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10. Concurrency

Cooperating Threads
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10. Concurrency 3

Wait and Notify
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10. Concurrency

Producer-Consumer Example Revisited

class Buffer {

synchronized void put( Prd p) {
if (isFull()) wait( );

notify( )
}

synchronized Prd get () {
if (iIsEmpty()) wait();

notify( )

}
}

class Producer extends Thread {
Buffer buf;
void run() {
while (true)
buf.put( new Prd() );

}
}

class Consumer extends Thread {
Buffer buf;
void run( ) {
while (true)
buf.get();

}
}
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10. Concurrency

Multiple Producers & Consumers
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10. Concurrency

Lazy Attempt. Reuse the Program

public synchronized void put( Prd p ) {

i f( isFull() ) {

wal t () ;
] 2 Problems if there are
more than 2 threads!
notify();
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10. Concurrency

Producer & Consumerl& Consumer 2 &
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10. Concurrency

Lazy Attempt. Reuse the Program

public synchronized void put( Prd p ) {

1f( 1skFull() ) {
wal t () ;

}

Hétify();
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10. Concurrency

First Step

public synchroni zed void put( Prd p ) {
while( 1sFull() ) {
wal t () ;

}

Hc.)tify();
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10. Concurrency

10

Producer & Consumerl& Consumer 2 &
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10. Concurrency
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Solution

public synchroni zed void put( Prd p ) {
while( 1sFull() ) {
wal t () ;

noti fyAl | ();
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10. Concurrency 12

Problem with notify

If there are multiple producers and consumers:

= All producers wait, b/c the buffer is full

= The buffer becomes empty and all consumers start
to walit

= Some first producer A fills the buffer and then
notifies another producer B

= That producer B sees a full buffer and waits
= Producer A sees a full buffer and waits
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10. Concurrency 13

notifyvs.notifyAll

= java.lang. Qoject: final void notify()

Wakes up a single thread that is waiting on this

object's monitor. If any threads are waiting on this

object, one of them is chosen to be awakened. The

choice Is arbitrary and occurs at the discretion of
the implementation. A thread waits on an object's
monitor by calling one of the wait methods.

= java.lang. Object: final void notifyAll()
Wakes up all threads that are waiting on this
object's monitor. A thread waits on an object's
monitor by calling one of the wait methods.
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10. Concurrency
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Dining Philosophers Problem

" nP
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= 2C

needed for eating
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10. Concurrency 15

Problem: Deadlock

Everybody picks
the left chopstick
and then waits
forever to get

Eidgendssische Techinische Hochschule Zirich
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10. Concurrency
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Problem: Starvation

Some philosophers
Never get a chance
to pick up both
chopsticks and
‘starve”.
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10. Concurrency 17

Solution 1: Central Control

ONS

= We only allow
n-1 Philosophers
at a time.
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10. Concurrency 18

Solution 1: Der Philosoph

public class Phil osoph extends Thread {

public void run() {
while( true ) {
denken() ;

t.annel den(id);
t.gabel [i1d]. bel egen(id);
t.gabel [(1d+1)% .n]. bel egen((1d+1)% .n);

essen();

t.gabel[i1d].freigeben(id);
t.gabel [(id+1)% .n].frel geben((id+1)%.n);
t.abnel den(id);

}
}

}
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10. Concurrency

19

Solution 1: Die Gabel

public class Gabel {
publ i ¢ bool ean bel egt ;

publ i ¢ synchroni zed void bel egen(int 1d) {

if( belegt ) try { wait(); }

catch( InterruptedException e ) {};

bel egt = true;

}

public synchroni zed void freigeben(int i1d) {
bel egt = fal se;
notify();
}
}
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10. Concurrency

Solution 1: Der Tisch

public class Tisch {
oubl 1 ¢ Gabel [] gabel;
orivate i nt phil;
Phi | osoph[] phils;

publ i c synchroni zed void annmel den(i nt

if( phil >=n ) try { wait(); }
| nt errupt edException e ) {}

1d) {

cat ch(
phil = phil + 1;
}
publ i ¢ synchroni zed void abnmelden(int 1d) {
phil = phil - 1;
notify();
}
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10. Concurrency 21

Solution 2: Ordered Resources

= \We demand that the chopsticks are picked up in a
specific order

* For one philosopher this means that he will pick up
the right chopstick first

* The deadlock situation of all philosophers picking
up the left chopstick at the same time Is prevented
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10. Concurrency
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Solution 2: Der Philosoph

public void run() {
Int first, second:

first =1d < ((1d+1)% .n) ?2 1d : (1d+1l)%.n;
second = 1d<((1d+1)% .n) ? (1d+1)% .n : 1d;

while (true)
denken() ;
t.gabel[first]. bel egen(first),;
t . gabel [ second] . bel egen(second) ;

essen();
t.gabel [first].freligeben(first);
t . gabel [ second] . frei geben(second);

}
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10. Concurrency
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Solution 3: Atomic Operation

= \We only allow both chopsticks to be picked up
together

= Needs a critical section for the atomic operation

= Careful with what objects are used for
synchronization
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10. Concurrency

24

Solution 3: Die Gabel

publ i c class Gabel {
publ i ¢ bool ean bel egt ;

public Gabel () { belegt = false; }

publ i ¢ synchroni zed void bel egen(int 1d) {

bel egt = true;

}
public synchroni zed void freigeben(int 1d) {
bel egt = fal se;
}
}
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10. Concurrency

25

Solution 3: Der Philosoph

public void run() {
while( true ) {
denken() ;

synchroni zed( t ) {
while( t.gabel[i1d].belegt ||
t.gabel [(1d+1)% .n]. belegt ) {

try { t.wait(); }
catch( I nterruptedException e ) {};

}
t.gabel [1d]. bel egen(id);
t.gabel [ (1d+1)% . n]. bel egen((1d+1)% .n);

}
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10. Concurrency 26

Solution 3: Der Philosoph

essen();

synchroni zed( t ) {
t.gabel[i1d].frei geben(id),;
t.gabel [(1d+1)% .n].frei geben((id+1l)%.n),;

t.notifyAl ();

}
}
}
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