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Chapter 2

public class Ecrivain extends Thread {
private String texte;
public Ecgvain(Stangt) {
texte=t;
} public class Prog55 {
publicvoid run() { publicstatic void main (String argv(]) {
for Gnt =0y iy -4} { Ecrivain ecrivainA, ecrivainB;
intj=0; ecrivainA = new Ecsivain ("ABC");
for (jj<texte.length()-1;j++) { cerivainB = new Ecsivain ("XYZ™);
System.out.print(texte.substang(j,i+1)); ecrivainA.start();
txy {sleep((ong) (Math.candom() * 100));} st ahln
catch (InterruptedExceptione) {} }
} System.out.printin(texte.substeng(,i+1)); )
} //end for on 1
System.out.println("ecrivain de " +texte+" afini");
} // end run
}
public class Imprimeurl {
:”‘:‘l‘;‘l‘:: ;t::fx:f:u I public class Ecrivain2 extends Thread {
public void imprimer(String 1) { puate Sndng texte;
texte=t; private Imprimeurl imprim;
for (int j=0;j<texte length()-1,j++) { public Ecrivain2(Stong t, Imprimeurl i) {
Svstem.out.point(texte substang),i+1)); impam=i;
tey {Theead sleep(100)) e
catch (InterruptedException ¢) {}; {
} // end for }
System.out printin public void run() {
(texte.substong(texte.length()-1,texte length())); for (inti=0;i<10;i++) {
} // end imprimer imprim.imprimer(texte);
L try {sleep((long)(Math.random() = 100));
public class Prog36 { catch (InterruptedException e) {}
public static void main (String argv[]) { } // end for
Ecovan2 ecovamA, ecovamB; System out.printin("ectivain de " +texte+" a fim");
Impri 1imprim= new Impsi 10; V//end run
ecsivainA = new Ecsivain2"ABC", imprim); b
rcamB = new Ecovam2("XYZ", imprim);
ecrivainA.start();
ecrivainB.start();
}




public class Imprimeurl {
private Stong texte;
public Imprimeurl() {texte=""; }

public synchronized void imprimer(String t) {
texte=t;
for (intj=0jj<texte length()-1;j++) {
System out.pont(texte.substing(j,j+1));
try {Thread.sleep(100);}
catch (IntecuptedException e) {};
}  //end for
System out prntin
texte.substring(texte.length()-1, texte length()));
} // end imprimer

public class Ecrivain2 extends Thread {
private String texte;
private Imprimeurl imprim;
public Ecdvain2({Strng t, Impaimeur! i) {
impom=i;
texte=t;
}
public void run() {
for (int i=0;i<10; i++) {

impom.imprimer(texte);
! ty {sleep((long) (Math.andom() = 100));
public class Progs6 | catch (InterruptedException ¢) {}
public static void main (String argv(]) { } // end for
Ecrvain ecavand, ecovanB; System out.printin("ecdivain de "+texte+" a fini");
Imp 1 imf new Imp 10; }// end run
ectvamA = new E 2("ABC", imprim);
ivainB = new Eceivain2("XYZ", imprim);
ecrivainA.start();
jvainB.start();
}

public class PerroquetsMatheux20 {
private int compteur;

public static void main(String args[]) {
new PerroquetsMatheux20();

}

public PerroquetsMatheux20 () {

compteur = 1;
Perroquet20 pemoquetA
= new Perroquet20("coco”, 10);
Perroquet20 perroquetB
= new Pemroquet20("bonjour”, 10);
perroquetA.start();
perroguetB.start();
try {

permoquetA join();

perroguetB join();
}

catch{InterruptedException ¢) { }

Sy out. ="y
m L3 L3 ¥

}// end of mmu'mr

h

class Perroquet20 extends Thread |
povate Stong co = null
povate int fois = 0;
public Perroquet20 (Stong s, inti) {
chi=s;
fois = §;
H
public void repeter)) {
Sting sepete = ca + " " + compteus;
Srstem out pontin(tepete),
compteur++;
toy{ Thread sleep((int)(Math random(}*1000)); }
catch(T. ptedExceptione) { }
}// fimde repeter
public void run(){
for (int n=0; n<fois; n++)
repeter();
}/ [end of run
} // end of Perroquet20 class

}.// end of PerroquetsMatheux20 class




public class PerroquetsMatheux21{
private int compteus;
public static void main(String args[]) {
new PerroquetsMatheux21(); }

public PerroquetsMatheux21() {
compteus =0,
Perroquet?]1 perroquetA
= new Persoquet2]("coco”, 10);
Perroquet2] pecroqueth
= new Perroquet21("bonjous”, 10);
perroquetA start();
pescoquetB stast();
oy
pescoqueta jomn();
percoquetB jom);
}
catch(InterruptedException e) { }

System.out.prindn(" compteur = "'+compteur);

}

class Perroquet21 extends Thread {
private Steing cdi = null;
private int fois = 0,
public Perroquet21(String s, inti) {
erizs;
fois = ; }
public void repeter() {
intvaleur = compteur +1;
String repete = cri+ " "' + valeur,
System.out.prindn(repete);
tey { Thread sleep((int) Math.candom()*100)); }
catch(IntecruptedException ) { }
compteur = valeur;
tey {Theead sleep((int)(Math candom()*100));}
catch(IntesruptedEsceptione) {
}
public void run(){
for (int n=0; n<fois; n++) repeter();

}




public class PerroquetsMatheux21{
pavate int compteur,
public static vaid main(String args[]) {
new PerroquetsMatheux21(); }
public PerroquetsMatheux21() {
compteur = 0;
Pemoquet2] pemmoquetA
= new Pemoquet21("coco”, 10);
Pemoquet2] perroquetB
= new Pemoquet21("bonjour”, 10);

class Perroquet21 extends Thread {
povate String cd = null;
povate int fois = 0;
public Perroquet21(String s, inti) {
cri=s;
fois =i; }
public void repeter() {

int valeur = compteur + 1
String repete = cri+ " " + valeur;
System.out.printin(repete);

perroqueta. stam();
perroquetB.stast();

=

tey { Thread sleep((int) Math random()*100)); }
catch(InterruptedE xception e) { }

Srstem out pontln|"comptea = "+oomptess getValear));

it Define a‘!‘cnucal couEenE = valtas;
perroqueta jcnl); ey {Thread sleep((ant) (Math random()*100));}
pecoquetB join(); catch(InterruptedException e) { }
} ¥
catch(IntemruptedException ¢) { } public void run(){
Sy out.println("comp ="4 pteur); for (int n=0; n<fois; n++) repeter();
) }
}
}
poblic cess { dmhmqom Mm:d {
parane Stoeg ca = noll;
e SvinEn e praeiasfois = 0;
’“e static void mﬁﬂmﬂlﬂt‘ﬂl { pobke szz[s“iﬂ! ) {
new PerroquetsMatheux22(); } ey
public PerroquetsMatheux22() { Ty =y
comptess = new Comptess(); )
Peroguetll p A= o Peoguatl('c0c0”, 10); | [loublic void sepatec) |
Pessoguetl) peroquetB= new Peroquetll "bonjous’, 10);| || Afnchionized (compieur) {
perroqueth.start(); int val= compreucgeiValeur() +1;
perroquetB start(); Suing repete=ca+ " " vl
ty { pecroquetijoin); Systum.out.printn(repete);
pezzoquatB join); } ury | Thread sleep((int)(Math.random(}*100); |
e catch(Tnte: jon &)
cateh (IntecroptedException o) { } MEMW {}

class Compreur {
private int valeur = 0;

public int getValeur() | return valeur; |
public void setValeur(int v) | valeur = v;}

ter { Thoead sleep eet) Mtk caedeen)*100) ; )
eaneh/lareeropredEseeprion ¢) | |

}

publc vod ran()|
foe (et om0, n<foiy a¥+) mepetes();

}

)

}
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class PerroquetsMatheux23 {
private Compteur compreur;
public static void main(Stang args]) {
new Pecroquetshlathenx23();
}
public PerroquetsMatheux23() {
compteve = new Compteu);
Percoquet2? perroquetdd = new Pezcoquet23("cece”, 10);
Pestoquet23 percoquerB = new Perroquer23"begjour”, 10);
peetoquatistact);
peczoquetB.stact();
tey {percoquetd joan); percoquetBjein();
catch(InterruptedException &) { }
System.out prind("compteur = " +compteutvaleur
}
¢lass Compteur {
pavate int valeve = 0;
public synchronized int plusl() {
retum ++valeur;
}
}

class Perroquer?3 extends Thread {
pavate Stang ca = null;
pavate int fois = 0;
public Pecroquet23(Stang s, inti) {
T H
fos=y )
public void repeter() {
N intval = compteur.plusl();
Stang cepete = ca + "l
System.out.pantln(repete);
tey {Theead sleep(fint) AMath.andom()*100)); }
cateh(IntesmptedException ¢) { }
}
public vo:d run() {
foz (int n=0; n<fois;n++) repeter);




| Remark:
bonjous 2 public synchronized int plusl() { is equivalent to:
bonjour 3 return ++valeur; pubi-ic intplusi()]
coco 4
— H synchronized(this) {
bonjous 6 return ++valeur;
bonjour 7 H
coco 8 }
bonjour 9
Doy 10 Synchronization slows down the whole execution; it is therefore preferable to limit the
bonjour 11 number of synchronized portions and their size (in instructions).
coco 12
:::x :i method(parameters) {
coco 15 synchronized(this) {
bonjour 16 instructdons block
T ) =l %h;de thatis creating
bonjous 18 ‘l_—- an issue for concurrent access
coco 19
o620 instructons block
compteur = 20
¥
synchronized (objet)
Ty . o &
i Tlisexecuting : | [ Java, each objectalso
waitingqueve 13 —— the . | possessesawaiting queue

T4 ——

isynchronized block:

. .
Soenrnrrrrnernresnnaennd®




Speak
House
Hello
Chat

Primary thread

Figure 2.3. Consumer/producer example

public class EcoleDesPerroquetsl4 {
tatic String mot = null; |
public static void main(String[] args) {
Perroquetl4 perroquetl = new Perroquetl4 (" coco” ;|
perroquetl.stast();
Perroquetl4 perroquet2 = new Perroquetl4("jaco™);
perroquet2.stast();

String reponse = null;

do { mot = reponse;

System out.pantln

("nouveau mot pour perroquet ? (sinon non)");
reponse = Saisie litexte();
}
while (! reponse.equals(“non"));
System.exit(l);
} // end main
3 // end of EcoleDesPerroquets14

D

House (3 times)
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class Perroquetl4 extends Thread {

public Perroquetl4(Stangn) {

super(n),

}
public voud repeter() {

Erstem.out pamtingetName() + " "+EcoleDesPemogquets 14.mot)
}
public void run() {

while (true) { // tourne i l'infini
I while (EcoleDesPerroquetsl4.mot == null) |
try {Thread.sleep(2000);} catch (Exceptione) { }
for (int n=0; n<3; n++) repeter();
try {Thread sleep((int)(Math.random()*3000)); }
catch(InterruptedException ) { }
}// end of while true
}//end of run

} // end of Perroquetl4




| public class EcoleDesPerroquersls {

AuTableau autableau = new AuTableau(); - pubke voud repeter() {
Pecroqueti3 pecoguet!= new Pemoguet13("coco”, autableau); Srstem.outprintinfnom + " "+ ca); }
perroquetl.stare(); 1Y L
| Pecroquet1s peoguet2 = new Pemoguet13("jace”, astableas); public void run() {
perroquetl.start(); while (true) {
Stang reponte = "bonjous”; oo bleau.apprendre ();
do: l- : { 4 }’ f =0. .(3. — b
System.ovt.paatia(" e AT T MY or (mt n=0;n<3;n++) repeter();
non)"); }
seponse = Saisie htexte(); ~ } o
}  while (! mponseequals(“non”)); i } .
5 - class AuTableau {
//end class | private String motAapprendre = null;
.’.-_l i d s'ﬁn‘ Lr ! 9 {
PR Sr i S T ty { wait(); } catch (Exception ¢) {}
P Smnx::m retum motAapprendre; }
prvate AuTableas autableas; synchronized void enseigner (Stang mot) |
public Pesroquet15(Stang o, AuTableas 2) { motAapprendze = mot;
super(n); nom=n; notifyAll();
autableas = a ;
=" }

} }



b o —
‘public class EcoleDesPerroquetsi6 { o

public static void main(Suing([] args) {

AuTableas autablezs = new AuTableau(); \ pubkic void repeter() {
Pesroquet!6 perroquet]= new Peoquet16("coco”, autableau);

System outprintin(pom +° *+ c; }
p— | public void run() {
Pengut puaogee = aew PuooquetS(la’, st | e o) ¢
mm; JII: i

: » - [ n= mu],hlupprdeOQ
String seponse = "bojoue’; for (mt n=0;n<3; ntt) re?elﬁo.;
Sratem oot peintln"nouvess mot pous pesroguet ? (sinon J }
aon)’; }

s Suixhint

do {astableas.enseigner(reponse);

1}
} while (! reponse.equals("aon”)); e
J— s /ch_:Auleluu{ \/\‘f

h /,_/ !,v’ private Stang motAapprendre = null \
chss Benroquatté exsnds Thread { | synchronized String apprendre() { \
peivate Steing "\ try {wait(); } catch (Excepton ¢) {} '
pavate Steing nom; retum motr\appmdre' } ‘
pavate AvTabless autableay; “I synchronized void enseigner (String mot) { Jl
public Pesroguet13(Stang n, AuTableas ) { \ \ ——

super(e); \
nom =g,

B 1 }nnufv() //
awtableas =2; =" {



class Stadon {
public sy ized void ireB
uy { wait(); } carch (Excepdon e) {}

} /
public synchronized void chargerUsagers ()

{nodfyAll ()5 }
}

T e

|~ Used by users (Usager class)

|~ Used by the bus (Bus class)

class Usager extends Thread {
private String nom ;
privaeatons |
private int heuzeArsivee ;
public Usager (String nom, Stadon s, int heureAsrives) {
this. nom = nom ;
thiss=13;
this heureArrivee = heureAznvee |
}
public void run () {
fev { sleep (heuseArrivee); }
katch (IntecruptedException ¢) {}
System.out printin (nom + " arrive a la station”) ;
s.anendreBus () ;
Svstem.out printin (nom + " est monte dans le bus”) ;
}
}

class Bus extends Thread {

peivate
private int heureAszivee ;
public Bus (Staton s, int heureAsrivee) {
thiss =3,
thisheureArrivee = heureArsivee ;
}
public void run () {
ey {
sleep (heureArrivee) ;
}
catch (IntezruptedException ¢) {}
System.out printin ("Bus argive a la station”) ;
s.chargerUsagers () ;
uy {sleep (500) ;}carch (InterruptedException e) {}
Svstem.out prntin ("Bus repart de la station”) ;

: Speak [ Thread : 1 student|
E House :
- Hello §
: Chat :
s i e R R I DR ey e

Figure 2.4. Classic Producer—Consumer pattern




public class EcoleDuPerroquetls§ {

public static void main(Suing[] args) {
lAuTableas autableas = new AcTableas();

prvate String en;
Perroquet18 peoquet = new

[lass AuTableau |
povate Stang nom;
Pezroquet18 ("coco”, autablean);

pavate Stang motAuTableau = null;
ey T :
povate AuTableau autableau; i 0{
P'"%m“:;u:(::x/wmm o = p&#ﬁfmiscsw a1, AuTables 2) { 5“_" (m:r:'r‘:mmi A
iy i iP% Ny S tey (wait03) catch (Exceptions) ()
’ ? 5 > 1 motAapprendre = motAuTableas ;
H . autableau = a i
} // end main class 3 =" §

motAuTablean = null
class Maiwe extends Thread {

- notify();
t i setucn motAapprendre;
pavate AuTableau sutableas; : 4 } // end apprendre
pavate Stang eponse = null; 5 Mdnﬂnt){
public Maitce (AuTabless 3) { & ‘E""k “""‘".{ | ynchironized void snseig
autabless =2 ; } = pprendre(); s
public void run() { 4***" RSy (i::':::mn'hbh:n{: 1= null
for (intn=0; n<4; n++) { System out printin(nom + " "+ cn); bey (wait(); Jeasch (Exception ) {}
System out pantln{"nouveas mota try{Thread.sleep(2000):} g G -
sersgoacsn et "% catch(InterruptedException e) {} TP —
reponse = Sasie hitexte(); } // end for nodfy();
[autableau.enseigner(reponse); | ’ } // end enseigner
} //end for o A // end class
s [ Synchronization object |
}// end class i s
Producer Consumer

notify () Offer the product

Waiting for the product
wait()
H (Nothing to consume)
_ Wakes the producer
wait() < notify )  esasucines the product
@ Waiting (the consumer @
is not ready to

consume yet)




Producers

Message queue O 3

Consumers

class Semaphore {
int counter;
Semaphore (int init)

counter=init;

counter =4

Critical section

}

public synchronized void P(){
counter--

if (counter<0) try {wait();}
catch (InterruptedExceptione) {}

public synchromized void V(){
counter++;
if (counter<=0) notify();

}

The counter determines the maximum number
of threads that can access the critical section




counter = -1

Critical section
T1 T5
T2 PO
wait ()
T3
T4

T5 is blocked because the maximum number
of threads in the critical section is reached

counter =0

Critical section
T1 TS
T2 wait ()
T3

T4
VO
notify ()




counter =0

Critical section

T1
T2

T3

T5

counter = 4

Critical section

After all threads have exited the critical

section, the counter goes back to 4




import java.util.concurrent.Semaphore;

public class Car extends Thread{ IP"“"'““*’“"’Q {
prvate mt id; horsParking();
povate Sﬂnz?hon sem; ¥ {“m-"-“l“""{)i} catch (Elﬂpm e}{ }
p!lhll‘& Car (illl i, semaphon ') { InOutPa.dci.n.gLotQ;
d=i; sem.release();
sem =s; }
} ———
private void outofLot() | public static void main(String[] args)  {
System.out.println("Thread " + id + " is not in the Secadplaoss Vet % i Slougtiondl;
parking lot"); Caz[] p =new Car[3];
try{sleep((int)(Math.random()*1000));} catch for(mei=0;1< 51+%)
(InterruptedException e){} {
} pli] = new Ca(i, sem);
plil.start();
private void InOutParkingLot() { } // end for
System.out.println("Thread " + id + " enters the } // end main
parking lot"); }// end Car
try{sleep((int)(Math.random()*2000));} catch
(InterruptedException e){}
System.out.println("Thread " + id + " exits the
parking lot");
i




Chapter 3

Source file Compiler
(*.java) (javac)
v
Bytecode
(*.class)
v

JVM Real-time (RT)

et e

| Classic Linux/x86 | | TimeSys Linux/ x86 |

Figure 3.1. Reference implementation

Source file Compiler
(*.java) (javac)

Bytecode

Executable (*.class)

l

Source(.c) «———| JamaicaVM

gee

Figure 3.2. Implementation of JamaicaVM



Chapter 4

Javain
Cin Unix Windows
Ct++in
Monolithic application Mac
One single machine, same system Distribuied dpplicatian
and same programming language

Figure 4.1. Monolithic application versus distributed application

hello

received: hello

next ?

Server

Figure 4.2. Example of communication with Sockets



ckOut = new PrintWriter(sock.getOutputStream(), true) for ouput //force read
kln = new BufferedReader(new InputStreamReader(sock getInputStream())) for receipt

sockOut = new PrintWriter(sock.getOutputStream(), true) for output //force write
sockIn = new BufferedReader(new InputStreamReader(sock.getInputStream())) for receipt

......................
;‘sockOut prntin(message)
. \ et~ sosklii [:;.d-.]_‘_;neo

String recu = sockIn.readLine()

l

: System.out.printin("server -> client:" + received)

System.out.println("received:" +recu)

""""""""""""""""""""""" sockOut.println(“next? ")

'
......
........................
..................................

Figure 4.3. Diagram of communication with Sockets



m'q)o:t java.net.”;

import java.io.®; ™ 2

e i Server side
gublic statie void sanin{ A MM L. o s s A R s
¥ Student| | tabStudent= fnew Student (A, "GLY13), new’ Student ("B, "RSD™, 12),
b i e Sateet (CCT USICY IR s

< icap

ot

ey {
server =new ServerSocket(7777);

Socket sock = server.accept();

¥ out.printin(" d");
ObjectOutputStream sockOut = new ObjectOutputs (sock.getOutput$ 0);
BufferedReader sockln = new BufferedReader(new InputStreamReader(sock.getInputStream()));

Stangrecy; while[{{recu = sockln.readLine())T= cad the name sent by the client
[STtenm out pontn( Tecerved " F1ecu)] o

Stiing name = recu. tom(); “[Confirm receipt

for (int i=0;i<tabStudent.length; i++)
if (tab$ [i]-getNom().equals(name)) {sockOut.writeObjeci(tabStudent[i]); | «

break;
}
Em.kout_dw 0; e the table to find the student
}‘“E-CMG; the Student object in order t0 send it to the client
} catch JOException ¢) {trv {serverclose();} catch (IOExceptione2) {} }
}// endmain

}// endclass



import javao.; import javanet”;
public class ClientStudent {
public stadc void main(Swing[] args) throws IOExcepdon {
String hostName = "localhost”;
String NameStudent = "A";
Socket sock = null; e ¥
PrintWriter sockOut = null; C].lel'lt Slde
ObjectInputStream sockln = null;
oy {
sock = new Socket(hostName, 7777);
sockOut = new PrintWriter(sock getOutputSweam(), true);
sockIn = new ObjectInputStream(sock getInputSream());
} eateh (UnknownHostException ) {Srstem.exr.pantin"host cannot be reached : "+hostName); Svstem exit(]); }
catch (TOException ) {Srstem.ex.pantin"cannot connect to: "+hostName); Srstem.exit(1);}

|socH}uLprhdn(NaneSmbu);j‘\
nd the name of the student to the server

oy {

Objectrecu = socklnreadObject(); | +————— the student object received from the servey
if {recu == null) Svstem.out printin{"connection exror”); . )
el { Stodeat Studeant = (Stadeatiee isplay the characteristics of the student
ISvswm.out.pﬁndn("m ->client; " + Studen);
}

} catch (ClassNotFoundException €] {Svstem.ereprintln("Unknown class : "+hostName); Svstem. exit(1);}
sockQut.close();
sockIn.close();
sock.close();
}
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Figure 4.4. Communication between an applet and a server with the Sockets
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Figure 4.5. Position of Middleware in a network



Sends arequest
';' Processes
U the request
-
—
<
Sends back a request v
Figure 4.6. RPC operation
Local machine Distant machine
—> real
====% Jogical

B.method ()

B proxy B object

Figure 4.8. Operation of an RMI application



Client i Server

Name
service

2. Interrogate L. Publish
&
.
E Distant
3 3. Restore ;
:a- object
=¥
=
] 5 A 6. Call for method
Y 4.Call for method = B rents
o Skeleton
o~ Stub 7. Return
. T
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Figure 4.9. Stages of a distant method call

Figure 4.10. RMI architecture



Figure 4.11. Deploying RMI
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Figure 4.12. rmiregistry



import java.rmi.*;
import java.rmi.server.*;
import javax.swing.JTextArea;

public class Message extends UnicastRemoteCbject implements Notify

private javax.swing.JIextArea textArea;
private String name;

public Message(JTextArea ta) throws RemoteException {
textArea = ta;

)

public void joinMessage(String name)throws RemoteException
{
try {textArea.append(name + " has joined\n"):;}
catch(Exception e) {System.out.println("erroz"):}

Java Java
Server Client
Applie. Applic.
print (*hello Il“ renotebj .print(*hello®)
Y

R RMI

SRR R,

Chent |

i Server

J

+ authentication | » authentication
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Figure 4.13. RMI with TLS
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Callback
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Figure 4.14. Callback in RMI
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InterfaceServer.java
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Callback.java Servant.java

InterfaceCallback.java InterfaceCallback.java
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Figure 4.15. Necessary classes for a callback
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