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An example of multithreading: Producer/Consumer
With thread synchronization using 2 monitoring variables

Producersetsi IntegerStore Consumer gets j (i=j)

class Producer extends Thread {
private IntegerStore pStore;
public Producer( IntegerStore iS )
{ pStore=iS; }
public void run()
{ pStore.setMore Data(true)
for (inti=0;i<10; i++){
pStore.setSharedInt(i);

try { Thread.sleep(1000+ (int) ( Math.random() * 3000) ); }
catch( InterruptedExceptione ) {; }

}
pStore.setMoreData( false ); }}

class Consumer extends Thread {
private IntegerStore cStore;
public Consumer( IntegerStore iS)
{ <cStore=iS; }
public void run()
{intval;
while ( cStore.hasMoreData() ) {
val = cStore.getSharedInt();
try { Thread.sleep( 1000+(int) ( Math.random() * 3000) ); }
catch( InterruptedExceptione ) {; }
P

public class SharedStore {

public static void main( String args[] )
{ IntegerStore is = new IntegerStore();
Producer p = new Producer(is );
Consumer ¢ = new Consumer(is);

p.start(); c.start(); }}

class IntegerStore {
private int sharedInt = -1;
private boolean moreData = false;
private boolean writeable = true;
private bollean readable = false;
/@ublic synchronized void setSharedInt( int val ) {
while(!writeable) {

try {
wait(); }
catch (InterruptedException e){;
}
}

System.out.printin( "'Producer set sharedint to ** + val );
sharedInt = val;

writeable = false;

readable = true;

notify();

}
Ly public synchronized int getSharedint() {

while (readable){
try{
wait();
}
catch(InterruptedException e){;
}
}
System.out.printin( **Consumer retrieved " + sharedint );
writeable = true;
readable = false;

notify();

return sharedInt;

}
public void setMoreData( boolean b ) { moreData = b; }
public boolean hasMoreData() { return moreData; }

}

writeable&

true

wait

sharelnt = val
writeable = false
readable = true

notify()

readableld:%}@ﬁ&(true):fa

Ise)

true

false

wait

writeable = true
readable = false

notify()

return Sharelnt

E—.



HFT AL YRAE

BIEDT7 VX

Shared value’s access by parallel threads

Producersetsi IntegerStore Consumer getsj  (i=j)

IntegerStore N KIEII—DEHMTY

class Producer extends Thread {

public void run()

{

for (int count = 0; count < 10; count++) {

try {
Thread.sleep( (int) ( Math.random() * 3000 ) );

pStore.setMoreData( false );

}
}

class Consumer extends Thread {

public void run()

{
while ( cStore.hasMoreData() ) {

try {
Thread.sleep( (int) ( Math.random() * 3000 ) );

i
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Shared buffer’s access by parallel threads

Producer sets i Consumegr getsj (i

L

IntegerStore D x KIEIn{EEEH TY

n=>5

Producer sets i =I Consumegr getsj (i

IntegerStore D &z X E XS5BT

_ _ readLocation
writeLocation

if (writeLocation =
readLocation)

if (readLocation =
writeLocation)

writeable = false; readable = false;
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Source Code

class IntegerStore4 {
private int sharedInt[] = {-1, -1,-1, -1, -1};
private boolean moreData = true;
private boolean writeable = true;
private boolean readable = false;
private int readLocation = 0, writeLocation = 0;

class IntegerStore {
private int sharedint = -1;
private boolean moreData = true;
private boolean writeable = true;
public synchronized void setSharedInt( int val ) {
while(lwriteable) {

tga{it()' public synchronized void setSharedInt( int val ) {
} ’ true while(writeable) {
, try {

catch (InterruptedException e){ : o . . " .

Systam.err.printin("Exception: ™ + e.toStringO); false \?v);si'f[%rﬁ.out.prmtln( Producer is waiting... to set ** + val);
} wait > } '
} .

o catch (InterruptedException e){

sha}redl;rt_—fvalll, . System.err.printin(*'Exception: ** + e.toString());
writea '€ = Talse, sharelnt[writeLocation]=val }
notify(); readable = true }

writeLocation = (writeLocation+1)%5

sharedInt[writeLocation++] = val;

readable = true;

System.out.print(*'Producer writes " + val + ' to index "'
+ writeLocation);

writeLocation = writeLocation % 5;

if (writeLocation == readLocation)

public synchronized int getSharedint() {
while (writeable){
try{
wait();
}
catch(InterruptedException e){
System.err.printin(*'Exception: " + e.toString());

false

riteLocation =readLocation

] writeable = false;
}} writeable = false System.out.printin("'Buffer is full™");
writeable = true; S e
notify(); Y notify();
return sharedint; notify() }

}

public void setMoreData( boolean b ) { moreData = b; }
public boolean hasMoreData() { return moreData; }

}

To the next page
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Source Code (continue ...)

from the lous page

System.err.printIn(**Exception: ** + e.toString());
}
}

val = sharedInt[readLocation]
readLocation = readLocation%5

S —— public synchronized int getSharedInt() {
class IntegerStore int val;
private int sharediInt = -1; while (readable){
private boolean moreData = true; true try{
priva}te boolean yvriteaple = true; _ System.out.printIn(**Consumer is waiting... to get "' );
public synchronized void setSharedInt( int val ) { e wait();
while(twriteable) { y
uyd wait > catch(InterruptedException e){
}walt(), System.err.printin(*"Exception: "* + e.toString());
catch (InterruptedException e){ sharelnt[writeL.ocation++]=val }}
writeable = true

writeable = true;
val = sharedInt[readLocation++];

sharedInt = val;
writeable = false;

notify();

false

public synchronized int getSharedint() {
while (writeable){

System.out.print(**Consumer reads " + val + ** from index

+ readLocation);
readLocation = readLocation %65;
if (readLocation == writeL.ocation)

{

readable = false;

eadLocation =writeLocation

public void setMoreData( boolean b ) { moreData =
b;}
public boolean hasMoreData() { return moreData; }

L readable = false System.out.printIn(""Buffer is empty");
wait(); }
} _ > notify();
catch(InterruptedException e){ A Fetlirnival
System.err.printin(**Exception: ** + e.toString()); notify() } '
1 return val
} . B i public void setMoreData( boolean b ) { moreData = b; }
writeable = true; public boolean hasMoreData()
notify(); {
) return sharedInt; if (moreData == false && readLocation == writeLocation)

return false;
else
return true; }




Work In Class
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Mouth
Month feeds Baby eats
catLoc

feedLog

Take 1000~-3000ms to feed

Takes 1000~-4000ms to eat

mouth® &= A {B(J4 D feed
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B3EiF food_0 BEAZTEE
FE v Alz food_0 BEAJS
B3EiF food_1 BEAZTHEE
FEweAlz food 1 BEAJS
B3EiF food_2 BEAZTEE
FEwAlz food 2 BEAJS
B3EiZ food_3 BEAZTEE
FEweAlz food 3 EBEAJD
B3EiF food_4 BEAZTEE
FEvAlz food_4 BEAJT
B3ElZ food_5 BEAZTEE
FEweAlz food 5 EBEAJC
B3EiF food_6 EEAZTEE
FEw Alz food_ 6 BEAUS
B3EiF food_7 BEASTEE
FEweAlz food 7 BEAJS
B3ElZ food_8 BEAZTHE:
FEweAlz food 8 FEAJD
B3ElF food_9 BEAZTHEE
FEweAlz foor 9FEAJT
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=8 983 select one from Ex1 and Ex2

Ex1 : CoffeeShop

class CoffeeShop

class ShopMaster class Counter class CoffeeDrinker

. 1tao

putCoffee() = = — - getCoffee()
N N N N2

master honkon

\ higashino
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MasterAa—t—%4% CustomerNI—E—%8E
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Queue DLV X
S EITLTEELY,


http://java.sun.com/j2se/1.5.0/ja/docs/ja/api/java/util/Queue.html

#{Lla—K (CounterZ35X)

class Counter {

Queue<sString> coffees = new LinkedList<String>();

while(@—E—HYRLV)
FlZa—E—EOALY

}

BlFa—E—%8RATZK

if(bLa—E—hY4 2SI TILVD)
FoTLBBEESALENRDEENSTEE?
3

public synchronized void putCoffee() throws InterruptedException{
while(@—E—H4D L LS TLV=5){
FFICHLOTLES,

}
I—t—%%3%

if(RR2—Ma—E—1E>7=(coffees.size )

}

FoTW=EAI—E—ERDHE KI5,

QueueD /LA &
[ZLTLIZSELY,

public synchronized void getCoffee(String name) throws InterruptedException{ /A—E—Z&RE>

[A—E—#hI5—ITEL



http://java.sun.com/j2se/1.5.0/ja/docs/ja/api/java/util/Queue.html

CoffeShop E {7

B 424 - Uz (B a3zl i3

<$£T > CoffeeShop [Java PFUAH5—<3 ]

Master made a COFFEE

[Coffee]

higashino can drink & COFFEE!

[]

honkon can NOT drink & COFFEE!
itac can MOT drink a COFFEE!
higashino can NOT drink & COFFEE!
Master made a COFFEE

[Coffee]

honkon can drink & COFFEE!

[]

higashino can MOT drink a COFFEE!
itao can MOT drink & COFFEE!
honkon can NOT drink a COFFEE!
Master made a COFFEE

[Coffee]

higashino can drink & COFFEE!

[]

honkon can NOT drink & COFFEE!
itac can MOT drink a COFFEE!
higashino can NOT drink & COFFEE!
Master made a COFFEE

[Coffee]

honkon can drink & COFFEE!

[]

higashino can MOT drink a COFFEE!
itao can MOT drink & COFFEE!

Master made a COFFEE

[Coffee]

higashino can drink & COFFEE!

[

itao can NOT drink & COFFEE!
Master made a COFFEE

[Coffee]

itao can drink & COFFEE!

[]

higashino can MOT drink a COFFEE!
Master made a COFFEE

[Coffee]

higashino can drink & COFFEE!

[

higashino can NOT drink & COFFEE!
Master made a COFFEE

[Coffee]

higashino can drink a COFFEE!

[]



=8 983 select one from Ex1 and Ex2

Ex2:VideoShop

class VideoShop

class Rack

returnVideo() borrowVideo()

class User

A thread class

- 1tao

A

honkon

K higashino



Hints:

« 70455 .LICoffeeShoplEHBEL T, FAT S AT
VideoShoplZ1E5.

« 704 Z.LIVideoShoplld. ETA DL AL ZE{REHIZ
ERIRSE D,

e 7045 LTVideoShoplIZLATD3IDDHIFZATHYILD

— VideoShop
e mainAVykR#ZHEH ., Rack&Userz £ pi#k . Usera AA—h&H 5,
— Rack
« VectorELTETABZRIFT 5, IVANSVAT, BHICET A%
ZRLTHE MEYB AV YRENRT I AYYREFIREET S,
— User

e ThreadEL TRENT 5, ELBIZ K- TIBYDE TAZRD  Rackn s
MEYUD |, LB K-> TRE =Kl 53 SleepL . RacklZE TA4 %R
T 1, CNZERRYIRT,



Class Diagram

( VideoShop

has

(3 User

Cﬁ main{args: String(])

has

& rack Rack

& name: String

l.c User{rack Rack, name: String)
@ runi)

| has
“Jr

3 Rack

& yideos: Vector =E=

- Rack)

G borrowideolname: String, video: String)
I returnideolname: String, video: String)




VideoShop £4741:

[ol=8 =2 - X
T Uidenéhnp [Java PA)a—gt] CG¥lavatrel !

|}
il

Javadoc

itao could borrow StarWars 1
[StarWars 2, StarWars 3, StarWars 4]
honkon could borrow StarWars 3
[StarWars 2, StarWars 4]

hizashino can NOT borrow StarWars |1 “/////’;;/’//’,

REN REZ—04+—X1 %&EY
TWWA1=6., BEIZEBEYNZLY
(waitd 5) .

itao returnz StarWars 1
[StarWars 2, StarWars 4, StarWars
higaszhino could borrow StarWars 1
[StarWars 2, StarWars 4]

itao can NOT borrow StarWars 1
honkon returns StarWars 3
[BtarWars 2, StarWars 4, StarWars 3]

WREMNTRA—04—X11ZRL
f=(notify AlIL TwaitZfZfR S &
%)o

itao can NOT borrow StarWars 1

honkon could borrow StarWars 4
[BtarWars 2, StarWars 3]
hizazshino returns StarWars 1

[BtarWars 2, StarWars 3, StarWars 1]

HFIFEE [R3—94—X1]
HEYBRIEMNTET-,

itao could borrow StarWars 1
[StarWars 2, StarWars 3]
higzaszhino could borrow StarWars 2
[StarWars 3]

higaszhino returns StarWars 2
[StarWars 3, StarWars 2]
higashino could borrow StarWars 2
[StarWars 3]

honkon returns StarWars 4
[StarWars 3, StarWars 4]

honkon could borrow StarWars 4
[StarWars 3]

itao returnz StarWars 1

[StarWars 3, StarWars 1]

itao can NOT borrow StarWars 4
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