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Evyaprotieg

Ba M0eia va gvyaplomom tov emiAémovta Kadnynt g Atopkng Ammlopatikng Epyaciog
Ap. Xpoon TI'ewpyiov, o omoioc vnpée o emPAémmv KaONYNTNC ™S SMAGUATIKAG OV
gpyaciog Kot yio T ovveyn vrooTNPEN Kol KaBodynon Tov Hov Tapelye Katd T SlapKeLd

NG EKTOVNOMNG TNG.

®a nbeia, eniong, va evyoapiomom tov Ap. NikéAo N1KoAGoL Y10 TOV ¥pOVO TOL APIEPWOGE Y1a,

VO L0V OMGEL TOAVTILES GUUPOVAEG £TGL MDGTE VAL OAOKANPDOG® TN VAOTOINGT HOL ETLTVYADG,.

Emiong, 6o n0era va e0xaptoTHom TV OIKOYEVELX LOV , KOl 1OL0UTEPO TOVG YOVEIG OV , Y10l TIG

oLUPOVAEC Kot TG KaBoON YN oELS.



Hepiinyn

Ta Kotavepunpéva GLGTHUATO OTIC HEPEG HOG eivar TOAD onuaviikd. TToAlég vorotdpeveg
EQUPUOYES OIS LN PEGIES O1UOIKTVOL Kol PEEr-t0-Peer ePaproYES YPNCILOTOOVY TV EVVOLd,
TOV KATOVEUNUEVOV GUGTNHATOV. XT1 Tapovoa Aumdopatikny Epyacia, £xet yivel ) vAomoinon
€VOC KATOVEUNUEVOL GLGTNLLOTOG apYEi®V To omoio givatl faciopévo otovg adyopifuovg ABD
[1] kou LDR [5,6]. H x0pro 16é0 Tov aAdyopiBuov LDR eivon va datnpel ta mporyportikd
dedopéva o€ EeYmPLoTO YMPO GE GYECT UE TIG TANPOPOPIES TOL APOPOVV TNV Tomobesia TwV
TPOyUATIKOV dedopévov. 'Etol expetoldedeTon Tto yeyovog ovtd Yo vo eKTeEAel TIg
TEPLOCOTEPEG AELTOVPYiEG OTA HeTAdEdOUEVA TP GTO TPAYHOTIKG dedopéva. Me avtd Tov
TPOTO PELDVETOL TO KOGTOC EMIKOIVOVIOG KOl TO CUGTNUO oG YIVETOL TOAD O ATOJOTIKO.
Emiong, éva onuoavtikd mieovéktnua tov aAdyopifuov LDR eivor 6t mpocpépel avotpn
OULVETELDL OEOOUEVMV. ZVVETMG, Ol ¥PNOTEC TOV SvoTthuatog Bo dfalovy mhvio 10 7o
npoceoto apyeio. Emiong, £xet viomombetl o dwoyeplotig apyeimv, o omoiog gival vebBvvog
Vo OMUoVPYEL HOVAOTKA ovayveoploTikd yio kKaOe katvovpylo apyeio mov dnpovpyeitor 6to
ocvotnpa. [apddinia yvopiler mola eivar ta drabéoipa apyeios 6T0 cHOTNUA KOL OO TOLOLVG
ypNoteg Exovv dnpovpynbei. Emumhéov, éxet vAomomOel 1 demapn GLGTHUATOS £TGL DCTE VO
TPOGPEPEL EVKOAOTEPTN TTPOGPOCoT GTOVS YPNOTES TOV cvotuatoc. H viomoinon tov KEA
etvar KatdAAnin 1600 oe LAN aAdd kou oe WAN diktva kot divel ) duvatdHTnTo 6Toug

ypNoteg va dafalovv 1 va ypAQovv 0Tol001TOTE TUTO APYELOL.
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Kepaiarwo 1

Ewayoyn

1.1 Zxomog ko Kivntpa 1
1.2 MeBodoroyio YAomoinong 2
1.3 Opydvoon Authopatikng Epyaciog 2

1.1 Xxomog ko Kivntpo

‘Eva. katavepmuévo cvotnua apyeiov (K.X.A) [14,19] mpoceépel 6TOUG YPNOTES TOL
CLGTHWATOG O1APOPEG VINPEGIES Ol omoieg kabioTovV duvaty TV amobnKeELOT, 0pYAvVMOT,
dwxeipton apyelov Kot avaKTnon tovg omd 10 AEITOVPYIKO GUGTNUA TOL VToAoylotr. To
cvoTNUO EREAVICETAL GTOVS YPNOTEG TOL GAV £VA EVIALO GUGTNLLO KO O OToONKELTIKOG YDPOG

umopel va fploketal TOTKA 1) G€ OTOUAKPVOUEVES TEPLOYES.

[Topdro mov vdpyovV TOKIAEG VAOTOMGELS KOTAVEUNUEVOV GLGTNUATOV apyeiwV, Kavéva
TETO0  CLOTNUO  UEYPL OTYUnG Ogv vmootnpiler oyvpn ovvémeln dedopévov. Mo
EVOLOPEPOVGO EPEVVITIKT TEPLOYN] OGYOAEITAL LLE TNV GYVLPT GLVETELN OEOOUEVMV GE TETOLN
ovotnuata. Il ocvykekpyéva, to medio €pevvog TG CLYKEKPIUEVNG TEPLOYNG Eivon va
SoQUMEEL 1oYVPN CLVETELN SESOUEVMV GE KOTAVEUNLEVA cuaThpata arobnkevonc. [Tapdro
OV VIAPYOLV OAYOPIOUOL OV TOPEXOLV 1GYXVPY GLVETELL OEOOUEVAOV KOl LGTNPOTLTO
emPBeParwpEve yYUNCELS, HEXPL OTLYUNG OEV £x0VV 0ONYNGEL 6TNV LAoToiNon evog K.X.A pe
1oYVPY| GLVETELN OEOOUEVMY. KOOGS TNG Tapovoa Autdwpatiky Epyaciog eivor n vAomoinon
evog K.Z.A 10 omoio gyyvdrtol 1oyvpn cuvemeld dedopévmV te avotnpdtuna emPefatopéveg
€YYUNOELS Kot etval BacIoUEVO o€ aAyopiBLOvg TOV TPOTAONKAY GTA TAOIGLA TG LEAETNG OTTOV

elval faciopévol oe Aettovpyieg YpoeG/avayvmong KOTAVEUILEVOV ATOUIKAOV AVTIKELUEVOV
[1,5].



1.2 M&Bodoroyio Yromoinonc

H pebodoroyia mov akoAovOnOnKe yio tnv vAomoinom g SUTAOUOTIKNG Epyaciog eivor 1 eENg:
Apyikd, £yve pedétn Gpbpov Kot epyacidv oYeTIKA pe Toug adyopiduovg ABD [1] kot LDR
[5,6] mov oamotelovv ™ Phaon g epyociag pov. EmmAéov, yio amodktnomn Oswpnrikol
VOPaOPoL £yive TEPETAIP®O UEAETY) GYETIKA LLE TO KATOVEUNUEVO GUGTILOTO , KOATAVEUUEVO
VTOAOYIGUO KOl KATOVEUNUEVT] Uvhu. AkoAoOOwg, €ytve efowkelwon Ue TPOYPUUUATIGHO
VTOOOYMV Y10 TNV EMKOWVOVIK HETAED SLOOIKTLOKOV Olepyact®v. Emiong, €ywve pelétn kot
eokeimon vnudtov to omoia Emau&ov onpavtikd pOAo GTNV VAOTOINGT TOV GLGTHLOTOG
apyeiov. 'Emerta, éywve m viomoinon tov aiyopibuwv ABD kor LDR. 'Etot dpyioe va
VAOTTOLEITAL TO KOTAVEUNUEVO GUOTNLA apyeimV Exovtas o¢ BAon Tovug Vo TPoavaPEPOEVTEG
alyopiBpovs. Emopévog, ypeldotnke vo pelembel o tpomoc mov Bo pmopovoope va
LETAPEPOVLE PEYAAQ apyEln amodOTIKA, £TCL LEAETHONKAY SIAPOPES GLVOPTNHGELS TNG YADGGOG

npoypoppaticpod C.

H vAomoinon tov kataveunpévov cuoTNHOTOS opyei®V £yve 6 YAOCGA TPOYPaUHaTIGHoy C
KAVOVTOG YPNOY TPOYPOUUOTIGHOD VTOdoy®mV kol vnudtov. To emduevo Priuo Mtav m
vAomoinon Tov dluyelplotn apyeiov o omoiog givor vrevBuvog vo amodnkevel Towa apyeia
VILAPYOVV GTO GUGTNO KOl TO0L YPNOTEG TO EYoLV dnuovpynost. Emiong, oyedtbdotnke Ko
avantOoyOnke mn OlEmAPn Yy E0KOAN ¥PNON TOV GLGTNUNTOS amd YPNOTEG MOV Oev glvar
aropoitnro e£otkelwpévol pe Kataveunpéva suotpata. H vioroinon kot n amocpaipdtmon

€yve 1060 6To Tomko dikTvo Tov [MavemaoTnuiov aALL Kot 6 VPV KATILOKOL.

1.3 Opyavoon Awmhopatikng Epyoaciag

To &yypago NG OTOMKNG SIMA®UATIKNG Hov gpyaciog amoteieiton and 7 Kepdiowo. Xto
Kepdrawo 1 divetar o oxomdc, Ta kKivntpa ko n peBodoroyia g epyaciog pog. Xto Kepdioo
2 mepiEyovtal KAmoleg Pacikés Evvoleg, evd oto Kepdiato 3 yivetar meprypaen tov facikdv
aAyopiBuwv ABD [1] kau LDR [6,7] tov KA mov éxovpe viomomoel. AkoroObws, Gto
Kepdiao 4 yivetar avaivtikn meptypaon e vionoinong tov KXA. ‘Enetta, oto Kepdioio 5
YIVETOL Ll OVOGKOTNOT) GYETIKA LLE TNV XPTOT] TOL CLGTNATOS. XT0 Kepdlato 6 meptypdpeTon
N TEWPAPATIKY] a&loAOYNON TOV GLUGTNUATOG KOl GTO TEAELTOIO KEPAAOLO OVOPEPOVTOL TO
CLUTEPACUATO, TPOPANLATO KOl TOPAd0YESG KOODG EMIoNG KO KATO1EG LEAAOVTIKEG EPYOGIES

OV UTOPOVV VO TPOLYLLALTOTTOO0VV.



Kepaiaro 2

YnopaOpo

2.1 Katavepnuéva Zuothpoto

2.2 Katavepnuévn Kowoypnom Mviun
2.3 Zuvénelo Mviung

2.4 Opiopog AtopuKoTTog

~N o1 o AW

2.5 Yvomuato Anaptiog

2.1 Katravepnpéva Xvotipora

‘Eva katovepnpévo ocvotmua [2,19] eivar po cuAhoyn owtdovoumv ene&epyact®dv ol omoiot
ovvepydlovtal yio TNV eniAvon evog mpofAnpartos. H emikovaovia yivetol amokAelotikd Pécm
evog diktvov, avtairalovtag punvopata. Ot eneEepyaotéc pumopel va eival acHyypovol , va
Bpiokovial 6e ye®YPOPIKY] OmOUOKPVOUEVT] amdoTOoT Kot gV HolpdlovTol KON Hviun.
Eniong, mapovoidlovtol 6toug xpnotes og pa povadiky ovtdtrta. ‘Eva anrdd kotaveunpévo
cvotnpa eaiveror oto Zynua 2.1. Onmg eaivetar kot éva dikTvo emMKOV®VING EVOVEL OAOVG

TOVG KOUPOoVG Kot 0 kébe KOUPOG £xel TN S1KN TOV UVNUN Kot EXEEEPYOOTN.

Ta kotovepumuévo CLGTAUATO TAPEXOVY OPKETO TAEOVEKTAUOTO GE GUYKPLON HE OAAL
cuoTipate YU o0vTd Kot €ival T060 OMUOEIAY|. Tl Tapddetypa, ot VITOAOYIGHOT KATAVELLOVTOL
HETOED OPKETAOV KOUPOV e amoTEAEG LA 1 AtOd00T VO avEdveTot. EmumAéov, vtdpyovv apketd
avVTLYypoQo TOV O0EOOUEVOV KOl GE TEPIMTOON CEAAUOTOC TO cVvotnue o cvveyicer va
Aertovpyel kavovikd. TELoG, axdOpa €vag ONUOVTIKOG Tapdyovtag ival 1 ETEKTAGILOTNTA.

Kobnhg avéaverat o apBpodc tov KOUPOV TOL GLGTHLATOG 1 ATOS00T| ALEAVETAL.
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Yympo 2.1
Kataveunuévo Xvotnua [19]

2.2 Karavepnpuévn Kowéypnoetn Mvijuy
H xataveunuévn kowodypnotn uvhiun (Distributed Shared Memory) [1,2] eivot puo apnpnuévn

évvolo ota Kataveunuéva cuotnuato. Afvel v aicOnon piog Lovadtkig LWVIUNG LE Eva YDPpOo
devfbvoewv. Ty mpoypaTikdTTo, ONMS Qoivetol Kot 6to Zynuo 2.2, o Kabe koppog
TPOGPEPEL EVAL LEPOG TNG LLVIIUNG TOL Y10l TNV KOWVT] LVIUN 1) OToia amelkoviLEToL MG Lo KOV
EIKOVIKN] UVAUY €VOG Y®pov dlevbivoewv. Me dida Aoy, dnuovpysitor €vag MeEYAAOG
EWKOVIKOG YDPOS devfivoewv amd Tig elKoviKES pvnpeg tov kdbe koépupov. Kabe kopPog éxet
TPOGPACT GTNV 1K TOV TPOCMOTIKN LUV UM KOl GTHV KOWN UVIUN SOUEGOV TOV JIKTVOV LE

v Pondela Twv cuvaptioswy read kot write.

CPU CPU CPU
Memory NMemory Memory |
- [ ']
¥ v
Memory Memory Memory
1flli;l'.i.I::'i..'r | "[I]-ilI'ILF‘LI I:].I.I'Iilf__"'..'l'
Shared virtual memory

Xyqpa 2.2
Amekdvion g Kowng Kataveunuévng uvnung [1,2]



2.3 Xuvémero Mviung

Juvemel LVnuUnG, etvor m kavoTnTo T0L CLOTHUOTOG VO EKTEAEL 0pBa Aettovpyieg LvAuUNG.
‘Eotw 011 éyovpue N diepyaocieg 6mov m kdbe depyoacion umopel va ekTeAEl O10POPETIKES
Aertovpyieg otV PVAUT. ZOVETMG, 0 APOUOC TV SUPOPETIKAOV GUVIVAGUAOV EKTEAECNG TOV
Aertovpyumv givarl moAd peydiog. T'a va vdpéel cuvénelo pvung mpémel va agapefovy ot
ovvdvacuol mov v wapafralovyv. Me aAla Aoyl Tpénet va opicovpe T opBoTNTA £T01 OOTE
va yvopilovpe oot cuvovaspoi v mapafralovv. Evag katdAAnAiog opiopdg e opfotntag
Oa 0ple OTL KGBe Aettovpyion OVAYVOONG ETICTPEPEL TNV TIUN TTOV OTOONKEHTNKE GTNV MO
TPOceOTIN Acttovpyia gyypaens. Eviovtolg n évvola tov mo mpdoeatov Kabictatotr SVGKOAO
Vo OPIOTEL HE TNV TAPOLCiD. TOLTOXPOV®V TPOSPACE®V OTNV UVAUN Kol TOAAATADV
avTypaewv Tov avtikelévov. Emopévmg, mpénet va mpocsapproctel o opiopdc e ophotntog
Kot otoéYo¢ €ivol vo amoppimtovtol KATOlES TavTOYPOVES TPOooPacels, ympic Opmg va

HEW®VOVUE VTTEPPOAKA TOVG EMTPENTOVS GVVIVAGHLOVG,.

To Zyfua 2.3 amewovilel ta 6 SPOPETIKA HOVIEAQ GULVETEWG UVIAUNG. XTN Topodoa
dumlopotikny epyacio 0o aoyoAnfodue HOVo e TO LOVTELO TNG OTOUIKNG 1 YPOUUIKAG LVAING
(Linearizability/atomic consistency) [20].

No Consistency model

Pipelined RAM [PRAMI

Sequential consistency

Linearizability/ atomic
consistency/ strict consistency

Causal consistency

Slow memory

Xyfqpa 2.3

Iepapyio Tov povtédmv cvvénelog pvhung [6].

2.4 Opwopoc Atopkotntog

‘Eva atopukd avtikeipevo sivar éva avtikeipevo mov opileton amd £vo cHVOAO TOAVAOV TIH®OV
Ko vrootnpiletan omd Asrtovpyieg avayvoong (read) kot ypapng (write). Mropobpe va éxovue
TOVTOYPOVN TPOGPACT G€ TETO0V £I00VG avTIKEIHEVa, £xOVTag TNV aioBnon Twg o1 Asttovpyieg

EKTEAOVVTOL GE L0 Sl 00y KT oelpd. 'Etot kdmoleg popéc ovopdalovton Ypoppkd ovTiKeipeva.



Ag €ENYNOOVLLLE IO OLGTNPE TV £VVOL0L TNG OTOUKOTNTOS Y10l VAL TV KATOVOT|COVLE KOADTEPO.
Apykd Tpémel va opicovpe Ty £vvola g TpotepatdTnTos LETAED TV Agttovpyldv. Eotm ot
gyovpe dVO Agrtovpyleg TNV 1 Kot 72, 1 1 TPONYEITOL TG 72 EQV M advTnon TG 71 GupUPaivet

YPOVIKA TPV OO TNV aiTNnom g 2.

Time

L J

Yympo 2.4
Ot cuvONKeg TOV TPEMEL VAL IGYVOLV Y10L VO, IKOVOTTOLEITO 1) ATOUIKOTNTO €lval O ENG -

e Edv pa Asttovpyia avayveoong dgv elval TovtOYpovn LE Lo AELTovpyia Ypoes, TOTE 1
avayvmor EMOTPEQPEL TNV TIUN 7OV YPAPTNKE ONO TNV TEAELTOIO EYYPAPY 7OV
wponyeitat.

e Edv pa avdyvoon givol tawtdypovn He [ YpoPns, TOTE N avayveoon ETGTPEQEL glte
NV TN TNG AUECHS TPONYOVLEVG EYYPOAPNG, EITE TNV TN TOV AVAYPAPETAL OO TNV
TAVTOYPOVT EYYPAON.

o Av &povpe 0600 SOOYIKEG OVOYVOCES (UM EMKOALTTOUEVES), TOTE 1 OgvTEPN

avdyvoon Ba emotpéyel TV 1010 N i o TPOGEATT TIUY).

read ack (0) read ack(2)

0

I Time
write (8) ack

Yympo 2.6

210 Zynua 2.6 PAémovpe apykd pio Aettovpyio avayvmong va EKTEAEITOL T TOYPOVA LE Lol
Aertovpyio ypoon. Zuvenms, n Asttovpyeia avayvaons Bo pmopovoe va emotpéyet Ty tiun 0
N 8 ocvpemva pe ™ cuvONkeg ol omoleg Exovv oplotel Tponyovuévms. Opbd emoTpépet v
TN 0. AkoAovOwc, n devTEP aviryvmon 1 omtoia apyilel EexdBopa LETA TNV TPOTN AVAYVOOT
dev o umopoVGE vaL EMGTPEWYEL L0 TOALOTEPT TIUT OO TNV TPAOTN avayvwon. Eropévac, opfd
EMOTPEPEL TNV TIUN 8 KO UTOPOVUE Vo TOVUE OTL TO ZyNpo 2.6 daceorilel v cuvénela

dedoUEVOV.



read ack (8) read ack (o)

write(8) ack

Yympo 2.7

Y10 Zyfua 2.7 BAémovpe SV0 AVOYVAGELS VO ETIKOADTTOVTOL IE Uio YPOen. Apyikd, cOppova
LLE TIG CLVONKEG ATOMKOTNTOS TOL £XOVUE OPIGEL TPONYOLUEVAGS, ) TPMTY OVAYVOOT Hropel
va 010 BACEL PioL TYUN TTOV EYEL YPOPTEL OO TNV TPONYOVLEVT] OAOKANPOUEVT] YPOOT 1] L0l TLUY
7oV Ypapete TOPa. H Tpdtn avayvoon emotpépel opha v Tiun 8 cOUpOvVa e TIg cLuVONKEG
T1G omoieg £xovpe 0pioeL Kot LWTOPOVLLE VO GUUTEPAVOLLLE OTL 1 AErTOLPYia YPAPNS EXEL YPAWYEL
v Ty 8. Emopévag n devtepn avayvawon dev 8o pmopoVce vo ETIGTPEYEL Lo TLO TOALY TIUN.
210 GLYKEKPWEVO TOPAdEypa 1 OeVTEPT AVAYVEOOT EMGTPEPEL MO TO TOALL TIUN Kol

KOTOAYOVLE GTO GUUTEPAGLLOL OTL TO TOPAdELY LA Lag TopaPlélel TNV ATOUIKOTNTO.

2.5 Zvotipoata Anaptiog

‘Eva cvomua arnaptiog (Quorum System) [11] sivor pior teqvikh mov ypnoipomoteitat yio
SoPAMGON TNG GLVETELNG KOl TNG SOESIUOTNTOC TOV OVTIYPAP®OV TV dEGOUEVOV , AKOUN
Kol 61N mapovsia ceoipdtov. To cvotuo anaptiog amoteleiton amd po cLAAOYN omd
ovvoro Q={Qxy,...Qn}, yvwoTd ®g quOrums , omd ta oroia to kKabe éva mePLEXEL £va GHVOLO
e&umpettov S= {Sy, ....,Si} yua kéOe ovvoro Qi. To cHhoua amapTiog givol £va VTOGHVOLO

0V S, €161 Wote kb dHo vTosvVoA Tov Q £yovv pia KON TouT.

Yndpyovv mowila €101 cvoTUATOV amapTiog, AvAAOYQ LE TNG OVAYKES TTOVL amattel To KOOE
cvotnpao. [ v cvykekplévn Sumhopatiky 0o pog aracyOANcn T0 GUGTNUA ATAPTIOG TNG
mietoyneiog (Majority) (Zynua 2.8 (B)) ywpig dpms va vrovoovue 0Tt €ivorl Kot T0 KOADTEPO.
Yrdpyovv erniong e€icov 1| Kot KAADTEPA GLGTILLATO ATOPTIOG, £VOL OO OV TA EIvol TO CVLGTNHO

anaptiog Matrix (Zynuo 2.8 (o).

(o) B
Yype 2.8: Tvotypato Atoptiog
(o) Matrix , (B) Majority



Yta ovotiuato omoptiag g mAsoyneiag (Majority) kdabe quorum amoteAsiton amwd
tovddyoto [(n + 1) /2] ebumnpentés. Mmopodie edkoAa vor avTidn@Bovpe 6Tt Kot yia o, 300
obvora tov Zynuotog 2.8 (B) woyvetl o mepopiopdc. And v GAAY, ota Matrix cvethpata
amoptiog , ot ELINPETNTEC oYNUOTICOVY EIKOVIKA £va 0pBoydVIO TAEY O Kot TO KAOE TAEY L
amoteAeiTon amd pio YPOUUN Kot piot GTNAN OO HTopovUE Vo avTIAN@OovE amd To Zynuo

2.8 (a) ko éxet péyebog 2v/n — 1 efomnpetnréc.
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Heprypagn AlyopiOpov

3.1 Aky6p1Bpoc ABD 9
3.1.1 Aewrrovpyia I'pagng 10
3.1.2 Aewrrovpyio Avaryvmong 11
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3.3 Tpomomompévog AlyopiBuog LDR 19

Y& avtd 1o Kepdhoto Ba eEnynoovpe pe Aemtopépeia toug adyopiduovg ABD [1] ko LDR
[5,6] . Emtiong 6o e€nynoovpe nog dapépet o tpomomouévog aiyopiduoc LDR [15].

3.1 AkyoprOpoc ABD

"Evag amd toug alyopBpovg o omoiog £xel ®G GTOXO TNV TPOGOUOIMOT] KOWVOYPNOTH UV U
givo 0 adyopOpog yvwotoc wg ABD [1]. O akyopiBpog avtdc mapovoidotnke amd tovg Attiya,
Bar-Noy «ot Dolev kot agopodoe v mpocopoioon uiag Single-writer/multi-reader
KOwoYpnotg UWNuns péoa og éva diktvo avtoiloyng unvopdtov. Ensita, o akydpiBpog
avtog enektdOnke oo Tovg Lynch kar Shvartsman [13] og povtédo multi-writer/multi-read ko
TNV TOPOVGO SUTAMUOTIKY EPYOCIO £YOVUE DAOTOMGEL OVTOV TOV aAyOpBpo. Xvvenag, Oa
avaeepOpacte oty enéktacn Tov aAyopilBuov ABD. H xvpia dwapopd TOovL 0pyikov
aiyopibpov ABD mov agopodoe v mpocopoimon single-writer/multi-reader kowoypnotng
pvnung etvon 6ttt povo diepyacio pmopel va ektelel EVIOAES YPaONS Kot TOAAES dlepyacieg
va dwpdlovv. e avtiBeon pe tov adyopiBuo ABD mov enektdOnke 6mov moALEC diepyaoieg

pumopovv vo dtafdlovy Kot va ypapouy.

O olyopiBuog viomotel multi-writer/multi-read atopukd avrtikeipeva o6mov €yovupe S
eCummpemtéc va dwtnpodv amd éva avtiypaed Ttov avtikeyévov. Méypt kol ot ool
eEumpemTéc umopohv va Katoppevoovy 1 va ydoovv emkowwvia. Emiong ot meAdrteg

amoteAobvtal and R avayvooteg ko P eyypageis . EmumAéov, kdbe Aettovpyia ypaeng kot

9



avayvoong maipvel 000 YOpovg emkowoviog. O alyoplOuog avtdg exktedel avTrypapég
Baociopéveg oe amaptieg, o1 omoiec dev YPeldlovVIol OMOIOONTOTE EMMAEOV UNYOVIGUO Yo
éleyyo tavtoypoviog, oe avtiBeon pe GAlovg alyopibuovg avtrypaenc. To koplo mieovEékTna

oV akyopiBuov avtov gival n amddoon Tov, KoM ETIONG KoL 1) AvoyR TOL GE GOAAULATO.

Seq_num \
0 0

seg_num v —_— seq_num v
0 0 0 0

Seq_num '
0 0

Xynpa 3.1
Zynmuoticpog svotnuatog ABD

Oleg o1 diepyaocieg kKpatdve amd €vo ovTiypaQo NG TIUNG TOV VIAPYEL TNV KON HVAUN.
EmumAéov, n kdBe Tyun eivon cuoyeTiopévn pe éva aképato aptdpd 6mov o aptBpds ovtog
avEavetol KaBe popd mov o Ypapéas ypaeel Kamola katvovupyo Tiun. Me dAda Adyo, yiveton
ypnon Cevymv <tag,value> , 6mov tag sivar évag 0eTikdg aképotog aptBudg kar value n tyun
mov amodnkevetar. Ot dvo Pacikéc Asttovpyieg Tov aryopiBuov ABD egivar n Asttovpyia
ypopns Ko avayvoons. Ot Aettovpyleg EKTEAOVVTOL TAV® G TAEOYNPio amd dlEPYacieg TOV
GLGTNLATOG Kot KABE pOopd mov ekTeAEiTOL 1) AgtTOLPYia AVAYVOONG Ko €YYPAONG, oKoAovbeite
évag emumAéov yopog evnuépwong (info). Tlapolo mov kdmoleg diepyocieg pmopovv vo

Katappedoovv, T0 cOoTNUe Bo cuveyiceL va AelTovpyel KAvOViKd.

3.1.1 Asvtovpyia I'pogig

H Aerrovpyia ypaen|g eivar vehBuvn yio v, avove®VEL TNV TIUT TOL LITAPYEL TNV KOWVOXPNOT

pviun. Omoladnmote depyocio pmopel vo exktedel v Asttovpyia ypaone. H Aettovpyia

YPAPNG TaipVEL dVO YOPOLG EMKOVOVING KoL £YEL (G GKOTO VO, AALAEEL TNV TN TOL VTAPYEL

oTNV KOWOYPNOTN UVIUN. ZVVET®S, KAOE QOpa mov YPeldleTor Vo EKTEAESTN M AgtTovpyia

YPOPNG TPEMEL TPMTO, VO VITOAOYIGEL TO peyoAvTepo tag. O Adyog eivar 6Tl VITAPYOVY TOAAEG

dlepyaocieg mov ekTEAOVV TNV Agttovpyio YpaeNg Kol OV Umopel 0mol00nTOTE dlEPYacio va
10



yvopilel av €xel aAlaEel 1| Oyt To tag, Kamola AAAN diepyacio. AkolovOwS, 0 Ypapéag avEavel

1o tag , mpocbétel Tnv Tiun Tov (value), kat to Kovomolel oTig diepyaoies.

om mMgjori

= = |
Xypa 3.2

s

NIM\

{
¢

Agwrwovpyia ypagrg, yopog 1 [7]

%) tag++
»
Write completes

T
R

\

Update <tag,value>

Xyfqpa 3.3
Agrtovpyia ypapnc, yopoc 2 [7]

3.1.2 Aertovpyia Avayvoong
H Aertovpyeia avayvmong maipvel Vo yupovg emkowvaviag. Omotadnnote depyacio pmopel
va eKTEAEGEL TNV Aettovpyia avayvoonc. Apyikd , n olepyocio oTEAVEL Eva aitnua o€ OAESG TIG

dlepyacieg TOV GLGTHNOTOC Yo Vo LaBeL o ivat To To TpodceaTo tag 6to GHoTNH, ONAAON

11



To tag pe 1o peyaAvtepo aplfpno. Akorovbwg, 1 diepyacio mepipével va AaPet o TAsloyneio
and anaviioels. 'Enetta, extedel éva emmAéov yOpo Yo vo EVILEPDCEL (oL TAEOYMQio. oo

dlepyacieg yia to tedevtaio tag mov €xet Ppet.

I"o va unv mapafrooctel n atopkdTa 0 Yopog evyuépmong (info) eivon avaykaiog. Xvvenmc,
N depyasio avayvoong tpénet va tpowbncet To tag mov £xel Ppet og peyahhtepo. AlpopeTikd
N atopkdmra 0o mapafralotav. Xto mo khte mapdderypa (Zynua 3.4) n diepyocio
avayveoong (Tpdovo) eTGTPEPEL TNV TN V1 VO 1 dgVTEPT depyacio avdyvmong (KOKKvo)

EMOTPEPEL TNV TN Vo.

lRead returns v, I IRE:ad returns W, I
1-1;"_() h E\
AN AN
RN LB
R s AN ANY
o
1.% g - -
I Write(w) .. (proceeds slowly) ]

Yyna 3.4 [7]

Yvvenmg, mopafraletor n aTopKOTNTO €mMEW 1M 0gvTEPN depyocio apyiler petd v
OAOKANPOGT TNG TPATNG Kot OV UTOPEL VO EMOTPEYEL LI TOALOTEPT] TIUT] COUPOVO, LE TOV
opopd g artopkottas. ['a va punv mapafraletor n atopkdtnTa 1 dgvTeEPN depyacio Oa

EMPETE VOL EMGTPEYEL TNV 10100 T LE TNV TPATY SlEPYAGIN 1) LI TLO TPOCPATY .

A

—

Yyqpa 3.5
Agrtovpyia avéyvmong, yopoc 1 [7]
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Read completes with maxTag
and associated value

Update <tag,value>

Xynpa 3.6
Agrtovpyio aviyvoong, yopog 2 [7]

3.2 AkyoprOpog LDR

O aiyopbpog Layer Data Replication (LDR) [5,6] éxet dnuiovpynei pe Béon tov adydpibpo
ABD xoat 0 616306 OV givar 10 dtdPacpa Kot YpAWIHO HEYAA®V OVTIKEIWEV®VY 0TS apyeimV.
[MopdAinia, dtuceaiilel TV atopkdTTo TOV ovTIKEéEVOVY. H Bacikn 10éa Tov aiyopiBuov
elval  avtypaen tov dedopévav oe avbaipeteg tomobesiec. Emiong, o alyopiBuog srotnpel
T TPAYROTIKG dedopéva Eeywpilotd amd to petadedopéva (metadata) tov apyeiov. Me tov

OpO LETOOEOOUEVO. EVVOOLUE TANPOPOPIEG GYETIKA e TNV Tomobesion TV TPAYLATIKMOV

dedopévov kabmg emiong, Kot wota eivar 1 mo tpdseatn £kdoon tov Kabe apyeiov.

O alyopBuog sivor Baciopévog 6To HOVTELD TEAATN-EELANPETNTY KOL TPEXEL GE OTOLOONTOTE
acvyypovo mepIPEALOV avtaiiayng unvopdtov kot eivar katdAiniog oe WAN kou LAN
diktva. H amodotikdtta tov LDR alyopiBuov Baciletor oto yeyovog 6tL to péyebog tmv
petadedopéva etvar ToAD PKPOTEPO GE GUYKPLON LE TO TPAYLOTIKA O£d0UEVA. ZVVETMG, Ol

TEPLOCOTEPEG AEITOVPYIEG EKTEAOVVTOL TTAV® GTO LETAGESOUEVAL.

Téhog, 0 adyopBuog amotereiton omd Tpeig drapopeTikés oepyacies: Tleddtng, ESumnpetng

Evpemmpiov kou E&umnpettig Apyeiov. Emiong n emkowovia petaéd tov dapopmv

13



dlepyaciav yivetal HEo® evog alOMOTOV KOVOALOD Kol YPNCIULOTOLEl GTO HOVTEAO TEAATN-

eEumnpetn.

3.2.1 Ilehatnc

H vroypaen tov ovtopdtov tov mEAdTN amoteAsitan omd TIC vEPYElEG £16000v readi kot
write(v)i ko tic evépyeteg €€6dov read-ok(v)i. Ot petaPintég Kataotdoewmv givor ot €ENG: M
petafintn acc, 1 oroio ALoONKEVEL TO AVAYVOPLOTIKA TOV SEPYACIOV TOV OVTOTOKPIVOVTOUL
o€ évo unvopo Tov TeAdrn, T petofAntn phase, n omoio avTitpOo®TEVEL TN PAGT GTNV 0Toio
Bpioketarn dlepyosio ylo pio GLYKEKPIULEVT OTIYUT, TN LETAPANTA tag 1 omoio avTImpos®mTEVEL
MV 7o eVNUEP®UEVT ypovocppayida. Emimhiéov, oy petafint val omoOnkedetor m
EVIUEPOUEV TIUN TNG X KO EVOG PLVGIKOG 0ptOdc Mid oV avTITPOCOTEVEL TO, UNVOLLOITOL TTOV

oTéAVEL 1| Olepyacia.

O1 evtodég mov déxetan 0 mEAATNG ival omd TOV ¥PNoTN E1TE Yo va SPACEL 1) Vo YPAWEL [l
Tiun. To kéBe pnvopa mwov otédvel o TeAdne, cvoyetiletal pe Eva UoKd aplBud €161 OGTE

otav AapPavetl kamowo andvinon va yvopilelt 1o TpdceaTn Eivat 1 amdvincn avT.

Agrtovpyia avayvoong

H extéleon g Aettovpyiog avdyvoong evog meddtn Ci mepva amod tig £NG T€00EpELS PAGELS:
Read-directories-read (rdr), read-directories-write (rdw), read-replicas-read (rrr) xou read-ok
(rok). H xéfe @daon yperaletorl éva emkovaviakd yopo yuo va olokAnpwbdei. Ipota, o Ci
napodapupdver éva aitnua yuo avayvoon readi, kot otédvel €va punvopo G HOPONG
<rread,mid> cg 6Aovg TOVG EEVINPETNTEC EVPETNPIOL KO Praivel otn gdon ‘rdr’. AkoAovbwg,
o Cj mpoomafel va evromicel Eva chvoro amd eEumnpenTég EVPETNPIOL OL 0ToioL EYOVV TIUN
0V X. Emopévmg, ot e&ummpetntég evpetnpiov Ba amovticouy GTo aitnpe Tov TEANTN [ Eval
uvopa g popeng <rread-ok,S,t,mid>, émov S eivar éva 6Ovoro omd eEvanpetnTég apyEivV,
ot omoiotl Kpatdve TNV o TPOSPATN EKO0GT TOL X, Ko To t gtvan 1 ypovoosepayida Tov X. MO
o mehdtng Cj mapet amdvinon amd o amaptio eEuaNPETNTOV upeTNPiov , EmMAEYEL TO (gLYapt
(S,t) pe ™ peyoldtepn Ty xpovoosepayidac. Eivor mpoeavég 6Tt to chvoro S to omoio Oa
emlé€el to meddtng Ci Ba eivon éva cOvoro amd eEvmnpetntég apyeimv ot 0moiot KpaTave
mo tpoc@atn tiun Tov X. 'Enetra, o Cj Béter to Cevyapt (utd,tag) va icovton pe (S,t), ko otédvet
o€ OAOVG TOVG EEVINPETNTES EVPETNPIOV TO UVVRA TNG HopeT|g <rwrite,utd,tag,mid> ya va
TOVG EVILEPMGEL TOLA EIVOIL 1] TTO TPOGPATY YPOVOSEPAYida TOL X. AKoAoVOWG, E1GEPYETAL GTN
eaon ‘rdw’ kot mepipével pa amoptio amd eEVTNPETNTES EVPETNPIOL VO ATAVTHGOLY UE EVOL
uvopo g popeng <rwrite-ok,mid>. Télog, o Ci otélvel &va pnvopo ™G HOPONS

<read,tag,mid> oe éva e&umnpen apyeiov and to cuvoro utd yia vo dtafdcet T TIUn Tov
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X Kot gleépyeTol otn edon rrr’. Mol o Ci mapet omavinon g popeng <rread-ok,v,t,id>
amd tov eEummpetnT| apyEi®V, avTamokpiveTol 6to ypiotn pe v evépyeta read-ok(v)i kot

eloépyeTal otn eaomn ‘rok’.

PHASE CLIENT DIRECTORY REPLICA
<rread,mid>
rdr 'd>
£,
< r;ead"’k's‘

<rwrite,utd,tag,mid>

—a

1d>
rdw <rwr'|'te'°k id
W
nr &
>

<read-ok.v.t,id>

rok

Yympo 3.7 [5,6]

Y10 XyMua 3.7 mapovoidletar n Asttovpyia avdyvoong tov meAdtn. Ilo cvykexpuéva
BAémovpe to unvopoto to omoio. avtoAAdlovror peta&h TOv TEAATNG KoL TOV VO

e&ummpemTOV.

Agrtovpyia ypaong

H extéleon g Aertovpyia ypoaeng amd tov meddtn Ci axorovdel 4 pdoeis:
write-directories-read (wdr), write-replicas-write (wrw), write-directories-write (wdr) ot
write-ok (wok). Ot npdteg 3 @doeig dapkody £vo EMKOVOVIOKO YOpo o€ avtibeon pe
tedevTaio eacn mov dtapket podvo peod entkovmviakd yopo. Otav o merdtng Ci, maporapfdvet
éva aftpa yuo voo apyicel n €yypoen e TIUNAG V 6TO X, OTEAVEL £vo VOO TNG HLOPONG
<wread,mid> og 6Aovc Tovg e&umnpetnTég gvpeTnpiov. Te avTod 10 6TAd0 0 Ci pmaivel ot
edon ‘wdr’, kou Tpoomabei va evtomiost o ypovooepayido (tag) apketd peydin £tol dote
va KAver T 01K1 Tov £yypaen va givarl N mo tpdoeatn Kot eicépyetor ot eacn ‘wdr’. O C;
TEPYEVEL OAVTNON OO Lo amopTion eELTNPETNTOV EVPETNPIOL HE TO UNVLUO TNG HOPPNG
<wread-ok,t,id>, 6mov 10 t avimpocmnedel ™ ypovooepayida. MOl AdPel Ta umvopora,
dwaAéyetl to peyolvtepo t=(n,i) 6oL T0 N AVTITPOCHOTEVEL EVOL PLGIKO aPOUO Kat TO | ival To
AVOYVOPIGTIKO TOV TEAATY. AKOAOVOMC, EMALYEL Lol LEYOADTEPN YPOVOSPPOYION KATA TNV

Agrrovpyio NG YpaPNG Kavovtag tnv ypovooepayida tag=(n+1,i) ka1 otéAvel évo pivopo g
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nopoeng <wwrite,val,tag,mid> e 6Lovg tovg eEvmnpetntéc apyeimv yio va yphyouv Ty Tiun
(val,tag) ka1 eioépyeton otn eaon ‘wrw’. O Ci mepuével tovddytotov f + 1 amoavimoelg and
T0V¢ ebummpettég apyeiov £tol dote vo gyyondel n ypaoen Oo emPidoel akdpua kot av f
e&unnpemTEC apyeiwv KoTappeuoovy. MOAIG TopaAdPet TiG amavINoels amd Tov eEVANPETNTESG
apyeimv, oTélvel évo pivopa g Lopeng <wwrite,acc,tag,mid> oe 6Aovg Tovg e&vmnpeTnTég
EVPETNPIOL Y1OL VO TOVG EVIEPDOOEL Yio. TO vEo (evydpt (val,tag) kot eicépyeton ot @don
‘wdw’. O meddtng Ci mepipével Eva pivopa TG popeng <wwrite-ok> amd pio amoptio amd
eCummpemTOV gupetnpiov. MoMg AdPet v amaptic 6TEAVEL v UAVLHO TNG HOPONG
<secure,tag,mid> & 6Lovc Tov ELINPETNTES apyEi®V TOV VLAPYOLY TO GuVOAO acc. O Adyog
OV GTEAVEL TO GUYKEKPUUEVO VOO EIVOL Y10 VO, EVILEPDGEL TOVS EEVTINPETNTES apyEi®V OTL
po amaptio and eEumNPeTTEG EVPETNPIOL YVOPILEL Yo TV O TPOGPATN YPOVOCSPPAYIdaL.
YVVETMG, o1 eEVINPETNTEG apyeiwv TOTE 6To PHEALOV deV Ba ypelaoTel va ETIGTPEYOLV TN TN
TOV X e WKPOTEPN Ypovocepayida. Q¢ amotélecua, ot eEumnpettés apyeimv umropodv va
JSypayouv OAEG TIG TIHEG TOL X TTOL gival KpOTEPES NG TEAEVLTALOG YpOovOosPpayidag. TELOG,

o mehdng Ci avtomokpivetal 6To ypron pe v ektéleon g eEmTepkng evépyetog Write-oki.

PHASE  CLIENT DIRECTORY REPLICA

4\4'.'rez'«d-0\‘""-'(P

<write,val tag,mid>

Wrw id>
</<Mﬂﬁhm/

SWwrite ace.tag, mig>
wdw ' .oki‘

<
wok fa Mid>

wdr

Yyna 3.8 [5,6]

Y10 Zynuo 3.8 mopovoidletor 1 Asttovpyion ypaprg tov meAdtn. ITo ovykekpyéva
OVTUTPOCMOTEVEL TOL UNVOUOTO TA OToio avtaAAdLovTal PETOED TOL TEANTN KOl TV OVO
eEummpeTOV.

16



3.2.2 E€uanpetnTig Evpetnpiov

H Poaowm appodidmra tov E&ummpetnt) evpetnpiov eivor vo kpatd mAnpogopieg mov
agopovv v tomobecio Twv evnuepopévov (Up-to-date) avtiypdeov. H vroypoaen tov
AVTOUATOV TOV eELTNPETNTN EVPETNPIOV amOTEAEITAL OO TNV EVEPYELD €16OG0L recv(m),j ko
faili, ko v evépyela e£660v send(m)ij. Ot pHeTaPANTEG KATAGTAGE®Y TOV QLTOUATOV Eivar 1
petaPAnty utd, n omoio. AVTITPOCOREVEL TOVG EVNUEPOUEVOLS EELANPETNTEG apYEi®V, 1
petofAnt tag otnv omoio MEPLEYETOL 1 EVNUEPOUEVT] YPOVOSOPaYido Kol TEAOG, MO
aKoAovBio pnvopdtov Mmsg otnv omoia amodNKELOVTOL TO TPOGMPIVE UNVOLATO TTOV CTEAVEL

TO EVPETNPLO.

Agrrovpyia Avayvoong

Onwc €xel avapepOel Kot TPoNyoLHEVMC, 0 EELTNPETNTAG EVPETNPIOL Eivarl apprddIOC VO KPOTa
TANPOPOPIES TOL aPopovV TNV ToTofesia TV evnuep®UEVOV aviypdewv. Etopévag, dtav
Kémolog meAdtng Béher va daPacel v tun X tote B oteihel Eva punvopa g HopeNg
<rread,mid> ka1 Oa wéper wg amdvnon to uvope <rread-ok,utd,tag,mid>. O e&vmnpetntic
gupetnpiov pmopel vo Topordfet kot to pivope g popeng <wread,mid> 6mov og owt TV

TEPIMTMON AVTATOKPIVETOL IUE TO UNVLLLOL TNG Loperg <wread-ok,tag,mid>.

Agurrovpyia I'pagiig

Ortav o e&umnpetntig evpeTnpiov Topoardfel To pvope g popeng <rwrite,S,t,mid>, eAéyyet
eav 1o t < tag, av n cvvOnNkn oydel dev Kavel Kopia Aettovpyia emeldn to Write givar molod.
¥t mepintmon 6mov 1o t=tag , tote 10 S elvar £va GVVOAO amd eELINPETNTEG apyEi®V 1 oTToiot
&yovv v véa TN Tov X kot Tpocbétel to S oto utd. Téhog, otn mepintwon 6mov o t > tag
TOTE £OVUE MO VEQ TN TOV X KO TNV omoBnkevel. e Oha ToL UMVOLATO TOV GTEAVOVTOL At
TOV TEAGTN, 0 ELMNPETNTNG EVPETNPIOL ATAVTA e VO VOO TNG LOPENC <rwrite-ok,mid>.
H 10 Aoykn akolovBeiton ko otn mepinTmon OTov 0 eEuINPETNTNG apyeimV TapardPet To
uvopa <wwrite,S, t, mid >, pévo mov og avty ™ MEpinT®on Oo anavInoel 6To TEAATN pE Eva

unvopo e Hopeng <wwrite-ok,id>.

3.2.3 E€uanpetntiig Apyeiov

To avtopato Tov gduanpetTnT aPYEi®V OTOTELEITOL OO TIG EVEPYELES E1GOS0V recv(m)ij Kot
faili, v evépyela €€660v send(m)ij kot TIC ecwTePKEG evépyeteg gossipi. Ot petafAntéc
KOTAGTAGE®Y TOV OWTOUATOL &ivorl 1 petafintn data n omoio givatl £va GOVOLO TG LOPONG
[value,tag,bit] , 6mov value avtmpocmnedel Ty T T0L X , tag n ypovooepayido ToL LG
deiyvel moco TpoGEatn gival 1 T tov X, kot bit To (Security bit) odlmg bit aceaieiog mov

&xel og medio opiopov {0,1} kot aviumpocomeVEL av 1 €Yypaen £ywve emTuydc 1 Oxt. O KOPLOg
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pOAOG TOV EELTNPETNTA aPYEI®V Elval va, AmOONKEVEL TYES TOV X, TIG OTOIES O TEAATEG LTOPOVV
va ypdeovv kot va otafalovv. Opmc, o eEummpen g apyeimv Kpatd TOAAEC TIEG TOL ¥ OOV
Kka0e Tiun y £xel pali éva cvoyetiopévo tag mov avImpoo®nEVEL TOGO TPOSPUTY| EIvVOL 1) TIUY
avTn Kot éva, Security bit. Xvvendc, av Eyovpe [*,1,1] onuaivel 011 n eyypagn oAokAnpdOnke
Kot givat ac@oinc. Ze avtifetn nepintoon Oa Exovue [*,t,0] mov onuaiver 6L 1| €yypaer| dev

&xel ohokANpwOEel axou.

Agrtovpyia Avayvoong

Ortav o e&umnpetnng apyeiov Adpet évo pnvopo e popeng <read,t,mid> oamrd kanoo meldtn
mov 0éAel va dwPdoel Ty T pe ypovooppayida t, tOTe mpémel vor EAEYEEL av VTLAPYEL
uetaPAnty oto ovvolro data [v,t,*] ko v emotpépet. Edv dev vdpyet onuaivel 6t n tiun X
LLE TN GLYKEKPLUEVT Ypovooppayida Exel dlaypapel amd tov garbage-collector. Xe avty v
nePInTOON 0 eELINPETNTIG aPYElOV EMOTPEPEL TN HeYaALTEPT acPaAr TiuY| . H peyolotepn
AGQOANG TN ,etvar 1 peyaidTepn T mov £xel 10 ac@orég bit e va wovtan pe 1. H tyun

maxst(data) opileton wg e&ne :

(v, t)((v,t,1) €data) A((v',t',1) €Edata =t >t

maxst(data) =
( ) {(UO,tO) 3, t:(v,t,1) €data

Agrrovpyia Eyypaoeng
X mepimtwon Omov o eEummpetntig apyeiov mopoiopPdvel To pRVLMO TG HOPONG
<write,t,mid> o6 kdmoro meldtn mov {NTd va ypawel po véa Tiun X , tote Tpoobitel ot

uetafint data v mAedda [v,t,0].

Agrrovpyia Ileproviioyng

Mw and tig onuavtikotepeg Asttovpyieg eivon m Asttovpyia g meptovAroyns. Katd
Aertovpyia eyypagng, opyikd Ypaeovtol OAeg ol VEEG TIES X HéPL vo. Yivel To secure bit 1.
Enopévac, Bélovpe éva punyoviopnd o omoiog vo dlaypaeel Tig ToAMES TIES TOV X OV OgV
ypewdlovtar to ovotnua. O unyovicpdg avtog ovoupdleton garbage collector kot eivou
vevBuvog vo daypapetl TinéG ol omoleg elvan mAéov moAlEg. O Adyog mov dilvetor avti M
dradkacio etvat emedn 0Tav o eELANPETNTNG apyeimv Tapaidfet Eva secure pnvopa, yvopilet
ot degv Oa ypelaotel va Eava emoTpéyel TN Pe HKpATEPT Ypovosppayida. Q¢ amotéleoua,

01 TOMEG TUYES VO TPETEL VO, S1OLYPOPOVV.
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3.3 Tpomomompévog AryoprOpog LDR

[Maporo mov o adyopiBuoc LDR [5,6] ftov apketd amodoTikog Yo TV HETOPOPH HEYOIA®Y
AVTIKEWWEVOV OTG apyeiwv 0ev Aapfdvel vtoym av To apyeio &xel tpomomondel and Kamolov
Ao meLdtr). Me dAAa Aoy, 0ev AapPdvel vTOYT av 0 TEAATNG EKOVE AAAAYEG TAV® GTO TTLO
npocpoto apyelo. Onwg €xel avapepbel kar mponyovpévmg o aiydpibuog LDR  eivon
Baoiopévog otov ABD [13] kot mo ovykekpipévo 1 ETKOWV®VIO HE TOVG eELINPETNTEG
gupetnpiov givar o alyopiuog ABD. O tpomomompévog adydpibpoc LDR [14] épyeton vo
EMADGEL TO TPOPAN L AL TO KOl KOTA TNV AstTovpYyia TG YPOENS AAUBEvEL LTOYT OV O TEAATNG
€xel Kavel TIg aAlayég Tov mhveo ot1o Mo TPoOceato apyeio. Mo kdtm meprypdpetor 1

Aertovpyia ypaeng tov tpomomomuévon aryopdpov LDR.

H Aertovpyia ypapng evog meddn akorovbel tng e€Mg pdong:

Apywd o meldng Ci extedel v Agttovpyion ypoeng Kot oTéAVEL aitnuo oe OAOVG TOLG
eEumnpetTég gvpetnpiov Yo va pabet o eival n o TpdsPatn £kdocn tov apyeiov. Onwg
Kot otov adyopipo ABD, 0 mehdtng Ci mepyuével amdvinon omd pio misioyneio (majority)
egummpemtéc  evpetnpiov. MOMg mhper TIC amovINoES OSWALYEL TNV UEYOADTEPT
ypovooepayido (tag) mov vmdpyel 610 GLOTNUO. AV 1| YPOVOGEPAYIdO TOL VIAPYEL GTO
CUOTNUO IGOVTOL LLE TNV XPOVOCSOPOYida Tov apyeiov mov £yl T0TE cuveYilel Kavovikd TV
Aertovpyio ypaeng 0nmg o kovovikog akyopiBuog LDR. Ze avtifetn nepintwon avokovmvet
0TOVG €EVINPETNTEG EVPETNPIOL TNV TO TPOCPUTN YPOVOSPPAYIdN TOV EYEL EVTOMIGEL OMWG
etvar m dgvTepn @dom g Asrtovpyiog avdyvoong tov adyopifBuov ABD ko {fto amd tovg

eEumnpeTTES apyEl®V VoL TOV GTEIAOVY TO OPYEL0 LE TNV GLYKEKPIULEVT YPOVOGPPAYIdaL.
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4.1 Movtého Ilehatn — ESuanpetnt

Mo a6 TIG ONUOPILECTEPES APYLTEKTOVIKES OIKTVOV €ivat TO HOVTELO TTeAdTN — e&ummpetnn
[18] to omoio amoteAciton amd 60 €idn diepyasiwv, n diepyacia tov weddrn (Client) ko n
depyaocio tov g&umnpetntn (server). Evpémg ypnowomomuévo poviého oe diktvon WAN
(dradikTvo) Kabmg emiong, kot o€ tomikd diktva (LAN). Xkomdg g kabe diepyasiag ivat vo
extedel por ovykekpuévn dovield. EmmAéov, khplog okomdc twv eumnpetntdv gival va
TAPEYOLV SLAPOPEG VINPEGIES GTOVE TEAATEG. YTAPYOLV OPKETA TOPASEIYUOTO EPAPLOYDV
OV XPNGIUOTO10VV TO povtéAdo [Teddtn — EEuanpetnt. Mepikéc onuavtikég epapproyEg elval

o web browser - web server , mail server.

server

client client client

Xympao 4.1
Movtého ITehdtn — EEummpen

H Baocwum grhoco@ia avtod tov povtéAov eivar apyikd 1 eykadidpvorn GOvOEsNS TOV TEANTT
padi pe tov Eumnpetnty). 'Enetta, o meAdng Kavel aitnon 6tov eEVTNpeTNTH VoL TOV EMGTPEYEL
¢ amantoVpevEG mAnpoopies. O eEumnpem g B amodeytel v aitnorn tov meAdn , Kot

aKoAoVOmG Ba amavTioel To® [E TIG ATOVUEVEG TANPOPOPIES.

Yndpyovv dvo €idn eneEepyaciag Omov KAmol0g eneSepyaoTng UTOPEL Vo EKTEAEL , 1] GEPLOKT)
eneepyacio kot n tavtdypovn encsepyacio. Ot enelepyactés ol omoiol EKTEAOVV GEPLOKT
enefepyaocia (iterative), enelepydlovtan e TNV GEPA TIG OUTNGELS , TN Lo LETA TNV GAAN. Evo,
ot g&umnpemTég oL eKTEAOVV TOWTOYpOovN emefepyaocia, emefepydlovtar TG oUTNGELS
Tavtoypova. Ta kébe aitnuo Tov Aappavel o eEvanpetntig dnpovpyet éva viua (thread) to
omoio givar appodlo va eEumnpemoet 1o kKabe meddrn. To kdbe vijpa odokAnpdvel pévo dtav

eEumnpetnoel To TEAATN OV £xEl AVOAAPEL.

4.2 TIpotéxorio TCP

v kafnuepvotnta Log, TPMTOKOALO givorl éva oOUVoAo amd cvuPdoelg mov Kabopilovv To
TG TPEMEL Vo Tparypatomombel po dadikacio. Xto 61KTua VITOAOYIGTOV, TPOTOKOALO £lval
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éva 6Ovoro amd cvuPdoelg mov kabopilovy T0 MG AVIOAAAGGOLY HETAED TOVG OESOUEVA Ol
VTOAOYIGTEG TOL OIKTUOV. XTOV KOGUO T®MV OIKTO®V, TO TPOTOKOAAO &lval avtd Tov
emPefordvel TV a&lOTIOTN ATOCTOAN Kot ANy dedopévav, emiong To TmG yiveTar o EAeyy0g
Kot g avtipetonilovior gvdgydpeva AdBn. Ot meplocodtepes GOYYPOVEG LANPEGIEG GTO
Awdiktvo BaciCovtor oto TCP [17]. 'Eva and to mo yvootd mapadeiypoto mov foaciletol 6to

TCP givou 1o HTTP , yvootd w¢ vanpeoieg World Wide Web (ITaykoopiog Iotdg).

Browser SYN

_ema—

ACK
GET/___

Server

Xynpo 4.2
[Tpwtdéxorro TCP [10]

Mo oOvdeon TCP mapéyet apeidpoun petamopd dedopEVeV HETaED dV0 SlEPYOSLDY OTTOV, LE
TovV 0po Olepyacieg evvoovpe LROAOYIOTEC. Me GAAo Adylo, UTOpPOOV VO HETOPEPOVTOL
J€dOUEVO OO TOV TPATO VIOAOYLGTH GTOV OEVTEPO KAL TAVTOYPOVO, AT TO SEVTEPO GTOV TPMTO
vroAoyloth. Mia obvdeon TCP, etvan mévta and onueio mpog onpeio , avapesa oe £va Lovo

amoGTOAEN KOt £val LOVO OEKTN.

4.3 Ilpoypappotiopnoc pe Yrodoyéc Pong

e avtd 10 VIoKEPAANO EETALOVIE TOV TPOTO LE TOV OTTOI0 £YIVE 1] EMKOIVOVIK LETOED TOV
SaPop®V dEPYACIOV. AV avaloyIoTOVUE OTL Ol OlEPYOCIES GE EVO KOTAVEUNUEVO GOGTNLLA
apyelov Ppiokovior oe yewypapikd amopokpuopéveg tomobeciec, tOte 0 POVOG TPOTOG
emkowvoviag stvar péom owktvov. Emopéveog m emkowovia €ywve pe v Pondeia

npoypappatiopod vrodoywv [10,11] ponc o yhwooo mpoypoupaticpod C.

H vlomoinon Tov katavepunuévov GLGTHLOTOS apyeiwVv arotedeitot amd 4 €101 diepyasidv, €K
TV omoiwv pHovo o depyocion €xel 10 poOAo mEAdTN Kol Ol LVEOAOMES TO POAO TOV
eEumpetnm. Apyikd, o kGbe eEumnpetnTg onpovpyel o Pacikn depyacio  oroio eivon
veEVBLVN Vo aKOVEL GE L0l GUYKEKPLUEVT] LITOJOYY|, £TOL MOTE Vo Yvmpilel mOTE KATO10G

neAdTng 0€Ael va evobel onv cuykekpiuévn vrodoyn. Enetta, yio va pmopéoetl o mehdtng va
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EMKOIVOVNOEL LE TOV KADE €ELIMPETNTY TPEMEL VO ONUIOVPYNOEL [ VITOdoyN pong (Stream
socket). Katd tnv dnuiovpyia thg vwodoyng porg o meAdtng tpénet vo kabopioel tnv diehbvvon
Ko VTodoyN Tov EumnPeTNT. ATd TO Zyfua 4.3 pmopovie va avTIAn@Bov e TV dadkacio

oLVOEDNG KOl EMIKOWVAOVING HETAED TEAATN Ko eELmnpeTNTY.

Qernver

Anuioupyia Yrrodoxris (File Descriptor)

Zugxénon AiebBuvang pe Ymodoxn

listenl) | AKOUOLO EITEQXOUEVWV OUVSECEWY

TCP Client

Anpoupyia Yrodoxrng (File Descriptor)sockes ()

connection establishment

Airnan Ziv8eong | connect [l TTCP three-way handshake) ™| Emegepyania siospxopéns olvseane
L ] |
Eyypaen AcSopévwy e writell data (request) v
— > read( - Avdyvwan AsSopiviuv
\J
process request
Y
L data (reply) - _wEaced Eyypaen Asdouévuv
ead () - -
Kheigo Ymodoxng close end-of-file notification A J
- = read()
¥
_closel) | KAeiowo Ymodoxric
,
Xympa 4.3

Aladikooio ohvdeong Kot emkovoviag peta&d meldrn kot e&umnpetnm [7].

4.3.1 Eion Yrodoyav

Ta dvo mo cvvnbiopéva €idn vrodoymv [11] eivar o1 vrodoyég porg(stream sockets) yia
ovvdéoelg TCP ko ot tnAeypagikég vrodoyég (datagram sockets) yio cuvdéoeig UDP. A&ilet
€00 VO OVALPEPOLLE OTL 01 LTOSOYEG PONG VAL EVPEMGS YPTCILOTOLOVEVES Y1UTL TPOCPEPOVY
a&lomotio otV emkowvovia. Eniong, eyyvdviat 6t Oa ptdcovv dha ta punvipoTa Kot pe tnv
omoTN GEPd. ATO TNV AAAN, 01 TNAEYPAPIKES VTTOJOYEG OEV TPOGPEPOVY A&LOTIOTN GVUVIEST
Kol Vo unvopato propet vo mopaieipfodv pe omotadnmote cepd yopig va givol amapoaitnto
Kako. o Topdostypa, vVTapyovy EPAPULOYES TOL OTALTOVV TO. UNVOLOTO VO OTOGTEAVOVTOL
ypnyopa €161 B TPOTWOVGOV VA YPNGLUOTOMCOVY TIS TNAEYPOUPIKEG VLTOOOYEG. XTO
KaToveUNUEVO cuotnua apyeio mov Ba avaivcovpe OAeg ol emKOwv®Vieg Exovv yivel pe

VTOO0YES PONG , OLOTL oaTeiTON AELOTIOTN LETAPOPA OEOOUEVMV.

4.3.2 Anmovpyia Yrodoyme
Onwg kot oty dnuovpyia apyeiov ypelaldpocte Eva TeplypoeEn apyxeimv £T61 Kol 6TV
onpovpyia vIodoydv ypeldletal vo. dNUIOVPYNGOLUE €va TEPLYPOPEN VTTOdOYNS. [ v

dnovpyia vodoyng xpeldletarl va koléoovpe Ty cvvaptnon socket() mn omoia emoTpépet
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10 meprypagén g vrodoync. Ot mapdauetpol g ovvaptnong socket() sivar n doun g
dtevbuvong, to 100G TG VTOSOYNG , Kot T0 TPMTOKOALD. o TV TapoHoo SIMA®UOTIKY
ypnoworomOnkav ot mapdapetpor. AF_INT , SOCK_STREAM xor 0. To SOCK_STREAM

vrodnAmvet 6Tt Ba ypnoorondel to tpwtoékorro TCP.

#include <sys/socket.h>

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

Y mepintwon emtvyia emotpépet 0, dStapopetikd -1.

4.3.3 Aéopegvon Ovpag Yrodoyng

H cvvéptmon bind() eivar vretBvvn yia ) cvoyétion g vwodoyng pe Kamoto dievhuvon Kot
Bvpa. ['a v depyacio Tov e&ummpetnt Ba kabopicovpe epeic pia yvoot dievbovon oty
omoia Oa KotaEBdvovy o1 autnoelg and Toug meAdtes. ATd TV GAAN, Yo T depyacio Tov
eAdtn o apricovpe To cHGTHA VO amopacicel TV dievduvon ov Ba Tov cueyETIcEL EPOGOV
dev yperaletor vo v yvopilovpe.

To sockfd &ivor o meprypaéag vrodoyng mov enoTpaenke amd v cvvaptnon socket(). To
addr givan deiktng og doun struct sockadd mov mepiéyet g TAnpoopieg yia t devhuvvon Kot

len givar yo to péyebog.

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

socklen_t len);

Emotpépet -1 og mepintmon AdBovg, dtapopeticd 0.

4.3.4 AKOVGNO. OLTI|GEMV GVVOESG

To endpevo Prpor LETA TNV dNpovpyio Kot T GVGYETION TNG LTOSOYNS tval va avakovmBel
amd tov e&umnpetnTh OTL givan £To1pog va dgytel artoelg obvdeong ot 00pa sockfd. Avtd

emuyyavetal pe tn cvvaptnon listen().

H mapdpetpog sockfd givar o meprypagéac vrodoyng mov dnpovpynonke arnd v socket(). H

maxcli dnAdver to puéyloto aplud oTNoE®Y OV UTOPOVV VO TEPIUEVOVY GTHV OLPE yio
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eEumpétnon. v nepintwon 6mov o apludc artnoewv Eemepdoetl 10 puéEytoto apBud , 1ot
o1 emmpOcheTeg ot oELg amoppinTovtal , LEypl vo e&umnpetnBodv KAmoleg amd TNV ovpd £TG1

MOTE Vo ONoVPYN Ol YDPOG TNV 0LPE Y10 KOVOVPYIEG OUTHOELS.

#include <sys/socket.h>

int listen(int sockfd, int maxcli);

e mepintwon emrvyia, emotpéeet 0, dapopetikd -1.

4.3.5 Xovoeon pe ESumnpetnt

210 povtélo TEAATN — ELTINPETNTY Y10 VO VILAPEEL EMKOVOVIR LETOED dVO JEPYOTIDOV TPETEL
mpoto vo Tponyndel n tpuepng yepayia v omoio apyiler o meAdtng. Emouévemg, yo va
eykafidpubel n ocvvdeon petald tng VITOJOYNG TOV TEAATN Kot TOL €ELANPETNTH TPENEL VAL
KaAEoel TV ovvaptnon connect().

To sockfd givar o meprypa@éag vTodo NG TOL TEAATH. TNV TEPITTOON OOV O TEPLYPUPENS
VTOJOYNG TOV TEAATY OEV €IVl GLGYETIOUEVOG e Kamota dievbuvon , Ba yivar avtopato omd

TNV GLVAPTNON.

#include <sys/socket.h>

int connect(int sockfd, const struct sockaddr *addr, socklen_t len);

e mepintwon emrvyiag emotpépet 0, drapopeTiKa -1.

4.3.6 Amodoyn Aitnong Xvvoeong
Ortav o e&umnpemn g givar TpdOvpog va dextel authioelg cvuvdeong pe v cvvdaptnon listen()

10 emdpeva Prpa eivar vo amodeyel kamola e16EpyOUEVT aitnom Le T cvvdptnon accept().

Katd v ektéheon g cvvaptnon listen() emotpépetar o véog meptypa@éag vwodoyng g

ovvdeons. Xtig mopapétpovg addr kot len amobnkevovtar TANpoPopieg GYETIKG e TNV

25



TAVTOTNTO TOL TEAATN OTOV GTNV CLYKEKPUEVN TEpinTwon ivan 1 d1evBvvon Tov. Emmiéov,

ot mapauetpo len amobnkeveton o péyebog g drevbvvong tov.

#include <sys/socket.h>

int connect(int sockfd, const struct sockaddr *addr, socklen_t len);

e mePIMTOON EMTLYIM, 1| CUVAPTNOT EMGTPEPEL TO VEO TEPTYPAPEN VTOOOYNG TNG CVVOIESTG,

SLPOPETIKA eMOTPEPEL -1.

4.3.7 Avtarrayn) Aedopévov

Ot ocvvoptoetg send() kor recv() eivar dvo Omd TIC TO OCNUAVTIKEG GUVOPTNOELS GTOV
TPOYPOUUATIGHO VITOSOY®V. Mag TapEyovy TV SuVOTOTNTA AVTOAANYT] UNVOUATOV HeTAED

d00 OlEPYOCLDV.

H ovvéaptnon send() otéiver n bytes amd ) cvpPoroceipd mov deiyvet to buf, oty vrodoyn
nov delyvel o meprypapéag vrodoyng fd. H cuvaptmon recv() dwfaler uéypt n bytes amod to

neptypagén vrodoyns fd kot ta amodnkedel ot cupPforocelpd mov deiyvet to buf.

#include <sys/socket.h>
#include <unistd.h>
ssize_t send(int sockfd, const void *buf, size_t nbytes, int flags);

ssize_t recv(int sockfd, void *buf, size_t nbytes, int flags);

Emotpépovv tov mpaypatikd apBud dedopévev mov Exovy otaiel 1| StuPfoctel, O1opopeTiKa

emotpépeTon -1.

4.3.8 Metagopa apyeiov

H ovvaptnon sendfile() sivor katdAAnAn vy T amodotiky petapopd apyeiov oe
TPOYPOUUATIGHO  vodoy®mv. ITlapdro mov eivor dvvatd va  petagépovps  opyeio
YPNOUOTOIDVTOC TN cvvaptnon send, n kopia dopopd tng sendfile sivor ot avtrypdeet ta
dedopéva katevBeiay 6T VITOdoYN EMKOVOVIOG YWPIic va ¥pelaleTol Vo, To. LETAPEPEL TPADTA
OTO YOPO TOL ¥PNoTH. Me avTd TOV TPOTO YivETAL TOAD TTO OTOSOTIKY 1] LETOPOPE apyeimv.

H napdapetpoc out_fd avrimpocwnevet to meprypapéa vrodoyn 6mov Oo ypaptovv To dedopéva,

n mapapetpog in_fd sivor o meprypagéac apyeiov ko 1 mopduetpog offset sivar ya va
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yvopilovpe péypt mo onpeio Tov apyeiov &xet draPdoetl péypt otryuns. T€hog, To count givar o

apOuog twv bytes mov mpénet va ypoa@tovv 610 TEPLYPAPEN VITOSOYNC.

#include <sys/sendfile.h>

ssize_t sendfile(int out_fd, int in_fd, off t *offset, size_t count);

Emotpépovv tov mpaypatikd aptfud dedopévav mov £xovv otodel 1 Stofactel, S1popeTIKd

emotpépetTon -1.

4.4 Nnjpato

H dmop&n molvvnuatikod TPOoyPOUUATIGHOD Yl TIG TEPIGOOTEPES EQPUPUOYES Eival GYEOV
amoPoiTNTY. XXeG0V OAES O1 GVYYPOVEG VTTOAOYICTIKEG OVIOTNTES £XOVV TEPLOCOTEPOVS OO £V
enefepyaoTéC G amoTéAECUO Vo VIApyel M avaykn vo aglomomBovv. v mapovca

OUTAMUOTIKY EPYOCIO VIPYOV TOAAES TEPIMTMOGELS TOV LANPYE 1 AVAYKT Yol TALTOXPOVN

e&ummpémon.

I'evikd M tavtdypovn e&ummpétnon umopet va emtevydel pe ddpopovg tpodmovg. Ot mo
ocvvnbicspévol givar n ypnon depyasidv 1 vnuatov. Eviovtolg ta vApata £xovv apketd
TAEOVEKTNLATO GE OYEoMN Ue TIS depyacies. H dnmuovpyia diepyosidv yivetor pe tnv evioan
fork() n omoia deopedel apketn uvAun. Emiong, n evaliayn diepyociov givatl 5 popéc mo apyn
and v <<evoAloyn>> vnuatov. Axoun o€ cvotiuoate N emeEepyacTtdV TO VIHOTO

EKTEAOVVTOL TTPOLYLOTUKA TTAPAAAT QL.

Enopévog yuo t tawtdypovn eEumnpéon tov mEAATOV £Yve M (PO VNUOTOV UE TNV
Bonbewa g PipAobnkne pthread.h. Ta «éBe véa aitnon mov déyetar o e&vmmpetntig

onuovpyeitan £va vijpa To omoio ivar vrevBuvo va eEummpetoet 1o KaOe mTeAdT.

s s
core || core

Xympo 4.4

Ameikdvion Nnudtwov
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To Zynua 4.4 aneucovilel 500 vijpoTa To 0oia KAVoLuv dVO SIUPOPETIKEG EPYACIES TOPAAANALL.
Mo va petoylotticovpe o €appoyn, mn omoia YPNOWOTOlEl VAUOTO TPEMEL VA

ocoumepthdpovupe ) mo k4T PiPArodnKm.

4.4.1 Anmovpyio Nfjpatog

Kotd v dnpovpyia evog ViHATog TPETEL VO, TOL OPIGOVLE KATOLN YOPUKTNPIOTIKAE KaBMG
emiong va kaBopicovpe mowa Ba eivar n epyacia Tov. H mo kdtm cvuvaptnon onpovpyet Eva
Kowvovpylo vipo mov ekteAei v ovvaptnon thread_f. H mapdauetpog *thread emotpépst to
thread_id tov vfuatoc mov Odmuovpyeitar. Emiong umopodue vo opicovpe  kdmola
YOPOKTNPIGTIKA Y10, TO VA Tov Ba dnpovpynOet pe v mapduetpo *attr. Me v mapdpetpo
thread_f xabopilovpe v cuvaptnon mov eKTeAEl TO VIHO KO TOLEG TAPAUETPOVS Bl TAPEL

oto arg.

#include <pthread.h>
int pthread_create(pthread_t *thread, pthread_attr_t *attr, void *(* thread _f)
(void *), void *arg );

4.4.2 Teppoatiopég Nijpartog

Otav KAmo1o Vo TEAELOCEL OVTO TOV EMPENE VAL KAVEL TOTE TPEMEL VoL TEPUOTIOTEL. AVTO
EMTLYYAVETOL PE TNV MO KAT® GLVAPTNGCN. L& TEPIMTMOT OMOL 1 CPYIKN OlEPYOCTIO-VILLAL
KOAEGEL TNV MO KATO GLUVAPTNGT TOTE TEPIUEVEL LEYPL VAL TEPUATICOVV OAQL TOL VIILLOTOL TTOLOLYL

NV EKTEAECT TOVC.

___________________________________________________________________

#include <pthread.h>

i void pthread_exit(void *retval);



4.4.3 Xvvénero Mviung og Nijpata

Epocov ta vijpata éxouv Ko pviun pmopel vor dnpovpynfodv mpoPfANpaTo acuvETELNS
pviune. o mapdderypo Aabn pviung ta omoio dnUtovpyovuvot OTov Vo VIO TPOy LOTOTTOLE
Kamolo Asttovpyia TAVM O KOMOWL TEPLOYN UVIAUNG evd éva GAAO viuo. mpoomabel va

HETAPAAEL QLT TNV TEPLOYN UVALNG.

2y mepintwon pog 0tav ToALol TEAATEG EMKOIV®OVOUV LE TO EELANPETNTN TOVTOXPOVO TOTE
&yovpe mOALG viipota va Exovv mpdsfacn otn kown uviun. Emopévog yperalopaote éva
UNYOVIGHO 0 0Toi0g Bo amoPeVyEL TPOPANLOTO AGVVETELD LVIUNG. ZTNV TOPOVGH SITAMUOTIKY
Y10, TO GVYYPOVIGUO peTa&d vpdtov £yve 1 xpnon g BtpAodnkng posix n onoia mapéyet po,

AAOTTOINUEVT] £KOOYT] ONUATOPOP®V , TOVE dVASIKOVG oTratoPoOpovg (Mutexs).

#include <pthread.h>
int pthread_mutex_lock(pthread_mutex_t *mutex);

int pthread_mutex_unlock(pthread_mutex_t *mutex);

4.5 Bipmo6nkn Glib

H yhoooa mpoypappaticpov C givor pio amd TG amodoTiKOTEPEG YADGGES TPOYPOUUOTIGHOVD.
O wbprog Adyog Paciletoar oto YeYovog OTL M drayeipton pviung yivetor amd pePLG TOL
npoypoppatiot. Ilap” 6k avtd, dev vmootnpilel €rolpeg GLVAPTAGELS Yo dloeipion

Oed0UEVDV, TTY. OOUES OEOOUEVOV.

H Biprodnkn Glib pag diver ™ dSvvatdotnta va wpoypoppotilovpe oty yiAdooo
npoypoppaticpod C Kot TapdAANAa v ¥pNCILOTOCOVE TOIKIAES dOES dedOUEVOV, OTTMG
oLVOESEUEVEG MOTEC, OEVOPA Kot TIVOKEG KATOKEPLATIGUOD.

I va pmopécovpie va, ypnotpomomcovpe ) Pipiodnkn GLib npémel va copmepiddpoovpe v

TO0 KAT® EVTOAN KOTA TNV LETOYAMDTTION TOV TPOYPEULOTOC.

“pkg-config --cflags --libs glib-2.0°
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Eniong 0o mpénel va tpocBécovpe tnv mo Katw PiPAoONKN 0TO TPOYPOLLL OGS,

4.5.1 Tovoeoepéveg Aloteg

#include <glib.h>

Mo ond 11 Pacikdtepeg OOUES dedopévmv etvar 1 ouvdedepuévn Aota. Mag divel

duvatdTTO VO, Ao KeLOLLE 0TO10OMTTOTE TOUTTO dEdOUEVAV YWPIG Vo TPETEL va kabopicovpe

eEapyng to péyebog e Alotog.

#include <glib.h>
int main(int argc, char** argv) {
GSList* list = NULL;
printf("The list is now %d items long\n", g slist length(list));
list = g _slist_append(list, "test.txt");
list = g slist append(list, "eng.mp3");
printf("The list is now %d items long\n", g slist length(list));
g slist free(list);

return 0;

To mo mwhveo mapddetypa dnuovpyel o cvvdedepévn AMota Kot mpocshitel dvo ovopata

apyeimv. Apyikd, tpénet va. OnAdcovpe T Alota pog mov Oa eivor tomov GSList*.

I'o va g16dyovpe kamolo ototyeio oty Alota ypnoiomotovue ™ cvvaptnon g_slist append.
H cuvéptmon avt) maipvel 00 TAPAUETPOVS KoL EMGTPEPEL TNV KOvoLPYLo apyn TS AMoTog
pag. H mpot moapdpetpog eivar to dvoua g Motog pog Kot 1 0g0tepn 10 oTolKElo OV

TPOKELTOL VO TPOcHEGOLE 6T AloTaL.

H ovvéaptnon g_slist_length emotépet to péyebog e Alotac. Me Ao Aoy, mdoa ototyeio
&yovv gloaybei ot Alota. Télog, | cvvapton g_slist_free ypnowonoteitar oy nepintmon
mov BéAovpe va dlaypayouvpe T Mota pog. Ataypaeet OAN T Pvnun mov £xel 0ecuevBel yia

TN GLYKEKPUEVT AMoTal.
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#include <glib.h>

int main(int argc, char** argv) {

GSList* list = NULL;

list = g slist_append(list, " test.txt ");
list

g slist prepend(list, "filel.pdf");

printf("The list is now %d items long\n", g slist length(list));
list = g slist remove(list, "test.txt ");

printf("The list is now %d items long\n", g slist length(list));
g _slist free(list);

return 0;

}

* 3k %k X k Ou-tpu-t * 3k %k X >k

The list is now 2 items long

To mo Tave Tapdderypa Topovcstalel Twg propove va tpochicovpe dvo ototyeia ot AMota
pog Kot akoAovLlws va dwypdyoope éva and ta 600 apyeia. o v daypdeel Kamoov
ototyeiov g Motag pag, xpnowonoteitar 1 cvvaptnon g_list_remove n onoia maipvel dvo
napapéTpovs. H mpdytn mapdpetpog etvat to dvopa g Alotog pog Kot 1 0e0vtepn to ototyeio

ov BEAovE VA O1YpAYOLLLE.

To mo kdtw mapdaderypa deiyvel TS PITOPOVLE VA EIGAYOVLE dEdOUEVO TOTOV OOUNG 6T AloTal
pog. Mepikég opég etvat onuavTiko vo I60YOVE Eva 6TOLEIO 6T AT [LOG TOV VO TTEPLEYEL
TEPLOCOTEPO TOV EVOC TTEdia. Apytkd dnidvovue To media TG Soung Tov BEAOVLLE VoL E1GAYOLLLE
o Mota poc. Emiong, mpéner va dnpiovpyncovpe kot ™ Adota pog mov Oa eivar thmov
GSList*. Xpnowonowdvtag tnv ovvaptnon g_list_append pmopovpe vo  ecdyovpe

070100 TTOTE OOUT| 6T AloTa LLOgG.

#include <glib.h>
typedef struct {

char* filename;

int tag;

} FILE;

int main(int argc, char** argv) {
GSList* list = NULL;

FILE * file = (FILE *)malloc(sizeof(FILE));
file ->name = "test.txt";

file ->tag = 12;

list = g slist append(list, file);
g slist free(list);

free(file);

return 0;
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4.5.2 Tlivoxes Kotakeppatiopov

M 0md TIG ONUOVTIKOTEPES dOES dedoPEVMV glvar Ot TivaKes Katakeppatiopov. O Adyog mov
elval 1000 OMuoireic eivor Adyo ¢ amodoTikng ovalnmmong oedopévov. Ot mivoakeg
KOTOKEPUATIGLOV YPNGLUOTOLOVV [0 GUVAPTNOT] KOTAKEPUATIGLOV Y10 VO, AroONKEVGOVV Kot

va avalnmoovuv dedopéva og ypovo O(1).

#include <glib.h>
int main(int argc, char** argv)

{

GHashTable* hash = g hash_table_new(g_str_hash, g _str_equal);
g_hash_table_insert(hash, "filenamel", "tagl");

printf("There are %d keys in the hash\n", g hash_table_size(hash));
printf("The capital of Texas is %s\n", g_hash_table_lookup(hash, "filenamel"));

g _hash_table_destroy(hash);
return 0;

}

%k k% k Output %k k k¥

There are 1 keys in the hash
The Tag of filenamel is tagl

To mo mave arid mapddetypo delyvel TOS LTOPOVLE VO OTULLOVPYHCOVUE KOl VO ELGAYOVLLE

oToLyEl0 OTOV TTIVOKO KOTOKEPLOTIGLLOV.

Apywd mpémer vo dMUOLPYNCOLUE €vol TVOKO KOTOKEPUOTIGHOD LE TN GLVAPTNON
g_hash_table_new n omoia waipver dvo mapapétpovg. O tOHmog TOL Tivake mov Ba
dnuovpynoovpe Bo eivar GHashTable*. H mpotn kou 1 devtepn mapdpetpog apopd
OLVAPTNOT KATOKEPUOTIOUOD. XTN TOpovce SWAOUOTIKY Oo amofOnKevOVE YOPOKTIPES

omoTav B YPNOLOTOMGOLLE TNV AVAAOYN GLVAPTNOT).

Ka0e otoyeio mov elcdyovpe mpémel va eivarl GUOYETIGUEVO pe o Tir. Me dAha Adyla To
ké0e otoryelo mov ewcdyovpe givon g popeng <wiewdl, yun>. T vo glodyovpe Kdmolo
oToyEl0 TPEMEL VO, YPNOLUOTOGOLE TNV cuvaptnon g_hash_table insert n onoia maipvet
tpelc mopapétpovc. H mpaotn eivor to Ovopa tov mivako KOTOKEPUOTIGUOD 7OV EXOVLUE

OMNUOVPYNGEL Kot 01 VITOAOITEG dVO £ivarl TO KAEWDL KO 1) TIUT TOV GTOYEIOV HOC.
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4.5.3 Avvopkoi IMivaxeg

Mo amd T1g o cLuVNOIGUEVEG OOUEG dedOpUEV@V givat ot Ttivakeg. To KOPlo HEOVEKTNLA TOV
TAKoOV glvar 0Tt Tpémel va oplotel e€apyng to péyebog tov mivaka. Me v Ponbeta tng
Biprodnkng Glib umopodue va opicovpe duvapikoig Tivakes ot omoiot avéavovtat avToHaTo

o€ mepinToon mov £xel YeUOEL

#include <glib.h>
int main(int argc, char** argv) {
GArray* array = g_array_new(FALSE, FALSE, sizeof(char*));
char* first = "img.png", *second = "img2.png "
g array_append_val(array, first);
g array_append_val(array, second);
printf("There are now %d items in the array\n", array->len);
printf("The first item is '%s'\n", g_array_index(array, char*, 0));
g_array_remove_index(a, 1);
printf("There are now %d items in the array\n", array ->len);
g array_free(array, FALSE);

return 0;

% % % %k % 0utput * %k % %k %

There are now 2 items in the array
The first item is 'img.png'

The third item is 'img2.png'

There are now 1 items in the array

To mo mave mapddetypo mopovctdlel MG UTopoVUE VO, SNUOVPYHGOLUE £V SVVOLIKO
mivako Kot v e1.6Ayovpe ddpopa ototyeio. Apyd mpénel va opicovpe éva mivako THTov
GArray*. Axohovbwg ypnoiponolodpe v cvuvaptnon g array append val n onoio maipvet
000 TOPAUETPOVG, Y10 VO EIGAYOVUE omolodnTote otoryeio. H mpotn mapduerpog eivar to
OVOLOL TOVL TIVOKO TOV £XOVLE OMIOVPYNOEL KO 1) dEVLTEPT TAPAUETPOG EvaL TO GTOLXELD TTOV
0élovpe va eilcayovpe. H ocuvaptnon g_array_remove_index maipvel dvo TopapéTpous Kot
YPNOUOTOIEITOL Y10 VO S1YPAYOVLE £VOL OTOLYEID OO TOV TIVOKQ, GE LU0 GLYKEKPIUEVT BEa.
H mpodm moapdperpog eivar to dvopa tov mivaka kot 1 ogvtepn 1 Béon mov Ppioketal to

ototyelo mov BEhovpe va dtarypayovpe.

33



4.6 BiproOnkn GTK+

H BPprodnkn GTK+ givon po amd 115 dnuogiréctepeg PipAobnkeg yoo v ovamtuén
OLEMAPDV GE TPOYPALUATO YPOUUEVO GTT) YADGGO TPOYPUUUATICHOV. ATveL T duvaTOTNTO GTO
TPOYPOUUUATIOT] VO YPTOUOTOGEL GLUVOPTAGELS Yo TNV ONUIOVPYIDL GOPIOTIKAOV Kot

TOAOTAOK®V SIETAPDV.

o va pumopodue vor ¥pNGILOTOMCGOVUE TNV GLYKEKPUEVN PipAoOnkn mpémer vo v

TpocOécovpe oTov TNyaio KOdka wg akolovdng:

Eniong xotd v petaylottiong mpémel vo mpocHBECOLHE TNV O KAT® EVIOAN GTOV

LETOYAOTTIOTY).

4.7 Aentopéperes Yromoinong

H vlomoinon tov kataveunuévov cuotNHoTog apyeiov &ywve oto mepifdAiov Linux pe tnv
YAOGGO TPOYPAUUOTIGHOV C Kot 0 KOOKaS Tov cuotnuatog Bpioketal oto [apdaptnua A. To
obomuo. omoteleital amd 4 Swnpopetikég depyaoies: Ileldrng, Directory, Replica kot
FileManager. H emwcowwvia €ywve pe v ypnon C sockets IP/TCP oto poviélo meldtn-
egummpem . H gpappoyn tov meddtn emikovavel pe OAeg Tig diepyacies. e avtiBeon, pe Tig

depyaocieg Directory, Replica xou FileManager mov emikowvavodv poévo pe tnyv diepyacio Tov

AdTn
Directory Server < Eyﬁ
Directory Server < > "7K‘ﬁda ]
2 o
T Mea 3.
2 2 Directo! ry Server (<> t o :I
3
2
) I 3
Filemanager —— client | - File1
Server [ 7
] [ R 1 =
— e
| -l 12
-
| - File1
L Replica Server F
<
— _— - Filea
Replica Server -~
- -~
- -
File3 File.
Xyna 4.10

Apyrtektovikn Katavepunuévov vompotog Apyeiov
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210 Zyqua 4.10 amekovileTon 1 0pPYITEKTOVIKT TOV KOTOVEUNHEVOD GUOTHUOTOS apyEimV.
Apyd o TeAdng eykafidpvel chvoeon pe OAeg Tig olepyacies. ALilel edd va avapEépovpe Otl
N obvdeon He OAEG TIG OlEPYaoieg MOUPAUEVEL EVEPYN UEYXPL O TEAATNG VO EYKOTOAEIYEL TO

ocvotnpa. O KOplog Adyog Tov akolovbeital n Tposyyion avtr gival yio Adyoug emidoonc.

O meldang emkowwvel tpota pe to filemanager ywa va evnuepmbel yio ta dtobéoipa apysio
TOL GVOTARATOC. AKoloVOmG, (ntd amod to filemanager va uaber mo givar to avayvoploTiKd
oV apyeiov mov BéAel va dwuPdoet. H emkowvovia pe i vméAouteg diepyacieg yivetal pe 1o

avVoyvVOPIeTIKO TOL apyeiov.

21 mepinton 0mov o meAdTng BEAEL v S1aACEL KATOL0 apyElo EMKOWVMVEL TPMOTO e GAOVG
tovg directories kot mepiévet évo quOrum and anavtioels. O Adyog mov mepipével Eva quorum
oo OMOVTNGELS Elvat Yia va pmopobpie va gyyonBovpue 01t Ba dtofdoet to mo Tpdceato apyeio.
To pvopo mov Aappaverl and tovg directories sivar otn Tpaypatikdémro oot replica kpatdve
10 televtaio apyeio. Ilpv ntoetl dmwg 10 Tpaypatikd apyeio mpénet va Eavd emtkovovnoel
ue 6Aovg tovg directories kot vo Tovg EVIUEPDGEL TLO €IVOL TO 10 TPOGPATO OPyYEi0 TOV EXEL
AaPet. O Adyog mov yivetor avtd to emmAéov Prina eivar yio AOYoug GUVEREWNS OTMG EXEL

e&nynOel mponyovpévag katd v teptypaen tov adyopibumv ABD kot LDR.

Otav AdPet évo quorum omd omavtnoelg Katd tn JehTepn QAo EMKOWMVIOG HE TOVG
directories pmopei tdpa va emtkotvmviost pe tovg replicas kat va tovg {nmoet to apyeio. Ot
TANPOQOPIEC GYETIKG [E TO TO TPOGPATO ap)eio KabmG emiong kol o€ molovg replica sivat

amofnkevuévo, Ppickovtor oto uRvopa o £xet AMaPet amd tovg directories.
O meldtng Ba emkowvwvioel povo pe €va and tovg dwbéotpovg replica mov €yovv 1o mo

npdoeato apyeio. Xe mepintmon 6mov Kamolog replica £xst katappedost T0te (Nt amd tov

emduevo dabéoruo replica to apyeio.
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4.7.1 BiproOnkeg

Ot dopég dedopévav mov Exovv ypnoomoindel 6to cuatnua Exovv yivel pe v Pondeta g
Biprodnkng glib. H Biprodrikn glib mapéyer Pacikéc dopuég dedouévmv LAOTOMUEVES GTN
YAOGGO Tpoypopupatiopod C, Onwg ovuvdedepuéveg MoTeG Kot TIVOKES KATOKEPUOTIOUOV.
Ondtav yuo va Yivel 1 LETAYADTTION TOL GUGTNUOTOS TPEMEL VO VITAPYEL EYKOTEGTNUEVT 1| TTLO

KAt BAodnk.

>> sudo apt-get install libgtk-3-dev

Koatd v petayAdtion tov cuotiuatog tpénet vo eicayfel n mo Katw mopdpetpog.

“pkg-config --cflags --libs glib-2.0°

4.7.2 Eyko0idpvon emkowvoviog

Kotd v obvdeon tov meddtn oto K.X. A, dheg o1 amapaitmteg mAnpogopieg mov Tpénet va
yvopiler to mTpdypapa tov meAdtn Ppickovior oto ‘config.txt’. To diktvo eivar oToTIKO,
EMONEVMG OAeG Ol dlevbivoelg kot Bvpeg dev ypetdletar va tpomomombovv. O merdng
ocvvdéetan pe Tov dloyelplotel apyeiov, eEumnpetnt) gvpetnpiov kKo apyeiov. Emiong, M
oLVOEDN e TOVG LT PeTNTESG Ba Yivel HOVO o opd Yo kKGO TEAATT KOl 1) amocOVOEST) Oa

yivelr pdvo ot mepintmon 0mov o meAdtng O eyKATaAEIWEL TO GUGTNLLA.

4.7.3 Mlehatng

O polog Tov mehdtn oto cuotnua givarl va dPadet , ypheet kot Tpomomolet Ta apyeio Tov
ovotnuatog. ['a va dtafdoet Eva apyelo TPEMEL TPAOTA VO ETIKOIVMOVICEL LLE TOV OLO(ELPLOTH
apyeiov £tol dote va pabel To gival To avayveoploTiko Tov apyeiov. Akolovlwg, emkovmvel
pe Toug eEumnpetntég vpetnpiov Yo va evpuepmBel Yo v tedevtaio £kdoor Tov apyeiov
Kol Yo, T0 6OVOAO TV eEumnpemTdV apyeiov mov €xovv v televtaio ékdoon. o v
OAOKANPMOT QTN TNG PACNG, TPEMEL VO TEPIUEVEL UEXPL VO TTAPEL OTAVTIOELS OO Hia
mieoynoeio and e&umnpetntéc, €161 doTE va givan ciyovpog 6Tt Ba mapardpel v televtaia
OAOKANPOUEVT YPOON. Ze avTiBeTn TEPIMTMOOT, EMOTPEPEL GTOV XPNOTN OTL dEV UTOPEL va
extedeotel n Asrtovpyio mov {ftnoe. 'Emerta, emuowvovel pe évo amd tovg eEumnpetntég

apyeimv ot omoiol kpatdve to apyeio kot {ntd va Tov oteilel To apyeio.
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[Ma to ypayo evog apyeiov, o TEAATNG EMKOIVOVEL [LE TOV OlAXELPLOTH apyei®mV Yia va pudbet
TO OVOYVOPLOTIKO TOL apyeiov mov BEAEL va Ypdyel 6To choTUa. TNV TTEPITT®ON OTOV €lval
N TPAOTN Popd mov Ba ypdwyetl avtd o apyeio, TOTE 0 dlayEPIOTNS apyeiwv Ba dnuovpynoet
€VOL KOVOUPY0 HOVAOIKO avoyvmploTiKO Yo T0 apyelo kot Bo 10 oteilel otov meAd.
AxoloVOmG, TPEMEL VO ETIKOVMOVICEL LE TOVG OLOYEIPIOTEG OpYEi®V Yo va. pabel 10 mo
TPOGPATO AVAYVOPLOTIKO TOL apyelo Kot va 1o avénoet Katd éva. AkoAoHOwe, emtkovmvel pe
éva 6tafepod aplBud and eEumnpetTég apyeiov yia va ypayet o apyeio. O otabepdc aptfpog
amd e&ummpemtéc apyeiov opiletar pe Paon 1o mocooto f kot givar pa TpdPreyn moGOL

ENEEEPYAOTEG EVOEYETOL VO KATAPPEDCOLV.

4.7.4 E€unmpetntig Evpetnpiov

O g&ummpetnC eVpETNPioL £YEL EMKOIVOVID LOVO LE TOV TEANTN Kol G€ Koo TePImTmon oev
emKowvmvet pe Kamoto airo egummpetntn. Eniong, eivor vrevBuvoc va kpatd ta petadedopéva
TV apyeiov. OAeg o1t mAnpopopie oxetikd pe ta apyeio eivor amodnkevpéveg o va mivoka.
Me 10V 0po  mAnpo@opieg EVVOOVUE TESIO OTTMG: OVOYVOPLOTIKO apyeiov , Ovopo apyeiov,
avayvoploTiko £kdoong apyeiov kot dikaropato apyeiomv. TlapdAinia, yvopilel oe molovg

eEummpemTéc apyeimv Ppickovtal To TPoyLATIKO dEGOUEVO.

Koatd v exkxivnon tov efummpemnt] evpetnpiov yivovtolr KOMOES OPYIKOTOMGELS
petafintaov. ‘Enetra, kabopiloviar ot cuvdéoels otig omoieg Oa d€yeTon autnoelg and Tovg
neddteg. O eEummpeng gupetnpiov pmopet va eEumnpetet éva peydrho apOuo and mehdrteg
tavtoypova. o va pmopel Opwg va yiveton 1 Tovtdypovn eEumnpEtnon amodoTikd, yivetal n
ypron vnuatov (pthreads). o kabe Eva véo aitnua, Snuovpyel éva kavobpylo v To 0Toio

etvatr vtevBvvo va eEumnpéon Eva TeAdT.
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210 7o KAT® oYU TapoLotdleTal £vag amAdg YELOOKMAKAG Y10 T EELTNPETNON TOAAOTADY

TEAUTAOV TOVTOYPOVA OO TOV EELTNPETNTH ELPETNPIOV.

//AVAUEVE O1TACELG amd TMEAATEG
while(1)
{
clientPtr=(struct sockaddr *) &client_addr;

clientlen= sizeof(client_addr);

//TNepLUEVEL pEXPL va SeKTN KAmola aitnon amd KAmo1o TMEAATN
if((newsock=accept(sock , clientPtr , &clientlen )) < 0)

{
perror("accept() failed"); exit(1);

//T1a kGO veEo meAdtn Onuioupyeital €va Kailvoupylo VAUO TO
// omoilo ekteAel tn ouvdptnon accept_thread

if(err=pthread_create(&tid , NULL , &accept_thread , (void *)(intptr_t) newsock))

{
perror2("pthread_create for accept_thread" , err);
exit(1);
}
}//While(1)

Xympao 4.11

Yevookmowkog yio eEVmNpETNoN TEAUTMV

To mo mwhve Zynua 4.11 avTrpos®TEVEL TOV YEVOOKDIKO Y10l TNV EEVTNPETNON TOV TEAAUTOV.
Onwg £xet avaeepbel Kot Tponyovpévemg, yia va emitevydet n tovtdypovn eEumnpéon tov
TENITOV YiveTarl 1 ypnon viuatov. Apyikd, n ovuvaptnon accept() priokdapetal Tpocwpva
HEYPL KATO10G TEAATNG VO EMKOVOVNCEL He Tov  eEumnpetnt evpetnpiov. ‘Eneita, pe
a{tnomn KAmo1ov TEAATN Yl VO EMKOWV®VIA PE TOV EELINPETNTY , dNUoVPYEiTOL Eva VIOl e
mv ovvaptmon pthread_create(). H ovvéptnon pthread_create() koiel v ocuvvéptnon
accept_thread() , n omoia ivor vevBvvN Yoo TV e€uanpétnon Tov meAdn. To dedtepo v
EMOTPEQPEL 6T cvvaptnon accept() yio va umopécet vo eEVTNPETHOEL EVOEXOUEVOVS TEAATEG

mov o TpokHyoLuV.
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210 Mo KAT® oMU TapovoldleTor £vog amAdg YEVOOKMOIKOS Yol TNV €VPECT TOV 7O

TPOGPATOL AVAYVOPLGTIKOV Y10 EVA GLYKEKPLUEVO apyEio.

//Zuvdaptnon IsMaxTag
int IsMaxTag(struct message *tag2)

{
//EUpegon B€ong mAnpodopilwv apxeiou
int index=findByFileID(tag2 , &funfreepos);
//Avaktnon mAnpo¢oplwv Tou apxeiou
point2metadata = (struct metadata *) g_ptr_array_index(metatable , index );
if ((point2metadata->tag.num < tag2->tag.num) \
|| (point2metadata->tag.num == tag2-
>tag.num & point2metadata->tag.id < tag2->tag.id ))
{
point2metadata->tag.num=tag2->tag.num;
point2metadata->tag.id=tag2->tag.id;
//Remove old replica set because now is unnecessary due to
//the tag is old one
g _slist _free ( point2metadata->replicaSet );
point2metadata->replicaSet=NULL;
//Point to new replica set with the latest tag
point2metadata->replicaSet=tag2->replicaSet;
isFound=1;
}
else if(point2metadata->tag.num == tag2->tag.num && point2metadata->tag.num == tag2->tag.id
)
{
point2metadata->replicaSet = insertList( point2metadata->replicaSet , tag2->replicaSet);
}
return isFound;
}

Xympao 4.12

Yevdokmdwog Evpeong tov mo mpodceaton avayvopioTikov apyeiov

O yevdok®dKoG 670 o Thvem Tynua 4.12 avimpocwnevel T cvvaptnon IsMaxTag() n onoia
GLYKPIVEL OV TO KOLVOUPYL0 OVOLYVOPLOTIKO 0PYELOV vl LEYOADTEPO OO TO VPIGTAUEVO. TNV
nepinTon OTOL lval PLEYAAVTEPO TOTE TO TOMO TPETEL OV avTIKATOGTAOEL [LE TO KOVOLPY1O.
O mivaxag metatable sivar évag mivokog otov omoio amobnikevovtar OAeg ot TANPOPOpPieg
OYETIKA [E T apyeia. Apyikd, 1 cuvaptnon avalntd tm B€om Tov apyeiov pésa 6to mivaka.
Mol Bpet ™ B€on avaxtd T TANpopopieg avtég Yo va eAEYEEL av 1 £€K00T TOL OPYEiOV

elval peyodvrepn.
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Ot tHmotl unvdpatog OTov Evag eEVTNPETNTNG opyelwv pmopel vo mapardfet givor Evog amod
TOVG €ENC:

e <rread,msgid,filename,fileid,permission>

e <rread-ok,tag.num,tag.id,repliset,msgid,fileid>

e <rwrite,repliset,tag.num,tag.clientid,msgid,filename>

e <rread,repliset,tag.num,tag.clientid,msgid,filename>

Katdé v Aertovpyio avdyvoong (read) o mehdtng apyikd oTEAVEL Vo, URVOUA TG LOPPNG
<rread,msgid,filename,fileid,permission>, o6mov msgid eivar évag avémv aplBpdc ya vo
yvopilel o TeEAdTNG OTL €€l TAPEL OMAVTNOY Y10 TO GOOTO URvupo ov £xel otaAbel. Eivou
OTNUOVTIKO €00 VO OVOPEPOLLLE OTL TO GUGTNLO LOG TPEXEL KOl GE acVYYPOVO SIKTLO , dpa eivar
Aoyikd kdmoto unvopata va. yavovtat. To filename avtimpoocmnedetl to dvopa Tov apyeiov Kot
7o fileid givar évag avémv povadikog apduog yo kébe apyeio. I'a va propei va emiotpéyet og
TO10VG £EVTINPETNTESG apyeimv PpiokeTor To apyeio Kot o ivol T0 TPOGPOTO GLOYETIGUEVO
AVAYVOPLOTIKO £KO00NG, TPEMEL TPADTA VoL EAEYY DT OTL 0 GLYKEKPILEVOG TEAGTNG EYEL dkaimpal
AVAYVMGOTG Y10 TO GUYKEKPLUEVO 0PYELD. AVTO ETLTLYYAVETOL LLE TO VO, GLYKPIVEL TO PErMISSions
ToV ¥pnotn pali pe tov apyeiov. Av €xel dwaiopa, TOTE EMOTPEPEL Eva UNVLLLOL TG LOPPNG
<rread-ok,tag.num,tag.id,repliset,msgid,fileid> o6mov tag.num «or tag.id eivor ta
avoyvoplotikd tov opyeiov. To replicaset avtimpocwnedel mowor eEumnpetéc apyeiov
Kpatave to wo npdoeato apyeio. Téhog, to msglD xau to filelD givan yia vo yvopilet o meldng

Yl T puMvopo Kot apyelo gtvat to pnvopa.

4.7.5 EGummpetnic Apyeiov

O porog tov eEumnpetnth apyeimv 6to Vot elvar vo amodnKevEL TOAATALS EKOOGELS TV
npoypatikav apyeiov. Kdébe apyeio ovvodedetan pe €vo avayvoplotikd apyeiov yo vo
yvopiler 0 eéummpemtg mdéco mpoceato civar to kdbe apyeio. Emiong, upmopel va

mapoiapfdvel | va otéAVEL apyeia.

H petapopd apysiov éywve pe v xpnon tov tpwtokdArov TCP/IP kot pe v ypnon mg
ovvaptnong ssize_t sendfile(int out_fd, int in_fd, off t *offset, size_t count). H cuvaptnon
sendfile etvan KatdAANAn yio TV peTa@opd Leydrmv apyeiwv, Kabhg eival To amodoTiKn o

ovykpion pe Tig read ko write cvuvaptioels. H anodoticotnta g sendfile givor oto yeyovog
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OTL 0ev avTypdPel TO apyelo OV TPEMEL VO GTOAEL GTO YDPO TOL YPNOTY|, GAAL TO OTEAVEL
amevBeiog otnv vwodoyn. A&ilel d® va aPlEP®COVUE A0 XPOVO Y10 VO EENYNCOVUE TMOG £XEL
yiveln petagopd tov apyxelov oamodotikd. Ydpyouvv d1deopa TpoTdKoAAL Tov Bo propovcay
va ypnoomombodv yio ™ petapopd apyeimv. Mepikd and avtd eivor to FTP (File transfer
protocol) 1 to HTTP. To FTP mp®to mpmtdkorro, ivor moAd amodoTiko yio. T UETOPOPA
peydAwv apyeliov. To 0ebtepo elval 10 PaciKd TPMOTOKOALO TOL YPNOCLUOTOIEITOL GTO
TaykOGHo 10710. TOco Yo T HETOPOPE GEAMOMV KOONDS EMioNG KOl Y10 TO TEPLEYOUEVO TTOV
VILAPYOVV GE U0 GEMO OTT®G Y. apyele. XTn TapovGa STAMUATIKY epyacio £xel oyxedlaotel
éval TPOTOKOALO T0 omoio tpéyel Tavew oto TCP/IP. O Adyoc mov dev £xel yivel ypron twv
TPOOVOPEPOEVTOV TPOTOKOAA®V &lval AOYO TOv OTL LANPYE M AVAYKN VO TPOCOPUOCTEL

GUUO®VO, LLE TIC OVAYKEG TOV GLGTIULOTOC.

//Avdktnon peyEBoug apxeiou amd Tov TMEAATN

remain_data = file_stat.st_size;

while (((sent_bytes = sendfile(newsock, fd, &offset, BUFSIZE)) > @) && (remain_data > 0))

{
remain_data -= sent_bytes;
fprintf(stdout, "Server sent %d bytes from file's data, offset is now : %d and
remaining data = %d\n", sent_bytes, offset, remain_data);
}

//KAelolpo meplypadea apxeiov
close(fd);

Xypna 4.13
Yevookmdwag Amootong Apyeimv

>10 Zynua 4.13 TapovcstaleTol 0 YELOOKMOTKAS Y10 TV OTOGTOAN apyEiwV. ApyIKA, TPETEL VoL
kobopicovpe tov meprypapéa apyeiov. ‘Eneta, ypnowonoidvrag t ovvaptnon sendfile
apyilovpe vo 6TEAVOLLLE TO 0PYEID BTNV VTTOJOYT| TOV EYOVLLE OVOLXTN LLE TOV TTEAATY), LEXPL VO

otaAel 6ho to péyebog tov apyeiov.
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2NV TOMKN TOV VAN 0 e&umnpeTnTig €)Xl amobnkevuévo yio kdbe apyeio: o dvopo Tov
apYEIOL, TO AVAYVOPLOTIKO apyeiov, TN ékdoomn Tov apyeiov, kal o secure bit mov eivon
OVLGYETIONEVO UE TO KAOE apyeio. To medio opiopov tov secure bit givar {0,1}. v nepintmon
6mov o mhstoynia omd eEumnpetTég vpeTnpiov Yvwpilet yio to apyeio avtd ToOTE TO SEcure
bit Tov cvykekpipuévov apyeiov eivar 1. Xe avtifetn mepintwon sivor 0. A&iler €66 vo
avaeepBel OTL TapOLo oL 0 KAOE e&umnpeTNTNG £XEL ATOONKELUEVES TOAAATAEG EKOOGELS TOV
K60Oe apyeiov, otav mépet éval pvopo ™mg HopO1G <secure,
tag.num,tag.id,msgid,fileid,filename,filetype> «kdaver to secure bit Tov apyeiov pe to
OLYKEKPIEVO dvoua apyeiov va woovtor pe 1. AkoAoHOwc, dtaypdpel OAES TIC TAANIOTEPES

€KOOGELS TOVL OPYEIOV TTOV EYOLV LUKPOTEPT AVOYVOPLGTIKO £KO00T OPYELOV.

Kotd v exxivnon g epapproyns, SEXEToL oav 0piGUOTA YPOUUNG EVTOADY TO TTLO KATO:

Jreplica [port number]

omov replica givatl to dvopo tov ekteEAéotuov apyeiov kot port number givor  OOpa mov Ba

aKOVEL Y10 EICEPYOUEVEG ATNOELG CVUVOEDNC.

4.7.6 Awyeiprotic Apyeiov

H opro oppodidomra tov dtoxelptot apyeiov ivatl va dnpovpyel yio kabe Kavobpylo apyeio
070 GUGTNUA VA LOVAOTKO aVoyVOPIGTIKO. AKOAOVOMG, EVILEPMVEL TOV TEAATN OO EIVaL TO
AVAYVOPIOTIKO £T6L OOTE O TEAATNG VO EMKOW®VEL e TOVG VROAOIMOVG EELMNPETNTES
YPNOUOTOIDVTOS TO avAyVOPLoTIKO avtd. EmmAéov, avabétel Eva povadtkd avayveopioTiko
v k0Be e €161 OOTE Vo avayveopilel povadikd tov Kabe meldtn Kot vo omofnKevel Tov

onpovpyd tov kabe apyeiov.

Koatd v exxivnon g epopproyng, 0&xetal ooy opicHOTo YPOUUNG EVIOADYV TA O KATW:
il [port number]

Ormnov fil etvor T0 6vopa Tov extedésipov apyeiov Kot port number givor 1 00pa wov Ba axovel

Y10 EICEPYOUEVEG OLTIGELG GUVOECTG.

Ot 1ot unvopaTog Tov mapolapPdvetl o dtayelplotns apyeimv eival ot e€ng:
e <reqclientid,username,msgid>
e <reqcreate,filename,owner,msgid>
o <reqfileid,filename,owner,msgid>

o <regfilelist, msgid>
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Katéd v maparapn tov punvopotog reqclientid o dwyepiotg apyeiov dnuovpyel éva
LOVOOTKO OVOyVOPLOTIKO Y10l TO GLYKEKPIUEVO USErName Ko EVUEPMVEL TOV TEANTN TTO ivar

TO OVOYVOPLOTIKO TOL TOV EXEL OVOOETEL.

Koatd v maporapn tov unvopatog reqereate dmpovpyet £vo Lovadiko avayvopioTiko Yio To
OLYKEKPIUEVO OVopa apyeiov. AKoAoVOmE, EVNUEPDOVEL TOV TEAATN LE TO 7O &ivow TO
OVOYVOPLOTIKO TOV OPYELOL Y10 VO UTOPEL VO ETKOIVOVEL [LE TOVS VITOAOUTOVS EELANPETNTES
YPNOUOTOIDVTOS TO avayvoploTikd avtd. Katd v mapaiafn tov unvopatog regfileid, o
Sl EPlog apyeimv eviomilel T0 avayvmPIoTIKO Y10 TO GUYKEKPIUEVO OVOUO apyEiOL KOl TO

EMIOTPEPEL OTOV TTEAATN).

Télog, katd v Taparapn Tov unvopotog regfilelist evnuepavet tov meddtn pe to mola apyeio

VILAPYOVV G6TO GVoTNUA poll pe Ta GYETICOUEVO OVOYVMOPIGTIKA TOVG.
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Kepdioro 5

Xpnon Xvetpartog: Mo Avaokomon

5.1"Evapén Xvotipotog 44
5.2 Exxivnon Atemagng 45
5.3 Metagpdptmon Apyeiov 46
9.4 Avalnnon Apyelov 47
5.5 Aegrtovpyia Avayvoong Apyeiov 48

Ye avtd 10 Ke@AAoo Ba mapovoidoovpe TV Pactkn demaen Tov cvotiuatoc. Emiong Oa
deiovpe mwg pmopodue vo  ekteEAécovpe  Pocikég  Asrtovpyieg TOV GULGTNHOTOG

YPNOLOTOUDVTOS TV SETOAPT).

5.1’ Evapén cvoetipatog

Apykd mpémel va yivel n exkivnon 6AwV TV cLuGTATIKOV TOL cvotiuatog. H exkivnon tov

GLGTATIKAOV TOV GUGTNUATOG, UTOPEl va YiveL TOTKA 1] amopoKpLGéVE. AkoAovBmg Ba pumopet

va yivel n xpromn TG OLlEMAPNS Yo TNV EMLTVYT XPNOT TOL GLGTHLLOTOG,.

] Distributed File System

Layout
Login

loggin
e ]

Operations

Logfile

Xyqpa 5.1

Boowm diemapn cuotipatog
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5.2 Exkivnon Awemagig
Io va yivelr | ekkivnon g demaeng npénel vo. tpéEovpe to ekteléoio apyeio ‘interf’ mov
Bpioketar oto @dakedo ‘Interface’. Oleg o1 mopPAUETPOL GYETIKA HE TOVG €ELNPETNTEG TOV

ocvotnuatog Bpickovtat To apyeio ‘conf.txt’.

[ * Distributed Flle System

loggin
elias]|

Operations

Read
List Upload

Xyfqpa 5.2
Apykn SETOP] GLGTNUATOG

Apywd yio va yivel 1 ohvOEGT TOV XPNOTN GTO GUCTNUO TPETEL VO YIVEL 1] EICAYOYT

KGmTolov username.
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5.3 Meta@optmon apyeimv

- O]
Lay t
Le
= Please select a file for editing.
/home/elias/Documents/DistributedSystems/interface =
r ns
| Folders Files
ﬁ chat.txt
Home / chat.txt
client.c
clienth
Read Sk config.txt
guiz.c
test.txt
guil.c
Documents W New Folder Elrename File @ Delete File
Selection: /home/elias/Documents/DistributedSystems/interface
Cancel (=13
Filename Fileid owner
test.txt 1 1
img1.png 2 1
tem3.txt 3 1
Typa 5.3

Metagpoptoon apyeiov

IMa va yiver n peta@odptwon kamoov apyeiov 6to cvotnua mpénetl va emieybel To
kovumi upload. AxoAovBwc, Oa eppavictel éva mapdbupo yio v emléEov e To apyeiov
10 omoio Ba aveBdcovpe. Otav dadégovpe t0 apyeio mpémetl va emréEovpe To kovumi
ok ywa va avefei 6to cvotuo. Oa TapeL Koo ¥povo, avaroyo pe to péyebog Tov
apyeiov yia va avePetl oto cvotua. Mmopovpe va eEAEyEovpe av To apyeio Exel avePel
EMTLYOC N OV VIAPYEL KATOWL GVYKPOLOT] GE MEPIMTOGT OOV TPOSTOONGAUE VL
avepfdoovpe o oAb éxdoon tov apyeiov. Ta avtictorya unvopata Bo epeavicTodv

oto log file view g demaens.
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5.4 Avalitnon Apyeiov

o Distributed File System

{5 @
Layout
Login
loggin
Operations
Read
List Upload
Logfile
Filename Fileid owner
test.txt 1 1
img1.png 2 1
tem3.txt 3 1
Xynpa 5.4
Avolntnon Apyeiov

Mo va 0bpe To apyeio vdpyovv 6To cOoTO TPETEL Vo, ETAEEOVLLE TO Kovpmi list.
‘Enetta, Oa eppovioth pia AMota pe ta dtabéotpa apysio tov cvotipotog oto log file

View g dtemapnc.
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5.5 Agrtovpyia Avayvoong Apyeiov

> Distributed File System
i =@

Layout
Login

loggin

Operations

Read

List Upload

Log file

Filename Fileid owner

test.txt 1 1
img1.png 2 1
tem3.txt 3 1

Xyfqpa 5.5
Avayvoon Apyeiov

Av yvopilovpe mo apyeio BEhovpe va dwfdcovpe amd TO GUGTNUA, UTOPOVUE V.
glodyovpe 10 dvopa Tov apyeiov 610 TAaic10 KEWEVOL oL PpickeTol kKAT® amd TO
kovuni read. ‘Emetta, mpémel vo emlé€ovpe 10 kovumi read yio va €KTeEAEST 1M
Aertovpyeia read. To apyeio Oo petapepbel and t0 choTHHO AP)EI®V 6TO PAKELO TTOVL

Bploketon n demaen.
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Kepdroro 6

Hewpopatikny ASoloynon

6.1 ITpoctoacio 49
6.2 ITAatedppa YAomoinong 49
6.3 Zevapla 50
6.4 Anoteréopata 51

H mapovca neipoapatikn a&oddynon yiveton nepiocotepo wg “Proof of Concept”. To chotua
éxel eleyyBel ko amoceaipatmbel e peydro PBabud katd ™ Sdpkelo TG avamTuENG TOV,
omOTE QLT M TEWPAUATIKY a&loAdyNnon gival TEPIGGOHTEPO YOl VO SMGEL L0 TPOKOTAPKTIKY|

extiumon g andd0oNS TOV GUGTIHOTOS GE VA TPOYUATIKO TEPPAALOV.

6.1 IIpogTopocia

Kot apymv ywo va eheyyBei n opbn Aettovpyia Tov Katavepnuévonv GUGTHUATOS apyeimv £xovv
doxiaotel O1dpopa cevdpla, e SOPOPETIKO aPlOUO TOVTOYPOVAOV YPAPEMY KOl OVAYVOGTOV.
"o v cLAAOYY TV dedOUEVOV Eytvay Ta. avTtioTotyo SCripts yio va vAomombodv T oevapia
Kol €xel yiver mn ypovopéTpnon tov xpovov orokAnpwong g kdbe Asttovpyioc. To kdébe
oevapilo ekteleitar 15 popég €161 dote va vroroyicovpe Tov péco 6po. Ot AemTOUEPELEG TOV
K@0e cevopiov OMWG TOEG TAPAUETPOL YPNCLUOTOMONKAY AVOPEPOVTOL AETTOUEPDS GTOL

EMOUEVO, KEQPAAOLAL.

6.2 ITLateoppa Yromoinong

To Koatavepunuévo cvotnua apyelov tp€xel 6€ NAEKTPOVIKOVG DVITOAOYIGTES TOV TOVETIGTN IOV
Kvmpov pe Intel® 3.40 GHz, og Aettovpykd Centos 6.7 kar 4GB RAM. A&ilel va avagépovpe
70 TPOYPOUU TOV TEAGTN ExEl TpEEEL oE éva NAekTpovikd vroloytoth pe Intel® 3.40 GHz,
Aertovpykd ovotnua Ubuntu 15.04 , 12GB RAM. Eriong va ava@épovpe 0Tt Ta TpdTo, 600
oevaplo £xovv Tpaypotorondei oe diktvo WAN (Wide Area Network) onAadn oto Atadiktvo
6mov M TayvTTA 0TocToAN S oy 8Mbps ka1 TaydTTa Toparapric 4Mbps. To tpito cevapilo
OV APOPOVGE dLapopa. neyedn apyeiov Eywve og diktvo LAN (Local Area Network) onadn
o€ TOMIKO OikTVo 6oV M TayVTNTO amocsToAng Ntav 100Mbps kot 1 ToyvTTa TOpaAapng
80Mbps. Na avagépovpe eniong 6Tt 01 EVTNPETNTES TOV GLGTHLOTOG TOGO Y10l TO, GEVAPLOL TTOV

npaypatoromOnkav oe diktvo WAN kot LAN frav ot idot. H povn dwpopd tav 0t 0
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weAdtng Katd to oevaplo oe diktvo WAN ftav evopévog 610 cuoTnHo O10éGOD TOU
AwdiktHov evd 610 oevdplo mov Etpele o diktvo LAN o meldtng NTav cuvoederévos 6To

cLGTNUO SLUUECOV TOV TOTKOD SIKTVOV, GUVETMG 1) TAXVTNTA NTOV TOAD UEYUADTEPT).

6.3 Zevapra

[l «kdtw mapovcldlovion TO YOPOKTNPIOTIKE TOV TPUOV  GEVAPIOV 7OV  £YOLV
npaypatoromBel. ITo cvykekpipuéva avaeépetal and TOcoVE ELANPETNTEG AMOTEAEITOL TO

K.2.A ko mdéo01 avoyvmdoteg 1 €yypageic eumAékovtal oto Kdbe oevapio.

Yevaprol- Avayvootov

To cevapro avtd ekteléoke pe 10, 20, 30 kot 40 TOVTOYPOVOLG AVAYVAOCTES. ZE OVTO TO
oevaplo, 10 cvotnuo arotedeite amd 1 dayepiot apyeiov kot 3 eEvanpetntéc gvpetnpiov
Kot apyeiov. To apyeio eivar tomov “.png’ kot frav peyébovg 150KB. O mapdyovtog f sivar 2.
H Loy mov €ytve owto t0 oevdpro Nrav yuo va eAeyyBel N copmep1popd TOL GLGTNLOTOG GTNV
nepintoon mov eEumnpetel tavtdYpova TOALOVG Terdtes. Emiong, Yo va eheyyBel n cuvéneia
T0V ocvotuatog. o to Adyo OTL apyikd T0 cLGTNUE Ogv £XEL OMOLOONTOTE OpYEio
amoOnkevpévo Ba extedeotel pia eyypoen yio va anofnkedcet to apyeio mov Ba dtafdcovv ot

OVOYVOGTEG GTO GUGTILOL.

Xegvapro 2 — Eyypageic

210 6evaplo avtd o otdyog elvar va eAEyEovpe av emnpedleTol 1) GLVETELN KOt 1] ATOO0GT TOV
CLOTNHOTOG OTAV LITAPYOLY TAVTOYPOVOL EYYpaPeic mov Tpoomabodv va ypayovy 1o 1610
apyeio. 10 oevaplo avtd ypnowomomnkav 10, 20, 30 kot 40 tavtdypovor eyypaesis. H
SLUOPPMOT) TOL GLGTNLTOG amoTEAEiTAL Ao 1 drayepioth apyeiwv, 3 eEumnpetTég apyeimv

Kot evpenpiov. O mapdyovtos f Tov otabepdc kar icog pe 2.

Yevapro 3 — MéyeOog Apyeiov

210 oeviplo avtd ypnoiponoovvtarl 000 gyypaeilg Kot okomdg pag ivar va eAéyEovpe v
CULVETELD KOl OOS00T] TOV GLGTNUATOG, TOGO Yo UIKpoU peyéboug apyeion aAld Kot yio
peydiov peyébovug. e avtifeon pe ta mponyodueva cevapla Tov 1 a&loAdynon doKINAoTNKE
o€ diktvo WAN, g avtd 10 6eviplo n a&toldynon éywve oe diktvo LAN. Ze avtd to cevaplo
pog evotépepe va dode mwg Oa cvumepipepOet 10 cHoTHa o€ peydla apyeio. H dtapdpemon
TOV GLOTNUOTOG amoTeAeitan amd 1 dayepiom) apyeiov , 3 evanpemtég gvpenpiov Kot

apyeiov.
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6.4 Anoteléopata

Mo kdtw mopovcialovtol To amoteAéopate TOv KGO cevoapiov G€ HOPEY| YPOPIKNG

napaotoonc. EmmAéov yivetar emeEnynon tov amoteAecpdtomv yio to kibe ceEVApIO.

Yevapo 1 - AvayvaroTteg

Avopévetar Tog 0 xpoOvog OAOKAPOONG Uag Aettovpyiag avdyvoong Ba avédavetor 6o
avédvovtal ol avayvmoteg oto ovotnua. Avtd elval amdALTO QUGIOAOYIKO POV LE
TEPLOGOTEPOVG TEAATESG, AVEAVETOL O POPTOC GTOVE EELMNPETNTES. LVVETMDGC, Ol EEVTNPETNTES
Ba yperdlovion TeEPIocOTEPO XPOVO Y10 VoL EEVTNPETOVV TO KAOE TEAATT. XTO TO KAT® GYNUOL
napovctaleTal 0 HECOG XPOVOG oL ypeldleTol vo oAokAnpwbel por Asttovpyio avdyvmong.
210V 0p1LovTio dEova PAETOVLE TOV 0POUd TOV avayVOGT®V TOV AdpBavouy pnépog kdbe popd
Kol otov KaBeto a&ova Olaxpivovpe tov aplOpd TV SELTEPOAEMTMOV TOL YPelaleTOL M

Aertovpyia avéyvoong yia vo oAoKANpwOEL.

AvayvwoTEeC

12
10
10

Xpovoc (Sec)
[=)]

10 20 30 40

AplBUOC AVOyVWOTWY

Yympo 6.1

Xevapwo 2 — Eyypageig

e avto 10 oevapio £xovpe 10, 20, 30 kan 40 eyypageig vo Tpoomtabovv va ypdyouvv o 1610
apyeio oto cvotua. A&ilel va avapépoovpe 0Tl KAmolot £yypageic pmopel va wpoAdfovv va
OAOKANPMOCOLV TNV YPOPY] TOLG TPV KATO0l GAAOL apyicovy va ypdeovy To apyeio. g
amoTéAecpo. Kamoleg Asttovpyiec ypaeng vo yivouv Aettovpyleg oavdyvoong. Emiong,
avapévoupe 0Tl 0 xpovog OAOKANpmong tg Asttovpyiog ypaeng Oa avEdvetor kabdg
avéavovtal o1 teAdteg 6To cuoTNUA. AvTo givorl amOAvTa AoYKO €mEdN o1 e&vmnpetnTéc Ha

ypedlovion TEPIGGHTEPO YPOVO Y1 VO EEVTNPETOVY APKETOVG TEAATES TALTOYPOVOL.

51



Eyypadeiq
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Xynpa 6.2

Xevapro 3 — MéyeOog Apyeiov

210 Zynua 6.3 PAETOLLLE TO GEVAPLO 2 OOV £YOVUE 2 €YYPOAPELS VO TPOSTOHOOLV VA YpAyoLuV
éva apyeio. Emiong o avtd 10 cevaplo £xovpe oG 6Td(0 Vo EAEYEOVUE TN CLUTEPIPOPE TOV
GULGTNLLOTOG Y10 KPOV Kot peyahov peyéBovg apyeia. Eivar mpopavég 6Tt 660 avédvetat to
péyebog tov apyeiov n kabvotépnomn Ba avEdvetat. O Adyog eivar 0Tt 660 avédvetal To péyebog
TOV opyeiov, avEAvVovToL Kol TO TOKETA TOV opxelov mov otéAvovtal. Xto Zymupa 6.3
TapovcldleTal 0 HEGOG XPOVOG Tov YpetaleTal Yia va olokANpwBel pa Asttovpyia ypaens. To
YEVIKO cuumépaciia to onoio Bydlovpe amd Ty mo KAtw ypagiky tapdotacm eivat 6t tapdAo
nmov 1o péyeboc Tov apyeimv avédvetar n kabvotépnon eival avaroyn pe to péyebog tov
apyeiov. Me dAda Aoy dev VILApyEL EMITAEOV EMPAPLVOT TOV EELANPETNTOV AGYETOS TOL
peyéfovc. Katahryovpe 6TL GOUQOVA LE TNV YPOPIKT TOL ZyNHoTog 6.3 ivar pia KaAn Evosién

ot to K.Z.A €xel Ko emektootpdta.
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Kepaiaro 7

Yopunepdopota

7.1 T'evikd Zoumepdopota o4
7.2 TIpoPAnuata kot [Tapadoyéc 95
7.3 Mehhovtikn Epyacia 95

7.1 T'evika Xvpnepaocpato.

Ye vt T OWMA®UOTIKY €pyacio vAomomMONKe £vo KOTOVEUNUEVO GUOTNUO Oap)Eimv
Baciopévo otov adyopiuo LDR [5,6]. H a&oddynon tov GuoTAOTOG £Y1VE TOGO GE TOMKOVG
VTOAOYIOTES AAAQ KO GE ATOULAKPLGUEVOVS VITOAOYGTEG TOV [Tavemotnpiov Kompov. Tevikd
1N CLUTEPIPOPE TOL GLOTNUOTOG NTAY OTWG AVAUEVOTAY. ZVVETMG, TOAAOTL YPNOTEG UTOPOVV
Vo arofnKeLOVY 0TO10ONTTOTE TOTO aPYEioL TOLTOYPOVA Kot arodotikd. Emiong, £xet eetaotel

KaTé OGO TNPEL QVGTNPN GLVETELN OTIMG M TAV Ol TPOSAYPOPES TOV.

A&ilel va avoQEpovpe KOTOEG GYETIKEG TPONYOLUEVEG OUTAMUATIKEG €PYAGIE Kol Vo
AVOQEPOVE GE TL OLPEPEL 1) TOPOVCO, SIMAMUOTIKY Hog epyacio. Mo GYeTIKn SIMA®UATIKN
epyacia mpaypotonomdnke and v eorttpla ot [odvvov 1 omola £yel VAOTOMGEL TOV
alyopiBpo LDR oty yAdooa tpoypappaticpov Java. 'Exet mpodioypdyet tov aiyopiBpo LDR
ue ™ yhoooo TIOA (Timed Input/Output Automata) [9] kot pe T ypnon Tov gpyareiov
TEMPO [12]. O «x¥prog okondg tov gpyoreiov TEMPO egivon va petatpénet to TIOA og
EKTEAEGILO KOJKA GTNV YADOCGTO TPOYpoppaticol Java. O Adyog mov dev £xel yivel eméKtao
TOV KOJKA NG POUTNTPOG ZOTG lwdvvou givarl enedn 0 KOSKAS TOv aAyoptOpov mov
napdyetal omd v yAdooo TIOA cg Java dev eivar 1000 amodotikds. Emopuévac, mpotiuncape
va vhomomcovpe eEapyng tov aryopiBuo LDR ywpic v ypnon kdmotov £totpov epyaieiov,
€101 MOTE Vo glvarl 660 To dVVATO O ATOdOTIKN 1 VAOToinon pog. Eriong n Mapiléva Agpet
[3] éxer viomomoet Tov adyopifuo LDR oe yAwooa mpoypoppaticpod C. O Adyog o omoiog
00TE G€ QTN TNV TEPITTOON deV EMEKTEIVALE TOV KDOWKO TNG PottnTprog Moapiiévag Agpet
NTav €NEWN VINPYE TMEPLOPICUOG GTNV LAOTOINoT TOov peyEBovg tov apyeiov TOoL Omoiov
umopovce va otorel. [To cvykekpyéva pmopovoe vo otalel péypt povo 1MB. Axoun, Kot 6Tig

dVo mpoavapepBivieg NMAMUATIKEG epyacieg Yy va.  TtpéEovpe Tovg aAyOpBovg TTov
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vAomomOnkav ypelaldtay va To TPAEOLE HECH TOV TEPUATIKOD. TNV TOPOVCO, SUTAMUOTIKTY
epyacio peretOnke kol vAomoOnke o tpomomomuévog alyopifpoc LDR dmwg éxet eEnyn el
oto Kepdhawo 3.3. AkoroVOwc éywve 0 oxedlacpdg kot 1 ovamtuén g SEmaPNg TOv
ocvotiuatog. Emiong €xet viomombel o dwoyeptotig apyeiov o omoiog eivar vrebBvvog va
onuovpyel Kot va amodnkedel To avayvoploTikd Tov apyeiov, Kabdg Kot va yvopilel oo

apyeiot VITAPYOLY GTO GVGTNIA KO OO TOLOVE YPNOTES EYOLV ONpLovpynOEt.

7.2 HpoPpmjpata kor Iapadoyés

Koatd v exkmovnon ¢ mopodcoag AMAOUATIKAG LoV €PYAciog TOPOLCLAGTNKAY KATO
npoPAnuata, kopiog Katd tv vAomoinon. ‘Eva and ta Poacikd mpofAnpato fTov He TOV
TPOYPOUUATIGHO VTOJ0YDV. X& TEPIMTOON OTOL KATEPPEe Evag omd TOvg EELANPETNTES
apyeimv kol evpenpinv, 1 VITOdoYN EUeve e Aertovpyia. Q¢ AMOTEAEGUA , VO, UMV WITOPEL VO
Kéver Eava akovopa ot cLYKeKPEVN vrodoyn. To mpofAnua avtipetonicmke pe v
ovvaptnon Setsockopt m omoio oG ETTPETEL TO AUEGO AKOVOUO GE L0, GUYKEKPLUEVT TOPTOL
aox£Tmg av £yl petvel avoryt Adyo kdmotov tpofAnuoatoc. Emxiong, katd v ypnon vniudtov
VINPYOV TEPIMTMOGELS OMOV EMPENE VAL YPNGLOTOMOOVV oNUATOPOPOL £TGL DGTE VAL UV
EPYETOL GE OGLVEMY KOTAGTOGT TO cVOTNUA. TEAOG, Katd TV avamtuén TG OlEmapns dev
VINPYE KATO10 £TOHO EPYAAEID Y10 TO GYEIUGUO ETGL EMpene va. Yivel eEapymg M oxediaom g

KOADVTOG GLUVOPTNOELS pe TV Ponbeta g Piprodning GTK+.

7.3 Merhovtikn Epyacia

To xataveunuévo cvotnuo apysiov éxet vAomombei oe mepiPdiiov Linux. Zvvenmg, kdmoleg
GUVOPTNGCELS TOV TEAATN OV UTOPOLV Vo TPEEOVY 6T LITOAOUTO, AELTOVPYIKE cuaTHpATA. G
peALovTIKY epyacia, o pmropovoe va glval 1 Tpomomoincn Tov TEANTN, £TGL OGTE VO UTOPEL
va Tpéxel o€ OAa To Asrtovpyikd cvotiuoto. Eniong, o dwayepiomg apyeiov oty mopovoa
OMA®UOTIKY €lvol KEVIPIKOTOINUEVOG KO MG HEAAOVTIKN epyacia Bo pmopovoe vo gival
katavepnuévos. Emmiéov, ta apyela Ba pmopovcav va ondlovv dote kGbe meldng vo
d0VAEDEL GE OPOPETIKA KOUUATIO TOVTOYpOVA, OAAE KAOE KOUUATL Voo €(EL OTOUIKN

npocPaon.
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Hopaptnpa A

e aVTO TO TOPAPTNHO STVOVTOL TO TPOYPAUUATO TOV TEAATNG, EELTNPETNTY EVPETNPiOL,

e€umnpeTNTN APYEIOV Kot TOV S1OYEPLOTH apPYEI®V.

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

/* */
/*Name: Elias Spanos */
/*Date: 30/09/2015 */
/*Filename: directory.c */
/* */

[ FEEF A KA KA A KA A AR KA KA KA KKK AK KA KA KA KKK A K KA A KA A KA KA KA KK KA KK A AR A KKK
[ FREF A KA KA A A KA KA A KA KKK KA AK KKK A KKK KA KA AR A A KA AR KKK A KA KKK KKK

/* LIBRARIES */

/R kokok ok ok sk ok sk ok sk ok skt sk stk sk stk stk ok sk ok sk skt ook okl koot skt ks skt skt sk sk ok sk kokkoksk ok
#include <stdio.h>

#include <stdlib.h>

#include <unistd.h>

#include <sys/socket.h>

#include <netinet/in.h>

#include <strings.h> //For bzero

#include <arpa/inet.h> //To retrieve the ip_add to asci
#include <string.h>

#include "directory.h"

#include <pthread.h>

#define GINT_TO_POINTER(i gpointer) (glong) (i
#define GPOINTER_TO_INT(p gint glong p

#define MAX_PENDING // Pending clients in

#define BUFSIZE

//Define the array size of metadata table
#define METATABLESIZE

//Format for error for the threads
#define perror2(s,e) fprintf(stderr, "7s:%s\n" s, strerror(e

GSList" decode(struct message ‘msg , char “buf

AR SR R R KK SR R R K KK SR R S K A S K K KK SR K R R K SRR K S K R SRk R oK ok
/* GLOBAL VARIABLES */

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

struct sockaddr_in serv_addr

FILE *log_fd = NULL; //File to store the log information of the directory server.
char *logfilename

/*Lock the strtok*/
pthread_mutex_t locker

//Lock metadata table
pthread_mutex_t lockermetadata

//Lock clientCounter
pthread_mutex_t lockercliCoun

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

/* METADATA TABLE */
/***********************************************************************************/
//Store all the metadata information by fileID

GPtrArray ‘metatable-NULL

//Find the index of metadata for specific filelID

//This function return the position where the data are located
//0therwise, return -1 if the data does not exist or -2 in case

//where the client does not have the suitable permission to read the data
int findByFileID( struct message ‘msg , int “freePos

int index
int i

Al



//Pointer to the metadata
struct metadata “point2metadata - NULL

for(i i < metatable->len: i

//Retrieve the data from the specific index
point2metadata struct metadata g_ptr_array_index(metatable

/* //Check if the filename of the position is what is looking for

if(strcmp(filename , point2metadata->filename->str)==0)

{
index=i;
break;

H/

//Looking up if the file exist using fileid
if(point2metadata->file_id msg->fileID

if( (strcmp(point2metadata- >permission->str , msg->permission
permission

index-i
else
index

//exit from the for
break

return index

GSList insertList(GSList *‘metadata GSList “curlList

//A temp pointer to go through the curlList
GSList iter=NULL

//Go through available replicas
for (iter = curList; iter; iter = iter->next

if (g_slist_find(metadata, iter--data NULL

metadata - g_slist_prepend(metadata, iter--data

return metadata

int IsMaxTag(struct message *tag2
//Store the error that pthread_mutex_lock failed
int err
int funfreepos
int isFound

//Pointer to the metadata
struct metadata “point2metadata = NULL

//Lock strtok due to is not deadlock free//
if(err=pthread_mutex_lock(&lockermetadata

perror2 err

//Find the position for the specific filename
int index=findByFileID(tag2 funfreepos

//Retrieve the data from the specific index

point2metadata struct metadata g ptr_array_index(metatable

if ((point2metadata->tag.num < tag2->tag.num) \

strcmp(msg

index

point2metadata- >tag.num tag2->tag.num

point2metadata->tag.id < tag2-->tag.id
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point2metadata- >tag.num-tag2->tag.num
point2metadata- >tag.id-tag2->tag.id

//Remove old replica set because now is unnecessary due to
//the tag is old one

g_slist_free ( point2metadata->replicaSet
point2metadata->replicaSet=NULL

//Point to new replica set with the latest tag
point2metadata->replicaSet-tag2->replicaSet

isFound

else if(point2metadata->tag.num tag2->tag.num point2metadata- >tag.num tag2
tag.id

point2metadata->replicaSet - insertList( point2metadata->replicaSet , tag2
replicaSet

//Unloack Mutex/
if(err=pthread_mutex_unlock(%lockermetadata

perror2("Failed to lock()",err

return isFound

[ FREF AR A KA A A KA KK KA KA KKK KA KA K KA A KR KA KA A KA A KA KRR H KK A A KA KKK KKK

/* Initialization of variables & Sockets */
Rk sk kR sk sk ok skok s kot sk ok sk stk sk sk ok k skl ok ko ok stk kst skok ki ok sk kol sk skok ok skl kst ok ok okok /

void inisializations(int portIn

//Pointer for g _slist to store the replica that hold
//the data & repli is which replica hold the data
gpointer v

int repli

//Initialize metadata array
metatable = g_ptr_array_sized_new

//Initialization of mutex for strtok in decode function//
pthread_mutex_init(&locker NULL

//Initialization of mutex for lock the metadata table
pthread_mutex_init(&lockermetadata, NULL

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

/* FUNCTION TO CONFIGURE A CONNECTION FOR THE SERVER */
[ R KA K AR SRR KK SRR S K K K KK SR K K K SRR K Sk R sk SR KoK ook Kk

void *bind_thread(void “port

int PORT=(intptr_t)port

//Socket descriptor for the directory

int sock

//Store server socket.

int newsock

//The size of the details for the accepted client
int clientlen

//Variable to store the thread id

pthread_t tid

//Store the error of pthread_create if exist

int err

//for setsockopt to be possible to reuse the port
int allow

//Declare&Initialize sockaddr_in pointer for accept function
struct sockaddr “clientPtr
struct sockaddr_in client_addr

/* Initialize socket structure */
serv_addr.sin_family-AF_INET
serv_addr.sin_addr.s_addr-htonl(INADDR_ANY
serv_addr.sin_port=htons(PORT
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//Pointer to Struct for the structure of the TCP/IP socket.
struct sockaddr *“servPtr

//Point to struct serv_addr.

servPtr=(struct sockaddr serv_addr

//Create a socket and check if is created correct.
if((sock=socket(AF_INET,SOCK_STREAM

perror("Socket() failed”
pthread_exit((void

//Allow to reuse the port
if (setsockopt(sock, SOL_SOCKET, SO_REUSEADDR, “allow, sizeof(int

perror("\nsetsockopti\n”
close(sock
pthread_exit((void

//Accosiate address with the sock socket//
if(bind(sock, servPtr, sizeof(serv_addr

perror("Bind() failed” exit

//Listen for connections//
//MAX_PENDING:the number of client that can wait in the queue.//
if(listen(sock ,MAX_PENDING
/* 15 max. requests in queue*/
perror(“Listen() failed"” exit

printf (" \nikkrkkokkoskkkkStapt to listen to port:fd¥iskikkisioskioskiokk\n" = PORT

//Accept connection from clients forever.
while

clientPtr=(struct sockaddr client_addr
clientlen= sizeof(client_addr

if((newsock-accept(sock , clientPtr clientlen
perror("accept() failed" exit
if(err=pthread_create(&tid , NULL accept_thread void intptr_t) newsock
perror2("pthread_create for accept_thread” err
exit
//While(1)

//Function connect

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

/* accept_thread */
/***********************************************************************************/

void *accept_thread(void *accept_sock

//socket descriptor for each client
int acpt_sock

//Buffer to send&receive data//
char buf

//Received bytes

int bytes

/*Declare the structure of the sending message in order
* the client to communicate with server and vice versa*/
struct message “msg

//Allocation memory
msg struct message malloc(sizeof(struct message

//Retrieve the socket that passed from pthread_create
acpt_sock intptr_t) accept_sock

while
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/*If connection is established then start communicating */
/*Initialize buffer with zeros */

bzero(buf, sizeof(buf));

/*Waiting...to receive data from the client*/

if (recv(acpt_sock, buf, sizeof(buf), o) < o)

{
perror("Received() failed!");
close(acpt_sock) ;
pthread_exit((void *) ©);

}

//Check if direc received a message
if(strlen(buf) '= ©)

/*Show the message that received.*/
printf("------m e \n");
printf("accept thread received: Zs\n", buf);

}

else if (strlen(buf) == 9)

{
//printf("Unable to received messsage!\n");
close(acpt_sock);
pthread_exit((void *) ©);

}

//Decode the message that receive from the client
// in order to identify the type of the message//
msg->replicaSet = decode(msg, buf);

//Directory ALGORITHM//

//Check if the message if of type RREAD
if ((strcmp("RREAD", msg->type) == 0))

int freepos = -1 , err=0;
bzero(buf, sizeof(buf)):

//Look up the position of the specific fileid
//in the metadata.

//Lock strtok due to is not deadlock free
if(err=pthread_mutex_lock(&lockermetadata))

{
}

perror2("Failed to lock()",err);
int index = findByFileID( msg , &freepos );

//Unloack Mutex
if (err = pthread_mutex_unlock(&lockermetadata))

{
}

//For any reason if the file which the clint enquired does not
//exist in the metadata then it is not possible for the client
//to receive an answer.

if (index == -1 )

perror2("Failed to lock()", err);

printf("Unable to find the file in metadata table\n");

//If the user does not have the appropriates then the directory

//return <<ACCESSDENIED>> message to the client.

else if(index == -2)

{
//In case where the client does not have the permission to read the file
sprintf(buf, "ACCESSDENIED,%1d,%1d", msg->msg_id, msg->fileID ):

//Send response to the client
if (bytes = send(acpt_sock, buf, sizeof(buf), MSG_DONTWAIT) < ©)
{

perror("Send() failed");

pthread_exit((void *) 9);

}

//<RREAD-OK,tag.num , tag.id ,value, MSG_ID >//
//In case when the file exist

else

A5



//Lock strtok due to is not deadlock free
if(err=pthread_mutex_lock(&lockermetadata

perror2 err

//Pointer to the metadata
struct metadata *point2metadata = NULL

//Retrieve the data from the specific index
point2metadata struct metadata g_ptr_array_index(metatable , index

int i len, repliValue

len = g slist_length( point2metadata->replicaSet
//Read all replica that hold the data

if (len

//To point on replica set & go through all the list
GSList *iterator = NULL

//To serialize replicaSet to string

char strSet

char str

//Initialize str
bzero(strSet, sizeof(strSet

for (iterator = point2metadata->replicaSet; iterator: iterator = iterator->next

bzero(str, sizeof(str
sprintf(str GPOINTER_TO_INT(iterator--data
strcat(strSet, str

sprintf(buf point2metadata- >tag.num
point2metadata->tag.id, len
strSet
msg->msg_id, msg->fileID

else
printf msg->filename
//sprintf(buf, "RREAD-OK,%d,%d,0,%d,%d", metatable[index].tag.num,
metatable[index].tag.id, msg->msg_id,
// msg->filelID);

//Unloack Mutex
if (err = pthread_mutex_unlock(&lockermetadata

perror2 err
// sprintf(buf,"RREAD-

OK,%d,%d,%d,%d,%d" ,metatable[index].tag.num,metatable[index].tag.id,metatable[index].replicaSet,msg.ms
g_id , msg.filelD );

//Send response to the client
if (bytes = send(acpt_sock, buf, sizeof(buf), MSG_DONTWAIT

perror
pthread_exit((void

//Check if the message if of type RREAD
else if ((strcmp msg- >type

//Check if the tag that received if is greater
if (IsMaxTag(msg

printf
bzero(buf, sizeof(buf
sprintf(buf msg->msg_id

if (bytes = send(acpt_sock, buf, sizeof(buf

perror
pthread_exit((void
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//RREAD RESPONSE
else if (strcmp msg->type
int freepos err

/*Lock strtok due to is not deadlock free*/
if(err=pthread_mutex_lock(&lockermetadata

perror2 err

//Find the index of the filename
int index = findByFileID(msg freepos

if(index

//In case where the client does not have the permission to read the file
sprintf(buf msg->msg_id, msg->fileID

//Send response to the client
if (bytes send(acpt_sock, buf, sizeof(buf), MSG_DONTWAIT

perror
pthread_exit((void

else if(index

//Pointer to the metadata
struct metadata *point2metadata = NULL

//Retrieve the data from the specific index
point2metadata struct metadata g _ptr_array_index(metatable, index

int i len, replivalue

len = g_slist_length(point2metadata- >replicaSet
//Read all replica that hold the data

if (len

//To point on replica set & go through all the list
GSList *iterator = NULL

//To serialize replicaSet to string

char strSet

char str

//Initialize str
bzero(strSet, sizeof(strSet

for (iterator = point2metadata->replicaSet; iterator; iterator - iterator
next
bzero(str, sizeof(str
sprintf(str GPOINTER_TO_INT(iterator--data
strcat(strSet, str

sprintf(buf point2metadata- >tag.num
point2metadata- >tag.id, len
strSet
msg->msg_id, msg->fileID

//In case when the replica set is NULL
else

sprintf(buf point2metadata- >tag.num
point2metadata->tag.id
msg->msg_id, msg->fileID

//If the filename does not exist in metadata table store it
else

//Allocate a new entry for the metadata table
struct metadata ‘entry struct metadata®) malloc(sizeof(struct metadata

//Initialize new entry
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entry->file_id - msg->filelD
entry->tag.num

entry->tag.id
entry->replicaSet=NULL
entry->filename-g_string new(NULL
entry->permission-g_string_new(NULL

//Insert the string the metadata table
g_string_assign( entry->filename g_strdup( msg->filename

//Insert permission in the metadata
g_string_assign(entry->permission , g_strdup( msg->permission

//insert new entry in metadata table
g_ptr_array_add(metatable, (gpointer) entry

//Find the index of the new entry
index = findByFileID(msg freepos

//Store permission for the file
g_string_assign( entry->permission g_strdup( msg->permission

//Pointer to the metadata
struct metadata "point2metadata = NULL

//Retrieve the data from the specific index
point2metadata struct metadata g_ptr_array_index(metatable , index

bzero(buf, sizeof(buf
if(point2metadata NULL

sprintf(buf point2metadata- >tag.num

point2metadata->tag.id, msg->msg_id
point2metadata->file_id

//Unloack Mutex//
if(err=pthread_mutex_unlock(&lockermetadata

perror2 err

if (bytes = send(acpt_sock, buf, sizeof(buf

perror
pthread_exit((void

else if (strcmp msg- >type

if (IsMaxTag(msg

printf

bzero(buf, sizeof(buf
sprintf(buf msg->msg_id
if (bytes = send(acpt_sock, buf, sizeof(buf

perror
pthread_exit((void

//print the message that directory sent
printf buf

//while(1)
close(acpt_sock
pthread_exit((void

[ H AR AR KK S A KK RS K SRR K SR KR S K o KK K S SR KR SR KK KK K SRR KK SRR SR K SR KSR SR KK KoK

/* DECODE MSG */
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GSList" decode(struct message ‘msg , char “buf

//Store the thread error if exist
int err

//Lock strtok due to is not deadlock free//
if(err=pthread_mutex_lock(&locker

perror2 err

//To store a point to the set of replicas
GSList “replicaSet=NULL

//Use comma delimiter to find the type of
// send message and retrieve the apropriate
// fields//

msg- >type=strdup(strtok(buf

//Check if the type of the message is RWRITE//
if( (strcmp(msg->type strcmp(msg- >type

int i len repliValue
gpointer val

len atoi(strtok (NULL

//Read all replica that hold the data
for(i i<len; i

repliValue = atoi(strtok(NULL
val=GINT_TO_POINTER(repliValue
msg->replicaSet-g_slist_prepend(msg->replicaSet , val

msg->tag.num=atoi(strtok(NULL
msg->tag.id-atoi(strtok (NULL
msg->msg_id-atoi(strtok (NULL
msg->filename=strdup(strtok (NULL
replicaSet = msg->replicaSet

//Check if the type of the message is RREAD//
else if(strcmp(msg->type

msg->msg_id-atoi(strtok(NULL
msg->filename=strdup(strtok (NULL
msg->fileID - atol(strtok(NULL
msg->permission strdup(strtok (NULL

else if(strcmp(msg->type

msg->msg_id-atoi(strtok(NULL
msg->fileID - atol(strtok(NULL
msg->filename-strdup(strtok (NULL
msg->permission strdup(strtok (NULL

//Unloack Mutex//
if(err=pthread_mutex_unlock(&locker

perror2 err

return replicaSet

//Function decode message

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

/* WRITE LOG */

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

int writelLog(char *info

log_fd-fopen(logfilename
fprintf(log_fd , info , sizeof(info
fclose(log_fd

//Function writelog

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

/* GET CURRENT DATE */
[ AR A A AR A K AR K KA R AR AR S K KK KR S KK S KK SR K SR K ok ook ok o/

/*
char* set_date()

A9



char namelog[100];
time_t t = time(NULL);
struct tm tm=*localtime(&t);

sprintf(namelog, "directory %d_%d_%d.log", (tm.tm_mday), (tm.tm_mon+1), (tm.tm_year+1900));

return namelog;

}//Fucntion setDate

*/

void signal_handler
printf("Signal Handled here\n"
int i

//Pointer to the metadata
struct metadata “point2metadata - NULL

printf("[ Filename , TagNo , ClientID , FILEID , Permission ] \n"
for(i i metatable->len; i

//Retrieve the data from the specific index

point2metadata struct metadata g_ptr_array_index(metatable , i
//deallocations
printf("[ %s . %ld %1d B %1d B %S 1 \n" point2metadata

filename->str , point2metadata->tag.num ,point2metadata->tag.id , point2metadata->file_id

point2metadata- >permission->str

//deallocate list
g slist_free (point2metadata->replicaSet

//deallocate filename
g string_free (point2metadata->filename, TRUE

//deallocate permission string
g string_free (point2metadata->permission, TRUE

//deallocate struct
free(point2metadata

//exit the server
exit

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

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

int main(int argc char *argv

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

/* LOCAL DECLARATION */
JFRE KKK KKK KKK K KRR K KKK KKK KR K KRR KRk

int port //Store the port that server listen

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

/* MEMORY ALLOCATIONS */

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

//Check if the input parameters are correct. //
if(argc

printf("\nUsage: ./executable -p [port]\n"
exit

printf("\nPID: %d\n", getpid

//Store pthread ID
pthread_t tid

//Store threads errors
int err

/*store the port from the inputs*/
port = atoi(argv

//Inisialization
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inisializations(port

// SIGINT is signal name create when Ctrl+c will pressed
signal(SIGINT,signal_handler

//Handle segmentation corrupt

signal(SIGSEGV, signal_handler

printf

printf port
printf

//Create a thread for the bind.

if(err=pthread_create(&tid , NULL , (void bind_thread void intptr_t)port
perror2 err
exit

pthread_exit(NULL

return
//Main Function

Directory.h

/***********************************************************************************/
/* */
/*Name: Elias Spanos */
/*Date: 09/10/2015 */
/*Filename:directory.h */
/* */

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

#ifndef DISTRIBUTEDALGORITHM_DIRECTORY_H
#define DISTRIBUTEDALGORITHM_DIRECTORY_H

#include

void *bind_thread(void “port
void *accept_thread(void *accept_sock

struct tagID

long num
long id

struct message

char “type

long msg_id
GSList* replicaSet
struct tagID tag
long fileID

char *filename
char *permission

struct metadata

long file_id
GString” permission
struct tagID tag
GSList" replicaSet
GString “filename

struct sockaddr_in serv_addr

/***********************************************************************************/
/* PROTOTYPES */
/***********************************************************************************/
int findByFileID( struct message ‘msg , int “freePos

GSList * insertList(GSList “metadata , GSList “curList

int IsMaxTag(struct message ‘tag2

All



void inisializations(int portIn);

void “bind_thread(void *port);

void *accept_thread(void *accept_sock):

GSList" decode(struct message “msg , char “buf):
int writelLog(char *info);

void signal_handler();
#tendif //DISTRIBUTEDALGORITHM_DIRECTORY_H

Replica.c

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

/* */
/*Name: Elias Spanos */
/*Date: 09/10/2015 */
/*Filename:Replica.c */
/* */

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

/* LIBRARIES */
AR SR R R KK SR R s K R R R SR R S R o s K R KR Sk R sk K s R sk sk s kR sk R ok ok

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <unistd.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h> //To retrieve the ip_add to asci
#include <sys/stat.h>
#include <errno.h>
#include <sys/sendfile.h>
#include <fcntl.h>
#include <pthread.h>

#include "replica.h"

#define BUFSIZE
#define MAXCLIENT

#define SUCCESS
#define FAILURE -

//Format for error for the threads
#define perror2(s,e) fprintf(stderr,

1o,

ss:%s\n" . s, strerror(e))

struct sockaddr_in “direc_sockaddr; //Store all the ips and ports for directories
struct sockaddr_in “replica_sockaddr; //Store all the ips and ports for Replicas

struct serinfo *direcNodes: //Store IP and port for each directory server

struct serinfo *replicaNodes; //Store IP and port for each replica server

int *direcSocks; //Store all the sockets for directories

int “replicaSocks; //Store all the sockets for replicas

int MAX_DIRECTORIES=%; //Store the number of directories that exist in the system
int MAX_REPLICAS-0; //Store the number of replicas that exist in the system
int NODEID: //Store which ID is the replica based on port

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

/* DATA STRUCTURES */
[ REF KA KA KA KKK KA KA A A KKK A KA KA KA KA KA K KA K HA KA KKK A K AR A KKK KKK [

//Metadata table that holds all tag for the data
GHashTable * metadatatable:

//Lock metadata table
pthread_mutex_t lockermetadata;

/*Lock the strtok*/
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pthread_mutex_t locker

//Store all the metadata information
GPtrArray “metatable-NULL

[ FEEF A KA KA A KA KK KA KA KA KA A A A A AK KA KA KA KKK H A K KA A A A A KA KA KA KK KA KA KA KA KK

/* MD5 CHECKSUM */
[ FFAAAAAAKK AR KA A KA AR KA A KA KA H KA KA A K KA KK KA KA KA A KA A K HA KA KA KK A F A A KKK A KA KKK

char *checksum_get(char *“filename

int MAX_SIZE

GChecksum cs

guchar data[MAX_SIZE
gsize size

FILE input

const char “sum

cs g_checksum_new( G_CHECKSUM_MD5
input = fopen( filename

do

size = fread( (void *)data, sizeof( guchar MAX_SIZE, input
g_checksum_update( cs, data, size

while( size MAX_SIZE
fclose( input

sum = g_checksum_get_string( cs
// g_checksum_free( cs );

return (char®)sum

[k stk sk stk ok stk sk skl stk ko skl sk sk sk sk kskosk ok skt stk skt skt ook okl sk skl skt skskokskskok skt ok skok sk skt sk skokosk ok
/* Establish connections */
[k stk sk stk ok stk ok skl stk stk sk sk skok sk sk kst kol skt stk kol skt sk skt sk skskok stk sk skt sk ok okskokskokokskkok sk sk ok ook /
void conn2direc

int i

char buf

bzero(buf, sizeof(buf

int bytes

for(i i MAX_DIRECTORIES; i

/*Establish a connection withe the IP address from the struct server*/
if (connect(direcSocks i struct sockaddr direc_sockaddr|i sizeof(direc_sockaddr| i

printf inet_ntoa(direc_sockaddr[i].sin_addr
ntohs(direc_sockaddr|i].sin_port

else
printf
inet_ntoa(direc_sockaddr|[i].sin_addr), ntohs(direc_sockaddr|[i].sin_port
//For statment
//Function establish connections
int connect2Replicas
int i

for(i i < MAX_REPLICAS: i

if( NODEID replicaNodes|i].port

/*Establish a connection withe the IP address from the struct server*/
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if (connect(replicaSocks|i struct sockaddr replica_sockaddr|i
sizeof(replica_sockaddr/|i

printf
inet_ntoa(replica_sockaddr/i|.sin_addr), ntohs(replica_sockaddr|i|.sin_port

else

printf
inet_ntoa(replica_sockaddr|i|.sin_addr),ntohs(replica_sockaddr[i].sin_port

struct replicaHeader® decode(char “buf

//Store the thread error if exist
int err

//Lock strtok due to is not deadlock free//
if(err=pthread_mutex_lock(&locker

perror2 err

struct replicaHeader “msg
msg struct replicaHeader *)malloc(sizeof(struct replicaHeader
msg->tag TAG “)malloc(sizeof(TAG

/*Use comma delimiter to find the type of
* send message and retrieve the apropriate
* fields*/

msg- >type=strdup(strtok(buf

if strcmp(msg->type

msg->tag->num atoi(strtok (NULL
msg->tag->clientID = atoi(strtok(NULL
msg->fileid = atol(strtok(NULL
msg->tag->isSecure

msg->msgID = atoi(strtok(NULL
msg->fileSize = atoi(strtok(NULL
msg->checksum = strdup(strtok(NULL
msg->filename - strdup(strtok(NULL

else if strcmp(msg- >type

msg->tag->num = atoi(strtok(NULL
msg->tag->clientID - atoi(strtok(NULL
msg->msgID atoi(strtok (NULL
msg->fileid = atol(strtok(NULL
msg->filename = strdup(strtok(NULL

else if((strcmp(msg->type

msg->tag->num = atoi(strtok(NULL
msg->tag->clientID - atoi(strtok(NULL
msg->tag->isSecure

msg->msgID atoi(strtok (NULL
msg->fileid = atol(strtok(NULL
msg->filename = strdup(strtok(NULL

//Handle the case where a file does not have
//file extension
if(strchr(msg->filename NULL
char “temp
temp= strtok(msg->filename
msg->filetype=strdup(strtok (NULL
else
msg->filetype
//Unloack Mutex//

if(err=pthread_mutex_unlock(&locker

perror2 err
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return msg

int send2ftp(int newsock

int fd

off_t offset

int remain_data
int sent_bytes
/*to retrieve information for the file*/
struct stat file_stat
int len

int file_size

char sendheader
char filename
unsigned int length

bzero(sendheader,sizeof(sendheader

//

length=sprintf(filename
clientID,msg->tag->isSecure,msg->filetype

//filename[length-1]="\0";

filename
O_RDONLY

printf
fd = open(filename
if (fd

fprintf(stderr
close(fd
return FAILURE

//Get file stats //
if (fstat(fd, &file_stat

printf
close(fd

// Sending file size //
file_size-file_stat.st_size
printf

//Retrieve checksum for the file
char *filechecksum = checksum_get(filename

//
sprintf(sendheader
file_size , filechecksum

struct replicaHeader

file_size

msg

msg->filename ,msg->fileid, msg
strerror(errno

msg->tag->num msg--tag

/* If connection is established then start communicating */

len send(newsock, sendheader

if (len

perror
return FAILURE

printf

remain_data = file_stat.st_size

/* Sending file data */

while sent_bytes sendfile(newsock, fd
remain_data sent_bytes

fprintf(stdout

sent_bytes, offset, remain_data

printf
//close(newsock);
close(fd

//deallocate

sizeof(sendheader

len

offset, BUFSIZE
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int

msg

msg

free(filechecksum
//check if it received the whole file
//otherwise return an error

if(remain_data

return FAILURE

return SUCCESS

ftp_recv(int sock, struct replicaHeader ‘msg

FILE received_file
int remain_data
int bytes

int file_size

//Store the actual filename
char filename

char buffer|BUFSIZE

//Store the size of the filename
unsigned int length

printf msg->fileSize
bzero(filename,sizeof(filename

//Handle the case where file does not have type extension
if(strcmp(msg->filetype

length= sprintf(filename msg->filename , msg->fileid , msg->tag->num
tag->clientID
else

length= sprintf(filename msg->filename , msg->fileid , msg->tag->num

tag->clientID , msg->filetype

//filename[length-1]="\0";

received_file = fopen(filename
if (received_file NULL

fprintf(stderr strerror(errno
return FAILURE

remain_data - msg->fileSize

bzero(buffer, sizeof(buffer

while bytes = recv(sock, buffer, sizeof(buffer remain_data
fwrite(buffer, sizeof(char), bytes, received_file
remain_data bytes

// fprintf(stdout, "Receive %d bytes and we hope :- %d bytes\n", bytes, remain_data);

// printf("Received: %d , remain : %d\n",bytes , remain_data);
if(remain_data

break

//While
fclose(received_file

//Retrieve the checksum from the file that the
//client receive in order to check if receive
//the whole file

// char *filechecksum = checksum_get(filename);

//check if it received the whole file
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//otherwise return an error
if(remain_data

return FAILURE
/* else if(strcmp(filechecksum , msg->checksum) != 0)
! printf("Invalid checksum\n");

//Remove the file

remove(filename);

return FAILURE;
¥/

printf("Received file: %s successful\n” filename

return SUCCESS

GHashTable insertMetadata(GHashTable * funmetatable TAG" filetag , char *filename

//printf("Enter Function insertMetadata\n");

//Create a new tag to be insert in list
TAG" newfiletag - g_new(TAG
newfiletag->num = filetag->num
newfiletag->clientID = filetag->clientID
newfiletag- >isSecure = filetag->isSecure

int err

//Check if the filename exist in metadata table
//if(g_hash_table_contains(funmetatable , filename) == 1 )
/74

//Lock strtok due to is not deadlock free
if(err=pthread_mutex_lock(&lockermetadata

perror2(“fFailed to lock()", err
//Pointer to a list to retrieve all the tags for the
//specific filename
GSList “pointlist=NULL
//Store all the metadata information by fileID
GPtrArray ‘pointArray-NULL
//Retrieve all the tags which are associated withe the specific filename

pointArray =(GPtrArray”) g_hash_table_lookup(funmetatable, filename

if(pointArray NULL

g ptr_array_add(pointArray, (gpointer) newfiletag

//Insert first the tag in list and after in hashtable
// pointlist=g slist_prepend(pointlist , newfiletag );

//Insert updated list in hashtable to the associated key(filename)
g_hash_table_insert(funmetatable , filename, pointArray

//In case where the filename does not exist in hashtable you have to insert
//the key and also create a list that will holds the tags
else

//Create of the list that will hold the tags for a specific filename
GPtrArray “tagset-NULL

//Initialize metadata array
tagset g_ptr_array_sized_new

//Insert new tag in the list

g ptr_array_add(tagset, (gpointer) newfiletag
//tagset=g_slist_prepend(tagset , newfiletag );
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//Insert new list in hashtable to the associated key(filename)
g_hash_table_insert(funmetatable , g_strdup( filename ), tagset):

-

//Unloack Mutex//
if(err=pthread_mutex_unlock(&lockermetadata))

{
}

perror2("rFailed to lock()",err);

// printf("Exit Function insertMetadata\n");
return funmetatable;

}

TAG*® findMaxTag(GHashTable * funmetatable , TAG* filetag , char *filename , int *“hasError)
{

prantf( " oo \n");
printf("ENTER FINDMAXTAG FUNCTION \n");

//Initialize variable hasError
//If error exist the variable will become 1
“hasError=0;

//Pointers for tags
TAG" secureTag = NULL;
TAG" existTag = NULL;

//Check if the filename exist in metadata table
//otherwise you must fill the hasError variable
//if(g_hash_table_contains(funmetatable , filename) == 1 )
/74

//Pointer to a list to retrieve all the tags for the
//specific filename
//GSList *pointlist=NULL;

//Store all the metadata information by fileID
GPtrArray ‘pointArray-NULL:

//Retrieve all the tags which are associated with the specific filename
pointArray =(GPtrArray*) g_hash_table_lookup(funmetatable,filename);

if(pointArray != NULL)

{
//To point at the beginning of the list and to go through all the list
//to detect if the tag that looking for exist. Otherwise, must return
//the max secure tag
GSList* iter=NULL;

//A temp tag to go through the list tags
TAG" curTag = NULL;

/* for(iter=pointlist; iter; iter = iter->next)
{
//Point to each tag in list
curTag = (TAG *) iter->data;

//Check if the tag that looking for exist in the list
if(curTag->num == filetag->num && curTag->clientID == filetag->clientID )

{

//Tag found

existTag=curTag;

break;

}

//Looking for secure tag
else if(curTag->isSecure == 1)
{

//Secure tag found

secureTag = curTag;
}
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3/

int i
for(i i < pointArray->len; i

//Retrieve the data from the specific index
curTag TAG g_ptr_array_index(pointArray

i

//Check if the tag that looking for exist in the list

if(curTag->num filetag->num curTag->clientID

//Tag found
existTag-curTag
break

//Looking for secure tag
else if(curTag->isSecure

//Secure tag found
secureTag curTag

printf("EXIT FINDMAXTAG FUNCTION \n"
printf("-------cmmcmmmmcee e \n"

filetag

clientID

//Check if you found the tag , otherwise you must return the max secure tag

if(existTag NULL
return existTag

else if(secureTag NULL
return secureTag

else

return NULL

GHashTable deleteUnsecureTags(GHashTable * funmetatable
header
// printf("Enter delete function insertMetadata\n");

//Check if the filename exist in metadata table
//otherwise you must fill the hasError variable

//Store all the metadata information by fileID
GPtrArray “pointArray-NULL

//Store all the tags file that you must
//delete

GPtrArray *“delSet = NULL

//Initialize metadata array

delSet = g_ptr_array_sized_new

char filename

bzero(filename, sizeof(filename

sprintf(filename, "%s %1d" header->filename, header

printf("Debug: %s" , filename

TAG" secureTag

fileid

struct replicaHeader

//Retrieve all the tags which are associated with the specific filename
pointArray =(GPtrArray®) g_hash_table_lookup(funmetatable, filename

if(pointArray NULL

//To point at the beginning of the list and to go through all the list
//to detect if the tag that looking for exist. Otherwise, must return

//the max secure tag
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GSList “iter = NULL

//A temp tag to go through the list tags
TAG “curTag NULL

//Go through all the list to find which tag are smaller from
//the secure tags
//So, you have to find all the smaller tags and delete it
// for (iter = pointlist; iter; )
//{

int i
for(i i < pointArray->len; i

//Point to each tag in list
curTag TAG g_ptr_array_index(pointArray ,i

//Find all the tags that are smaller than the secure tag

//In this case, you must delete all the tags that are smaller

if (curTag->num < secureTag->num curTag- >num secureTag- >num curTag
clientID < secureTag->clientID

TAG" deletfiletag TAG “)malloc(sizeof( TAG
deletfiletag->num = curTag->num
deletfiletag->clientID - curTag->clientID
deletfiletag->isSecure = curTag->isSecure

//Insert the tag in the delete set
//You have to delete this tag

g_ptr_array_add(delSet, (gpointer) deletfiletag
g_ptr_array_remove_index(pointArray, i
free(curTag

i

//Reuse temporary tag
curTag NULL

unsigned int length
//Go through the list to delete all the tags
// for (iter = delSet; iter; iter=iter->next)

/7{

for(i i delSet->len; i

//Store the status of remove function
int status

//Point to each tag in list
curTag TAG g_ptr_array_index(delSet ,i

char delfile
bzero(delfile,sizeof(delfile
//ggg

//Handle the case where file does not have
//file extension
if(strcmp(header->filetype

length=sprintf(delfile header->filename, header->fileid, curTag- >num
curTag->clientID,curTag->isSecure

else

length=sprintf(delfile header->filename, header->fileid, curTag
num ,curTag->clientID, curTag->isSecure, header->filetype

//delfile[length-1]="\0";

if( access( delfile, F_OK
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//remove the file with the specific tag
status-remove(delfile

//Check if remove correct the file
if(status

printf(“"Unable to delete file:%s\n", delfile
perror(“Remove error”

for(i i delSet->len; i

//Point to each tag in list
curTag TAG g_ptr_array_index(delSet i

g ptr_array_remove_index(delSet, i
free(curTag

i

//Insert updated list in hashtable to the associated key(filename)
g hash_table_insert(funmetatable , header->filename , pointArray

//printf("Exit delete function insertMetadata\n");

return funmetatable

GHashTable addSecure(GHashTable * funmetatable ,TAG" secureTag , struct replicaHeader

printf("Enter Addl secure function insertMetadata\n"

//Check if the filename exist in metadata table
//otherwise you must fill the hasError variable
//if(g_hash_table_contains(funmetatable , header->filename) == 1 )
/74
//Pointer to a list to retrieve all the tags for the
//specific filename
// GSList *pointlist = NULL;

//Store all the metadata information by fileID
GPtrArray “pointArray-NULL

int err

//Store all the tags file that you must
//delete

GSList “delSet = NULL

char filename

bzero(filename, sizeof(filename

sprintf(filename, "%s %1d" header->filename,header->fileid
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//Retrieve all the tags which are associated with the specific filename
pointArray GPtrArray”) g_hash_table_lookup(funmetatable, filename

if(pointArray NULL

//To point at the beginning of the list and to go through all the list
//to detect if the tag that looking for exist. Otherwise, must return
//the max secure tag

GSList “iter = NULL

//A temp tag to go through the list tags
TAG “curTag = NULL

int ret

char oldname

char newname

unsigned int length

//Clears buffers
bzero(oldname, sizeof(oldname
bzero(newname, sizeof (newname

//Handle the case where file does not have
//file extension
if(strcmp(header->filetype

length=sprintf(oldname header->filename, header->fileid, header->tag
num, header->tag->clientID
//oldname[length-1]="\0";

length = sprintf(newname header->filename, header->fileid, header
tag->num,header->tag->clientID
//newname[length-1]="\0";

else

length=sprintf(oldname header->filename, header->fileid, header
tag->num,header->tag->clientID, header->filetype
//oldname[length-1]="\0";

length = sprintf(newname header->filename, header->fileid, header
tag- >num,header->tag->clientID, header->filetype
//newname[length-1]="\0";

//Go through all the list to find which tag are smaller from
//the secure tags

//So, you have to find all the smaller tags and delete it*/
// for (iter = pointlist; iter; iter = iter->next )

int i
for(i i < pointArray->len; i
//Point to each tag in list
curTag TAG g_ptr_array_index(pointArray ,1i
//Find all the tags that are smaller than the secure tag
//In this case, you must delete all the tags that are smaller
if (curTag->num secureTag- >num

curTag->clientID secureTag->clientID curTag- >isSecure

//Define the file as secure
curTag->isSecure

//Rename the file with the secure tag
ret rename(oldname, newname

if(ret

printf newname

//If the found the file
break
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printf("Exit Add secure function insertMetadata\n"
PPANtF (M= mm e m e e e \n"

return funmetatable

TAG" findSecureTag(GHashTable * funmetatable , char *filename
//Pointers for tags
TAG “secureTag - malloc(sizeof(TAG
//Initialization of secureTag
secureTag->num
secureTag ->clientID
secureTag ->isSecure
int err
//Check if the filename exist in metadata table
//otherwise you must fill the hasError variable
// if(g_hash_table_contains(funmetatable , filename) == 1)
/74
//Pointer to a list to retrieve all the tags for the
//specific filename
//GSList *pointlist=NULL;
//Store all the metadata information by fileID
GPtrArray “pointArray=NULL
//Lock strtok due to is not deadlock free
if(err=pthread_mutex_lock(&lockermetadata
perror2(“fFailed to lock()", err
//Retrieve all the tags which are associated with the specific filename
pointArray =(GPtrArray®) g_hash_table_lookup(funmetatable, filename
if(pointArray NULL
//To point at the beginning of the list and to go through all the list
//to detect if the tag that looking for exist. Otherwise, must return
//the max secure tag
// GSList* iter=NULL;
//A temp tag to go through the list tags
TAG" curTag NULL
// for(iter=pointlist; iter; iter = iter->next)
int i
for(i i < pointArray->len; i
//Point to each tag in list
curTag TAG g _ptr_array_index(pointArray ,i
//Check if the tag that looking for exist in the list
if( (curTag->num > secureTag->num curTag ->isSecure curTag
secureTag->num curTag->clientID secureTag->clientID curTag->isSecure

//Tag found

secureTag ->isSecure = curTag->isSecure
secureTag->clientID = curTag ->clientID
secureTag->num curTag num

//Unloack Mutex//
if(err=pthread_mutex_unlock(&lockermetadata
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perror2 err

if(secureTag->num
return NULL
else

return secureTag

int isTagExist(GHashTable * funmetatable , char “filename , TAG" secureTag

//Initialize with the value -1. Means that tag does not exist
int isFound

//Pointer to a list to retrieve all the tags for the
//specific filename
GSList “pointlist-NULL

//Retrieve all the tags which are associated with the specific filename
pointlist =(GPtrArray”) g_hash_table_lookup(funmetatable,filename

if(pointlist NULL

//To point at the beginning of the list and to go through all the list
//to detect if the tag that looking for exist. Otherwise, must return
//the max secure tag

GSList* iter=NULL

//A temp tag to go through the list tags
TAG" curTag NULL

for(iter=pointlist; iter; iter = iter->next

//Point to each tag in list
curTag TAG iter->data

//Check if the tag that looking for exist in the list
if curTag- >num secureTag- >num curTag->clientID secureTag->clientID

secureTag- »isSecure
isFound

//Find the max secure tag
TAG “maxSecureTag = findSecureTag(funmetatable , filename
if(maxSecureTag NULL

if(maxSecureTag ->num < secureTag->num isFound maxSecureTag ->num
num maxSecureTag ->clientID < secureTag ->clientID isFound
return
else
return
else

return isFound

else

//Return -1 in case where the tag does not exist
return

void *bind_thread(void “port
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int PORT=(intptr_t)port

//Socket descriptor for the Replica

int sock
//Store Client socket.
int newsock

//The size of the details for the accepted client
int clientlen

struct sockaddr “clientPtr

struct sockaddr_in serv_addr

//Declare&Initialize sockaddr_in pointer for accept function
struct sockaddr_in client_addr

struct sockaddr “servPtr

//for setsockopt to be possible to reuse the port
int allow

//Store pthread ID
pthread_t tid

//Store threads errors
int err

/*Initialize socket structure */
serv_addr.sin_family-AF_INET
serv_addr.sin_addr.s_addr=htonl(INADDR_ANY
serv_addr.sin_port=htons( (intptr_t ) port

//Point to struct serv_addr.
servPtr=(struct sockaddr serv_addr

/*Create a socket and check if is created correct.*/
if((sock=socket(PF_INET, SOCK_STREAM

perror exit

//Allow to reuse the port
if (setsockopt(sock, SOL_SOCKET, SO_REUSEADDR, “allow, sizeof(int

perror
close(sock
pthread_exit((void

//Bind socket to address //
if(bind(sock, servPtr, sizeof(serv_addr

perror
exit

/*Listen for connections */
/* MAXCLIENT. requests in queue*/
if(listen(sock , MAXCLIENT

perror exit
printf
//Accept connection from clients forever.
while

clientPtr=(struct sockaddr client_addr

clientlen= sizeof(client_addr

if((newsock=accept(sock , clientPtr clientlen
perror exit
if(err=pthread_create(&tid , NULL accept_thread void
perror2 err
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exit

//While(1)

void "accept_thread(void *accept_sock

//socket descriptor for each client

int acptsock

//Retrieve the socket that passed from pthread_create
acptsock= (intptr_t)(accept_sock

int bytes

int len

int file_size

char filename=NULL

struct replicaHeader “msg
char buf | BUFSIZE

//While the client is connect to the system you have to keep the connection
while

//If connection is established then start communicating //
//Initialize buffer with zeros //

bzero(buf, sizeof(buf

//Waiting...to receive data from the client//

if (recv(acptsock, buf

perror(“send() failed"”

close(acptsock
pthread_exit((void

//Check if direc received a message
if(strlen(buf
//Show the message that received
printf("------mmmcmcme e \n"
printf("accept thread received: %s\n", buf
else if(strlen(buf
//printf("Received an empty message!\n");

//close(acptsock);
pthread_exit((void

//Retrieve the message from the client
msg - decode(buf
bzero(buf, K sizeof (buf
//bzero(buf,sizeof(buf));
//Received the actual data for the file
if( strcmp(msg->type, "WRITE"
//To store if received the data object successful or not
int isSuccess
int sendSize
char filename
bzero(filename,sizeof(filename

sprintf(filename, "%s %1d" ,msg->filename,msg->fileid

//Receive the file
isSuccess=ftp_recv(acptsock,msg

if(isSuccess SUCCESS

//Store the metadata of new the file in the hashtable
metadatatable insertMetadata(metadatatable , msg->tag ., filename

//Send an acknowledge to the client that received the object
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bzero(buf, sizeof(buf

//The format of the acknowledgment
sprintf(buf msg
printf buf
sendSize-strlen(msg->filename sizeof(int
//sent the acknowledgment that received the file
if (send(acptsock, buf

perror

else if(strcmp(msg->type

int error
int err

char filename
bzero(filename,sizeof(filename
sprintf(filename

msg->filename, ,msg->fileid

//Retrieve curTag
TAG “curTag-NULL

msgID, msg->filename

//Check if the tag exist in the system. If exist return the tag or

//retrun the latest tag that is secure
//Lock strtok due to is not deadlock free
if(err=pthread_mutex_lock(Zlockermetadata

perror2 err
curTag = findMaxTag( metadatatable , msg->tag ., filename
if(curTag !=NULL
msg->tag->num = curTag->num
msg->tag->clientID - curTag->clientID
msg->tag->isSecure = curTag->isSecure
printf
msg->tag->clientID
msg->tag->isSecure
//debug
printf msg->filename msg->filetype

//Send the file to client
send2ftp(acptsock, msg

//Unloack Mutex//
if(err=pthread_mutex_unlock(%lockermetadata

perror2 err

else if(strcmp(msg->type

//Store error of pthread
int err

//Lock strtok due to is not deadlock free
if(err=pthread_mutex_lock(&lockermetadata

perror2 err

metadatatable - addSecure(metadatatable msg->tag.msg

A27

error

msg--tag

num



//temp
msg->tag->isSecure

metadatatable deleteUnsecureTags(metadatatable , msg->tag , msg

//Unloack Mutex//
if(err=pthread_mutex_unlock(&%lockermetadata

perror2("Failed to lock()",err

//clear buffer
bzero(buf, K sizeof (buf

//deallocate
free(msg->filename

// free(msg->filetype);
free(msg->tag
free(msg

//While

void initialization
//Initialize metadata table and also determine hash function

metadatatable = g hash_table_new( g_str_hash, g_str_equal

//Initialize metadata array
metatable = g_ptr_array_sized_new

/*Initialization of mutex for strtok in decode function*/
pthread_mutex_init(&locker NULL

//Initialization of mutex for lock the metadata table
pthread_mutex_init(&lockermetadata,NULL

int i

//delete

/* int i=0;

TAG *mytag = g new(TAG, 1);
for(i=0; i<5; i++)

{

mytag->num = ij;

mytag->clientID = 0;

mytag->isSecure = 0;

metadatatable = insertMetadata(metadatatable, mytag, "m");
}

mytag->num = 3;
mytag->clientID
mytag->isSecure

9;
1;

metadatatable = insertMetadata(metadatatable, mytag, "110");*/

//Allocate the array to store all the sockaddr_in for directories
direc_sockaddr=(struct sockaddr_in *)malloc(sizeof(struct sockaddr_in MAX_DIRECTORIES

//Allocate the array to store all the sockaddr_in for Replicas
replica_sockaddr=(struct sockaddr_in *)malloc(sizeof(struct sockaddr_in MAX_REPLICAS

//Allocate the array to store all the sockets descriptor for each directory
direcSocks int *)malloc(sizeof(int MAX_DIRECTORIES

//Allocate the array to store all the sockets descriptor for each Replicas
replicaSocks=(int *)malloc(sizeof(int MAX_REPLICAS

//Fill the direcSocks for directories server which is type sockaddr_in
for (i i < MAX_DIRECTORIES: i

direc_sockaddr|[i].sin_family = AF_INET; /*Internet domain*/
direc_sockaddr|[i].sin_addr.s_addr = inet_addr(direcNodes|i|.ip_addr
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direc_sockaddr|[i].sin_port = htons(direcNodes|i].port

//For statement
//Fill the replicaSocks for directories server which is type sockaddr_in
for (i i < MAX_REPLICAS; i

if( NODEID replicaNodes|i].port

replica_sockaddr[i].sin_family = AF_INET; /*Internet domain*/
replica_sockaddr[i].sin_addr.s_addr = inet_addr(replicaNodes|i].ip_addr
replica_sockaddr[i].sin_port = htons(replicaNodes|[i].port

//For statement

/*Go through all the available directories to establish a connection.*/
for (i i MAX_DIRECTORIES; i

//Create a socket and check if is created correct
if ((direcSocks|i socket(PF_INET, SOCK_STREAM

perror
exit
//For statement

//Fill the replicaSocks for directories server which is type sockaddr_in
for (i i < MAX_REPLICAS; i

if( NODEID replicaNodes|i].port
//Create a socket and check if is created correct
if ((replicaSocks|i socket (PF_INET, SOCK_STREAM

perror
exit

//For statement

void signal_handler
printf

//Retrieve all the key values from the hashtable
GList *hashPoint g_hash_table_get_keys (metadatatable

GSList* iter=NULL iter2-NULL pointlist=NULL
TAG “tempTag-NULL
for(iter-hashPoint; iter; iter = iter->next

// printf("key:%s\n" , (char *)iter->data);

//Retrieve all the tags which are associated withe the specific filename
pointlist =(GSList*) g_hash_table_lookup(metadatatable, iter->data

if(pointlist NULL
for(iter2=pointlist; iter2; iter2 = iter2->next
tempTag TAG") iter2--data
printf char *)iter->data ,tempTag
clientID
free(tempTag
g _slist_free(pointlist

// tempTag = ( TAG*) iter->data;
//  printf("Num:%d, ClientID:%d \n" , tempTag->num , tempTag->clientID );
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/*for(taglList=iter; taglList; taglList = taglList->next)
{
tempTag = ( TAG*) taglList->data;
printf(“Num:%d, ClientID:%d \n" , tempTag->num , tempTag->clientID );

y*/
}

//Destroy HashTable
g_hash_table_destroy(metadatatable);

//exit the server

exit(o);
/***********************************************************************************/
/* MAIN */
/***********************************************************************************/
int main(int argc , char “argv|])
/***********************************************************************************/
/* LOCAL VARIABLES */

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

//Store pthread ID
pthread_t tid;

//Store threads errors
int err;

int port;

//Check of input arguments
if(arge !'=2)
{

printf("\nUsage: argv[@] -p [port]\n");
exit(-1);

¥
printf("\nPID: %d\n", getpid());

//Initialization functions
initialization();

//Retrieve input parameters
port-atoilargv|’]);
NODEID-= port;

printf("--------mmm e \n");
printf("\nStarting Replica on port:%d ....\n" , port);
printf("--------mmm e \n");

// SIGINT is signal name create when Ctrl+c will pressed
signal (SIGINT,signal_handler);

//Handle segmentation corrupt

signal(SIGSEGV, signal_handler);

//Create a thread for the bind.
if(err=pthread_create(&tid , NULL ,(void *) &bind_thread , (void *)(intptr_t)port))
{
perror2("pthread create”, err);
exit(1);
}
//Wait until all threads to finish. Normally Bind thread
//is always running

pthread_join(tid , (void *) ©);

return 0;
}//Main Function
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Replica.h

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

/* */
/*Name: Elias Spanos */
/*Date: ©9/10/2015 */
/*Filename:Replica.h */
/* */

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

#ifndef DISTRIBUTEDALGORITHMS_REPLICA H
#define DISTRIBUTEDALGORITHMS_REPLICA_H

#include

[ FEEF A KA KA A KA A AR KA KA KA KKK AK KA KA KA KKK A K KA A KA A KA KA KA KK KA KK A AR A KKK

/* FUNCTION PROTOTYPES */

[ EEF A KA A KA A A KK KK KA A KKK KA AK KA KA A KA KKK A KKK A KK A KA KA KA KKK KKK

void *bind_thread(void *“port
void "accept_thread(void *accept_sock
void “gossip(void *header
typedef struct
unsigned int num
unsigned int clientID
unsigned int isSecure
TAG
typedef struct
char *filename
int fileid
TAG “tag

METADATA

struct replicaHeader
char *type
char “*filename
char *filetype
long fileid
TAG “tag
int msgID
int fileSize
char *checksum
struct serinfo
char ip_addr
int port

[ HFEEEA KA KK A KK KA A KA KA KA KK KA KA KKK A KKK A KA KA KA A KA H A KA KA KKK KA KA KKK

/* PROTOTYPES */

[ HFAEEA KA AR KA KK KA KA KA KA KKK KA K KA KK A KKK A KA F KA KK KKK KA KA AR KA KKK KKK KA KK

void readConfig(char “filename , int port

char *checksum_get(char *“filename

void conn2direc

int connect2Replicas

struct replicaHeader® decode(char “buf

int send2ftp(int newsock , struct replicaHeader “msg

int ftp_recv(int sock, struct replicaHeader ‘msg

GHashTable insertMetadata(GHashTable * funmetatable TAG" filetag , char *“filename
TAG*® findMaxTag(GHashTable * funmetatable , TAG" filetag , char *filename int *hasError

GHashTable deleteUnsecureTags(GHashTable * funmetatable ,TAG* secureTag , struct replicaHeader
header
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GHashTable * addSecure(GHashTable * funmetatable ,TAG" secureTag , struct replicaHeader *header ):
TAG" findSecureTag(GHashTable * funmetatable , char *filename );

int isTagExist(GHashTable * funmetatable , char “filename , TAG" secureTag );

void “bind_thread(void *port):

void *accept_thread(void *accept_sock)

void initialization();

void signal_handler();

#endif //DISTRIBUTEDALGORITHMS_REPLICA_H

Filemanager.c

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

/* */
/*Name: Elias Spanos */
/*Date: 16/02/2016 */
/*Filename: filemanager.c */
/* */

/***********************************************************************************/
/***********************************************************************************/
/* LIBRARIES */
/***********************************************************************************/
#include <pthread.h>

#include <stdio.h>

#include <stdlib.h>

#include <signal.h>

#include <string.h>

#include <sys/socket.h>

#include <unistd.h>

#include <netinet/in.h>

#include "filemanager.h"

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

/* MACROS */
/***********************************************************************************/

#define MAXCLIENT

//Format for error for the threads
#define perror2(s,e) fprintf(stderr,

1o,

ss:%s\n" . s, strerror(e))

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

/* DATA STRUCTURES */
/***********************************************************************************/

//Store all usernames for the clients
GPtrArray “clidata=NULL;

//Store all metadata for the clients
GPtrArray ‘metadata=NULL:

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

/* LOCKERS */
A A A KA KA KA KR K KA A K A K KK S K S K OK A S K S KK SRk S oK ok

//Locker clientCounter
pthread_mutex_t lockercliCoun;
pthread_mutex_t lockerFileids;

//locker for the decode function
pthread_mutex_t locker;

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

/* FUNCTIONS */
/***********************************************************************************/



R EH A A KA A A A KKK KK A KKK KA A KA AR KA KA KKK K KA KA AR KA A KK A KA KKK

/* DECODE */
[ EEH A A KA AR KK KA A AR KK KKK KK A SO S KKSOK KO S Sk KK oK

int decode(char *buf FILEHEADER *header

//Store the thread error if exist
int err

//Lock strtok due to is not deadlock free//
if(err=pthread_mutex_lock(&locker

perror2 err

//Use comma delimiter to find the type of
//send message and retrieve the apropriate
// fields//

header- >type-strdup(strtok(buf

if( strcmp(header->type

header- >username=strdup(strtok (NULL
header->MSGID - atol( strtok(NULL

else if( strcmp(header->type
header->filename = strdup(strtok(NULL
header->owner = atol( strtok(NULL
header- >MSGID atol(strtok(NULL
else if( strcmp(header->type
header->filename = strdup(strtok(NULL
else if( strcmp(header->type
header->filename = strdup(strtok(NULL
header->owner = atol( strtok(NULL
header- >MSGID = atol( strtok(NULL
else if( strcmp(header->type
header->MSGID = atol( strtok(NULL
//Unloack Mutex//

if(err=pthread_mutex_unlock(&locker

perror2 err

[ R KR AR AR KKK KK SR R S K A SRR K S KK KR SR K R S KK S KoK Sk K s R Sk ok koK o/
/* REQUEST FILE LIST */

/***********************************************************************************/
GString ‘getfilelist(GString” strset

int i

strset = g_string_new(NULL

//Point to metadata array
METADATA “point2meta NULL

char strtemp

//Initialize the set
bzero(strtemp,sizeof(strtemp

//Set the total size of the set
sprintf(strtemp metadata->len
g string_append(strset strtemp

//Deallocate all the memory
for(i i < metadata->len; i

//Retrieve the data from the specific index
point2meta METADATA g ptr_array_index(metadata , i
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//Create file list
sprintf(strtemp point2meta->filename->str , point2meta->fileid , point2meta
owner

g_string_append(strset strtemp

return strset

/***********************************************************************************/
/* BIND_THREAD */
/***********************************************************************************/
void *bind_thread(void “port

int PORT=(intptr_t)port

//Socket descriptor for the Replica

int sock

//Store Client socket.

int newsock

//The size of the details for the accepted client

int clientlen

struct sockaddr “clientPtr

struct sockaddr_in serv_addr

//Declare&Initialize sockaddr_in pointer for accept function
struct sockaddr_in client_addr

struct sockaddr “servPtr

//for setsockopt to be possible to reuse the port
int allow

//Store pthread ID
pthread_t tid

//Store threads errors
int err

/*Initialize socket structure */
serv_addr.sin_family-AF_INET
serv_addr.sin_addr.s_addr-htonl(INADDR_ANY
serv_addr.sin_port=htons( (intptr_t ) port

//Point to struct serv_addr.
servPtr=(struct sockaddr serv_addr

/*Create a socket and check if is created correct.*/
if((sock=socket(PF_INET,SOCK_STREAM

perror exit

//Allow to reuse the port

if (setsockopt(sock, SOL_SOCKET, SO_REUSEADDR, “allow, sizeof(int
perror

close(sock
pthread_exit((void

//Bind socket to address //
if(bind(sock, servPtr, sizeof(serv_addr

perror

exit

//Listen for connections //
// MAXCLIENT. requests in queue//
if(listen(sock , MAXCLIENT

perror exit

printf PORT

A34



//Accept connection from clients forever.
while(1)
{
clientPtr=(struct sockaddr *) &client_addr:
clientlen- sizeof(client_addr);

if((newsock-accept(sock , clientPtr , &clientlen )) < o)

{
perror(“accept() failed”); exit(1);
¥
if(err=pthread_create(&tid , NULL , &Zaccept_thread , (void *) (intptr_t)newsock))
{
perror2("pthread create for accept_thread” , err);
exit(1);
¥
}//While(1)
}
/***********************************************************************************/
/* ACCEPT_THREAD */

/***********************************************************************************/
void *accept_thread(void *accept_sock)
{

//socket descriptor for each client

int acptsock;

//Retrieve the socket that passed from pthread_create

acptsock= (intptr_t)accept_sock;

//Buffer to send&receive data//
char buf| 15

//Received bytes
int bytes:

//Declare the structure of the sending message in order
//the filemanager to communicate with the client and vice versa
FILEHEADER “msg = (FILEHEADER *)malloc(sizeof(FILEHEADER));

//While the client is connect to the system you have to keep the connection
while(1)
{

//If connection is established then start communicating //

//Initialize buffer with zeros //

bzero(buf, sizeof(buf));

//Waiting...to receive data from the client//

if (recv(acptsock, buf, sizeof(buf), o) < o)

{

perror("Received() failed!");
close(acptsock);
pthread_exit((void *) 9);

¥

//Check if direc received a message
if(strlen(buf) = o)
.

//Show the message that received//
printf("-----c-mcmcmmee e \n");
printf(“accept thread received: %s\n", buf);

}
else if (strlen(buf) == ©)

//printf("Unable to received messsage!\n");
close(acptsock) :
pthread_exit((void *) ©);

}

//Decode the message that receive from the client
//in order to identify the type of the message//
decode (buf,msg) :

if( strcmp(msg->type , "REQCLIENTID" )== ©)

bzero(buf, sizeof(buf));

//encode the clientID

sprintf(buf, "REQCLIENTID,%1d,%1d" , registerClient(msg->username ), msg->MSGID );
if (send(acptsock, buf, sizeof(buf) , ©) < )
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perror

//Deallocations
free(msg->username

else if( strcmp(msg->type
printf msg->filename, msg->owner

//Store fileid
unsigned long fileid lookUpFileID(msg->filename , msg->owner

if(fileid
//Store the new file in the metadata
//Also , retrieve the filelID for the file
fileid registerFile(msg->filename, msg->owner
printf fileid
bzero(buf, sizeof(buf
//encode the clientID
sprintf(buf fileid, msg->MSGID
if (send(acptsock, buf, sizeof(buf
perror
//Deallocations
free(msg->filename
else if( strcmp(msg->type
printf msg->filename ,msg->owner
//Store the new file in the metadata
//Also , retrieve the fileID for the file
unsigned long fileid lookUpFileID(msg->filename , msg->owner
if(fileid
//Store the new file in the metadata
//Also , retrieve the fileID for the file
fileid registerFile(msg->filename, msg->owner
printf fileid
bzero(buf,sizeof(buf
//encode the clientID
sprintf(buf fileid , msg->MSGID
if (send(acptsock, buf, sizeof(buf
perror
//Deallocations
free(msg->filename
else if( strcmp(msg->type
bzero(buf, sizeof (buf

GString “list=NULL

list-getfilelist(1list
printf

if (send(acptsock, list->str, strlen(list->str
perror

//Deallocate memory
g string_free(list, TRUE

A36



//While

[ FEEF A KA KA A A KA KA KK A KKK KA K KA KA KA KKK H A K KA A A A A KA KA A KA KA KKK AR A KKK

/* REGISTER CLIENT */
/***********************************************************************************/
long registerClient(char *username

//Counter for the index
int i

//Store the error of mutex
int err

//Check if the username exist in the data
int isFound

//Pointer to the metadata
CLIENT “point2client = NULL

//Check if the username exist in the array
for(i i < clidata->len; i

//Retrieve the data from the specific index
point2client CLIENT g_ptr_array_index(clidata ,i

if(strcmp(username , point2client->username->str

//Indicate that username exist in the data
isFound

//Stop the loop
break

if(isFound

//Allocate memory for the new entry
CLIENT ‘entry CLIENT “)malloc(sizeof(CLIENT

//Initialize gstring
entry->username - g string_new(NULL

//Insert the username the metadata table
g string_assign( entry->username , g_strdup(username

//Lock strtok due to is not deadlock free
if(err=pthread_mutex_lock(&lockercliCoun

perror2("Failed to lock()",err

//Increase client ID
countClientIds

//Store new client ID in the struct
entry->client_id = countClientIds

//Unloack Mutex
if (err = pthread_mutex_unlock(&lockercliCoun

perror2("Failed to lock()", err
//insert new entry in client data table
g ptr_array_add(clidata, (gpointer) entry
return entry->client_id

//If it found the client Id return it
return point2client->client_id
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/***********************************************************************************/

/* REGISTER FILE * /
/***********************************************************************************/
long registerFile(char “filename , long owner

//Counter for the index
int i

//Store the error of mutex
int err

//Store the fileid
long tmpfileid

//Allocate memory for the new entry
METADATA “entry METADATA malloc(sizeof (METADATA

//Initialize gstring
entry->filename - g_string_new(NULL

//Insert the filename the metadata table
g_string_assign( entry->filename , g_strdup(filename

//Insert create of the file in the metadata
entry->owner = owner

//Lock strtok due to is not deadlock free
if(err=pthread_mutex_lock(&lockerFileids

perror2(“Failed to lock()", err

//Increase counter for filelds
countFilelds

//Copy fileid for consistence purpose
tmpfileid = countFilelds

printf(“Function registerfile: %ld\n" , countFileIds

//Store new client ID in the struct
entry->fileid = tmpfileid

//Unloack Mutex
if (err = pthread_mutex_unlock(&lockerFileids

perror2("Failed to lock()", err
//insert new entry in client data table
g ptr_array_add(metadata, (gpointer) entry
printf(“entry fileid: %Z1d\n" entry->fileid

//Return the new fileID for the file
return entry->fileid

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

/* LOOKUPFILEID */

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

long lookUpFileID(char *“filename , long owner

//Counter for the index
int 1

//Store the error of mutex
int err

//Check if the username exist in the data
int isFound

//Look up for the fileid for the parameter filename
long tmpfileid

//Pointer to the metadata
METADATA “point2meta NULL

//Check if the username exist in the array
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for(i i < metadata->len; i

//Retrieve the data from the specific index
point2meta METADATA g_ptr_array_index(metadata i

//Check if it found the filename that it looking for
if(strcmp(filename , point2meta->filename->str

tmpfileid = point2meta->fileid

//Stop the loop
break

return tmpfileid

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

/* INITIALIZATION */
[ FF A AAKK AR FA K KA KK A KA KA AK KA K A KA KA KA A KK KA K A KK KK F KA A KA A KK KK KA KKK KKK,

void initialization

//Initialize metadata array
clidata = g_ptr_array_sized_new

//Store metadata for all the files
metadata = g_ptr_array_sized_new

//initialize clientsIDS
countClientIds

//Initialize fileIDS
countFilelds

//Initialization of mutex for strtok in decode function//
pthread_mutex_init(&locker NULL

//Initialization of mutex for lock the metadata table
pthread_mutex_init(&lockercliCoun, NULL

//Initialization of mutex for lock the metadata table
pthread_mutex_init(&lockerFileids, NULL

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

/* SIGNAL_HANDLER */
[ R KA AR KKK KK SR R S K SRR K KR SR OK K KR SRR K SR sk R KoK sk Kk

void signal_handler
printf("Signal Handled here\n"
int i
printf T\ R sk sk sk stk sk stk sk ok sk stk s kskok sk ok sk skok ko skokskokok |

printf("CLIENTS CREDENTIALS\n"

T o LAVl

//Pointer to the metadata
CLIENT “point2cli = NULL

//Deallocate all the memory
for(i i < clidata->len; i

//Retrieve the data from the specific index
point2cli CLIENT g _ptr_array_index(clidata , i

//deallocations

printf("Username: %s , ClientID: %1d \n" , point2cli->username->str , point2cli

//deallocate filename
g string_free (point2cli->username, TRUE

//deallocate struct
free(point2cli

//Point to metadata array
METADATA “point2meta NULL
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Printf (" \nrrrkkkkk koo kR kR kR kR kR ok \

printf("FILES METADATA CREDENTIALS\n"
T o LAVl

//Deallocate all the memory
for(i i < metadata->len; i

//Retrieve the data from the specific index
point2meta METADATA g_ptr_array_index(metadata , i

//deallocations
printf("Filename: %s , Fileid: %lu , owner: %1d \n" point2meta->filename- >str
fileid , point2meta->owner

//deallocate filename
g_string_free (point2meta->filename , TRUE

//deallocate struct
free(point2meta

//exit the server
exit

int main(int argc char “argv

[ EEF A KA KA A KA KA KA AR AR A KKK KA KKK HA KKK KA A FA KKK A KKK K KKK A K KA KKK KKK K [

/* LOCAL VARIABLES */

[ FREF AR KA A A KA KA KK HAK A AR K A KA KA KA KA A KA A KA AR A A KK KA KA KA KA KK

//Store pthread ID
pthread_t tid

//Store threads errors
int err

int port

//Check of input arguments
if(argc

printf("\nUsage: argv[@] -p [port]\n"
exit

//Initialize

initialization

//Retrieve input parameters
port-atoilargv

(o] 1 o e \n"
printf("\nStarting File manager on port:%d ....\n" port
(o] 1 o e \n"

// SIGINT is signal name create when Ctrl+c will pressed
signal(SIGINT,signal_handler

//Handle segmentation corrupt

signal(SIGSEGV, signal_handler

//Create a thread for the bind.
if(err=pthread_create(&tid , NULL , (void bind_thread void intptr_t)port

perror2("pthread create”, err

exit

//Wait until all threads to finish. Normally Bind thread
//is always running
pthread_join(tid void

return
//Main Function
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Filemanager.h

/1

// Created by elias on 2/17/16.
/7

#ifndef DISTRIBUTEDALGORITHMS_FILEMANAGER_H
#define DISTRIBUTEDALGORITHMS_FILEMANAGER_H

#include
typedef struct

long client_id
GString “username

CLIENT
typedef struct
char *type
long MSGID
char *filename
char *filetype
char ‘username
long owner
FILEHEADER
typedef struct

GString “filename
long fileid

long owner
GString “username
METADATA

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

/* VARIABLES */
[ R AR AR SR KR KK SRR R SR K SR R SR S SR KR K S KR Sk R SR ko s s kK sk ok ok

//Counter for client IDs
long countClientIds

//Counter for File IDs
long countFileIds

[ HFEEEA KA KK A KK KA A KA KA KA KK KA KA KK KA KKK A KA KA KA A K HA KK H A KA KA K AR A KKK KK

/* PROTOTYPES */

[ HFEAEEA KA AR A KA KA KA KA KA KKK A KA AR K A A KK A KA KA KK AR A KR KKK HA KKK A KKK KK KKK KKK,

int decode(char “buf , FILEHEADER *header
GString “getfilelist(GString”® strset

void *bind_thread(void “port

void *accept_thread(void *accept_sock

long registerClient(char *username

long registerFile(char “filename , long owner
long lookUpFileID(char *“filename , long owner
void initialization

void signal_handler

#endif //DISTRIBUTEDALGORITHMS_FILEMANAGER_H
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Client.h

//

// Created by elias on 9/29/15.
//

#ifndef DISTRIBUTEDALGORITHM_CLIENT_H
#define DISTRIBUTEDALGORITHM_CLIENT_H

#include

[ FREEFRAE KA KA A KA KA KA KA KKK KA KKK KKK

/* STRUCTS */

[ FREEFR AR KA A KA KA KA KA KKK KKK KA KKK

struct TAG

long num
long clientID

struct message

char *type

long msg_id
struct TAG tag
GSList" replicaSet
long fileID

char *filename
char *filetype
long clientID
unsigned int fileSize
char *checksum
char *permission

struct cmd
char oper
char *filename
char *fileType
long fileid
struct serinfo
char ip_addr
int port
int reqClientID(char *username
int get_file(int sock, struct message “msg

int send2ftp(struct cmd *msgCmd, int newsock , struct TAG “tagIn , long msgIDIn
[kt ok skt ok stk ok skl stk stk skl sk sk sk sk kst ok sk stk stk skl sk skt sk skl ok skl sk skt sk sk kol ks koksk ok ook ok ook /

/* FUNCTION PROTOTYPES */

[ HFEEEA KA AR A KK KA A KA KA KA KKK KKK KK A KKK KKK KA A AK KA KKK A KA KA A KK AR KKK KA KKK

long reqCreate(char *filename
long reqFileID(struct cmd “cmdmsg , long clientID

#endif //DISTRIBUTEDALGORITHM_CLIENT_H
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Client.c

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

/* */
/*Name: Elias Spanos */
/*Date: 30/09/2015 */
/*Filename: client.c */
/* */

/***********************************************************************************/
/***********************************************************************************/
/* LIBRARIES */
/***********************************************************************************/
#include <stdio.h>

#include <stdlib.h>

#include <sys/socket.h>

#include <string.h>

#include <time.h>

#include <math.h>

#include <sys/stat.h>

#include <fcntl.h>

#include <sys/sendfile.h>

#include <arpa/inet.h>

#include <unistd.h>

#include "client.h"

#include <time.h>

#include <error.h>

#include <gtk/gtk.h>

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

/* MACROS */
/***********************************************************************************/

#define SUCCESS
#define FAILURE -

#define MAXBUF
#define BUF_SIZE //Size of the buffer

#define GINT_TO_POINTER(i) ((gpointer) (glong) (i))
#define GPOINTER_TO_INT(p) ((gint) (glong) (p))

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

/* GLOBAL VARIABLES */
/***********************************************************************************/

FILE “LOG_FILE = NULL; //File to store the log information

char msg_info| 1; //Buffer to store message for the log file

fd_set direcs_fds: //Set of socket descriptor for select for directories
fd_set replicas_fd; //Set of socket descriptor for select for replicas
fd_set crash_direc_fds; //To store all the crash directories that exist in the
system

fd_set crash_repli_fds; //To store all the crash replicas that exist in the
system

int max_direc_fd--1; //To store the max directory socket descriptor for the
SELECT

int max_replica_fd--1; //To store the max replica socket descriptor for the
SELECT

long message_id; //Store the message counter

int *direcSocks; //Store all the sockets for directories

int “replicaSocks; //Store all the sockets for replicas

int “filemanagerSocks; //Store all the sockets for filemanagers

struct sockaddr_in “direc_sockaddr; //Store all the ips and ports for directories

struct sockaddr_in “replica_sockaddr; //Store all the ips and ports for Replicas

struct sockaddr_in “filemanager_sockaddr; //Store all the ips and ports for filemanagers

struct serinfo *direcNodes: //Store IP and port for each directory server

struct serinfo *replicaNodes; //Store IP and port for each replica server

struct serinfo *filemanagerNodes; //Store IP and port for each filemanager

int MAX_DIRECTORIES=©; //Store the number of directories that exist in the
system

int MAX_REPLICAS=©; //Store the number of replicas that exist in the system
int MAX_FILEMANAGERS //Store the number of filemanagers that exist in the
system

int “replivals;

char  permission[40]; //Store the permission for each client

long  clientID=2; //Store clientID

double failrate- B //store the rate for the fail
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GHashTable * hashFiletags

/* Shuffle the replica set in order to have
* uniform distribution. */

void shuffle(int *array, size_t n
srand(time(NULL
if (n
size_t i
for (i i n i
size_t j i rand RAND_MAX n i
int t = array[j
array|[j array[i
array[i t

int isMaxTag(struct TAG “tagl , struct TAG tag2

//Metadata table that holds all tag for the data

if ((tagl->num < tag2.num tagl->num tag2.num tagl->clientID tag2.clientID
return

return

char *checksum_get(char *“filename

int MAX_SIZE

GChecksum cs

guchar data[MAX_SIZE

gsize size

FILE input

const char “sum

cs = g_checksum_new( G_CHECKSUM_MD5

input = fopen( filename

do
size = fread void data, sizeof( guchar MAX_SIZE, input
g_checksum_update( cs, data, size

while( size MAX_SIZE

fclose( input

sum = g_checksum_get_string( cs

// g_checksum_free( cs );

return (char®)sum

[ HFEEEA KA KK A KKK KA KKK KK KA KA KKK A KKK A KA KA KA K KA AR H AR KA KA H AR KA KA KKK

/* decode message

*/

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

GSList* decode(struct message *‘msg , char “buf
//Use comma delimiter to find the type of
//send message and retrieve the apropriate
//fields//

msg- >type=strdup(strtok(buf

//Check if the type of the message is RREAD-OK//
if( (strcmp(msg->type

int i len
gpointer val

replivValue

msg->tag.num = atoi(strtok(NULL
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msg->tag.clientID - atoi(strtok(NULL
len = atoi(strtok(NULL

//Read all replica that hold the data
for(i i<len; i

replivalue - atoi(strtok(NULL
val=GINT_TO_POINTER(repliValue

msg
msg

msg->replicaSet-g slist_prepend(msg->replicaSet

msg_id = atoi(strtok(NULL
fileID = atoi(strtok(NULL

return msg->replicaSet

else if

int i

strcmp(msg->type

len repliValue

gpointer val

msg->tag.num = atoi(strtok(NULL
msg->tag.clientID = atoi(strtok(NULL
len - atoi(strtok(NULL

//Read all replica that hold the data

for(i

msg
msg

i<len; i

replivValue = atoi(strtok(NULL
val=GINT_TO_POINTER(replivalue
msg->replicaSet-g_slist_prepend(msg->replicaSet

msg_id = atoi(strtok(NULL
fileID = atoi(strtok(NULL

return msg->replicaSet

//Check if the type of the message is RWRITE

else if

//msg->tag.num =atoi(strtok(NULL, ","));
// msg->tag.id = atoi(strtok(NULL, “,"))

msg

strcmp(msg->type

]

msg_id = atoi(strtok(NULL

//msg->fileID = atoi(strtok(NULL, ","));

else if((strcmp(msg->type

msg->msg_id = atoi(strtok(NULL
else if((strcmp(msg->type

msg->tag.num = atoi(strtok(NULL

msg->tag.clientID - atoi(strtok(NULL

msg->msg_id = atoi(strtok(NULL

msg->fileSize - atoi(strtok(NULL

msg->checksum = strdup(strtok(NULL
else if((strcmp(msg->type

msg->msg_id = atoi(strtok(NULL

msg->filename = strdup(strtok(NULL
else if((strcmp(msg->type

msg->clientID = atol(strtok(NULL

msg->msg_id atol(strtok(NULL
else if((strcmp(msg->type

msg->fileID = atol(strtok(NULL

msg->msg_id atol(strtok(NULL
else if((strcmp(msg->type

msg->fileID = atol(strtok(NULL

msg->msg_id atol(strtok(NULL
else if((strcmp(msg->type

msg->msg_id atol(strtok(NULL
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msg->fileID - atol(strtok(NULL

return NULL

//Function decode message

[ EEF A KA A KA A A KK KK KA A KKK KA AK KA KA A KA KKK A KKK A KK A KA KA KA KKK KKK

/*

encode message

*/

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

void encode(struct message ‘msg , char *buf , char “type

bzero(buf,sizeof(buf

//Handle the case where file does not have an extension type

char filename

//Initialize filename in order to know what data exist inside the variable
bzero(filename, sizeof(filename

//Check if the file has type extension or not.

if(strcmp(msg->filetype

sprintf(filename msg->filename

else

sprintf(filename msg->filename, msg->filetype

//Check if the message is secure
if((strcmp(type

sprintf(buf type , msg->tag.num , msg->tag.clientID, message_id, msg
fileID , filename

//Check if the type of the message is RREAD
if((strcmp(type

sprintf(buf type , message_id , msg->filename , msg->fileID , permission

//Check if the type of the message is RWRITE

else if

strcmp(type strcmp(type

int i len repliValue
len-g_slist_length(msg->replicaSet
//Read all replica that hold the data
if( len

//To point on replica set & go through all the list
GSList* iterator=NULL

//To serialize replicaSet to string

char strSet

char str

//Initialize str
bzero(strSet,sizeof(strSet

tag.clientID, message_id , filename

filename

for (iterator - msg->replicaSet; iterator; iterator - iterator->next
bzero(str,sizeof(str
sprintf(str GPOINTER_TO_INT(iterator->data
strcat(strSet,str
sprintf(buf type ,len, strSet ,msg->tag.num, msg
sprintf(buf type , msg->tag.num, msg->tag.clientID, message_id

//If RWRITE statment

else if

int i

strcmp(type

len , replivalue

len-g_slist_length(msg->replicaSet
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//Read all replica that hold the data
if( len

//To point on replica set & go through all the list
GSList* iterator=NULL

//To serialize replicaSet to string

char strSet

char str

//Initialize str
bzero(strSet,sizeof(strSet

for (iterator = msg->replicaSet; iterator; iterator - iterator->next

bzero(str,sizeof(str
sprintf(str,”, %d" GPOINTER_TO_INT(iterator--data
strcat(strSet, str

sprintf(buf, "%s, %d%s,%1d,%1d,%1d,%s", type ,len, strSet ,msg->tag.num, msg->tag.clientID
message_id , filename

else

sprintf(buf, "%s,0,%1d,%1d,%1d,%s", type , msg->tag.num, msg->tag.clientID, message_id
filename

else if( (strcmp(type , "WREAD"

sprintf(buf, "%s,%1d,%1d,%s,%s" ,type , message_id , msg->fileID , filename , permission

//Function decode message

[ FEEF AR KA A A KA KK KA KA KA KA KA A KK KK A KKK A K KA A A A A KA KKK KA KA KA KA KK

/* RECEIVE MAJORITY */
Rk sk stk ko sk sk ok stk sk ok skl sk sk kst sk kb stk stk stk skttt sk kool sk skskok skl ok skt ko skt ok ok ok skok ok ok /
//The isCheck parameter is a set with domain {@,1,2}

//In case where you are interest to know the replica you have to

//specify the variable is check as 1.If your are interested only

//for tag you have to specify just only 2

GSList" receive_quorum(struct TAG ‘maxTag, GSList “replicaSet,int ischeck , int “ismajor

int bytes //To validate the size of the received msg.
struct timeval tv //To set a time out for the select
int i //For loop statment

char buffer
int readsocks
int majority //Count the acks from the directories.
int IsComplete
ismajor

//To store the message that receive from each server//
struct message "msg

//Allocation memory
msg-(struct message *)malloc(sizeof(struct message

//initialization
msg->replicaSet = NULL
/*Initialize tag*/
//msg.tag.num=0;
//msg.tag.id=0;

//Sleep x microsecond
//usleep(10000) ;

//set the end time to the current time plus 5 seconds
time_t endTime = time(NULL

usleep
while(time(NULL endTime

// if(result < @){exit(-1);}
for(i i <MAX_DIRECTORIES; i
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bzero(buffer, sizeof(buffer
if ((bytes recv(direcSocks|i|, buffer, sizeof(buffer MSG_DONTWAIT

//perror("Failed client received the message");
continue

if(strlen(buffer
//printf("MessageDirecMajor: %s\n", buffer);
//Decode the message that you received from server//

msg->replicaSet-decode(msg, buffer

//Check if the client have the permission to read the file, otherwise return
//access denied to the client
if(strcmp( msg->type, "ACCESSDENIED"

//In case where the client does not have permission to read the file
ismajor

return NULL
//Check if you received the message that you wait..otherwise drop the msg//
if (msg->msg_id message_id
IsComplete
/*In case you wait the tag&value with the response message
* otherwise it's not nessesary to wait something*/
if (ischeck
if( isMaxTag(maxTag , msg->tag
maxTag- >num msg->tag.num
maxTag->clientID msg->tag.clientID
GSList* iterator = NULL

//Store all replica that hold the data
for (iterator = msg->replicaSet; iterator; iterator = iterator->next

//Check if the replica exist in replicaSet if does not exist
//insert it
if(g_slist_find(replicaSet,iterator->data NULL

replicaSet-g slist_append(replicaSet, iterator->data

else if(ischeck
if( isMaxTag(maxTag , msg->tag
maxTag->num msg->tag.num
maxTag->clientID msg->tag.clientID
/*condition ? valueIfTrue : valueIfFalse*/
/* #ifdef DEVMODE
else

{

}
#endif

printf("0ld message received, msg_id:%d",msg.msg_id);

printf("Before going to is_major:%d\n" , is_major );
*/
//For statment
//For statment

if(IsComplete floor( (MAX_DIRECTORIES
break
usleep
if(IsComplete floor(MAX_DIRECTORIES
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// printf("Received Directory Quorum\n");
ismajor
return replicaSet

return NULL
//Function recv_majority

GSList* recvrepliquorum(struct message ‘msg , GSList ‘replicaSet

int bytes //To validate the size of the received msg.
struct timeval tv //To set a time out for the select
int i //For loop statment

char buffer

int readsocks

int majority //Count the acks from the directories.
int IsComplete

int fd

// set the end time to the current time plus 5 seconds
time_t endTime - time(NULL

/*To store the message that receive from each server*/
//struct message *msg;

//Allocation memory

//msg=(struct message *)malloc(sizeof(struct message));

usleep
while(time(NULL endTime

for(i i <MAX_REPLICAS: i

bzero(buffer, sizeof(buffer
if ((bytes = recv(replicaSocks|[i|, buffer, sizeof(buffer), MSG_DONTWAIT

// perror("Failed client received the message");
continue

if(strlen(buffer
// printf("ReplicaQuorumReceived:%s\n",buffer);

//Decode the message that you received from server*/
decode(msg, buffer

//Check if you received the message that you wait..otherwise drop the msg*/
if (msg->msg_id message_id

//Count how many acknowledge received so far
IsComplete

//Store all replica that hold the data
replicaSet-g_slist_append(replicaSet, GINT_TO_POINTER(i

//For
//For
//Check if you receive quorum of replicas
if(IsComplete ceil( (MAX_REPLICAS “failrate
break

//sleep x second for avoid congestion in cpu utilization
usleep
if( IsComplete ceil MAX_REPLICAS * failrate
//printf("Received Replica Quorum\n");
return replicaSet

return NULL

GHashTable “storefiletag(char *“filename, struct TAG “filetag

//Create a new tag to be insert in list
struct TAG" newfiletag - g new(struct TAG
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newfiletag->num = filetag->num
newfiletag- >clientID - filetag->clientID

//Point to the tag for the specific filename
struct TAG “pointTag-NULL

//Retrieve all the tags which are associated withe the specific filename
pointTag =(struct TAG") g_hash_table_lookup(hashFiletags ., filename

if(pointTag NULL
//Delete the old one tag and replace it with the new one
free(pointTag

//Insert updated list in hashtable to the associated key(filename)

g_hash_table_insert(hashFiletags . g_strdup( filename newfiletag

return hashFiletags

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

/* READ_QUERY FUNCTION */
/***********************************************************************************/
GSList read_Query(struct cmd “cmdmsgIn struct TAG “tag , struct message “msg

int IsSuccess

char buf
int i

int isReceiveMajor

//The replicas that hold the file
GSList “setOfReplica=NULL

//delete
tag->num
tag->clientID

//Retrieve information about the file
msg->fileID- cmdmsgIn->fileid
msg->filename-=strdup(cmdmsgIn->filename
msg->filetype-strdup(cmdmsgIn->fileType

//Initialize buffer
bzero(buf, sizeof(buf
encode(msg, buf

//Broadcast to all directories to request the data with the
//specific ID
for(i i MAX_DIRECTORIES; i

if (send(direcSocks|i buf, sizeof(buf

perror
//exit(EXIT_FAILURE);

//For statment

//Wait until to receive a quorum the last tag with a set of replica that
//hold the data

setOfReplica-receive_quorum(tag , setOfReplica isReceiveMajor

if( isReceiveMajor

printf
printf
printf
return NULL

else if(isReceiveMajor

printf
printf
printf
return NULL

//Return the uptodate replicas that stored the file
return setOfReplica

AS50



R EH A A KA A A AR KK KA KKK A A AR KA A KA KKK K KA KA AR KA R KA A KA KKK

/% READ_INFORM FUNCTION */

[/ F ko kokok ok sk ok sk kst ok sk kool kool stk sk kb sk kol stk stk ko kot sk okl k okt skok sk ko kol koo ko ok skkok ok
int read_Inform( struct cmd *“cmdmsgIn struct TAG “tag , struct message “msg , GSList
setOfReplica

//Buffer to store the message that it will sent
char buf

//index for the for
int i

//Variable that indicate if it receive majority
int isReceiveMajor

//Variable that indicate if it receive correctly the file
int IsSuccess

//Second phase of the Directory

// Announce the maxtag & value that you found in order
// guaranties strong consistent //
msg->tag.num=tag->num

msg->tag.clientID-tag->clientID

msg->replicaSet - setOfReplica

msg->msg_id message_id

bzero(buf, sizeof(buf
encode(msg , buf , "RWRITE"
for(i i MAX_DIRECTORIES; i
if (send(direcSocks|i buf, sizeof(buf
perror(“send() failed\n"

//For statment

receive_quorum(tag, setOfReplica isReceiveMajor
if( (isReceiveMajor

printf("----ccmmm e \n"
printf("UNABLE TO READ QUORUM IN THE SECOND PHASE OF READER\n"
printf("--c--cmmm e \n"

//Store file tag in the hashtable
storefiletag(msg->filename , tag

(o] 1 o R e e e L L TR

printf("Read operation completed: Value: , tagNum:%1ld , taglD:%1ld\n", tag->num,tag

(o] 1 o R e e e L L TR

//Go through the list that holds the data.

//In case when one replica is fault you can
//request the data from the next available replica
GSList iter=NULL

printf("\n------ccccmcm e \n"
printf("Replica Set\n"
printf("{ "

for (iter = setOfReplica; iter; iter = iter->next
if(iter->next !=NULL
printf("%d," , GPOINTER_TO_INT(iter->data
else

printf("%d }" , GPOINTER_TO_INT(iter->data

printf (N \n"

//Go through available replicas
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for (iter = setOfReplica; iter; iter = iter->next

IsSuccess-get_file(replicaSocks| (GPOINTER_TO_INT(iter->data msg
//Check if the file have transfered successful
if(IsSuccess SUCCESS

break

//deallocate
free(msg
free(tag

return IsSuccess

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

/* READER FUNCTION */
[ FFAAAAAAKK AR FAA KA KKK A KA A H KA KA A K KA KKK A KA KA A KA A K HA KA KA KK A F A A KA KA KA KKK

int reader_oper(int msg_id struct cmd *cmdfile

//Store if the action are
int isSuccess=FAILURE

//Allocation memory
struct message “msg-(struct message “)malloc(sizeof(struct message
struct TAG “tag-(struct TAG *)malloc(sizeof(struct TAG

//Store the file that hold the UpToDate replicas
GSList “setOfReplica=NULL

//First phase of ABD algorithm
setOfReplica = read_Query(cmdfile , tag . msg

//Check if it receive a replica set
if(setOfReplica NULL

return FAILURE

//Retrive the file from the replica
isSuccess read_Inform(cmdfile, tag , msg , setOfReplica

return isSuccess

//Function reader

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

/* WRITER FUNCTION */
[ R R AR KRR K R KK K S KR K R S K KR SRR R s R K s koK sk K SRR K Sk ko kR o/

int writer_oper(int msg_id struct cmd “cmdfile

int isReceiveMajor

char buf

int i

//The replicas that hold the file
struct message "msg

struct TAG "tag

//The replicas that hold the file
GSList “setOfReplica=NULL

//Allocation memory
msg=(struct message “)malloc(sizeof(struct message
tag=(struct TAG *)malloc(sizeof(struct TAG

//delete
tag->num
tag->clientID

//Retrieve information about the file
msg->fileID = cmdfile->fileid
msg->filename-=strdup(cmdfile->filename
msg->filetype-strdup(cmdfile->fileType

//Initialize buffer
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bzero(buf, sizeof(buf
encode(msg, buf

//Broadcast to all directories to request the tag for a
//specific file ID
for(i i < MAX_DIRECTORIES; i

if (send(direcSocks|i buf, sizeof(buf

perror
//exit(EXIT_FAILURE);

//For statment

//Wait until to receive a quorum with the last tag
setOfReplica receive_quorum(tag, setOfReplica isReceiveMajor

//Check if you received the latest tag
if( isReceiveMajor

printf
printf
printf
return FAILURE

else if(isReceiveMajor

printf
printf
printf
return FAILURE

printf

printf tag->num
tag->clientID
printf

//Retrieve the tag for the file

struct TAG “filetag = NULL

filetag - g_hash_table_lookup(hashFiletags , msg->filename
if(filetag NULL

filetag -(struct TAG") malloc(sizeof(tag
filetag->num
filetag->clientID - clientID

if(filetag->num < tag->num filetag->num tag->num filetag->clientID < tag->clientID

printf
printf
printf

char tmpfilename
bzero(tmpfilename, sizeof (tmpfilename

//Replace the old one version of the file with the new one
unsigned int length=sprintf(tmpfilename msg->filename , msg->filetype
//tmpfilename[length-1]="\0";

//Remove the old file
//remove(tmpfilename);

//Read the new version of the file
read_Inform(cmdfile , tag , msg , setOfReplica

//reader_oper(msg_id , cmdmsgIn);
return FAILURE
//Increase the msgID before to broadcast the message to all replicas
message_id
tag- >num

tag->clientID = clientID

//Clear the old replica set
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g slist free(setOfReplica
setOfReplica- NULL

shuffle(repliVals MAX_REPLICAS
//Broadcast to all replicas the object and wait from f(fail number) replicas to response
//with an acknowledgment
for(i i < ceil(( MAX_REPLICAS * failrate i
int repl= repliVals|i

if( send2ftp(cmdfile,replicaSocks|repl tag . (message_id FAILURE

printf
return FAILURE

setOfReplica recvrepliquorum(msg,setOfReplica
if(setOfReplica NULL

printf
printf
printf
return FAILURE

printf
printf tag->num , tag

clientID
printf

//Debug Purpose
GSList “iter=NULL
printf
printf
printf
for (iter = setOfReplica; iter; iter = iter->next
if(iter->next NULL
printf GPOINTER_TO_INT(iter--data

else

printf GPOINTER_TO_INT(iter->data

printf

//Announce to all directories that f replicas
//had store the object
message_id
msg->replicaSet - setOfReplica
msg->msg_id- message_id
msg->tag.num -tag->num
msg->tag.clientID - tag->clientID

bzero(buf, sizeof(buf
encode(msg , buf

//Inform all directories which replicas hold the data
for(i i < MAX_DIRECTORIES: i

if (send(direcSocks|i buf, sizeof(buf
perror
//For statment
//Phase wdw.Wait a quorum Directories

receive_quorum(tag , setOfReplica isReceiveMajor
if( isReceiveMajor
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printf("wdw..Unable to receive a majority\n");
!
S

//Update the hashtable with the new tag for the file
storefiletag(msg->filename , tag );

printf("WRITE TO DIRECTORIES OPERATION COMPLETED , LAST_TAG_NUM:%1d , LAST TAG IS:%1d\n",tag->num
, tag->clientID);

//delete
//sleep(2);

//Initialize buffer
bzero(buf, sizeof(buf));

//Encode the message that it will send
encode(msg , buf , "SECURE" );

//GSList *iter=NULL;

for (iter = setOfReplica; iter; iter = iter->next)

{

if (send(replicaSocks| (GPOINTER_TO_INT(iter->data))]|, buf , sizeof(buf) , o) < @)

{

perror(“send() secure failed\n");

}
}
o]} o R e et e e T

----\n");

printf("SEND SECURE MESSAGE TO REPLICAS , LAST TAG NUM:Z%ld , LAST TAG IS:%1d\n",tag->num , tag-
>clientID )

PPNt (M == m s m o m e
---\n");

//deallocate
free(msg->filename) ;
free(msg->filetype) :

g _slist_free(msg->replicaSet);
// g_slist_free(setOfReplica);
free(msg) ;

free(tag);

}//Function writer

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

/* READ COMMAND */
AR SR R R SRR SR K K KK SR R S K A S K R KK SRR SR K K SR KK S K R SRk Sk Kok ok

int read_cmd(char *cmd_str , struct cmd “cmdmsg )

{

char *cmd;

char “temp;

/* get the first token */
cmd = strtok(cmd_str, " ");
strcpy(cmdmsg->oper,cmd) ;

//Check the command if it exist
if(strecmp(cmd, "exit") ==0)

int i=0;

//Fill the direcSocks for directories server which is type sockaddr_in
for (i = ©; 1 < MAX_DIRECTORIES; i++)
{
close(replicaSocks|[i]):
}//For statement

//Fill the replicaSocks for directories server which is type sockaddr_in
for (i = ©; i < MAX_REPLICAS; i++)
.
1
close(direcSocks[i]);
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//For statement
//Fill the replicaSocks for directories server which is type sockaddr_in
for (i i < MAX_FILEMANAGERS; i

close(filemanagerSocks|i
//For statement

return
else if(strcmp(cmd

//Store the username of the client
char *username

username - strdup(strtok(NULL

//Request clientID
reqClientID(username

//Deallocate
free(username

return
else if(strcmp(cmd

//Store the filename
char *filename

filename = strdup(strdup(strtok(NULL
long fileid = reqCreate(filename
printf fileid

//Deallocate
free(filename

return

else if(strcmp(cmd

get_filelist

return

//Retieve information of the file
temp=strtok (NULL
if(strchr(temp NULL

cmdmsg- >filename=strdup(strtok(temp
cmdmsg- >fileType-strdup(strtok (NULL

else
cmdmsg- >filename=strdup(temp
cmdmsg- >fileType
if(strcmp(cmd
cmdmsg- >fileid reqFileID(cmdmsg , clientID

//In case where it receive correct the fileid
if(cmdmsg->fileid FAILURE

//get_file(replicaSocks[1] , msg);
if( reader_oper(message_id cmdmsg FAILURE

printf

printf
printf
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else
printf

printf
printf

//In case when client interested to write a file to replicasc
else if(strcmp(cmd

cmdmsg- >fileid reqFileID(cmdmsg , clientID

//In case where it receive correct the fileid

if(cmdmsg->fileid FAILURE
writer_oper(message_id, cmdmsg

else

printf

//deallocate
free(cmdmsg->filename
//free(cmdmsg->fileType);

return

[ HFEEEAAAA KA KA K KA KA KA KA KKK KA K KA KA KK AR K A A KA KK KKK A A KA AR A A KK A A KKK KA KK

/* Read config */
[ R Rk ok sk ko sk sk ok sk stk s kst sk ok sk koo kst sk skl sk sk ok kil s kst skok ok kb ok stk ok skl koo ok sk ok ok sk ok ok /

void readConfig(char “filename

FILE * fp
char line = NULL
size_t len

ssize_t read
int i=0,j=0.d
fp = fopen(filename
if (fp NULL
printf
exit (EXIT_FAILURE

while read - getline(&line, &len, fp

if(strcmp(line
while ((read - getline(&line, &len, fp
if(strcmp(line
break
if(MAX_DIRECTORIES

MAX_DIRECTORIES=atoi(line
direcNodes=(struct serinfo *)malloc(sizeof(struct serinfo MAX_DIRECTORIES

else
strcpy(direcNodes|i].ip_addr, strtok(line
direcNodes|[i]|.port = atoi(strtok(NULL

1

//While

if(strcmp(line
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while ((read = getline(&line, &len, fp
if(strcmp(line
break
if (MAX_REPLICAS

MAX_REPLICAS - atoi(line

replicaNodes=(struct serinfo *)malloc(sizeof(struct serinfo

else

strcpy(replicaNodes|j|.ip_addr, strtok(line
replicaNodes|j|.port = atoi(strtok(NULL

J

//While
if(strcmp(line
while ((read = getline(&line, &len, fp
if(strcmp(line
break
if (MAX_FILEMANAGERS

MAX_FILEMANAGERS atoi(line

filemanagerNodes=(struct serinfo “)malloc(sizeof(struct serinfo

MAX_FILEMANAGERS
else
strcpy(filemanagerNodes|d|.ip_addr , strtok(line
filemanagerNodes|d|.port = atoi(strtok(NULL
d
//While
if(strcmp(line

read - getline(&line, &len, fp

//Store the permission for the client
strcpy(permission, line

fclose(fp
if (line
free(line

int reqClientID(char “username

//Buffer message
char buf

//Initialize the buffer
bzero(buf,sizeof(buf

//Store the bytes that sent
int bytes

//Message ID to validate that it receive the correct message
long messagelD message_id

//Allocation memory
struct message "msg=(struct message *“)malloc(sizeof(struct message

//Request from the filemanager to set up a client ID

sprintf(buf username , messagelD
if (bytes = send(filemanagerSocks buf, sizeof(buf
perror
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//Initialize the buffer
bzero(buf,sizeof(buf

//Wait to receive the message
if (recv(filemanagerSocks buf, sizeof(buf

perror(“Received() Unable to receive clientID"
//Decode the message that it receive
decode(msg, buf

//Deallocate type
free(msg->type

//Check if it received the correct message
if(msg->msg_id messagelD

//Deallocate struct
free(msg

//Assign client ID that it received
clientID - msg->clientID

else

//Deallocate struct
free(msg

return FAILURE

long reqCreate(char *filename

//Buffer message
char buf

//Message ID to validate that it receive the correct message
long messagelD message_id

//Store the number of bytes that sent via socket
int bytes

//Store the fileid for the file that it create
long fileid

//Request from the filemanager to set up a client ID
sprintf(buf, "REQCREATE,%s,%1d,%1d" filename clientID, messageID

if (bytes = send(filemanagerSocks buf, sizeof(buf
perror(“Send:Unable to request clientID"

bzero(buf,sizeof (buf

if (recv(filemanagerSocks buf, sizeof(buf

perror("Received() Unable to receive clientID"

printf("ReqCreate Received: %s\n" , buf

//Allocation memory
struct message "msg-=(struct message *)malloc(sizeof(struct message

//Decode the message that it receive
decode(msg, buf

//Deallocate type
free(msg->type

//Check if it received the correct message
if(msg->msg_id messageID

//Assign fileid
int fileid = msg->fileID

//Deallocate struct
free(msg
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return fileid

else

//Deallocate struct
free(msg

return FAILURE

long reqFileID(struct cmd “cmdmsg , long clientID

//Buffer message
char buf

//Store the number of bytes that sent via socket
int bytes

//Message ID to validate that it receive the correct message
long messagelD message_id

bzero(buf,sizeof (buf
//Handle the case where file does not have

//file extension
if(strcmp(cmdmsg->fileType

//Request from the filemanager to set up a client ID
sprintf(buf, "REQFILEID,%s,%1d,%1d" cmdmsg- >filename clientID , messageID

else
//Request from the filemanager to set up a client ID

sprintf(buf, "REQFILEID,%s . %s,%1d,%1d" cmdmsg- >filename , cmdmsg->fileType , clientID
messagelD

if (bytes = send(filemanagerSocks buf, sizeof(buf
perror("Send:Unable to request clientID"

bzero(buf,sizeof (buf

if (recv(filemanagerSocks buf, sizeof(buf

perror("Received() Unable to receive clientID"

printf("REQFILEID Received: %s\n" buf

//Allocation memory
struct message "msg-(struct message *)malloc(sizeof(struct message

//Decode the message that it receive
decode(msg, buf

//Deallocate type
free(msg->type

//Check if it received the correct message
if(msg->msg_id messageID

//Assign fileid
int fileid = msg->fileID

//Deallocate struct
free(msg

return fileid

else

//Deallocate struct
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free(msg

return FAILURE

[ FEEF A KA KA A A KA KA KK A KKK KA K KA KA KA KKK H A K KA A A A A KA KA A KA KA KKK AR A KKK

/* Establish connections */
/***********************************************************************************/
int connect2Replicas
int i
for(i i MAX_REPLICAS; i
/*Establish a connection withe the IP address from the struct server*/
if (connect(replicaSocks/|i struct sockaddr replica_sockaddr|i
sizeof(replica_sockaddr|i
/*Use htohs to convert network port to host port.*/
printf inet_ntoa(replica_sockaddr/i|.sin_addr
ntohs(replica_sockaddr|[i].sin_port

else

printf
inet_ntoa(replica_sockaddr|i]|.sin_addr),ntohs(replica_sockaddr|i].sin_port

void conn2direc
int i
char buf
bzero(buf,sizeof(buf
int bytes
for(i i < MAX_DIRECTORIES; i
/*Establish a connection withe the IP address from the struct server*/

if (connect(direcSocks i struct sockaddr direc_sockaddr|i sizeof(direc_sockaddr|i

/*Use htohs to convert network port to host port.*/
printf inet_ntoa(direc_sockaddr[i].sin_addr
ntohs(direc_sockaddr[i].sin_port
else

printf
inet_ntoa(direc_sockaddr[i].sin_addr),ntohs(direc_sockaddr|i|.sin_port

//Add socket to set
FD_SET(direcSocks|i direcs_fds
if (direcSocks|i max_direc_fd
max_direc_fd = direcSocks|i
//For statment
//Function establish connections
int conn2filemanager
int i

//Establish Connection with all the filemanager servers
for(i i < MAX_FILEMANAGERS; i

/*Establish a connection withe the IP address from the struct server*/
if (connect(filemanagerSocks|i struct sockaddr filemanager_sockaddr/|i

sizeof(filemanager_sockaddr|i

/*Use htohs to convert network port to host port.*/
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inet_ntoa(filemanager_sockaddr|[i].sin_addr), ntohs(filemanager_sockaddr|[i]|.sin_port

inet_ntoa(filemanager_sockaddr|[i].sin_addr), ntohs(filemanager_sockaddr|[i].sin_port

printf

else

printf

int get_file(int sock, struct message “msg

msg

FILE received_file
int remain_data
int bytes

int bufsize

char buf|bufsize
char filename

unsigned int length

//
struct message “recvmsg

//Allocation memory
recvmsg=(struct message “)malloc(sizeof(struct message

sprintf(buf msg->tag.num , msg->tag.clientID
fileID, msg->filename , msg->filetype

//printf("Filename in get_file: %s , length: %d\n",buf, file_size);
if ((bytes=send(sock, buf

perror
return FAILURE
printf bytes
//Wait until to receive an acknowldge with the
//same messagelD
bzero(buf,sizeof (buf
if(recv(sock, buf
perror

exit(sock
return FAILURE

//Unable to receive details for the file
if(strlen(buf

return FAILURE

printf buf
decode(recvmsg, buf

length=sprintf(filename msg->filename , msg->filetype
//filename[length-1]="\0";

received_file = fopen(filename
if (received_file NULL

printf filename
return FAILURE
//Retrieve the size of the file

remain_data = recvmsg->fileSize

bzero(buf, bufsize
while bytes = recv(sock, buf, bufsize remain_data

fwrite(buf, sizeof(char), bytes, received_file
remain_data bytes

msg->msg_id

// fprintf(stdout, "Receive %d bytes and we hope :- %d bytes\n", bytes, remain_data);
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int

// printf("Received: %d , remain : %d\n",bytes , remain_data);

if(remain_data

break

//While

//close file descriptor
fclose(received_file

//Retrieve the checksum from the file that the
//client receive in order to check if receive
//the whole file

char *filechecksum checksum_get(filename

//check if it received the whole file
//otherwise return an error
if(remain_data
return FAILURE
else if(strcmp(filechecksum , recvmsg->checksum
printf
//Remove the file

remove(filename

return FAILURE

return SUCCESS

send2ftp(struct cmd *msgCmd, int newsock , struct

TAG “tagIn , long msgIDIn

int fd

off_t offset

int remain_data

int sent_bytes

struct stat file_stat; /*to retrieve information for the file*/
int len

int file_size

char buf

char filename

bzero(filename,sizeof(filename

//Handle the case where file does not have
//file extension
if(strcmp(msgCmd->fileType

unsigned int length=sprintf(filename msgCmd - >filename

else

unsigned int length=sprintf(filename

//filename[length-1]="\0";

fd = open(filename, O_RDONLY
if (fd

printf filename
return FAILURE

// Get file stats
if (fstat(fd, &file_stat

printf
close(fd
return FAILURE
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// Sending file size //
file_size-file_stat.st_size

//Check if the file is empty
if(file_size

printf
return FAILURE
//Retrieve checksum for the file
char *filechecksum checksum_get(filename
bzero(buf,sizeof (buf
sprintf(buf tagIn->num,tagIn->clientID , msgCmd->fileid
msgIDIn , file_size, filechecksum,filename
// If connection is established then start communicating //
len = send(newsock, buf
if (len
perror

close(fd
return FAILURE

//Wait to received acknowledge that received the metadata for the file

remain_data = file_stat.st_size

// Sending file data //

while sent_bytes = sendfile(newsock, fd, “offset, MAXBUF remain_data
remain_data sent_bytes

// printf("Server sent %d bytes from file's data, offset is now : %d and remaining data = %d\n",
sent_bytes, offset, remain_data);

//Close the file descriptor
close(fd

//check if it received the whole file
//otherwise return an error
if(remain_data

return FAILURE

else

printf msgCmd - >filename

return SUCCESS

int get_filelist

//Buffer message
char buf

char tempbuf

bzero(tempbuf,sizeof(tempbuf
bzero(buf, sizeof (buf

long msg_id message_id

//Request from the filemanager to set up a client ID

sprintf(tempbuf msg_id
if (send(filemanagerSocks tempbuf, strlen(tempbuf
perror

bzero(buf, sizeof (buf
if (recv(filemanagerSocks buf, sizeof(buf

perror
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int i

//Retrieve the size of the list
int size atoi(strtok(buf

//Display format

printf

printf

printf

for(i i<size; 1
printf strtok (NULL
printf strtok (NULL
printf strtok (NULL
printf

printf

void inisialization

int i

//Allocate the array to store all the replica nodes
replivals int *)malloc(sizeof(int MAX_REPLICAS

//Allocate the array to store all the sockaddr_in for directories
direc_sockaddr=(struct sockaddr_in *)malloc(sizeof(struct sockaddr_in MAX_DIRECTORIES

//Allocate the array to store all the sockaddr_in for Replicas
replica_sockaddr=(struct sockaddr_in *)malloc(sizeof(struct sockaddr_in MAX_REPLICAS

//Allocate the array to store all the sockaddr_in for file managers
filemanager_sockaddr=(struct sockaddr_in “)malloc(sizeof(struct sockaddr_in MAX_FILEMANAGERS

//Allocate the array to store all the sockets descriptor for each directory
direcSocks=( int *)malloc(sizeof(int MAX_DIRECTORIES

//Allocate the array to store all the sockets descriptor for each Replicas
replicaSocks=(int *)malloc(sizeof(int MAX_REPLICAS

//Allocate the array to store all the sockets descriptor for each Replicas
filemanagerSocks=(int *)malloc(sizeof(int MAX_FILEMANAGERS

//Fill the direcSocks for directories server which is type sockaddr_in
for (i i MAX_DIRECTORIES; i

direc_sockaddr|[i].sin_family = AF_INET; /*Internet domain*/
direc_sockaddr|[i].sin_addr.s_addr = inet_addr(direcNodes|i|.ip_addr
direc_sockaddr|[i].sin_port = htons(direcNodes|i]|.port

//For statement

//Fill the replicaSocks for directories server which is type sockaddr_in
for (i i < MAX_REPLICAS; i

replica_sockaddr[i].sin_family = AF_INET; /*Internet domain*/
replica_sockaddr|[i].sin_addr.s_addr = inet_addr(replicaNodes|i].ip_addr
replica_sockaddr[i].sin_port = htons(replicaNodes|i]|.port

//For statement

//Fill the replicaSocks for directories server which is type sockaddr_in
for (i i < MAX_FILEMANAGERS; i

filemanager_sockaddr|i|.sin_family = AF_INET; /*Internet domain*/
filemanager_sockaddr|i]|.sin_addr.s_addr = inet_addr(filemanagerNodes|i|.ip_addr
filemanager_sockaddr|i|.sin_port = htons(filemanagerNodes|i]|.port
// filemanager_sockaddr[i].sin_addr.s_addr = inet_addr("127.0.0.1");
//filemanager_sockaddr[i].sin_port = htons(40001);
//For statement

//initialize hash table that stores the tags for the files
hashFiletags = g_hash_table_new( g_str_hash, g str_equal
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//Inisialization of the set of sockets descriptors
FD_ZERO(&direcs_fds

FD_ZERO(&replicas_fd

FD_ZERO(&crash_direc_fds

//Go through all the available directories to establish a connection.*/
for (i i MAX_DIRECTORIES: i

//Create a socket and check if is created correct
if ((direcSocks|i socket(PF_INET, SOCK_STREAM

perror
exit

//For statement

//Fill the replicaSocks for directories server which is type sockaddr_in
for (i i MAX_REPLICAS; i

//Fill with all the replica
replivals|i|-1i

//Create a socket and check if is created correct
if ((replicaSocks|i socket(PF_INET, SOCK_STREAM

perror
exit

//Add socket to set

FD_SET(replicaSocks|i replicas_fd

if (replicaSocks|i max_replica_fd
max_replica_fd = replicaSocks|i

//For statement

//Fill the replicaSocks for filemanager servers
for (i i < MAX_FILEMANAGERS; i

//Create a socket and check if is created correct
if ((filemanagerSocks/|i socket(PF_INET, SOCK_STREAM

perror
exit

//For statement
/*Is an option to set a timeout value for input operations.
It accepts a struct timeval parameter with the number of seconds
and microseconds used to limit waits for input operations to complete.*/
//Configure sockets
struct timeval timeout
timeout.tv_sec

timeout.tv_usec

//Set the socket to block only for some second
for (i i MAX_REPLICAS; i

setsockopt(replicaSocks|[i|, SOL_SOCKET, SO_RCVTIMEO, (char timeout

//Set the socket to block only for some second
for (i i < MAX_FILEMANAGERS; i

setsockopt(filemanagerSocks|i|, SOL_SOCKET, SO_RCVTIMEO, (char timeout

//Function inisialization
void unitTest(char *“filename , char *filetype , char *username

//Check the system if is working correct
struct cmd “cmdmsg

cmdmsg=(struct cmd” )malloc(sizeof(struct cmd
cmdmsg- >filename=strdup(filename
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cmdmsg- >fileType-strdup(filetype);

//Unitest for the function reqClientID
long clientID = reqClientID(username);

//Counter to calculate the times that the unitest run
int i=0;

//newline
printf("\n");
if (clientID |- FAILURE)

{
printf("------mmm e \n");
printf("TEST1 reqClientID function PASSED!!\n");
printf("Received clientID: %ld\n", clientID);
printf("------mmm e \n");

}

else

{
printf("------mmm e \n");
printf("TEST1 reqClientID function FAILED!!\n");
printf("Received clientID: %ld\n", clientID);
printf("------mmm e \n");

}

[T Kok o N R et e \n");

for(i=0; i<5; i++)
{
//Unit test for the function reqCreate
//Store the filename with the corresponding type
char newfilename| 1;
bzero(newfilename, sizeof(newfilename));

sprintf(newfilename, "%s.%s", filename, filetype):

//Call reqCreate function
long fileid = reqCreate(newfilename);

//newline
/* if (fileid != FAILURE)
{
//Store the file id that received
cmdmsg->fileid = fileid;

printf (M ---m e \n");
printf("TEST2 reqCreate function PASSED!!\n");
printf("Received fileID: %1ld\n", fileid);

printf (M ---m e \n");
}
else
printf (M ---m e \n");
printf("TEST2 reqCreate function FAILED!!\n");
printf("Received fileID: %1ld\n", fileid);
printf (M ---m e \n");
}
o] gk N B e \n");
*/

//message id
long messageid=0;

//Call reqCreate function

int isSuccess = writer_oper(messageid, cmdmsg)
//newline

if (isSuccess != FAILURE)

{

Praintf (" \ ook s kR R ROk \ 1) 5

printf("TEST3 WRITER_OPER FUNCTION PASSED!!\n");

pr‘intf( "**********************************\n")).

}

else

{
printf(”**********************************\n");
printf("TEST3 WRITER_OPER FUNCTION FAILED!!\n");
printf(”**********************************\n");

}
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printf

//For statment

//deallocate
free(cmdmsg->filename
free(cmdmsg->fileType

/* The file selection widget and the string to store the chosen filename */
GtkWidget “file_selector
gchar ‘selected_filename

GtkWidget view

//The entry for the username
GtkWidget entry
GtkWidget fileentry
GtkWidget loggin
GtkWidget list
GtkWidget upload
GtkWidget btnread

GtkWidget *chkVisiblebtn

/* The Text Buffer as a global variabel*/
GtkTextBuffer “buffer

/* File descriptors for pipe. */

int fds

/* Create a Button Box with the specified parameters */
GtkWidget *create_bbox (gint horizontal

char® title

gint spacing

gint child_w

gint child_h

gint layout

GtkWidget *“frame
GtkWidget “bbox
GtkWidget *“bbox2

frame - gtk_frame_new (title
if (horizontal
bbox = gtk_hbutton_box_new

else
bbox = gtk_vbutton_box_new

bbox2 = gtk_vbutton_box_new

//Read file entry
fileentry = gtk_entry_new_with_max_length

gtk_container_set_border_width (GTK_CONTAINER (bbox
gtk_container_add (GTK_CONTAINER (frame), bbox

gtk_container_set_border_width (GTK_CONTAINER (bbox2
gtk_container_add (GTK_CONTAINER (bbox), bbox2

/* Set the appearance of the Button Box */
gtk_button_box_set_layout (GTK_BUTTON_BOX (bbox), layout

gtk_button_box_set_spacing (GTK_BUTTON_BOX (bbox), spacing
gtk_button_box_set_child_size (GTK_BUTTON_BOX (bbox), child_w, child_h

btnread = gtk_button_new_with_label
gtk_container_add (GTK_CONTAINER (bbox2), btnread

gtk_container_add (GTK_CONTAINER (bbox2), fileentry
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upload = gtk_button_new_with_label

list = gtk_button_new_with_label
gtk_container_add (GTK_CONTAINER (bbox), list

gtk_container_add (GTK_CONTAINER (bbox), upload

//disable buttons
gtk_widget_set_sensitive (btnread, FALSE

gtk_widget_set_sensitive (upload, FALSE

gtk_widget_set_sensitive (list, FALSE

return(frame

/* Create a Button Box with the specified parameters */
GtkWidget “create_Login (gint horizontal

char® title

gint spacing

gint child_w

gint «child_h

gint layout

GtkWidget *frame
GtkWidget “bbox

GtkWidget *bbox2
GtkWidget “button

frame - gtk_frame_new (title

bbox = gtk_vbutton_box_new

gtk_container_set_border_width (GTK_CONTAINER (bbox
gtk_container_add (GTK_CONTAINER (frame), bbox

bbox2 = gtk_vbutton_box_new
gtk_container_add (GTK_CONTAINER (bbox), bbox2

/* Set the appearance of the Button Box */

gtk_button_box_set_layout (GTK_BUTTON_BOX (bbox), layout
gtk_button_box_set_spacing (GTK_BUTTON_BOX (bbox), spacing
gtk_button_box_set_child_size (GTK_BUTTON_BOX (bbox), child_w, child_h

/* create a text entry. */
entry - gtk_entry new_with_max_length

/* insert the following text into the text entry, as its initial value.
gtk_entry_set_text(GTK_ENTRY(entry

//Align the text in the entry
// gtk_entry_set_alignment(entry , 0.5);

loggin = gtk_button_new_with_label

gtk_container_add (GTK_CONTAINER (bbox), loggin
gtk_container_add (GTK_CONTAINER (bbox), entry

return(frame

/* Create a Button Box with the specified parameters */
GtkWidget “create_label (gint horizontal

char® title

gint spacing

gint child_w

gint child_h

gint layout
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GtkWidget *frame
GtkwWidget “bbox
GtkWidget *“bbox2
GtkWidget *button

frame - gtk_frame_new (title

bbox = gtk_vbutton_box_new

//Check button for visibility
chkvisiblebtn = gtk_check_button_new_with_label

gtk_container_set_border_width (GTK_CONTAINER (bbox
gtk_container_add (GTK_CONTAINER (frame), bbox

bbox2 = gtk_vbutton_box_new
gtk_container_add (GTK_CONTAINER (bbox), bbox2

/* Set the appearance of the Button Box */

gtk_button_box_set_layout (GTK_BUTTON_BOX (bbox), layout
gtk_button_box_set_spacing (GTK_BUTTON_BOX (bbox), spacing
gtk_button_box_set_child_size (GTK_BUTTON_BOX (bbox), child_w, child_h

gtk_container_add (GTK_CONTAINER (bbox), chkVisiblebtn

return(frame

/* This is a callback function to watch data in standard output and write to a view text widget. */
void input_callback( gpointer data

gint source

GdkInputCondition condition

//Clear buffer
buffer = gtk_text_view_get_buffer (GTK_TEXT_VIEW (view
gtk_text_buffer_set_text (buffer

gchar buf

gint chars_read

GtkTextIter iter

chars_read
gtk_text_buffer_get_end_iter(buffer, Ziter
while (chars_read

chars_read = read(fds buf

// fprintf(stderr, "%i chars: %s\n", chars_read, buf);
gtk_text_buffer_insert (buffer, &iter, buf, chars_read

/* This is a callback function. The data arguments are ignored
* in this example. More on callbacks below. */
static void showfileselector(GtkWidget ‘widget
gpointer data
gtk_widget_show (file_selector

static void logVisibility( GtkWidget ‘widget
gpointer data

gtk_widget_show(view

static void invisiblelLog( GtkWidget ‘widget

gpointer data

gtk_widget_hide(view
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/* This is a callback function. The data arguments are ignored
* in this example. More on callbacks below. */
static void listOutput( GtkWidget ‘widget
gpointer data

get_filelist

void hide_file_selector(GtkFileSelection “selector, gpointer user_data

gtk_widget_hide(file_selector

void store_filename(GtkFileSelection *“selector, gpointer user_data
gtk_widget_hide(file_selector

char cwd
char command

bzero(cwd,sizeof(cwd
bzero(command, sizeof(command

getcwd(cwd, sizeof(cwd

// g_print("Current working dir: %s\n", cwd);
selected_filename - gtk_file_selection_get_filename (GTK_FILE_SELECTION(file_selector

//g_print ("%s\n" ,selected_filename);

g_print g_path_get_basename(selected_filename

// g _print("%s\n", cwd);

sprintf(command selected_filename, cwd
//g_print("%s\n", command);

system(command

char® filename -g_strdup(g_path_get_basename(selected_filename
struct cmd “cmdmsg struct cmd malloc( (sizeof(struct cmd
cmdmsg- >filename=strdup(strtok(g_path_get basename(selected_filename
cmdmsg- >fileType=strdup(strtok (NULL

cmdmsg->fileid reqFileID(cmdmsg , clientID

// g _print("%s , %s\n" , cmdmsg->filename , cmdmsg->fileType);

writer_oper(message_id, cmdmsg

g_free(filename
free(cmdmsg->filename
free(cmdmsg->fileType

/ /XXX
void
on_buttonl_clicked(GtkButton® button, gpointer data

/* cast the data back to a GtkEntry* */
GtkEntry® entry GtkEntry*)data

//Request ClientID
reqClientID(gtk_entry_get_text(entry

gtk_widget_set_sensitive(GTK_WIDGET (entry), FALSE

//Enable

gtk_widget_set_sensitive (btnread, TRUE
gtk _widget_set_sensitive (upload, TRUE
gtk_widget_set_sensitive (list, TRUE
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// gtk _widget_show(view);
// gtk _widget_set_sensitive(,FALSE);

void
readfile_clicked(GtkButton® button, gpointer data

//Cast the data back to a GtkEntry

GtkEntry* entry GtkEntry* )data

char® filename -g_strdup(gtk_entry_get_text(entry

struct cmd “cmdmsg struct cmd malloc( (sizeof(struct cmd
cmdmsg- >filename-strdup(strtok(filename

cmdmsg- >fileType-strdup(strtok(NULL

cmdmsg->fileid = reqFileID(cmdmsg , clientID

g print cmdmsg- >filename , cmdmsg->fileType
reader_oper(++message_id , cmdmsg

g_free(filename

free(cmdmsg->filename
free(cmdmsg->fileType

int main( int argc
char “argv

//Tha name of the file that holds all the information for the servers
char *filename

//Retrieve information for the servers
readConfig(filename

inisialization

//Establish connection with all available diretories & replicas servers.
conn2direc

connect2Replicas

//Establish connection with the filemanager
conn2filemanager

//Gt// GtkWidget is the storage type for widgets//
static GtkWidget” window = NULL

GtkWidget *scrolled_window

GtkWidget *main_vbox

GtkWidget *frame_horz

GtkWidget “frame_horz2

GtkWidget “vbox

GtkWidget “toolbar

GtkToolItem *saveTb

GtkToolItem “appearlog
GtkToolItem “exitTb

// Create a pipe. File descriptors for the two ends of the pipe are placed in fds.

pipe (fds
// Redirect fds[1] to be writed with the standard output.
dup2 (fds STDOUT_FILENO

/* Initialize GTK */
gtk_init( Zargc, targv
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window = gtk _window_new (GTK_WINDOW_TOPLEVEL
gtk_window_set_title (GTK_WINDOW (window

//Set the position the main window in the Center
gtk_window_set_position(GTK_WINDOW window), GTK_WIN_POS_CENTER

//Set the size the main window
gtk _window_set_default_size(GTK_WINDOW(window

gtk_container_set_border_width (GTK_CONTAINER (window

main_vbox = gtk_vbox_new (FALSE
gtk_container_add (GTK_CONTAINER (window), main_vbox

toolbar = gtk_toolbar_new
gtk_toolbar_set_style(GTK_TOOLBAR(toolbar), GTK_TOOLBAR_ICONS

/* Create the selector */
file_selector = gtk_file_selection_new

saveTb = gtk_tool_button_new_from_stock(GTK_STOCK_CLEAR
gtk_toolbar_insert(GTK_TOOLBAR(toolbar), saveTb

appearlog - gtk_tool_button_new_from_stock(GTK_STOCK_DND
gtk_toolbar_insert(GTK_TOOLBAR(toolbar), appearlog

exitTb = gtk_tool_button_new_from_stock(GTK_STOCK_QUIT
gtk_toolbar_insert(GTK_TOOLBAR(toolbar), exitTb
g_signal_connect(G_OBJECT(appearlog
G_CALLBACK(logVisibility NULL
g_signal_connect(G_OBJECT(saveTb
G_CALLBACK(invisibleLog), NULL

g_signal_connect(G_OBJECT(exitTb
G_CALLBACK(gtk_main_quit), NULL

g _signal_connect(G_OBJECT (window
G_CALLBACK (gtk_main_quit), NULL
gtk_box_pack_start(GTK_BOX(main_vbox), toolbar, FALSE, FALSE

frame_horz - gtk_frame_new
gtk_box_pack_start (GTK_BOX (main_vbox), frame_horz, TRUE, TRUE

frame_horz2 - gtk_frame_new
gtk_box_pack_start (GTK_BOX (main_vbox), frame_horz2, TRUE, TRUE

//Creates a new text view //
view - gtk_text_view_new

scrolled_window = gtk_scrolled_window_new(NULL, NULL
gtk_container_add (GTK_CONTAINER (frame_horz2), scrolled_window
gtk_container_add (GTK_CONTAINER(scrolled_window), view
vbox = gtk_vbox_new (FALSE
gtk_container_set_border_width (GTK_CONTAINER (vbox
gtk_container_add (GTK_CONTAINER (frame_horz), vbox
gtk_box_pack_start (GTK_BOX (vbox
create_Login (FALSE GTK_BUTTONBOX_EDGE
FALSE, FALSE
gtk_box_pack_start (GTK_BOX (vbox
create_bbox (TRUE GTK_BUTTONBOX_START
TRUE, TRUE
gtk_signal_connect(GTK_OBJECT(loggin

GTK_SIGNAL_FUNC(on_buttonl_clicked
gpointer)entry
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gtk_signal_connect(GTK_OBJECT(btnread
GTK_SIGNAL_FUNC(readfile_clicked
gpointer) fileentry

g signal_connect (G_OBJECT (upload
GTK_SIGNAL_FUNC(showfileselector NULL

g_signal_connect (G_OBJECT (list
GTK_SIGNAL_FUNC(listOutput NULL

gtk_signal_connect (GTK_OBJECT (GTK_FILE_SELECTION(file_selector)->ok_button
GTK_SIGNAL_FUNC (store_filename), NULL

gtk_signal_connect (GTK_OBJECT (GTK_FILE_SELECTION(file_selector)->cancel_button
GTK_SIGNAL_FUNC (hide_file_selector), NULL

/* This is the singnal connection to call input_callback when we have data in standard output read
end pipe. */
gdk_input_add(fds GDK_INPUT_READ, input_callback, NULL
/* always display the window as the last step so it all splashes on
* the screen at once. */
gtk_widget_show_all (window
gtk_main

return
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