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Tavtoxpovoc [NpoypaULATIOUOC
(concurrent programming)

e Ovopualetal n peBodoloyia mpoypappATIOHOU TTOU
LLOLC ETTLTPETIEL VAL UAOTIOLI|COUE TNV TAUTOXPOVN
eKTEAeoN SLadpOpwV EpyacLwy otnv oLa
UTTOAOYLOTLKI) CUOKEUN.

* H Java sival oxeblaopevn va urtootnpilel
TOLUTOYPOVO TIPOYPOLUUOTIOUO HECW TNC LOLAC TNC
yYAwooac Kot Twv PLBALoONnKwv TNC.

 ESw Ba doupe TIc Baolkeg SuvaTOTNTEC IOV
SdlaBeteL n Java yla vo uTtootnpiéel TavTtoOXPOVOo

TPOYPOLUUOTLOUO.
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Alepyoaoiec (Processes) ko
Nnuata (Threads)

* Baolka otolxela EKTEAEONC OTOV TOLWUTOXPOVO
TIPOYPOAUUATIOUO.

e Java: O TouTtOXpOVOC TIPOYPOLUUOTLOMOC EXEL VAL KAVEL
Kuplwe pe vAapata (threads).

* Eva umoAoyloTiko cuotnua £XeL TTOAAEC EVEPYEC
Slepyaoiec katl vApata, akopn Kot av SLoBETeL povo pia
novada enetepyaotiac (time sharing i time slicing).

* [oAMot enetepyaotec (multiple processors) R
eTEEEPYAOTEC LE TIOAAOUC TTUPNVEC eTtEEEPYATLOLC
(multiple execution cores).

— AuvatotnTa EKTEAECNC TAUTOXPOVWYV SLEPYAOCLWV KOL VAUATWV.
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Atepyooiec (Processes)

* AWKO tnC tepPailov ekteAeonc: . Mevika, pia Stepyaoia
SlaBetel Eva MANPEC, LOLWTIKO oUVOAO BaoLKwV TTOPWV
EKTEAEONC KAl KUPLWC TO HLKO TNC XWPO UVALLNC.

* JUXVQ CUVWVUUO TWV TPOYPOAMUATWY N TWV EPAPUOYWV.
Opwc auto mou PAEMOUV oL XpNOTEC WC pia epappoyn
ouvnNOwc eival Eva cUVOAo cuvePYalOUEVWY SLEPYAOLWV.

* Yrmootnplén emikowvwviog petay diepyaotwv (Inter
Process Communication - IPC) amno A

— Onwc dloxetevoelg (pipes) kat uTtodoxec (sockets).
— grukowvwvia PeTaél Twv dladlkaolwy tou iblou cuotAMATOoC AAAA

Kol LETAEL OLohOPETLKWY CUCTNUATWY

e JVM: Asttoupyei we pia diepyaoia.
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Nnuata (Threads)

* Onwc oL dlepyaoiec (processes), £ToL KAl Ta
VALLOTA TTApEXOLV eva TtePLPAAAoV ekTEAEONC.

* H dnuloupyla EVOC VALLATOC OITOULTEL ALYOTEPOUC
NTOPOUC armo OtL n dnuoupyia pac dtepyaocioc.

e To vApaTa urtapyouv peoca otic dtepyoaoiec. Kabe
Slepyaoia €xel TOUAQXLOTOV Eval VLA

 Ta vpata potpalovtal TouC TOPoUC TNC
Slepyaoiac (ry. pvnun Kot apxeia). Auto auvéavel
NV anodoon kat e€aoPalilel amoTEAEOUATIKN,
ETUKOLVWVLA LETAEL TWV VNUATWV.
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MoAuvnuatikoc MpoypaLaTLOUOC
(Mulithreaded Programming)

* Towtoxpovn ektEAECN MOAAWY VNUATWY HECO OTO
LOlo tpoypappaL.

* MmopouUpe va BEwpPNOOUE Eva VIO TTOU
ekteAeital wc pia CPU mou ekteAel To MPOYpPOLUUQL.

— MoAA& vipata mou ekteAolV to (6lo mpoypapuua =2
ntoAAEc CPU mou ekteAouv To 1610 poypappa.
* O moAuvnuatiopog (multithreading) sival evog
TTOAU KAAOC TPOTOC VO BEATLWOOUUE TNV EKTEAECN
KATIOLWV TIPOYPOALLLULATWV.
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MoAuvnuatikoc MNpoypapLaTLOUOC
[MAeovekTnpata

* KaAUTEPN Xpron Twv SloBeoipwy
TOPWV

* TILO QTTAQ TIPOYPOUUOTOl OE KATTOLEC
TEPUTTWOELC

e KAAUTEPN OTTOKPLON TWV
TIPOYPOLLLATWVY
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MoAuvnuatikoc MNpoypapLaTLOUOC
Melovektnpato

* [MpooPoaon o StopolpalOUEVOUC TTOPOUC
* EvaAlayn meptfailovtoc (context switch)
e Xpnon €MuTAEOV TOPWV.

* [MoAuTIAOKOTNTA ATTOCPAAUATWONC

* EAAeWpn ovpBatotntoc pe umapyovio
KwO LKA
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Anuovpyia kot Ataxeipton Nnuatwv

* H moAvvnuatikny (multithreaded) ektéAeon elval Eva
Baokd otolxelo TG Java.

e KabBe edappoyn SLoBETEL TOUAAXLOTOV EVa VLA KOLL
EEKLVALEL LE TNV EKTEAEON EVOC LOVO VAUOTOC TO KUPLO
viua (main thread). Auto to viua €xeL tnv duvatotnia
Snuoupyioc kat AAAWVY VIUATWV.

 Mia epappoyn n omoia OSNULOVPYEL Eva VAL TIPETTEL VAL
TIOPEXEL KOl TOV KwOLKa Ttou Ba ekteAeoTEL O€ AUTO.

 To vApoata tng Java elval oVTIKELMEVO OTIWC Kol T

UTTOAOLTTOL AVTLKELMEVA TNG Java LE TNV EMUTAEOV
duvatotnta eKTEAEONC KWOLKAL.
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Anupovpyia Nnpatwv - (1)

Eva vAjpa elvoil otypotumo tne kAaonc Thread.

Anploupyla vipatog He xprnon touv dountn tng
Thread:

Thread thread = new Thread();
Ekkivnon ekteAeonc yia to avtikeipevo thread :
thread.start();

YriepBaon tnc nebodov run()
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Anupovpyia Nnpatwv - (2)

e AUO TpOTOL SNULloupylaC VAUOTOC:

— Xxpnon avadopac aVTIKELLEVOU TTOU UAOTIOLEL
™ dtacuvdeon Runnable kata tn dnuiovpyla

TOoU vnpatog otov dountn (constructor) tng
Thread.

— KAnpovopwvtac/enekteivovtac tn KAAon
Thread kat tnv akoAouBn dnuovpyla
QVTIKELMEVOU TNC UTTOKAOONC
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Me uvlorntoinon Runnable

public class MyHelloRunnable implements Runnable {

public void run() {

System.out.println("Hello Runnable thread!");
}
public static void main(String args[]) {

Thread mHR = new Thread(new MyHelloRunnable()):;

mHR.start () ;

/* or

(new Thread (new MyHelloRunnable())) .start ()

*/
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Me enektaon Thread

public class MyHelloThread extends Thread {
public void run() {
System.out.println("Hello my thread!™);
}
public static voild main (String args[]) {
MyHelloThread mHT = new MyHelloThread() ;
mHT.start () ;
/* or
(new MyHelloThread()) .start ()
*/

k\
S

Sy a7 TR Trepedc EAAGSAG ] i CH. = M

o aNAlde =
& g EMIXEIPHIIAKO MPOrPAMMA
i 3 . EKMAIAEYZH KAI AIA BIOY MAGHEH
| AR [Tpoypappatiopog og Java Ezzmmmm - EZMA
= * L -
AXEIPIZHE




Napadeypa: Anpovpyla, epdavion
OVOMOTOC VNUOATWVY

public class ThreadExample {

public static void main(String[] args) {
System.out.println (Thread.currentThread () .getName ()) ;
for (int i=0; 1<10; 1++) {
new Thread ("NAuo-" + 1) {
public void run () {

System.out.println("ExteAelTtal 10: " +

getName () + " running");

}.start () ;
} // for
} //main
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MeBobdotl khaonc Thread (static)

* public static Thread currentThread()

e public static boolean holdsLock(Object obj)
* public static boolean interrupted()

* public static void sleep(long millisec)

* public static void yield()
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MeBobdol khaonc Thread (instance)

e public String getName()

* publicint getPriority()

e public void interrupt()

e public boolean isAlive()

e public boolean isDaemon()

e public boolean isinterupted()

e public final void join(long millisec)

* public void run()

e public final void setDaemon(boolean on)
e public final void setName(String name)
e public final void setPriority(int priority)
e public void start()

EMIXEIPHEZIAKO MPOrPAMMA
EKMAIAEYZH KAI AlA BIOY MAGHZH
o & & Zne yvis

MATON E=] < Josironuo o v avinuty
IEHE

= ENA

lii (

-l

EEEEEEEEEEEEEEEEEEEEEEEE




Xpovoc (wN¢ VIUOTOC
Thread life cycle

Edappoyn Java Thread Scheduler
Anpioupyla VAROTOC Runnable
new Thread|) I \
l RUNNING —d> Blocked/
Waiting
Ekkivnon vipotoc
start() Terminated
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2UYXPOVIOMOC VNULATWV

e Y€ U0 TTOAUVNUOTLKY EDappoyn OTToU TTOAAA vijpaTa
ekTtEAeonC Staxelpilovtal Touc bloucg mopouc, Ba mpEmel
VOl UTTAPXEL CUYXPOVLIOLOC TwV OLEPYAOLWYV £TOL WOTE Val
UTTAPXEL N owOoTH TtpooBaon otouc SLabEoipouc mopouc,
aAALWCG Ta aroteAEopaTa eVOEXETOL val Elvorl
KOTAOTPODLKAL.

e [evikd to TtPOPBANUA cuyxpoviopoU Slepyaclwy ivorl
apkeTa TtoAUTIAOKO Kat SUCGKoAO, aipoU EKTOC Ato TO val
napEXEL TN duvatotnta ATTOKAELOTLKAC XPNONG TwV
SLaBEoIUWY TTOPWV, EVOC LNXOAVIOUOC CUYXPOVIOUOU
npeneLva e€aodpalilel kat tnv amoduyn adleéodwv.
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Mnxaviopoc cuyxpoviopou Java

* JYETIKA ATTAOC KOl EUYXPNOTOC.

* Baoiletal otnv €vvola ToU CUYXPOVLIOLLOU Kol TOU
kAewbwpatoc (lock).

e KaBe avrtikeipevo €xel eva 61kO Tou KAsldbwpa.

e Otav eva vhua XpeLaletal amoKAELOTLKN
npocfaon oto avTKELPEVO TOTE KaTtaAauBavel To
avtioto o KAsbwHa, EKTEAEL TIC AELTOUPYLEC TOU
KoL otav TEAELWOoEL EAsudepwvel To KAeOwAL.

* 000 1o viuo KatEXeL To KAEWO WA, KoveEVa AANO
vipa 6ev €xeL TpooBaon 0To AVILKELUEVO.
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Mnxaviopuoc cuyxpovicuou Java )

* To kKAeldwpa ermtAveL TOavEC ocuvONKeC
avTayYwVLIoHoU Kol e€aodaAilel cuvOnKeg
Tponynong.

e AUO enimeda cUyXPOVIOUOU: CUYXPOVICUEVEC
uevodouc (synchronized methods) ko

OUYXPOVIOUEVO TUNUOTO EVTOAWYV (synchronized
blocks).
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XpNon CUYXPOVICUEVWY TUNLATWV
KwoKa

e EmMITpETMEL TOV OUVTOVIOMO TWV SLaPOpwV VULATWVY
EKTEAEONC.

e JTOL CUYXPOVLIOMEVO THAMOTO EXOUUE TOUC
Stapolpalodpevouc TOPouC.
synchronized (objectidentifier) {
// TlpboPRoaon oce diLapolpalduevouc ndOOUC
}

* Objectidentifier: avadopd os Eva avtikeLpEVO TOU OTOLOU
TO KAELOWHO CUVOEETAL UE TOV TTOPO TIOU AVOLTTOLPLOTATOLL
oTnNV MPOTAcN CUYXPOVLoHOU.
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MapAOELYUOL CUYXPOVIOLLEVOU TUNMOTOC
Kwoka -1

class PrintDemo {
public void printCount(){
try {
for(inti=4;i>0;i--)
System.out.printin("Metpntnc: " +i);
} catch (Exception e) {
System.out.printin("Thread interrupted.");
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MNapadelypa cuyxpovVIoUEVOU TUNUATOC
KwoKa - 2

class ThreadDemo extends Thread {

private Thread t; private String threadName; PrintDemo PD;

ThreadDemo( String name, PrintDemo pd){
threadName = name; PD = pd;

ublic void start

System.out.printin("Starting " + threadName );
if (t ==null) {

t = new Thread (this, threadName);
t.start ();
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MNapadelypa CUYXPOVICUEVOU TUNLOTOC

KWOLKA - 3

public class TestThreadNoSync {
public static void main(String args|[]) {
PrintDemo PD = new PrintDemo();
ThreadDemo T1 = new ThreadDemo( "NAqua. 1", PD );
ThreadDemo T2 = new ThreadDemo( "NAuna 2 ", PD );
ThreadDemo T3 = new ThreadDemo( "Nnua 3", PD );
T1.start();
T2.start();
T3.start();
try {
T1.join();
T2.join();
T3.join();
} catch( Exception e) { System.out.printIn("Interrupted"); }
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kwdka - E€odoc¢

Starting Nipa 1
Starting Nfjpa 2
Starting NApa 3

Metpnthc:
Metpnthc:
Metpntlc:
Metpnthc:

NAipa 1

Metpnthc:
Metpnthc:
MetpntAc:
MetpntAc:

NAipa 2

MetpntAc:
Metpntfg:
MetpntAg:
MetpntAg:

NAjpa 3
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.. .terminating.

RPN W

.. .terminating.

RN Wb

.. .terminating.
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MNapadelypa CUYXPOVICUEVOU TUNLOTOC
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2uyxpoviouevec peBodol

* Tooo oL ueBodol static 600 kot oL LEB0SOL AVTIKELMEVWVY UTTOPEL
va elvoll ouyxpovIopEVEC (synchronized).

public synchronized void add(int value) {

this.count += value;

}

* Hxpnon tnc Agé€nc kAedi synchronized otn é6nAwon tng
LeBOdou evnuepwVEL TN Java otL n pEBodoc eival
OUYXPOVLOUEVN.

 MOVo €va VO UTTOPEL VAL EKTEAELTOL OE LA CUYXPOVIOUEVN
LEBOSO KATIOLOU AVTLKELMEVOU.

— Edv umdpyouv MepLocOTEPA QVTIKELUEVD, TOTE LOVO Eva vAua TN popd
uropei va ekteAeitat o pa pE6odo. Eva vAapa ava avtikeipevo.
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Mapadelypo cuyXpoviopueVwY pebodwy - 1

public class Counter{
private long count = 0;
public synchronized void add(long value){ this.count += value; }
}
public class CounterThread extends Thread{
private Counter counter = null;
public CounterThread(Counter counter){
this.counter = counter;
}
public void run() {
for(int i=0; i<10; i++) counter.add(i);

[Tpoypappatiopog o Java
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MapadELYOL CUYXPOVIOUEVWYV LEBOSWV -

public class Example {
public static void main(String[] args){
Counter counter = new Counter();
Thread t1 = new CounterThread(counter);
Thread threadB = new CounterThread(counter);
tl.start();
t2.start();

}
}
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MapadeLypo cuyXPOVIOUEVWYV HEBOSwWV - 3

public class Example {

public static void main(String[] args){
Counter counterA = new Counter();
Counter counterB = new Counter();
Thread t1 = new CounterThread(counterA);
Thread t2 = new CounterThread(counterB);
tl.start();
t2.start();
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__(starvation).

Zwtikotnta (Liveness)

H duvatotnta pac moAuvnuotikng edpopuoync n
VEVLKOTEPQA LLLOC TOUTOXPOVNC
(concurrent)edoappoync va eKTeEAELTOL XWPLC
uTtepBoALKEC KaBuotepnoelc (Eykatpal)
ovopaletol {wtikotnta TNC €PAPUOYNC.

Ta 1o Kowva mpoBAnuata, ta omola emnpealouyV
N (WTIKOTNTA TWV EPOPHOYWV Elval:

1o adle€odo (deadlock),
10 evepyo adLte€odo (livelock) kal
N TMAPATETAMEVN OTEPNON/ALLOKTOVIO
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