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Evyaprotieg

Ba NBera va gvyapiotiom Bepud tov emPAénovta kabnynt pov Ap. Xpoon I'ewpyiov
TOL HOL £0MGE TNV ELKOIPIN VAL EPYACTO TAVE GTO OVTIKEILEVO TNG TOPOVGOS EPYACING.
Me v kaBodonynon kot ™ moAvTun Pondeio Tov KOTAPEPA VO OAOKANPOO® TNV

gpyacio ovTn.

Oa M0era emiong va gvyopioom tov NikOAo NiKoAdov yio Ty 4plotn cvvepyocio
poG Ko T peydAn tov Pondela mov pov mpocEPepe, HEGH TOAAMDY GLUPOVAMY ALY Kot
pécw  evOg  MPOYPAUMUOTOS 7OV  HOL  €0MGE  TOV  OMOI0L  TO  OMOTEAEGUOTO

YPNOLOTOOVVTOL GTO OIKO LoV TPOYPOULLLLAL.



Iepiinyn

Avt 1 STA®UOTIKN Epyacio KIVEITOL GTO YMOPO TOV KATAVEUNUEVOV GLGTNUATOV. TNV
EMOYN MOG, TO KOTAVEUNUEVE GLGTNHLOTA 0O KeEVONG dadidovTal EVPEMS, AOY® TNG
avOYNG COOAUATOV, TNG EMEKTAGILOTNTOS Kol TG VYNANG enidoong. H acvyypovia kot
1N TAVTOYPOVia ival KATO1ES SUVATOTNTEG TOV KATOGTOVY GUTA TO, GUGTHUOTO OVOYKOioL
oTIG pépeg pac. Amapaitnreg mpobmobicelc oo v VmapEN Kol TN CWOTH Agttovpyio
TETOIWV GLOTNUATOV €lval 1 SWITHPNON TNS OTOMKOTNTAG TOV 0EO0UEVAOV KOODS Kol 1

GUVETELD LVI|UNG OVALEG O OTIG SIEPYACIES, KON KOl GTIV TOPOLGIN GOAALATOV.

e mpooceatn Epevuva £xel mapovciaotel o adyoppoc CWFR [1] o omolog emitpénet v
OVTOAAQYT] UNVOUATOV €YYPOETS/OVAYVMOOTG OTOUIKAOV OVTIKEWEVOV HETAED PLOCIU®V
OTOMIKMOV  KOTOAYOPNT®V. X& 0VTOV TOV  OoAyoplBuo eodyetonr 1 dvvordtnTo
OAOKANPOONG oG avdyvoong o€ éva yopo emkowvmviag, o€ avtibeon pe tov
amA0VGOTEPO OAYOPIOUO TOV OAOKANPOVEL OAd TO €i01 uUnvupdtov e 0VO YOPOLG

EMKOVOVING.

21000G¢ ™G TopovOOg OWMAMUOTIKNG epyaciag sivar va vAomombBel o amAovoTEPOG
alyopiBuoc kar o aiyopiOuoc CWFR, va yiver po obykpion petald tov 000
alyopiBumv yia va gavel kotd 1660 o CWFR givat amodotikdtepog o€ £vo peaMOTIKO
acvYypovo oiktvo. Ot 600 arydpBpol vAorombnkay oty YA®ooao mpoypoppoticpon C

KOl M TEWPOUOTIKN aE0AOYNON TOLG £XEL YIVEL GTO QGVYYPOVO KOl PEAAMGTIKO OIKTLO

PlanetLab.
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1.1 Oeopntiké Yropadpo

IMa ™ kaAdTepn KOTAvON o™ TS SIMAMUATIKNG EpYaciog divovtol KAmolol optopol Kot

évvoieg mov Ba ypnoipomonbodv ot mopeia.

1.11 Koartavepnpéve Xvotipoto

‘Eva xotaveunpévo cvomua [8] eivar o cvAloyr aveEdpmtov kot avtovouwmv
OVTOTNT®V Ol 0Toieg cuvepyaloviot yoo TV €milvom evog mpoPANUAToS, T0 0moio dev
pmopet  va AvBel  atopkd. Xvykekpyéva, ¢ ovtotnteg yopaktnpifovior ot
eneEepyaotég Ol 0moiol EMKOWVMOVOUV avTaAlAlovtag punvopato PEcw evOg OKTOOV,
OALGQ TELPOLGLALOVTOL GTOVG XPNOTEG MG LI LOVOIIKT ovTdtnTa. Agv popdlovtol Ko
LVNUN, €XOLV 0CLYYPOVIO, VTOVOUIN KOl DITAPYEL YEWYPOPIKY ATOCTUCT UETAED TOVC.
210 Zyfua 1.1 mapovcidleton éva amhd Kotovepnpévo cOGTNLN, GTO 0Toi0 £vol HikTLO
EMKOWVOVIOG EVOVEL OAOVS TOVG KOUPOVG, Kot 0 KABe Evag €xel Tn 01K TOL UVRUY Kot

eneEepyaoty.
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Yympa 1.1: Ao Katoavepnuévo Alktvo amotelodpevo omd kdpovg

EVOUEVOL LECH EVOG d1KTVOV [8].

Ta Katavepunpéva cueTNUATO £X0VV TOAAE TAEOVEKTILOTO TOL AEITOVPYOLV MG KiviTpal
Yo vo to. ypnotponolel Koveig. Apykd, ol vrwoloywopol katavEépovior HETAh TV
KOpPov pe amotédecpa m amddoorn vo avédveror Emiong, vmapyovv avtiypago
OedOUEVOV KO TNYDOV G OAO0 TO JIKTLO Kol KOTE GUVETELN TOPATNPEITOL TEPICCOTEPT
alomotion o T€T010V0 €idoVG cvotuata. Avtd oeesihetal otn OwbdecudOTNTA TOV
dedoUEVOV Ko TV TOP®V Omd OPOPETIKOVS KOUPOVG, OTNV OKEPOUOTNTO TOVE —
KLPI®G OTIG TEPMTOCELS TAVTOYPOVNG TPOGPACNG O AVTAE — KOl GTY| VoYY GPOAUAT®V,
ONAad”n otV KavOTNTo Vo, EMPUOVOLY OKOUN KOl OTN TOPOLGIO KOTUPPEVCEWDV
Kémowwv KOpPwv. Térog, va onuelwbel mwg avtd Ta dikTva eivor emektdolo Le TO
HEYAAO TAEOVEKTNUA TG OGO TEPLGGATEPOL KOUPOL VILAPYOVV GE EVO KOTOVEUNUEVO

GUGTNUO, TOGO TTO EXPMOTO YIVETOL.

‘Eva kataveunuévo mpodypappa omotereiton amd Eva cvvoro depyaciov P, P2, ..., PN,
ol omoiec Ppiokovtor og €vo SIKTLO Kol ETKOVOVOUV HETAED TOLG LE OVTOAAOYT|
unvopdtov. Onog eaivetar oto Zynua 1.2, ot diepyacieg avtaridlovv pnvopato LEG®
Kémolwv kovoldv. To Myy eivar to pivopa mov otédveton and ™ depyacio Py ot
depyasia Py. Adym g acvyypoviag, vdpyel n SuvaTOTNTO VO GTAAOVUV UNVOLLOTO TPV
axoun mapadoBovv ta mporyovuevo. Emumdéov, n kabBvotépnon oty emkovovia givor

un poPAEYIUN OAAL TEPLOPIGUEVT).

P1 s P2

Yyqpoe 1.2: Arhé Katoavepnuévo Ipodypappa, 6mov 1 P1 otédver pipvopa M12 ot Pe.



"Evog Katavepunpuévog vtoAoyiopog eival 1 ETIAVGT VTOAOYIGTIKMV TPOPANUATOV e TN
YPNON KOATAVELUNUEVOV GUOTNUATOV. ZVYKEKPUEVA, To TPOPAHaTe avTd potpalovrol
o€ VIOTPOPANHOTA, TO. OOl EMAVOVTIOL Omd Evo 1 TEPLGGOTEPOVG EMEEEPYUSTES TOV

KOTOVEUNUEVOL GUGTIILATOC.

1.1.2 Koatoavepnpévy Kowi) Mvijun

H kataveunuévn kown pviun (Distributed Shared Memory) [8] sivor pio apnpnuévn
évvola. Oatvopevikd, potaletl va etvar por Lovadikn pvnun pe £va xopo dtevbouvoemy.
Ouwg, ot mpoypotikdOTTe — OO Qaivetor kKou oto Zynuo 1.3 — xédbe kopupog oo
KOTOVEUNUEVO GUOTNHO TPOCPEPEL VAL UEPOS TNG UVIUNG TOL Yo TNV KOWN HViUN M
omoio amewovileTal ¢ [ KOWY| €KOVIKY Uviun &vog yopov devbivoewv. Kdbe
KOpPog éxel mpocPaocn o OIKN TOL TPOCMTIKY UVIUN KOl GTI KOWY UVAUN HE T

xpnon tov cvvaptoenv read kot write.

CPU CPU CPU
Memory Memory Memory
i i
V L]
Memuory Memory o Memory
ranager Manager manager

H e m L bl _pwa= H

Shared virtual memory |

Yyfqua 1.3: Anewcovion g Kataveunuévng Kowng Mviung [8].

Onwg avaeépape mponyovuévmg, n tavtdypovn tpodcPoacn otn uvhun etvor mbavn oe
éva. Katoveunuévo ocvotnua. g €K To0TOV, KATO0G UNYOVIGUOG TavToypoviag stvat

avaykaiog Yo 10 6mMGTO YEPICUO TOV TOVTOXPOVAOV QVTAOV TPOGRACEMV.

1.1.3 ZXvvémera Mviung

Yvvéreia pvung [8], | oAMdg cuvEémELo uviUNG, Eival 1 IKOVOTITO TOV GLGTHUATOS VoL
extedet opBa Aertovpyieg pvnung. ‘Eoto N o apiBuog tov diepyasudv kot Si o aptipodg
TOV AEITOVPYIOV UvAuNG Yo T depyacia Pi. Ilpo@avdg, o aptBpdc tov dpopeTikdv

CLUVOLUGUMV EKTEAECNG OLTMOV TOV AEITOLPYIOV vt TOAD peydroc. o va vapyet
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ouvémEl LVAUNG xpetdletan va optotel 1 opBdTMTa, 00TOG MGTE Vo apopebodv ot
cuvovacpoi mov ) mapafidlovv. Evag kAacikodg optopdg g ophotntag Adel Tmg pio
opbn extéheon ot pvnun eivor ovty oty omoia KABe Aertovpyic avAyvOONG
EMOTPEPEL TNV TN OV OmOONKEVTNKE GTNV TO TPOSPATN Asttovpyia eyypapns. Me
TNV TOPOLGIO OUMG TOVTOYPOVOV TPOGPAGE®V GTN UV KOl TOAAOTADV OVTLYPUP®OV
TOV OVTIKEWWEVOD, UTOPEl v VITAPEOVY TTEPIGGOTEPES AMO WK TPOCPATES AEITOVPYIES
eyypaonc. Emouévocg, ypedletonr va mpocoppoostel o opopdg e opbdtnrag oto
OLYKEKPIEVO cvoTnua. XTdY0¢ €lval vo  omoppittovionl  KOTOEG TOVTOYPOVEG
npocPacels, ymwpig vo yivetor TO CLOTNUO VTEPPBOAIKA TEPLOPIOTIKO ®G TPOS TN

ouYyypovia.

To povtédo cuvémelag pvnung opilel 1o cHVOAD TOV EMTPENTOV dTAEE®V TPOSPaoNg
ot pvnun. £to Zynuo 1.4 pmopovpe var 00VUE To 6 SOPOPETIKA HOVTELD GUVETELNG
HVIUNG. ZTN Topovod SUWTAMUATIKY epyacia Bo acyoAnbovue povo pe HOVTEAO NG
atopukng 1 ypoupkng uwhung (Linearizability/atomic consistency/strict constistency).

No consistency model

Pipelined RAM (PRAM)

Sequential consistency

Linearizabality/
atomic consistency/
stricl consistency

Causal consistency

Slow memaory

Yympo 1.4: Iepopyio Tov poviéhov cuvénsiag pvhung [8].

1.14 Zvompoto Amaptiog

‘Eva  obompo amaptiag (Quorum System) [11,12] eivar évo  gpyodeio mov
XPNOWOTOLElTAL Yot TN OWCQAAOT TNG OLVETEWS Kol NG OfecIudTTOS TOV
avTiypa@ov Tov dedopévev, akdun Kot 6tn Tapovsio ceaipdtov. Opiletor g pio

ovAroyn amo ovvora Q = {Q1,...,Qm}, yvootd wg quorums, amd ta omoio T0 Kabe Eva
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nepiExel éva ovvoro eEummpetntov S = {S1,...,Si} yw kdbe ovvoro Qi. To cvotua
aroptiog, Q € 2° glvan éva vrooHhvoro Tov S, oVTLG MoTe KA dVO VTosUVoia Tov Q
va tépvovtor petaéd toug. ‘Eva cbommua amaptiog kakeiton N-wise, av kabs quorum
OV OVNKEL GE OTO TO GUOTNHA TEUVETOL TO MYyOTEPO e N dAAa quorums. Kafe quorum
Aertovpyel Ko aviurpocwnevel To cvotnua. Emopévmg, av 0Aot ot eEummpetntég evog
quorum AdBovv éva unvopa Kol omavinoovv, Besmpeiton mwog M Asttovpyio Exet
oAoKANpwOel, Yol og KAOe Topun Tov qUOrUM HE TA LITOAOTO VIAPYEL TO TO TPOGPOTO

avTiypo@o.

Aépe mog éva cVoTNUO EXEL EVPWOTIOL OTAV £YEL LEYOAN AVOYN CEUALATOV Kol OTOV
elval amodotikd, onAaodn ypnyopo. Ta cvomuoata pe kovn topn peta&d OA®V TV
quorums ogv gtvor EDPMOTO APOV TN KATAPPEVST VOGS KOUPOL amd TV KON Topun givor

OPKETN Y10l VO KATOPPEVGEL OAOKANPO TO GOGTNLLOL.

H modtta evog cvotiuatog amaptiog pmopei vo petpndei omo 3 Paocikd kprripia [13].
Apykd kptipio givon 1o péyebog tov cvotiuotoc. Oco HkpdTEPO €ival éva cOGTNIA
1060 KpOTEPN €ivol KOl 1) TOALTAOKOTNTO. TOV, €POCOV  QUAAYOVTOL AyOTEPQ
AVTIYPOQO TOV OVTIKEWWEVOD KOl GUVETMOC 1) EMKOWVOVIOL UETOED TV €ELTNPETNTOV
elval ovvropotepn. Agvtepo kpumnplo umopel va Bewpnbel n Swbecyotro evog
oAOKAN POV quorum. Ag vrobécovpe Tmg kabe eELINPETNTAG UTOPEL VO KATAPPEVCEL UE
mBoavotnta p. Yrdpyet o mbovotnta Fp, va katappedcovy apketol eEummpetntés e
OmOTELECUO. VO UMV LITAPYEL €vol OAOKANPO Aettovpylkd QUOrUM oT0 GUGTNUAL.
[Ipopavag, avti N TOavOTHTOL HETPE TNV ELP®GTIO. TOL GLOTNUOTOG, KOl Y10, OVTO
emBoun mbavoémta givar n pikpdtepn. Télog, onpavtikd kpiripo givar to eOPTOG
KéOe eEummpenty, ONAadN 10 WOGO CLYVA YPNoomolEital. Xg 0G0 TEPICTOTEPO
qguorums avnkel, TOGO TEPIGGOTEPO YPTCLUOTOLEITAL KOl GUVERTMOS TO (QOPTOS Eivar
peyoivtepo. EmBountd @optog eivar 10 pikpdtepo, apod o€ TéTOl MEPIMTOON Ol

e&ummpemTéc B pmopovv va ekteAoVV Kt GAAES EPYOCTEC.

[Topatnpodpe mmg to Kpurfipa €fvol avTIKPOLOUEVA. XTO TPAOTO KPUINPO omonteiton
piKpdg aptBpdc eEumnpetnT@v, VO 6TO OEVTEPO KPP0 amatteitol LEYOADTEPOG. g
€K TOVTOV, dgV LITAPYEL KATO0 GVGTNHA amapTiog oL va etvat BEATIOTO ®¢ TTpog dAa Ta.

Kprrpe. Ymhpyoovv, OUme, mokila €101 GUCTNUATOV amapTiog, avAAOYQ LE TIG AVAYKEG
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oV ¥pNo. 'l Tovg oKOTOVG VNG TNG SUMAMUATIKNG epyaciag, Ba acyoinBovdue pe
T €€ng tpia €idn: (o) To majority [13,16], (B) to matrix [13, 16] ko (y) to crumbling
walls [13].

Yta majority cvotuato araptiog To qUOrUMS amoTEAOVVIOL OO TOLAGYIGTOV

|—(n + 1)/ 2-| e&umnpemtéc. Onwg eaivetol kot oto Zynua 1.5 (o), vadapyovv Vo

oUVOAQ Y1 TOL 0Tt010L 1oYVEL O MO TAV® TEPLOPIGUAC.

Yta matrix ovotuata amaptiog (Zyque 1.5 (B)), €xovue éva opboydvio mAEyua

amotelobuevo amd tovg eEummpetntés. Kdbe quorum omotedeiton amd pio Yo Kot

[0 6THAN ToL TAEYHOTOG Kot Exetl péyebog 2vn — 1 e&umnpetnté.

Ta crumbling walls cvothuota aroaptiog (Zyqua 1.5 (y)) oynuotilovtat pe TopoUO10
TPOTO UE TN SPOPE TS Ol YPOUUES Kol 01 OTHAEG £xouv dtapopeTikd péyedoc. 'Eva
quorum ocynuotileTon amd pio OAOKANPN YPALUT Kot £va ototyeio amd kdbe ypappn| mov
Bpioketol kbtm and avtn. [a mapdderypa, To quorum oto Zynuo 1.5 (y) amoteieitan

amd TN 0eHTEPN VPO KO TO GKOVPOYP®UA GTO eI TOV PpickovTon KATM amd auTh).

O
o0
@O
CO0@®

O®0O0

(o) B) (v)
Yympe 1.5: Eidn Zvomudtov Araptiog [13,16]

(o) majority, (B) matrix, (y) crumbling walls

1.1.5 Karavepnpévo Aiktvo PlanetLab

To PlanetLab [17] eivar éva xotovepmuévo diktvo To omoio Agrtovpyel ¢ o

TAOTEOPUO. OVATTUENG KoL OOKIUNG VEWV OIKTLOK®MOV EQOPUOYDOV KOl VINPECLOV
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naykoopiov khipakag. Méxpt otiyung, oto PlanetLab ocvppetéyovv  axadnpoikd,
Bounyovikd kot kvPepvntikd wWpopate pe 1064 kopuPovg amd 562 Sopopetikég
tonofeciec maykoouing (Zynua 1.6). Ilpotimdbeon yio Eva idpopa va yiver pélog sivar
VO TPOCPEPEL 2 N TEPIGGOTEPOVS VIOAOYIOTEG €15 ¥pNon Héso oto dikTvo. Avtoi ot
VIOAOYIOTEG ivan mov oynuatiCovv to overlay diktvo oto omoio &govv OAa Ta UéEAN
npocPacn. Tuykekpuévo ot mopot kKabe koépuPov popdlovrar oe pepicpata (slices), to
Kk@Oe éva amd T omoio mopovoldleTor ¢ Eva SIKTVO HE EKOVIKEG pnyavés. Kabe
pépopa umopel va ypnoipomotnoet péxpt kKo 32 koépPovg. Amd t pépa dnpovpyiog
0V, T0 UEPIopa €xel ddpkeln Long Eva pnva Kot av 0ev vdpEel KOmolo avavEwon,
1OTE 01 TOPOL OWVTOV TOL UEPICUOTOG OTOOECUEDOVTAL Kol OAN T OESOUEVAL YAVOVTOL.

Q61000, EMTPENOVTOL ATEPIOPIGTES AVAVEDGELC.

H npdcoPaocn oto diktvo eivar gpikt| péom SSH, 10 omoio mpoceépel acpoin kot
KpumToypaenuUéVN emkowvovia. Emiong, ot otabpol pmopodv va enaveykotactadovv 1
KOl VO ETOVEKKIVIIGOVV UETATPEMOVTAG TO O10KO o€ pio un-a&ldmotrn, TPosmpivi
popen amobnikevonc. To IMavemotiuo Kompov ovpuetéyet oto  PlanetLab
TPOGPEPOVTAG OVO VTOAOYIOTEG. [0 oKOTOVE VTG TG OWTAMUATIKNG KOl Yo TNV
nelpopatiky a&loAdynon tov adyopibumv el ypnowomombei to PlanetLab wc éva

PEOMOTIKO OTKTVO.

N = . -
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Yympa 1.6: To edpog tov ductvov PlanetlLab [17]



1.2 Mponyovueves Epyaciceg kon Kivntpa

H amodotikdtta TV AEITOVPYIOV YPOONG KOl OVAYvmoNSg HETPETAL amd Tov aplud
TOV YOPpOV EMKOWOVIOG HeTaEd TV SlEPYOcU®Y TOL GUOTHUOTOC, Ol OTOIES
Katatdoooviol 6tovg avayvooteg (readers), otovg eyypoeeic (Writers) kot otovg
e&umnpemtég (Servers). ‘Evag yopog emkowmviog (RTT) Eekwva 6tav €vag ovayvdoTng
N €yypoeéog oteilel o aitmon yw Aettovpyio Kot olokAnpovetor Otov AdPet
amovtnoelg and €éva oOvolo (Omwg £yel oplotel oto vmokeedAiaio 1.1.4) tov

eEumnpetnTOV.

H mpot™ vAomoinon &vog poviéhov atopukng pvnung mapovotaletor oto [1], 6mov
divetar o Avom pe éva gyypogéa kot moAhovg avayvooteg (SWMR). 1o
OLYKEKPIUEVO UOVTEAD N e&ummpentég AopuPdvouy aviiypoa@o Tov OVTIKEWEVOL UECH
unvopdtoy. Xpnoyomoleitor T0 cOOTNUe amaptiog Majority kot ®¢ €K ToVTOL Ol
Aertovpyieg oAOKANp®VOVTOL HE emTLYIOL EPOGOV O aplBUdS TV EELANPETNTOV TOL
Kotéppevoay dev @tdvel 1o n/2. H Aertovpyio eyypapic ypeidleton éva (1) yopo
emkowmviag — kot Y1’ avtd ovopaletan “fast” — evd n Aettovpyia aviyvmong ypeidletan
dvo (2) ydpovg emkowvmviog — maipvovtog to dvopa “slow” — pe 1o dedtepo yHpo va
YPOAQEL TN TWN TOL TNPE OTO TPMOTO OTAOW. AkoAovOMOVTIOG avT TV avATTLEN
EMKPATNOE O OPOC TG «N avlyvwon TpEmel vo Ypapey o€ mepiPdAlovta e

TOAAOTAOVC OVOLYVIDOTEG,

Qo1000, 01 £pevVvNTéG oto [2] petatpémovv v Asrtovpyio avayvoong oe “fast”
TPOGHETOVTOG £va TEPLOPIGUO MG TPOS TOV APBUd TOV OVAYVOOTAOV. XVYKEKPUEVOL
Aéve g av R 0 apBudg tov avayvestav, S o aptBpdg tov aviypdeov Kot t o aptBpog
TV KOTAPPEVGEDY GTO GVOTNWO, TOTE TTPENEL vo. 1oydel: R < S/t -2. Ot viomomoelg

OTIG OTO1eC KoL 01 dVO AgtTovpyieg etvar ypryopes, 0nwg 6to [2] ovopdloviot ypnyopeg.

Y10 [5], agoapeiton o mepopwopds tov [2], emurpémoviag ameptdploTo  aptOpd
AVAYVOOTOV, LE KOGTOG Lo apyn Asttovpyia avayvmong yia ke Aettovpyia £yypoens.
O akyop1Bpuoc doKudoTKe KAT® 0o peaMoTikéG cuvOnKeg [4] amodeikviovtag Tmg ot
TEPLOCOTEPES AELTOVPYIEG avayveong eivar ypnyopes. Edd eicdyOnkav o1 vontol koot
(virtual nodes) péca 6ToVg 0MOIOVE OUAGOTOLOVVTAL OL avayVdoTeS. Emonudvinke mmg
N NULYPNYOPN GLUTEPLPOPA dlaTnpeiTal 0G0 0 aPBUAS TV voNnTdV KOUP®V dev OTAVEL
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70 S/t -2. O1 viomowoelS OTIG omoieg cuvuTdpyovy apyég Kal YPRYopes Asttovpyieg,

o6mw¢ 610 [5], ovopdalovon yuryprnyopes (semifast).

Xpnowonowwvtog g Baon to [1], ot gpguvntég mapovsiocay oto [10] to poviédo pe
TOAAOVG £YYPOQEIG Kot ToALoVC avayvdotes (MWMR), 6to onoio to ovotnua omaptiog
givor To majority kot ot 600 Asrtovpyieg ypaeng Kol ovayvmong eivar apyés. Mia
TapoAdloyn ToV aAyopiBpov avtoh vVAoTolEiTal 6TA TANIGIO QLTS TNG SITAMUATIKNG Kol

éyel to ovopa SIMPLE [16].

"Exet amoderybei 010 [6] modg Yoo TNV dmoapén ypyopmv Kot NUYPYOP®V VAOTOMGEMY
Bacwopévov oe cvotnuato omoptiog, eivorl amapoitntn N WWOTTO TG TOUNG HETAED
6AV TV cuvOAmV (quorums). MdAiota, 1 W1OTNTA 0T dev Ypetaletar Ty Vrapén
TOV TEPLOPICUOV GTOV OPIOUO TOV aVayvVOoTOV, Omwg yivetar oto [2]. TTapodra avtd, pe
TNV KOVOTTOiNo™ VT TG 1010TNTAS, TO GVCTNUA 0eV givat eDp®ETo. AvTd oPeileTon
otV Ymapén evog uovo onueiov cedipatoc (single point of failure), to omoio pewwvet

KOTA TOAD TNV 0VOYT) CPOUALAT®V.

INa v enilvon avtod tov TPOPAUATOS, Ol EpELVNTEC oTO [6] MOpovsiocav TOV
Semifast Like Implementation for Quorum systems (SLIQ) oiyopibpo yioo v
VAOTOINON EVOG HOVTELOL UE Eva eyypoia Kol ToALoVE avayvooteg (SWMR). Ze avtd
TO HOVTEAO 1) ELPMOTIO KO 1) OVOYN OTO COAALATO EMTVYYOVOVTOL [LE AVTOAAAYLLO EVOL
HEPOG NG TayvTnTog TG vAoToinons. H Aettovpyia ypagng sivon mavta ypiyopn eved n
amodoTIKOTNTO, TG Acttovpyiag avayvoong Paciletor tAéov ota Quorum Views — pia
évvoln mov Oa pedetnBel oe enduevo KEPAAOIO — T OTOIOL TPOGPEPOVY KATOL YVAOT
GTOVG OVOYVMDGTEG LETE TOV TPMTO YOPOo emkovaviag Kot KabBopilouv av Ba ypelaotel
dgvtepog yopog 1M Oxt. Ot vAomomoelg mov Pacilovtal ce cuoTHUOTA OTOPTIOG KOt

ypnowomoovy ta Quorum Views, ovoudalovton aclevéc-nuuypiyopes (weak-semifast).

Me Bdaon 1o [6], &ywve meportépo épgvva oto [3] mapovoidlovtag 600 KavoHpylovg
alyopiBuovg, tovg CWFR kou SFW. 2tov CWFR 1 Aertovpyia ypaong ypewleton 2
YOPOUG EMKOVmVIag, Evd 1 Asttovpyia avayvoong xpewaietar 1 1 2 ybpovg, avéroya pe

To. quorum views. O SFW o&omotet o texvikn mov Aéyetan Server Side Ordering



(SSO) m omoio emuTpémel ypIYOpeS AELTOVPYIEC YPOPNG KOl  OVAYVOONG OF

GUYKEKPUYLEVES TEPUTTAGELC.

1.3 Xkomoc Aurropatikic Epyaciog

2KOTOG NG TAPOVCHS OWAMUOTIKNG epyaciog €ivar n vAOTOINoT KOl 1 TEWPAUATIKN
a&loAdynon tev 300 aAyopiOU®V ATOMKOV aVTIKEWEVOVY Ypaenc/avayvmong SIMPLE
kot CWFR [3] pe moAlomAovg €yypageic kot TOAAUTAOVS OVOYVAOTES. ATMTEPOG
016Y0¢ lval va cuykplBovV Ta AMOTEAECUOTO TOV O0VO AVTAOV aAYopiOu®V ®C TPOS TV
amdooom T0VG 6° Eva acHyypovo diktvo pe awbaipeta cedipata Kot vo ektiundel Katd

1660 0 alyopiBpoc CWFR givat mo amodotikoc and tov SIMPLE.

1.4 MeOodoroyia Yromoinong

H pebodoroyia mov akorovnOnke yw v vAomoinon g OMA®UOTIKNAG EPYOCiag
avtng etvor n akdAovdn: Apykd, £ywve PEAETN ApBPWV Kl TPONYOVUEVOV EPYOCLOV
OV APOPOVCAY AAYOPIOUOVS YPAPNS KO OVAYVIOOTC OTOMK®V OVTIKEWEV®V, dIVOVTOG
TEPLOGOTEPN EUPOCT OTO DAIKO OV 0popovoe kabapd Toug aryopifuovg SIMPLE kot
CWFR. Avaykaio tav n amodktnon Oewpnrikod vmofddpov yioo Tov KOTOVEUNUEVO

VTOAOYIGUO KO TNV KOTOVEUNUEVT] LVIUT).

‘Enetta, éywve e£01kelwon 010 TPOYPOUUATIOUO LE DTOSOYES PONG TOV EEVTINPETEL OTNV
EMKOWVOVIOL TOV OEPYUCIOV GTO KOTAVEUNUEVO CVOTNUA, OT®MG TPovimoBETouy o1
alyopiBuot. H apywkn viomoinon amidv vroloyloTik®v Tapadetypdtov fondnce ot
KOADTEPT KOTOVONGT TOL TPOYPOUUATICHOD HE VTodoyEg kot vanpée n Pdomn yu

petémeita vAomoinon tov adyopifuwv.

AxoAovOnce n viomoinon twv aiyopiBuwv SIMPLE kar CWFR 6nwg meprypdpovion
ota [10] ko [3] avriotoya, ot yAdooa npoypappotiopod C. H anocpaipdtoon £yve
apywd oto tomkd odiktvo tov IMovemotuiov Kompov kot apydtepa €ywve m

nepopotikn a&loddynon tovg 6to Kotavepnuévo diktvo PlanetLab.
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[Ipotov apyicer M mepapatiky agloddynon, mponyndnke n ekuddnon tov TpdmMOL
Aerrovpyiog tov PlanetLab, kabmg emiong m vAomoinon KAmowwv opyei®V EVIOAGDV
(scripts) — pe Bdon Tig yvdoelg mov amokopica omd to [19] — yio v TpogToacio TV
CEVOPIOV KoL TNV OVTOUOTOTO{NGCT TV EVIOADV TOV EMPOKELTO VO, EKTEAEGTOVV. APOV
JOKIHAGTNKE O OAYOPIOUOG KAT® OmO JPOPETIKA GEVAPLA, LAOTOMONKE aKxoun &vo
apyelo EVIOA®V Y10 TNV OTOKOUIOT) TOV OTOTEAEGUATOV. XTO TEAOG, £YIVE 10 GUYKPION

TV 000 alyopiBuwv kot n €0ymYN CUUTEPAGUATOV.

1.5 Aopn} Avmhopatiknis Epyaciog

To &yypago avtd meprapfavet €61 kepdrona. Xto Kepdioto 1 divovion kdmoieg facikég
évvoieg, ta kivntpa kot 1 pebodoroyio g epyaciag. To Kepdlowo 2 mov akoAovOei
TEPLEYEL TNV TEPLYPOPT TV 000 oAyopiBumv, evd to Kepdrawo 3 e€nyel tnv vAomoinon
tov¢. 'Enerta, oto Kepdhato 4 divetar pia eneEynon tov pvbuicewv oto PlanetLab wov
mponyndnkov ¢ mepapatikng agloAdynong kot oto Kepdhowo 5 meprypagetor m
nepopotiky afohdynon tov adyopifumv kot M €0ywyn CULUTEPUCUATOV. XTO
teAeLTalo KEQAAL0, dONAadn To KepdAiaio 6, avapépoviol To GUUTEPAGLOTE TOL OTTOL0
eEdyovtor amd TV SOVAELD TTOV £yve Yo TNV OVATTTLEY KOL OAOKA PO NG £PYACiag

OVTNG.
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2.1 Kowad Xapaxtnpiotikd AlyopiOpmv

[Ipotov 60000V o1 TEPLYpaES TV dVO alyopiBumv, kpiveTar avaykaiog o optopdg Kot 1

eMeENYNOT KATO®V KOWAMV EVVOLDV Kol AELTOVPYLDV TOV 0Ayopifumv

211 Aromkétnra

‘Eva atopikd oviikeipevo eivor puo agnpnpévn évvold mov mopovctdlel o doun
dedopévev 1 omoia opiletan amd éva GUVOAO TOAVAOV TYW®V Kol vrootnpiletol amd
Aerrovpyieg avayvaong (read) kot ypaoerg (write). H tavtoypovn tpdcsPacn o€ tétotov

eldovg avtikeipeva elvar €Ikt mpooeépoviag v aicbnon mwg ot Asttovpyieg
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avaiapPBavovior o pia dadoykn oepd. '’ avtd ko Kamoleg @opég ovopdloviot

ypoppkd avrikeipeva [9].

Onog éxel emwbel pwor Asttovpyion avayvoong N ypaens EEKwva n oTIyun mov 1
Otepyacio meAdtn otélvel aitnon otovg €SumnpeTTEC TOL  GUOTHUOTOS KOt
oloKAnpadveToL OTOV AGPEL amavINoelg omd £va chvVoro eELINPETNTOV, ONAAON o Eva
quorum. To Prua amocToAng ¢ aitnong Aéyetan Prina exikinong (invocation step) o
10 Pripna Afyng TV omavtioeny Adyetotl fripa andkpiong N exiotpoeng (response step).
H extéheon wxor tov oVo Pnuatov sivor oavoykaio yio TV OAOKANP®ON  HLOG
Aertovpyiag. Eitvar onuaviikd va EexaBapiotel mmg o diepyacio 0ev umopel va otnoel
pe véa Asrtovpyio €dv dev €xel oAokAnpwBel m mpornyovuevn Agttovpyion TOv €xEl

OTNOEL

M Aettovpyio Al mponyeiton pog Asrtovpyiog A2, av 1o Prua amdkpiong e Al
olokANpwbel mpv 10 Prua emikAnong ¢ A2 kot ovuPoriletor wg Al—A2. Ot
Aertovpyieg Al kau A2 eivan tavtoypoveg (concurrent) av n Al dev mponyeitol g A2,

onAaon Al » A2, ka1 n A2 dev mponyeiton g Al, dnhadn A2 » Al.

Qotoco, kdbe Aetrtovpyion cvpPoivel oe KATOW CLYKEKPYWEV OTIYUN UETOED T®V

Bnuatwv exikAnong kot emotpoens. Emopévmg, n atopikdtnta opileton g e€Ng:

1. Mw Aettovpyion avayvoong I evog OVTIKEWEVOL X EMOTPEPEL €iTE TN TIUN TNG
TEAELTAIOG OAOKANPOUEVIC YPAPNS W TTAV® GTO X €ite TN TN U0 YPAPNS W TTOV
glval tavtodypovn pe v I.

2. Edqv i Asrtovpyia avéyvoong rl emotpépet ) i mov £ypoye pio Asttovpyio
ypapng Wl kot po Agttovpyio avayvmong 2 emoTpeéest T TN TOL EYPOYE L
Aerrovpyio ypaeng W2 kou ) 'l mponyeiton g 2, tdte n W2 dgv mponyeiton ng Wl.

3. Oleg o1 Aertovpyieg ypaenc etvat avotnpd StTeTAYHEVEG,.

Y10 Zynuo 2.1 ¢aivovtor kdmolo mopadelypote OTOUKOTNTOG HE  TOVTOYPOVES
Aeurtovpyieg ypaeng kol avéyveoong, OTOV TO OTOMKO OVTIKEIUEVO €YEL OPYIKY] TN
unoév (0). Me aotepioko (*) mapovotdletor N CLYKEKPIUEVN GTIYUN] 7OV Yivetal 1)
ypaen M M avdyvoon. Xto mopadsiypato (o) xai (B) tov oynuatog eoaivovtol 6o

Aerrovpyieg ypapns Kot ovayvwons ot omoieg £xovv odokAnpwbel. Xto (o) 1 oTryun g
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avAyvmOoNg YIveTal Tptv T1 GTIYUT TNG YPAPNS Y10 OVTO EMIGTPEPETOL 1 APYIKT] TUUT TOL
avtikeipevov, to undév (0). Xto (B) n avayvoon yivetor HETA TN YPAON LE OTOTEAEGLLO
va TapeL TN véa T TG YPOENS, To oktd (8). Lta mapadelypata (), (d) kot (g) n
Aertovpyior ™G ypaeng dev éxet ohokAnpmOel. Tap’ dha avtd, 6to (y) M oTLyUn mOL
YPAQETAL M VEQ TIUY] GTO OVTIKEILEVO cLUPaivel TPV TNV avAyvooN, LE OMOTEAECUO M
avéyvoon mov yivetolr apydTtepa Vo TaipveL TN VEQ TN, TO OKT®. X10 (d) Qoivetal
axoun mo &ekdBapa 1 £vvola TG atokoTNToC. ZvpPaivouy 600 avayvmdoels, Omov 1
pia mponyeitan g dAANG. H Asttovpyia ¢ ypang eivor Tantdypovn He TG AEITovpyieg
avVAyvVmOoNG, 0AAL 1 GTIYUN TS YPaeNS cvuPaivel evolduesa Tov dVo avayvocemy. 2g
€K TOLTOVL, M TPOTN A&TOLPYID AVAYVOONG EMOTPEPEL TNV OPYIKN T TOL
avTikeévov, o undév (0) — yiatl akoun va ypagei n véa, evéd n de0Tepn Aettovpyia
AVAYVOGONG EMGTPEPEL TN O TPOSPATH, TO OKT® (8). X10 TELEVTAIO (€) TOPAdELY LA TOV
Yyuotoc 2.1, n ypoaen dev €xel cupuPel, pe amotédecua ot 600 Asttovpyieg avdyvmong

Vo, EMGTPEPOLY TN 1010 TN, TO UNOEV.

write(8), ack, write(8), ack,
l : ] - | ]
L’ | [ € ]
read., 0, read, 8,
(@ ®
write(8), write(8),
L —— "
I * ] - l ] - [
read, 8. read. 0, read, 8.
(7] )
write(8),
- L. ] =
read, 0. read, 0,

Yympo 2.1: TTapadeiypata Atopukotntag [9].

Avtifeta oto0 Zynuo 2.2 PAémovpe kdmola mopadetypoto mov mapofialovv v
atopkoTTe. 210 (0) TopovctdleTor o Agrtovpyion ypaghg m omoio dev Exel

oloxkAnpwbel kot 00O oAOKANP®UEVES Aettovpyies avayvmong, OTov 1 ol Tponyeitan
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g dAANG. H mopafioon €ykertar 6to 6T 1) TPOTY AELTOVPYIN OVAYVOCNG ETIGTPEPEL TN
VEa T OV TPE TO AVTIKEILEVO amd TN Aertovpyia ypaens, evd 1 de0TepT Acttovpyia
avayvoong emOTPEPEL TNV OpYIKN T, AVTO glvar adbvato Ady®m G UCENS TOL
OTOUIKOD OVTIKEEVOD, 1) OTO10L EYYVATOL TOG OTAV KATOLo dlepyacio doAcel T TN
TOV aVTIKEWEVOD, TOTE av dgv aAAAEEL amd KATOo AELTOvPYio YPAPNG, OTOONTOTE

UEALOVTIKT Agttovpyia avayvwong Ba emotpéyet oiyovpa tnv 01 Tiun.

210 (B) mapddetrypo Tov Zynuatog 2.2, vrdpyovv Tpelg Asttovpyieg OAOKANPOUEVES, €K
TV omoiwv dvo eivar avayvaoelg kot pio ypaer.. H ypaen elval tovtdypovn pe ™
TpOTN Asrtovpyia avayvoons. Ilapatnpodue mwg n wpdtn Asttovpyion avayveoong
EMOTPEPEL TNV OPYIKT| T TOL OVTIKEWEVOL, DTOONADVOVTOS TG 1 YPUPT OV £xel
akoun ovuPel. H Aettovpyio ypaepng, Opme, ohokAnpaovetor tpv EeKviioel 11 0e0TEPT
Aertovpyior avéyvoonc. IMapoia avtd, n devTtepn Aettovpyio avdyvoong emGTPEQPEL

EMIONG TNV aPYIKN TN, TopaPraloviog avTOUATO TNV OTOUKOTNTA.

write(8), write(8), ack,
[ N [ l -
[ |1 l [ | [ -
read, 8, read, 0, read, 0, read, 0,

(a) ®
Yyfqua 2.2: Tapadeiypata Iopapiocong Atopukdmrag [9].

2.1.2 Xvotipoto Amaptiog

Ot 600 aAydp1Bpotl Tov VAOTOVVTAL GE AVTH TN SMAGUOTIKY epyacio Pacilovtol ota
GLGTNATO ATAPTIOG, OOV 01 ELINPETNTEG KPATOVV QVTIYPOPO TOV OVTIKEWEVOL GTN|
TOTIKN TOVG Pvnun. Ot depyacieg Tov yypagEa Kot TOV AVoyVAOGCTN Vot EVIUEPOUEVES
v v Omapén Kot SOUN TOL GULGTHUOTOS AmopTinGg, To Omoid &ivol GTATIKE Kot
napapévouy ta ot ko’ OAn ™ ddpkela Tov alyopiBuwv. Onwg £xovpe avaeépet, ot
Vo alyopifpot Bo SoKIOGTOVY € TPio SLUPOPETIKG GVGTHLOTO, OTOPTIOG: TO MatrixX,

10 majority xat to crumbling walls.

H xatdppevon kdmotag depyociog eival dvvatn kKot mhoavhy 6€ OTOONTOTE GTLYUN

Katd T dbpkela v alyopiBuwy. Av katoppehoel ovopaletal ETPPENNG 6 GOAALATOL
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(faulty). Amd ™ otrypn mov kdmota diepyocio eivol ETPPETNG G GOAALATO, QVTOLOTO
Kol T qUOrUMS oto omoiol OVNAKEL KOAOUVTIOL EMPPENY] 6€ o@AApata. 6td6C0,
npodmodheon kol Twv Vo adyopiBumv — opoimg pe v TpoimdBeon g W1OTNTOS TNG
TOUNG — &ivol va. LIapyel TOLAGYIOTOV €va qUOrUM mov Jdev givol EMPPENES GE

ocQAANOTO, Y10 VO ElVaL EPIKTH M) AEITOVPYIN TOVG.

2.1.3 Agurovpyia

Ot 600 aiyopiBuor SIMPLE koau CWFR éyovuv moAAd KOwd yopaktnploTikd ot
Aertovpyior tove. Kartapynv, amotehodviar amd tpion cOVOAQ JlEPYUCLOV: TOLG
e&ompemtéc S={S1,...,Ss}, tovc ypageic W={WL1,..., Ww} Kot TOUG avayvmdoTeg
R={R1,...,Rr}, 6mov S, W Ko  ivar To. TANON TV GLVOL®V avtictotya. Kdabe diepyacio
EXel LOVOOIKO OVOYVOPIOTIKO KOl 1 €mKolvovio HETOED TOLG &ivol TEPLOPIGUEVT.
YuykeKpYEVO, o1 eELTNPETNTEC OEV UTOPOVV VO EMKOWVOVIGOLV UETOED TOVG, TOPE
HOVO pE TOVG TEAATEG e avToAliayn unvoudtov. [Hopopoimg, ot meAdteg Hmopovy va
EMKOWVOVIGOVV HOVO pE Tovg eSumnpettéc. To dikTtvo 610 0Moi0 emKO VOV givat
acvyypovo Kot k@be depyacio ektedel KAmolo AETovpyio pe OLOPOPETIKN TAXOTNTA.
Axoun, «dbe Oepyacic pmopel vo  KOTOPPELCEL ONMOLONTOTE OTIYUN YOPIG
Tponyovpevn mposwonoinon. Emopuévemg, dev pmopel va ereyyBel av kdmown depyocio

EXEL KATOPPEVGEL 1) Ae1TOVPYEL TOAD apydL.

To pnvdpota mov amocTEAAOVTOL HETOED TOV SEPYACIOV OTOTEAOVVIOL OO TO TOTO
oV unvopotog, éva (evyog twov < tag, value > xou tov apiBud aitnong tov
gyypagéa/avayvootn. O Tomog tov unvopotog pmopet va etvan gite READ kot WRITE
av mpoépyetar and kdmoto gyypapéa 1 avayvootn eite READACK kot WRITEACK av

TPOEPYETOL ATO KATOL0 EELTNPETNTY).

To (ebyog < tag, value > ypnopomotgitol omd ToVg akyopiBuovg yo vo S1otdEOVV TIC
Totoypoveg ypaés. To tag amoteleiton amd pio eyypaen pe dvo media < ts, wid >,
6mov ts givar M xpovooPpayida Tov avTiKeEWEVoy kot Wid 1 tavtdtnta Tov £yypoaeia,
evd to value givar n Ty mov Béher va ypayel o gyypaiac. Apyikd to tag eivou
apywomomuévo oc < 0, 0 > ce OAeC TIG dlepyacieg Kot 1 YpPOVOsEPayida Tov avEaveTol

katd éva (1) og kéBe Aertovpyio WRITE mov mpoépyetan amd diepyasio tov gyypapéa.
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H ovykpion petald tov tags yivetor adpapOunticd. Ag vrofésovpe dvo unvouato ml
kot M2 pe tags ta tagl ko tag2 avtioctoyya. To ml givor mo tpdoeaTo amd 10 M2, dHTov
1o tagl eivor peyaAddtepo amd 1o tag2. Avto ioyver (tagl > tag2), edav eite n
ypovooepayida tov tagl sivar peyolvtepn amd avty tov tag2 (tagl.ts > tag2.ts) eite ot
dv0 ypovooepayideg 10ovVTAL — TOV CNUAIVEL TS O1 OVO YPAPES EIVOL TOVTOYPOVES —
Kot 1 TavtoTNTo ToL tagl eivon peyolvtepn amd avt tov tag2 (tagl.ts == tag2.ts &&
tagl.wid > tag2.wid).

O op1Buoc aitnong eivor évag petpntig mov apBuel T1g artioelg mov ékave o Kdabe
eyypagpéag/avayvooms. [Ipotod kdmown depyacio meAdtn oteidel kdmowo pnvopa,
avéavel o petpntn outnoewv kotd £va (1). Apyotepa, apdtov AdPel éva pnvoua,
eléyyel av o aplBpdg aitnong Tov unvopaTog etvar icog pe 1o 01kd Tov PeTpnT. Avtdg
0 é\eyyog elval avaykaiog ylati etvatl mbavi n Aqyn Toloadtep®v unvopdtomy, to oroio

0 EYYPAPENS OyVOEL.

SoumAnpopatikd, vo vrevBopicovpe mwg o oepyocio Poextedel éva yOpo
EMKOVOVIOG Y10, KATO10 AEITOVPYi A EAV:
1. H P oteiket éva pivopo M yoo ™) OYeTIKN Agovpyio oe €va VTOGHVOAO
depyacidv (Tov £xovv T0 POAO TOV EELNPETNTOV).
2. Kd&be odwepyacio — elummpemntig mov  AauPdvet to M omovid  pe
acknowledgement otnv P.

3. H P ovAAéyetl amavtioelg amd Eva quorum.

21 ovvéyetla Ba dove TN Agttovpyio TOV gyypagéa Kol ToL eEumnpetn T, 1 omoia givat

01 Ko Yo Tovg 6vo aiyopibuovc.

2.1.4 Eyypoofag

Y10 Zynua 2.3 mapovolaletol To TpoTOKoAlo TOV gyypopia. O gyypapéag (writer) givor
N povn depyacio Tov Pmopel vo SMCEL oL vER TN 6TO avTiKeipevo kot yperaletat 600
YOPOUG eMKOVAOVING Yot Vo, OAokANpdceL pia Asttovpyia. Otav B€lel va ektedéoet P
Aertovpyion ypagng, av&dvel Tov aplBpd outoemv Tov KATd £vo. KOl GTEAVEL GTOVG

e&ummpemTég Tov cvotatog va unvopo READ Yo va pabet to tag tov avtikeyévov.
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Mohc AdaPer éyxvpeg amoviioelc READACK and €éva olokAnpo quorum, tdte
OAMOKANPAOVETOL O TPAOTOS YOPOG emkowmviag. Me tov Opo €yKvupec €vvoolUE TIG
OOVTAOES OV TEPVOVV TOV EAEYYO OYETIKA pe tov aplud aitmong. 'Emeuta, o
EYYPOPENG EVTOTILEL TN O TPOCPATI TIUT TOV OVTIKEWEVOL OVAUEGO GTIG ATAVTIOELG
Kol amofnKeveL ToTKA T Ypovosepayida amd o tag tov unvopatog. [potod apyicet o
deVTEPOG YOPOC EMKOWVMVING, OLEAVEL TOV aplBUO OITNOEMY TOL Kol T XPOVOSOPayida
OV HOALG OAOEE Kot Eva Kot amofdnkevel 6to punvopo Tov Oa oTeidel ™ véa TN TOV
avtikeévov. Tote otélvel otovg e§umnpetntég Eva ppvopo WRITE pe ta mo wéveo
otolyeln ko poMc AdaPer €ykvpeg amaviioelg WRITEACK amd £éva quorum,
OAMOKANPAOVETOL O OEVTEPOC YVLPOG EMKOWMOVIOG KOl OC OTOTEAECUO OAOKANPM 1

Agrtovpyia.

2.1.5 E&ouanpenmic

O g&omnpetntng (server) &xet éva mofntikd poro oto cvotnua. Tomikd @vAdel Eva
aVTLypOpO TOL OVTIKEYWEVOL TO OTO10 avavedVeTOL BACT TOV UNVOUAT®OV TOV TOIPVEL
Aoappdaver unvopata WRITE kow READ pe kdmown otoyeion yuoo to avtikeipevo Kot
aravtd pe unvopato WRITEACK kot READACK avtictotya. O eEummpentig @LAdEL,
EMIONG, OTN TOMIKN TOV UVIUN TOV aplBud authoewv yoo T kdbe diepyacio meAdTn.
‘Etot, ka0e @opd mov Aapufdvel Kamoo pivopa, eAEYxel av o apluoc oUToeEmS TOL
UNVOUOTOG Y10l TO GLYKEKPIUEVO TEAATN, EVOL LEYOAVTEPOG OO ALTOV TTOV EYEL TOTKC.
Av Oy1, TOTE TO ayvoet yiati onuaivel Tog etval KGmo1o ToAd KoOvGTEPNUEVO UNVOLLOL.
Me tov 1poémO 0avTO, UEIDVETAL TLYOV O)peiooT SLUEOPNON TOL JIKTHOL. XTN
nepintwon £ykvpov unvopotoc, av to unvopa mov élafe eivar READ, emotpépet ta
OTOYKElD TOV AVTIKEWWEVOD TIOV €YEL GTN TOTIKY TOV UVNAUN. AV T0 ufvopa mov lofe
etvar WRITE, avavedvel ta 6totgio TOL vIiypopov TOV OVTIKEWEVOL OV KPOTE

TOTKAL.
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1% vipog emmovevies: Aroctoir) READ wom s0peot Tov maxTag <ts,wid>

\ Evipeot tov maxTag,

\ @ Ohorifipoon Asttovpyiag
Tpugrc

NN

S —_ Sl S S —_

QuUOrLr
Evnuepoon (<ts,wid=,v)

Xyfqpa 2.3: Ipotokorro Eyypapia
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2.2 AlyéprOpog SIMPLE

2.2.1 Teprypagn AlyopiOpov

To mp®TO poviEAO TOL VAOTOLEiTAL Elval 0 AMAOG OAYOPIOUOG ATOMK®Y OVTIKEUEVOV
YPOONG Kol avAyveong e TOAAATAODS EYYPOPELS KOl OVOYVAGTES. XTO TANIGIO. OVTNG
¢ Smhopatikng epyasiog, Tov ovopdlovpe SIMPLE ywti eivar 1o mo anhdo MWMR
povtédo mov umopel va vrdpéel. Ot Aettovpyieg ypapng Kot avayvmong eivol apyec,

dnAaodn xperalovrol dvo (2) yOpoug emtkowvaviag yio vo oAoKANpwOovv.

2.2.2 Avayveoetng

210 ZymMua 2.4 mopovstdleTol T0 TPOTOKOAAO TOV OVAYVAOGTH, TO 0010 HO1dlel TOAD e
avtd tov gyypagéa. O avayvootng (reader) ektelel Tig Aettovpyieg avayvmong Katd
TapOHo10 TPOTo pe Tov eyypoeéa. Otav BEAeL va extedéoset pio Aettovpyio avayveoong,
avéavel tov aplBpd atnoe®wv ToL KATO £vo Kol GTEAVEL GTOVLG EELMNPETNTES TOL
ovotnuatog éva pivopa READ yio va pdfet tn tiun tov aviikelpévon. Moig AdPet
éykvpeg amavinoelc READACK amd éva oAdkinpo quorum, toéte oAOKANPAOVETAL O
TPAOTOG YOPOS emkovaviag. 'Emetta, o avayvoomng evtomilel T mo tpdoeaty Ty Tov
OVTIKEWEVOL OVAUESH OTIS OAVINGELS Kol amonkedel Tomkd to tag tov punvOopoToc.
Tote yperdletar €vag deVTEPOC YOPOS ETKOWMVING, 0VTMG MOTE VO EVIUEPMGEL TOVG
€ELANPETNTEC TOV KPATOVOAYV TOANOTEPT TIUTN, UE TN VEQ TIUN TOL avTikEWEVoL. 'ETot,
0 avayvadotng ov&dvel tov aplBpd otnoe®mv TOL KATA £vo. KOl OTEAVEL GTOVG
eEumpemtéc éva unvopo WRITE pe ta otoyeio tov mo mpdoeoton ovVTIKEYUEVOL.
Mohc AaPet €yxvpeg anavtinoglg WRITEACK and €éva quorum, oAokAnpovetaol Kot o
OgVTEPOG YOPOS EMKOWVMVING Kol WG OMOTEAEGLO. OAOKANPN N Aettovpyic. Me avtd tov

TPOTO JOIOETAL 1) VEQ TN 6€ OO TO GUGTNLO ATALPTIOGC.
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1% yipog emkorvevies: Amoctoin READ wm sbpeon tov maxTag <ts,wid=

Evpeon tov maxTag

quarum

2% yipog emmkowvevies: Amoctoir] WRITE wou Suddoon tov maxTag <ts, wid=

4 _
@ OhoinpooT Aeitovpriog
- OV VEIGTIC

S
'

Ewmuepoon (<ts,wid>,v)

St
'

Xyfqna 2.4: Ipotdokorho Avayvorotn
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Y10 Zynuo 2.5 divetor éva mopddetypo Omov M atopikotnTo mopaflaletar av m
Aertovpyia avéyvoong odokinpdveror oto 1° ybpo emikowvoviag. Ag vrobécovue Ot
EYOVLLE GLOTNHO OTOPTIOG MAJOrity Kot [io AELTOVPYio OAOKANPMVETOL OTOV OTOVTGEL
n mAeloyneio tov eéummpemntav. M apyn Astrtovpyion ypoeng ypdoet to véo tag
<2,v1>. Oco civar oe e£EMEn, o Aertovpyior avdyvoong dwpdalel amd éva chvoro
g&ummpettdv, dmov vrdpyet To véo tag. Epdcov dev yivetar 2% yopog emkovaoviog yio
TNV EVNUEPOGT] TOV LIOAOIT®V EELANPETNTOV LE TN VEA T, OAOKANPAOVETOL GE QLTO
10 onueio kpatdvtag 10 <2,v1> w¢ telkd tag. Tote, évog de0TEPOC AVOYVMOOTNG
owpdaler amd €va ocbvoAo eEummpentddv, OTMOvV dgv VTAPYEL TO VEo tag, ywti M
Aertovpyion ypagng Ppioketon akdun oe e&EMén. 'Etol, emiotpéper 10 tag <1,v0>,

napapralovtog Ty aToKkoOTNT, OTMOS £YEL TpoavapepOel aTo vokepdAaio 2.1.1.

<ts,wid>,v | READ EMOTPEQEL <2.57.v1 READ smatpépsl <1,2>.v(0

<1 .EVO k \
12590 \ 1\
{1;2};‘_0 (2,55 v1) \\ \

\
\

¥

Y

¥

Y

<1,2>v0

¥

<1,2=,v0 |

WRITE (<2,5>v1)... (mpoywpsi mohl apyd)

Yympa 2.5: Topafioon atoukdTNTog 6TV OAOKANPMOGCT TNG AELTOVPYING OVAYVMONG O

€val YOPO EMKOIVOVIOG.

2.3 AkyopOpog CWFR

Ytov aiyopiuo CWFR ewsdystor n évvola twv Quorum Views, ta omoio divovv
eMaPKelC TANPOPOPlEC GTOV OVAYVMOGTN Yl T KOTAVOUT TOV tag Tov aVTIKEWEVOL GTO
guorum mov &xel amAVINCEL KOTA TO TPMOTO YOpo emkowwviag. Apyodtepa, o
oLGYETIGOVHE TNV £VVOla VTY LE TN AEITOLPYiR TOV OAYOPIBLOL Kot TS HETATPETEL L0l

slow MWMR vlomnoinon oe weak semifast.
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2.3.1 Oyeg Zvotnuatov AToptiog

Ot oyelg ovomudtov amaptiog (quorum views) [6] eivon pio tEYVIK] 7OV
xpPNoonoteitol omd Tov avayvaotn yu vo eSakpidocel av €ywve Kamoo Asttovpyia
YPOPNG N AV YIVETOL TOVTOYPOVO LE T O1KT TOL AELTOVPYio. ZVYKEKPUEVA, LEGO OO TIC
OYEIS GLOTNUATOV ATOPTIOG O AVOYVOGSTNG PAETEL TNV Katavoun Tov puéytotov tag péca
GTO QUOrUM 7OV TOV £XEL AMOVTNGEL KOTE TO TPAOTO YOPO EMKOWVAOVIOS. ZOUPOVO [E TIG
TAnpogopieg mov maipvel amopacilel av ypelaleTonr vo cuveyicel 6e deVTEPO YLPO

emuKovoviag 1 OxL.

Ac vroBécovpe TG Yo KATO1o AEITOVPYIN YPAPNG 1 avAyvmong TG diepyaociag P, Kabe
e&ummpetC S omd Kdmoto quorum Q, To 0moio OVAKEL GTO GUGTNUO ATOPTING, OTOVTA
ot p pe s.tag. 'Eotm 61t maxTag = maxseq(s.tag). Aéue nogn p mapatmpel knoo and
T1G €€Nc OyElg cuoTudtOV amaptiog Yo To Q:

1. qView(1): Vs € Q : s.tag = maxTag,

2. qView(2):VQ €Q:Q#Q A3ACQNQ, t.w. A+ DKL Vs EA:

s.tag < maxTag,
3. qView(3): 3s" € Q: s'.tag < maxTag kat 3 Q" € Q t.w. Q#Q A Vs € QNQ":

s.tag = maxTag

Xympe 2.6: Topég petald tprdv cuvorov eEummpetntadv

O mo mave opopdg enyeitar evkoAdtepa L kamota mapadeiypata. 'Eotw 6t éxovpue
tpio quorums Qi, Qj ko Qz, ta omoio. avikovv og éva cvoTnue amaptiog Q Kot
TEUVOVTOL HETOED TOVG OmwG Qaivetotl oto Zynua 2.6. Ag vmoBéoovue, emiong, mmg
KAmO10G avayvadotng, Katd tn Agrrovpyio. avayvoong, Aapfavel amavtnoelg ond 1o

quorum Qj kot avakaAvrTel To MaxTag o¢ to péyoto tag mov cuvvavid péso GTo
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quorum. Xta mapadeiypato Tov Tynuotog 2.7, PAErovE Ta S1POPETIKG qUOrUM Views
nmov pmopel va cvvavtiost. Ot okovpdypmpot e&umnpettég Kpatobv 10 péyloto tag,
evd o1 dAlot Ttodadtepa tags. Av 6hot ot eEumnpetéc Tov Qj £yovv To maxTag tote o
avayvootme mopatmpet to qView(l), omwg eaivetar oto XZynua 2.7 (o). And avtod
ovumepaivoope g eite kopio Aettovpyio ypaeng dev éxel mponynbel eite €xet
emkowvovioel ue to0 Qj kat €yet ohokAnpwOel pe emttvyio. ZVUTEPAGUATIKA, O
aVOYVMOOGTNG OAOKANPMVEL T1 AETOVPYIC TOL GTO TPATO YUPO EMKOVOVING Apov OAOL Ot
eEumnpetnTéC TOL qUOrUM £yovv 10 PEYI0TO tag Ko Katd GuVEREL, GE OAL TO VITOAOITAL

quorums vdpyel 10 PHEYI0TO tag AOY® TWV TOUMOV.

Av kdmototr e&umnpentéc Tov Qj mEpEyovv makodtepo tag, aAld vrapyel £0T® pia
TOoUN TOL pE GAAO quorum, g omoiag O6Aotl ot eEumnpetntég £yovv To MaxTag, tote
napatnpeitar 1o qView(3). Edd vmapyovv 600 meputtwoelc. H mpodtn, O0mmg
napovotdletal oto Zynuo 2.7 (), Qeavep®dVElL TG TOVTOYPOVA HE TN AETOvPYin
avayvoong, ocvppaivel kdmowo Agttovpyio. ypagng 1 omoio dgv €xel OAOKANPwOEL.
Avtifeta, otn 0ebtepn mepimtwon, ko oto Zynuo 2.7 (d), KAmow TPONYOVUUEVT
Aerrovpyion ypapne éxet oAokAnpwbOei Aaupdavovioc amavtioslg omd to Qi, e
amotédeopo 1 toun petaéd tov Qi ko Qj va mepiEyel to mo mpoéceato tag. Mia
diepyacio aviyvmong av maipvel omavinoelg povo omd to Qj dev umopei vo, droympioet
T1G 6V0 epmT®oelS. [’ avtd ypetdleton 0 4e0TEPOC YOPOG EMKOVOVING Yo VoL d10.000¢i

10 maxTag otovg vrorourovg e&vmnpetnTég Tov Q).

Téhoc, 1o qView(2) eppaviletor étav kavévo omd ta GAAa 600 quorum Views dev
oyveL. Xuykekpipéva, otav 10 Qj mepiéyel makodtepa tags ko og kabe Tour Tov pe
Ao quorums vrmdpyovv maAowdtepa tags emiong, t0te €xovpe 10 Zynua 2.7 (B). Ze
OLTY] TN TEPITTMON 0 AVAYVOSTNG YPEGLETAL VO KAVEL TOVS £ENG VITOAOYIGLOVG:
1. "Eleyyog tov tags mov supavifovtor oto Qj kot apaipeon tov eELANPETNTOV
TOV KpoTOLV TOo MaxTag.
2. 'EAeyxoc av 10 Qj pe tovg evamopeivovteg eELmNPeTTEC AVIKEL GE KATOL0
quorum view. Edv oy, tdte emotpoen oto fripa 1.
Onwg mapatnpeital, yivetor po evorioyn tov Pnudtov Héypt o avoyvaoTng KotaAnget
oe Mo amd TIC OV0 mepuTtOdOoElS. Me avtd Tov TPOMO  MOAAEC  Asrtovpyieg

0AOKANPOVOVTUL YPNYOPOTEPQ KO, TO CTLLAVTIKOTEPO, OULTNPEITOL 1) ATOLKOTNTA.
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Qi Qi Qi
Q eo 0 Qi % ode Q; oz
(o) () m

Yyfqna 2.7: Tepurtdoelg tov quorum views [6]

(o) qView(1), (B) qView(2), (v) qView(3) pe pn-okokAnpmuévn ypaer,
(8) qView(3) pe orokAnpwpévn ypaen

2.3.2 Teprypagn AlyopiOpov

To dedtepo poviého, CWFR, mov vlomolgitor eivar o okyoplOuog oToUKOV
OVTIKEWEVOV YPOENG KOl OVAYVOONG HE TOALOTAOVG EYYPOPEIS Kol OVOYVAOOTES, O
omoiog Paciletar ota quorum views. Xapn otn texvikn avt) mov eEnyndnke mo nhvo,
0 akyopduog yiveton weak-semifast, ue tig Aettovpyieg ypagng va. ival apyéc Kot Tig
Aertovpyieg avayvmong va ypetdlovtor gite 1 gite 2 yOpovg emkowvmviog, ovardyms Tov
quorum views. Ot diepyacieg Tov eELINPETNT KAl TOV EYYPOUPEN TOPAUEVOLV O IB1EG,

EVOD 0TI O1EPYNGIO TOV AVAYVMOGTY EICAYETAL 1] VEX TEYVIKT).

2.3.3 Avoyvootng

Onoc kor otov aryopiBpuo SIMPLE, oto mpadto yOpo emkovoviog o avoyvaotng
av&avel Tov oplud oITtNoE®Y TOL KOTA €vo Kol GTEAVEL GTOVG EELMNPETNTES TOL
ocvotuatog éva unvopa READ vy va pdBet m tyun tov avtikepévov. Moig AdaPet
éyxvpeg anaviinoelg READACK and éva oAdxAnpo quorum, avti va cuveyicet pe to
dguTEPO YHPO eMKOVOVIOG, 0KOAOLVOOVV KATO101 TOTKO1 VTOAOYIGHOT. ZVYKEKPIUEVA, O
avVoyVOOTNG YPNOWOTOLEL ToL qUOTUM VIEWS yiaL vo. eEETAGEL TNV KATOVOUT TOV LEYIGTOV
tag puéoca oto quOrum mov tov omdvinos. Av Ppel quorum view (1), teppotiCer
Aertovpyio. TOV 0TO TPMOTO YOPO EMKOWMVING KOl QLAGEL GTN TOMKN TOL UVIUN TO
maxTag mov eixe owPdoet. Av Bper quorum view (3), cvveyiler pe devTEPO YVOPO

EMKOWVOVING Yo va 010 dGeL To MaxTag oe 6Aovg Tovg eEVINPETNTEG TOV GLGTNHILOTOG.
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g aVTO TO YVPO, O OVAYVAGTNG ALEAVEL TOV AP0 OITNCEWMY TOV KOTA £VOL KOl GTEAVEL
otovg géumnpemtég €va punvopo WRITE pe ta otoyela tov mo mpdo@atov
avtikeyévov. Molg AdPer €yxvpeg amavinoelg WRITEACK oand éva quorum,
OAOKANPAOVETOL KOl O SEVTEPOG YOPOG EMIKOWVAOVIOG KOl MG OTOTEAEGHO OAOKANPM 1
Aerrovpyio. Télog, av Ppel quorum view (2), 10te AEITOLPYDVTAG OVUSPOUIKE, OpaLpel
TOoVG €ELTNPETNTEG LE TO MO TPOGPATO tag UEYPLg OTOV VA GLVAVINGEL O AVAYVAGTIG

quorum view (1) 1 (3).
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Yhomoinon AlyopiOpmv
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3.3
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3.3.2
3.3.3
3.34
3.35
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3.3.7
3.3.8
3.3.9
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3.4
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Movrtédro Tleddn — EEumnpetn
IMpwtoéxoAro POOuiong Metafiacewy (TCP)
[Ipoypappatiopods pe Yroodoyés Pong
Eidn Ymodoyawv
AevBvvon IP (IP address — Internet Protocol Address)
Anuovpyio Ywoodoymg
Aéopevom Ovpag yo v Ymodoyn
«AxKovouO» OITHCEMY GUVOECTG
Xvvoeon pe E&ummpent)
Amodoyn aitnong cvvoeong
Avtalhayn Aedouévav
Tavtoypovog Xepiopds Ymodoymv
Kieiowo Ymodoymv
Nnuata (Threads)
[Teprypaer Kdpuwv Xvotatik@v tov Tpoypappdtoy
Apyeia evtolmv (scripts)

Avokorieg kot [Tapadoyéc

27
29
30
31
32
38
38
39
40
40
41
42
43
44
47
55
55

Ot dvo arydpBpol viomomdnkav ot yAdooo mpoypappaticpov C, akolovbdvtog 1o

povtédo merdtn-eEuanpetnn (client — server). Xe avtd to kepaloto eEnyeitatl avtd 0

povtéro, Kabmg emiong ot PAobnkeg kot ta epyareia TOL ¥PNOYLOTOWONKAV Yo TNV

oMK PG NG VAOTOINONG TV oAyopiBuwy.

3.1 Movtédro Ilehatn — ESunpetnti

To povtého mehdtn — e&ummpetnt (Zymua 3.1) givarl éva cOGTNUA e OPYLITEKTOVIKT

dKTHov, 6T0 0M010 VIAPYOVY dVO €101 dlepyacidv, 1 diepyacio tov merdn (client) ko
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n depyacio Tov géuanpetnty (Server). H kdbe depyacio eivor oyedoaouévn yo va
Kavel Kamotlo GVYKEKPIUEVT) SoVAELH. Ot eEumnpetnTég TapEYoLY TPOSPacT 6€ dLUPOPES
vnpecieg Kot dedopéva, Omwg Paoelg dedopévav, povades €o6dov — €EOGO0V,
EMKOWMVIES K.0L., &V® Ol TEAATEG OmMOKTOLV TPOGPOCT G€ aVTA HECH TOV
eEummpemtov. [apadetypota eEuanpemtdv eivar o web servers, ot ftp servers, ot mail

servers. Kdmota €idn melotdv eivan ot web browsers kot ot email clients.

ent |: t

Yympa 3.1: Movtého Tleldtn — E§ummpemntn [12]

H Aeutovpyla oto poviédo elvar moAd omAn. ‘Evag meAdtng mov embouel va
EMIKOWVOVNOEL LE KATO10 eELTNPETNTY], XPEWLETAL apYIKA VO EYKAIOPVCEL Pict GUVIEDT
pali Tov y va givot QKT 1 rKowvovior Toug. AkoAovBwe, KAvel aitnon o€ avtov,
Kol ooV 0 eELINPETNTNG OmOdEYXTEL TV altnon tov, TV enefepyaleTon Kol OmavTa

oW LE TIG ATOVUEVEG TTATPOPOPIEC.

Avéloya pe 1o €idoc tov efummpemnTn, Ol TNoES Mmopel va LROKEWTOL OF
eneepyacio oeplakd 1 Kol TOVTOYPOVE. AVAALTIKOTEP, LIAPYOLV VO KaTnyopieg
e&ummpemtov [20], avt) tev oeplokodv (iterative) kot avth TV TOVTOYPOVOV
(concurrent). 'Evag oeiplokog e&umnpetng eneéepydletan pio — pio Tig it oeLs, T pio
petd v dAAn. AvtiBeta, o Tovtdypovog eEummpetnNg Yo kaOe aitnon mov AapPavet,
™V avobétel o Kamolo GAAo e€umnpent Y va T xeptotel. Ot dAdotl eEumnpenTég
etvor viuara (threads) 1 véeg diepyacieg oto chotnua o1 omoieg tepuatiCovv pe v

olokApwon ¢ aitnong. Me avtd tov Tpomo o apyikods eEumnpeng eivat og Béomn va
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déxetal ovveydg autnoels. Kotd ovvémewn, moAlamiol meldteg e&umnpeTovvion

TAVTOYPOVO KL YPNYOPOTEPQL.

To povtélo meldtn — e&umnpetnty ypnoponoteital 1060 yio tomkd diktva (LAN) 6o
Kot Yo 10 Awdiktvo. o Tovg oKomovg OVTAG TNG OWAMUATIKNG €pyaciog, ot
aAyOoplOpol AmOCPUALATOONKAY TOMIKA, OAAG GYEIACTNKAV YL VO, EQAPUOCTOVV GE
éva peaMoTikd dikTtvo. Xe éva TéTowo OiKTLO, TO HOVIEAO OVTO TPOGPEPEL TETOL

KOTOVEUNUEVT ENEEEPYOTIN, DOTE TO LITOAOYIGTIKO BAPOC TV EPAPUOYDV VO LELDVETAL.

3.2 Mlpotékorio PHOons Metaprifdocwv

Onog eidope 010 HOVTELO TEAdTN — €ELMINPETNTN, Ol dlEPYUGiES OVTAALAGGOVLV HeTAED
tovg unvopato. H aflomotio oty emkowovio €ivol oNUOVTIKY Kol KATO GUVETEL
TPEMEL v EMAEYEL KATO0 TPMOTOKOAAO TOV VA €YYVATOL TNV OGPOAN OTOGTOAYN] T®V
unvopdtov. To Tpotokorlro pvOuong petapifacemnv (TCP) [18] eivon éva ditepa
a&lomoTo Ko cuVIESIoTPEPES (Connection — oriented) Tp®TOKOALO Yo TV EMKOVMViaL

400 OlEPYICUDV.

To TCP egivon ocvvdeociotpepés yati 600 depyacieg ypeldletonr vo KGvouv TPUYLEPT|
yewpayio (three — way handshake) (Zynuo 3.2) mpotod oteilovy onotadmote unvopoTo,
peta&y toug. Me 1 yewpayio ot dvo diepyaocieg kabopilovv TG TAPAUETPOLS TNG

GVVOEGNG TOVG TPOTOV OPYICOVV VO ETIKOTVMOVOVV.

SYN
SYN, ACK
ACK
v v
Time Time

Tympe 3.2: Xepoayio three — way handshake
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Mia ovvdeon mov ypnotponotel TCP ovuPaiver peta&h d6vo onueiov, 6mov to Eva givol
0 amocTOALNG Kot TO AAAO 0 déktnG. O amootoAéag pumopel va oteidel avbaipeto apOud
bytes pe v eyyomon o1t Ba. ptdoovy 610 déKTN pE TNV 1010 oEPE TOV GTAAONKAY.
EmumAéov og o tétoto ovvoeon N LETAPOPA dedoUEVOV etvar ap@idopopn, apov givat

EPIKTN M pon| dedopévmv and to Eva onueio 6To GALO Kot avTicTpopa.

3.3 Ipoypappotiopos pe Yroooyés Pong

Ot oiyopiBuor SIMPLE kot CWFR amouteitor va Agitovpyodv cmoTd HETAED
depyaciav mov Ppiokoviar ce S0POoPeTIKEG TomoOesiec o TayKOGUO KA{HOKa, Ol
omoieg EMKOWV®OVOHV HEG® TOL d1adtkTVLOV. 'l To AdYo avtd, N vVAomoinon tg TCP
ovvdeong £yve ot yYhdooo Tpoypoppatiopot C, 6mov ypnopomomonkay KatdAinieg

GUVOPTNOELS TOV TPOGPEPOVTUL GE QLLTH.

No vrevBvpicovpe mo¢ otovg aAdyopiBuovg €xovue tplo €10n OlEpyOooI®dV, €K TOV
omoimv Ta 6V0 £Yovv T0 POAO TOVL TTEANTN KOl TO TPITO TO POAO TOV €ELANPETNTN. XN
ovvdeon TCP, o meAdng eivon avtdg mov Ba {ntoetl emkowwvio pe tov e&umnpetn
Kol 0 €EumNPETNTAG etvan awTdg mov Bo v amodeytel. to Zynua 3.3 amewoviletal 1
dladkacio eyKafidpvong EMKOVOVING Kol OVTOAANYNG UNMVULATOV GTO LOVTEAO TEAATN
— g&umpem . [Ipotov vdpEel omoladnmote cHVOEST, 0 e&uanpeTNTNG YPEdleTON VO
elval og eToOTNTA KoL Vo TPEYEL. QG €K TOVTOV, ONOVPYEL TNV VTOdOYN PONG TOV UE
™ ovvdptnon socket() kar deopedel wa BOpa oe avt ue v bind(), oty onoia Oa
d€xeTal TIg MTNOES TOV TEAUTOV. TATE, 0 ELINPETNTIG TEPUEVEL KOl «AKOVEL TUYOV
aroelg pe v listen(). Axkorovbwg, kamota diepyacio wehdtn dnuiovpyei T S1KN NG
vrodoyn kot kabopiler ™ BOpa Kor TN SevBvvon Tov efumnpetnTh. Avtd eival
avaykaio yio vo Eekvnoet ) Tpuepn xepoyio, otédvovtag aitnorn chvoeons otov
e&ommpet pe v connect(). Me ) oepd tov 0 g&uINPETTAC, AKOVYOVTOC TNV
aitmon, v amodéyetar ekteElmVTOG TV accept() kot dnpovpyel pia véa vodoyn pong
TNV 0moio YPNGUOTOEL OTOKAEICTIKA Yo TY) GLYKEKPIUEVT ovvdeon. [Tapatnpovpe Tmg
N TpEPN YEPoyia Yiveror «ctomAd» petalld T VTOdOYNG PONS TOV TEANTN KOl TNG
VEOG VITOd0YNG PONG TOL ELANPETNTY. META TNV OMOKATAGTAGT TNG GUVOESTG, Ol dVO

depyacieg otéAvouy kot Aopfdvouy punvouato pe tig cvvaptoelg read() ko write()
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HEYPIS 06TOV 0 TTEAATNG oteilel ppvopo pe ™ close() ywo tepratIicHd TG EXKOVOVIOG.

Me 1o Kheioo g ohvoeonc, 1 véa LTOSOYN PONG TOV eELTNPETNT SLAYPAPETAL.

socket()

bind()

listen()

accept()

ECvmmpetntig

Anmovpyio
Yrodoymg

.

Agopevon Bvpog
Yo, TV vITodoyM

.

"Axovoua" yo.
O1TY|OELS GUVOEDTC

!

Amodoym
aitnong

read()

/£

loop

writeN

ovvdeom

ITehang

Anuovpyia
Yrodoymg

I

Tuvdeon Le oV
eCumMPEMT

-

i oit i
5 Aym Pl LD amoGTOM)
cdoUEVOV dedouEvev
OTOGTOAN OIaVINGT Aym
dedoueEvov ! dedouevav
KAgiowo
ovvdENC
close()

socket()

connect()

write()

loop

%ad()

Yympa 3.3: Awdwkacio eykabidpvong emkowvoviog peta&d meldtn kot eumnpetn

3.3.1 Eidon Ymodoymv

Yndpyovv dvo onuavtikd €idn vrodoydv [7]: ot vmodoyég pong (stream sockets) yio

ovvdéoelg TCP kot ot TnAeypaeikég vrodoyég (datagram sockets) yio cvvdéoeig UDP.

Onwg emonudvinke, otic VITOSOYEG PONG ATULTEITAL 1) TPLEPT|G CVUVOEST], TPOGPEPOVTOG

aflomotio 6TV emkovmvia kot ddoykoTTa petald Tov unvopdtov. Aviifétod,

OTIS TNAEYPOQPIKEG LTOOOYES Ogv ypeldletor va mponynbel ocvvdeon petold TV

depyacidv. o To Adyo awtd ovopdlovtarl kot connectionless sockets. Me avt

ovvoeon Oev vmapyel aflomotio ko to punvopoto pmopel va Aapfdvovtor pe
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PO PETIKN GEPE ad AT TOL GTOAONKOV. XTOVG OAYOPIOIOVS HOG XPOLOTOIOVVTOL

01 VTTOJOYEG POTNG, O10TL amatteital a&lOmOTN HETAPOPA TV OEOOUEVOV.

3.3.2 AwevOuvon IP

Mia devbvven IP (Internet Protocol Address) sivar évog apBudg mov avotibetor o€
kéBe ocvokev] mov ovvodetal oTo OdikTVo. XPNOYWOTOLEITAL Yol TN HOVOOIKY
aVOYVMPIOoT TNG CLOKEVTG OVTNG KO OVTIGTOLYEITOL [LE TO OVOLLO TNG UNYOVIG LECH LG
vnpeoiag evpeong diktvov (DNS — Domain Name Server) yio dievkOAvvorn Ttov
xpnotodv. Ymapyovv 600 kipieg ekddoelg IP: to Internet Protocol Version 4 (IPv4) kot
10 Internet Protocol Version 6 (IPv6). To IPv4 ypnowomnotei digvbdvoelg tov 32-bit (4
bytes) kat ypaopetar 6t LOPET TECCAP®OV OKTASWV YOPIGUEVOV UE TeEAE. AdY® TOV
neplopopévon TANBovg dlevbivoewy, ta televtaio ypovia yivetan atpoen oto IPV6, 10
omoio ypnoonotlel devBuvoelg tov 128-bit ko capmg 0 TAR00g drevbivoewv givar

KOTA TOAD PEYOADTEPO.

Onwg eimope, n d1e0BVVON YPNOOTOLEITOL Y10 TV AVOYVAOPIOT] TOV VTOAOYIOTY. Mg TO
010 okentikd 1 OOpo (port), m omoia oynuatiletar omd évo  16-bit  apBuod,

YPNOOTOLEITOL Y10 TV OVALYVAOPIOT] CLYKEKPIUEVIG OLEPYUCING GTOV VITOAOYIGTY).

3.3.2.1 Avanapaoctact Alevfvveemv

Otav 600 diepyacies encovovovy petad TOvg TAVE 6ToV 110 voloylot, ta bytes
petagépovior otn 10 cepd amd T [ depyacia oty dAAn. Otav opwmg 600
depyacieg Ppiockovtal e SPOPETIKOVG VIOAOYIGTES, TOTE TPEMEL v AneBel vdym N
QPYLTEKTOVIKT TNG KAOE unyavng. ApopeTikEg apyLTeEKTOVIKEG amofnkevovy to bytes

LE OO PETIKN GELPAL.

Ou Big Endian apyrextovikég amobnkevovv to Most Significant Byte (MSB) npdra,
ONAadn pe ™ oepd mov givar. AvtiBeta, ot Little Endian apyitektovikéc amobnkeboovv
1o Least Significant Byte (LSB) np®dta, dniadn 1 dievbvveon amobnkeveton avtictpo@o.

To TCP/IP mov ypnoyomoodpe gpeic, ypnoponotet v big endian didtoaén.
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H é1ataén big endian kaAeiton emiong didtaén dwkrvov (Network Byte Order), d16tt to
diktvo ypnoonotel vt T ddtasn Yo v anobnkevon twv IP dievbdveewv kot Tov
Ovpov. Emimiéov, kdbe voroyiomc euAdet Tic dievbvveelg o ddraln pnyavng (Host

Byte Order) n omoia umopei va givon gite big endian eite little endian.

E@pocov dev yvopiloope m Sdtaén mov ypnopomolel o kabe vmwoloylotng, ivot
avoykoio N HetaTpom TG otdTtaéng unxavig o€ 01ataln S1ktiov TPoToL GTOAEL KATO10
pqvopa péo® tov diktvov. Tlapopoiwg, 6tov To pnvope ETAGEL 6€ KOO dlEPYAia
ypeldleton M petatpomn G OdtaEng SKTOOL G OATOEN UNYXOVIS YL VoL TV

avayvopilel n unyoavn oty onoia Bpioketar n depyosio.

IMa 11c o mévo petatponés, TpooPEPOVTOL 01 EENG TECGEPIS GUVAPTNOELS:

#include <arpa/inet.h>

uint32 t htonl (uint32 t hostint32); // host to network long
uintl6é t htons(uintlé t hostintl6); // host to network short
uint32 t ntohl (uint32 t netint32); // network to host long
uintl6é t ntohs(uintl6 t netintl6); // network to host short

Ot 0V0 TPAOTEG GLVOPTNGELS LETATPETOLY TOV OPlOUO amd dtdTaln unyovng o ddTaén
OIKTOOV, EVM 01 dV0 EMOUEVEG LETATPETOVY TOV 0plOUd amd O1dTan dikTHoV o€ drdTaln
unyaving. O apBudc pmopel vo givan eite 32-bit (long) eite 16-bit  (short),

YPNOLOTOUDVTIOG TNV OvVTIGTOYYN GLVEAPTNOT.
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3.3.2.2 Aopég ArevBiveemv

M poceatn doun dedouévav, 1 addrinfo, ONUOVPYNONKE Yio Vo TPOETOUALEL TIg
douég vmodoyng Owevbuvong mpwv  oamd T ovvdeon  TEAATN  eEummpeTnTi.
Xpnowonoteitar, emiong, otnv avoltnon TOL OVOUOTOG TNG UNXAvNG M KAmoog

vINPEGIOC.

struct addrinfo {

int ai_flags; // AT PASSIVE, AT CANONNAME, ..
int ai family; // BAF_INET, AF INET6, AF UNSPEC
int ai_socktype; // SOCK_STREAM, SOCK DGRAM

int ali protocol; // use 0 for "any"

size t ai addrlen; // size of ai addr in bytes
struct sockaddr *ai addr; // struct sockaddr in or iné6
char *ai canonname; // full canonical hostname
struct addrinfo *ai next; // linked list, next node

¥

To medlo ai family mpocdwpiler ™ o@von ¢ emwowovioc. H AF_INET
npocdiopilel to IPv4 internet domain, opoimg n AF_INET6 mpocdwopiler o IPV6
internet domain, evd pe ™ AF_UNSPEC dgev ypeidletar vo opicovpe v ékd0on g
IP. To nedio ai socktype meprypdpst o tOmo g vrodoyng — SOCK_STREAM,
SOCK_DGRAM. Adéym g oamotovpevng aflomotiog OOLAEDOVUE UE  TO
SOCK_STREAM. Tw 7tov {010 Ady0, o610 ai protocol mov mpocdwopiler 10
Tp®TOKOAAO, emhéyovpe To IPPROTO_TCP. Avagopikd, va modpe mmg av SOGOLLE T
T 0 oe owtd 10 medilo, 10tE TO MPWTOKOAAO pmopel va givor omotodnmote. To
ai addr xpoatd t dvadikn devbvvon, eved 10 ai addrlen kpatd 1o péyedoc g

devbuvong oe bytes. Téhog, T0 ai next gival évag delktng o€ pio id1ov THTOV doun.
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Me 1t ovvdptnon getaddrinfo (), amokTOVUE TPOGROOT GTIS MO TAV® TANPOPOPIES.
Atvovtog TpELS TOPAUETPOVS, 1| GLVAPTNON EMOTPEPEL GTO OEIKTN res [ GUVIEdEUEVN

Mota pe devbdvoelc.

#include <sys/types.h>

#include <sys/socket.h>

#include <netdb.h>

int getaddrinfo(const char *node, const char *service,
const struct addrinfo *hints,

struct addrinfo **res);

> mopApeTpo node divovpe To Ovopa TG Unyxavng mov Bélovpe va evwbodpue 1 v
IP 61e06vvon e H mapduetpog service pmopet va etvar o apBpog Bupag 1 1o dvopa
Kanowug ovykekpuévn vanpeciog (my. http, ftp). Télog, m mopduetpog hints
QUTpapeL Ta. amoteAéopato mov Ba emotpéyel 1 cvvaptnon. Av docovpe NULL oto
hints, tote dev pog evdpéper to protocol family, o tomog g vmodoyng M To

TPOTOKOALO TOV Ba TapovoloTEL 6T AloTO res.

H doun dedopévav struct sockaddr MOV GUVAVINGOLUE O TAVEO vl pio YEVIKN
doun d1evbvvong vrodoyne, otV onoia poppomotovvtal (casting) ot d1apopes LOPPES
otlevfivoewv TPV  TEPAGOLY GE  GLUVOPTNOELS VTOdoY®V. DLAdEL TANPOoPOpPiEg
avaQopKd pe ™ 01ehOvvoT Yoo SPOPETIKOVS TOHTOVS VTOOOYMY Kot T TEdiD TNG

@aivovTtol o KATm:

#include <netinet/in.h>
struct sockaddr {

unsigned short sa family; // Address family

char sa data[l4]; // 14 bytes of protocol address
i

To medio sa data mepilapPdver ™ devbuven tov mpoopiopov kabdg kot T BVpa
vmodoyns. o evkoddtepn ypfion TtV dedopéveov MG struct sockaddr,
dnuovpyndnkav ot struct sockaddr in Kot struct sockaddr in6 (6mov 10

«in» yw to «internet») yw va ypnoonotovvton pe to. IPv4 kot IPV6 avtictorya.
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// For IPv4 address

struct in addr {
uint32 t s _addr; // IPv4 32-bit address

bi

struct sockaddr in {
short int sin family; // Address family, AF INET
unsigned short int sin port;// Port number
struct in addr sin addr; // Internet address
unsigned char sin zero[8]; // filler

)8

// For IPv6 address
struct in6 addr ({

unsigned char s6 _addr([16]; // IPv6 address
¥

struct sockaddr iné6 {

u intlé t sin6 family; // Address family, AF INETG6
u intl6é t siné port; // Port number
u int32 t sin6 flowinfo; // IPv6 flow information

struct in6 addr siné addr; // IPv6 address
u int32 t sin6_scope id; // Scope ID
b

INUOVTIKO TAEOVEKTNUA TOV OOU®MV ovTOV &ivor mog €vag deiktng oto struct
sockaddr_in 1} oto struct sockaddr_in6 pmopei modd gvkoio vo. popeomombel o deikn
yw to struct sockaddr kot avtictpoea. No onpeidoovpue mog 10 nedio sin zero

npénel va TieTan 6€ PNOEVIKA, YPNOOTOLOVTOS TH cuvaptnon memset().

#include <string.h>

void * memset (void *dest, int c, size t count);

H ocvvéptmon avt divel ) Ty ¢ oto Tp®OTO. count GTOYXEID TOV OVTIKEWEVOL TOV

delyvel 0 delktng dest.
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Térog, va avagépovpe ) dopn dedopévev sockaddr storage 1 onoio GYESIAGTNKE
YL VoL YOPAEL S1aPOPETIKEG OOUES O1EVBVVOEWMY KOl YPTCLOTOIEITAL OTIC TEPITTOCELS

nov dev yvopilovue av &govpe IPvV4 v IPV6. Avtikabiotd katd kdmolo tpdmo T doun

sockaddr.

struct sockaddr storage ({

sa family t ss family; // Address family
char __ss padl[ SS PADISIZE];

int64 t __ss_align;

char __ss pad2[ SS PAD2SIZE];

)8

3.3.2.3 Metatpomi] Avadik®@v AtevBivveemv amd Artdtoén Atktoov og Zopporocerpd

[ToAMég popéc, M ekTOTOOTN NG O1evBVVENg elvarl amapaitntn. [Ipog devkdAvven TOL
YPNOTN, ONUIOLPYNONKAY Ol MO KAT® GLVOPTNGCEIS TOV UETATPEMOLY ML OLOOIKN

dtevbuvon amd didtacn OKTLOV 6€ GLUPOAOCELPA KOt AVTICTPOPAL.

#include <arpa/inet.h>

const char *inet ntop(int domain, const void *restrict addr,

char *restrict str, socklen t size);

int inet pton(int domain, const char *restrict str,

volid *restrict addr);

H inet ntop() — oOmov «ntop» mopaméumer oto «network to presentation» —
emotpépel éva deiktn oe cupPforocepd 1 NULL ce mepintwon AdBovg.

H inet pton() — Omov «pton» mapoméumer oto «presentation to network» -
emotpépel 1 av éywve n petotpomnn pe enttvyio M -1 og mepintwon Adbovc.

H mopdpetpoc domain mpocdiopilel ) @Oon g emkowvwviag, 1 addr delyvel o
devBovvon, N str delyvel o1 ovuPorocelpd Kol TO size O©IN TPOT GLVAPTNON

pocdopilel tov péyioto aplpd g cuPoAOGEIPAS OV EMBVUOVLLE VO SOVLLE.
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3.3.3 Anmovpyia Yrodoyng

KéBe depyocio pe vmodoyn ypewdleton €va meptypagéa LTOSOYNS YL VO €XOVV
npocPaon drheg depyacieg oe avtr. Ot meptypaPelg VTOIOYNG AEITOVPYOVV GOV TOVG
neptypoeeic apyeimv. o ) dnpovpyio vVWOdOYNG YPNOWOTOLEITOL 1) GLVAPTNON
socket () 1 omolo EMOTPEPEL TO TEPLYPAPEN TNG VLIWOSOYNG. & TeEPImT®on AdOovg
emotpépel -1. Ot mapdpeTpol avTg TG cuvaptnong ivar n dopnq g devbuvong, o
TOMOC VWOOOYNG KOU TO TPMOTOKOALO. XTI TAPOVCEG VAOTOW|OEL, Oivovtal Ot
TopApUETpOL AR INET, SOCK STREAM kot 0 avtictoyo. Me ™ tyun 0, dniovovpe mmg
Ba ypnoywomomBel 10 €5 OpPWGHOL TPOTOKOAAO TOV OVTICTOVKEL OTIG GAAEG OVO

TOPOUETPOVG. LT TepimTwon pag, Oa ypnoponombei to TCP.

#include <sys/types.h>
#include <sys/socket.h>

int socket (int domain, int type, int protocol);

3.3.4 Aéopevon Ovpag yra v Yrodoym

Apdtov onuiovpynei  vrodoyn, ypelaleTor va 0eGUEVTEL o BOPOL TS POV Yo TN
oLYKEKPIUEVN depyacio. Avtd yivetor cvvnlwe amd v mAevpd Tov e&vanpeTNTN, O
omoiog apydtepa OBa «akovey péow avuthig ¢ Ovpag. Emiong, o1 meldteg mpémel va
yvopiCouv ™ Bvpa T0V, YOO Vo pmopovv va otethovv aitnon yo ovvoeon. o
dlepyaocio Tov mEAATY, APNVETAL TO cVOTNUO Vo, emAEgel pila dabéoun o1evbuvon,
epooov dev Ba ypelaotel va ) yvopilovpe. H cvuvapmnon bind () mov @aivetoar mo

Kt glvar vrevBLVN YO AVTA TN CLGYETION.

#include <sys/socket.h>
int bind(int sockfd, const struct sockaddr *addr,

socklen t len);

H mapdpetpog sockfd kpatd 10 mePtypapén VITOd0YNG TOv dNUovpyROnke amd
ovvaptnon connect(). O deiktng addr deiyvel o€ po dopun struct sockaddr 1 omoia
nepLEyel TANpoeopieg Yo T devbvvon. Télog, 1 len kpotd T0 péyeboc o€ bytes tov

addr. Xg mepintoon emrvyiog emotpépet 0, drapopeTikd -1.
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Kémoteg popég mapovoidotnke amotuyio and HéEPOvg TG bind () va 0EGUELGEL KATOLN
0vpa, divovtag To uvopa “Address already in use”. Avtd TO URVLHO ONAGVEL
¢ N 00pa v omoia mpoomabovpe vo dECUEDCOVUE OEV EYEL OMOOECUEVTEL Ao
TPONYOVUEVN KANOT TG cuvaptnons. o amopuyn avtod 10 TpofANHaToc, KaAOVUE TN
oLVAPTNON setsockopt (), 1 OO0 XPNCUOTOIELTOL Y10 XEPIOUO SPOPOV ETIAOYDV

TOV VITOSOYDV.

#include <sys/socket.h>
int getsockopt (int socket, int level, int option name,
void *restrict option value,

socklen t *restrict option len);

Yvykekpyéva, divovtag SOL_SOCKET oto level, mpocdiopilovpe mwg Oélovue va
YEWPIOTOVUE TO EMMEOO NG VWOOOYNG KOl HE TNV EW00Y®OY NG ETAOYNG
SO_REUSEADDR ot mopdpetpo option name, Swo@oliletor m  dvvatdtnta
emavaypnoonoinong g Bvpag. Ot mapapérpor option value kKot option len
EMOTPEPOLV GLUPOAOCELPA LE TO AMOTEAECO TOV UTopel va amontel 1 dobeioca emioyn
Kol o uéyefog TG cLUPOAOGEPAS. Xe VTN TN TEPITTMOT), LWITOPOVV VO LEIVOVV KEVE,

apov dgv etvar avaykaio. Xe mepintmon emtvyiog emiotpépet 0, S1apopeTiKa -1.

3.3.5 «Axkovopo» CITHGEOV GVUVOEOTG

O g&ummpetn g, aEov £xEl ONUOVPYNGEL [io VITOOOYT KOt TNV €XEL GUCYETICEL [LE [t
OVpa, avakowvavel mog eivar €topoc va dextel artnoelg ovvdoeong ot Bdpa sockfd.

Av10 gmtuyydveton pe T cuvaptnon listen ().

#include <sys/types.h>
#include <sys/socket.h>

int listen(int sockfd, int backlog);

H mapdapetpog sockfd elvar o meptypapéag vwrodoyng mov dnpovpyndnke and v

socket(). H backlog kpotd 10 HEYIGTO 0plOUO OUTHGEMY OV UTOPOVV VO TEPIUEVOLY
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o€ ovpd Yy va T ovalaPet o g§umnpetig. H peyaddtepn tun mov umopet va mépet
elvalt SOMAXCONN. Av o oapBudg artnoemv Eemepdoel 10 péyloto aplfud, tOTE OL
EMMPOCHETEC TN OELS amoppintovtal, peEypL va eEumnpetnodv Kdmoleg amd TV ovpd

KoL VAPEEL YDPOG OTNV 0VPA. Xe Tepintmon enttvyiog, emiotpépet 0, dtapopetikd -1.

3.3.6 Xvvoeon pe Eumnpetnt

Onwg meprypdonke 10 HOVTEAO TEAATN — €ELANPETNTH, YO VO LIAPEEL EMIKOVMVia
HETOEL TV 0VO dlepyactdV ypeldleton va mponynbet n tpuepng yepoayio, v omoia
Eexwva o meddng. To Prpa avtd elvar epiktod povo dv o e&umnpetn g etvan £totpog va
deytel aTNoEIS Kot av €yel NOMN OMNOVPYNGEL LTOJOYN O TTEAITNG. Me T cvVApTNoN

connect () o meAdNg Eexva T yepayio otéAvovtag aitnorn chvoeong.

#include <sys/types.h>
#include <sys/socket.h>
int connect (int sockfd, struct sockaddr *serv addr,

int addrlen) ;

To sockfd givatl o mTeptypapéng LTOSOYNG TOV TEAATN, O OTO10G OV dEV £XEL GLGYETIOTEL
TPONYOLUEVMG He Kamow OtevBuvon, Oa yiver avtdpata amd 1t ovvdptnorn. To
serv_addr glvar deiktng otn 6evbuvon vrodoyng Tov EumnpenT) Kot T0 addrlen
kpatd to péyebog g oevbuvong avtne. Xe mepimtwon emrvyiog, emotpépel 0,

otapopeTikd -1.

3.3.7 Amodoyn aitnong cHivoeong

KaBog o e&ummpettig Ppioketor 610 6TAOI0 TOV «OKOVEL Y10 TVXOV UTNGELS, LOALG
KataPOAacel KAmow €10EPYOUEVT AITNOT GUVIEONG GTNV VIOOOYN TOv sockfd, TNV

QmOOEXETAL JLE TN GLVAPTNOT accept (), OAOKANPOVOVTAG £TGL TN TPIHEPT] XEPOYiaL.

#include <sys/types.h>
#include <sys/socket.h>
int accept (int sockfd, struct sockaddr *addr,

socklen t *addrlen);
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Ye mepintmon emtuyiag, 1 CLVAPTNON EMOTPEPEL TO VEO TEPLYPUPEN VTOSOYNG TNG
oLVOEONG KOl OTIC TAPOUETPOVS addr Kot addrlen amobnkedovtol TAnpoPopieg Yo )
devBvvon Tov meAdTn Tov GLVVIEONKE Kot To uEyebog TG d1evbuvong Tov. X TepinTmon

amotvyioag, emotpépet -1.

3.3.8  Avrtaihayn Asdopévemv

AoV £ywve AoV 1M cLVIEST, 01 dVO dlepyaciec apyilovv va aviarldlovy punvopata.
Noa devkpivicovpe mwg oto cvotnua UNIX, o1 meprypageic vmodoyng vAomolovvTon g
wePLypageic apyeimv, YU avtd SAPOPES CLVAPTNCELS TOV TEPLYPUPEDV apyeEiwV,
S0VAEVLOVY Kol PE TOVG TTeEPLypapeic vrodoyne. o mapdderypa, ot aTAEC GLVOPTHGELS
read() kou write() ypnooTO0VVIOL HE TOVG TEPLYPAPEIS apyeimv, oAAG TOAD £OKOAN
YPNOOTOOVVTIOL GTNV VAOTOINGN TwV 0VO OAYOpiOU®Y Yoo T Afyn Kol OITOGTOAN

pnvopdtTev petabd meldtn eEumnpetnTy.

#include <sys/types.h>
#include <unistd.h>
ssize t write(int £d, const void *buf, size t count);

ssize t read(int £fd, void *buf, size t count);

H cvvaptmon write () ypaeel péxpt count bytes amd tn cvpporoceipd mov deiyvel 1o
buf, oto apyeio mov delyvel o meprypapéag apyeiov £d.

H ocvvapmon read () daPaler péxpt count bytes amd 10 meprypopéa apyeiov £d kot
T0. amofnkedel 6T CLUPOAOGEPA TTOV OglyveL TO buf.

Kot ot &0 ovvaptioelc emotpépovv tov mPaypoTikd apBpd tov mov  Exouvv
ypapel/dwPaoctel. e mepintwon AdbBovg, emotpépouvv -1. XN mepintmon €MOTPOPNG
mg g 0, onuaivel mog timoto d0ev éxetl ypaogtel/dwPactel. Télog, war ot dvo
ovvaptioelg eivar blocking eviolég, dvokoAio mov avtipetomileton 6TO EMOUEVO

VTOKEPAAOLO.
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3.3.9 Tavtéypovog Xerpiopég Ywoooymv

Onog &yovpe mpoovagépel, n ypnon blocking evtoddv esivar avomogevktn. Qg ek
ToVToV, Ypnotpwomoovue T Select() m omoia mpooEépel TN duvaTOTNTO YEPIOUOD
TOAA®V VLTOSOYMV TOVTOYPOVA. XVYKEKPIUEVO, OVOKOAVTTEL TOEG VTOS0YEG Elvat
£toleg yuo S1aPacpo SESOUEVMV, Yo YPAWILO OESOUEVMV 1 aKOUN TOlEG EYouV pi&et

exception.

#include <sys/types.h>

#include <unistd.h>

#include <sys/time.h>

int select (int numfds, fd set *readfds, fd set *writefds,

fd set *exceptfds, struct timeval *timeout);

H select() naipver ¢ mapapétpovg tpia cOvora meptypapémv apyeiov: to readfds, o
writefds kot ta exceptfds, ota omoio Palovue tovg meprypageic mov BEAovue vo
e éyEovpe av givar étoot yo dafaoua, yo yphyo 1 av égovv PydAer exception
avtiototya. Omol00NTOTE CUVOAO dgV WaG evOlPEPEL, TO BEéTtovpe pe NULL. Xnv
EMOTPOPT] TNG OLVAPTNOMNG, OTA GUVOAD TOL HOG EVOLPEPOVY, TAPUUEVOLY Ol
neprypageic mov eivar €royot. H mopdpetpog numfds xpotd tov oplfud Tov
peyoAvTEPOL TEPTYpaE apyeiov cuv éva. H mapdupetpog timeout opilel to ypovikod
6p1o AMénc e ovvaptnong. Antadn, n select() mepuéverl meprypagpeic Tov va aviKovy
GTO GUVOAO OV HOG EVOLUPEPEL, LEYPIS OTOV ANEEL M| YPOVIKN TtEPi000G ANENC. AV €xel
Bpel kdmolovg meptypapeic, T0TE EMOTPEPEL TOV aplOUd TOV TEPYPUPEOY OV £ivat
£TOOL. X1 TTEPINMTOON TOV OEV VIAPYEL ETOWOS TEPLYPAPENS KOL 1] GLVEAPTNON ANEEL,

emotpénel 0, evd og mepintwon Aabovg emotpépet -1.

H dopn struct timeval mepéyet ta mo kdto media. Av opicovpe ) tiur 0 ota
nedia, ToTE N cuvapTNoN Oev Ba mepyével, aAAd Ba teppatilel apéome pe ToVS £TOOVG
neptypaeeic. Av Bécovpe NULL ota medio, TOTE 1 GLVAPTNOY Umopel va TEPYEVEL Yol

névta, | TOVAGYIGTOV HEYPL VA Elvar £TOOG KATO10G TEPLYPAPENS.

struct timeval {
int tv_sec; // Seconds
int tv_usec; // Microseconds

) 8
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EmumpocOeta, yo vo épovue mpdoPacn ota ovvoro  fd_set pmopodue va

YPNOOTOIOVLLE TIG O KAT® HOKPOEVTOAEG (MACros):

FD SET (int fd, fd set *set); // lpdcbeoce 1o fd OTO0 set.

FD CLR(int fd, fd set *set); // Apalpece 1o fd amdé to set.

FD ISSET (int fd, fd set *set);// Enlotpeye true ebv 1o fd
// umdpxelL oOTtO set.

FD ZERO (fd set *set); // AdeLooe TO set.

3.3.10 Kieiowpo Ymodoymv

IMa 10 Kielowo twv meptypaéwv VTOS0YNS, UTOPOVUE VO KOAEGOVUE TN GLVAPTNON
close (). Ymapyet akodun 1 ouvatotnte KANong g shutdown (), 1 omoia emttpémel

TNV AMEVEPYOTOINGT TS ANYNG, TNG LETAGOONC GTH GVVIEST 1] KOl TV dVO.

close (sockfd) ;

#include <sys/socket.h>

int shutdown (int sockfd, int how);

H mopduetpog pmopet mépet kdmoo amd TG mo KAT® TES:
e 0: amgvepyomoteitar To S1GPaGHA OO TV VTOSOYN.
e 1: amevepyomoteitan  AMOGTOAN OO TNV LIOSOYN.
e 2: amevePYOTO0VVTOL Kl 01 600 duvatdtteg (Opoto pe T close()).

21 mepintmon emrvyiog emotpépet 0, dopopetikd -1.
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3.4 Nnpota

No avokoAécovpe amd 1o vrokepdioo 3.1, mwg vrdpyovv ovo Katnyopieg
eEumnpeTNTOV. XTIG VAOTOGELS OGS, YPNOLUOTOOVVTOL Ol TOVTOYPOVOL EEVTNPETNTESG
Yoo vo avalapPavoov moAhovg meAdTeG TOVTOYpOva Kol €Ttol va e&ummpetohvTan

ypnyopdtepa. o va givor owtd epiktd, swodyovpe ta vipata (threads) [14,15], éva

EPYOAELO TTOV YPNCUOTOIEITOL Y10, TN KOIVY] XPNON TNG LUVIUNG.

To vipa etvor n Pacikn povada mov ypovodpoporoyeital amd 10 AEITOVPYIKO GUGTNLLOL.
Mia depyacio givar otn mpaypotikdéTTa Eva vino. Me t Piflobnknm pthread.h,
UTOPOVUE VO ONUIOVPYNOOVUE TOAAG VAHOTO €VIOG MG OlEpynciag, To omoia

potpalovtot Tov 1010 ydpo d1evfHvoemy.

Ot mpdcPaocn o€ Kowovg mOPOLG €ival Kot O KLPLOTEPOG AOYOG TOVL TO VILOTO
TPOTILOVVTOL EVaVTL TNG dnuovpyiag dAlwv diepyaciov pe ) fork(). Me  fork(), n
KkéOe depyacio Eyel TO O1KO TG YOPO LVAUNG Kot 1) EMKOV@ViO HeTAD TV OlEPYOCLUDY
elval oOVoKoAN. Emopévoe, n moAvmhokdtnta avédvetatl, aviifETmg Pe o VILOTO OTTOV

dev VTLAPYOLV TETOM TPO AT LLOLTOL.

TéNoc, v ™ peTayA®TTIoN €VOC Opyeiov mov ypnolpomolel viuata, ypedleton vo

npootedel 6TO TEAOG TNG EVTOANG 1 ETIAOYT TOL POIVETOL IO KAT®:

gcc —o <filename> <filename>.c —Ipthread

3.4.1 Anmovpyioc Nfpatog

Ortav dnuovpyeitar Eva vipa, xpetdleTor vo 1oV OMGOVIE KATO0 YOPUKTNPICTIKE Kot
va tov oeiéovpe T B Tpéel pe to mov ompovpyeitor. Emopéveg, m mo Kdto
ouvaptnon onpovpyel £va vipo divovtag Tov o XoPaKTNPoTIKE Tov opilovial 6To
attr xou delyvovtog Tov, o1 TPiTtn TAPAUETPO, TN GvvapTnoT Tov Ba Tpéel. Av 10
attr 1e0el og NULL tote B ypnoyomomBodv ta €5 opiopol YopaKTnpPioTIKd £vOg

VILLOTOG,.

#include <pthread.h>
int pthread create(pthread t *thread, pthread attr t *attr,

void *(* start routine ) (void *), void *argqg);




H ovvaptnon mov Oa tpéet to vipa mpémet va Eyel THno emotpoPng Void, ool dev
KoAgital pe 1o mopadoclokd TPOTO Kol O0ev Umopel Vo QLAGEEL TN EMIGTPOPNG GE
petafint. H tekevtoic mopdpetpoc eivor €vog Oelktng o1 TOPAUETPO  TNG
ocuvaptTnNonG. Av VIAPYOVV TEPICCOTEPEG OAMO O TOPOUETPOVS, TOTE TPEMEL VOl
amToONKeLTOLV G€ o doun Kot 0 delkTNg va deiyvel otn doun avtn. Av dgv vIdpyoLV
TOPAUETPOL, TOTE M arg Tifeton o€ NULL. Av oAokAnpmbel pe emtvyia, n cvvaptnon
(QUAAEL 6TO thread TNV TOLTOTNTO TOV VIILOTOS TOV dNUIOVPYNONKE Kot EMOTPEPEL TN

T 0. AlpopeTIKA EMGTPEPEL KATO10 KMOKO AABOVG.

3.4.2 Mnyoviepog Zvyypovicpov

‘Evag e&ummpentig ommovpyel Kouvovpylo viuo yio v e&umnpétnon evog véEov
TEAATN, LE OMOTEAECHO TOAAQ VAUATO €VOG EELMNPETNTH VO AEITOLPYOLV TOVTOYPOVA
é&xovtag mpocPacn o€ kownq pviun. o oavtd 10 Adyo, KAmMOW0G UNXAVICUOG
CLYYXPOVIGHOV €ivol amopoitnTog Yoo TPOANYN TOV TPOPANUATOV OGLVETELNS TMV

dedopévev Kat Yo kaBoplopd TG GEPAG EKTEAEONS TAVTOYPOVOV AELTOVPYIDV GTO 1010

KOUUATL TG HVAUNG.

O unyaviopdg mov ypnoipomotovpe eivor tao mutexes (mutual exclusion). Kafe global
petofAnT| omv O6mow €xovv TPOGPacT TEPIGGOTEPO OO £V VIUOTO, TPETEL VO
ovoyetileton pe évo MUteX, ylo vo TPOCTATEVEL TN KPIoun TEPLoyn amd TaVTOYPOVEG
npocfacelc. Onmwg ko oto vipato, €vo muteX epopuoleton evtdg pog Kot povo

dtepyaociog Kot 0ev UTOPEl v AEITOVPYNGEL LETOED TOAADV JEPYACIDV.

"Eva mutex £xet dvo mbavég Kataotdoeis:
e Unlocked: Agv givar kAedopévo omd Kavévo VRO, Gpo KAvEVO OV Exel
npdcPaocmn ot cvykekpuévn global petafint).
e Locked: Kdémowo vApo 1o €xel KASIWOMGOEL KOl YPNOOTOEL TO GUYKEKPLEVO
KOLLUATL UVIUNG.

Aev gmrpémeton éva mutex va kKAedmOel amd dvo vipata TavTtdyPova.

Me 1t ovvéptnon pthread mutex lock(), av 1o muteX eivar akAieidwro, tote

KAEWOVETOL Kol OvViKEL TAEOV 6TO VIpa ov 10 KAeidwoe. H cuvdptnon emotpépet
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OpECMG, OPOPETIKA av givor MON KAEWOPEVO TOTE TO VAUO 7OV TO KOAECE,

avaotéAdeton péxpt va Eekdedwbel to mutex.

Me ) ovvéptnon pthread mutex unlock(), av to Mutex eivoar KAewwpévo, t0te
EEKAEIOMVETAL KO 1] GUVAPTNON EMGTPEPEL AUECHS. Av To MuteX givar 1om EexheidmTo
N eivor KAeWoUEVO omd KAmowo GALO VAUQ, TOTE 1 CLUVAPTNGCT EMICTPEPEL KOIKO

AdBovc.

[Towo kGt mapovoidlovtatl 01 VO AVTEG CLVAPTNCELS:

#include <pthread.h>
int pthread mutex lock(pthread mutex t *mutex);

int pthread mutex unlock(pthread mutex t *mutex);

3.4.3 Mnyoviepog Avapovig/Zovéyerag Nfjpatog

O e&umnpetn T TPOTOV aPYicEL VO OEXETOL AITNGELS, ONUIOVPYEL Eva GHVOAD VIIUATOV
mov Ba Ppickovian otn ddbeon TV Tehatov, Kabhg eniong Eva vipa — vrebBuvo TV
vroroinwv. To GivoAo TV VnUAtwV, PE TO TOL dNovpyovvial, apyilovv va Tpéyouvv
TN GLVAPTNOT TOV TOVG OPIoTNKE O TO onueio Evapénc. Agov &xovv apyicel TPOTov
AGPel 0 eEumNPeTNTAG KATOES OTNOELS, XPEWLETOL LE KATOLO TPOTO VO, GTAUATICOVV
kol va. mepuévoov. To viua mov yepiletar avtd 10 cbvoAo, givor vevbouvo yio
enavekkivnon tovc. ‘Etol eilodyetal oe autd T0 onpeEio 0 UNYOVIGUOS OVOLOVIG TOV

VILLOTOG KOl EMAVEVOPENG TNG AELTOVpYiog TOv.

O unyaviopog ovtog Aéyetar condition variable wkou eivor tomov pthread_cond _t.
Emutpénel ota vipato va avoosteilovv v €KTEAECT) TOVG Kol VO EAEVOEPDOCOVY TOV
enelepynoTn HEYPL KATOW GLYKEKPIUEVT cuvOn KT va yiver true. M condition variable
npénel va ovoyetiletal pe kdmolo MuUteX, ovtwg mote va amopevyBel n mepintwon
TOVTOYPOVNG YPNONG TS omd dVo viuoTa, KAtt mov Bo odnyovoe ce ao1E&odo. 'Eva
napddelypo mov delyvel avtny T mepintmwon eivor to €£Ng: kdmowo vipo pmopel va
etopdletor vo mepEVEL, evad €val Og0TEPO VNUK TOVL TEPUEVEL NOM pE TNV O
condition variable, Aappdvetl to onpa vo tpoympnoel. To TpdTo vipo Bo Topapeivel va
nePéVeEL Yopig vo AdPet To onua Toté, aeob to EAafe To deVTEPO VL.

46



[T kGt PAETOLUE TIG VO GLVOPTHGELS AVTOV TOV UNYAVIGHOD, TOL YPTCLLOTOOVVTOL

0TO KOOIKAL:

#include <pthread.h>
int pthread cond wait (pthread cond t *cond,
pthread mutex t *mutex);

int pthread cond signal (pthread cond t *cond);

H ovvdptnon pthread cond wait () koaAeiton pe mopopétpovg tn cond TNV omoio
UTAOKAPEL KOl TO mutex TO OTO10 MPEMEL va £xel NON KAeWwOel amd to vipo. Av 10
mutex 0gv &xel KAEWWOel mponyovpévme, 1N GLUTEPLPOPA TNG CLVAPTNONG eivan
ampocddplotn. Me ™ «kijon g, n pthread_cond_wait() ovayxdler to viua va
UTAOKOPIOTEL 6T cond Kot vo TePUEVEL pEYPL M cond Eepmhokapiotel amd T

ovvaptnon pthread_cond_signal().

H ovvdpmon pthread cond signal() Eepmlokdpel TovAdyoTOV £va amd To
vinato Tov gival kKAgwbopévo oty ida condition variable, Tqv cond. To viua mov

Eeumaokapetal cuveyilel Kavovika Tn Aettovpyio Tov.

3.5 Meprypoen Koprov XvoToaTiK@OV TOV TPOYPOIUNETOV

Av Kot €govue mEPLYPAYEL OPKETA TIC OEPYOUCIEC TOL GLOTHUATOG, EVTOVTOLS €0 O
avapepBovpe o€ TEPICCOTEPEG AEMTOUEPEIEC MG TPOC TNV VAOTOINGN TOVG. XTO
Hopdpmua A Bpioketor o kddwag Tov aiyopiBuwv. H viomoinon éxet yiver om
yYAwooa mpoypappatiopod C, oto Asrtovpykd cvotnuo Ubuntu 10.4, pe ) ypnon tov
povtédov meddtn — eEummpen . Na vrevBvpicovpe Tog pe tov 6po TEAATN EVVOOVLE
000 JPOPETIKEG EPAPUOYES, TOV OQVOYVAGTN Kot Tov gyypoeéa. O g&umnpetntig
EMKOWMVEL ILE TIC OVO EPAPUOYES, ATOVIOVTUS AVIAOY®OS TOV UNVULATOV TOV TOAPVEL.
Ta ochvola TV aAvayvOGTOV Kol TOV £YYPOOEMY OEV UTOPOVV VO EMIKOWVMOVIIGOLV
petald tovg, aArd povo pe tovg e&ummpetntéc. Opoimg, dev emTpémeTon 1 avToAioyn
pnvopdtov petald tov eEumnpemtav. Ot eEuanpemTéC aVKOVY GE KATO0 GUGTNLLOL
amoptiog, yopic va £xovv yvoon ywo avtd. Avtifeta, ol gyypapeig Kot Ol AvoyVOOTEG

yvopilovv and v apyf] T0 GUCTNUO OTAPTING, TO 0TO10 £ival oTATIKO Kol dgv OAAALEL
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Katd T OdpKeln Tov TPoyphppatog. TEAog, Ta unvopata Tov avtoAddloviot givat g
popeng: <Tomog pumvopatog, Tag, Tyn avikeypévon, ApBudg Aitmong>, émov 1o tag
amoteheitor omd TN TOLTOTNTO TOV TEAELTAIOV €YYpaPEd TOL GAAOEE TN T TOL
OVTIKEYWEVOL Kat TN ypovosepayida. O tomog Tov punvopatog pmopei va gival: READ,
WRITE, READACK, WRITEACK, 6mov 1o mpodto 600 mpoépyoviol Hovo amd Tig
EPUPLOYEG TOV EYYPUPEN KOL TOV OVOYVMGTI), EVO TO GAAL dVO TPOEPYOVTOL OO TOV
eEumpetn. Kot o1 600 gpappoyéc meddtn pnopotv va oteirovy unvopatoa READ kot
WRITE, oAld povo o eyypogéag pmopel va oAAGEEL T TWN TOL OVTIKEWWEVOL
otéAvovtag éva WRITE pnqvopa — agdtov €xet pdbet 1o mo npdspoto tag oto mpdto
yopo pe to ppvopa READ. O avayvootng dwpépet otovg dVo oiyopibupovs. Xto
SIMPLE, o avayvaotng otélvel pipvopo WRITE 610 dg0tepo yhpo emikovaviag yuo vo
EVNUEPMOEL TOVG €ELMNPETNTEC TOL GLOTNUOTOC OMOPTIOG HE TN VEX TIUN 7OV
avaKdAVYE 6T0 TPOTO YVPo. XTtov ahyopidpo CWFR, o devtepo yipoc emkowvmviog

umopel va gival aypeiaotog fdon tov Quorum View mov avakaivye.

3.5.1 Eqappoyn eEoanpetnty (server)

Onwc avagépape oto vrokepdiawo 2.1.5, o e&ummpentig KpaTd £va avTiypopo Tov
OVTIKEWEVOL KOl pOAOG TOV €lval vo amovtd oTI oITHoElS Tov melatwv. Apyilel ™

Aertovpyia TOv, TPEYOVTOS TNG EENG EVTOAN GTY| YPOLLY EVTOA®Y TOL KEADPOLG:

./server <server Id> <port number> <fail frequency>

To server eivor 10 6vopa tov ekteAéoipov apyeiov. To mpdto Opopa eivar n
TOVTOTNTA OV dlvovpe otov eEuTNPETNTY, TO devTEPO Etvar 0 apBpdg g BOpag o
omoia «aKOVEL Y10 VEES OUTNGELS Kol TO TPiTo dpiopa givar po Ty mov Kabopilel mdon
etvar n mBovo T va katappedoel o eEumnpetnC Katd T ddpkela Agttovpyiag tov.
Av 1 tyn eivon X tote vadpyer wa mbavotnto (100-x)% vo kotoppedoel Kot pua,

mBavoTnTa X Vo NV KaToppeVOEL.

O g&umpetn ™G PLAGEL GTN TOTIKT) TOL UVIUN €VOL AVTIYPOPO TOV OVTIKEEVOD, ONAOOT|
TNV TWH TOV OVTIKEWEVOL (apyukomomuévn pe -1), T TouTdTTo TOL EYYPOPEN Kot TN
YPOVOCSEPayida Tov avTikeévoy (apywomomuéva pe 0). Ilpotod apyicet va AapPavet

aITHoElG amd TOovg TEAATEG, Onpovpyei évo “threadpool”, dmiadn éva cvvoAo amd
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threads (viuata), kéOe évo amd o omoio evmmpetel éva udvo meldtn kab’O6An
dupkela TG ovvoeong tov pe Tov g&umnpe . Otav pio cbvoeon kAeioel, T0 Vi

etvar dobéopo Yo vo avaArdfet véo TeAdT.

Ye Kabe pnvopo mov AapPdver o eEumnpeng, Kavel dvo eAéyyovg mov Kabopilovv
katd 1éco O cvveyiost pe v enefepyacio Tov unvouatog. [pota eAéyyel katd T6Go
T0 unvopa givol to To TPOGPATo. AVTO LVAOTOEITOL, YPNCYOTOIOVTAS £VOL TIVOKOL
(TTivaxoag 3.1) pe 000 otnreg kat pue aplOpd ypapudV {60 PE TO GOVOAO TOV EYYPUPEDV
KOl TOV aVOyVOGT®OV. TN TPOTH GTHAN QULAAEL TNV TOVTOTNTO TOL TEANTN KOl OTN

OeVTEPT PUAGEL TO LETPNTH QUTHOEWMV TOV, 0 0TOT0G aEAVETOL KATA £voL amtd TOV TEANTN

Tovtétnre METPNTIS
Artice®v

TPV GTEIAEL TO PMVV L.

1 X4
2 Xy
W+R XW+R

Mivakag 3.1: Metpntig Autnoeov yio kdbe TeAd .

O ap1Budc ypapudv ioovtal pe 1 obvoro Tov eyypapinv(W) kat tov avayvootdv(R).

®o umopovcoe vo vaomombel €vag povodldotatog mivakag £yoviag Tov aplBpd tov
nediov Tov mivaka ®g TV TowTOTNTO TOV TTEAdTN. TTapdia avtd mpoTyOnke owtodg 0
TPOTOC LAOTOINGNG Yo Vo €lval €QPIKTN M €100Y®YN TUXOI®OV TOVTOTATOV Kol Ol
avayKaoTIKE cuveyoueveoy aplBpuov. Adyo g acvyypoviag Tov SKTVOoV, LITAPYEL
mBavotnTo KATO0 pnRvopo vo pnv @Tioel moté oto  eSuMMPETNTY] KOl KATOl0
petoyevéostepo punvopa va gtdoet Kavovikd. ‘Etol, o mivakog eivor avaykaiog yuo va
QLAQyeTOL 0 aplBUOG aitnomg Tov TEAAT amd T TEAELTAiN POPE TOV £GTEIAE UNVULLLAL.
O apBudg aitmong av&avetoar Kotd éva omd 1O mMEAATN TPV OTAAEl TO W VLU
Enopévag, o éheyyog mov yivetan givar €dv o apBudg aitmong tov pnvopatog sivor
LEYOADTEPOG OO TO WETPNTN TOV KPOTO GTO TIVOKA Ylo. TO GUYKEKPUEVO TEAATN O

eEummpemmc. Edv dev giva, tote TO aryvoet.
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O de0tEPOC EAEYYOG OV YiveTon givot Yo Tn TEPITTOON TOL 0 €ELMNPETNTNG YPEALeETaL
va Kotappevoel. Xe kdbe pnvopa mov Aoppdavel, o eEumnpemtig TapdyeL Eva Tuyaio
appd X petagd tov 0 kot tov 100. Av 0 apBpdg avtdg eivar peyoldTepog 1| 160¢ g
TOPOUETPOV TOV AopPavel To TPdYpappo KOTd TNV Evapén Tov, TOTE 0 EELTNPETNTAG
KaToppEel, OMAadn oyvoel 1o pivopo. Me ovtd TOV TPOTO TPOCOUOLOVETOL T

KaTappevon Tov e&umnpetnti, Katl oL O fondnocetl apyodtepa oV a&loAdyN o).

3.5.2 Apyeia Agdopévov

Ol g@appoyég TOL EYYPOOEN KOL TOV avayvadoT AopBavouy ¢ opicpato amd Tnv
YPOUUY EVIOADY VO apyeia dedopévav. To TpdTo TEPEYEL TO GVOTNUA amapTiOG TV

eELINPETNTOV Kot TO OEHTEPO TANPOPOPIES Y10 TOVG EELMNPETNTEC.

To apyeio pe 10 cHoTUa amaptiog TEPIAAUPAVEL GTN TPOTN YPOUUY TOV aplOpd TV
quorums. AxkoAovBwg, mapovcsidloviar éva — €va To. qUOTUMS pe Tovg eELINPETNTEG
TOVG Kol TIG TOUEG TOLG e Ao quorums. Xvykekpuéva, kdbe quorum Eexwvd pe to
yopaxtpa Q kot Tov apBud tov quorum. Metd avoiyel mtapévieon kot Tapovosidlovral
01 TOVTOTNTES TV EELANPETNTOV TOV OVIIKOVV GTO GUYKEKPLUEVO QUOTUM YWPIoUEVEG
pe KOppa, Kot TéA0¢ KkAetvel M mapévOeon. XTI EMOUEVES YPOUUUIES, AVAYPAPOVTOL Ol
TOWEG IOV €xel TO quOrum pe aAlo quorums. Kabe toun Eexwvd pe 1o yopaxtipa | (amd
1o Intersection), tov apBud tov quorum, pio TovAe Kot Tov aptdpd Tov quorum pe to
omoio &yel Toun. Xvveyiler pe mapévheon oy omoio TEPEXOVTIOL Ol TOVTOTNTEG TMOV
KOW®V eEuNPeTNTOV Yopopéves pe koppa. ‘Eva mapaderypa apyeiov pe 6o quorums
Ba épowale og e&ne:

2
Q1(1,2,3,4)
I1-2(1,4)
Q2(1,4,5,6)
I2-1(1,4)

[Mopatmpodue mwg n topr emavorappdvetoar dVo @opég oto apyeio. Avtd eivan

avaykaio yuo Tov Tpdmo mov £ytve 1 VAoToinon TV aAyopiBumy.

To devtepo apyeio mepiéyel mAnpoopieg yoo Tov kbbe eELANPETNTH TOV GLGTILLOTOG.

2 TPOTN  YPOUUN  OVOYPAPETAL O OCLVOMKOG 0plBpdg Tov eELANPETNTOV Kot
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akoAovOw¢ og k4B ypapun divovtar To avaykaio otoryeio Tov Tpénel va yvmpilovy ot
neAdteg Yo evobodv pall tovg, yopiopéva pe kevo. Tlpota divetor n towtdtnTo TOU
eEummpemn T, HETA N BOpa 6TV oToia SEYETOL OUTNGELS KOl TO OVOLLOL TG UNYOVIG TNV
omoio. aviker (hostname). Télog, divetaw po Ty 0 7 1 n omoia kaBopiler av o
eEumpet g Oa mpocopoudoel katappevon 1 Oyt avtictoya. Mo katw divetarl Eva
TOPAOELY L apYElOV e OVO EELINPETNTES KO TOL GTOLXEID TOVC.

2
1 10001 hostnamel 1
2 10002 hostname2 1

3.5.3 Kowég Asrtovpyieg €pupproydv avayveoeTn Kot Yypaeia

[TpotoV TEepyplyOLUE EKTEVESTEPA TIC EPOPLOYES AVAYVDGTY KOl EYYPOPEN, UTOPOVUE

va, avagepBode o€ KATO1EG KOWVES Ae1TovPYIEG TOV KAVOLV 01 000 EPOPHOYEC.

Me 10 mov Eekvd ™ Aerovpyio TG N €QPAPUOYN TEAATY, PUAGEL GTN UVIUN TNG TO
dedopéva amd ta dvo apyeion mov eENYNONKaV mO TAVE. ZVYKEKPIUEVO amoOnkeHEL
dvvopkd og wivoko To. qUOrUMS Kot TiG TOpEG TOVG, T 0Toia B KoTaoTovV avoryKoio
apyotepa mov Ba eAEyyel av Elafe omavinoels and Eva oAdKANPpo quorum. AKoAovOmC,
yperdleTan vo cuvoebel pe 6Aovg Tovg eELNPETTEG TOV GLOTHUATOC. LG €K TOVTOV,

onuovpyet évo mivoKko OV KPOTE TIC LTOJOYEG PONG Yoo EMKOW®VID Yoo KdAOe

eEumnpetn.

Emiong, n cuvaptmon mov otéAvel pivopa 6toug eEumnpeTtég ivorl TavouoldTuIn OTIG
d00 gpaployég meAdtn. ESd va d1evkpivicovpe Tmg 1 0TOGTOAN T®V UNVUUAT®V GTOVG
efuommpemtéc yiveton pe toyoia oepd. Emmiéov, n Ayn amavincewv amd TOLG
eEummpemtéc yivetar pe tov 10 tpomo, apov eaptdtor amd ™ kabvoTépnon mov
vrapyel oe kbBe eEummpetnTn, Ko PAAIGTO YIVETOL TAVTOYPOVA LE TNV OTOGTOAN TMV
unvopdtov. Avtd emrvyydvetor pe t select() mov e€nyndnke mponyovuévec. Xt
My anavtioswv, topatnpiinke toc ypeialeton Evag mivakog e media 0ca efvatl OAot
o1 e&umnpetntés, To omoia givar apykonomuéva pe 0. I'a kédbe andvinon mov maipvel o
neAdTNG, 0AAGLEL TN TN TOV TTEGIOL OV OVTIGTOLYEL GTO GLYKEKPIUEVO ELVTINPETNTN GE
1. ’Etot pmopei ebkoAa va eAéyyetl av amdvinoe £va 0AOKANPo qUOrum otny aitnon| Tov.

Yapéotepa, 0 meEAdNG Olaocyilel ™ Soun TOL GLOTAUOTOC amOPTIOG Kot Yo KO
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qguorum eiéyyet av ot eEumNPETNTEG TOV £YOVV amavTinoel. MOMG Bpetl kdmolo mov dev
amavInoe, Tpoympel 6to emdpevo quorum. Av dtacyicel 6Ao To quorum, tdte onuaivet
TOC omavinoav Olot ot e&ummpetntéc Ko 1 aitmon olokAnpwbnke. Me v
oMK PO UG Aertovpyiog, 0 TEAATNG oTARATA Vo d€yeTol GAAeS authoel, undevilet

To Edio TOV TIVOKOL KO TPOYMPEL Yio TNV ETOUEVT AEITOVPYiaL.

No avapépovpe Eavd TG OTIC €PAPUOYEG Tehdtn €xel mpootebel o éheyyog mov
dtnpel v atopkdtTa ToL aAyopiBuov. O meddng dev umopel va Eexvnoet pua véa

Aertovpyia GV 0ev Exel oAoKANp®OEL N TpoT YO LEVT).

3.5.4 Eqappoyn eyypoéa (writer)

O eyypogéog €ivor n poOVN €QapUOYN TOV UTOPEL va YpAWYEL GTA OVTIYPOPA TOL
avTIKEWEVOL. XpeldleTon 300 YOPOVS EMKOVOVING, OOV GTO TPADTO GTEAVEL VLU
READ yw va avakalOyel To o TpOdGOOTO avTiypopo Kol 6TO dEVTEPO YOPO OTEAVEL
pqvopa WRITE pe ™ véa Ty mov 0éAel va ypdwyel. Apyilet ™ Aertovpyia tov,

TPEYOVTAG TNG €ENG EVTOAT OTN YPOLUUT EVTOADY TOL KEADPOLG:

./writer <writer Id> <servers file> <quorum file>

(<Operations number> <Operation Frequency>)

To writer &lval 10 Ovouo TOV EKTEAEGULOV OpyElov Kol TO TPHOTO Opopa givor
TAVTOTNTO TOV eyypapéa. To servers file glval 10 apyelo pe TG TANPOPOPiES yia
TOVG eumnpeTNTéG Ko T0 quorum file elvon to apyeio pe to cvotpa onoaptiog. Ta
emopeva dV0 opicHOTO €vol TPOOIPETIKA KOl Y0 GKOTOVUS OUTOUOTOTOINGNG. Av
Bélovpe o eyypagéag vo eKTEAEGEL KAMO0 CLYKEKPEVO aplOud Asrtovpyudv, TOTE
dtvovpe avtd tov apBpd oto Opopo Operations number Kol GTO ETOUEVO OPIGLLOL

dtvoupe T cvyvotNTa L TV omoia Ba exteAel TIg Asttovpyiec.
O eyypa@éag UAGEL GTN TOTIKY TOV UVIUN TN T TOL OVTIKEWEVODL, T0 tag Tov mov

amoTEAEITOL OO TN TOVTOTNTO TOV Kol TN OVIIGTOYM YPOvosepayidd, Kot To aplOud

OTNGEMV TOV EKOVE.
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3.5.5 Eq@appoyn avayvoetn (reader)

O avayvootng dtkaovtal Hovo vo dalel To avTiypa@a Tov avVTIKEWEVOD, OAAL £xel
TN SVVATOTNTO VO EVIUEPDGEL TOVG EEVTNPETNTEG LE TO MO TPOGPOTO OVIIYPOPO TOL
Bpnke. Apywkd vo modpe Tog Eekvd T Aettovpyia Tov, TpEYovTas TS €ENC EVTOAN 01N

YPOUUTY EVTIOADV TOV KEADPOVG:

./reader <reader Id> <servers file> <quorum file>

(<Operations number> <Operation Frequency>)

To reader eival o dvopa TOL EKTEAEGUYOVL OPYEIOL KOl TO TPAOTO OPICHUA Eivor M
TAVTOTNTA TOL OV YVOST. Ontwg Kot 6Tov €yypagén 10 servers file givorl 1o apyeio
LE TIG TANPOPOPIES Y100 TOVG eELTNPETNTEG KOl TO quorum file elvan to apyeio pe 1o
ocvomnuo omaptiag. To emdueva OVO opiopato €ivol TPOOPETIKE HE OKOTO Vo
amo@evyfel 1 aAAnAemidpacn Tov ypNnotn Ue TO TPOYPAUUa. AV OEAOVUE O AVOYVAOCTNG
VO, EKTEAEGEL KATO10 GLYKEKPIUEVO aplBId Aettovpyldyv, T0Te divovue avtd Tov apliuod
010 OpIopHo. Operations number Kol GTO ETOUEVO OPIGHA OIVOVE TN CLYVOTNTO LE

Vv omoia Ba extedel TIC Aettovpyiec.

Opoimg pe tov gyypoeén, 0 avoyvaotng UAGEL GTN TOMIKY TOL VNN TN TYN TOv
avTIKEWEVOL, To tag Tov oL AMOTEAEITAL OO TN TOVTOTNTO TOV TEAELTOUOV EYYPOUPEQ

ov £ypaye 6€ aVTO HE TN OVTIOTOYM YPOVOGEPAYida, Kol TO aplOpd oUTHCEMV TOV

EKave UEYPL OTLYUNC.

Na ernavardpoope nog otov arydpBuo SIMPLE, o avayvodotng ektelel mavtote dVo
YOpovg emKovmviog, 6mov 610 TpdTo oTéAvVEL pivopa READ yw va dofdost ™ tyun
TOV OVTIKEWEVOL Kol 610 0g0TEPO YVpo otédvel pnvopa WRITE yuo va evnuepmoet
Olovg Tovg e€ummpeTéc pe T0 MO mPdSpato avtiypapo. Ilepiocdtepo evolapépov
Topovctdlel o avayvaotng otov adyopiBpo CWFR, 6mov gl6dyovtot o, qUOrUM Views
Kot Béon avt®v arogacilel av Ba TpoympPNoeL € dHTEPO YUPO EMKOVMVING 1] O)L. LTO
Zyuo 3.4 meprypdoetor oe HOPEN WELOOKMOWKA 1 GLVAPTNGN Tov gviomilel TOO
quorum view ovTletomilel 0 avayvdoTng HETA TV OTAVTNGT EVOG OAOKAN POV quUOrum.
[Tpotov apyicel dpumg N dwdwkacia, o avayvootng Ppickel to péyloto tag avapeca
oToVG €ELINPETNTES TOL JUOrUM Tov amdvince Kot to amodnkedel oto MaxTag. Na
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vrevOvpicovpe Twg N cvykplon dvo tags yivetar AeEIKOypaPIKA, EAEYYOVTOS TPAOTU TN
XPOVOoEPayida Kol OKOAOVO®G TN TOVTOTNTA TOL &yypoaéa. Xto Xynuo 3.5
TaPOLGLALETAL O YEVSOKMOKOG Yo T GVYKplon dvo tags. Meténetta, yiveTtan 0 TpMTOG
Eleyxog Yo To av 6Aot o1 e&umnpetnTéG TOL qUOrUM €xovv to péyioto tag. Edv vai, 101
N ovvapton emotpépel pe Quorum View 1. Katd ) dudpkelo ¢ d1doyiong tov
quorum, av Ppebel kdmolog eEumnpeng ne UikpoTepo tag, o €leyyoc otapatd kot
ovveyilel oto dehTEpo €heyyo, OOV Yo KAOe TOUN TOL QUOrUM eléyyxel av OAOL ot
eEumnpetTéC TG ToUNG £xovv o péYioTo tag. Morg Bpebel kamola Toun pe OAOLG TOVG
eEUTMNPETNTEG VoL KPATOVV TO PéYIoTOo, Tepuatifel emotpépovtac Quorum View 3. Av
Kopio omd TG 600 TEPUTTMOOELS deV 1oYVEL, onuaivel Tog Pplokdpacte oto Quorum
View 2, 10 0m0i0 TOPATEUTEL TOV OVAYVOOTN VO KAVEL ETOVAANYTN TV TO TAVED

Bnuatwv, apov dtypdyel TpdTo TOLG EELANPETNTEG e TO UEYIoTO tag.

1 Tix k&8EF oToLlXELo 1 Tov guorum

2 Begin

3 if (server[i].tag '= maxTag)

4 break

5 End

6 Av EYFoL &SLomepdOPL OAN TN ALOTIO, TOTE GAOL OL EEUONEEINTEG
7 Eyouv 1o maxTag

g if (i == NULL)

5 return Quorum View 1

11 Tiro k&8EF Touf t TOUV Quorum uf A0 guorum

12 Begin

13 Fix KaSe oToLYELo 1 Tng Toung

14 Begin

15 if (server[i].tag '= maxTag)

16 break

17 End

18 L EYE SLMOFDOOTE L QAL I JTC, TOTE 6holL oL EEUVONPEINTIEC
18 Exouv To maxTag

2 if (i == NULL)

21 return Quorum View 3

22 End

2 Av &Ev Elvol Quorum View 1 0 3 1ote eivol Quorum View 2
25 Tl k&BEF oToLlXEiLo 1 Tov gquorum

28 Begin

27 if (server[i].tag = maxTag)

28 remove server[i]

20 End

Eepeat from Line 1

Yyqpa 3.5: Pevdokddikog yo v €bpecn tov Quorum View
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if (tagl.t= > tagZ.ts)

return 1
if (tagl.t= == tagZ.t=)
4 if (tagl.wid > tagZ.wid)
2 return 1
> if (tagl.wid == tag2.wid)
7 return 0

b =

]
]
1
]
[#]
0

return 2

Yympa 3.6: Pevdokmokag yia T cvykpion dvo tags

3.6 Apycio evtormv

Me v oAoKANP®ON TOV 0V0 VAOTOWGE®V, KATECTY OVOYKOIO TO YPAYILO KATOIWV
apyeimv eviolmv (Scripts) ywo ) deaywyn Tov mepapdtov oto diktvo PlanetLab. T
va, eEetaotel n amdooomn Tov aAyopiBuov, £xovv oyedlaoTEl SUPOPETIKA GEVAPLOL TOV
dokdlovy TovV aAyoplOuo ®©C TPOG OPOPETIKEG TTLYES. Avtd B peietnBodv

extevéotepa oto Kepddato 5, 0mov yiveton 1 mepapatikn agloAdynon.

Ta apyeia mov &govv ypoeei, mepiéyovv evioréc Tov PifAlodnkdv Tov kehldeovg bash
(Bourn Again Shell) kot Ponbodv omnv avtopatonoinon Kamowwv ypovofdpwv
AELITOLPYIDV, OTOC 1 TOLTOYPOVN Evapén TOAAATADV OlEPYOCIDV, N UETAPOPE TWV
apyeimv og Ohec TIc unyavéc ko 1o «kotéBoouay tov log files and tic unyavéc oto
tomikd vmoloyot. Emiong, éxer ypapel €vo apyeio €vioAdV Yo T GLAAOYY T®V
avoykaiov dedopévov oamd ta logfiles mov mopdybnkav and to mEepdpoto. Eta

napaptipoate B kot I' divovion ta apyeio avtd.

3.7 Avokohrieg kon [apadoyég

Ot dV0 aiyopBuotl viomomOnkay Kot eAEyxOnKav Yoo v opBOTNTA TOVS GE TOTIKO
diktvo kot petémerta petapépbniav oto diktvo PlanetLab. Mg avtd tov tpdémo moAAd
LG40 evtomiomnkav 660 Ppickoviav TOMKA, EE0IKOVOUMVTAG £TGL GNUOVTIKO XPOVO 0o

10 av £tpeyav amevbeiog oto PlanetLab.
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[Mopdra avtd, oto ToMIKO dikTvo ToL Movemomuiov Konpov dev katéot dvuvatdc o
éleyyoc Ttov pOVTEAOL meEAdTN eEummpenT, AOY® KOMOWV KOVOVIGU®V TOV
[Movemomuiov mov amayopedovv v emkowvwvio petald tov unyovov. ‘Etot, o
alyoppoc dev eAEyxOnKe ¢ TPog TV acvyypovia Kal T KaBvoTepnoelg Topadoons
UNVOUATOV. ZOVETMS, KATOL COAALATA OEV EXOV Pavep®OET KATA TN SLAPKELL XPIONG

TOV TOTKOV SIKTVOV.
H amoceoipdtwon oto 6ikTvo av kol NTav KaADTEPTN, NTAV €MioNg TOAD YpovoPopa,

@OV 01 OAAUYEC OTO TPOYPAUUOTO YIVOVTAY TOMIKA KOl 1] GTOGTOAY TOLG TPOG TOLG

KOpPovg amoutoHoe apKeTO YPOHVO.

56



Kepdaiaro 4

MAateoppog Merpapdrov

4.1  Kivnrpa kot EEEMEN Tov PlanetLab 57
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4.3  Asurovpyia tov PlanetLab 59

To PlanetLab [17] eivon éva maykdopo epevvntikd dSiktvo, 1 SPOPETIKE, Lo
YE@YPOUPIKA KATOVEUNUEVT] LIEPEMIMEDT TAATEOPUO TTOL VTOSTNPILEL TNV avamTLEN
VEOV VINPECIOV O1001KTVOV. MEAN awToh TOV S1IKTVOL €ivorl aKOONUOIK, Plopmnyovikd
Kot KuBepvnTikd 18pvpota to. omoio ypnowonowtyv to PlanetLab ywo vo avortiéovv
véeg TEYVOAOYIEG Yo KOTAVEUNUEVN amoBnKevoT, yapToypdenon diktdmv, peer-to-peer
avtaAloyn apyeiov kol enelepyacio epotnudtov (query processing). XEnuepo. to

PlanetLab amoteleitor and 1064 kéupovg oe 562 tomobeoiec.

4.1 Kivmrpa ko EEEMEN Tov PlanetLab

Méypt  dexaetio Tov 1960, 0 povoc TpOTOC EMKOVOVING NTAV TO TNAEQPMVIKO O1KTLO.
"Etol ot dekaetion avt 10pHETAL TO O100IKTVO TO OO0 TPOGEPEPE EVKOAOTEPO TPOTO
EMKOWOVIOG Kol TN OvvatdTNTO AvTOAAaynS dedopévav. X mApodo TV Ypovev,
napovcioce poydaion mPOOOO Kol ONUEpPE £QPTOCE VO KOTOUETPEl oYxedOV VO
OloEKOTOUHOpLOL ¥pNoTteG. Mo peydAn pepida xpnotdv, 1n €PELVNTIKY KOWOTNTO,
avéMTLEE TOAD  Ypyopa VINPEGIEG KOl EQOUPUOYES TOYKOGUOG KAILOKOG, TPOG
dtevkolvuvon ke yprotn tov dwdiktvov. [Mopdia avtd, 0 S1diKTVO TAPOLGINGE
Kémolo mpoPAnpate, Omwg M €OKOAN O1ddoon 1V, N avemBOuNT TPOGPacn oe
TPOCOTIKA Oedopéva kol 1 guedvion tov mMAektpovikov gykAnuartos. Emiong, ot
TEPLOPIOHOT OV EMPAAAEL 1) OPYITEKTOVIKN TOV, TapoINPNOnKe mmg 0d0MyoLv GTNnV
KATAPPELOT  €ELMNPETNTAOV  OTIS TEPWTTMCELS MOV  UEYAAOG aplBudg  YpnoTdv

TPoonafovoe TOVTOXPOVA VO ATOKTNGEL TPOGPacn G avTovg. AOY® NG TEPACTIOG
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EUTOPIKNG EMTLYIOG TOL JOIKTVLOV, 1| dAAXYN TOV gival advLVATH, POV TEPIGCOTEPO
oonyeital amd OWOVOUIKE cvpgépovia mopd amnd v épevva. H scayoyn véov
TPOTOKOA®V eKTILATOL TOC Oal EMPEPEL PEI®OT TNV OIA0CT) TOL SIKTVHOL KOOMG Kol
dAec dvolettovpyieg otn Asrovpywdtnto tov. Emopéveg, m dnpovpyion evog
VIEPETITESOV SIKTHOL TAV® ATtO TO SGIKTLO LLE OPYITEKTOVIKT TPOCUVATOACUEVT] OTIG
VINpPEciec, Kpivetal g 1 KoAvTEPN AV PeATioon Tov SOSIKTVOV Kol OVIYETMTION

TOV TPOPANUATOV TOV.

To PlanetLab anoteAei 10 vepeninedo diktvo mov POAMG avapépaue. H apyf &ywve 1o
Maptio tov 2002 and tovg Larry Peterson (Princeton) kot David Culler (UC Berkeley
and Intel Research), 6mov petd amd pia ocvokeyn pe dAlovg 30 gpguvnTéc amd TOVG
MIT, Washington, Rice, Berkeley, Princeton, Columbia, Duke, CMU «xou Utah,
npotvay to PlanetLab. Evtoc tov emduevov €ptd unvov, oAoKANpoOnKe n apyikn
avantoén 100 kéupov o 42 tomobeoiec (Sites) kat exdoOnke n wpmdtn £kdoon 1.0 tov
Loyiopkov tov PlanetLab, pe to kepdAaio mov npocépepe n David Tennenhouse (Intel
Research). To 6papo mov 1€0nke amd v apyn sivarl n e€animon tov diktvoov og 1000
tomoBeciec. Amd 1o 2004, axadnuoikd xor Popnyovikd wdpopatoa apyilovv va
CUUUETEXOVV, UE OMOTEAESUO TNV KON peyolvtepn eEdmlmon tov PlanetLab. Ziuepa
10 PlanetLab amotedeitoan amd 1064 koéuPovg oe 562 tomobecieg, cvveyilovioac vo

eCamAdveTar kadOnuepvd.

4.2 Xapaxtnprotikd tov PlanetLab

‘Evag and toug kbprovg atdyovg tov PlanetLab sivatr va Asttovpyei wg o mhatpdpua
avATTLENG KOl SOKIUNAG VEOV EPAPUOYDOV KOl VINPESIOV Yo overlay diktva. Avti n
mAatdppa opileTar HEGa omd TPELS OIUGTACELS:

1. Tic puowég dooTdoelg Tov HIKTOOL oL TPEMEL VoL lvar PLEYAAES, Yo vor glvat
EPIKTN TOCO M aVATTLEN HIKPOD €0POVG €PAPULOYDYV OGO KOl TOYKOGUIOL
KAMpoKog epoproyEs.

2. To vmepeninedo Oiktvo mpémer va meplhapPdvel dVO  KOPLOL CLOTATIKA
Aoywopko0, mov givon €va virtual machine monitor (VMM) to omoio mpénet va
Tpéxel o€ KABe KOUPOo, Kot o vanpecio dtayeiptong Tov SiktHov.

3. O tpdmog Aertovpyiog Tov dktvov. To diktvo pUmopel vo ypNoYOTOLEITOL MG Lo,

TAATEOPLO SOKIUADV Y10l £PELVO, KO OC 0L TAATEOPLOL OVATTUENG EQAPUOYDV.
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Q¢ motedpua dokdv, o PlanetLab zmpoceéper éva peydlo oldvoro
KOTOVELUNUEVOV INYOVAV, £V PEAAMOTIKO OTKTLO LE TNV TOPOVGia GLUEOPTONG,
KOTOPPEVCEDY KOl TOKIA®V CLUTEPIPOPOV amd Tovg KOpPovs. Ilpoceépet
EMIONG TN TPOONTKN EVOG PEOMGTIKOD POPTOL £PYasiog TeEANTN. g TAATPOPLQ
AVATTUENG, TPOCPEPEL KAVOTOUES VINPEGIEG Kot YPNOTEG TOL £XOVV TPOGPaon

0€ OUTEG TIG VAN PECIEC.

4.3 Agrrovpyio tov PlanetLab

Kébe idpopa mov cvppetéyel oto PlanetLab, tpooceépet 600 1 mepiocdTepovg KOUPOVG
Yo vo. ypnoomolovvtor omd ta GAAe pEAN tov dwktvov. OAot avtoi ot kéupot
oynuoatiCovv to overlay diktvo. I'o va yivel Kamolo¢ HéAOG, TPETEL VO, KAVEL aitnon Kot

va gykpdei and kamoto PI (Principal Investigator) tov 18pOuatog 6to 0moio aviKeL.

Olot o1 THpot tov dktHov, dNAadn ot wopol kibe kouPov, popdlovol ce pepicpata
(slices). 'Evag Pl pmopei va dnuovpynoet éva pépiopa, 10 omoio mapovoldletal og
oVTOV, OAAG KOl GTOVG YPNOTEC-LEAT] TOV GUYKEKPILEVOD HEPICUATOC, ®G Eval OIKTLO e
EWOVIKEG UNYovESG Toug KOpPovg mov €xel emhééel. Kabe 1dpvpo pmopel va
onuovpynoet to moAd 10 pepiopota kot kdbe pépiopo pumopei vo mepthapPdaver péypt
Kol 32 kopupovg. Amd ™ oTIyp] TOL dNovpyeitan To péEPopa £xel ddpkela {ong Eva
unva. Ko av 0ev avavembel, Ayel amodecpuedovtag tovg Topovg Tov. Na mpocHicovpe
Twg M amddoom kdbe kOpPov aAAd Kot Tov dktHov e€aptdrtol amd OAOVG TOVS YPNOTES,
aAAG KGO yproTnG YpNoyLomolel Tovg KOUPovs ympis va Tov «BAETOVV» 01 VTTOAOTOL.

Emiong, n anddoon tov diktdov empedletor KAmoles eopég amd KoKOPovAES vINPeTieg
Kot AOYIGHKA oL mepEyovv AdOn. Téhog, va modue Tmg ot kOpPot propodv avd maoo
OTLYW VO EXOVEKKIVIIGOLV, Y®Pig Opmg va yavovtal ta dedopéva. Me avtd tov 1pdmo

yivovtor pun-a&ometol, 6mmg cupPaivel Kot 6To d1dikTvo.

H mpoéoPaon oto diktvo yiveton péow SSH, to omoio mpooeéper ac@oin Kot
KPUTTOYpaONUEVT] emKOVOVia, Le Toug KOUPBovs. Me 10 mov £yypaeetol KAmo10¢ Mg
xpNotg, xpewdletar va dnpovpynost éva edyog Kpumtoypagnuéveoy kiewuwy SSH,

éva private key to omoio mpénel va mpoctatevetal kot Eva public key to omoio mpénet va
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Kével yvwotd oto pépiopa tov. H dnuovpyia twv d00 KAEWIOV YiveTor Le T IO KATO

EVTOM:

ssh-keygen -t rsa -f ~/.ssh/id rsa

Me v emioyn -t opilovpe 10 TOMO TOL KAEWIWOD KoL HE TNV EMAOY —-f

npocdopilovpe to apyeio mov Ba puiaytei To Cevyoc.

Epodoov éxel yvootomombei 1o public key tov yprotn, unopei mAéov vo evmbei ce

Kamow punyovn Le v €ENG EVIOAN:

ssh -1 slice -i ~/.ssh/id rsa hostname

To slice elvar to Ovopo TOL pHEPIOUOTOC KOl TO hostname &ivowl TO OVOUO TNG
unyavng otnv omoia 0éAel va evwbel. Me v emioynq —1 wpocsBétovpe t0 dvopa Tov
YPNOTN, OOV OTN TPOKEWEVN Tepintwon eival to dvopo Tov pepiopatoc. Me v
emoyn mpoodiopifovue to apyeiov émov Ppioketar to private key. Me v extéleon
NG EVIOANG, 0 xpnotng Ba {nnoel va d0daoel 10 Kwdkod Yo va motorondel n tavtdTNTO

TOV.

Mo ™ petapopd apyeiov amd 10V TPOoOTIKO YDPO TOL YPNOTN o€ KAmowo kOUPo

ypnooroteiton N €ENG EVIOAN:

rsync —avz -1 ~/.ssh/id rsa filename/ slice@hostname:dir/

To filename/ mpocdopiler ™ debBvvon 1oL QokéAoL pe To opyeic mov Oa
petapepBovv. Me 10 yapaxtipo / opilovpe va petagepBodv ndvo T TEPEYOLEVO KoL
Oyt 0 paxerog. To slice eivon 10 dvopa tov pepicpatog Kot T0 hostname givol 10
ovopo g pnyavng mov o petapepBovv ta apyeia. Akorovbel to dir/ mov givor
devBvvon otn unyovn eketvn mov BEAeL 0 xpnong va amodnkevtovv ta apyeic. Me Tig
EMAOYEG —avz Ta apyeio petapépovtal og “archive” mode, dniadn doucparileton T
Ba petapepfodv ta dikoudpata TV opyeimv, T ownerships k.o. g égovv. o
petapopa apyeiov omd Kamolo KOUPo 610 TPOCOTIKO YDPO TOL YPNOTI, T0 filename/

LETAPEPETOL OTO TEAOG TNG YPOLLUNG EVTOANG.
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Adym g dloyeipiong TOAMOY unyovev tovtdypova, €xel ypnoyomombei n pssh n
omoio. givar M ToPAAANAN ékdoon Ttwv 0Openssh epyodeimv. Avaivtikdtepa, €yovv
ypnowonomBei ot evroAéc: parallel-ssh wou parallel-nuke, ot omoieg e&nyovvtar mo

KATO.

parallel-ssh -t -1 -h hosts.txt -1 slice command

parallel-nuke -t -1 -h hosts.txt -1 slice executables

H parallel-ssh ektehel evioléc o€ MOAATAEG PUNYOVES, TOV OOV TO OVOUOTO
Bpiokovton amodnkevpéva 610 hosts. txt. Opolwg pe TIG TPONYOVUEVES EVTOAEG TTOV
eloape, dtvetar o dvopa Tov pePicHATOg 6T0 slice, Ko akoAlovdel n evtoAn mov Oa
ekteleotel. H command pmopei vo givar pior oA evtoAr] tov bash 1 akoun kot éva
TpOYpappo. XN mEpinTwon pog, eivar évo script mov Ppioketan oe kdbe pnyoavn to
omoio exkivel T Asrtovpyia TV diepyaciov. H emioyn -t -1 mpocdiopilel mwg dev Ha

vapyeL ypovog Anéng (timeout) yio kabe ko Po.

H parallel-nuke «oKOT®VEW TIG dlEPYOACIES TOV ONADVOVTAL GTO executables, Ol
OmoleC EKTEAOVLVTOL OTIG UNYavEG mov eivar amoBnkevpéveg o610 hosts.txt. Zto
TEWPAUOTO, YPNOIUOTOIEITOL  KUPIOS Yoo TO TEPUOTIGHO NG  Asrtovpyiog TV

eEumnpeTnTOV.

2 TOPAAANAN EKTEAECT] EVTOAMV, M E10AYMOYN TOV KMOWKOV &ivol avaykoio TOGEC
Qopéc 0oeg elvar or pnyavéc oto apyelo hosts.txt. e 10 Adyo w10,
YPNOWOTO0VVTOL 01 dVO O KATW® EVIOAEG Y10 TNV AVTOUATOTOINON TNG d0IKOGTog Kot

TNV €100YOYN LOVO LS POPES TOL KWOKOD.

eval $ (ssh-agent)
ssh-add

H npotn evroin onpovpyel éva tpaxktopa (agent), o onoiog Ba yepileton to kA& pog.
Me 1t 0e0TepN EVIOAN, TPOCTIOETOL O KMOWKOS GTOV TPAKTOPO Y10 VO XPNCLOTOEITOL
Y. omowdnNmote miotomoinon ypewdleTar. Xto TéAOg KABe Aettovpylag elvarn
AcQOAECTEPO VO TEpLATICETOL O TPAKTOPOS Yo VO KAETvel kdBe mpdoPaom oTo KAEWI.

O mpdxtopag teppatiCetor e TV €VIOA] ssh-agent -k.
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e auTd TO ONUELD TNG OUTAMUOTIKNG TEPTYPAPOVTOL TAL GEVAPLO TO, OTTOI0L SOKIUACTNKAY

OTO TEPALOTO TTOV Y¥PNCLOTOMONKAV Y10 GOYKPIOT) TV dV0 oAyopiBumy.

5.1 Mpogrowpacia

Kot’ apynv yuu va ekeyybel m opbBdtmta tov 0dyopiBupov dokipdoape tovg VO
alyopiBuovg o€ éva pukpd cvoTra amoptiog Tov 8 eEuanpetnT®V. APov 1) ETKOWV®OVia
TV eEumnpetnToOV Kol teAatodv oeénydnke opbd mpoympnoaue oy deaywyn TOV
nelpopdtov. o v ocvAloyn tov oedopévey €£600V TPooTédnke Kol oTIC OVO
EQUPUOYEG TEAATN YPOVOUETPO Yol TNV UETPNOT TOL ¥POVOL OAOKANPWOONG TG KiOe
Aertovpyiag (latency). I[Tptv o TEPHATIOUO TOV EQUPUOYDV, VTTOAOYILETOL TAEOV O HEGOG
YPOVOG OAOKANPWONG TV AElTovpyl®v. EmumAéov, otnv €Qopuoyn TOvL ovoyvaooTn
npooTEOnKay dvo petpntéc mov amoapduovv TG apyég (2 RTT) ko tig ypnyopeg
Aertovpyieg (1 RTT). Ta dedopéva owtd euidyovtar o€ apyeio €£650v e T xpfHon g
evtolng fprintf(). 1o télog kdBe cevapiov, ta apyeio pe T SESOUEV LETAPEPOVTOL

0TO TPOCMOTIKO VTOAOYIGTY Yo TEPALTEP® emeCepyacia.

Ye Oho Ta oeVAPLE, Ol JlEPYOCiEG TOV €YYPAPEN KOl TOV OvOyvMoTn ekteAovv 200
OLTNOELS EYYPOAPNS Ko avayvmong avtictoyya. Kdbe cevipro extehéotnre mévte popég
YU VO UITOPOVUE VO JYPAYOLUE TIS OoKpoieg TYES, OMAadY Ta GEVAPLOL UE TO
LEYOADTEPO KO LUKPATEPO YPOVO, KOl VO VTOAOYIGOVUE TO HEGO OPO TMV LIOAOITWV

TPV oevopiov. Kabe extéheon ypetdotnke nepimov 30 Aentd Yo va oAoKANPpwOEL.
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5.2 IpoPpmjpoata ko Mopadoyég

Katd ) d1dpketo ekTéAEONG TOV TEPAUATOV TOPOVGLACTIKAY OPKETE TPOPANLOTOL KO
dvokoAies. To diktvo, WG peoMoTikd Kol acVOyypovo, emétpene TV kKabvotépnon
napddoong Tov punvopdtov. H kabvotépnon Siéeepe amd otiyun o€ otiyun kot omnd
kO6ppo oe kopPo. H coppdpnon tov SikthHov CLVETEWVE OTN TOPOVGIO HEYOADTEPNG
kaBvotépnong. Axoun, kdbe koppog, avédroya pe T TomT00EGI0 KOl TO XOUPUKTNPIGTIKA
T0V, €lxe 10 d1kd ToL PLOUO Acttovpyiag. ‘Etot, kdmotor kdpPot Tav moAd mo apyol amd

GAAOVG, KOBVGTEPMVTOG CNUOVTIKE TNV EKTEAEGT] TOV TEIPOUATOV.

Onog &gl mpoavapepbet, o1 KOpPotl puropoHv ava oo GTIyp Vo KOTopPELGOLV KOl VoL
unv eivar dwbéoyor 1 akdun Ko va pnv Asrtovpyovv opBd. Tlapatnpndnke mog
Kémotolr KopPot yperdlovrav pépeg v va yivouv Eava oabéoipol, kabvotepmviog v
anomepatwon Tev mepapdtov. Eriong, n katdppevon tov kOpPov tov Iavemotnuiov
Y10, GUYKEKPIUEVO YPOVIKO SLAGTNIA, 00NyNoE otV amaydpevon ypnong tov PlanetLab
pe Pdomn 10 Kavoviord mov Aeel To¢ KaOe HELOC TPEmEL Vo TPOGPEPEL 000 KOUPOVS GTO
OIKTLO Y10 Vo ToV TTapEyeTon TPOSPacn o€ aVTd. AvTO Eie WG AMOTEAEGHA TNV OKOUN

HEYOADTEPT KABVGTEPTON GTNV OAOKANP®GT TOV TEPUUATOV.

Emnpoobeta, kamolor k6pPor mov ektelovcay ) depyacio tov eEummpetnt) Adupavay
unvopata amd to Bit Torrent [21], kdtt mov éxer avoeepbei o¢ mpdPfAnua mov
avtipetonilel to PlanetLab. H emkowwvia pe ti¢ unyavég tov Bit Torrent odnyodoe
oTNV TANPY ATacYOANOT TOV EELANPETNTOV Kol GTN TPOKANGT TPOPANUAT®OV 0N O1KY|
pog a&ordynon. Emmdéov, modhol kopupor mopovsiolav mapdéevn coumeppopd Kotd
™V eKTéleoT TV aAyopiOumv, TPOKOADVTOG TOAAES POPEG GOAALLN KOTAUEPIGHOV GE

dAAovg KOUPOVG TOL GLVIEOVTAY GE ALTOVG.

Mo dAAN pepida kOUP®V dev NtV TPOSPAGIUN Yot SUPOPOVS AAAOVG AGYOVS, EKTOG
Ao TOVG TPOAVAPEPOUEVOVS. Nol SIEVKPIVIICOVUE TTMOG TN TPATN POPE OV 0 XPNOTNG
EVAOVETOL GE KATOWL UNYOVY], TO OVOYVOPICTIKO TNG UNYOvNnG €KEivG QUAGYETAL GTO
apyeio known_hosts. Avd dlootipota avtd 10 ovayvoploTiko oAAGCEL Yo 6Komovg
ac@oAeiag, pe amotéleoua 0tav cuuPet avtd, va yavetar n TpoéocPacn otn punyovn. To

Voo Tov eotvetor oto Zynpa 5.1 tapovstdletor LETA Ao Hio TETOW EVEPYELQ.
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CREEECCEERLEAECEROREEREEEEE 3EEE 3 3@ EEE
@ WARNING: REMOTE HOST IDENTIFICATION HAS CHANGED! @

IT IS POSSIBLE THAT SOMEONE IS DOING SOMETHING MNASTY!

Someone could be eavesdropping on you right now (man-in-the-middle attack)!
It is also possible that the RSA host kKey has just been changed.

The fingerprint for the RSA key sent by the remote host is
99:7T7:b6:cC:ee:b5:cO:b2:b2:d2:69:4C:2a:T7:87:28.

Please contact your system administrator.

Add correct host key in /home/students/cs/2005/cs@5ahl/.ssh/known_hosts to get rid of this message.
0ffending key in /home/students/cs/2005/cs85ahl/.ssh/known_hosts:72

R5A host key for hptest-1l.cs.princeton.edu has changed and you have requested strict checking.

Host key verification failed.

Yympa S.1: Mivopo Tpogdonoinong otnyv aAlayn avayvopioTikoy KAToov 6Tadpov

oto PlanetLab [20].

IMa va Eemepaotel avtd to TpoPANua, ypeldTay va S1aypaPel TO AvayvVOPICTIKO NG
unyovig amd to known_hosts, obtwg dote oty enduevn mpoomdbelo cuvoEoN S, Va
npootedel T0 vEO avayvoploTid oto opyelo. AkOUN, HETA TNV EMAVEKKIVIION €VOC
KOpPov, ot TPOSTAOEID GUVIESNC LE AVTOV EUPUVILOTOV TO VUL TOV ZXMUATOG S.2.
IMa chvtopo ypovikd SIGTNO 1] CUVOEST dgV NTAV EPIKTY, UEXPL Vo EemepaoTel TO

TPOPAN L.

Enter passphrase for key ‘/home/students/cs/2005/cs@5ahl/.ssh/id_rsa':

Last login: Wed May 20 13:04:31 2009 from 194.42.18.191

#%#% planetlabl.pop-mg.rnp.br: cyprus SLIQ has not been started yet, please chec
k back later #***

Connection to planetlabl.pop-mg.rnp.br closed.

Yympa 5.2: Mivopa Tpogdonoinong otnv enavekkivnon evog kopfov [20].

Téloc, va ava@épovpe TG OTN  MWOPOLGIO  UEYAAOL  aplBpoy  dlEPYACIDV,
napatnpovviav wpofAnuata. Or eEuanpemtéc otapatodcay va anavtovv e pepioa
neAat@V M axoun kot o Oieg. IIBavadg avtd va cuvéfarve AOym TG avaykng
LEYOADTEPOV TOGOGTOV UVIUNG TOV UNYOVOV, TO 0moio dev Ntav obécipuo ekivn
oTiyun. Akoun, mapatnpnnke ot depyacieg and to éva €idog meAdTn va epeavilovv
uvope. AdBovg  “recv failed: Connection reset by peer”. To mpofinua owtod
avaépnke amd dALOVG XPNOTES, YOPIg OL®G va doBel Tekunplopévn €ERYyNon Tov To

TPOKOAEL 1] ATAVINGT TTOV VO TO EMAVEL.
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5.3 Zevapua

Yta mepdpota ypnoyomonke to cvothua omaptiog «crumbling walls» [13] pe 25
eEumpemtéc. O apBudg avTdg eMAEKTNKE PACT TOV TEPAUATOV TOL EKTEAEGTIKOV
YL TOLG TPONYOVUEVOLS OAYOPiOUOVS OV AVAPEPOVTIOL GTO VTOKEPAANIO HE TIG
nponyovueves epyocies. Eivar onuoviikd voa ypnotpomolovpe tov 1010 aptBpd, ovtwg
wote va yivetor M aSoAdynon Pacn tov molodtepwv mepoapdtwv. Emiong, ot
alyopOpot dokydomray pe 10, 20 kot 40 eyypaeeic, kabahg emiong pe 10, 20 ko 40
avayvootec. H emloyn tov aplBudv avtdv dev  eivar toyaio. Apyikd doxyualovpe
Tovg aAyopiBuovg pe pkpd aplBud depyacidv ovTwc dote vo eheyyfel 6Tt o1
alyopiBuol ekteAohvTol 6MOTA GTO OIKTLO KOl GTASKA TOVLG OVEAVOLUE Yoo Vo
TOPATNPOVUE TIC OAANYEG GTY) GLUTEPLPOPA TOV GLGTNUATOC. Na TPocHEGoLE TG Ot
0101 ap1Buoi éxovv ypnowonmomBel kol oe mponyovueva mepduato Kot Bdon avtdv

KTICOLE T OIKA [LOG.

210 TEPAUOTA OEV TPOGOUOIDCOUE ECKEUUEVA GOOAROTO, OAAG Tpémel vo AneOel
VIOYN TG TO OIKTLO EMTPEMEL KATOPPEVOELS. 'ETol, avapévetal va vtapyovv KATOEG
olpopéc ota amoteAéopato eEoutiog TV katappevoemy. O ypovoc HETOED VO
AerTovpyldV Kot Yoo TIg 000 depyacieg mehdtn eivar 4.3 devtepodrenta. Me avtd to
oevaplo, eetdletal 1 amddoon TV 000 aAYopiBpmV KAT® amd TapOUOoleS GUVONKEG,
OnAaodn pe 1010 ovotnuo amoptiog kot pe 100 wANnbog e&ummpentdv, OAAL pe

OLLPOPETIKO aplOUO EYYPAPEDV KOL AVAYVOGTMV.

Avopévetor Tog 0 ypdvog OAOKANP®ONG G AEITOVPYING OvAyvmong 1 ypaens Ha
avEaveTor 660 aVEAVOVTAL 01 AVAYVOGTES Kot Ot €yypapeis. Avtd dkaroAloyeital apov
Le TEPIGCOTEPOVG TEAATES, ALEAVETAL O aplBUOG TOV UNVOUAT®V OV GTEAOVTOL EVTOC
TOV OIKTVOV UE OmMOTEAEGHO VA dNHovpYEiTOL LEYOADTEPT CLUPOPNON KoL TOL UNVOLLATOL

va kafvotepoHV Vo PTAGOLY GTO TPOOPIGUO TOVG.

Eniong, oavapévetor mog otov aiydopipo CWFR, ot Aertovpyiec avdyvoong 6o
0AOKANPAOVOVTUL YPTYOPATEPO OO TIC AEITOVPYIES YPUPNS, AOY® TOVL OTL Ol AElTOVPYiEg
YPaPNG xpewlovtal mhvio dV0 YOPOLg EMKOW®VING, o€ avtifeon pe Tig Asrtovpyieg
aVAyvVOGCNG OV avaAOY®mG TV qUOrUM Views propovv va ohokinpwbodv o Eva yopo.

Opoimg, umopovpe vo movpe TG 01 Asttovpyieg avayvmong ywo tov okyopidpo CWFR
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Ba oAoxAnpdvovtal YpnyopoTeEPO Ao TIS AEITOVPYIEG AVAYVOONS YLo. TOV aAYOPIOUO

SIMPLE, ctov omoio ypetdloviot mdvta 600 YOPOLG EMKOVMVING.

Yta ypagpnuata 5.1 €d¢ 5.6 S1amoTOVOVTOL Ol TO TAVED aVOPOPES. ZVYKEKPIUEVO, GTO
ypoeruata 5.1 kot 5.2 mapovsidletar 0 pEGOG ¥POVOS OAOKANPM®ONG HaG Asttovpyiog
avayvmong g tpog 1o mANfoc tov avayvootov, yu 10 ko 20 gyypaeeic avtictotyo.
Yto ypapnuato 5.3 kot 5.4 mopovcualetor 0 UECOS YPOVOS OAOKANPOONG HLOG
Aertovpylog avdyvoong kot ypaens pe 40 eyypaeeis kot 10 avayvootec. H ektéheon
TV mepapatov pe 20 kot 40 avoyvooteg anétuye, epeavilovtog e OAEC TIC OlEpYOsieg
eyypapéwv to TpdPinua “recv failed: Connection reset by peer” émwc avapépbnke oto
TPONYOVUEVO VITOKEPAANL0. ZTa Ypoprpota 5.5 kot 5.6 mapovsialetar o p€cog ¥povog
0AOKANPOONG HOG AEITOVPYIONG YPOPT|G ™G TPog T0 TANB0C TV eyypagiwyv, Yo 10 kot

20 avoyvadoTeg avTioTOoLyOL.

[Ipdypartt, dmmg poiveTon o KAT®, 0 YPOVOS OAOKANPMONG LING AEITovpYiag Ypoens 1
avayvmong av&dvetor 060 avEdvetol o aploc avayvemoT®V Kot YYpapimy. AVTO oL
dev yvopilape dpmc etval o puOuodg pe Tov omoio avédvetatl, Kot Tdpo PAETOVLE TOC O
pLOUOG peyoAdvel oty avénon tev avayvootdv. Emiong, mapoatmpeiton mwg o€
TEPLOGOTEPES YPOUPES, O PLOUOG AHENGNG TOV Y¥POVOL Y10 TOVG OVOYVAOTES EIVOL TOAD
UIKPOTEPOG T’ OTL GE MYOTEPES YPOUPES. AVTO 1GMG VoL OPEILETOL BTN GLUEOPNOT TOV
OIKTOOV TN GLYKEKPIUEVT YPOVIKT OTIUYT]. Akoun, PAEmovpe Ttog o adydpiBpog CWFR
0AOKANPOVEL TIG AEITOVPYieg avayvmong ypnyopotepa and tov SIMPLE, kdtt mov ftav

OVOLLEVOLLEVO YAPT OTIC OYELS TV GLUGTNUATOV ATOPTIAGC.

Onwc yvopilovpe, ot gyypageic ektelodv VO YOPOVS EMKOVOVIOG Kol GTOLS VO
alyopiBuovg. IMapora avtd, PAEmovpe mwg o pvOudg avénong tov Ypdvov TV
EYYPAPEDV KOTA TNV avENoN Tovg givar moAy peydAog otovg 10 avoyvdoteg, e Tov
SIMPLE va &emepva katd modd tov CWFR. Avtifeta, otovg 20 avayvdoteg, o puBudg
etvar moAd peyoAdvtepog otov CWFR kot opoiowg m avénomn tov ypdvov eivan
peyoardtepn and o0t otov SIMPLE. ITavy outic Mtav 1 katdppevon opKeTOV
e€LMIMPETNTOV LE AMOTELEGHA VO VTLAPYOVY AyOTEPA GUVOAN QUOIUMS GTO GUGTNLLOL V10!
Vo amavtovy 6toug meAdtes. o avto, eréyyOnkov ta logfiles omov mopampninke mog

AOY® ™G KATAPPELONG 2 €ELMNPETNTAV, O EYYPUPEIS EMAPVAV OTAVTINGCEL OO GAAML
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quorums mov Kabvotepovoav mePIGGOTEPO va  amavtioovv. 'Etcl,  ypelidlovtav

TEPLOCOTEPO YPOVO Y10 VO OAOKANPADGOLV TIG AEITOVPYIES TOVG.

o Méoor Xpovor Avayvemoetoy
0.7
0.6
< 05
3
g 04
2
» 0.3
0.2
0.1
0
10 20 40
u SIMPLE 0.460533333 0.5072 0.7343
uCWFR 0.375566667 0.470666667 0.67582037
AprOpdg Avayveootov

Ipaonpa 5.1: Mécog xpOvog TV AEITOVPYIDOV 0vVAYV®OTNG 0G0 avEAVETOL 0 aplOprdg

avayveotov oto cvotua arnaptiag Crumbling Walls, pe 10 eyyposic.

) Méoor Xpovor Avayvemoetov

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Xpovog (sec)

10 20 40

m SIMPLE 0.652266667 0.7329 0.86218
= CWFR 0.417233333 0.407666667 0.4521

AprOpdg Avayveorotov
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I'paonpa 5.2: Mécog xpodvog TV AEITOVpYIdV ovayvoong 660 av&avetat o aptipdc

avoyvootov oto cvatnua aroptiog Crumbling Walls, pe 20 eyypageic.

s Mool Xpovor Avayveet@v

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Xpovog (sec)

10 Avayvdoteg
u SIMPLE 0.830217
B CWFR 0.533883

I'paonpa 5.3: Mécog ypodvog TV AEITOVPYIDV OVAYVHOONG 6TO GOGTILLO OTOPTIOG

Crumbling Walls, pe 40 gyypaeeic kot 10 avoyvdoteg.

. Méoow Xpovor Eyypagémv

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Xpovog (sec)

10 Avayvdoteg

u SIMPLE 0.914094
B CWFR 0.662974

I'paonpa 5.4: Mécog ypdvog TV AEITOVPYIDV YPUP|G GTO GUGTN LA AmopTiog
Crumbling Walls, pe 40 eyypageig kot 10 avayvaotec.
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AprOpog Eyypaoiomv

Ipaonpa 5.5: Mécog xpOovog TV AEITOVPYIDV YPaPNS 060 av&avetatl o apliudg

gyypapéwv oto cvotnua aroptiog Crumbling Walls, pe 10 avayvoorteg.
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Xpovog (sec)
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0.2

0

Méoor Xpovor Eyypa@éonv

10

20

ESIMPLE

0.5072

0.790366667

B CWFR

0.375566667

1.1144

ApOpog Eyypagémv

I'paonpa 5.6: Mécog xpovog TV AEITOVPYIDV YPaP|G 0G0 avEAveTal 0 aptOpog

gyypagémv oto cvotnua amaptiag Crumbling Walls, pe 20 avayvootec.
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210 ypaenuo 5.7 mapovstdleTol T0 TOGOGTO TOV AEITOVPYIBDV avayvwons oto CWFR
OV YPEWoTNKAY 2 YOPOLG EMKOWMOVING Yoo VO 0AOKANP®OOLV. ZVYKEKPUEVA,
BAémovpe ™ Sopopd ota T0G0oTA 0TIG TEPTTOcES TV 10, 20 kot 40 gyypapémv, 660
av&avovtal ot avayvaootes. Hapoammpeitan g otovg 20 gyypagels, 10 T0600TO EEKIVA
HE HEYOAVTEPN TIUY, YEYOVOS TOL EIVOL OVOUEVOUEVO OOV LE TEPIGGOTEPEG YPOUPES
VILAPYEL LEYOAVTEPO EVIEYOUEVO VA CLUUPOVV KATOlEG AELTOVPYIES YPAPNS TOLTOYPOVA
ne Tig Asrrovpyieg avayvmons. Kot ta dvo mocootd avédvovtal pe v advénon tov
avayveoot®v. Avtd dwkatohoyeitar TAP®S, apoD OG0 TEPIGGOTEPOVS OVOUYVMDOTEG
&yovpe, TOG0 peyoAvTEPM eivor M mOOVOTNTA VO GUUTECEL KAmMOlo Agltovpyio
avayvmoong He KAmolo AEITovpyio Ypopg Kot Vo ¥pEcTel 0e0TEPO YOHPO EMKOVOVING.
A&onueioto eivar 10 YEYOVOG TMOC TO TOGOGTO UEYOAMVEL CNUOVTIKA CE OAES TIC
TEPWTMOOELS, EKTOG 0T Tepimtwon Tov 20 eyypapiwv, 6Tov aVEAVOVTOL Ol AVOYVMOGTEG
ano 20 og 40. Ankadn, PAémovpe 6to Té€A0G TO0 MOGOGTO v punv Eemepva to 33%,
TapOAO OV av cLvELE pLe ToV 1010 pLOUO avEnomg, Ba «Empeme» va Eemepaoctel. Avtd
OuwG etvar avapevopevo, apobd EXYOVUE Eva GLYKEKPIUEVO TANB0G eELTnpeTTOV, Kot MG
€K TOVTOL UTOPEL VO LIAPYEL EVOG GUYKEKPIUEVOS OPOUOC SLOPOPETIKMOV TIUDV TOV
avTikelévon, péca oe éva quorum. ‘Etot ot emavoAnyelg mov pmopel va KAveL o
AVOyVOGTNG Y10 VO KATOANEEL G€ £va GLYKEKPLUEVO UOrUM View dev givat duvatov va

EemepvoLv €va 6pro.

% [1060GTO «APYDOV» AELITOVPYLOV AVAYVOONS
35 —

F 30

nd

S 25

w

3

2 20

z

g 15

B

=10

g

S 5

[

$ o

B 10 20

B 10 eyypooeic 5.714286 15.726 32.01
B 20 gyypooeig 20.97275274 29.81509998 32.534
AprOpdg Avayveootov

I'paonpa 5.7: TTocostd apydv AEITOVPYIOV AVAYVOGONS 0VAAOYO TOV aplBoD

avoyvootdv oto ovotnua oroptiog Crumbling Walls, pe 10 kot 20 gyypageic.
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Téhog, 10 T0GOGTO apydV AgttovpyldV avhyvoong yia 40 eyypageic kot 10 avayvdoteg
avépYeTal 610 pPeYOAo mocootd tov 47%. To cuvykekpluévo ceviplo ekteléotnke 3
Qopés, pe mocootd 50.5488, 44.8888 kot 46. Aev avapevoTav aVTO TO OTOTEAEGLOL KO
ypewletal mEPETAlp® WHEAETN, HE emavAANYTN avToh TOVL GEVOPIOL, KOl UE JOKIUN
TEPIOCOTEPMV AVAYVOOT®V. Mg T TEPAUOTO omodeikTnKe TG 0 oAyopiOuog CWFR
elvatl 6vTmg 0modoTikdTEPOS. AVTO TO TOGOGTO AMOTEAEL OVTIPOGT Kol LITAPYOVV TOAAOL
mBavol AOYol Tov {6MG Vo TO TPOKAAOVV OTTMC 1 LEYAAN GLUEAPN G TOL SIKTHOL, N

TAVTOYPOVY EKTEAECT] TOV AELTOVPYLOV TTOV 00MNYEL 6TO OEVTEPO YOHPO ETIKOVOVIOG.

5.4 Tevikég MMapatnpijoeis

Kotd ™ 0dpketa g melpopotikng aStoAdynongs, topatnpninkay to YoapaKIpioTiKa
tov dwrtvov PlanetLab mov eivonr M acvyypovia, 1 KoTdppevon KOuPmv, 1 un
OVTOTOKPION TOVS KOl 1) CLUPOPNCTN GTO OIKTLO TOV NTAV TIC TEPLGGOTEPES (POPES
dwpopetikn. To televtaio yapaktnplotikd €lye emMpedoetl TIg HETPNOES OivovTaG N

OVOUEVOLEVA OTTOTEAEGLLOLTOL.

Me peydiovg apBuods avayvootav Kol £YYPoPE®mV Kol 101KE 6T0 GEVAPLO0 e Tovg 80
OVOYVOOTEC /KO EYYPOUPELS TO TEPAUATO KATOTHYYOVOV», UE TOAAEG Olepyacies va
katoappeovv. Tapatnprdnke edd ot eEuINPETNTEG VO KATOPPEOVY KATA TN SLAPKELN
oVVOESNG e OAOVC TOVG TTEANTES, LE ATOTEAECIO TOAAEG POPEC VO, KATOPPEEL OAMOKANPO
10 ovotnua. Emiong, otovg 40 eyypageic mapovoidomnke GALo puivopa AaBovg O0mwg
eEnynnke mo mhve. Avtd ovvéfarve mOovOG AdY® TG avAyKng HEYOADTEPOL
TOGOGTOV UVIAUNG OTIG UNyaveg 1 Kot e€outiog g HeEYAANg cupedpnong Tov dktHov.
‘Etol, mpémetl vou yiveTon mposeEKTIKY EMAOYN TOV oplBRol TV £5LINPETNTAOV KOl TOV

TEAATAV Y10, VO ATOPEVYOVTOAL AVTOV TOL £I00VE T TPOPAN LLALTOL.

Eniong, mapampeiton o mépo moAréG eXTEAESELS, | TPMOTN Agttovpyia KAOe TEAITN VoL
naipvel Tapa ToAD ypdvo. Avtd ogeidetal omn TALTOHYPOVN €KKivon TV dEPYACIOV
Kot TV TpOKANGN HEYAANG GLUEOPNOTNG GTO diKTLO. ¢ €K TOVTOV, N TPATN TN eV

cLoUTEPMOUPAVOTAY GTO ATOTEAEGLLATO Y10l VO EXOVLLE TTLO PEAMOTIKEG TUYLEG.

Téhog, T0 TOGOGTO TV AETOLPYIOV TOV ONOLTOVV SEVTEPO YVPO EMKOWMOVIOG OEV

Eemepva 10 33%, 01N MEPInTOON HE TOVG TEPIOCOTEPOVS TEAATEC. AVTO TO TOCOGTO
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elval KAvOoTomTiKO, aPOoV OVTO TO GEVAPLO TOPOLGIalE TN «XEWPOTEPT TEPITTOCTY,
61OV 0 YPOVOG PeTAED TV dV0 AEITOVPYIDV €ivar 0 1310¢ Kat Yo TOVG dVO TEAATES Kot
etvar mBavoTepo KAMOlEG Aettovpyieg va extedestodv tavtdypova. [Mapdia avtd,
Tavtoypovia givar Atydtepo mhovi Adym NG acvyypoviag Tov SkTHov, ELVOOVTIS £TG1
tov aAyoplBpo. Edd mapatnpeitol mog akodun kot 6tav avEdvovtol ol eyypageic, Hetd

a0 KATO10 Op1o T0 TOG0GTO OV oEAVETAL, AOY® TOL PlOOV TV EELTNPETNTOV.
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Kepalaro 6

Yopunepdopata
6.1 Tevikd Zoumepdopoto 73
6.2  Melovtikny Epyocia 73

6.1 T'evikd Toprepdoporta

Ye autf ™ dwmAouaTIKn gpyacio viomomOnkav ko agoroynnkav 6vo aiyopifuot
YPOPNG/OVAYVMOONG OTOUK®OV OVTIKEILEVOV GE £V GOGTNIO LE TOAMATAOVS EYYPAPEIS
Kol ToAATAOVG avoyvdotec. H a&loddynon £yve 6to peaMoTikd Kot achyypovo dikTvo
PlanetLab, 6mov n katdppevon ko N un avtamdkpion Tov KouPov eivor mbavhy. Ta
amoTeEAEoHOTO TOV OVO aAyopiBuwv cuykpinkav pe okomd ™ Pabitepn agloldynon

oV alyopifuov CWFR.

I'evikd, ot aAyOop1OUOl CLUTEPIPEPOVTOL OTIOC AVAUEVOTAVY, EKTOG TV TEPUTTOCEDV TOV
0 aplBudg TV TEAATOV NTOV TOAD upeYAAoG. Bdon twv amotehecpdtov amd To
nepapota, o arlyopiOpog CWFR og peaiiotikd d6iktvo elval amodoTiKOTEPOS amd TOV
amAd oiyopiBpo. Ov apyég Aertovpyieg avdyvmong oev Eemepvouv 10 33%, e
OTOTEAEGLO. O OAYOPIOLOG VO GUUTEPIPEPETOL TIC TEPIGGOTEPEG POPEG MG YPNYOPOS

Tapd ¢ acOevEc-nypryopog.

6.2 Mehrovrikn Epyoacia

H a&woidynon tov aiyopiBuwv &ywe efetalovtag v omdd0cn TOVG GTO GUCTNUO
armaptiag Crumbling Walls, petofdilovtag tov aplBud tov eyypaeiov Kol Tov
AVAYVOOTOV. Zav LEALOVTIKY| gpyacia, B propovoay va alohoyndodv 6 d1apopeTIKA
ovoTiUaTe amapTiog, 0nmg ival to Matrix kot to majority. Emiong, 0o pmopodce va

petafindet o ypodvog peta&h dvo ekteléoemv, yia va aoroyndel n cuyvotta apydv
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AELTOVPYIOV aVAYVOONG OTY TEPITTMON O GLYVAOV AELTOVPYLDV €YYPAPNS. AKOUN, M
npocopoinon katappedoewv tov eéumnpettdv Bo Ponbovce oty eftaom g

EVPMOOTIOG TOV GLGTHIOTOG KOl TNG KOVOTNTAG EKTEAECTC TOV AEITOVPYIDV OTOSOTIKAL.

H onuovikomra oavtov tov aiyopiBuov £yyvtor otnv avdykn amdktmong &vog
€0poTOL, aflOTIGTOV KOl OTOJOTIKOD GUOTHUOTOS, 6TO 0moio T dedopéva pog Oa
VIAPYOVV GE TOAAG aVTIYpO@O GE OPOPETIKEG TOTODEDIES, e OKOTO TNV €VKOAN
npodcPacn tovg and omolodnmote onueio. [opdostypa evdg tétolov cuoTiHatog eivan
10 Dropbox. 1o Dropbox, dtav yivetar towtdypovn tpdsPacn oto id1o ydpo UvhAung,
amoOnKevovVTOY dV0 SUPOPETIKA avTiypopa 0oL TO KAOE £vo KPATOVOE TIG OAAOYES
mov &ywvav and Tov Kabe tomo Eeywplotd. Xe avtifeon, o adyoépiOpog CWFR dev
onovpyet 000 SAPOPETIKA avTiypapa, dAAd BAlel TIC TOVTOYPOVES AEITOVPYIES OE [
olataén yu vo yivouv Ypoukd Kot vor pny onpiovpyndovv d1apopetikd avtiypoga.

2ap®G, 0VTOG 0 TPOTOG EIVaL ATOSOTIKOTEPOG KOL TTLO TPAKTIKOG,.
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IHHopaptnpa A

e auto 1o [Tapdpmua divovtor To TPOYPALIOTO TOV EEVTNPETNTH KOl TOV £YYpoapEa Yio Tovg 600 aryopibuove. Epdcov, ot dvo
oAyopBpotl Sopépovy HOVO GTOV avayvVAGTH, JIVETOL 0 KOJIKAG TOV OVOyVOOTN UE TOV eMmTPOcHETO KMIKO Y10, TOV 0AyOplOpo

CWFR va diveton pe évtova ypappota (bold letters).

/***************************************************************************

* Name & Surname: Maria Stylianou ID: 1012147 *

* Department: Computer Science of University of Cyprus *

* Last Update: 30-MAR-2011 *

* Title of program: fserver.c *

* *

* Functionality: *

* It has a pathetic role in the system; *

* It receives messages from clients and answers back. When it receives: *

* (a) a WRITE message, it checks if it is valid. If positive, it saves

* the whole message and sends a WRITEACK message *

* (b) a READ message, it checks if it is valid. If positive, it sends

back a READACK message with its local message */

/***************************************************************************

* SERVER *

KKK KA KKK SR SR KK KRS K SR KKK KK KKK SRR SRR KRR SOK KR KK KKK SR K
/% LIBRARIES ¥ kskskhokokskokohok sk ok ok koo koo ook ook ook ok ok ook o oKk oK oK SR SRR o ok kKoK oK

#include <stdio.h> /* For I/0 */
#include <stdlib.h> /* For exit() malloc() free() */
#include <string.h> /* For strings - strcpy() strcmp() strcat() */
#include <pthread.h> /* For threads */
#include <unistd.h> /* For close() */
#include <sys/socket.h> /* For sockets - socket() bind() listen() *
accept() connect() shutdown() *
close() setsockopt() */
#include <sys/types.h> /* For sockets - same as above */
#include <netinet/in.h> /* For Internet sockets - *
address formating in a general structure */
#include <arpa/inet.h> /* For inet_ntop() */
#include <netdb.h> /* For getaddrinfo() */
#include <signal.h> /* For struct sigaction */
/* CONSANTS *****************************************************************/
#define MAX_CLIENTS 160 /* Maximum number of accepted clients */
#define FIELDS 2 /* Fields of the table with the requests */
#define MAX_QUEUE 160 /* Maximum number of requests for connections *
waiting in the queue */
#define BUFLEN 256 /* Buffer length */
#define ACK "ACK" /* To be concatenated with the type of the *
received message */
#define READ "READ" /* READ message */
#tdefine WRITE "WRITE" /* WRITE message */
#tdefine EXIT "EXIT" /* EXIT message for closing the connection */
#define SIZE 10 /* Size of type of message */
#tdefine FILENAME_LEN 20 /* Length for filename */
/* STRUCTURES **************************************************************/
/* Structure for node */

typedef struct node_t node;

struct node_t {

int sock; /* Socket descriptor */
node *next; /* Pointer to next node */
¥
/* Structure for queue */
typedef struct {
node *head; /* Head of the queue */
node *tail; /* Tail of the queue */
int size; /* Size of the queue */
} queue;
/* Structure for tag */
typedef struct {
int ts; /* Timestamp */
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int wid; /* Writer's id
} tag_type;
/* Structure for message

typedef struct {
char type[SIZE]; /* Type of message; READACK WRITEACK

int pid; /* Process ID
tag_type tag; /* Tag: timestamp and writer's id
int value; /* Object's New value
int regNo; /* Number of client's request
} message;

/% FUNCTIONS ok stk ok koo ok ook o ook o sk ok ook ok ok ok ok skok ok skok o sk oSO Sk o SOK oK KK Sk koK ook o Kook ok

void sigchld_handler(int signo);

void *get_in_addr(struct sockaddr *sa);
/*Threads Functions

void enqueue(int sock);

int dequeue();

void createTpool (FILE *fout);

void *handleClient(void *args);

void *check();

void initQueue();

/* Clients Table Functions

void initTable();

void printfClientStatus();

void saveClientId(int pid);

int returnClientPos(message *msg);

void rmvClient(int position);

/* Message Functions

void initMsg(message *msg);

void printfMsg(message *msg);

void fprintfMsg(FILE *fout, message *msg);
void strToMsg(char *token, message *msg);
void msgToStr(char *buf, message msg);
int checkvalid(FILE *fout, int position, message *msg);
int notFail(FILE *fout, int position);
int cmpTag(tag_type tagl, tag_type tag2);

void msgCpy(message *dest, message src, int cmp);
/* GLOBAL VARIABLES *********************************************************/

queue q;
pthread_t pid[MAX_CLIENTS]; /* Table with thread IDs */
pthread_t pidc; /* Thread ID for the "master thread" */
int threadnum; /* Number of threads

pthread_mutex_t mutex; /* Synchronization mechanism for threads
pthread_cond_t cond; /* Condition variable for threads */
message smsg; /* Local message of server

message cmsg; /* Message from client

int clients[MAX_CLIENTS][FIELDS]; /* Table with clients' IDs and
clients' most recent request Number

int failFreq; /* In auto-procedure - Frequency of failures */
/****************************************************************************/
/* MAIN

/****************************************************************************/

int main(int argc, char *argv[]) {
/* Definitions

int id; /* Server's id

int port; /* Server's port

int sock; /* Socket file descriptor */
int newsock; /* Socket fd for a new connection */
struct sockaddr_storage client; /* Client's information

socklen_t clientlen; /* Address of client's address */
int yes; /* Flag for setsockopt() */
FILE *fout; /* Pointer to output file */
char outFile[FILENAME_LEN]; /* Name of output log file

int status; /* Result from getaddrinfo()

struct addrinfo hints; /* For getaddrinfo()

struct addrinfo *servinfo; /* Point to info for ipv4

struct addrinfo *p; /* Counter

struct sigaction saj;

char hostname[INET6_ADDRSTRLEN]; /* Hostname */

/************************************************************************/

/* Check if input arguments are given
if (argc != 4) {
printf("\nUsage of file: %s <serverID> <port number> <failFreg>\
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\n(@<=failFreq<=100)\n",
argv[e]);
exit(1);
}
/* Convert arguments to integers
id = atoi(argv[1l]);
port = atoi(argv([2]);
failFreq = atoi(argv[3]);
printf("FAIL = %d \n", failFreq);
sprintf(outFile, "log-fs%d.dat", id);

/* Open file to write */
if (!(fout = fopen(outFile, "w"))) { /* Servers file */
perror("fopen()");
exit(1);
¥

printf("\nStart fserver...\n");
fprintf(fout,"\nStart fserver...\n");

srand(time(NULL)); /* Begin rand() seed related to current time */

memset (&hints, @, sizeof hints); /* Initialise struct hints to zero */

hints.ai_family = AF_UNSPEC; /* Either IPv4 or IPvV6
hints.ai_socktype = SOCK_STREAM; /* TCP stream sockets
hints.ai_flags = AI_PASSIVE; /* Fill in IP automatically */

/* Get server's information

if ((status = getaddrinfo(NULL, argv[2], &hints, &servinfo)) != 0) {
fprintf(stderr, "getaddrinfo error: %s\n", gai_strerror(status));
exit(1);

/* gai_strerror prints the error if there is a non-zero result
/* servinfo now points to a linked list of 1 or more struct addrinfos */

/* Create socket
if ((sock = socket(servinfo->ai_family, servinfo->ai_socktype,
servinfo->ai_protocol)) < 0) {
perror("socket()");
exit(1);
¥

yes = 1;

// lose the pesky "Address already in use" error message

if (setsockopt(sock, SOL_SOCKET, SO_REUSEADDR, &yes, sizeof (int)) < @) {
perror("setsockopt");
close(sock);
exit(1);

¥

/* Bind socket to address

if (bind(sock, servinfo->ai_addr, servinfo->ai_addrlen) < 0) {
perror("bind()");
close(sock);
exit(1);

¥

freeaddrinfo(servinfo); // free the linked-list

/* Listen for connections

if (listen(sock, MAX_QUEUE) < 9) {
perror("listen()");
close(sock);
exit(1);

/* Initialize servers queue, clients table, server & client message */
initQueue();

initTable();

initMsg(&smsg);

initMsg(&cmsg);

/* Create Threadpool



createTpool(fout);

while (1) {
printf(“<Wait for connection on TCP port %d>\n", port);
fprintf(fout, "<Wait for connection on TCP port %d>\n", port);
printf(“Local message: ");
fprintf(fout, "Local message: ");
printfMsg(&smsg);
fprintfMsg(fout, &smsg);

/* Accept connection
clientlen = sizeof client;
if ((newsock = accept(sock, (struct sockaddr *) & client,
&clientlen)) < 0) {
printf("server: id=%d => ",id);
perror("accept()");
close(sock);
exit(1);

/* Find client's address

inet_ntop(client.ss_family,
get_in_addr((struct sockaddr *) & client),
hostname, sizeof hostname);

Printf ("R ok ook ook ook ook ok ok sk sk sk ok sk sk ks SRR\ 1) 5

Fprintf(Fout, "H¥¥sssststmtthttdddodd ootk \ )

printf("<Accepted connection from %s - ", hostname);
fprintf(fout, "<Accepted connection from %s - ", hostname);
if (threadnum) { /* If there is an available thread
printf("a thread has undertaken the connection>\n");
fprintf(fout, "a thread has undertaken the connection>\n");
pthread_mutex_lock(&mutex);
enqueue(newsock); /* -> Add connection fd in the queue
pthread_mutex_unlock(&mutex);
¥
else { /* Else
printf("clients queue is full>\n \
<Closing Connection with socket %d...>\n\n", newsock);
fprintf(fout, "clients queue is full>\n \
<Closing Connection with socket %d...>\n\n", newsock);
shutdown (newsock, SHUT_RDWR); /* -> Close connection
close(newsock);

¥
} /* End of while(1)
fclose(fout);
return;

} /* End of main()

/****************************************************************************/

/*

/****************************************************************************/

FUNCTIONS

/* Get sockaddr, IPv4 or IPv6:
void *get_in_addr(struct sockaddr *sa) {

/****************************************************************************/

if (sa->sa_family == AF_INET) {
return &(((struct sockaddr_in*) sa)->sin_addr);

}

return &(((struct sockaddr_iné6*) sa)->sin6_addr);

/* Initialize queue
void initQueue() {

g.head = NULL;
g.tail = NULL;
g.size = 0;

} /* End of initQueue()

/****************************************************************************/

/* Add a node to the queue (at the tail)
void enqueue(int sock) {

node* newNode = (node *) malloc(sizeof (node)); /* Create node
newNode->sock = sock;
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newNode->next = NULL;

if (!q.head) /* If queue is empty
g.head = q.tail = newNode; /* -> Add newNode as a head and tail */

else { /* Else
g.tail->next = newNode; /* -> Add newNode as a tail */
gq.tail = newNode;

}

++(q.size); /* Increase queue size +1

} /* End of enqueue()
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/* Remove a node from the queue (from the head)
Return connection file descriptor
int dequeue() {
int socket;

node* tmp;
if (!qg.head) { /* If queue is empty
printf("Queue is empty!\n"); /* -> nothing to remove */
return -1;
} /* Else
socket = g.head->sock; /* -> Save connection fd */
tmp = qg.head; /* and remove last fd from queue */
gq.head = g.head->next;
free(tmp);
--(q.size); /* Dicrease size -1
if (q.size == 0) /* If queue is empty
gq.tail = NULL; /* -> Direct tail to show to NULL */
return socket; /* Return socket of connection */

} /* End of dequeue()

/******************************************************************* *********/

/* Create thread pool
void createTpool(FILE *fout) {
int i;

/* Handle Requests */
for (i = @; i < MAX_CLIENTS; i++) {
pthread_create(&pid[i], NULL, handleClient, (void *) fout);

¥
threadnum = i; /* Number of threads */
/* Check if there's request */

pthread_create(&pidc, NULL, check, NULL);
} /* End of createTpool

/****************************************************************************/

/* Check every second if there is a request
void *check() {

while (1) {
if (threadnum && q.head != NULL) /* If there is an available thread
& queue is not empty */
pthread_cond_signal(&cond); /* -> Send a signal to thread */
sleep(1);

}
} /* End of check()

/********************************************************************** ******/

/* Function for handling a new request
void *handleClient(void *args) {

int socket; /* Connection fd extracted from queue

char *token; /* Usage: To keep part of the line from the file*/
int i; /* Counter

char buf[BUFLEN]; /* Buffer

int position; /* Client position from clients table */
int cmp; /* Flag for comparing 2 tags */
FILE *fout; /* File Descriptor for output file */
int times; /* Counts requests */

fout = (FILE *) args;
while (1) {

*/

*/
*/

*/

*/

*/

*/

*/

*/

*/

*/

*/
*/

*/

*/

*/



pthread_mutex_lock(&mutex); /* Lock mutex */
pthread_cond_wait(&cond, &mutex); /* Block the calling thread

until cond is signalled. */

pthread_mutex_unlock(&mnutex); /* Unlock mutex */

pthread_mutex_lock (&mutex);
threadnum--; /* Reduce number of threads */
pthread_mutex_unlock(&mutex);

pthread_mutex_lock(&mutex);

socket

dequeue(); /* Extract the fd from queue */

pthread_mutex_unlock(&mutex);

times

1;

while (1) {

cmsg.pid);

bzero(buf, strlen(buf)); /* Initialize buffer */
if (read(socket, buf, BUFLEN) < @) { /* Receive Message */

perror("read()");
close(socket);

exit(1);
¥
if (buf[@] != 'W' && buf[@] != 'R"){
if (!strcmp(buf, EXIT)) { /* If message is Exit */

printf("\n'%s' received from clientId: %d\n", buf, cmsg.pid);
fprintf(fout, "\n'%s' received from clientId: %s\n", buf, cmsg.type);

else{ /* To avoid connecting with unwanted clients */
printf("---Unknown type of message \n");
fprintf(fout, "---Unknown type of message \n");

printf(“<Closing Connection with socket %d...>\n\n", socket);
fprintf(fout, "<Closing Connection with socket %d...>\n\n", socket);
shutdown(socket, SHUT_RDWR);

close(socket);

break;

}
if (buf[@] == 'W' || buf[@] == 'R') {

pthread_mutex_lock(&mutex);

token = strtok(buf, ","); /* Extract type of message */
strToMsg(token, &cmsg); /* Save string message to cmsg */
pthread_mutex_unlock(&mutex);

if (times == 1) { /* If it is the 1st msg */
times++;
pthread_mutex_lock(&mutex);
saveClientId(cmsg.pid); /* Save Client's id */
pthread_mutex_unlock(&mutex);
¥
printf("---Receive a %s message from clientId: %d\t", cmsg.type, cmsg.pid);
fprintf(fout, "---Receive a %s message from clientId: %d\t", cmsg.type,
printfMsg(&cmsg);

fprintfMsg(fout, &cmsg);
position = returnClientPos(&cmsg); /* Find client's position*/

/* If cmsg is valid && server not failed */
if (checkvalid(fout, position, &cmsg) && notFail(fout, position))

{

pthread_mutex_lock(&mutex);
clients[position][1] = cmsg.regNo;/*->Save client'sreqNo*/
cmp = cmpTag(cmsg.tag, smsg.tag); /*->Compare server&client

tags */
msgCpy (&smsg, cmsg, cmp); /* -> Save cmsg to smsg */
pthread_mutex_unlock(&mutex);
bzero(buf, strlen(buf)); /* Initialize buffer */

msgToStr(buf, smsg);
printf("---Send an ACK message\t");

fprintf(fout, "---Send an ACK message\t");
printfMsg(&smsg);

fprintfMsg(fout, &smsg);

if (write(socket, buf, BUFLEN) < @) { /* Send ACK */

perror("write");
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exit(EXIT_FAILURE);

}

printf(“<Waiting for next request...>\n\n");

fprintf(fout, "<Waiting for next request...>\n\n");

} /* End of if checkvalid() && notFail() */
}
} /* End of inner while(1)
/* Client has closed connection
pthread_mutex_lock(&mutex);
threadnum++; /* Increase number of threads */
rmvClient(position); /* Remove client from table */
pthread_mutex_unlock(&mutex);
} /* End of while(1)
} /* End of handleClient()
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/* Initialize table
void initTable() {
int i, j;
for (i = @; i < MAX_CLIENTS; i++)
for (j = ©; j < FIELDS; j++)
clients[i][]j] = ©;
} /* End of initTable()
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/* Save client's id in clients table
void saveClientId(int pid) {
int i;
for (i = @; i < MAX_CLIENTS; i++)
if (clients[i][@] == @) {
clients[i][@] = pid;
break;

¥
} /* End of saveClientId()

/****************************************************************************/

/* Print Clients' status (id and request number)
void printfClientStatus() {
int i;
for (i = @; i < MAX_CLIENTS; i++)
printf("clients[%d][@]=%d, clients[%d][1]=%d\n",
i, clients[i][@], i, clients[i][1]);
} /* End of printfClientStatus()

/****************************************************************************/

/* Based on a message
Return Client's Position on the clients table. Return -1 otherwise */
int returnClientPos(message *msg) {
int i;
for (i = @; i < MAX_CLIENTS; i++)
if ((msg->pid == clients[i][0]))
return i;
return -1;

} /* End of returnClientPos()
/****************************************************************************/

/* Remove client from table
void rmvClient(int position) {
clients[position][0@] = ©;
clients[position][1] = ©;
} /* End of rmvClient()
/****************************************************************************/

/* Initialize message
void initMsg(message *msg) {
strcpy(msg->type, "\0");
(msg->tag).ts = 0;
(msg->tag).wid = 0;
msg->value = -1;
msg->reqNo = 0;
} /* End of initMsg()
/****************************************************************************/
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/* Print message content
void printfMsg(message *msg) {
printf("(type,pid,<ts,wid>,value,req)\t(%s,%d, <%d,%d>,%d,%d)\n",
msg->type, msg->pid, (msg->tag).ts, (msg->tag).wid, msg->value,
msg->reqNo);

} /* End of printfMsg()
KRk stk skt ok ok sk ok sk ok o sk stk stk ok ok ook sk okok stk skt ok kot skl stk stk stk okt skok ook ok ko ok /
/* Print message contents
void fprintfMsg(FILE *fout, message *msg) {
fprintf(fout, "(type,<ts,wid>,value,req)\t(%s,<%d,%d>,%d,%d)\n",
msg->type, (msg->tag).ts, (msg->tag).wid, msg->value, msg->reqNo);
} /* End of fprintfMsg()
KRk stk skt okt sk skok ok sk ok ok ok stk stk sk ok koo stk stk skt sk kot kol stk stk okt kool ok skt ok ok ok ok /
/* Transform string to the structure message
void strToMsg(char *token, message *msg) {
strcpy(msg->type, token);
token = strtok(NULL, ",");
msg->pid = atoi(token);
token = strtok(NULL, ",");
(msg->tag).ts = atoi(token);
token = strtok(NULL, ",");
(msg->tag).wid = atoi(token);
token = strtok(NULL, ",");
msg->value = atoi(token);
token = strtok(NULL, ",");
msg->regNo = atoi(token);
} /* End of strToMsg()
KRRk stk sk s ok ks s stk skl sk skkok sk kok sk sk s ks sk sk sk ook sk okt skl stk sokkokok skt sk ok stk skok ok ok /
/* Transform structure message to string
void msgToStr(char *buf, message msg) {
sprintf(buf, "%s,%d,%d,%d,%d,%d\e", msg.type, msg.pid, (msg.tag).ts,
(msg.tag).wid, msg.value, msg.reqNo);
} /* End of msgToStr()
/****************************************************************************/
/* Check if the message received is valid
(request number is the most recent)
Return 1 if it is valid. Return @ otherwise
int checkvValid(FILE *fout, int position, message *msg) {
int i;
if (msg->regNo >= clients[position][1]) /* If most recent request */
return 1;
printf("--- Ignore message - Request number is not the most recent\n");
fprintf(fout, "--- Ignore message - Request number is not the most recent\n");
return 0;
} /* End of checkVvalid()
/****************************************************************************/
/* Check if server will fail
If random > failFreq then fail
int notFail(FILE *fout, int position) {
int num = @; /* Random number
num = rand() % 100; /* Random Number between [0...100]
printf("Fail rundom number = %d\n", num);
fprintf(fout, "Fail rundom number = %d\n", num);
if (num < failFreq)
return 1;
if (num >= failFreq) {
printf("--- Ignore message - Server failed\n");
fprintf(fout, "--- Ignore message - Server failed\n");
return 0;
}
} /* End of notFail()
/****************************************************************************/
/* Based on two tags
Rerun 1 if tagl > tag2, © if tagl == tag2, -1 if tagl < tag2 */
int cmpTag(tag_type tagl, tag_type tag2) {
if (tagl.ts > tag2.ts) /* If tsl > ts2
return 1; /* -> tagl > tag2 */
if (tagl.ts == tag2.ts) /* If tsl == ts2 */
if (tagl.wid > tag2.wid) /* If widl > wid2 */
return 1; /* -> tagl > tag2 */
if (tagl.ts == tag2.ts) /* If tsl== ts2 */
return 0; /* -> tagl = tag2 */
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return -1; /* -> tagl < tag2 */
} /* End of cmpTag()
/****************************************************************************/
/* Copy src message into dest message depending on cmp
void msgCpy(message *dest, message src, int cmp) {

strcpy(dest->type, src.type); /* Save type in dest
strcat(dest->type, ACK);

dest->regNo = src.regNo; /* Save regNo in dest

dest->pid = src.pid; /* Save pid in dest

if (cmp == 1) { /* If src.tag > dest.tag */

(dest->tag).ts = (src.tag).ts; /* -> Save ts
(dest->tag).wid = (src.tag).wid;/* -> Save wid
dest->value = src.value; /* -> Save value */
} /* End of if
} /* End of msgCpy

/****************************************************************************/

/* END OF FILE
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/****************************************************************************

* Name & Surname: Maria Stylianou ID: 1012147

* Department: Computer Science of University of Cyprus
Last Update: 30-MAR-2011

Title of program: fwriter.c

Functionality:
It has an active role in the system;
It writes a message, to the object which the servers hold, in 2RTT.
1RTT: It sends a READ message to find the most recent message *
* 2RTT: It sends a WRITE message with the new value
/KR sRsksk ks s ks ok ok ok s stk sk skt sk kb stk sk ks sk s skl skl kol okt skl sk skt ok sk sk ok stk ok ok skok ok

* WRITER

***************************************************************************/

* X XK X X X ¥

/* LIBRARIES ***************************************************************/

#include <stdio.h> /* For I/O

#include <stdlib.h> /* For exit() malloc() free()

#include <string.h> /* For strings - strcpy() strcmp() strcat()
#include <unistd.h> /* For close()

#include <sys/socket.h> /* For sockets - socket() bind() listen() *

accept() connect() shutdown()
close() setsockopt()
#include <sys/types.h> /* For sockets - same as above */
#include <netinet/in.h> /* For Internet sockets -
address formating in a general structure

#include <netdb.h> /* For getaddrinfo()

#include <time.h> /* For time()

#include <sys/time.h>

#include <sys/select.h> /* For select() */

/* CONSTANTS ****************************************************************/

#tdefine BUFLEN 256 /* Buffer Length

#define SIZE 10 /* Size of type of message

#tdefine RANGE 100 /* Generate a random number [©-RANGE]

#define ACK "ACK" /* To be concatenated with the type of the
received message

#tdefine READ "READ" /* READ message

#tdefine WRITE "WRITE" /* WRITE message */

#tdefine EXIT "EXIT" /* EXIT message for closing the connection

#tdefine FILENAME_LEN 20 /* Length for filename */

#define MINOP 1 /* Minimum option on the menu */

#define MAXOP 2 /* Maximum option on the menu */

#define AUTO 6 /* Number of arguments for auto-procedure

#tdefine MAN 4 /* Number of argumetns for manual procedure

#define MILLION 1000000 /* One million - for math
/* STRUCTURES ***************************************************************/

/* Structure for tag
typedef struct {

int ts; /* Timestamp
int wid; /* Writer's id */
} tag_type;

/* Structure for message
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typedef struct {

char type[SIZE]; /* Type of message: WRITE, READ */

int pid; /* Process id */

tag_type tag; /* Tag: timestamp and writer's id

int value; /* Object's value

int reqgNo; /* Number of request */
} message;

/* Structure for server
typedef struct {

int id; /* Server's Id */

int sock; /* Socket file descriptor

char hostname[RANGE]; /* Server's hostname

struct addrinfo *serv; /* Server */

int rand; /* Flag showing if it was chosen randomly

int ack; /* Flag showing if it sent ACK */

message msg; /* Mesage */
} server;

/* Structure for quorum
typedef struct {

int id; /* Quorum's name */

int servNum; /* Number of servers

int *servers; /* Table with Servers' names */
} quorum;

/% EUNCTIONS ¥k ook ook ook ok ok sk ok skok ok ok ok ok ok ook KKK SRR KKKk oK KR K koK Kok ok

/* Print Functions
void printMenu(int *option);
void execError(FILE *fin, FILE *qin, FILE *out);
/* Initialization Functions
void initSrv(server *srvs, int srvNo);
void initIds(quorum *grm, int len);
void clrRand(int size, server *srvs);
void clrAck(int size, server *srvs);
void initMsg(message *msg);
/* Message Functions
void printfMsg(message *msg);
void fprintfMsg(FILE *fout, message *msg);
void fillMsg(message *msg, message *smsg, char *type, int pid);
void sndMsg(int sock, message *msg, char *buf, char *type);
void strToMsg(char *token, message *msg);
void msgToStr(char *buf, message msg);
int checkValid(FILE *fout, message *smsg, message *msg);
void sendProcd(FILE *out, char* type, int id, quorum *qrm, int qrmNo,
int srvNo, message *wmsg, message *smsg, server *srvs);
/* Quorum File Functions
int checkQrmFile(char *file, char * buf);
int returnServNum(char *file, char * buf, int cnt);
void fillInQrm(char *file, char *buf, quorum *grm, int cnt);
/* Quorum Functions
void sendToRdmSrv(FILE *out, int srvNo, char *buf, server *srvs,
message *wmsg, int *i);
int rcvAckFromQrm(FILE *out, char *buf, server *srvs, int srvNo, message *smsg,
message *wmsg, int qrmNo, quorum *qrm);
int checkQrmCmp(int grmNo, quorum *grm, server *srvs);
/* Tag Functions
void findMaxTag(int srvNo, server *srvs, message *wmsg,
message *smsg, quorum *qrm, FILE *out);
int cmpTag(tag_type tagl, tag_type tag2);
void tagCpy(tag_type* dest, tag_type src);
/****************************************************************************/

/* MAIN
/****************************************************************************/

main(int argc, char *argv[]) {
/* Definitions and (some) Initializations

FILE* fin; /* File descriptor of servers file

FILE* gin; /* File descriptor of quorum system file */
int id=e; /* Writer's id */
int srvNo = 0; /* Total number of servers

int grmNo = ©; /* Total number of quorums

int port = 0; /* Server's port

int i = 0; /* Counters

char buf[BUFLEN]; /* Buffer
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int option = 0; /* User's option

int ready = 0; /* Flag showing if writer is ready to make
a new request

message wmsg, smsg; /* Writer's and server's message

quorum *qrm; /* Quorum System

server *srvs; /* Servers' information

int opNo = 0; /* In auto-procedure - Number of operations
int opCnt = 0; /* Counter of operations

float opFreq = 0; /* In auto-procedure - Frequency of operations
char *opFreqStr; /* Frequency of operations converted to string
int cond = 0; /* Condition - automatic or manual procedure

struct timeval tim;

double start, end; /* Time: start and end

double oplLat = ©; /* Operation Lattency

char outFile[FILENAME_LEN]; /* Name of output log file
FILE *out;

int dummy; /* Keep dummy numbers */
int status; /* Result from getaddrinfo()
struct addrinfo hints; /* For getaddrinfo()

struct addrinfo *ipv4info; /* Point to info for ipv4
struct addrinfo *p; /* Counter

char prt[5]; /* Port converted to string

char ipstr[INET6_ADDRSTRLEN]; /* IP converted to string

void *addr; /* Holds the address

char *ipver; /* Message showing the Internet Protocol
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/* Check if server's host name and port number are given
if (argc != MAN && argc != AUTO) {

*/

*/
*/
*/

*/

*/

*/

*/
*/

*/
*/

*/
*/

*/

printf("\nUsage of file (if auto-procedure give parameters of parenthesis):\
\n%s <writerID> <serversFile> <quorumFile> (<operationsNo> <operationsFreqg>)\n",

argv[e]);
exit(EXIT_FAILURE);

id=atoi(argv[1]);

sprintf(outFile, "log-fwkd.dat", id);

/* Open/Create file to write

if (!(out = fopen(outFile, "w"))) { /* Servers file
perror("fopen()");
exit(1);

¥

printf("\nStart fwriter...\n");
fprintf(out, "Start fwriter...\n");
sleep(5);
printf("Analysing data...\n");
fprintf(out, "Analysing data...\n");
/* Check if automatic procedure and save new parameters
if (argc == AUTO) {
opNo = atoi(argv[4]);
opFreq = strtof(argv[5], &opFreqStr);
printf("Total operations: %d\n", opNo);
fprintf(out, "Total operations: %d\n", opNo);
printf("Frequency of operations: %.2f\n", opFreq);
fprintf(out, "Frequency of operations: %.2f\n", opFreq);
¥
/* Open servers file & quorum file
if (!(fin = fopen(argv[2], "r"))) { /* Servers file
printf("fwriter: id=%d => ",id);
perror("fopen()");
exit(EXIT_FAILURE);

}

if (!(gin = fopen(argv([3], "r"))) { /* Quorum file
printf("fwriter: id=%d => ",id);
perror("fopen()");
exit(EXIT_FAILURE);

}

/* Find total number of servers & quorums

fscanf(fin, "%d", &srvNo);

fscanf(gin, "%d", &qrmNo);

/* Create dynamically 2 tables for: quorum struc and servers struc

grm = (quorum *) malloc(qrmNo * sizeof (quorum));
srvs = (server *) malloc(srvNo * sizeof (server));
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/* Initialize quorum ids, writer and servers message,tables with hosts */

initIds(qrm, grmNo);

initMsg(&wmsg);

initMsg(&smsg);

initSrv(srvs, srvNo);

for (i=0; i<srvNo; i++)
strcpy(srvs[i].hostname, "localhost");

/* Clear flag tables
clrRand(srvNo, srvs);
clrAck(srvNo, srvs);

/* Print Information

printf("Total servers: %d\n", srvNo);
fprintf(out, "Total servers: %d\n", srvNo);
printf("Total quorums: %d\n", qrmNo);
fprintf(out, "Total quorums: %d\n", gqrmNo);

/* Check quorum file's format
if (!checkQrmFile(argv[3], buf))
execError(fin, gin, out);

/* Fill in Quorum System - For each quorum:
for (i = @; 1 < grmNo; i++) {
/* Save number of servers
grm[i].servNum = returnServNum(argv[3], buf, i);

/* Create dynamically a table of servers id belonging in quorum
grm[i].servers = (int *) malloc(qrm[i].servNum * sizeof (int));

/* Fill in quorum's id and servers ids
fillInQrm(argv[3], buf, &grm[i], i);

for (i = @; i < srvNo; i++) { /* For each server
/* Find server's id, port and hostname

*/

*/

*/

*/

*/
*/

fscanf(fin, "%d %d %s %d", &(srvs[i].id), &port, srvs[i].hostname, &dummy);

/* Create socket - Fill in the table sock[]

memset(&hints, @, sizeof hints); /* Initialise hints to zero

hints.ai_family = AF_UNSPEC; /* Either IPv4 or IPV6
hints.ai_socktype = SOCK_STREAM; /* TCP stream sockets
sprintf(prt, "%d", port);

/* Get server's information

if ((status = getaddrinfo(srvs[i].hostname, prt, &hints, &srvs[i].serv))

perror("getaddrinfo™);
exit(1);
b

*/
*/
*/

*/

*/

/* srvs[i].serv now points to a linked list of 1 or more struct addrinfos*/

/* For each struct in the linked list
for (p = srvs[i].serv; p != NULL; p = p->ai_next) {
if (p->ai_family == AF_INET) { // IPv4

*/

struct sockaddr_in *ipv4 = (struct sockaddr_in *) p->ai_addr;

addr = &(ipv4->sin_addr);
ipver = "IPv4";
ipv4dinfo = p;

¥
else { // IPve

struct sockaddr_in6é *ipve = (struct sockaddr_in6é *) p->ai_addr;

addr = &(ipv6->sin6_addr);
ipver = "IPv6";

}

/* Convert the IP to a string and print it
inet_ntop(p->ai_family, addr, ipstr, sizeof ipstr);
printf(" %s: %s\n", ipver, ipstr);

/* Request connection
if ((srvs[i].sock = socket(p->ai_family, p->ai_socktype,
p->ai_protocol)) < 0) {
perror("socket()");

if (connect(srvs[i].sock, p->ai_addr, p->ai_addrlen) < 9) {
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perror("connect()");
close(srvs[i].sock);
continue;
}
srvs[i].serv = p;
printf("Requested connection established to host %s - port %d - socket %d\n",
srvs[i].hostname, port, srvs[i].sock);
fprintf(out, "Requested connection established to host %s - port %d - socket %d\n",
srvs[i].hostname, port, srvs[i].sock);

¥
} /* End of for each server */
fclose(fin); /* Close fd to servers file */
fclose(gin); /* Close fd to quorums file */
ready = 1; /* Writer is ready to make a request */
if (argc == AUTO) /* If automatic procedure */

cond = opNo + 1;/* -> While number of operations+1l for exit */
else /* If manual procedure */

cond = 1; /* -> Endless while */

while (cond) {

if (argc == AUTO) { /* If automatic procedure */
cond--; /* -> Dicrease counter */
option = 1;
if (!cond) /* extra round => time to exit */

option = 2;
usleep(opFreq * MILLION);
}
else {
printMenu(&option); /* Print Menu */

switch (option) {
case 1: /* Option 1: Write to object */
/* Ensure that a request can happen only if
* previous one has finished */
if (ready == 0) {
printf("Last write request hasn't finished\n");
fprintf(out,"Last write request hasn't finished\n");
cond++;
continue;

ready = 0; /* Set flag to © - This request hasn't finished */

gettimeofday(&tim, NULL); /* Current Time - 1st */
start=tim.tv_sec+(tim.tv_usec/1000000.0);
opCnt++;

printf("Operation No.: %d\n", opCnt);
fprintf(out, "Operation No.: %d\n", opCnt);
/* 1st RTT: Send a READ message to all servers */
sendProcd(out, READ, atoi(argv[1]), grm, qrmNo, srvNo,

&wmsg, &smsg, srvs);
/* 2nd RTT: Send a WRITE message to all servers */
sendProcd(out, WRITE, atoi(argv[1]), qrm, grmNo, srvNo,

&wmsg, &smsg, srvs);

ready = 1; /*This request has now finished */
gettimeofday(&tim, NULL); /* Current Time - 2nd */
end=tim.tv_sec+(tim.tv_usec/1000000.0);

opLat=end-start;

printf("Operation Lattency = %.4f seconds\n", oplLat);
ppintf("***********************************************************\n");

ppintf("***********************************************************\n")-

3
fprintf(out, "Operation Lattency = %.4f seconds\n", opLat);

fprintf(out, "***********************************************************\n");
fprintf(out, "***********************************************************\n");

break;
case 2: /* Option 2: Exit */
for (i = @; 1 < srvNo; i++) {
sndMsg(srvs[i].sock, &wmsg, buf, EXIT);
}
printf("Exiting...\n\n");
fprintf(out,"Exiting...\n\n");
exit (EXIT_FAILURE);
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break;
} /* End of switch(option)
} /* End of while(cond)
fclose(out);
return;
} /* End of main()
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/* Print Menu
void printMenu(int *option) {
do {

printf("\n");
printf(" eRskkskk\nt);
printf(" * Menu *\n");
printf(" kRskkkkk\n");
printf("1. Write to object\n");
printf("2. Exit\n");
printf("Option: ");
scanf("%d", option);
printf("\n");

while (*option < 1 || *option > 2);

} /* End of printMenu()

R A A KA KKK AR A KA AR K KK KKK KK SRR KRR SRR Ko Ko K kKoK [

/* Print error message, close files and exit

void execError(FILE *fin, FILE *qin, FILE *out) {
printf("Wrong format in the quorum system file.\n");
printf("Please correct the file!\n\nExiting...\n\n");
fprintf(out, "Wrong format in the quorum system file.\n");
fprintf(out, "Please correct the file!\n\nExiting...\n\n");
fclose(fin);
fclose(qgin);
exit(EXIT_FAILURE);

} /* End of execError()
/****************************************************************************/

/* Initialize structure server
void initSrv(server *srvs, int srvNo) {
int i;
for (i = @; i < srvNo; i++) {
srvs[i].id = ©;
srvs[i].rand = ©;
srvs[i].ack = 0;
initMsg(&srvs[i].msg);

¥
} /* End of initSrv()

/****************************************************************************/

/* Initialize table
void initIds(quorum *gqrm, int len) {
int i;
for (i = 0; i < len; i++)
grm[i].id = e;
} /* End of initIds()
/****************************************************************************/

/* Set all servers rand to © (means: they haven't been chosen) */
void clrRand(int size, server *srvs) {
int i;

for (i = @; 1 < size; i++)
srvs[i].rand = 0;
} /* End of clrRand()

/****************************************************************************/

/* Set all servers Ack to © (means: they haven't replied)
void clrAck(int size, server *srvs) {
int i;
for (i = 0; 1 < size; i++)
srvs[i].ack = ©;
} /* End of clrAck()

/****************************************************************************/
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/* Initialize message

void initMsg(message *msg) {
strcpy(msg->type, "\0");
msg->pid = 0;
(msg->tag).ts = 0;
(msg->tag).wid = 0;

msg->value = -1;
msg->regqNo = 0;
} /* End of initMsg() */
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/* Print message contents
void printfMsg(message *msg) {
printf("(type,pid,<ts,wid>,value,req)\t(%s,%d,<%d,%d>,%d,%d)\n",
msg->type, msg->pid, (msg->tag).ts, (msg->tag).wid,
msg->value, msg->reqgNo);
} /* End of printfMsg()
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/* Print message contents into a file */
void fprintfMsg(FILE *fout, message *msg) {
fprintf(fout, "(type,<ts,wid>,value,req)\t(%s,<%d,%d>,%d,%d)\n",
msg->type, (msg->tag).ts, (msg->tag).wid, msg->value, msg->regNo);
} /* End of fprintfMsg()
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/* Fill in the fields of the message msg
void fillMsg(message *msg, message *smsg, char *type, int pid) {
strecpy(msg->type, type);
msg->pid = pid;
(msg->tag).wid = pid;
msg->regNo += 1;

if (!strcmp(msg->type, WRITE)) { /* If message is WRITE
(msg->tag).ts = (smsg->tag).ts + 1; /* Increase ts
srand(time(NULL));
msg->value = rand() % RANGE; /* Find random value */

}
} /* End of fillMsg()
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/* Send Message to servers
void sndMsg(int sock, message *msg, char *buf, char *type) {

int i;
bzero(buf, strlen(buf)); /* Initialize buffer */
if (!strcmp(type, EXIT)) { /* If msg is EXIT */
strcpy(buf, EXIT); /* -> save only typed */
¥
else /* Else
msgToStr(buf, *msg); /* ->save the whole msg */
if (write(sock, buf, BUFLEN) < 0) { /* Send message */

perror("write");
exit(EXIT_FAILURE);

¥
} /* End of sndMsg()

/****************************************************************************/

/* Transform string to the structure message
void strToMsg(char *token, message *msg) {

token = strtok(NULL, ",");

msg->pid = atoi(token);

token = strtok(NULL, ",");

(msg->tag).ts = atoi(token);

token = strtok(NULL, ",");

(msg->tag).wid = atoi(token);

token = strtok(NULL, ",");

msg->value = atoi(token);

token = strtok(NULL, ",");

msg->reqNo = atoi(token);
} /* End of strToMsg()
/****************************************************************************/
/* Transform structure message to string
void msgToStr(char *buf, message msg) {
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sprintf(buf, "%s,%d,%d,%d,%d,%d\e", msg.type, msg.pid, (msg.tag).ts,
(msg.tag).wid, msg.value, msg.reqNo);
nd of msgToStr
/* End of msgToSt */
/****************************************************************************/
/* Check if the message received is valid
(request number is the most recent)

Return 1 if it is valid. Return © otherwise */
int checkvalid(FILE *fout, message *smsg, message *msg) {
if (smsg->regNo == msg->regqNo) /* If most recent request */
return 1;
printf("--- Ignore message - Request number is not the most recent\n");
fprintf(fout, "--- Ignore message - Request number is not the most recent\n");
return 0;
} /* End of checkvalid() */
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/* Proceed with sending the message */

void sendProcd(FILE *out, char* type, int id, quorum *qrm, int qrmNo,
int srvNo, message *wmsg, message *smsg, server *srvs) {
int gqrmCmp;
int i;
char buf[BUFLEN]; /* Buffer
float waitTime = ©; /* Random time to wait before sending a message */
time_t start, end; /* Time: start and end */
double dif = 0; /* Difference of time */

fillMsg(wmsg, smsg, type, id);

qrmCmp = 0;
i=09;
do { /* Do - while grm is not complete */
if (i != srvNo)
/* Send msg to random server */
sendToRdmSrv(out, srvNo, buf, srvs, wmsg, &i);
/* Wait random number between [0.3-0.7) */

grmCmp = rcvAckFromQrm(out, buf, srvs, srvNo, smsg, wmsg, qrmNo, qrm);

if (grmCmp != -1) /* If a quorum is complete */
break; /* Exit */
while (grmCmp == -1);

findMaxTag(srvNo, srvs, wmsg, smsg, &(qrm[qrmCmp]), out);
clrRand(srvNo, srvs);
clrAck(srvNo, srvs);

} /* End of sendProcd() */
/****************************************************************************/
/* Check if Quorum File's format is correct and save data *
* Return 1 if correct, otherwise © */
int checkQrmFile(char *file, char * buf) {
FILE *qgin; /* File descriptor */
int quor = 0; /* Flag=1 if 'Q' appears in the quorum file */
int inter = @; /* Flag=1 if 'I' appears in the quorum file */
char *token; /* Usage: To keep part of the line from the file */
int i = 0; /* Counter */
gin = fopen(file, "r"); /* Open quorum file */
for (i = -1, fscanf(qin, "%s", buf); !feof(qin); fscanf(gqin, "%s", buf)) {
if (1 == -1) { /* Ignore first line */
i++;
continue;
¥
/* If No Quorum Line & No Intersection Line */
if (('inter) && (!quor)) {
if (buf[@] == 'Q' || buf[@] == 'q') { /* If Quorum Line */
quor = 1; /* -> Set quor to 1 */
continue;
}
else /* Else */
return 0; /* ->ERROR in format*/
¥
/* If Quorum Line & No Intersection Line */

if (quor && l!inter) {
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if (buf[@] == 'I' || buf[e] == 'i') {

inter = 1;
continue;
}
else
return 0;

}

/* If Quorum Line & Intersection Line
if (quor && inter) {

if (buf[@] == 'I' || buf[@] == 'i'")
continue;
if (buff[e] == 'Q' || buf[e] == 'q")
inter = 0;
else
return 0;
¥
} /* End of for each line of file
fclose(gin);
return 1;

} /* End of checkQrmFile()
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/* Based on a quorum file and a quorum id
It returns how many servers belong to a spesific quorum

int returnServNum(char *file, char * buf, int cnt) {

FILE *gin; /* File descriptor
char *token; /* Usage: To keep part of the line from the file
quor = 0; /* Flag = 1 if 'Q' appears in the quorum file

int
int
int

gqin
for

total = @; /* Total number of servers
i=09; /* Counter

= fopen(file, "r");

if (1 == -1) {
i++;
continue;

)
token = strtok(buf, "(");

/* Parse line

If Intersec Line */

-> Set inter to 1 */

Else

->ERROR in format */
*/

If Intersection Line*/

-> continue

If Quorum Line

-> Set inter to ©
Else

->ERROR in format

/* Open quorum file
(i = -1, fscanf(qin, "%s", buf); !feof(qin); fscanf(gin, "%s", buf)) {
/* Ignore first line

if (token[@] == 'Q' || token[@] == 'q') /* If Quorum Line

quor++;
else

continue;
if (quor == cnt + 1)

total++;
i+4;
} /* End of If spesific Quorum Line

} /* End of for each line from file

fclose(qgin);

return total; /* Return number of servers
} /* End of returnServNum()

/****************************************************************************/

/* Close file

/* If spesific Quorum Line
while ((token = strtok(NULL, ",")) != NULL) { /*Parse rest of line*/

/* Fill in the structure grm with the data taken from the file
void fillInQrm(char *file, char *buf, quorum *qrm, int cnt) {
FILE *qgin; /* File descriptor
char *token; /* Usage: To keep part of the line from the file

int i, j = 0; /* Counters

int quor = 0; /* Flag = 1 if 'Q"' appears in the quorum file

char temp; /* Dummy variable

int id; /* Server's id

gin = fopen(file, "r"); /* Open quorum file

for (i = @, fscanf(qin, "%s", buf); !feof(qin); fscanf(qin, "%s", buf)) {

if (1i) { /* Ignore first line
i++;
continue;

}

token = strtok(buf, "("); /* Parse line

if (token[@] == 'Q' || token[@] == 'q') /* If Quorum Line
quor++;
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if (quor == cnt + 1) { /* If spesific Quorum Line
sscanf(token, "%c%d", &temp, &id);
gqrm->id = id; /* Save quorum's id
i =0

E
while ((token = strtok(NULL, ",")) != NULL) { /*Parse rest of line*/

sscanf(token, "%d", &id);
grm->servers[j] = id; /* Save quorum's server's id
JH++;

¥

fclose(qgin); /* Close file

return;

} /* End of if Quorum Line
} /* End of for each line from file
} /* End of fillInQrm()
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/* Sends the message to a random server
void sendToRdmSrv(FILE *out, int srvNo, char *buf, server *srvs,
message *wmsg, int *i) {
int num; /* Random number representing the server
do { /* do - while srvRand[num]==
num = rand() % srvNo; /* Choose a random number between [@-srvNo) */

while (srvs[num].rand);
srvs[num].rand = 1;
(¥1)++;

/* Send msg to the random server found above *
and wait random time [0.3-0.7]
sndMsg(srvs[num].sock, wmsg, buf, READ);
} /* End of sendToRdmSrv()

/****************************************************************************/

/* Check for each server if there is an ACK and if there is save it
/* At the end of the loop check if there is a complete quorum

int rcvAckFromQrm(FILE *out, char *buf, server *srvs, int srvNo, message *smsg,

message *wmsg, int grmNo, quorum *qgrm) {

int i, j; /* Counters

fd_set readfds; /* Group of servers who have answered */
int res; /* Result from select()

struct timeval timeout; /* Time for select() to wait

char *token; /* String to parse the message
timeout.tv_sec = 0; /* Time to wait */
timeout.tv_usec = 0;

FD_ZERO(&readfds); /* Clear descriptors set */

for (i = ©; 1 < srvNo; i++)
FD_SET(srvs[i].sock, &readfds); /* Add fds of servers to set

/* Select ready file descriptors (which have a message/answer) */
res = select(srvs[i - 1].sock + 1, &readfds, NULL, NULL, &timeout);
if (res == -1) {

perror("select()");

for (j =0; j < i; j++)
close(srvs[j].sock);

exit(EXIT_FAILURE);

}

for (i = @; i < srvNo; i++) { /* For each server
if (FD_ISSET(srvs[i].sock, &readfds)) { /* If there's an answer */
/* -> Start ACK process
/* Get a READACK message from a quorum
bzero(buf, strlen(buf)); /* Initialize buffer

if (read(srvs[i].sock, buf, BUFLEN) < @) { /* Read:blocking command*/

perror("read()");

for (j = 0; j <= 1i; j++)
close(srvs[j].sock);

exit (EXIT_FAILURE);

}

token = strtok(buf, ","); /* Parse message */
strcpy((srvs[i].msg).type, token); /* Save type

strToMsg(token, &(srvs[i].msg)); /* Save server's message */

if (checkvalid(out, &(srvs[i].msg), wmsg)){ /* If Most recent ACK*/
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srvs[i].ack=1;

} /* End of if FD_ISSET */
} /* End of for each quorum */
return checkQrmCmp(qrmNo, grm, srvs);

} /* End of rcvAckFromQrm()
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/* If there are ACKs from a complete quorum then return number of quorum */
int checkQrmCmp(int gqrmNo, quorum *qgrm, server *srvs) {

inti=9, j=20;

int flag = -1;

for (i = ©; i < grmNo; i++) { /* For each quorum */
for (j = @; j < grm[i].servNum; j++) /* For each server of the quorum*/
if(srvs[grm[i].servers[j]-1].ack==1)/* If ack == */
flag = i; /* -> keep quorum id */
else { /* Else */
flag = -1; /* -> return FALSE %/
break;

}
if (flag != -1)
return flag;
}
return -1;
} /* End of checkQrmCmp()
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/* Finds the maximum/most recent tag among the servers' tags of a quorum*/
void findMaxTag(int srvNo, server *srvs, message *wmsg, message *smsg,
quorum *qrm, FILE *out) {

int i; /* Counter

tag_type maxTag; /* Max Tag

int cmp; /* Flag for comparing 2 tags */
int pos = 0; /* Flag - position of server with max Tag */

/* Initialise maxTag */

maxTag.ts = 0;
maxTag.wid = 0;

for (i = @; i < grm->servNum; i++) { /* For each server */
if ((srvs[grm->servers[i] - 1].msg).reqNo == wmsg->reqNo)
cmp = cmpTag((srvs[grm->servers[i] - 1].msg).tag, maxTag);
if (cmp == 1) {
tagCpy(&maxTag, (srvs[grm->servers[i] - 1].msg).tag);
pos = grm->servers[i] - 1;
} /* End of inner if cmp==1 */
} /* End of if regNo equal
strcpy(smsg->type, (srvs[pos].msg).type); //
smsg->pid = (srvs[pos].msg).pid; //
tagCpy(&smsg->tag, maxTag);
smsg->value = (srvs[pos].msg).value;
smsg->regNo = (srvs[pos].msg).reqgNo; //
} // End of for each quorum */
} /* End of findMaxTag() */

/****************************************************************************/

/* Based on two tags

Rerun 1 if tagl > tag2, @ if tagl == tag2, -1 if tagl < tag2 */
int cmpTag(tag_type tagl, tag_type tag2) {
if (tagl.ts > tag2.ts) /* If tsl > ts2 */
return 1; /* -> tagl > tag2 */
if (tagl.ts == tag2.ts) /* If tsl == ts2 */
if (tagl.wid > tag2.wid) /* If widl > wid2 */
return 1; /* -> tagl > tag2 */
if (tagl.ts == tag2.ts) /* If tsl== ts2 */
return 0; /* -> tagl = tag2 */
return -1; /* -> tagl < tag2 */

} /* End of cmpTag()

/****************************************************************************/

/* Copy src tag into dest tag */
void tagCpy(tag_type* dest, tag_type src) {
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dest->ts = src.ts; /* -> Save ts */

est->wid = src.wid; -> Save wi

dest id id /* S id */
} /* End of msgCpy

/****************************************************************************/

/* END OF FILE */
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/****************************************************************************

* Name & Surname: Maria Stylianou ID: 1012147
Department: Computer Science of University of Cyprus
Last Update: 30-MAR-2011

Title of program: freader.c

Functionality:

It has an active role in the system;

It reads a message, which the servers hold, in 1RTT or 2RTT,
depending on the Quorum Views:

¥ X X X ¥ X X ¥ ¥ ¥

qv3: In at least one intersection of the quorum,

all servers have the maximum timestamp. - 2RTT (READ, WRITE)

* qv2: If none of the above apply -
it goes recursive till it endsup in onother qv

qvl: All servers of the quorum have the maximum timestamp. - 1RTT

/****************************************************************************

* READER

***************************************************************************/
/* LIBRARIES ***************************************************************/

#include <stdio.h> /* For I/0

#include <stdlib.h> /* For exit() malloc() free()

#include <string.h> /* For strings - strcpy() strcmp() strcat()
#include <unistd.h> /* For close()

#include <sys/socket.h> /* For sockets - socket() bind() listen()
accept() connect() shutdown()

close() setsockopt()
#include <sys/types.h> /* For sockets - same as above
#include <netinet/in.h> /* For Internet sockets -

*

*/

address formating in a general structure

#include <netdb.h> /* For getaddrinfo()
#include <time.h> /* For time()
#include <sys/time.h>

#include <sys/select.h> /* For select()

/* CONSTANTS ****************************************************************/

*/

#tdefine BUFLEN 256 /* Buffer Length

#tdefine SIZE 10 /* Size of type of message

#tdefine RANGE 100 /* Generate a random number [©-RANGE]

#tdefine ACK "ACK" /* To be concatenated with the type of the
received message

#tdefine READ "READ" /* READ message

#tdefine WRITE "WRITE" /* WRITE message */

#define EXIT "EXIT" /* EXIT message for closing the connection

#define FILENAME_LEN 20 /* Length for filename */

#define MINOP 1 /* Minimum option on the menu */

#define MAXOP 2 /* Maximum option on the menu */

#define AUTO 6 /* Number of arguments for auto-procedure

#define MAN 4 /* Number of argumetns for manual procedure

#define MILLION 1000000 /* One million - for math

/* STRUCTURES ***************************************************************/

/* Structure for tag
typedef struct{

int ts; /* Timestamp
int wid; /* Writer's id
Ytag_type;

/* Structure for message
typedef struct{

char type[SIZE]; /* Type of message: WRITE, READ
int pid; /* Process id
tag_type tag; /* Tag: timestamp and writer's id
int value; /* Object's value
int regNo; /* Number of request
}message;

/* Structure for server
typedef struct{

int id; /* Server's Id

int sock; /* Socket file descriptor

char hostname[RANGE]; /* Server's hostname

char ipaddr[RANGE]; /* Server's ip address

struct addrinfo *serv; /* Server

int rand; /* Flag showing if it was chosen randomly

int ack; /* Flag showing if it sent ACK
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message msg; /* Mesage
}server;

/* Structure for quorum
typedef struct{

int id; /* Quorum's id

int interlId; /* Intersected quorum's id

int servNum; /* Number of servers

int *servers; /* Table with Servers' names */
}quorum;
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/* Print Functions
void printMenu(int *option);
void execError(FILE *fin, FILE *qin, FILE *out);
/* Initialization Functions
void initSrv(server *srvs, int srvNo);
void initIds(quorum *grm, int len);
void initMsg(message *msg);
void clrRand(int size, server *srvs);
void clrAck(int size, server *srvs);
/* Message Functions
void printfMsg(message *msg);
void fprintfMsg(FILE *out, message *msg);
int sendProcd(FILE *out, char* type, int id, quorum *qrm, int grmNo,
int srvNo, message *wmsg, message *smsg, server *srvs);
void fillMsg(message *msg, message *smsg, char *type, int pid);
void sndMsg(int sock, message *msg, char *buf,char *type);
void strToMsg(char *token, message *msg);
void msgToStr(char *buf, message msg);
int checkvValid(FILE *fout, message *smsg, message *msg);
/* Quorum File Functions
void readQrmFile();
int checkQrmFile(char *file, char * buf);
int returnIntsec(char *file, char * buf);
int returnServNum(char *file, char * buf, int cnt, char 1trl, char 1ltr2);
void fillInQrm(char *file, char *buf, quorum *gqrm, int cnt, char 1ltrl,
char 1tr2);
/* Quorum Functions
void sendToRdmSrv(FILE *out,int srvNo, char *buf, server *srvs,
message *wmsg, int *i);
int rcvAckFromQrm(FILE *out,char *buf, server *srvs, int srvNo, message *smsg,
message *wmsg, int gqrmNo, quorum *qgrm);
int checkQrmCmp(int grmNo, quorum *grm, server *srvs);
int findQuorumView(quorum grm, int grmCmp, quorum *intsec, server *srvs,
int intsecNo, int srvNo, int regNo, int option,
FILE *out, tag_type *maxTag, int *iter);
int findTotalSrvs(quorum grm, int qrmCmp, server *srvs, tag_type maxTag,
int srvNo);
/* Tag Functions
tag_type findMaxTag(int srvNo, server *srvs, message *wmsg, message *smsg,
quorum *qrm);
int cmpTag(tag_type tagl, tag_type tag2);
void tagCpy(tag_type* dest, tag_type src);

/****************************************************************************/

/* MAIN
/****************************************************************************/

main (int argc, char *argv[]){
/* Definitions and (some) Initializations

FILE* fin; /* File descriptor of servers file

FILE* gin; /* File descriptor of quorum system file

FILE* out; /* File descriptor of output file

int id; /* Reader's id */

int srvNo=0; /* Total number of servers
int gqrmNo=@; /* Total number of quorums

int intsecNo=0; /* Total number of intersections

int port=0; /* Server's port

int i=0,3j=0; /* Counters

char buf[BUFLEN]; /* Buffer

int option=0; /* User's option */

int ready=0; /* Flag showing if writer is ready to make *
a new request

message wmsg,smsg; /* Writer's and server's message

quorum *qrm; /* Quorum System
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quorum *intsec; /* Intersections */

server *srvs; /* Servers' information */
tag_type maxTag; /* Holds the maxTag found from a quorum */
int qrmCmp=0; /* Flag showing if there is a complete quorum */

int qv; /* Flag for quorum view */
int opNo=0; /* In auto-procedure - Number of operations */
int opCnt=0; * Counter of operations */
float opFreq=0; /* In auto-procedure - Frequency of operations */
char *opFreqgStr; /* Frequency of operations converted to string */
int cond=0; /* Condition - automatic or manual procedure */
int fast=0; /* Counts the fast operations */
int slow=0; /* Counts the slow operations */
float fastPrc=0; /* Percentage of fast operations */
float slowPrc=0; /* Percentage of slow operations */
int opTotal=@; /* Total number of operations */

struct timeval tim;

double start,end; /* Time: start and end */
double opLat=0.0; /* Operation Lattency */
int iter=0; /* Number of iterations to find the final QV */
char outFile[FILENAME_LEN]; /* Name of output log file */

int dummy; /* Keep dummy numbers */
int status; /* Result from getaddrinfo() */
struct addrinfo hints;/* For getaddrinfo() */
struct addrinfo *ipv4info;/* Point to info for ipv4 */
struct addrinfo *p; /* Counter */
char prt[5]; /* Port converted to string */
char ipstr[INET6_ADDRSTRLEN]; /* IP converted to string */
void *addr; /* Holds the address */
char *ipver; /* Message showing the Internet Protocol */
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/* Check if server's host name and port number are given */
if (argc!=MAN && argc!=AUTO){
printf("\nUsage of file (if auto-procedure give parameters of parenthesis):\
\n%s <readerID> <serversFile> <quorumFile> (<operationsNo> <operationsFreqg>)\n",argv[0]);
exit(EXIT_FAILURE);

id=atoi(argv[1]);
sprintf(outFile, "./log-fr%d.dat", id);

/* Open/Create file to write */
if (!'(out = fopen(outFile,"w"))){ /* Servers file */
printf("freader: id=%d => ",id);
perror("fopen()");
exit(1);
¥

printf("\nStart freader...\n");
fprintf(out,"Start freader...\n");
sleep(5);
printf("Analysing data...\n");
fprintf(out,"Analysing data...\n");
/* Check if automatic procedure and save new parameters */
if (argc==AUTO){
opNo = atoi(argv[4]);
opFreq = strtof(argv[5], &opFreqStr);
printf("Total operations: %d\n", opNo);
fprintf(out, "Total operations: %d\n", opNo);
printf("Frequency of operations: %.2f\n", opFreq);
fprintf(out, "Frequency of operations: %.2f\n", opFreq);

¥
/* Open servers file & quorum file */
if (!(fin = fopen(argv[2],"r"))){ /* Servers file */

printf("freader: id=%d => ",id);
perror("fopen()");
exit(EXIT_FAILURE);

¥

if (!(gin = fopen(argv[3],"r"))){ /* Quorums file */
printf("freader: id=%d => ",id);
perror("fopen()");
exit(EXIT_FAILURE);

}

/* Find total number of servers & quorums */
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fscanf(fin, "%d",&srvNo);
fscanf(qin, "%d",&qgrmNo);

/* Create dynamically 2 tables for: servers' message and quorum struc

grm=(quorum *)malloc(qrmNo * sizeof(quorum));
srvs=(server *)malloc(srvNo * sizeof(server));

/* Initialize quorum ids, writer and servers message,tables with hosts

initIds(qrm, gqrmNo);

initMsg(&wmsg);

initMsg(&smsg);

initSrv(srvs,srvNo);

for (i=0; i<srvNo; i++){
strcpy(srvs[i].hostname, "localhost");
strcpy(srvs[i].ipaddr, "127.0.0.1");

}

/* Clear flag tables

clrRand(srvNo, srvs);

clrAck(srvNo, srvs);

/* Print Information

printf("Total servers: %d\n",srvNo);
fprintf(out, "Total servers: %d\n",srvNo);
printf("Total quorums: %d\n",qrmNo);
fprintf(out, "Total quorums: %d\n",qrmNo);

/* Check quorum file's format
if (!checkQrmFile(argv[3], buf))
execError(fin, qin, out);

intsecNo=returnIntsec(argv[3], buf); /* Find total No of inters

printf("Total intersections: %d\n",intsecNo);

fprintf(out,"Total intersections: %d\n",intsecNo);

/* Create dynamically a table for intersections

intsec=(quorum *)malloc(intsecNo * sizeof(quorum));

for (i=0; i<intsecNo; i++){ /* Fore each intersection
/* Find total number of servers
intsec[i].servNum=returnServNum(argv[3],buf,i, 'I','i");
/* Create dynamically a table of servers ids belonging to inters
intsec[i].servers=(int *)malloc(intsec[i].servNum*sizeof(int));
/* Fill in intersection's id and servers ids
fillInQrm(argv[3],buf,&intsec[i],i,'I',"'i");

/* Fill in Quorum System - For each quorum:
for (i=0; i<grmNo; i++){
/* Save number of servers
gqrm[i].servNum=returnServNum(argv[3], buf, i, 'Q', 'q');
/* Create dynamically a table of servers id belonging in quorum
grm[i].servers=(int *)malloc(qrm[i].servNum * sizeof(int));
/* Fill in quorum's id and servers ids
fillInQrm(argv[3], buf, &grm[i], i,'Q','q");
¥

/* For each server
for (i=0; i<srvNo; i++){
/* Find server's id, port, hostname

*/

*/

*/

fscanf(fin,"%d %d %s %d",&(srvs[i].id), &port, srvs[i].hostname, &ummy)

memset (&ints, @, sizeof hints); /* Initialise struct hints to zero

hints.ai_family = AF_UNSPEC; /* Either IPv4 or IPv6
hints.ai_socktype = SOCK_STREAM; /* TCP stream sockets
sprintf(prt,"%d",port);

/* Get server's information

*/

if ((status = getaddrinfo(srvs[i].hostname, prt, &hints, &srvs[i].serv))

1= 0) {
perror("getaddrinfo()");
fprintf(stderr, "getaddrinfo(): %s\n", gai_strerror(status));
exit(1);
¥

/* srvs[i].serv now points to a linked list of 1 or more struct addrinfos*/

/* For each struct in the linked list
for(p = srvs[i].serv; p != NULL; p = p->ai_next) {
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if (p->ai_family == AF_INET) { // IPv4
struct sockaddr_in *ipv4 = (struct sockaddr_in *)p->ai_addr;
addr = &(ipv4->sin_addr);
ipver = "IPv4";
ipv4info=p;
}
else { // IPve
struct sockaddr_in6 *ipvé = (struct sockaddr_in6 *)p->ai_addr;
addr = &(ipv6->sin6_addr);
ipver = "IPv6";

}

/* Convert the IP to a string and print it */
inet_ntop(p->ai_family, addr, ipstr, sizeof ipstr);

printf(" %s: %s\n", ipver, ipstr);

fprintf(out,” %s: %s\n", ipver, ipstr);

strcpy(srvs[i].ipaddr,ipstr);

/* Request connection */
if ((srvs[i].sock = socket(p->ai_family, p->ai_socktype,
p->ai_protocol)) < 0){
perror("socket()");

}

if (connect(srvs[i].sock, p->ai_addr,p->ai_addrlen) < 0){
perror("connect()");
close(srvs[i].sock);
continue;
¥
srvs[i].serv=p;
printf("Requested connection established to host %s - port %d - socket %d\n",
srvs[i].hostname, port, srvs[i].sock);
fprintf(out, "Requested connection established to host %s - port %d - socket %d\n",
srvs[i].hostname, port, srvs[i].sock);

¥
} /* End of for each server */
fclose(fin); /* Close fd to servers file */
fclose(qgin); /* Close fd to quorums file */
ready=1;
if (argc==AUTO) /* If automatic procedure */
cond=opNo+1; /* -> While number of operations+1l for exit */
else /* If manual procedure */
cond=1; /* -> Endless while */
while (cond){
if (argc==AUTO){ /* If automatic procedure */
cond--; /* -> Dicrease counter */
option=1;
if (!cond) /* extra round => time to exit */
option=2;
usleep(opFreq*MILLION);
¥
else{
printMenu(&option);/* Print Menu */
switch(option){
case 1: /* Option 1: Read the object */

round

/* Check to ensure that a request can happen if previous one
has finished */
if (ready==0){
printf("Last read request hasn't finished\n");
fprintf(out,"Last read request hasn't finished\n");

cond++; /* Increade operations for not loosing
*/

continue;
}
ready=0; /* This request hasn't finished */
gettimeofday(&tim, NULL); /* Current Time - 1st */
start=tim.tv_sec+(tim.tv_usec/1000000.0);
opCnt++;

printf("Operation No.: %d\n",opCnt);
fprintf(out, "Operation No.: %d\n",opCnt);
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/* 1st RTT: Send a READ message to all servers */
grmCmp = sendProcd(out, READ, atoi(argv[1]), grm, grmNo, srvNo,
&wmsg, &smsg, srvs);
do{
maxTag=findMaxTag(srvNo, srvs, &wmsg, &smsg, &(grm[qrmCmp]));
gv=findQuorumView(gqrm[qrmCmp], qrmCmp, intsec, srvs, intsecNo, srvNo,
wmsg.reqNo, option, out, &maxTag, &iter);
printf("***********************************************************\n");
fprintf(out, 1k sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok o ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok k ok ok Kk ok \n");
switch(qv){
case -1: printf("Detected: NaN, Something went wrong.\n");
fprintf(out, "Detected: NaN, Something went wrong.\n");

break;
case 1: /* Quorum View 1 */
printf("Detected: Qv1, Iterations: %d\n", iter);
fast++;
break;
case 2: /* Quorum View 2 */
for (j=0; j<gqrm[grmCmp].servNum; j++){
for (i=0; i<srvNo; i++){ /* For each server */

if (grm[grmCmp].servers[j]==srvs[i].id && (srvs[i].msg).reqNo!=0)
if (((srvs[i].msg).tag).ts == maxTag.ts){
initMsg(&(srvs[i].msg));
}// End of if ts equal
}// End of for all servers
}// End of for each server of the winner quorum
break;
case 3: /* Quorum View 3 */
fprintf(out, "Detected: QV3, Iterations: %d\n", iter);

/* 2nd RTT: Send a WRITE message to all servers */
grmCmp = sendProcd(out, WRITE, atoi(argv[1]), qrm, gqrmNo, srvNo,
&wmsg, &smsg, srvs);
slow++;
break;
} /* End of switch(qv) */

}while(qv==2);
ready=1; /* This request has now finished */
gettimeofday(&tim, NULL); /* Current Time - 2nd */
end=tim.tv_sec+(tim.tv_usec/1000000.0);
opLat=end-start;
printf("Operation Lattency = %.4f seconds\n", opLat);

printf("***********************************************************\n");
printf("***********************************************************\n");
fprintf(out, "Operation Lattency = %.4f seconds\n", opLat);

fprintf(out, "***********************************************************\n");
fprintf(out, "***********************************************************\n");

break;
case 2: /* Option 3: Exit */
for (i=0; i<srvNo; i++){
sndMsg(srvs[i].sock,&wmsg,buf,EXIT);
¥
opTotal=fast+slow;
fastPrc=(float) fast/opTotal;
slowPrc=(float) slow/opTotal;
printf("Total number of operations = %d\n", opTotal);
printf("Fast operations(percent) = %.2f / 100\n", fastPrc);
printf("Slow operations(percent) = %.2f / 100\n", slowPrc);
printf("Exiting...\n\n");
fprintf(out, "Total number of operations = %d\n", opTotal);
fprintf(out, "Fast operations(percent) = %.2f / 100\n", fastPrc);
fprintf(out, "Slow operations(percent) = %.2f / 100\n", slowPrc);
fprintf(out, "Exiting...\n\n");
exit(EXIT_FAILURE);
break;
} /* End of switch(option) */
} /* End of while(cond)
fclose(out);
return;
} /* End of main()

/****************************************************************************/

/* Print Menu */
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void printMenu(int *option){
do{

printf("\n");
printf (" ksl
printf(" * Menu *\n");
printf (" skt
printf("1. Read an object\n");
printf("2. Exit\n");
printf("Option: ");
scanf("%d", option);
printf("\n");

}while(*option<MINOP || *option>MAXOP);
} /* End of printMenu()
Rk kR ok sk sk ko s stk ok skl stk ok sk ok sk sk sk ok stk sk ook ook kot stk ok skokokokokosok ok ok kol ok stk sk skok ok ok /
/* Print error message, close files and exit
void execError(FILE *fin, FILE *qin, FILE *out){
printf("Wrong format in the quorum system file.\n");
printf("Please correct the file!\n\nExiting...\n\n");
fprintf(out, "Wrong format in the quorum system file.\n");
fprintf(out, "Please correct the file!\n\nExiting...\n\n");
fclose(fin);
fclose(qgin);
exit(EXIT_FAILURE);
} /* End of execError()
/KR stk stk s ks ok ok sk s stk ok sk sk sk kb sk kok sk sk s ok s stk sk sk stk sk okt skl stk sokokokok stk sk sk ok stk skokkok ok /
/* Initialize structure server
void initSrv(server *srvs, int srvNo){
int i;
for (i=0; i<srvNo; i++){
srvs[i].id=0;
srvs[i].rand=0;
srvs[i].ack=0;
initMsg(&srvs[i].msg);
¥
} /* End of initSrv()
/****************************************************************************/
/* Initialize table
void initIds(quorum *qrm, int len){
int i;
for (i=0; i<len; i++)
qrm[i].id=0;
} /* End of initIds()

/****************************************************************************/

/* Set all servers rand to @ (means: they haven't been chosen) */
void clrRand(int size, server *srvs){
int i;

for (i=0; i<size; i++)
srvs[i].rand=0;

} /* End of clrRand()
/****************************************************************************/
/* Set all servers Ack to @ (means: they haven't replied)
void clrAck(int size, server *srvs){

int i;

for (i=0; i<size; i++)

srvs[i].ack=0;

} /* End of clrAck()
/****************************************************************************/
/* Initialize message
void initMsg(message *msg){

strcpy(msg->type, "\0");

msg->pid=0;

(msg->tag).ts=0;

(msg->tag).wid=0;

msg->value=-1;

msg->reqNo=0;
} /* End of initMsg()
/****************************************************************************/
/* Print message contents
void printfMsg(message *msg){

printf(" (type, pid, <ts,wid>,value,req)\t(%s,%d,<%d,%d>,%d,%d)\n",

msg->type,msg->pid, (msg->tag).ts, (msg->tag).wid,msg->value,msg->reqNo);

} /* End of printfMsg()
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/****************************************************************************/

/* Print message contents in a file */
void fprintfMsg(FILE *fout, message *msg){
fprintf(fout, "(type,<ts,wid>,value,req)\t(%s,<%d,%d>,%d,%d)\n",
msg->type, (msg->tag).ts, (msg->tag).wid,msg->value,msg->reqgNo);
} /* End of fprintfMsg()
KRk stk skt okt sk ok sk ok ook ok stk ok ok koot sk okok stk skt sk kot skl stk stk okl ook ok ko ok /
/* Fill in the fields of the message
void fillMsg(message *msg, message *smsg, char *type, int pid){
strcpy(msg->type,type);
msg->reqNo+=1;
msg->pid=pid;
(msg->tag).ts=(smsg->tag).ts;
(msg->tag).wid=(smsg->tag).wid;
msg->value=smsg->value;
} /* End of fillMsg()
/KRR kot ok sk sk sk ok sk ok ok stk sk oksksk sk kb sk sk sk sk sk ok stk sk okt kot sk sk kol skkokskokokokok skt ook kol ok stk ok /
/* Send Message to servers
void sndMsg(int sock, message *msg, char *buf, char *type){
int i;

bzero(buf, strlen(buf)); /* Initialize buffer
if (!strcmp(type, EXIT)){ /* If msg is EXIT

strcpy (buf,EXIT); /* -> save only typed */
else /* Else

msgToStr(buf, *msg); /* ->save the whole msg */
if(write(sock, buf, BUFLEN) < 0){ /* Send message */

perror ("write");
exit(EXIT_FAILURE);

¥
} /* End of sndMsg()
/KR sksksk stk s ks ok ok sk s stk ok sk sk skt sk kok sk s ks skl sk sk sk ok skt stk stk sokokokok otk sk ok stk ok kok ok /
/* Transform string to the structure message
void strToMsg(char *token, message *msg){

token = strtok(NULL, ",");

msg->pid = atoi(token);

token = strtok(NULL, ",");

(msg->tag).ts = atoi(token);

token = strtok(NULL, ",");

(msg->tag).wid = atoi(token);

token = strtok(NULL, ",");

msg->value = atoi(token);

token = strtok(NULL, ",");

msg->reqNo = atoi(token);
} /* End of strToMsg()
/****************************************************************************/
/* Transform structure message to string
void msgToStr(char *buf, message msg){

sprintf(buf, "%s,%d,%d,%d,%d,%d\0" ,msg.type,msg.pid, (msg.tag).ts,

(msg.tag).wid,msg.value,msg.reqNo);
} /* End of msgToStr()
/****************************************************************************/
/* Check if the message received is valid
(request number is the most recent)

Return 1 if it is valid. Return © otherwise

int checkvalid(FILE *fout, message *smsg, message *msg) {

if (smsg->regNo == msg->regNo) /* If most recent request

return 1;
printf("--- Ignore message - Request number is not the most recent\n");
fprintf(fout, "--- Ignore message - Request number is not the most recent\n");
return 0;

} /* End of checkvalid()
/****************************************************************************/
/* Proceed with sending the message
int sendProcd(FILE *out, char* type, int id, quorum *qrm, int qrmNo,
int srvNo, message *wmsg, message *smsg, server *srvs){

int qrmCmp;

int i;

char buf[BUFLEN]; /* Buffer

fillMsg(wmsg,smsg, type,id);

qrmCmp=0; 1i=0;
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do{ /* Do - while grm is not complete
if (i!=srvNo)
/* Send msg to random server
*/
sendToRdmSrv(out, srvNo,buf,srvs,wmsg,&i);
grmCmp=rcvAckFromQrm(out, buf, srvs, srvNo, smsg, wmsg, qrmNo, qrm);

if (grmCmp!=-1) /* If a quorum is complete
break; /* Exit
if (grmCmp!=-1){ /* If a grm is complete

}
}while(grmCmp==-1);

clrRand(srvNo, srvs);
clrAck(srvNo, srvs);
return qrmCmp;
} /* End of sendProcd()
/R Rk kR ok ok sk ok kol ok stk sk sk stk stk skl sk ok ko sk stk sk ok sk kok ks sk kst skt kool ko ok skt skokokok ok /
/* Check if Quorum File's format is correct and save data *
* Return 1 if correct, otherwise ©
int checkQrmFile(char *file, char * buf){

FILE *gin; /* File descriptor
int quor=0; /* Flag=1 if 'Q' appears in the quorum file
int inter=0; /* Flag=1 if 'I' appears in the quorum file */
char *token; /* Usage: To keep part of the line from the file */
int i=e; /* Counter
gin = fopen(file,"r"); /* Open quorum file
for(i=-1,fscanf(qin,"%s", buf); !feof(qin); fscanf(qin, "%s",buf)){
if (i==-1){ /* Ignore first line
i++;
continue;

if (('inter) && (!quor)){ /*If No Intersection Line & No Quorum Line */
if (buf[@]=='Q" || buf[@]=='q'){ /* If Quorum Line

quor=1; /* -> Set quor to 1
continue;
¥
else /* Else
return 0; /* -> ERROR in format
if (quor && !inter){ /* If Quorum Line & No Intersection Line */
if (buf[@]=="I" || buf[@]=='i'){ /* If Intersection Line */
inter=1; /* -> Set inter to 1
continue;
¥
else /* Else
return 0; /* -> ERROR in format
if (quor && inter){ /* If Quorum Line & Intersection Line */
if (buf[@]=="1I" || buf[@]=="1i") /* If Intersection Line */
continue; /* -> continue
if (buf[@]=='Q" || buf[@]=="'q") /* If Quorum Line
inter=0; /* -> Set inter to ©
else /* Else
return 0; /* -> ERROR in format

¥

} /* End of for each line of file

fclose(qin);

return 1;
} /* End of checkQrmFile()
/****************************************************************************/
/* It returns the total number of intersections
int returnIntsec(char *file, char * buf){

FILE *qin; /* File descriptor

int inter=0; /* Total number of intersections */

qin = fopen(file,"r");
for(fscanf(qin,"%s", buf); !feof(qin); fscanf(qin,"%s",buf)){
if (buf[@]=="I"' || buf[@]=="i") // Quorum Line
inter++;
}

return inter;
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} /* End of returnIntsec()

/****************************************************************************/

/* Based on a quorum file and a quorum id
It returns how many servers belong to a spesific quorum

int returnServNum(char *file, char * buf, int cnt, char 1ltrl, char 1tr2){

FILE *qgin; /* File descriptor

char *token; /* Usage: To keep part of the line from the file
int quor=0; /* Flag = 1 if 'Q' appears in the quorum file
int total=@; /* Total number of servers

int i=e; /* Counter
gin = fopen(file,"r"); /* Open quorum file
for(i=-1,fscanf(qin,"%s", buf); !feof(qin); fscanf(qin,"%s",buf)){
if (i==-1){ /* Ignore first line
i++;
continue;
¥
token = strtok(buf, "("); /* Parse line
if (token[@]==1trl || token[@]==1tr2) /* Quorum Line
quor++;
else
continue;
if (quor==cnt+l) /* If spesific Quorum Line
while((token = strtok(NULL, ","))!=NULL){ /*Parse the rest of line
total++;
i++;

} /* End of If spesific Quorum Line
} /* End of for each line from file
fclose(qin); /* Close file
return total; /* Return number of servers
} /* End of returnServNum()

KA A A KA KK AR A KA KA K K KK KKK KKK KRR SRR K Kok koK ok [

/* Fill in the structure grm with the data taken from the file
void fillInQrm(char *file, char *buf, quorum *grm, int cnt,
char 1trl, char 1tr2){

FILE *qgin; /* File descriptor
char *token; /* Usage: To keep part of the line from the file
int i, j=0; /* Counters
int quor=0; /* Flag = 1 if 'Q' appears in the quorum file
char temp[1@]; /* Dummy variable
char di,d2; /* Dummy variables
gin = fopen(file,"r"); /* Open quorum file
for(fscanf(qin,"%s", buf); !feof(qin); fscanf(qgin, "%s",buf)){
if (1i){ /* Ignore first line
i++;
continue;

¥
sscanf(buf, "%c",&d1);
if ((di=='I") || (di=='i')){ /* If Intersection Line
/* -> Save quorum's id and intersection's id
sscanf(buf, "%c%d%c%d%s" ,&d1,&(qrm->id),&d2,&(grm->interId), buf);

}

else if ((d1=='Q') || (di1=="q"')){ /* If Quorum Line
/* -> Save quorum's id
sscanf(buf, "%c%d%c%s",&d1,&(qrm->id),&d2,buf);

}

if ((di==1trl) || (dil==1tr2)) /* If spesific Line
quor++;

if (quor==cnt+1){ /* If spesific Line
j=0;
token = strtok(buf, "("); /* Parse Line

sscanf(token,"%d",&(grm->servers[j])); /* Save server's id
token = strtok(buf, ",");

while((token)!=NULL){ /* While token's not empty
sscanf(token, "%d",&(qrm->servers[j])); /* Continue saving ids
J++;
token = strtok(NULL, ",");

X
fclose(qgin);
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return;
} /* End of if spesific line

} /* End of for (EOF)
} /* End of fillInQrm()
/****************************************************************************/
/* Sends the message to a random server
void sendToRdmSrv(FILE *out, int srvNo, char *buf, server *srvs,

message *wmsg, int *i){

int num; /* Random number representing the server
do{ /* do - while srvRand[num]==1
num=rand( )%srvNo; /* Choose a random number between [@-srvNo) */
}while(srvs[num].rand);
srvs[num].rand=1; /* Set flag to 1
(*1)++;

/* Send msg to the random server found above
and wait random time [0.3-0.7]
sndMsg(srvs[num].sock,wmsg, buf,READ);
} /* End of sendToRdmSrv()
/R Rk skokok sk sk ok ok s stk ok sk skok ok sk stk sk ok sk ok stk sk okl kool sokok stk stk skokokokokokok ok skok okt skt ko kok ok /
int rcvAckFromQrm(FILE *out,char *buf, server *srvs, int srvNo, message *smsg,
message *wmsg, int qrmNo, quorum *qrm){

int 1i,3; /* Counters
fd_set readfds; /* Group of servers who have answered
int res; /* Result from select()
struct timeval timeout; /* Time for select() to wait
char *token; /* String to parse the message */
timeout.tv_sec = 0; /* Time to wait */
timeout.tv_usec = 0;
FD_ZERO(&readfds); /* Clear descriptors set
for(i=0; i<srvNo; i++)
FD_SET(srvs[i].sock,&readfds); /* Add fds of servers to set

res=select(srvs[i-1].sock+1,&readfds,NULL,NULL,&timeout);/*Select ready fd*/
if(res==-1){
perror("select()");
for (3=0; j<i; j++)
close(srvs[j].sock);
exit(EXIT_FAILURE);
¥

for (i=0; i<srvNo; i++){ /* For each server
if (FD_ISSET(srvs[i].sock, &readfds)){/* If there's an answer */
/* -> Start ACK process
/* Get a READACK message from a quorum
bzero(buf, strlen(buf)); /* Initialize buffer
if(read(srvs[i].sock, buf, BUFLEN) < ©){ /* Read: blocking command */
perror("read()");
for (j=0; j<=1i; j++)
close(srvs[j].sock);
exit(EXIT_FAILURE);

¥

token = strtok(buf, ","); /* Parse message */
strcpy((srvs[i].msg).type,token); /* Save type
strToMsg(token,&(srvs[i].msg)); /* Save server's message */
if (checkvalid(out, &(srvs[i].msg), wmsg)){ /* If Most recent ACK */

srvs[i].ack=1; /* -> Set srvAck to 1 */

} /* End of if FD_ISSET
} /* End of for each server
return checkQrmCmp(gqrmNo,qrm, srvs);

} /* End of rcvAckFromQrm()
/****************************************************************************/

/* If there are ACKs from a complete quorum then return number of quorum */
int checkQrmCmp(int grmNo, quorum *qgrm, server *srvs){
int i=0, j=0;

int flag=-1;
for (i=0; i<grmNo; i++){ /* For each quorum
for (j=0; j<gqrm[i].servNum; j++){ /* For each server of the quorum */
if(srvs[grm[i].servers[j]-1].ack==1)/* If ack == 1 */
flag=i; /* -> keep quorum id
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elseq{ /* Else
flag=-1; /* -> return FALSE
break;

}

¥
if (flag!=-1)
return flag;
¥
return -1;
} /* End of checkQrmCmp()
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/* Finds the maximum/most recent tag among the servers' tags of a quorum */
tag_type findMaxTag(int srvNo, server *srvs, message *wmsg, message *smsg,

quorum *grm){

int i,7; /* Counter

tag_type maxTag; /* Max Tag

int cmp; /* Flag for comparing 2 tags

int pos=0; /* Flag - position of server with max Tag

/* Initialise maxTag
maxTag.ts=0;
maxTag.wid=0;

for (i=0; i<grm->servNum; i++){ /* For each server

for (j=0; j<srvNo; j++){

if (grm->servers[i] == srvs[j].id && (srvs[j].msg).reqNo!=0){

cmp=cmpTag((srvs[j].msg).tag, maxTag);
if (cmp==1){
tagCpy(&maxTag, (srvs[j]l.msg).tag);
pos=grm->servers[i]-1;
} /* End of inner if cmp==1
strcpy(smsg->type, (srvs[pos].msg).type); //
smsg->pid=(srvs[pos].msg).pid; //
tagCpy(&smsg->tag, maxTag);
smsg->value=(srvs[pos].msg).value;
smsg->regNo=(srvs[pos].msg).reqgNo; //
} /* End of if regNo equal
} /* End of for each quorum
¥
return maxTag;
} /* End of findMaxTag()

/* Based on the complete quorum
/* It returns the quorum view
int findQuorumView(quorum gqrm, int qrmCmp, quorum *intsec, server *srvs,

int intsecNo, int srvNo, int regNo, int option,
FILE *out, tag_type *maxTag,int *iter){

int i,j,k; /* Pointers

int cnt=0; /* Counter

int qv=-1; /* Quorum View

int size=0; /* size of complete quorum

/* Calculate size of complete quorum

/**************************************************************** ************/

for (i=0@; i<qrm.servNum; i++){/* For each server from complete quorum */
for (j=i; j<srvNo; j++){
if (srvs[j].id == grm.servers[i] && (srvs[j].msg).reqNo!=0){
size++;
break;
}
}
}
(*iter)++;
/* Check for Quorum View 1
cnt=FfindTotalSrvs(qrm, qrmCmp, srvs, *maxTag, srvNo);
if (cnt == size) /* If all servers of quorum have maxTag
return 1; /* -> Return quorum view 1
/* Check for Quorum View 3
for (k=0; k<intsecNo; k++){ /* For each intersection */

if (intsec[k].id == gqrm.id){
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cnt=0;
size=intsec[k].servNum;
cnt=findTotalSrvs(intsec[k], qrmCmp, srvs, *maxTag, srvNo);
if (cnt == size){
return 3;
}

} /* End of if intsec found
} /* End of for each intersection
return 2; /* Quorum View 2
} /* End of findQuorumView()
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int findTotalSrvs(quorum grm, int qrmCmp, server *srvs, tag_type maxTag,
int srvNo){
int i,7j,k; /* Counter
int cnt=0; /* Counter for servers having maxTag

for (i=0; i<grm.servNum; i++){/* For each server of complete quorum
for (j=1i; j<srvNo; j++){
if (srvs[j].id==grm.servers[i]
&& (srvs[j].msg).regNo!=0){ /*If regNo != 0@

if (((srvs[j].msg).tag.ts == maxTag.ts) &&
((srvs[j].msg).tag.wid == maxTag.wid)){
cnt++;
break;
} /* End of inner if ts and wid equal
else{
cnt=-1;
break;
} /* End of else
} /* End of if reqgNo != 0
} /* End of for each server from total servers
} /* End of for each server from grm
return cnt;
} /* End of findTotalSrvs()

/****************************************************************************/

/* Based on two tags
Rerun 1 if tagl > tag2, 0 if tagl == tag2, -1 if tagl < tag2
int cmpTag(tag_type tagl, tag_type tag2){

if (tagl.ts > tag2.ts) /* If tsl > ts2
return 1; /* -> tagl > tag2
if (tagl.ts == tag2.ts) /* If tsl == ts2
if (tagl.wid > tag2.wid) /* If widl > wid2
return 1; /* -> tagl > tag2
if (tagl.ts == tag2.ts) /* If tsl== ts2
return 0; /* -> tagl = tag2
return -1; /* -> tagl < tag2

} /* End of cmpTag()

/****************************************************************************/

/* Copy src tag into dest tag

void tagCpy(tag_type* dest, tag_type src){
dest->ts = src.ts; /* -> Save ts
dest->wid = src.wid; /* -> Save wid

} /* End of msgCpy

/***************************************************************************/
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IHopaptnpo B

e avtd to Iapaptnuoa divovror ta apyeio evioddv (bash scripts) mov ypnoyomombnkav yio 10 XEPoUO TOV KOUB@V 6TO
PlanetLab. Zvykekpiuéva divovtar ta ekeic:

1. connect.sh: yiveton m o0vdeon pe Grovg Tovg kKOpPovg kot aviyet éva terminal yio ) k6O chvdeon.

2. uploadFiles.sh: yu ) peta@opd tov apyeiov amd 10 ToTko VITOLOYIGTH 6TOVG KOUPOLG.

3. downloadFiles.sh: ywo tn petagopd twv logfiles and Tovg kéuPovg 610 TomIKd VITOAOYIGTY.

4. runScr.sh: yia v peto@opd Tov SCripts ov mepiéyovy v gviodf mov 0o ektedéoet o kGbe kOuPog.

#!/bin/bash

#connect.sh

#Connect with SSH from local computer with the slice given to all machines included in hostFile
#Show each connection in different terminal (tab)

if [ $# -ne 2 ]; then
echo ""
echo "ERROR - Usage: \"./connect.sh <slice> <hostFile>\
echo ""
else
echo "Connect to servers"
machines=$2
slice=$1
declare -a hostnames

exec<$machines
i=0
while read line
do
hostnames[$i]=$1line
echo ${hostnames[$i]}
i=$((i+1))
done
hostnames[$i]=$1line;
echo ${hostnames[$i]};
srv=${#hostnames[*]}
echo Total: $srv

eval $(ssh-agent)

ssh-add
My
for ((1=0; $i < $srv; i++ ));
do
t+=" --tab -e 'bash -c \"echo ssh -1 $slice -i ~/.ssh/id_rsa ${hostnames[$i]};ssh -1 $slice
-i ~/.ssh/id_rsa ${hostnames[$i]};bash\""'"
done
VAR="/usr/bin/gnome-terminal”$t
eval $VAR
fi
#1/bin/bash
#uploadFiles.sh

#Upload all files from SourceFileDir
#to home directory of all nodes included in hostFile

if [ $# -ne 3 ]; then
echo ""
echo "ERROR - Usage: \"./sendFiles.sh <slice> <hostFile> <SourceFileDir>\""
echo ""
else
echo "Send files to hosts"
slice$1
machines=$2
dir=$3

declare -a hostnames
exec<$machines

i=0
while read line
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fi

do
hostnames[$i]=$1line
echo ${hostnames[$i]}
i=$((i+1))
done
hostnames[$i]=$1line;
echo ${hostnames[$i]};
srv=${#hostnames[*]}
echo Total: $srv

eval $(ssh-agent)
ssh-add

o
for (( 1 =0; $i < $srv; i++ ));
do

rsync -avz -e ssh $dir $slice@${hostnames[$i]}:~/
done
ssh-agent -k
mplayer File_Transfered.mp3
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#!/bin/bash

#downloadFiles.sh

#Download log files from nodes included in hostFile
#To DestinationFileDir

if [ $# -ne 2 ]; then
echo ""
echo "ERROR - Usage: \"./rcvFiles.sh <hostFile> <DestinationFileDir>\
echo ""
else
echo "Receive files from hosts"
machines=$1
dir=$2

slice="cyprus_CFW"
declare -a hostnames

exec<$machines
i=0
while read line
do
hostnames[$i]=$1line
echo ${hostnames[$i]}
i=$((i+1))
done
hostnames[$i]=$1line;
echo ${hostnames[$i]};
srv=${#hostnames[*]}
echo Total: $srv

eval $(ssh-agent)
ssh-add

t=""
for ((1=0; $i < $srv; i++ ));
do
rsync -avz -e ssh $slice@${hostnames[$i]}:~/log* $dir
done
ssh-agent -k
mplayer File_Transfered.mp3
fi



#!/bin/bash
#tuploadScr.sh
#Check if all arguments were given
if [ $# -ne 11 ]; then
echo ""
echo "ERROR - Usage: \"./uploadSrv.sh <slice> <hostFile> <AlgType> <quorSysFile> <serversNo>
<portsNum> <failFreq> <wrtNo> <wOpFreq> <rdrNo> <rOpFreq>"
echo " <failFreq> = [0@,101]"
echo ""
echo "Example: ./uploadScr.sh uconn_exp hostsUconn.txt 1 25 gs-c25.txt 10001 80"
echo ""
# We have 11 arguments
else
echo "Upload servers file"
# Save arguments

slice=$1 # Slice

machines=$2 # Hosts File

algType=$3 # Algorithm Type

gsFile=$4 # Quorum System File

srv=$5 # Number of servers

ports=$6 # Beginning of Ports number

fail=$7 # Fail Frequency

wrt=$8 # Number of writers

wrtFr=$9 # Frequency of operations for writers
shift 2

rdr=$8 # Number of readers

rdrFr=$9 # Frequency of operationf for readers
opNo=200

# Choose algorithm to run
if [ $algType -eq @ ]; then
echo "Simple Algorithm"

server="sserver"
writer="swriter"
reader="sreader"

else
echo "Classic Algorithm (fast)"
server="fserver"
writer="fwriter"
reader="freader"

fi

# Fill servers file
name=("echo $qsFile | tr '-" ' ' | cut -d ' ' -f 2°)
echo $srv > srv-$name
exec<$machines
for (( 1 =0; $i < $srv; i++ ));
do
read line
if [ $((i%10)) -eq @ ]; then
exec<$machines
read line
fi
host=$(echo $line);
echo "$((i+1)) $((ports+i)) $host $fail" >> srv-$name
done

# Start session - Give password
eval $(ssh-agent)
ssh-add

# Save nodes for servers
declare -a hostnames

exec<srv-$name

read line #ignore first line

for (( 1 =0; $i < $srv; i++ ));

do
read line
hostnames[$i]=$(echo $line | cut -d " " -f3);
echo "hostnames[$i] = ${hostnames[$i]}"

done




# Save rest of nodes

# Read machines file, skip the first x hosts which are used for servers (1<x<11)
exec<$machines

servers=10

i=0

if [ $srv -1t $servers ]; then
servers=$srv;
fi

while read line
do

i=$((i+1))

if [ $1i -le $servers ]; then

continue;

fi

hostnames[$((srv-servers+i-1))]=$(echo $1line);

echo "-hostnames[$((srv-servers+i-1))] = ${hostnames[$((srv-servers+i-1))]}"
done

# Upload scripts for Servers

j=0

Tono

for ((1 =0; $i < $srv; i++ ));

do
echo "./$server $((i+1)) $((ports+i)) $fail" > "run-h$((i+1)).sh"
chmod 711 “"run-h$((i+1)).sh"
rsync -avz -e ssh ./run-h$((i+1)).sh $slice@${hostnames[$j]}:~/

t+=" --tab -e 'bash -c \"echo ssh -1 $slice -i ~/.ssh/id_rsa ${hostnames[$i]};\
ssh -1 $slice -i ~/.ssh/id_rsa ${hostnames[$i]};\bash\"'"
j=$((3+1))
done
VAR="/usr/bin/gnome-terminal"$t
eval $VAR

# Upload file to all client hosts
exec<$machines

servers=10

i=0

if [ $srv -1t $servers ]; then
servers=$srv;
fi

while read line
do
i="expr $i + 1°;

if [ $1i -le $servers ]; then
continue;
fi
host=$(echo $line);
rsync -avz -e ssh ./srv-$name $slice@$host:~/
done

# Upload scripts for Writers

wnodes="expr $nodes - $servers’;
if [ $wrt -1t $wnodes ]; then
wnodes=$wrt;
fi
j=$srv
trn
for (( i = $srv; $i < $((srv+wrt)); i++ ));
do
echo "./$writer $((i+1)) srv-$name $qsFile $opNo $wrtFr" > "run-w$((i+1)).sh"
chmod 711 "run-w$((i+1)).sh"
if [ $((j%35)) -eq © ], then

j=$srv
fi
rsync -avz -e ssh ./run-w$((i+1)).sh $slice@${hostnames[$j]}:~/
t+=" --tab -e 'bash -c \"echo ssh -1 $slice -i ~/.ssh/id_rsa ${hostnames[$j]1};\

ssh -1 $slice -i ~/.ssh/id_rsa ${hostnames[$j]}; \bash\""'"
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J=$((3+1))
done
VAR="/usr/bin/gnome-terminal”$t
eval $VAR

# Upload scripts for Readers
rnodes="expr $nodes - $servers”;
if [ $rdr -1t $rnodes ]; then
rnodes=$rdr;
fi
j=$srv
Tamn
for (( 1 = $((srv+wrt)); $i < $((srv+wrt+rdr)); i++ ));
do
echo "./$reader $((i+1)) srv-$name $qsFile $opNo $rdrFr" > "run-r$((i+1)).sh"
chmod 711 "run-r$((i+1)).sh"
if [ $((3%35)) -eq © ]; then

j=$srv
fi
rsync -avz -e ssh ./run-r$((i+l1)).sh $slice@${hostnames[$j]}:~/
t+=" --tab -e 'bash -c \"echo ssh -1 $slice -i ~/.ssh/id_rsa ${hostnames[$j]1};\
ssh -1 $slice -i ~/.ssh/id_rsa ${hostnames[$j]}; \bash\"'"
j=$((3+1))
done
VAR="/usr/bin/gnome-terminal"$t
eval $VAR

fi
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Hopaptnpe I

#!/bin/bash

#parseLogfile.sh

#Parse the logfile situated in logsDirectory, depending on the ProgramIdentifier
#which can be a “w” for a writer’s logfile or a “r” for a reader’s logfile

if [ $# -ne 2 ]; then
echo ""
echo "ERROR - Usage: \"./parseLogfile.sh <logsDirectory> <ProgramIdentifier>\
echo "<ProgramIdentifier>: w for writer, r for reader"
echo ""
else
echo "Collect data from readers"
#Save Parameters
dir=$1
id=$2
declare -a lat
declare -a fast
declare -a slow
latAvg=0.0
fastAvg=0.0
slowAvg=0.0
i=0

cd $dir
total="1s *$id* | wc -w;
echo total=$total

for file in “1s *$id*";
do
echo $file;
lat[$i]="cat $file | grep Lattency | cut -d " " -f4 | awk 'BEGIN {sum=0; counter=0;} { sum
+= $0; counter++;} END {print sum/counter}'";
echo "lattency = ${lat[$i]}";
latAvg="echo $latAvg + ${lat[$i]} | bc ;

if [ $id == 'r' ];then
fast[$i]="cat $file | grep Fast | cut -d " " -f4";
slow[$i]="cat $file | grep Slow | cut -d " " -f4°;
echo "fast = ${fast[$i]}";
echo "slow = ${slow[$i]}";

fastAvg="echo $fastAvg + ${fast[$i]} | bc ;
slowAvg="echo $slowAvg + ${slow[$i]} | bc ;
fi
((i=i+1));
done

latAvg="echo $latAvg / $total | bc -1";
echo "lattency-average = $latAvg";

if [ $id == 'r' ];then

fastAvg="echo $fastAvg / $total | bc -1";
slowAvg="echo $slowAvg / $total | bc -17;
echo "fast-average = $fastAvg";
echo "slow-average = $slowAvg";
fi
fi
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