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Expdvnon Epyoacioag: No mpoypappotioete oe mepipdirlov Windows o
amAomomuévn depyacio web server. Avti 1 depyacio Ba onpovpyel évav apBud
and threads ta omoia eivatl worker threads. Otav épOet o aithnon oty 6vpa 80, To1e
1o master thread dwoAéyet éva thread yuo va mpowBnocet to request 10 omoio oTéAvel 0Tt
apyeia Tov €rovv nnBel. ILy. Av yiver 1o request "GET INDEX.HTML" t6te Oa
otéhvel 10 apyeio INDEX.HTML . To worker threads Bo mpémer va €ypovv i
GTOYEW®ON KaTovonor Tov Tp®ToKOAALov HTTP (va ayvoobvtal emAoyég 1 evioAég
ext6g and GET) wote va pmopovpe va cuvogBovpe pe kdmoto Browser kot va dodpe
po oeAlda.

Ewcayoym

H epyacioc avt) viomombnke oe 7yAoooco JAVA (oto Eclipse SDK
http://www.eclipse.org ) Adym ™¢ anhdmrag tov Pifiodnkdv g yio Threads won
Sockets.

H epoppoyn avt mapéyet povo v duvatdtnto yio AT 6eMOwv amd 10 KatdAAnAo
@axelo(root) Tov webserver, ev®d og mepimTwon mwov dOev vmapyel index.html
EMOTPEPETAL ) AlOTO OO TOL APyl TOV TEPLEYOVTAL GTOV OOt PAKENO.

To standards tov mpwtokdOAhov HTML mdpbnkov amd ™ oedida mpoTdT®V
http://www.w3.org/TR/html4/.

IHeprypaen Tov Khacemv

Apykd, viomomOnke éva interface ywn g kAdoelg pog, pe ovoupo HttpStandards
omov ekel mepiEyovron OAeg ot otabepég petafantéc yw to standard pnmvoporo
emkowvaviag pe to ypnom onwg w.y. HTTP OK=200,HTTP_ ACCEPTED=202 «Ax.
Ev ovveyeio, viomombnke m widon WebServer mov amotelel kot 1O KLPIOC
TPOYPOLL AVTNG TNG EpYacioc. Avth 1 kKAAon TeptEyel TG akOA0LOES dLodKaGiES:

static void loadProperties() 2>
H d1001kacio avt goptdvel 6T UV SLUPOPES TOUPAUETPOVS Y10 TN AEITOVPYIN TOV
webserver and 1o apyeio \params\parameters.txt. 'Eva mapdderypo avtod Tov apyeiov
TEPLEYEL TIG TAPAKAT® TPELS YPOUUUES:

root=./wwwroot

workers=6

timeout=5000
H npd moapdpetpog eivar o @drkerog root mov Ba ypnoomoei o webserver. H
napapetpoc workers eivat o péyiotog apludg Twv vpdtwv mov Ba ypnoiponotel o
webserver yla v g§unpémon tov atfoemv. Kot téhog, n mapdpetpog timeout stvot
T OeVTEPOAENTO TOL Pmopel va givar amacyoAnuévo kabe vipo amd o aitmon. Ta
defaults avtdv TV TOPAUETPOV:

root = (tpé&yovoa dievbuvon ypnot)
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timeout = 5000

workers =5
static void PrintProperties() =
H dwdwacio aut] eKTLUAOVEL GTNV KOVGOAN TNG MOPOUUETPOVS TOV OVOPEPOLE
napoandvo(root, workers, timeout).
public static void main(String[] args) =
Elvar 1 apykn| dradwkaciog ekTEAESNS TOV TPOYPEUUATOS AVTOD.
Oroav kodkovpe Tov webserver, umopodpe va £xovpe g Opiopa 16650V TNV TOPTA
omv omnoio BéAel o yprotng va tpéyel o webserver. Emiong, €0d ekxvodvion ta
viuota Tov Bo ELuINPETOHV TAL UTHILOTA TPOG TOV Webserver. TVYKEKPIUEVa, GE 0T
™ dwdikacio Tapapével o webserver péypt va teppatiotel avoabétovrog oe kdaOe
aitmon éva worker and ovtovg mov vrdpyovv. Otav, évag worker ypnoomoindet
kataotpépetal. 'Etol, av yivouv workers oe A 00 authoelg v tpdt gopd (T.y. Yo
workers=6 On®¢ QaiveTal 6TO TOPATAV®D APYEID TAPAUETP®V), TOTE KOTAGTPEPOVTUL
OMo1 o1 TpobTapyovteg workers, kot o€ KGO véa aitnon dnuovpyeitat £vag VEOG.
H dgvtepn «hdon ovopdletar worker. Avty m kAGon mePLEEL TG AKOAOVOEG
OlodKoGieg:
Worker() 2 Avt 1 dwedikaoio ivat o constructor g kAdong worker.
synchronized void setSocket(Socket s) 2>
Avm 1 dwdikacio Bétel og o petafAnt(pe epPéreta oe OAN ™ KAdon) to socket
10 onoto e&ummpetel o cvykekppévog worker. Iapatnpovpe 6tt avt n dwdikacio
éxet oplotel wg synchronized mpdpo mov onpaivel 0Tt dAlo instances o€ GAAo thread
O umopel va KaAEGEL 0VTH TN SladKaGTio LEYPL VO TEAELMGEL 6TO 1O TPEYOV instance.
public synchronized void run()—>
Avm) n ddwkocio elvar amopaitntn oe 00eg KAdoelg BEAovy vo Agttovpyodv o€
VIALOTOL KoL 6TV 0VGia omd €00 EeKvael va ektelel o kdOe worker. ES®, mepipével to
viua Tov worker £w¢ 0tov Tov avatedel £va socket. MoOAc, Tov avatebel mpoywpdet
otV ELANPETNON TOV OITNCEDV TOV KaTapOdvouy pécw tov socket.
void handleClient() -
Ye auT T OdIKoGio TEPLEXOVTOL Ol JOIKOGIEC TOV TPEMEL VO OKOAOVLONGEL O
worker dote vo gfummpetioel TIG autnoelg Tov browsers. 1o avaAvtikd, apyud
dwPalovpe amd to socket Ta loepydpeva dedopéva yhyvovtag yia T AEEN get. Ev
ocvveyeia maipvovpe To dplopo Tov akoAovOel ™ AEEN get mov Aoywkd givor to apyeio
mov BéAer o ypnotg. EAéyyovpe av vmdpyer avtd tO apyeio evtOg TOV PAKEALOL
root(mov €&yer ewoybel pécw tov apyeiov mopapétpov N amd to defaults g
ocuvaptnong WebServer.loadProperties() ). Edv mpdypott vrdpyet toéte avoilyeton ko
amootéAetal péow tov socket. Av givan directory (avti yio apyeio) tOTE WYlyvoupe va
Bpovue 10 apyeio index.html péca oe avtd to directory Kot T0 AmOGTEAAOVUE LE TOV
1010 TpoOTO, OV TO apyeio Oe Ppebel amootéAdeTan 1 AMlota TV apyeimv Tov Ppickovrtal
evtog tov. Edm Ppiokovior ot €leyyol ywoo To av vadpyovv To. opyeion kot €60
emAgyovtol Tote O amooTaAOVV To KATAAANAQ unvopata AdBovg pécm Tov socket.
boolean printHeaders(File targ, PrintStream ps) =
Avt egivon poe BonOntikn Swdwosio m omoior SwPdler Ta apyeion Ko TOLG
KOTAAOYOLG TTOL TOV BETOVTOL (OC OPIGHATO KOt T EMOTPEQPEL LEG® TOL PrintStream.
void send404(File targ, PrintStream ps) =
Kat avt givan prua fondnrikn dadwcacio mov kaAeitor 6tav dev Ppioketon £va apyeio
Kot EmMoTpEPeL LEG® ToL PrintStream pivopa AdBovg pe Kmoko 404.
void sendFile(File targ, PrintStream ps) =
BonOntwm dwdikasio mtov anoostédet to apyeio targ oto PrintStream ps.
static void setSuffix(String k, String v) 2>
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BonOntwm dwdwacio mov dmuovpyet v avtictoyio peta&d tov  String k xon
String v péoa oe éva HashTable. Avté to HashTable ypnoyomoteitar yio vo
eppavifovtal ol OOl TV apyeiov cOLEOVA LE TN TPOEKTOCT TOVG Katd To listing
evog directory(m.y. ywo v mpoéktaon ".html" Oa emotpaesi To string "text/html").

Ieprypaen g Aertovpyiog TV sockets otn JAVA

To yevikdtepo yapaktnpiotkd e JAVA nov anotehel Kot 110itEPO TAEOVEKTILOL TNG
TOALEG QOPEG €VOVTL TOADV GAA®V YA®WGO®MV €lval 1O €mimedo a@aipeong mov
YPNCOTOLEL, LE TO OMOI0 AMOKPVTTEL OO TO YPNOTN TOAVTAOKY, TPOYPOLUUATIGTIKA
yopmAdtepn doun. To id1o0 cvpPaiver ko pe ta sockets.

To URLs mapéyovv €vo oyetikd vynAold €mMTEOOV UNYOVIGUO Yol TPOSTEANGT
dedopévov oto dwdiktvo. TToArég @opéc ypelaldpacte YOUNAOTEPOL EMUTEOOV
EMKOWVOVIA, Yo Tapddetypa, otav ypealetar vo ypayovue éva mpdypaupo client-
Server.

Xe eopuoyéc g popeng client-server(meAdtng-eEumnpetnc), O Server mopEYEL
Kdmoleg vnpeciec Ommg m.y. eneEepyocio database queries 1| ATOGTOAN apPYEl®V K.0L.
To mpoOypoppo TEAATNG YPNOWOTOlEl TNV LANPESio. TOv TOPEYEL O server, &ite
epupaviovtag to amoteAéopata mOv TOL €0TEle O - server gite omloviag TO
OTECTOAUEVO Opyelo oTOV TOMKO OKANPO oloko. H emwowvovia peta&d tov
TPOYPAUUOTOG TEAATN KOl TPOYPOAUUATOG €ELMNPETNT TPEMEL Vo €lval, OTMG
avThapufavopacte, 1TEPMG aSOmoT.

To tpwtokorro TCP gyyvdton vt v omaitovpevn aélomiotio o€ po point-to-point
emowvovioe 6mmg ONAadn amouteitor amd OOIKTLOKES £QApUOYEG TOTOL client-
server. 'l va emkowvoviicovy ta dvo onueio péow TCP, dnuovpyodv o cdvdeon
T0 éva pe 10 AAlo mpdypapua. ‘Etol, kabe mpoypoppo amoktd £vo socket péypt va
€MBgL o mEPOG NG EMKOVOVIOG He To GAA0 Tpdypappa. Katd tn ddpketa avtig g
EMKOWVOVING Ta TPOYPAUATH YpApovy Kot dtadlovv amd to socket(mepimov cav va
glval oglplokod opyeio).

YuvnBwg, Aoutdv, 0 server eKTEAEITOl G €vav GUYKEKPIUEVO VTOAOYIGTH Kol £)EL
deopevpévo éva socket oe o cuykekpluévn BOpa Kol avapEVEL KATOW oUtnomn Yo
ovuvdeon va Katapddoel otn 0Opa avti(listening). To mpdypappa client yvopiler to
ovykekpipévo vroroyiot(hostname,ip) kot ™ Ovpa mov Tpéyel o server. ‘Etot, o
client kével pio aitnom yio cOVOEST). L€ OVTO TO GNUEID, O VTOAOYICTNG TOV TPEYEL TO
npoypappe client mpémel va avayvoplotel omd tov server, kai, €V cuveyeia, va
avotytei B0pa otov client(n OOpa avt avabéteTon avTOHOTO OO TO GHGTNLAL).

Av 6Aa mve KaAd, 0 server amodéyetal T ovvoeot. Katd v amodoyr thg ovvdeonc,
o server onpovpyet £va socket v oty dwa tomkn Bvpa mov kdével listening ko
oto ip kou port tov client. Topa, mhéov Ta 6v0 mpoypaupata(client Kol server)
UTOpPOVV VO EMKOVOVIGOLV Ypagovtog Kot dtopdloviag mhve oto avolktd socket
OV TOL GLVOEEL.
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Xe avtd to onueio Ba emyelproovpe va dMoovUE £va optopd yun o socket. ‘Etot,
howmdv, éva socket givar évag cOVOECHOG EMKOVOVIOG LETAED 6VO TPOYPAUUATOV TOV
tpéyovv o€ Oiktvo. 'Eva socket amoteAeitar and Ti¢ TApOKAT® TEVIE TOPAUETPOVC:
tp®TOK0ALO(TCP,UDP),tomikny ip dedBvvon, tomky 00pa, amopoakpvopévn ip
devBvvon, amopaxpuouévn Bopa. Aniaon kabe socket oe TCP mpocdiopiletar and
™V okoilovdn tetpdda (tomikn ip Oevbuvon, Tomikn OOPa, OTOHOKPLGUEVN ip
oevBvvon)(M, oAdg, ot 1 TeETPdda eivar povadikny yuw kdéOe socket TCP).
Avtilopfoavopacte, Aoudv, 0Tl UTOPOVV VO VITAPYOLV TOAAEG GUVOEGELS LETOED TOV
client Ko Tov server.

[T ocvykekpéva, otn JAVA, 1o maxéto(package) java.net mopéyet pio kidon pe
ovopa Socket, mov vAomotel v cOvdeon petaly tov mpoypappatos JAVA kot evog
dAhov mpoypaupnaTog 6to diktvo, pécw socket. H whdorm Socket «kdBetoy mavem
otV vAomoinon tov socket yio TV GLYKEKPUEVT] TAATPOPUOL TOV YPNGLULOTOLOVLE
KoL ®G €K TOVTOL KpVPetL Tig Aemtopépeteg tg. ITo amdd, xpnoipomoldvTog Ty KAdon
java.net.Socket avti yio kddwa EapTOUEVO GO TN TAATQOPUA, ONUIOVPYOVUE
TPOYPAUUOTO TOV ETKOVAOVOVV HETAED TOVG aveEENPTNTMOG TAATOPOPLLOG.

EmmAéov, 1o maxéro(package) java.net mepiéyet kot pio axdOun mord ypnoturn KAdon,
v ServerSocket, mov pmopel vo ypnowonmombel ond mPoypAUpHOTO Server Tov
TEPILEVOLV KOl ATTOOEYOVTOL UTNOELS GE dLapopes BHpeg ToLC.

Ag pelemioovpie évo GOVTOUO TTOPAdELY LD, GTO OTOi0 TaPOLGLALETaL TOAD HyAMTTO
WG UTOPOVLE VO YPNOCUOTOCGOVUE TNV KAGoN java.net.Socket, yia va cuvoebodpe
og éva server péow socket Kot mmg ¥PNOLOTOOVE TO 0LTO TO socket Yo 0mOGTOAN
KoL AP 0ES0UEVOV.

To moapakdto mpdypappo eivar évag client yio évav Echo Server(eSvmmpetnmg
Nxovg). Avtd mov kdvel o Echo Server eivor amkd vo otélvel micow oto client 6t
dedopéva tov amootérel. O Echo Server givon pior ToAd dtodedopévn epapproyn Ko
ocuvvnbog Bpioketat otn BOpa 7 ToL VTOAOYIGTH HOG.

To mapaxdtom mpodypappa cvvdéetor otov Echo Server otmv Bvpa 7 kot dnpovpyet
éva socket. Emiong, 6éyetor dedopéva and to xpnot HECH TOV TANKTPOAOYIOL KoL TO
npowbei otov Echo Server ypdpovtog ta. oto socket. O server amootélhel Eavd micw
ta dedopéva pécw tov socket atov client ko o client ta dafalet and to socket.

import java.io.*;
import java.net.*;

public class EchoClient {
public static void main(String[] args)
throws IOException {

Socket echoSocket = null;
PrintWriter out = null;
BufferedReader in = null;

try {
echoSocket = new Socket("taranis", 7);
out = new PrintWriter(echoSocket.getOutputStream(), true);
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in = new BufferedReader(new InputStreamReader(echoSocket.getInputStream()));
} catch (UnknownHostException e) {
System.err.println("Don't know about host: taranis.");
System.exit(1);
} catch (IOException e) {
System.err.println("Couldn't get I/O for " + "the connection to: taranis.");
System.exit(1);

BufferedReader stdIn = new BufferedReader(
new InputStreamReader(System.in));
String userlnput;

while ((userInput = stdIn.readLine()) !=null) {
out.println(userlnput);
System.out.println("echo: " + in.readLine());

}

out.close();
in.close();
stdIn.close();
echoSocket.close();

H
}

Ag mpoympnoovpe Prpoa Ppo 6TOV TOPATAVE KOOKO €ENYOVTAG TO OVGLOGTIKA
onpeio Tov. Ot o oNUAVTIKEG Ypappés kadwka Bpickovtatl vioc Tov try blocks. Ot
TOPOKATO YPOUUES KMOWKO dnpovpyovy v socket emkovmvia Tov TPOYPAULOTOS
pog pe tov Echo Server kot avoiyouv éva avtikeipevo PrintWriter(yio v eyypoon
dedopévov mavm oto socket) ko BufferedReader(yio tv avayvoon dedouévav amd
10 socket):

echoSocket = new Socket("taranis", 7);
out = new PrintWriter(echoSocket.getOutputStream(), true);
in = new BufferedReader(new InputStreamReader(echoSocket.getInputStream()));

H mpdt, and 11¢ mapondve tpelg ypappés, onpovpyel éva aviwkeipevo Socket. O
constructor avToD TOV AVTIKEILEVOD YPNGILOTOLEL TO OVOLN TOL VTOAOYIGTH(0E aVTO
T0 Tapddetypa taranis) kot 1 Bvpo(7) mov mpénet va cuvoebet o socket.

H devtepn ypapupn avoiyel mve oto socket Eva avtikeipevo PrintWriter yio eyypoon
dedopévov oto socket, evd avtiotorya M Tpitn YpouUUn ONUOLPYEL TO OVTIKEILEVO
BufferedReader ywo avéyvoon dedopévov amd 1o socket. Na vrevBupicovpe 0tL taL
avtikeipeva PrintWriter kon BufferedReader eivat khdoeic mov Ppiokovror evtdg tov
package java.io (I'o meplocOTEPEC AEMTOUEPEIEG OYETIKGL UE TIG GLYKEKPIUEVES
KAOoELg /o ™mg JAVA uetaPeite otV 10TOGEAIDN
http://java.sun.com/docs/books/tutorial/essential/io/index.html ).

To endpevo moAD evdlapEpov onueio Tov Tapomdve KMok gival o Bpdyyog while.
210 Bpoyyo avtd dwPdlovpe pio pio ypopun amd 10 TANKTPOAGYO Kat, €V GUVEXELQ,
TO OMOGTEAAOVUE OTOV Server ypaeovtog tnv Kabe ypopurn oTov OVTIKEIUEVO
PrintWriter:

String userlnput
while ((userInput = stdIn.readLine()) != null) {
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out.println(userInput);

System.out.println("echo: " + in.readLine());
}
H televtaio ypoapun evtdg tov mopoamdve Ppdyyov dafaler pio ypopun omd Tto
avtikeipevo BufferedReader(mov gival cuvdedepévo oto socket emkovoviag) kot v
EKTUTTAOVEL TNV Kovoora pag. H avayvoon tov dedopuévov and tov BufferedReader
yivetar pe v pébodo readline(). Avtq n uébodog avapéver péyxpt o server va
arooteilel Tiow ta dedopéva otov client.

‘Eto1, avtoc o Ppoyyxoc while ocuvveyiletoar péypt o ypniome va €lodyel amd To
TANKTPOAOYI0 TOV  YOPOKTAPO TEPUHATIoUOV  €l50dov(end-of-input character).
YuvonTikotepa, OMAadn, o€ avtdv to Ppoyxo owPdlovror ta dedopéva amd TO
TANKTPOADGY10, amoctéAlovtal otov Echo Server, Aappdvovior wicew amd tov server
Kol ekTLTAOVOVTOL otV 000vn £mg OTOL 0 YPNOTNG TATNGEL TOV YOPOKTIPO
TEPUATICHOD €16000V. MOAG, Aoy 10 Tpdypappe Byt and to Ppodyyo extehel Tig
TOPOKATO TEGGEPLS YPOUUES:

out.close();

in.close();

stdIn.close();

echoSocket.close();

AvTég 01 evToAég KAgivouy Ta avTIKEILEV avayvmong Kot eyypagns oto socket kabmg
Kot TN 6vvdeoT e Tov server. H 6elpd mov pmaivouy £3® ot EVTOAEG €lval OMUOVTIKNI
O10TL TPEMEL TPMOTOL VO KAEIVOVTOL TOL OVTIKEIIEVO TOVL €lvan cuvoedepéva e To socket
Ko LETA TO 1010 TO socket.

To ovykekpyévo Tapddetypa givar apkeTd amAd Kot Tapovstdlel pe oAl Eexdbapo
TPOTO TO TOPOKAT® TEVTE Pactkd onueio mov ypewdloviar yio TV EMKOVOVIN
npoypappdtov pe JAVA Sockets:

1. Anuovpyia gvog socket
. Anovpyia avtikeévav eyypaens Kot ovayvoong ard to socket
3. Avayvoon oamd Kol €Yypoen OTO OVTIKEIHEVO EYYPOONG KOl OVAYVOONG
COLO®VO LE TO TPOTOKOALO TOL Server
4. Khielowlo tov avtikelpnévey eyypaeng Kot ovayvmong and to socket
Kieioyo tov socket

e

Awokaoies kor Nfjpata(Processes and Threads)

2T0V TOVTOYPOVO TPOYPAULOTICHO(concurrent programming), VIAPYOLVY dVO PACTKES
povadec NG eKkTéleong: Ol dladikaoieS Kol O VAUOTO. XIN YADGGO
TPOYPUUUATIGHOV TNG Java, 0 TOTOYPOVOS TPOYPUUUATIGUOC aVOPEPETOL GLVNOMC
ota vipata. Evtovtolg, ot dtadikaocieg ivat emiong onpovtikec.

‘Eva 60otpo NAEKTPOVIKOV DTOAOYIGTMV £XEL KAVOVIKO TOAAEG EVEPYES O10OTKOGTES
oAAG Ko vipata. AVTO 1oDEL OKOUT KO GTO GUGTILOTO TTOL £YOVV HOVO £vay EVIOL0
mopnvo. eKTEAEONG, Ko €161 €rovv UOVO €va VIUOL TTOL EKTEAElL TPAYUATIKO OE
omowdNTote dedopévn ypovikny otiypn. O yxpodvog emefepyaciog yur €vav eviaio
mopnvo  popdletor PETOED TOV  OlOIKOCIOV KoL TOV VNUATOV HEG®  €VOG
xopaxInpLotiKoy yvopicpatog OS, o onoiog anokaieitot xpovikds TERAIGHOG.
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[Mvetor 6A0 kot TEPEGOHTEPO GUVNOESG Y10 TOL GLGTILATO NAEKTPOVIKADV VITOAOYIGTAOV
va €(0VV TOVG TOALOTAOVG emeepyaoTég N TOVG eMeepYaoTEG UE TOVG TOAAUTAOVG
TUPNVES EKTEAEONG. AVTO €VIGYVEL TOAD TNV KOVOTNTO £VOG GLGTHUOTOS Yol TNV
TOVTOYPOVI EKTELECT] TOV OLOOIKAGIOV KO TOV VILATOV.

Al001KOOLES

Mo dwdwaocio €xet éva aveEapmnto mepPdidov ektéleons. Mo dadwkacio £xet
YEVIKA évo TANPES, WOIOTIKO GOVOAO PacIKdV TOpV YpOVOL EKTEAEONC EIOIKOTEPQL,
K60e draduacio £yl TO SIAGTNLUA LVAUNG TNG.

O1 dwodkacies Bempodvior GuYVE GUVMOVVUES PE TO TPOYPAUUATO 1 TIG EQAPHOYEC.
Evtovtowg, 10 11 Bewpel 0 ypomng g eviaia epappoyn pmopet vo givonr otnv
TPAYUATIKOTNTA €VO. GUVOAO JdadtKacudY cvvepyacios. ['a va digvkoAdvovv v
emwowvovio peTald TV O0IKACIDV, TO TEPIGCOTEPU AEITOVPYIKE GLGTHUATO
vrootpilovv g aliniodiadikacics  emixorvwviog(IPC), dnwc ta pipes kot to
sockets. H IPC ypnopomoteiton 0yt pévo yioo v entkovovia Hetald tov d1001Kac1dv
TOV 10100 GUOTAMOTOS, OAAQ KOU Yoo TNV €mKOwovid HETaED TV SdIKAGIOV
OLLPOPETIKOV GLGTNUATOV.

Ot meplocdTEPES EPAPIOYES TNG EIKOVIKNG Unyovng e Java «tp€youvvy o¢ evioia
dwdwacio. M gpappoyn g Java umopei va dnpiovpyncet mpdcobeteg d1001Kacies
YPNOOTOIDVTOG EVOV ProcessBuilder.

Nfpotao

Ta vijpoto kaAovvton Pepkés POpEs elagpiés dradikaaics. Kot ot dtadikooieg Kot to
viuato Tapéxovy Eva mepPAAlov ekTéAEONC, AAAG I dnpovpyio EVOG VEOU VILLOITOGC
amortel AydTePOLG TOPOLS amd TNV dNUIOLPYIL Lo VEAG SLOTKOGTOGC.

To viuata vedpyovv péca oe kébe dadikacio — Kabe dadKacio Exel TOLAAYIGTOV
éva. Ta vipato potpaloviat Toug TOPoLvg TG ddKaciag, cuUTEPIAOUBOVOLEVNS TNG
UVAUNG KOl TOV OVOIKTOV opyeiowv. Avtd kdvel oamodoTikn tnv enelepyocio
0ed0UEVMV, OAAL EVOEXOUEVOS TPOPANLOTIKY, TNV EMKOVOVIN LETAED TOVG.

H molvvnuatikn extéleon eivor €va OLUGLOGTIKO YOPOKTNPIOTIKO YVOPIGUO TNG
mAateopuag ¢ Java. Kabe epappoyn €xer tovAdyiotov éva vijpo. 1 TEPLGGOTEPQ,
€6V LETPNOOLUE TO VIHOTO "GLUGTNUATOV" TOV KAVOLV TPAYHOTO, OTTMOG 1) OlayElplon
™G LVIAUNG KoL O XEPIGUOC TV SNUATOV. AAAG amd TNV Gmoyn TOL TPOYPOULOTIOTH
EQOPUOYNG, OA ekKvOoOVTAL LOVO Od £vol VIO, OTOKOAOVUEVO KDpLo vAua. Avtd To
VAU £YEL TN SLVOTOTNTA VO dNOVPYNGEL Ta TPHGOETO ViULaTAL.

Avtikeipevo Nnpatov Ko khaoeig Nnqpatov tng Java
Yrdpyovv 000 PaciKEG OTPATNYIKEG YIOL TO OVTIKEILEVO VIIUAT®OV TPOKPIUEVOL VOl
ONUIOVPYNGOLV LI TOAVVILOTIKT EQPOPLOYY.
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Epyoocio No.14

« Tho tov dueco éleyyo g Onovpyiog Kot Tng St Eipiong TV VIUATOV, amid
eAEyyovpe TO VU KABE @OpA oL TPEMEL VO OPYICEL M EQAPUOYT| Mo
aGVYYpPOVN EPYOCIiaL.

« T ™mv oaeaipeon g Owyeipiong tov vnuatov ond To LVTOAOUTO TNG
EPAPLLOYNG OOG, TEPAGTE TIG EPYACIES TNG EPAPUOYNG OE VAV EKTEAETTH.

Mo e@apoy” Tov SNUIOVPYEL VoL VIO TPETEL VOL TAPEYEL TOV KMOKA TV Oa Tpé&et
o€ autd T0 VIiHa. YTapyovv oo tpdmot yio va yYivel avto:

Me évo. runnable ovtikeipevo(ekteléopo avtikeipevo). To runnable ovtikeipevo
kaBopiler o eviaio péBodo, n omoio TpoopileTar yio vor TEPIEXEL TOV KMOOUKO, TOV
extedeitar amd 10 vAuo. To runnable ovrtikeipevo  ocvvidocetor  OnOC GTO
HelloRunnable mapddetypa:

public class HelloRunnable implements Runnable {

public void run() {
System.out.println("Hello from a thread!");

}

public static void main(String args[]) {
(new Thread(new HelloRunnable())).start();

}
}

Me Ynoxiaoeic vijudrtwv. Mo epopproyn UITOpEl vor KAVEL Lo VTOKAGCT) VILATOV Kot
vo mop€xel M 0 TV eKTéAeon o gpyoaciog, OM®MG TO EMOUEVO TOPBEOELYLLOL
HelloThread :

public class HelloThread extends Thread {
public void run() {
System.out.println("Hello from a thread!");

}

public static void main(String args[]) {
(new HelloThread()).start();

}
j

Inueioon: Kot ta dvo mopadeiypota emkaiovvtor 1o thread.start mpoxeiévov va
EKKIVIGEL TO VEO VILLOL.

[Totov amd avtovg Tovg dvo tpdmovg Ba Tpémet va ypnoonoteitar; O TpmdTOG TPOTOG,
7oV ypnoonotel éva runnable avtikeipevo , givat o o yeEVIKOG, EMEWN TO runnable
OVTIKEILEVO pmopel va OMOVPYNGEL U0 VTOKAGCT MG KAAONG €KTOC Omd TNV
KAdon viuotoc. O de0tepog TPOMOG €ivol €VKOAOTEPOG OTNV YPNOT OTIG OTAES
eQOpPUOYES, aAAG meplopileTon amd TO YeYovog OTL M KAGon Oa mpémer va givol
«amOYOVOS» TOV VIUOTOC.

H «Adon wvnubtov kobopiler diapopeg peBodovg ypnoules ywoo ) doyeipion
VNUAToV.

H dwdwkacio Thread.sleep() avaykdlel To Tp€xov vijHa Vo 0VOGTEIAEL TNV EKTEAEOT
v po kaBopiopévn mepiodo. Avtodg etvar €vag amodotikdg TpOmog €T MCTE O
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xpovog enelepyaciog va eitvar daBéoipog Kot otor GAAo VILOTO Lo EQAPLOYNS M
GAAOV EQPOPUOYDY OV OVIKOVV GE £V GUGTNUO NAEKTPOVIKOV LIoAoyiotdv. H
pébodoc  Thread.sleep() pmopei emiong va ypnopomombei, O6mwg @oaiveror ©To
TOPASELY IO TOV OKOAOVOEL, Kot yior TV avapovn evog GAAOL VAHOTOS pe KabnKovTa
ov «katoAafaivouvy mOTE va £XOVV XPOVIKEG OMOLTNOELS, OMMG LE TO TOPASEY LA
SimpleThreads mapaxdro.

Avo vepeoptouéveg exdooel; tov Thread.sleep() mapéyovror: pio mov kabopilet
T0 ¥pOVO VTVOL GTOA YIAOGTA TOV SELTEPOAEMTOL Kol piot mov kabopilel to ypdvo
VIvov 6To vavodevteporenta. Evtodtolg, avtol ot ypdvol adpdvelag Tov VIHOTog Oev
etvan eyyompéva axpipeic. Emiong, n mepiodog adpdavelag pmopel vo dtaxomel e€artiog
dwkommv(interrupts), 6nm¢ Ba dovpe mapakdtm. Ev mdon nepummtdoel, 6ev pmopodpe
va voBécovpe 6t 1 kAnon tov Thread.sleep() 6o avaocteider v Agttovpyia TOv
VALLOTOG Y10 KABOPIGUEVO YPOVIKO S1AGTN LA,

To mapaxdre mapaderypo SleepMessages ypnowponotet v Thread.sleep ()
TPOKEWEVOD VO TUTAVEL UNVOLLOTO, 0VA SLOCTNHOTO TECGAPMV OEVTEPOAETTMV:

public class SleepMessages {
public static void main(String args[]) throws InterruptedException {
String importantInfo[] = {
"Mares eat oats",
"Does eat oats",
"Little lambs eat ivy",
"A kid will eat ivy too"

)5

for (int 1 = 0; 1 < importantInfo.length; i++) {
//Pause for 4 seconds
Thread.sleep(4000);
//Print a message
System.out.println(importantInfo[i]);

}

}
b

2nueiwon: H ocvvdptmon main onioveton og “throws InterruptedException”. Avtod
etvan o e€aipeon(Exception) mov 1o Thread.sleep() dnpovpyei, 6tav Eva dAro vipa
OlokomTEL TO TPEYOV VAUO, evd TO VAU Pploketal oe adpdvela. E@ocov avti n
ePaPLOYT dev Exel TPOGOLOPIGEL £voL AALO VIO, MOTE VO TPOKOAEGEL TETOOV EIO0VG
dwukomn, dev enmpedletan and InterruptedException.

Awkonéc(Interrupts)

Awoxorry  eivor o £voeldn o€ €va vijuo OTL TPEMEL VO GTOUATIOEL OVTO TOV KAVEL
exelvn Vv otiyun kot Kaver kot dAro. EEoptdton omd tov mpoypoppotioty vo
AmoQUCIoTEL aKPIPDOG TMOG £vol VIO OTOKPIVETOL GTNV O1KOTY, OAAG €lval TOAD
ovvnbeg 10 viua va ohlokAnpovetatl. IIpoxelévov o pnyavicpdc oKomng vo
Aertovpyel cwotd Ba Tpémet To kdOe vipa va vtooTNPilel TNV S1KOTN TOV.
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Yrootnpi&n Awekonig oto Nijpa

[Mog éva viua vrootnpiler ™ dwokomn tov; Edv 10 vipa emkaAeitor cvyvd Tig
puebddovg mov otéhvouv InterruptedException, emotpéper amid amd ™ péBodO
«pe&ipatogy.  Iapadeiypatog xapv, vmobéate 0Tl 0 KEVIPIKOS BpOYOS UNVOLATOV
oto mapdoetypo SleepMessages Ppiokdtav ot péBodo tpefipotog Tov runnable
avtikeipevo evog viuoatog. Katdémv tpomomoteiton €161 dote voo vootnpi&el v
OlKOTN:

for (int 1 = 0; 1 < importantInfo.length; i++) {

try {
Thread.sleep(4000);

} catch (InterruptedException e) {
return;
}

System.out.println(importantInfo[i]);
}

[ToAAég pnéBodot mov mpoxkarovv InterruptedException, 6nwg n Thread.sleep() , £xovv
MG GKOTO VO, AKVPAOCOLVV TNV TPEYOLGO AEITOVPYIO TOLG KOl VO, EMGTPEYOLV AUECMG
6’ avtnVv 6tav TopoAnedei n dtaKon).

Tt yiveton €dv éva vipa a@ncel vo TePAGEL £va LEYAAO YPOVIKO SIUCTNHO XOPIg Vo
Kével KAnom g pedddov mov mpokaAel InterruptedException; Tote, mpémer va
emkaAeitonl meplodikd 1 evtoAn Thread.interrupted , m omoia emotpépet TRUE edv
po otakon| £xel mapoainedeil. o mapaderypa
for (int i = 0; 1 < inputs.length; i++) {

heavyCrunch(inputs[i]);

if (Thread.interrupted()) {

return;

}

b

H onpoio kotaotoong otokomg

O unyoviopdg O10KomNG €PAPUOLETOL YPNOUOTOIMVTOSC L0 ECMTEPIKT ONUoic
YVOot™ ©g kataotacy doxorns. H kinon g evtoang Thread.interrupt 0€tet avtv
v onuaio. Otav évo vino gAéyyel v OOKOTY UE TNV EMIKANGN NG OTOTIKNG
puebddov Thread.interrupted, n Kotdotaon daxonng «kobapiletaw. Ta pn-ototkd
Thread.isInterrupted, mov ypnoomolovvtal amd Eva Vijpa Yo vo poTicovy v Béom
KOG £vOG dALOL, dev aALAlovV TV onaic TNG KOTAGTAONS O10KOTTG.

Soppotikd, omowdnmote HEHO0OOG MOV TMPOKVATEL OMO TNV OMOGTOAN  €VOG
InterruptedException  «kaBapilery v KATACTOCN OKOTNG OTAV TO KAVEL OVTO.
Qot000, givon TAvTo SLVATO TOL 1) KATAGTACT dlakomnG va. Tefel TdAl apéows, otnv
TePInTOON TOL €va, AL VIOl EMIKOAEGTEL O10KOTTT.
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Evooeig

H péBodog évaong emtpémet éva vijpa va TEPLUEVEL V1oL TNV OAOKANPWOT VO GALOV.
Edv t elvan éva avtikeipevo vfuotoc(thread ovtikeipevo) tov omoiov 10 VRO
eKTEAEITAL TV TTOPOVGO YPOVIKT GTIYUN|, I EVTOAN t.join() oTOpaTAEL TO TPEXOV VLA
HEYPL TO VDL TOV t va TepUATIoEL. YTTEPQOPTOGELS TG HeBdSoL join emttpémovy va
opicovpe ypoévVo avapovig Tov vipatos. Qotoco, dmwg kot pe ™ pébodo sleep, m
pébodoc join efaptdtor amd TOLG YPOVIGHOVS TOV AELTOVPYIKOV GLoTHUATOG(OS
timing) Kot £T61 Ogv UTOPOVUE VO OVOLILEVOVLLE 1) EVTOAN] join Vo AEITOLPYEL [LE TOAD
HEYAAN XpOVIKY| akpifeta.

To mapdoerypo SimpleThreads

To axdlovBo maPAdELYUO GLYKEVIPMOVEL UEPIKEG OO TIS £VVOLEG TOL OVOPEPOUE
napondve. To SimpleThreads amotedeiton amd 6vo vipata. To TpdTO €lvar To KVPLO
ViU oV VIapyEL o€ kdBe epappoyn ™ Java.. To kOpo viuo dnuovpyet €va véo
viuo oo o runnable avtikeipevo, MessageLoop, kot 1o mepipével va tereiwost. Edv
10 vipo MessageLoop maipvel mhpa ToAD XpOVO Yo v TEAEUDGEL, TO KUPLO VIO TO
OlKOTTEL.

To vAua MessageLoop ektummvel po oelpd pnvopdtov. Edv dtokontetol tpotod va
TUTAOGCEL OAOL ToL UNVOROTE TOv, TO ViAuo MessageLoop tummvel €vor PMvopo KAvet
exit.

public class SimpleThreads {

static void threadMessage(String message) {
String threadName = Thread.currentThread().getName();
System.out.format("%s: %s%n", threadName, message);

}

private static class MessageLoop implements Runnable {
public void run() {
String importantInfo[] = {
"Mares eat oats",
"Does eat oats",
"Little lambs eat ivy",
"A kid will eat ivy too"
I
try {
for (int i = 0; 1 < importantInfo.length; i++) {
Thread.sleep(4000);
threadMessage(importantInfo[i]);
H
} catch (InterruptedException e) {
threadMessage("] wasn't done!");

}
}
H

public static void main(String args[]) throws InterruptedException {
long patience = 1000 * 60 * 60;
if (args.length > 0) {
try {
patience = Long.parseLong(args[0]) * 1000;
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} catch (NumberFormatException e) {
System.err.println("Argument must be an integer.");
System.exit(1);

}

}

threadMessage("Starting MessageLoop thread");
long startTime = System.currentTimeMillis();
Thread t = new Thread(new MessageLoop());
t.start();

threadMessage("Waiting for MessageLoop thread to finish");
while (t.isAlive()) {
threadMessage("Still waiting...");
tjoin(1000);
if (((System.currentTimeMillis() - startTime) > patience) &&
t.isAlive()) {
threadMessage("Tired of waiting!");
t.interrupt();
tjoin();
}

threadMessage("Finally!");

H
}

Yoy poviopnog

210 OLYYPOVICUO TOV VNUdtev vrdpyovv odpopa mpoPAnuata  Omwg:  Aadm
ropeufoins viuazog(thread interference)  wor A4ON ovvémeias uviung(memory
consistency errors). To gpyaielo TOv amotteiTol TPOKEWWEVOL VO OTOTPEYEL ALTE TOL
AGON eivon o aoyypoviouog.

Xvoyypoviepuéves né0odon

H yA®ooa mpoypappaticpov g Java mopéyet 0vo PBacikods TpOTOVE GLYYPOVICUOV:
ovyypoviouéves uéfooor Ko ooyypovicuéves onimoeig. O mo oHhvhetog Twv 600, elvar
Ol GUYYPOVIGUEVEG ONAMGELS, KOl TEPLYPAPETOL GTNV EMOUEVT TAPAYPUPO. ZE OVTN
NV TOPAYPOPO TEPLYPAPOVTAL Ol  GVYYPOVIGUEVES uEBodOL.

Mo va xotaocmoovpe po péBodo cuyypovicuévn, tpochétovpe anhd T AEEN-KAEWOL
synchronized ot dnimon t™g:
public class SynchronizedCounter {

private int ¢ = 0;

public synchronized void increment() {

ct++;

public synchronized void decrement() {

c-

H

public synchronized int value() {
return c;
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H
}

Edv o count givon éva instance tov SynchronizedCounter, TOT€ T0 VO KOTOGTNGELS
OTEG TIC LEBOOOVE GUYYPOVIGUEVEG £XEL OVO OMOTEAEGLOTAL:

Kot' apydg, dev givar duvatd yioo 00 KAMGES TOV GLYYPOVICUEVDY HeBOdwV
010 1010 avtikeipevo vo cuvumdpyovy. Otav évo vipo eKTeELel pio GuYXPOVICUEVN
uéBodo yio éva ovtikeipevo , OAd ToL GAACL VAUATO TTOL KOAOOV GUYYPOVIGUEVEG
pebddovg yo o 1610 block avtikeipevo (avaoTéAAOVY TV EKTELEGT)) UEXPL TO TPADTO
VAL VO OLMOKANPDGEL TV £PYAGTI TOL.

Agbtepov, Otav pi cvyypovicpévn uébodog teppartilel, kabiepodveral
avtopota pioe happens-before oyéon pe omowdnmote emduevn KANon oG
oLYYPOVIGHEVNG HeBBdOL Yo TO 1d10 avTiKEipEVO. AVTO gyyvdtat 6Tt Ol AAAYEC OTNV
KOTAOTOGOT TOV OVIIKELEVOL Elval 0paTéS € OA TAL VILLOITAL.

Inuewote OTL ot constructors 4gv UTOPOVV VAL GLYYPOVIGTOUV — YPTCLULOTOLDVTOG
™ AéEn-khewdi synchronized pe évav constructor eivor AdBoc ovviaéne. O
GLYYPOVIGLOG T®V constructors dev €yl vomua, eneld] Hovo To VA Tov dnpovpyet
éva avTIKEIEVO TTPEMEL vaL £YEL TPOSPACT) GE OVTO EVA LTO KOTAGKEVALETOL.

Ot ovyypoviopéveg HEB0dOL EMTPEMOVY Ui OTATY) CTPATNYIKN Y ToL AGON mapepPoing
VILLOTOG KOl GUVETELNG LVIUNG: €6V éva avTiKEIpevo givol opatd og mepIocdTeEPA omd
éva viuata, 0Aog dPalel N ypdoel ot petafAntég ekeivov Tov OVTIKEINEVO OV
yivetal pécm TV GVYXPOVIGUEVEOY HeBddowV. (Mia onuavtiky eEaipeon: ot teAikol
TOUEIG, TOL deV UITOPOVV VO, TPOTOTOMOOVY APATOL KATACKELALETAL TO, UTOPOVV VO
Swpactovv axkivouva HEGH TOV UN-CLYYXPOVICUEVOV HEBOO®V, LOAG KOTACKEVAOTEL
TO OVTIKEIIEVO) QLTI 1] GTPATNYIKN EIVOL ATOTEAECUATIKT).

Apetapinta Avtikeipeva(Immutable Objects)

‘Eva avtikeipevo Bempeiton oupetdfiinto edv n kotdotoon Tov dev puopet vo aAldcet
apdtov €xel kataokevaotel. H ypnoyonoinon oueTtdfAntov aviikelpévoy yo. v
onuovpyio vnudtov kKot yoo v ektéleon amd vipoto Bewpeite por amd g
KOAVTEPEG OTPATNYIKEG Y10 TN ONovpyio amAov kot aSlOmeTOV KOJIKO.

To apetapAnta aviikeipeva givor 101aitepa YPNGILO GTIC TOAVVIUOTIKES EQOPUOYES.
Agdopévov Ot dev PTOPOVV Vo 0AAGEOVY TNV KATACTOGT TOVS, OEV UTOpovV v
aAAo1wO0VY amd TV Tapepforn vnudtov 1 va Bpebodv oe AavOacuévn katdotaon).
Ot mpoypappotiotés eivar cvyvd ampdBvpol vo xpnolHoro|covy o opeTdfAnta
OVTIKEILEVO, ETEDN OVNOLYOVV Yo TO MeEPYAOSTIKO KOGTOG TNG OMpovpyiag evog
VEOL OVTIKEIPEVO(CLYKPITIKG pe TO €meepyaoTiKO KOGTOG TNG OAAOYNG €vOG MOM
VRLAPYOVTOS  aVTIKEWEVOD). Avtd 10  emefepyaotikd kOGTOG(TNng  Ompovpyiog
OVTIKELEVOD) VITEPEKTIUATOL TTOAAES POPES, APOV TEMKA avTioTaduileTon amd To dAAa
TAEOVEKTNUOTO TV OUETAPANTOV aviikeipevo. Tétown mAeovektiuoato eivor m
pewwpévn emPdpouvon Adyo g cvALOYNG amoppypdtov(garbage collection) g Java
KoL 1 oLy Kddka Tov To. HeTaPANTA avtikeipeva(mutable objects) ypeidlovrat
OMMGONTOTE Y10l VO, U1 «TEGOVVY GE AavOUGUEVT KATACTOO.
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IMapaderypa cvyypoviopéving KAAoNG
H xAdon, SynchronizedRGB, opilel avtikeipevo mov aviimpocsm®melovy Ta. PO UATA.
KéBe avtikeipevo avtimpoommedel 10 YpOUA LE TPELG AKEPALOVS aPOLOVG, O1 0TToiol
aVTUTPOCoOTEVOLY Ta Tpio Pacikd ypdpoTa Kot €vo aAeoaplOuntikd(string) mov etvon
TO OVOULO TOV YPADOUOTOG,.
public class SynchronizedRGB {
private int red;
private int green;
private int blue;
private String name;
private void check(int red, int green, int blue) {
if (red <O || red > 255
|| green <0 || green > 255
|| blue <0 || blue > 255) {
throw new Illegal ArgumentException();

}

b
public SynchronizedRGB(int red, int green, int blue, String name) {

check(red, green, blue);
this.red = red;
this.green = green,;
this.blue = blue;
this.name = name;
}
public void set(int red, int green, int blue, String name) {
check(red, green, blue);
synchronized (this) {
this.red = red;
this.green = green,;
this.blue = blue;
this.name = name;

}

b
public synchronized int getRGB() {

return ((red << 16) | (green << 8) | blue);
!
public synchronized String getName() {
return name;
}
public synchronized void invert() {
red =255 - red;
green = 255 - green;
blue = 255 - blue;
name = "Inverse of " + name;

b
}

To SynchronizedRGB  mpémer va ypnowomombel mpocektikd TPoKeWEVOL Vo
aropevyfel o kivouvog va Ppebel oe pio acvppifactn katdotaor. Ymobéote,
TopadElypatog yépv, £va vijpa Tov ektedel Tov akdAovo KdOKL:

SynchronizedRGB color = new SynchronizedRGB(0, 0, 0, "Pitch Black");
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int myColorInt = color.getRGB(); //AfAwon 1
String myColorName = color.getName(); //Afhwoon 2
Edv éva dAho vipa kodéoetl Ty color.set(), petd amd ) dMNiwon 1 ko Tpv and ™

oniwon 2, n yuy myColorInt  dev Ba tapra&er pe v Ty} myColorName. o vo
amoeVYEL QLT TNV £KPaot, ot Vo MNAmceLS Tpénet vo decpevBodv pali:

synchronized (color) {

int myColorInt = color.getRGB();

String myColorName = color.getName();
}

Biphoypagia
http://www.eclipse.org
http://www.w3.org/TR/html4/

http://java.sun.com/developer/technical Articles/Networking/Webserver/
http://java.sun.com/developer/technical Articles/Networking/Webserver/

http://java.sun.com/docs/books/tutorial/networking/sockets/index.html
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