt(); /g

(AP ). activeCount interrupt

javalang.ThreadGroup
®  ThreadGroup(String name)

name

®  ThreadGroup(ThreadGroup parent , String name)

parent
name

® int activeCount()

® int enumerate(Thread list[])

activeCount()

list

® ThreadGroup gerParent()
Thread

® voidinterrupt()

javalang.Thread
® Thread( ThreadGroup g, String name)

name



® ThreadGroup getThreadGroup()

(race condition)

10

10

transfer

transfer

Bank transfer

public void transfer(int from, int to, int amount)
{ I
if(accounts[from] < amount) return;
account[from] -= amount;
account[to] += amount;
ntransacts++;

if(ntransacts % NTEST==0) test();

Bank



TransferThread . Run
run

bank object  tranfer

class TransferThread extends Thread

{
public TransferThread(Bank b, int from, int max)
{
bank=b;
fromA ccount=from;
maxAmount=max;
}

public void run()

{
try
{
while(linterrupted())
{
int toA ccount=(int)(bank.size()* Math.random());
int amol unt=(int)(maxAmount* Math.random());
bank.transfer(fromA ccount,toAccount,amount);
sleep(1);
}
}
catch(l nterruptedException €)
{
}
private Bank bank;
private int fromAccount;
private int maxAccount;
}



10,000 transfer test

CTRL-C

Transction:10000 Sum: 100000
Transction:20000 Sum: 100000
Transction:30000 Sum: 100000
Transction:40000 Sum: 100000
Transction:50000 Sum: 100000
Transction:60000 Sum: 100000
Transction:70000 Sum: 100000
Transction:80000 Sum: 100000
Transction:90000 Sum: 100000
Transction:100000 Sum: 100000
Transction:110000 Sum: 100000
Transction:120000 Sum: 100000
Transction:130000 Sum: 94792
Transction:140000 Sum: 94792
Transction:150000 Sum: 94792

$100,000 . 10 $10,000

1-5



1-5: UnsynchBankTest.java

public class UnsynchBankTest
{ public static void main(String[] args)
{ Bank b = new Bank(NACCOUNTS, INITIAL_BALANCE);
int i
for (i = 0; i < NACCOUNTS; i++)
{ TransferThread t = new TransferThread(b, i,
INITIAL_BALANCE);
t.setPriority(Thread. NORM_PRIORITY + i % 2);
t.start();

public static final int NACCOUNTS = 10;
public static final int INITIAL_BALANCE = 10000;

class Bank
{ public Bank(int n, int initialBalance)
{ accounts = new int[n];
int i
for (i = 0; i < accounts.length; i++)
accounts[i] = initialBalance;

ntransacts = 0O;

public void transfer(int from, int to, int amount)
{ if (accountg[from] < amount) return;
accounts[from] -=amount;
accounts[to] += amount;
ntransacts++;

if (ntransacts % NTEST == 0) test();



public void test()

{ int sum = 0;

for (inti = 0; i < accounts.length; i++)

sum += accountsi];

System.out.printIn(" Transactions:" + ntransacts

+ " Sum: " + sum);

public int size()
{ return accounts.length;

}

public static final int NTEST = 10000;
private int[] accounts;

private long ntransacts = O,

class TransferThread extends Thread
{ public TransferThread(Bank b, int from, int max)
{ bank = b;
fromAccount = from;

maxAmount = max;

public void run()
{ ty
{ while (linterrupted())
{ int toAccount = (int)(bank.size() * Math.random());
int amount = (int)(maxAmount * Math.random());

bank.transfer(fromAccount, toAccount, amount);
sleep();

}
catch(InterruptedException €) {}



private Bank bank;
private int fromAccount;

private int maxAmount;

}
).
transfer
Accounts[to] += amount;
(atomic)
1 accountsto]
2. amount
3. account[to]

) 1

account

( 7).

2



Bank.class

javap -c -v Bank

accounts[to] += amount;

aload 0

getfield #16 <Field Bank.accounts[J>
iload_1

dup2

laload

iload_3

i2

Isub

|astore




transfer

(Semaphore) (Critical Section)

Hoare) “ (monitors)”

Synchronized

public synchronized void transfer(int from , int to, int amount)

{
accounts[from] -=amount;
accounts[to] += amount;
ntransacts++;
if(ntransac % NTEST == 0) test();
}

( 18

transfer transfer

transfer

(Tony



Transfer (synchronized )
(L ock)
(locked)”

(locked)” “  (locked)

(locked)”

, BankAccount size
TIP : final
accounts final

private final int[] accounts;

final synchronized




wait  notify

if ( bank.getBalance(from) >= amount)

bank.transfer(from, to, amount);
transfer
if ( bank.getBalance(from) >= amount)
/1

bank.transfer(from, to, amount);

amount

public synchronize void transfer (int from, int to, int amount)
{ while(accounts[from] < amount)
{1

transfer



I
}
?
transfer synchronized
wait
wait
. Wait Thread
Object . Wait Bank
(unlock)
wait
wait (wait list)
notify
notifyall . notify
. NotifyAll
wait
notify notufyAll
wait

wait



; notify

notifyAll
notifyAll ?
notifyAll ,
notifyAll
public synchronized void transfer(int from , int to, int amount)
{
accounts[from] -= amount;
accounts[to] += amount;
ntransacts++;
notifyAll();
}
wait
notifyAll
wait
notify All
transfer
$100,000

N CTRL+C )



1-6

1-6: SynchBankTest.java
public class SynchBankTest
{ public static void main(String[] args)
{ Bank b = new Bank(NACCOUNTS, INITIAL_BALANCE);
int i
for (i = 0; i < NACCOUNTS; i++)
{ TransferThread t = new TransferThread(b, i,
INITIAL_BALANCE);
t.setPriority(Thread. NORM_PRIORITY +i % 2);
t.start();

public static final int NACCOUNTS = 10;
public static final int INITIAL_BALANCE = 10000;

class Bank
{ public Bank(int n, int initialBalance)
{ accounts = new int[n];
int i
for (i = 0; i < accounts.length; i++)
accounts[i] = initialBalance;

ntransacts = 0O;

public synchronized void transfer(int from, int to, int amount)
{ ty
{ while (accounts[from] < amount)
wait();
accounts[from] -=amount;
accounts[to] += amount;

ntransacts++;



notifyAll();
if (ntransacts % NTEST == 0) test();

}
catch(InterruptedException €) {}

public synchronized void test()

{ intsum = 0;

for (inti = 0; i < accounts.length; i++)

sum += account[i];

System.out.printin(" Transactions:" + ntransacts

+ " Sum: " + sum);

public int size()

{ return accounts.length;

}

public staticfinal int NTEST = 10000;
private final int[] accounts,

private long ntransacts = O;

class TransferThread extends Thread
{ public TransferThread(Bank b, int from, int max)
{ bank = b;
fromAccount = from;

maxAmount = max;

public void run()
{ ty
{ while (linterrupted())
{ int toAccount = (int)(bank.size() * Math.random());



int amount = (int)(maxAmount * Math.random());

bank.transfer(fromAccount, toAccount, amount);
sleep();

}
catch(InterruptedException €) {}

private Bank bank;
private int fromAccount;

private int maxAmount;

wait )

notify notifyAll

synchronized

wait

notify All

wait notify/notifyAll Thread Object

wait (notification)



synchronized(obj) {
obj

public void run()

{
synchronized(bank) // lock the bank object
{ if(bank.getBalance(from) >= amount)
bank.transfer(from, to, amount);
}
}
bank
javalang.Object
® void notifyAll
wait
I1legalMonitor StateException
® void notify
wait
I1legalMonitor StateException

® voidwait()



(notified)

I1legalMonitor StateException
1:$2000
2: $3000
1 1 2 $3000
2 2 1  $4,000
1-9 , 1 2 . 1 2
1-9:
10
? “ (deadlock)”
$10,000 . 10 $100,000
$10,000 . $10,00
run $10,000
maxAmount 14,000 TransferThread
i i
i
. SynchBankTest

TransferThread run . transfer fromA ccount



toAccount

notifyAll

notifyAll

SynchBankTest
notify
notify
1: $19,000
$9,000
1: 1 2 $9500
$9,100
1
1:$9,500
2:$19,500
$9,000
1 notify . hotify
3 ,
wait . 1
1 1 2 $9,600
1 wait
notify

D) notifyAll



Stop  suspend
10 stop
resume
2
stop

“Programming with Threads( Sunsoft Press/Printice-Hal,1996)"

. stop

, stop

ThreadDeath

run

, stop

?
suspend
suspend
, TransferThread



public class MyThread extends Thread

{

run

try

{
}

public void run()
{ while (!stopRequested & & more work to do)

{ do morework

}
public void requestStop()

{ stopRequested = true;
}

private Boolean stopRequested,;

run

stopRequested

interrupt requestStop

public void requestStop()
{ stopReguested = true;
interrupt();

I nterruptedException catch stopRequested

wait();

catch(InterruptedException €)

{

if(stopRequested)

return; // exit the run method



stopRequested -

run

, suspend . stop

resume suspend

“ Resume”

public void actionPerformed(A ctionEvent event)
{ Object source = event.getSource();
if(source == pauseButton)
for(inti =0;i < threads.length; i++)
threads[i].suspend(); // Don’ t do this
else if(source == resumeButton)
for(inti =0;i < threads.length; i++)
threads|i].resume(); // Don’ t do this

paintComponent bank.getAccount

bank.getAccount

1 bank
2. “ Pause’

, suspend

“ pause’

bank



4.

5. paintComponent bank.getBalance

run

bank

“ Resume”

suspendRequested

while(suspendRequested)

, wait

sleep(1); // No

notify requestResume

class MyThread extends Thread

{

public void requestSuspend()

{ suspendRequested = true;

}

private synchronized void checkSuspended()
throws I nterruptedException

{ while(suspendRequested)
wait();

}

public synchronized void requestResume()

{ suspendRequested = fal se;
notify();

}

public void run()

{ while(more work to do)
{ checkSuspended();

do morework;



}
private boolean suspendRequested;
}
? run (idle moment)
checkSuspended
requestResume
checkSuspended . wait notify
?
- resume
checkSuspended
wait notify . notify
MyThread
private void checkSuspended()
throws InterruptedException
{ synchronized (dummy)
I/ synchronized necessary for calling wait
{ while (suspendedRequested)
dummy.wait(); // block thisthread
}
}
public void requestResume()
{ suspendRequested = fal se;
synchronized(dummy)
{ dummy.notify(); // unblock the thread waiting on dummy
}



private Integer dummy = new Integer(0);

/[ 'any non-null object will work

, notifyAll notify
, Thread.suspend
wait
wait
Thread.suspend
. Thread.stop
, requesttop, requestSuspend
stop,suspend
stop,suspend
resume

Thread

reguestResume

resume

resume

stop,suspend

run

run

JApplet



Runnable

Runnable
Thread
Runnable
Thread run

class Animation extends JApplet implements Runnable

{
public void run()
{ I
}
}
Runnable

run

start

class Animation extends JApplet implements Runnable

{
public void start()
{ if(runner == null)
{ runner = new thread(this);
runner.start();
}
}
private Thread runner;
}
Thread this

Animation

run



Thread

class AnimationThread extends Thread

{ public void run()
{ I
}

}

class Animation extends JApplet

{
public void start()
{ if(runner == null)
{ runner = new AnimationThread();
runnner.start();
}
}
private Thread runner;
}
run
run
Runnable
javalang.thread

® Thread(Runnable target)

target  run()

javalang.runnable

® void run()

private
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1-10: 36

MediaTracker
. addimage

WaitForlD

g.drawlmage(image, O, - i * imageHeight , imageCount , null);

111,y

1-11:



class Animation implements Runnable

{

Thread runner = null;

killer . runner

kicker

start stop

class Animation extends JApplet implements Runnable

{ public void start()
{ if (runner == null)
{ runner = new thread(this);
runner.start();
}
}
public void stop()
{ runner.interrupt()
runner = null;
}



runner = new Thread(this)

run

run

public void run()

{ try
{ while(! Thread.interrupted())
{ repaint();
current = (current + 1) % imageCount;
Thread.sleep(200);
}
}

catch(InterruptedException €) {}

runner

null

public void init()
{ addMouseListener(new MouseAdapter()
{ public void mousePressed(MouseEvent evt)
{ if (runner == null)
start();

else

stop();

35



HTML PARAM
.(CD-ROM )

<applet code=Animation.class width=100 height=100>
<param name=imagename value="globe.gif">
<param name=imagecount value="36">

</applet>

1-7 . Start,stop

animator JDK

1-7: Animation.java
import java.awt.*;
import java.awt.image.*;
import java.awt.event.*;
import javax.swing.*;

import java.net.*;

public class Animation extends JAppl et
implements Runnable
{ publicvoidinit()
{ addMouseListener(new MouseAdapter()
{ public void mousePressed(MouseEvent evt)
{ if (runner == null)
start();

else

stop();

b

try



{

imageName = getParameter("imagename”)
if (imageName == null) imageName = "";

imageCount = 1,

String param = getParameter("imagecount™)
if (param != null)

imageCount = Integer.parsel nt(param);

}
catch (Exception €)

{ showStatus("Error: " + e€);
}

current = O;

image = null;

loadimage();

public void loadlmage()
{ wy

{ URL url = new URL(getDocumentBase(), imageName);
image = getlmage(url);

MediaTracker tracker = new MediaTracker(this);
tracker.addlmage(image, 0);

tracker.waitForI D(0);
imageWidth

image.getWidth(null);
image.getHeight(null);
resize(imageWidth, imageHeight / imageCount);

imageHeight

}

catch (InterruptedException e)

/I thrown by MediaTracker.waitFor
{ showsStatus("Loading interrupted”);
}
catch(MalformedURL Exception €)

{ showStatus("Bad URL");
}



public void paintComponent(Graphics g)
{ if (image == null) return;
g.drawlmage(image, O, - (imageHeight / imageCount)

* current, null);

public void start()

{ runner = new Thread(this);
runner.start();
showStatus("Click to stop");

public void stop()
{ runner.interrupt();
runner = null;

showsStatus("Click to restart");

public void run()
{ wy
{ while (IThread.interrupted())
{ repaint();
current = (current + 1) % imageCount;
Thread.sleep(200);

}
catch(InterruptedException €) {}

private Image image;
private int current;
private int imageCount;
private int imageWidth;
private int imageHeight;
private String imageName;



private Thread runner;

Timer t = new Timer(listener , 1000);
t.start();

. actionPerformed

1 JDK1.3 TimerTask
. TimerTask Runnable
javautil. Timer
. run

class Timer extends Thread

ActionListener

actionPerformed

javautil. Timer

cancel

Thread



public void run()
{ ty
{ while (linterrupted())
{ dleep(interval);

target.timeElapsed(this);
}
}
catch(InterruptedException €)
{
}

privateint interval;

ActionListener

TimerListener

interface TimerListener

{ void timeElapsed(timer t);
}
(tick) TimerListener
timeElapsed
112 6
1-12:
TimerListener ClockCanvas . Clock

timeElapsed

class ClockCanvas extends Canvas implements Timelistener

{



public void timeElapsed(Timer t)

{ caendar.setTime(new Date());

seconds = calendar.get(Calendar. HOUR) * 60 * 60
+ calendar.get(Calendar. MINUTE) * 60

+ calendar.get(Calendar. SECOND);
repaint();
}
timeElapsed t
(tick) 1

TimeElapsed

repaint

1-8

1-8: TimerTedt.java

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;

import java.util .*;

public class TimerTest
{ public static void main(String[] args)
{ Jrrame f = new TimerTestFrame();
f.show();

class TimerTestFrame extends JFrame
{ public TimerTestFrame()
{ <atSize(450, 300);



setTitle("TimerTest");

addwindowL.istener(new WindowAdapter()
{ public void windowClosing(WindowEvent €)
{ System.exit(0);
}
P

Container ¢ = getContentPane();
c.setLayout(new GridLayout(2, 3));
c.add(new ClockCanvas("San Jose", "GMT-8");
c.add(new ClockCanvas("Taipei”, "GMT+8"));
c.add(new ClockCanvas("Berlin”, "GMT+1"));
c.add(new ClockCanvas("New Y ork", "GMT-5"));
c.add(new ClockCanvas("Caira", "GMT+2"));
c.add(new ClockCanvas("Bombay", "GMT+5"));

interface TimerListener
{ void timeElapsed(Timer t);
}

class Timer extends Thread

{ public Timer(int i, TimerListener t)

{ target =t
interval = i;
setDaemon(true);

}

public void run()
{ ty
{ while (linterrupted())
{ dleep(interval);
target.timeElapsed(this);



}
catch(InterruptedException €) {}

private TimerListener target;

private int interval;

class ClockCanvas extends JPanel
implements TimerListener
{ public ClockCanvas(String ¢, String tz)
{ city = ¢
calendar = new GregorianCalendar(TimeZone.getTimeZone(tz));
Timer t = new Timer(1000, this);
t.start();
SetSize(125, 125);

public void paintComponent(Graphics g)
{ super.paintComponent(g);
g.drawOval (0, 0, 100, 100);
double hourAngle = 2 * Math.Pl
* (seconds-3* 60* 60) / (12 * 60 * 60);
double minuteAngle = 2 * Math.PI
* (seconds - 15* 60) / (60 * 60);
double secondAngle = 2 * Math.Pl
* (seconds - 15)/ 60;
g.drawLine(50, 50, 50 + (int)(30
* Math.cos(hourAngle)),
50 + (int)(30 * Math.sin(hourAngle)));
g.drawLine(50, 50, 50 + (int)(40
* Math.cos(minuteAngle)),
50 + (int)(40 * Math.sin(minuteAngle)));
g.drawLine(50, 50, 50 + (int)(45
* Math.cos(secondAngle)),
50 + (int)(45 * Math.sin(secondAngle)));



g.drawString(city, 0, 115);

public void timeElapsed(Timer t)
{ caendar.setTime(new Date());
seconds = calendar.get(Calendar.HOUR) * 60 * 60
+ calendar.get(Calendar.MINUTE) * 60
+ caendar.get(Calendar. SECOND));
repaint();

private int seconds = O;
private String city;
private int offset;

private GregorianCalendar calendar;

private fina int LOCAL = 16;

setDaemon(true);



run

javax.swing.Timer

® Timer(int delay, ActionListener listener)

delay

listener

® void start()

® void stop()

javalang.Thread

® void setDaemon(boolean on)
Thread

“ Bwn



class BadWorkerThread extends Thread
{ public BadWorkerThread(DefaultListModel aModel)
{ model = aModd;

generator = new Random();

public void run()
{ while (true)

{ Integer i = new Integer(generator.nextint(10));

if (model.contains(i))
model .removeElement(i);
else

model .addElement(i);

yield();

private DefaultListModel model;

private Random generator;

class GoodWorkerThread extends Thread
{ public GoodWorkerThread(DefaultListModel aM odel)
{ model = aModd;

generator = new Random();

public void run()
{ while (true)
{ final Integer i = new Integer(generator.nextint(10));
EventQueue.invokel ater(new Runnable()
{ public void run()
{ if (model.contains(i))



model .removeEl ement(i);
else

model .addElement(i);

b
yield();

private DefaultListModel model;

private Random generator;

" Bwﬂ
( 113
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ArraylndexOutOfBounds



main main

main

) show  setVisible

actionPerformed paintComponent
main
main ( 1-14).

1-14:

ul



arenot.”
JTextComponent.sexText
JTextAreainsert
JTextArea.append
JTextArea.replaceRange

2. JComponent
repaint
revalidate
repaint repaint

AWT
invalidate validate

revalidate
3.
4,
(validation)
show,setVisible pack

, show

APl

.“ This method is thread safe, although most Swing method

revalidate
(

(redlize)

main GUI

init GUI



GUI

public void actionPerformed(ActionEvent e)

{ /I gather data needed nt thread
MyThread t = new MyThread(data);
t.start();
}
GUI
“ X% complete”
label .setText
EventQueue invokel ater invokeAndWait

javax.swing.SwingUtilities
JOK1.1 -
JDK1.2 EventQueue

Runnable
run
invokel ater invokeAndWait . ,

, run

public class LabelUpdater implements Runnable
{ public LabelUpdater(JLabel alabel , int aPercentage)



{ label = alabel;

percentage = aPercentage;

}
public void run()
{ |abel .setText(percentage + “ complete™);
}
}
, invokel ater

Runnable updater = new Label Updater(label , percentage)

EventQueue.invokel ater(updater);

invokel ater . run
. InvokeAndWait run
. EventQueue

invokel ater

EventQueue.invokel ater(new Runnable()

{ public void run()
{ label .setText(percentage + “ % complete”);
}
}
:invokeLater  invokeAndWait Runnable
Runnable

run

1-9 invokel ater



“ Good”

1-9: SwingThreadTest.java

import java.awt.*;
import java.awt.event.*;
import java.util .*;

import javax.swing.*;

public class SwingThreadTest
{ public static void main(String[] args)
{ JrFrame frame = new SwingThreadFrame();

frame.show();

class SwingThreadFrame extends JFrame
{ public SwingThreadFrame()
{ setTitle("SwingThread");
SetSize(400,300);
addWindowL istener(new WindowAdapter()
{ public void windowClosing(WindowEvent €)
{ System.exit(0);
}

P
model = new DefaultListModel();

JList list = new JList(modd);
JScrollPane scrollPane = new JScrollPane(list);

JPanel p = new JPanel();
p.add(scrollPane);

getContentPane().add(p, "South");

JButton b = new JButton("Good");



b.addActionListener(new ActionListener()
{ public void actionPerformed(ActionEvent event)
{ new GoodWorkerThread(model).start();
}
1
p = new JPanel();
p.add(b);
b = new JButton("Bad");
b.addActionListener(new ActionListener()
{ public void actionPerformed(ActionEvent event)
{ new BadWorkerThread(model).start();
}
1
p.add(b);

getContentPane().add(p, "North");

private DefaultListModel model;

class BadWorkerThread extends Thread
{ public BadWorkerThread(DefaultListModel aModel)
{ model = aModd;

generator = new Random();

public void run()
{ while (true)

{ Integer i = new Integer(generator.nextint(10));

if (model.contains(i))
model .removeElement(i);
else

model .addElement(i);



yield();

private DefaultListModel model;

private Random generator;

class GoodWorkerThread extends Thread
{ public GoodWorkerThread(DefaultListModel aM odel)
{ model = aModd;

generator = new Random();

public void run()
{ while (true)
{ final Integer i = new Integer(generator.nextint(10));
EventQueue.invokel ater(new Runnable()
{ public void run()
{ if (model.contains(i))
model .removeElement(i);
else

model .addElement(i);

b
yield();

private DefaultListModel model;

private Random generator;

java.awt.EventQueue
® static void invokel ater(Runnable runnable)

runnable

run



® static void invokeAndWait(Runnable runnable)

(Write)
Pipedi nputStream PipedOutputStream

1-10

Ctrl+C

1-15:

1-10: PipeTest.java

import java.util.*;

import java.io.*;

runnable

run

run

(Procedure)

(Consumer)

 PipedReader

PipedWriter).

1-15



public class PipeTest
{ public static void main(String argg[])
{ ty
{ /* set up pipes */

PipedOutputStream pout1 = new PipedOutputStream();

PipedinputStream pinl = new PipedlnputStream(poutl);

PipedOutputStream pout2 = new PipedOutputStream();

PipedinputStream pin2 = new PipedlnputStream(pout2);

/* construct threads*/

Producer prod = new Producer(poutl);

Filter filt = new Filter(pinl, pout2);

Consumer cons = new Consumer(pin2);

[* start threads */

prod.start();
filt.start();
cons.start();

}

catch (IOException €){}

class Producer extends Thread
{ public Producer(OutputStream o0s)

{ out = new DataOutputStream(os);

}

public void run()
{ while (true)
{ wy
{ double num = rand.nextDouble&();



out.writeDouble(num);
out.flush();
sleep(Math.abs(rand.nextint() % 1000));

}
catch(Exception €)

{ System.out.printin("Error:
}

+ e);

private DataOutputStream oult;

private Random rand = new Random();

class Filter extends Thread
{ public Filter(InputStream is, OutputStream o0s)
{ in = new DatalnputStream(is);
out = new DataOutputStream(os);

public void run()
{ for ()
{ wy
{ double x =in.readDouble();
tota += x;
count++;
if (count !'= 0) out.writeDouble(total / count);

}
catch(IOException €)

{ System.out.printin("Error:
}

+ e);

private DatalnputStreamiin;
private DataOutputStream oult;



private double total = O;

private int count = 0;

class Consumer extends Thread

{ public Consumer(lnputStream is)
{ in = new DatalnputStream(is);
}

public void run()
{ for(;)
{ wy
{ double avg = in.readDouble();
if (Math.abs(avg - old_avg) > 0.01)
{ System.out.printin("Current average is " + avg);

old_avg = avg;

}
catch(IOException €)

{ System.out.printin("Error: " +€);
}

private double old_avg = O;
private Datal nputStream in;

java.io.PipedinputStream
®  PipedinputStream()

®  PipedinputStream(PipedOutputStream out)



out

® void connect(PipedOutputStream out)

out

java.io.PipedOutputStream
® PipedOutputStream()

®  PipedOutputStream(Pipedl nputStream in)

® void connect(PipedlnputStream in)



