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EYXAPIXTIEX

Apywca Ba HBela va evyapiotiom v enirénovoa kabnynTpid pov xa. Hovoayiwto
datovpov yia ™ PonBeta, TNV ETYOVY] KOl DVTOUOVT TNG, TIG TOAVTILES GUUPOVAES NG
KOl TN CLUTOPAGTOCT TNG KOTA TN OUIPKELL EKTOVNONG TNG UETAMTUYIOKNG OV
epyaoiag. [dwaitepa TV €uYOPIOTO, S1OTL | CLVEPYOGIO LOG OV TPOCEPEPE EUTELPTNL

KOl YVOGELS TOL EEMEPAGAV KATA TOAD TIC TPOGOOKIES LLOV.

Eniong 6o nBeha va guyapiotiom ta vréAoura HEAN TG EEETAGTIKNG OV EMLTPOTNG,

K. [Tovayidt Baciielddn kot k. Aswvida [Taind, yio t1g onpavtikés vrodei&elg Toug.

Evyapiot®d tovg @idovg Kot yvmdoTOOG HOV Yo TIC OUOPPES OVOUVICELS TOV OV
YOPGaV OAL QVTA TO XPOVIK. AKOUT TOLG EVYAPLOTA YO TV KOTOVONOT Kot 10w
TOVG LTOGTHPIEN KOTA TNV TEPI0O0 OAOKANPWONG KoL GUYYPOENG TNG HUETATTUYIOKNG

LoV gpyaciog.

[Tdvo an’ 6w, elpot evyvopmv 6tovg yoveig pov, Kovotavtivo kot Oemvn, yo tnv

OAOYVYT Oy Kol VTOGTHPLEN TOVG OAG AVTA TO Y POVLO.

Téhog Ba Beda va evyoplioTom Tovg avlpdmovg Tov [opvuatoc Mrodosakn yio TV

N0 Kot LVAIKN vrooTpEn Tovg.
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HHEPIAHYH

Elevbéprog Koopdg tov Kovotavtivov kot tg @smdvng. MSc, Tunqua ITAnpopopikng,
[Movemotmuwo Ioavvivov, ZentéuPprog, 2008. Zvyypovicudc Alepyociov Méow
Aoconyov.

Emprénovoa: Movayiwto @otovpov.

Ta tehevtaic  ypdvie Ol  OYEOINOTEG EMEEEPYOOTMOV  YPNOCLUOTOOVV  TOAV-
EMEEEPYAOTIKEG OPYITEKTOVIKES Y10 TNV KOALYN TGOV OLEAVOUEVOV VTOAOYIGTIKMV
AVOYKAOV TOV GOYXPOVOV EQAPUOYDV. AT 1 oxedGTIKY Katevhuvor akoiovOeital
EMEDN TPOEKLYOV (UVOIKOL TEPLOPICUOL TOV OEV EMITPEMOVLY GTNV TAXVTNTO EVOC
enefepyaotn va avéavetar pe kavoromtiko pvOud. ‘Eva Pacikd eumdoo yoo v
TANPN  EKUETOAAEVOT 1TNG VROAOYIGTIKNG 10YVOG TETOIWV TOAV-EMECEPYACTIKMOV
CLUCTNUATOV OTOTEAEL 1| OVOKOAID TAPAAANAOL TPOYPUUUATIGHOD TOV EQUPLOYDV
mov ekteloOvtal o Tétown mepdAlovto. H mopadociokn TeEXVIKY  XpNomg
KAewoudtov elval eite un-emexktdoyn 1 dVoYPNOTY, APOD ETMIPEPEL TOAAEG
SVOKOAEG TOV UTOPOVV VO AVTILETOTIGTOVV HOVO OO EUTELPOVS TPOYPOUUUATIOTEG.

M véo TEXVIKN] TOPEAAANAOL TPOYPAUUOTIGHOD Tov  avoyvopiletor omd Tovg
EPEVVNTEC MG N EMIKPATESTEPT EVOALOKTIKT HEOOOOC TOPAAANAOL TPOYPAUUATIGLOV
gtvor M TEXVIKN EAEYXOL GLYYXPOVIGHOV LEGH docoAnyimv (Software Transactional
Memory 1 STM). H STM ypnowyonotel 0GOANYiEG OV EMTPEMOVY TNV OTOUIKT
EKTEAEOT] KOUUOTIOV KOJKA oL 0 ¥pnotng kabopilel. Av kot vrdpyovv opKeETES
gpyacieg mov mpoteivovv véoug aiyopiBuovg STM, 1 Bewpnrtikn perétn BepeMmdmv
WOOTATOV TOV GLCTNUATOV QVTOV VoL AKOUT GE TPOLO GTA0.

Yy mapovoa epyacia, meptypdeovpe €va véo poviého STM péow tov omoiov
UmopovV va mePLypapovyv OAot ot vmdpyovieg aAiydpiBpor STM ko towtdypova
EMUTPENEL TNV OMAOTOINON NG SAOIKAGING GLYYPAPNG TOPAAANAOL KMOIKA, d10TL O
KOOKOG ovTto¢ potdlel apketd pe oeplokd koowa. Ileprypdeovpe 1310tnTEg
opBOTNTOG KOl TEPUATIGLOD, Ol OTOIEG AVTOTOKPIVOVTOL GTIG EMBVUNTEG WOOTNTEG TOV
oLOTNUATOV  eMiTELENG  oLYYXPOVICLOD  HEC®  docoAnyiav. Ilapovoialovpe
YELOOKDOKA TOV PacIKOTEPOV VILAPYOVTOV adyopiBumy, ot omoiot elyav meptypapel
UN-QOPUOAICTIKA ©TO TapeABOv, kot mopabiTovpe QOPUAMOTIKEG amodeifelg g
0pBOT TG TOVG KOl TV W0TNT®V Tovg. TéA0G, Tpoteivoupe éva véo alydpiBpuo STM
OV TTAPOVCIALEL IGYVPES 1OIOTNTEG TEPUATIGLLOV.



EXTENDED ABSTRACT IN ENGLISH

Kosmas, Eleftherios, K., T. MSc, Computer Science Department, University of
Ioannina, Greece. September, 2008. Software Transactional Memory.

Thesis Supervisor: Faturu Panagiota.

Due to various architectural constraints, clock speeds are no longer rising. Instead,
major chip manufacturers are producing multicore architectures, in which several
processors reside on each chip, to achieve better performance. This trend is
considered a revolution in modern computing by many computer specialists.
Multiprocessor machines are more powerful and reliable, and they offer more
capacity and better prices. Therefore, we will soon see multiprocessors in every
computer, from desktops to cellular phones, and there is no doubt that multicore
architectures will have tremendous impact on future research and technology.

Introducing as much parallelism as possible into software applications has become
ever so urgent since this is the only way to take advantage of the new regime of
multicore computers. A major obstacle in this direction comes from the difficulty of
developing concurrent data structures and algorithms. This difficulty is inherent in
achieving synchronization between processes that run concurrently. The current
practice of using locks has several well-known shortcomings. Lock-based
programming is widely considered to be too difficult for any but a few experts.
Moreover, locks explicitly restrict parallelism, and hence are inherently non-scalable.
Despite the hardness of concurrent programming, all modern distributed applications
must rely on multithreading enhance performance.

Concurrent programming will become manageable only if alternative approaches to
locking are developed to simplify the task of parallel programming. Software
Transactional Memory (STM) [19] is currently one of the most promising
programming models to take much of the pain out of writing highly concurrent
programs. It supports simple an flexible transactional programming of
synchronization operations. More specifically, a transaction is a piece of code
executed by a single thread that may atomically execute a number of operations on
distributed objects. A transaction may either commit making all of its changes to
shared objects visible to other transactions at once, or abort in which case all of its
modifications are discarded without ever becoming apparent. By employing
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transactions, STM supplies the programmers with a powerful facility that eliminates
the need for (1) tracking which locks should protect which objects, (2) discovering an
appropriate trade-off between lock-granularity and concurrency, and (3) elaborating
mechanisms for avoiding deadlock, priority inversion, convoying, low-level race
conditions, etc., and ensuring atomicity and fault tolerance. Indeed, STM allows the
programmer to barely think about concurrency at all; they write their programs as if
they were sequential but they still gain the performance benefits of concurrency. So,
the difficult problem of reasoning about a concurrent system is reduced to the simpler
problem of reasoning about a sequential system.

Although transactions have been extensively used by the database community for a
long time, it is only fairly recently that their benefits as concurrent programming
primitives have started to be widely investigated by the parallel and distributed
computing community. The last years have seen a flurry of research [] towards
experimenting with several different STM implementation strategies. Unfortunately,
this is not the case with research on fundamental theoretical aspects arising in the
context of STM which is still at very premature level. It is surprising that there is so
little formalization of the semantics and the guarantees that STM systems should
provide. Precise definitions are badly missing and no consensus yet has emerged on
specifying what guarantees should be provided by STM systems. Without such
formalization, it is impossible to check the correctness of current implementations,
capture all the details of their performance, discover their inherent limitations and
establish optimality results, or determine whether any STM design tradeoffs are
indeed fundamental or simply artifacts of certain environments. Most of the proposed
STM implementations are described in a very informal way without providing even a
pseudo-code, and in any case, without any formal proof of their correctness. As a
result, the behavior of many of these algorithms is simply unpredictable.

In this thesis, we propose a new STM model which provides a set of operations in
order to encapsulate and describe all the existing and oncoming STM algorithms,
which is not an easy task. This model is simple enough to achieve the desirable
resemblance of the concurrent code to the corresponding serial program which is
apparently easier to program. On the other hand, the set of provided operations is rich
enough to provide all promised functionality. Moreover, we redefine the
linearizability property (correctness property used in atomic objects) to ensure the
desirable properties of STM. We use this definition of linearizability and the proposed
STM model, to describe many existing STM algorithms, proving that our model is
general enough, and for the first time we give formal proofs for two of them, which
considered as the state-of-the-arts. Finally, we propose a new non-blocking STM
algorithm with competitive performance, and we introduce his code and a formal
proof. This new algorithm is the first ever algorithm introduced together with a full
formal proof.
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KE®AAAIO 1. EIZAT'QI'H

1.1 'evika

1.2 TIpoypappoatiopnds Epapuoyav yio Iolveneéepyaotikd Zvotiuata
1.3 2100t Epyaciog

1.4 AbpBpwon Epyaciog

1.1. 'evika

[Mopadociokd 1 oyedioon tov enelepyaoctdv PacilOTov GTO geIPIaKo povTEAo T
aAM®G povtélo von Neumann. X210 PHOVTELO aVTO LILAPYEL pio povada enelepyaciog
OV EMKOWMVEL He TN UVNUN Tpookopilovtag Kol eKTEAMVTOG Hio. TPOg i TIC
EVIOAEG €VOC TPOYPAUUATOS TOV  EUTEPLEYOLV TNV OVAYVOGON Kol EVNUEPMON
dedoUéEVMV. ZTO HOVTEAO avTO M TaOTNTe Le TV omoia ektedeiton éva mpdypappo
eCaptator amd Vv toyvnta tov emefepyaotr. Oco n teyvoAoyio oyedlaong kot
avantoéng emnefepyactdv  eehocotay ol emeepyaotég  yivoviav  tayOTEPOL,
pikpotepol oe  péyeBoc kot @ONVOTEPOL.  EnUElOVETOL OTL 1M TOXLTNTO TOV
eneEepyaotodv dmhactdloviav kdbe tpia xpoOVIA Yo TO YPOVIKO SUCTNHO UETAED
1980 ka1 1996. Opwmg mposkvuyov uoIKoi TEPLOPIGHOL TOV £6M KOl KATOLo YpdVia. dEV
EMTPEMOVV GTNV TAYLTNTO €VOG e€MeEePynoTn va av&dvetal pe vyniovg puBuovg.
"Evag 1€1010G meplopiopodg eivor n toydINTO HE TNV 0ol UTOPOLV VO KIVOUVTOL TO.
NAEKTPOVIOL PEGO OTOL MAEKTPOVIKG KLKADUATO, 1) OToio. PPAGGETOL Gved omd TNV
ToyvTo T0v PTOS. Emiong, 660 to péyeboc TtV emeEepyaoT®dV  UEIDVETOL
aVOKOTTOUV  QUGIKA Oplel  UKPONAEKTPOVIKNG QUONG 7oL OYeTIlovTol HE TOLG
NUoy®Yods. AOY® QVTOV TOV QLGIK®OV OploV 1 TOLTNTO EKTEAEGNC EVIOADV 0o
évav pepovopévo emefepyactn doev av&dvetar mAéov pe Ttov 1010 puBud mov

av&ovotay oto mapeAOoV.
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Ot onuepvég €QapproyEC €xovv ®MOTOGO OAO KOl TEPIGGOTEPES VITOAOYIGTIKES
OTOLTNCELS. XTIC HEPEG MG, £XovV TPoKOWYEL TANO0C cofapdv TpoPAnUdTOV TOL
aQopovV TNV aTUOGPALIPO, TO JSUCTNUO KOl TNV EMGTAWUN, Ol AVCES TOV ONOimV
ATOLTOVV TPOUEPN VROAOYIOTIKN OVOvaurn. Emopévog, m omaitnon advénong g
VROAOYIOTIKNG 1oyvog eEaxolovBel va elvar emroktikn. o 10 Adyo avtd, ot
oYEOOTEG EMEEEPYAOSTAOV EXOVV GTPAPEL TOL TEAELTAIN XPOVIOL GTN XPNOT TOAALOTADY
eneEepyacT®V ot onoiol Bo ekteLoVV TOALUTAEG EVTIOAEG KAOE YpOVIKY GTLYUn, OvTi
™G Wog €vioAng mov ekteleitor oto oeplokd povtéro. 'Etol, mpoékvyav ot
rwolvemeepyaotikes apyitextovikés (multicore architectures), otig omoieg moAlhamiol
enefepyaoctéc  amoOnkedoviow oty 0l mAokéto Kol cvuvBétouv  Eva
TOAVENEEEPYOUOTIKO GUGTNHA TO 0moio €xel avénpévn amddoon. Avt 1 katehBouvon

YOPOKTNPIOTNKE EMOVOCTUTIKY OO TOAAOVG EPEVVNTEC.

‘Evo amd 10 TAEOVEKTHUOTO TOV TOAVEMEEEPYUOTIKOV OCLOTNUATOV &lval M
duvatdtTa ¥priong eONvev emefepyactdv, Yoo TV LAOTOINGCT VOGS GLUGTILOTOG LE
VYN anoddoon. Eniong, n amobnkevon toAhanddv eneepyact®dv oty 1010 TAakETa
LELDOVEL TO KOGTOG KATOGKEVNG, TO OTTO10 GYETILETOL [LE TOVG KOWVOVG TOPOLG TOV ALTOL
ypnoonoovyv. Emopévmg, to molvemefepyaotikd cvotiuata ivalr mo @eOnva.
Axoun, ot moAlamiol emeepyaotés MPOSPEPOVY LYNMAOTEPN alomioTio, O10TL 1M
actoylo €vog amd ovtohg oev odnyel o actoyio OA®V TV TPOYPOUUATOV TOV
EKTEAOVVTOL, TOPA LOVO TOL TPOYPAUUATOS 1) TOV TUAUATOG EVOS TPOYPAUUATOS TOV
exetvn ™ oTiyun ekteAodviav 6T0 oLYKEKPEVO emeCepyootr). Emopéveg ta
TOAVETEEEPYOOTIKG CLOTNUATO EIVOL TIO 1GYVPAE, UE UEYOAVTEPT OELOTIOTIO KOl WE
pewwpévo koécotog viomoinong. o 1o Adyo avtd, moAd ovvropa Ba dodue v
EULPAVIOT TOAVETEEEPYOOTOV GE KABE VTOAOYIOTY, OO TOV TPOCMOMIKO LVTOAOYIOTY|
€0 T Kivntd TMAEQVO, Kol Ogv LIAPYEL OUEPoAic OTL Ol TOALEMEEEPYUOTIKES

OPYLTEKTOVIKEG B0l lOKNGOLV HEYAAT EMPPON LEAALOVTIKA GTOV TOUEN TNG EPELVAG KOl

™G tEXVOAOYiOG.
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1.2. lpoypappotiopds E@appoyov yro lorvenelepyaostikd Xvotipato

Me Vv avAanTuEn TOV TOAVETEEEPYACTIKMOV GLGTNUATAOV, £YIVE OVOYKAID 1) OVATTUEN
TOV EPAPUOYDOV LE TETO0 TPOTO DOTE VO EKUETAUAALEDOVTOL LE TOV KOAAVTEPO OLVOTO
TPOTO TNV AVENEVT] DTOAOYLIGTIKN 16Y0 TV TOAAATADV emeepyacst®dv. Ot epapproyEg
UIOPOLV Vo evePYETNBOHV amd TIC TOAVETEEEPYACTIKES APYLTEKTOVIKES EAV O KOOIKOG
TOVG YPOETEL pe TETOO TPOMO (MOCTE VO EKTEAEITAL TOPAAANAQ GE OLPOPETIKOVG
enefepyaotéc. Emiong, avtd mpémer va pumopel va emitevyBel pe tov amhodotepo
duvatd TpoOmo, £T61 DOGTE VO OELKOAVVETOL O HEGOG TPOYPOUUOTIOTNS GTOV

TPOYPOUUATIGHO TNG EPAPLOYNG TOL UE TOPAAANLO TpOTO.

210 MEPIOCOTEPO AELTOVPYIKA GCULOTNUOTO 1| EKTEAECT €VOG TPOYPAUUOTOS GCE
napdrAAnio emeepyactikd mepiPdAdov pmopel va emtevyBel pe v eKTEAEST TOV
KOO Tov o€ EgYWPIOTEG digpyaoies (| vijuata), Ol OToleg UTopovV Vo, EKTEAOVVTOL
mopdAinio. Kdabe epapupoyn exteleiton omn O g oepyacia, £T61 TOAOTALS
EPOPUOYES EVEPYETOLVTOL OO TNV TOAVENEEEPYAOTIKY apylrtektoviky. Emiong, pia
OCLYKEKPLULEV EQAPUOYN UITOPEL Vo xpNOLOTOLEL TOAAATAES dlEPYOTIES. ZNUEUDVETOL
OTL O1 TPOYPOUUOTIOTEG EIVaL EEOIKEIMUEVOL LLE TN YPNON VIHATOV KOTA TV oVATTUED
EQOPUOYDV, O10TL OKOHO KOl GTO GLGTNUOTO 7OV OMOTEAOVVTO Oomd £vav HOVO
EMEEEPYOOTY], Ol TPOYPUUUATIOTEG EKOVAY XPNON TOV VIUATOV KOTA TNV ovVOTTUEN
LG EQOPUOYNG Yo AOYOUG EVKOANG, MOTE SLOUPOPETIKEG AELTOVPYIEG TNG EPAPLOYNG
Vo EKTEAOVVTAL A0 SLOQOPETIKA VIaTo. Me TNV ELOAVIOT TOV TOAVETEEEPYACTIKAOV
CLGTNUATOV 1 ¥PNON TOV VNUATOV YIVETOL HE GTOXO TNV aENoM NG AmTOd0oNS TNG
EQOPUOYNG, O10TL SOPOPETIKEG AELTOVPYIEG TOL GLOTHLATOG UTOPOVV VO, EKTEAOVVTOL
tavtoypova. KOplog o10)0g TV TPOYPOUUOTIOTOV OTOTEAEL 1| EKUETAAAELGY| GTO
EMOKPO TOV SUVATOTNTMV TOV TOAVEMEEEPYACTIKAOV GLOTNUATOV LE TNV KATO TO
duvatd HEYIGTOTOINGTN TOL GPIBUOD TOV AEITOVPYIDV TOL UTOPOVV VO, EKTEAEGTOVV

TOLTOYPOVOL.

AuwneOntikd, og évo molvenelepyaotikd cvotnua Oa propovoape va etvyovpe 660
VYNA  amodoon embopovpe avéavoviog to mwANBog TV enefepyactdv OGO
yperdletar. Opmg Kkt téroto dev givor ainbéc. 'Eva Boacikd eumoddio yuo tnv winpn
EKUETAAAEVOT NG VTOAOYIOTIKNG 10YV0G €VOG TMOAVEMEEEPYOOTIKOD GLGTHLOTOG

amoteAel 1| OLGKOAD TAPAAANAOL TPOYPOALUUATICUOD LG EPAPULOYNG OV eKTEAEITOL
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oe tétoro mepPdAriov. O TpOTOG TOUPAAANAOL TPOYPOUUUATIGHOD UIOG EPAPUOYNG,
e€aptdtonr amd TNV OPYLITEKTOVIKT] TOL TOAVLENECEPYOSTIKOV GLOTHHATOS. MéEypt
ONUEPQ, TO KLPIOPYO TPOYPOUUATIOTIKO HOVIEAO TAPAAANA®V EQOPUOYDOV Elval TO
LOVTELO d1001palOUEVNS UVIHUNG, GTO OTO10 01 dlepYacieg TPOSTEAALOVV [0l GLALOYY|
amd KOWEG OOUEG OEOOUEVOV Kol EMKOWV®OVOUV petald tovg SwPdloviog kot
EVNUEPD®VOVTOG TIC OOpEG avTé. To povtédo avtd sivon to emkpatéotepo, O10TL
Ho1alel apKeT pe TO GEPLIKO LOVTEALD TPOYPUUUATIGHOV Kot dpa eivorn o anAd. To
HOVTEAO aLTO YPNOUYOTOEITOL G TOAVEMEEEPYAOTIKA GUOTNHUATO, GTO. OTOi0. Ot
eneEepyaoTéG cLVOLOVTOL e PioL KOV ViU KOL 1) ETKOVOVID HETAED TOVG YiveTon
HEG® TNG TPOTOTOINoNG Kowav petafAntav oty pvhiun. To dgbtepo povtéro
TPOYPOUUOTICHOD  TOPAAANA®Y  cvotpdtemy, ovopdleton uoviéio uetofifaons
uvopdtov. Xto  HOVIEAO  autd, Ol  OlEpyacieg EMKOW®VOLV  UETAED  TOLG
avtoAAdocovtag dedopéva, kATt 1o omoio améxel oapketd oamd TOV  TPOMO
TPOYPOUUOTICHOD VOGS GEPLOKOD TPoypappatoc. To povtédo avtd ypnoipomoteitot
0€ MOAVETEEEPYAOTIKG GLOTNUATA, OTO OToio KAOe emeepyaothg €xel T O1KN TOL
WOTIKY KoY puvnun mov pmopel va mpoomeddlete povo omd tov idro. Emiong,
VILAPYOVV Ol0GVVIECELS HETOED TOV EMEEEPYUOSTAOV KOl 1 eMKOWV@VioL HeTald TV
EMEEEPYOOTMOV  MPAYUATOTOLEITAL [E TNV OTOGTOAN  UNVOUATOV HECH TOV
dwovvdécemv  avtdv. [ va  yivel €UKOAOTEPOG O  TPOYPOUUOTICUOS T®V
TOAVETEEEPYOOTMOV OVTNG TNG Katnyopiog, ot oxedlootég vwootnpilovy 10 HOVTELO
TPOYPOUUATIGHOD OLOUOPAlOUEVIC UVAUNG UEC® OPYAVMOONG TNG HUVAUNG TOVG MG

KOTOVEUNUEVO, KOIVAS UVAUNS, LE TNV VAOTOINCT| OVTIGTOLY®V TPOTOKOAA®V.

‘Eto1, omv mopovoa epyacio Oa acyoAnBodue e TO HOVIEAO TPOYPOUUOTIOUOD TNG
dwpopalopevng  UVAUNG.  XVVORTIKG, O©T0 Hoviédo owtd  vmootnpilovtan
orouoipaloueve ovtikeiueva (OTMG Y. £VOG KATAXOPNTAG 1 Hol cuvoedepévn Alota)
OV €YOLV KAMO0 KATAGTAOTN Kol TOPEXOLV £V GUVOAO AEITOLPYIOV HECH TV
omoimv o1 Jdlepyacieg UWTopovV Vo, To TPOCTEAACOLV KOl VO TPOTOTOW|GOVV TNV
Katdotaon tove. Opmg axopo Kot He T0 HOVTEAO NG StapotpalOpevns pviaung, o
TAPAAANAOG TPOYPAUUATIOUOG Eival apKeETA OVGKOAOG, AOY® TV GLYKPOVGEWDY TOV
umopel va TpokOhyouy Katd v TPocPacn Kowav OopolpalOUEVOV AVTIKEUEVOV
and 11§ depyacieg. Mo oOyKpovorn mopovctdletal OTav JPOPETIKEG JEPYTIES

emBuoVV Vo TPOSTEAAGOLV TAVTOYPOVA TO 1010 S1AHOPalOUEVO AVTIKEIPLEVD. ZTNV
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TEPIMTOON AT, T VAOTOINCT] TOV AEITOVPYIDV TOV OVIIKEIUEVOL OLTOV TPEMEL VO,
eEaoc@aiiletl 6t | TPOGTELNCT TNG KATAGTACTNG TOL YIVETOL LE TETOLO0 TPOTO, OGTE VO,
amo@evyfovv TpoPANUaTO acVVETEING TG KoTdoTtoong tov. Emiong, po axoun
emBounTn WOTNTA TG VAOTOINGONG TOV AEITOLPYIDOV AVTAOV £lval 1| VTOGTHPIEN NG
TOVTOYPOVNG TPOCTEAACNG TOL OLOUOPALOUEVOL OVTIKELLEVOL OO OlEPYACIEG TOV

dgv GLYKPOVOVTOL.

Inuewveton 0Tt pio viomoinon evog SaUopalOUEVOL AVTIKEILEVOL TTaPEYEL O KOOE
depyacio Evav akyoplOuo yio TV EKTEAEST TV AEITOLPYIDV TToL vrrootnpiletl. Eivan
ONUOVTIKO OTL oA OlapolpalOHEVA OVTIKEIHEVA (OTTMC TT.Y. O KOTAYWPNTNG) UTOPOVV
VoL GLVOLOCTOVV  Ylo. TNV  VAOTOINGY TV  AEITOVPYIDOV  €VOG  TOAVTAOKOL
StopolpalOpEVOL QVTIKEWEVOD (LY. TOV AETOLPYI®V oG Alotoc). Me ovtd tov
TPOTO SNUIOLPYOVVTOL KOTOVEUNUEVO GUGTNUATO OV €ival KaAd dounpévo kot 1

opB6tTa ToVg popel vo emainBevbel mo dkoAa.

1.2.1. lapaooacioxés Teyviés ECaopdlions Lovéneiog

[Mopadociokd 1 cvvéneia evog dapopalopevov avtikeyévon eEacpatlldtay pe m
YPNOM LG TEXVIKNG OV OVOUAleTal auoifaios amokieioudg, 1 omoia €yyvdtotl Ot
€VOL CLYKEKPIEVO TUNUO TOL KMOKO, TO omoio ovopdletanr xpioiuo tunua, Oo
exteleiton amd pio povo depyaocio kdbe ypovikn otryun. ‘Etol, Aéue 6t 1o xpicyo
Tunpo ekteheiton aroukd. ‘Eyxetl oreEayBel apketn £pevva yio v €0PECT] OTOSOTIKMV
alyopiBumv apotPaiov amokAelcov. Zuykekpiéva £xovv oyedlaotel Eva TAnog amod
amodoTikég Teyvikég spin lock [1]. Ot mpotewvdpeveg teyvikég apofaiov amokAEIGHOV
YPNOLOTOLOVV TNV EVVOLN TOV KAELOWUATWY. ZOYKEKPIUEVO amodideTOL Eva KA
Yy KEOe KPIGIHO T TOV KMOOKO Kot KATowo OlEpyasion TPEMEL VO, OTOKTHOEL TO
OLYKEKPIUEVO KAEIDMUA TPV EKTEAEGEL TOV KOIIKO TOL KPIGIUOV TUNHOTOS KOl VO TO
eAEVOEPDOEL HETA TNV EKTEAECTN TOV. XNUEIDOVETOL OTL POVO pia depyacio pmopel va

KOTEYEL TO KAEIO®UO KAOE YPOVIKN GTIYU).

Q01660 0 TPoypapPaTICUOS e KAEWOUato emeépel apketd mpofanuata. Eva
Mua elvar o tpdmog avabeong kKiewoudtov. H ariovotepn mpocéyyion sivar m

avdBeon &vOog KAEWOUOTOG o KAOe OSopolpalOpevo  avtikeipevo, 1 omoia
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amoKoAgital avabeon kleldwudtwv ueyoing kiijpnoxag (coarse-grained locking). Xtnv
mePinT@oN AT 1 LAOToINo™ evOg SHOPAlOUEVOD OVTIKEILEVOV E1val APKETA OTTAY|,
OUm¢ emrvyydvetor mOAD KpoS Pabudg tavtoypovicuod TV Asttovpyidv (evd Ba
énpene va. eEaceariletar 6to Héyloto) 610t KABe ypovikn oTiyun pio povo depyacio
umopel va mpooneddlel o StapopalOUevo avTikeipevo, aveaptnTo amd To TUNUO
TOV 0E00UEVAOV TOV OVTIKELEVOL TTov emBupet va mpooneAddoetl. 'Etor 1 mpocéyyion
avt) etvon €€ opiopov pn emektdoun. o v enilvon tov TPOPANUOTOS CVTOV
emvondnKe M YpNoN «UKPOTEPMOV KAEWDOUATOVY, 1 OToio amoKaAeiton g avabeon
Kig1owpatwv xpns rkiipoxog (fine-grained locking), 6mov dev avatiBeton €va
KAeidopa yio 6A0 T0 dtapolpaldpevo aviikeipevo, aAld avatibetal éva KAsidmpa o€
HIKPpOTEPO TUNHOTE TOV, T.Y. o€ KOs oToryeio pog AMlotac. 'Etot ot diepyacieg dev Oa
KAewmvouv Olo to Swpolpaldpevo  aviikeipevo Otav  emBvpodv  va 1O
TPOCTELAGOVV, OAAG eMUEPOVS KOppATIo TOV. Oume 1 omddoon KAEWOUAT®OV KPS
KMUOKOG G€ KOUUATIO TOV SLOUOPALOUEVOD OVTIKEILEVOD KOl TOAD TTEPIGGOTEPO O
OMGTOG TPOYPOUUUATIOUOS TOV AEITOVPYIDV TOV TPOCSTEAALOVV TN dOoUT OEOOUEVMV,
etvar o dvokoAn dwadwocion n omoio TPEMEL Vo YiVEL TPOGEKTIKA amd EUTELPOVG
TPOYPOUUATIOTEG Y10, VO amo@evyBobv mpofAnuota 6nwg 1 Katdotaon odeEOHS0v
(deadlock). Emiong ta kAeddpato avEAvouy T GOUEOPNOT GTH UV Kot KAVOUVY TO
CUOTNUOL EMPPETES GE YPOVIKEG OVOUUAIES, OTMG 1) AVTIGTPOPT] TPOTEPOLATNTOC, KOl
o€ KOTOPPeVoEIS depyactov (o depyoacio umopel va koroppedoer, Ao va
OTOUOTNOEL VO EKTEAEITOL G 0mO100MTOTE 6TAO10 TG eKTEAESNG T™G). H avticTpoon|
TPOTEPAOTNTOG TAPOVSIALETOL OTOV £voL VIO VYNADTEPNG TPOTEPOLOTNTOS, ALVOLUEVEL
™V €AeVBEP®OT KATO0L KAEWMUATOS TOV KOTEXETAL OO KATOL0 VIO YOUNAOTEPTC
TPOTEPAUOTNTAC, TO ONOI0 OTN YEWPOTEPN MEPIMTMON UTOPEl Vo UV eKTEAEITON OF
Kkdmolo emefepyaotn. Emiong, €dv po depyosio mov katéyel kdmolo wAeldwpo
KaToppeOoEL TPV TNV EAELOEP®ON TOV KAEWMOUOTOS AVTOV, TOTE OAEC Ol VTOAOUTES
docoyiec mov emBovpodv va amoktcovv T0 KAEdwUa avTtd 0 Ba umopovv va

oLVEYICOVV VO, EKTEAOVVTOL.

[Ma toug Tapamdve Adyovg, ot akyopiBuotl mov Paciloviol oe KAEW®UATA, Ol 0TToiol
amoKaAOVVTOL Kot G gumodtotixol (blocking) adydpiBuol, Bewpovvror dHhokoArotl va
TPOYPOULOTIOTOVV, Va YivouV Katavontol, va ertainfgvfodv kot va dtotnpnbovv. I'a

10 AOY0 outd oyeddotnkav un-gumodiotikoi (non-blocking) aAydépiBuor mov
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AmOPELYOLV TN YPNON KAEWOUATOV Kol emopéves cuvveyilovv vo ektelobvtan
KOTAAANAQ aveEdpTnTa amd TIG KATOPPEVOELS dlepyaciav. Exovv mpotabel apketol
Této101 aAyopiduol v mapadetypo yio Aoteg [21], [5], mivokeg KaTakepUATIGHOD
[16] ko Adoteg amopuyng (skip lists) [5]. Qotdc0, 1 oyedioon UN-EUTONCTIKOV
alyopiBumv eivor pepikéc @opég to 1010 OVOKOAN OGO KOl 1 OVTIHETOTIOY| TOV
TPOPANUATOV TOV KAEWOUATOV, KOl ETOUEVOS TPEMEL VO, TPAYUATOTOEITAL Omd

EUTELPOVS TTPOYPAUUOTICTES.

[Mopd T OvokoAios TOL TOPAAANAOL TPOYPOUUATIGHOD, OAEC Ol GUYYPOVES
KOTOVEUNUEVEG EQOPUOYEG TPEmELl Vo PocloToV GTOV  TPOYPOUUOTIOUO HECH
ynudtov yio v enitevén vyning amodoons. O TapAAANAOG TPOYPAUUATICHOS Oa
viver edypnotog povo edv avartuyBodv evarraktikég péBodot mov Ba amAomolovy v

JdKaGio TPOYPUUUATIGHOD.

1.2.2. Software Transactional Mviun

Muw véa TEYVIKN TOPAAANAOL TPOYPOUUATIGHOD 7OV oavayvopiletal amd Tovg
EPEVVNTEG MG M EMIKPATESTEPT EVOALAKTIKY LEOOSOG TAPAAANAOD TPOYPOUUATIGULOV
etvar m Software Transactional Mvrun (STM) [19]. H STM e&ivoan éva moAAd
VTOGYOUEVO TPOYPOUUATIOTIKO HOVTEAD Tov €Eac@oAilel TV omAomoinon Tng
SdIKaciog avaATTLENG TAPEAANAOL KMOIKA, OTUAALCCOVTIOS TOV TPOYPULULUATIOT
amd ™ OvoKOAA YPNONG TOV KAEWOMUATOV KOl T1] OVOKOMO TPOYPOLUATIGHOD WUT-
eumodoTik@v oiyopibuwv. I'a va to emtdyer avtd n pviun STM vrootpiler v
EKTEAEON docoinyidv amd TIG JlEPYOCiES, Ol OTOlEg MEPLEYOVYV AELTOVPYIES TTOV O
xpPNog BéAel va extelécel ota dapopalopevo avtikeipeva. H STM gyyvdror v
OTOMUIKT] EKTEAECT] TMV  AEITOLPYIOV TOV TEPLEYOVIOL OE O O0COANVyia,
OLEVKOADVOVTOG £TGL TO €pyo Tov mpoypappatioty. Etol, po docoinyio eivar éva
KOUPATL KOk 0 omoio 1 STM e&acparilet 6Tt Oa ektelecTEl ATOUIKA. ZNUEIDOVETOL
otL o1 ovyypaeeig g epyaciog [19] eumvedotnkav oty TV TEYVIKN TOPAAANAOL
TPOYPOUUOTIOHOD (0€ €mMimedo AOYIOUIKOV) PAcel piog TopOUOlNG TEYVIKNG TOL
TPOTAONKE amd TOVg ovyypaesic ™ epyaciog [9] kot M omoia mpdtewve TV

vAomoinom S0GOANYIDV GTO EMMESO VAIKOL EVOG GUGTILOTOC.
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[T ovykekpiéva, edv pio doconyio oAokAnpwbei emruymg, 1 STM gyyvdrton 6Tt
Oleg o1 Agtrtovpyieg mov mepiEyel Bo eKTEAECTOVV OaTOUIKA. ATO TNV GAAN €dv 1
doconyio oAokANpwOel un-emtuy®dg TOTE 01 TOAVES aAAayEG TG OV lvan opoTég
amd dAAeg docoAnviec. 'Etot, o ypnomg dev avalopfdavet tny enthivcn omotwvonmote
TPOPANUATOV TPOKVLITOVY OO TOV TAVTOXPOVICUO. APKeEl va Ypayel TOV KOSIKA TOV
TPOYPAUUOTOS TOV GOV VO EKTEAOVVTAV GEPLOKE. AVTO EMITPENEL GTO YPNOTNH VA
emaAnfevoel v 0pBOTNTA TOL TPOYPAUUATOS TOV OPKETA €OKOAN, OLOTL apKel va
emoAN0evoEL OTL 1| GEPLOKY| TOL EKTEAEST] €lval opBN, v TavTdYPOVA TO TPOYPOLLLLE

TOV €Yl AVENUEVT ATOS00T, SLOTL EKTEAEITAL GE VO TOAVENEEEPYOUCTIKO GVGTNLLO.

Yrhpyovv apkeTol Un-gumodioTikol aAyoptOpol Tov VAOTOOUV OTOdOTIKG KOl [LE
owotd TPOTO TIS Agttovpyieg mov vrootnpilovy douéS OTMG ot oToifeg, oVPES Kot
Moteg. Ot adydpiBpot avtoi eEacparilovv 6Tt kdbe Asttovpyio Tov KaAel 0 ¥PHOTNG,
B exteleiton atopkd. Opmg dev pumopodv va eEac@aricovv 0Tl Ba ekTEAEGTOVV
ATOUIKE 0VO SPOPETIKEG AerTovpYieg mov KaAel o ypriotnc. ['a mapdaderypa, pmopel
VO VILEPYEL [0 UN-EUTOJICTIKY VAOTOInon tng Asrtovpyiog swoaywyng Insert og o
Mota, 1 omoio Vo GOV EMITPETEL TNV OTOUIKY| EKTEAECT) TG EICAYWOYNG TOV GTOLXEIOL X
(Insert(x)) Kot TV OTOHIKN EKTEAEOT] TNG ElGAYMOYNG TOL otoryeiov y (Insert(y)). Edv,
elvarl emBount n vAomoinomn oG 0eVTEPNS UN-EUTOOGTIKNG AELTOVPYIOG EICAYMYNG
InsertDual 600 ortoyeiov ot Alota. Evag aAdyopiBpog mov Ba vAomoiovoe tnv
InsertDual pe v xkAnon 6vo Asrtovpyidv g Aettovpyiag Insert (Insert(x) o
Insert(y) v v €lcaymyn T@v otorgeiov X kot y), og Oa eEacedle v atopky
ektédeon g Aertovpyiog InsertDual. ‘Etot Aépe 0TL 01 VAOTOMGELS TV AEITOVPYIDV
TOV SUOPAlOUEVOV OVTIKEWEV®OV TTOV TOPEXOVV Ol LITAPYOVTEG UN-EUTOOIGTIKOL
alyopBuol, dev UTopovV Vo covrefody. XT0 TPOYPUULOTIOTIKO HOVTEAO TOV TTOPEYEL
n pvAun STM, o ypnotg umopel TOAD €OKOAO VO EKTEAEGEL ATOUIKA TIS OO 1)
mEPLocOTEPES AELTOVPYiEG, OmAd YPAPOVTOG TOV OVTIGTOL(O GEPLOKO KMOOKO Y10, TIG
Aertovpyleg OVTEC KOl EKTEAMVTOG TOV OTO TAaiclo TG 010G docoinyiog, 1 omoia
gyyvdton TV oTtopukn tovg extéheom. ‘Etot Aépue 6t  pvun STM emutpémer
obvBeon  OOPOPETIKAOV  AEITOVPYI®OV  €VOG 1N TOAAOTA®V  dtapolpalopevev
AVTIKEWEVOV, TO OTolo OmoTeAel £vol OKOUT TAEOVEKTNLO TOL TPOYPOUUUATICTIKOV

povtélov e STM.
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I'evikd ta ocvotquato STM dovAedovv avtiotoryiloviag kdmowov &idovg emmiéov
TAnpogopics (metadata) oe KGBe docoAnyia, m.x. Yo T OATHPNOT NG KATAGTACTG
pG 00GoANYiaG, 1 omoio umopel var ival Evepyn 1] OAOKANP®UEVT] ETTVYDC 1 UN-
EMTLUYDG, kKot og KABe Swpopaldpevo avtikeipevo mov mpoomeldletal HECH
J0COAMYIDY, Y. YW TNV TEPLYPOPN TNG O0GOANWYING 7OV KOTEYEL OKoimuoL
npoonélacng (1droxtnoia) Tov avTIKEEVOL avtod. Otav poa docoinyio Bérel va
EVNUEPMOEL KATOLOL SLOUOPALOUEV OEOOUEVO TTPETEL VO TO KOVEL E TETOL0 TPOTO,
£to1 Mote €4v M docoAnyio OAOKANP®OEL Un EMTLYMOG, Ol EVNUEPADGELS TNG VO UMV

etvat 0paTég OTIC VTOAOTES SOCOAN LS.

Y100¢ mEPLoGOTEPOLVS aAyopiBpove STM pio docoAnyia mpv TV evnuEP®ON €VOG
SopolpalOUEVOD  OVTIKEIUEVOD, OTOKTO TNV 1O10KTNGI0l TOV OVTIKEWWEVOL OVTOV
TPOTOTOIMVTAG TIG EMTAEOV TANpoYopieg Tov. H cuykekpiévn wdokmoio pmopet va
elval pun-avtiotpéyyun, dnAadn va eivor éva kAeidopa, kdtt T0 omoio odnyel o€
EUTOOIOTIKN] LAOTOINoM 1 va glvol aviloTpéyiun KATL TO Omoio odonyel oe un-
eUmodloTikn vAomoinomn. ‘Eva mopdderypo avtiotpéyiung wdioktnoiog, stvor 1
duvatdtto. mov mopEyovv opketol aiyopipor STM oe o docoinyio T; va
petaPdirel Tig emmAéov mAnpogopieg ag GAANg doconyiog T, pe téroto tpdmo
wote N Tz va ohoxkAnpmBel pn emTLY®OG KOl VO KATOPYNOEL TIC WOIO0KTNGIEG TOV
katéyel (my. oAddlovtoac v T TG Kotdotaon g docoinyiog Tp). Xnv
nepintoon avt Aéue 0t M Ta tepuarileror fioa ws un emroynuévy and v T, KAt
T0 Omoi0 EmMTPEMEL TNV VAOTOINGT] UN-EUTOSICTIK®V 0AyopiBumv. Me avtiotoryo
tpémo n T; Ba umopovoe va fonbnoer v T, va ohoxinpwbel gite o¢ emruymuévn
elte ©¢ un emruynuévn, KATL TO Omoilo €miong EMUITPEMEL TNV VAOTOINoM Un-

EUTOOIOTIKMOV alyopiOpmv.

Axoun, o6tav po docoAnyic T dwPaler ta doedopéva evog Stopotpalopevov
OVTIKEWEVOL X, TPEMEL VO eE0GPAAILEL OTL TaL dEdOUEVA OVTA OEV TPOTOTOLOVVTOL OO
Kémola dAAN docoAnyic. Avtd umopel va emrevyBel v m T tpomomomoel Tig
emmALOV TANPOEOPieg TOV X, UE TETOW0 TPOTO MOTE KATOwo AAAN docoAnyio mov Oa
0éhel va evnuepdoel to X evocm N T dev €xel ohokAnpwOei, va propel va 1o yvopilet.
2V mepinton avt| AERe OTL ¥PNCLUOTOI0VVTAL 0patés avoyvaoels. Ouwms, vdpyet

TEPIMTOGN VO UMV AP GLOTOLOVVTOL OPATEG avVayVOGELS. Tote, elvar avaykaio n T va
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eKTEAEL Evav UNYOVICUO EAEYYOV TNG GUVETELNG TMV 0edoUEVAV TToL £xel OlaPdoet, o
omoiog Ba eEacpaiilel OtL Tor dedopéva dev Exovv evnuepmBel peTd v avayvoon
Tovg amd v T. Z1ovg meprocodTepovs akyopiBuovg STM, o éAeyyog awtodg Tpémet va
ektedeitanr  kdBe @opd mov p docoAnyia  SwPdler ta  dedopéva  evOg
SLopoPalOUEVOL OVTIKEIEVOV, DOTE VO ATOPELYOOVV TPOPANUATA AGY® ACLVETELOG

TOV 0e00UEVOV OV Oldface, OTwG dmelpol Ppoyol N Un EMTPENTEG TPOCTEANGELS

HviuNG.

H oyedioon evog ovomuatog pviung STM mpaypoatonoleitor and €vav EUmelpo
TPOYPOUUOTIOTH, O OTO10G €XEL WG KVUPLO GTOYO TOL VO ATOKPOYEL TIC AEMTOUEPELES
vAomoinong g STM and tov ypnot (SNANST TOV TPOYPULUUATIOTH) TOV YPTCULOTOLEL
10 povtédo mpoypoppaticpod g pvnung STM). Ermiong pe Paon 1o mopamdvo,
yiveton Katavontd OtL 1 oyediocn evOg TETOOV GLUGTNHIOTOG OV EIVOL TPOPAVAS 1oL
gbkoAn oadikacio. Ymapyovv moArd {ntnuoto mov wpémel vo ANeHodv voyy Kot

OToLTEITOL VO OVOTTTUYOO0VV KOVOTOUES TEXVIKES Y10 TNV OVTILETMIION TOVC.

1.3. X160l Epyaciog

H ypnoydmta tov d0COANYWIOV Y10 TOV TPOYPUUUOTIGUO TMV TOAVETEEEPYAOTIKOV
CUCTNUATOV £YVE KOTOVONTY HOAMG Tpv amd Alyo ypovie omd v KOwOTnTo
EPELVNTOV TNG TAPAAANANG Kot Katoaveunuévng emeéepyaciog. Ta televtaio ypovia
TOPOVCIAGTIKAV OPKETEC EPYOCIEC TOV TTPOTEIVOLV aAyopiBpovg Yo TV vAomoinon
pvnung STM kou mepapatiCovral pe SOQOPETIKES TPOoeyYicels. AvoTuymg o¢
ovopPaivet 10 010 kot pe TN peAétn OgpelMmodv BewpnTik®V BepdTodv  TOL
AVOKOTTOUV GYETIKA LE TOVG oAyopiBuovg pviung STM, n perémn twv omoimv gival
aKkopo oe mpdo otddlo. Eivar evivmwoioxkd 6t vépyovv moAd Alyolr avotnpol
opiopol mov aeopodv TN onUAcoAoYia Kol TIS €yyunoels mov éva cvotnuo STM
npénel va, Topéyel. Xmpig anTovg TOLG AVGTNPOVG OPIoHoVGS gival adbvato va eheyyDel
n opfomra tev TpeXOVIOV aiyopiBuwv STM, va yivouv xoatavontég OAeg ot
AemTopépeleg TG amdO0oNG TOVG, VO avakaAveHohv ol ePLopiopol Tovg Kol vo
eCokpPmbet edv kamoor oxedootikoi cvuPifacpol (tradeoffs) Twv onuepvov STM
alyopiBumv givarl mpdypatt OepeMddelg 1 eivor amAd TEYVOLPYNLOTO CLUYKEKPIUEVOV

nepBariroviav. Ot mepiocdtepol amd tovg aiyopibuovg STM meprypdoovtar ywpic
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AVGTNPO TPOTO KOl TOAAES POPES YMPIG KAV TNV TAPOLGINGT) TOV YEVSOKMIKA TOVG
Kol og k6Oe mepintwon ywpig kapio amdoelln ™ opBdTTAC TOVG. AVTO €xEl ™G

OTOTEAEC LA, 1] CUUTEPLUPOPA APKETAOV alyopiOumv va eivar ampoPrent.

2V mapovoa epyacio apykd tpoteivovpe £va povtédo yuo ) pviun STM, to omoio
meptypaeel T uvnun STM o¢ éva atopikd avTIKEIEVO KOl TEPLEYEL TIC ATOUTOVUEVEG
Aertovpyieg mov kaBe alyopiOpog STM mpémel va mapéyel oto ypnot. H oyedioon
€vOG T€T010V PHOVTEAOD dev etvan VKOAN. 'Evag Bactkdg 6100 VOGS TETO0V HOVTEAOV
arotelel 1 VTOOTNPIEN GGO TO dVVATOV AYOTEP®V KOl ATAOVGTEP®V AEITOVPYLDV TOV
Bo emTpémovy TV €UKOAN WLETOTPOM] TOL KMOIKO TOL YPNOTN ONO CEPLOKO CE
TOPAAANA0. XTNV 100VIKY] TEPITTMOON AVTO TPEMEL Vo umopel va emtevyBel pe moAd
LUKPEG TPOTOTOMGELS TOV GEPLIKOL KOJKa. AKOUN, 1 OdKacio. avtny TPEmEL va
npoypaTonoleitol ympic o ypnotng va yvopilel v €0mTEPIK) VAOTOINOTN €VOG
ovotnuotog STM. Tavtdypova t0 GHVOAO TV AETOVPYIDOV TOV HOVTEAOL OLTOV
TPEMEL VO, Elval OPKETA TAOVGIO MOTE VO TOPEYEL TNV OTALTOVLUEVT AEITOLPYIKOTNTA,
Yo Topddelypo T Onpovpyia, ovaeopd Kot Olayeipion  OedopEV@V OV
npooneldlovtal HECGH O0COANYIDV, Kol TNV €KKIVIoN Kol TOV TEPUATIOHO ®C
EMTUYMUEVNG 1 amoTuYNUEVNG Mg docoAnyiag. A&iler va onueiwdel Ot o1 Mo
vrdpyoveg alyopiBuot dev Exovv oyedinotel Pacel kdmolov kool poviédov STM,
aAAG akoAoLOOVV TN d1aicON oM TOV 01 GYENACTES TOVG EXOVV Y1 TO TOEG TPEMEL VO,
gtvon ot amapaitnteg Aettovpyieg tovg. Emopévmg éva poviého STM mpémet va AdPet
VIOYV TOL OLTH T OO o™ TOL VITAPYEL TNV EPEVVNTIKY KOWVOTNTO, OCTE Vo £ivot
o Béon va mePLypAyeEL TN AEITOLPYIKOTNTO TOV AEITOVPYIDV TOL TAPEYOLY Ol MO

vrdpyovteg aryopifpolt STM.

Me Bdomn to mpotewvdpevo poviédo STM, mapovsidlovpe v AETovpykdTNTO KO
TNV LAOTOINOT TOV AEITOLPYIDV TOV TOPEXOVY Ol KLPLOTEPOL OO TOVG VITAPYOVTEG
alyopiBuovg STM. Mg tov TpOTO 0T ATOOEIKVVETAL 1] EMTELEN TOV ATOUTOVUEVOV
oTOY®V mov TéOMKOV KaTd TN oxediaon tov poviélov avtov. Emiong katd v
TaPoLGiooT TV NN VIaPYXOVIOV aAyopiBumy, yiveTal Katnyoplomoinon tovg Pacet
TOV CYESOCTIKAOV ETAOY®V TOV KoOEVOC, KATL TO 0moio peAAOVTIKG Oa emTpéyel TNV

TEPLYPOPT] TOV 1O10THTMOV TOVG Kol TNV EDKOATN GUYKPIGT] TOVG.
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Eivar onuovtikd vo optotobv KatdAAnAa ot amaitoOUEVES 1010TNTEG 0pBOTNTAG KOt
TEPLATICHOD TOV S0GOANYLDV £vOG cvatipatog STM. Ztnv tapodoa epyacia, exavo-
opifovpe TV 1OOTNTA NG CEPLOTOMCIUOTNTOC 7TOL OpileTal Y TO OTOUIKG
avTiKeipevo, MGTE Vo KAADTTEL TIG €YYVNOELS oL £vag alyopiBuog STM mpémet va

napéxel mote va eivar opBoc. Eniong, eetdlovtat S1dpopeg 1016TNTEG TEPULATIOLOD.

‘Eneita, pe PBdon 10 povieho STM ko v 010TTO TG GEPLOTOMGILOTNTOC,
neptypdpovpe 600 onpoviikovg vrapyovieg alyopibuovg STM, mapovcialovpe
YELOOKMOKA KO OTOOEIKVVOOVE TV 0pBdTNTA TovG. Eivan onpavtikd, o6t yio mpmt
QOpd TOPOLGLALETOL KMAKAG Y1l VOV 0O TOVG 000 alyopifovg, v 0 KOOKOG TOV

dAAov alyopiBuov giye Kamola pKpd TpoPApaTa, To omoio S1opdmdnKay.

Téhog, otV Tapovoa epyacio TPOTEIVOLE VOV VEO UN-EUTOSIGTIKO GAYOPIOUO Yo
Vv viomoinon pviung STM. O alyopiBpog avtdg eivor £vag amd TOVG EANYIGTOVGS
alyopiBuovg STM mov 1KavomoloOv Kdmoto Un-epmodiotiky 1ot to. Eniong otov
alyopBpo ovtd mpoTEIVOLUE VEEG 10€EC KOl GUVOLALOVLE 10£EC GO TPOTYOVLEVOLS
alyopiBuovg mov Tov emiTpémovv va eEac@oiilel avénuévn amddoon. o tov
aAyopifo ovtd TapPoLSIdleTal 0 KOOKAS TOL KOl OTOOEIKVOETAL POPUAAMOTIKA M
andoelén Tov KATL TO Omoio JOEV TPAYHOTOMOlEITOL OO TNV TAELOYNOio TOV

VRLaPYOVIOV aryopiBumy pvung STM.

1.4. AvapOpoon Epyaciog

H mopovoa epyocio opyavovetor og oakoAovBwg. Apywkd, oto Kepdiowo 2
mopovoraletor To poviéAo STM 1o omoio elc@yovpe Kou emava-opileton n 1010TNTO
™m¢ oeproromoipnoroc. 10 Kepdiowo 3 cv{ntovvion ot kotnyopieg oyedlocTik®V
emAoy®V pe Baon Tig omoieg dapopomotovvtal ot oN vrdpyovies aryopiuor STM
Kol TTEPLYPAPOVTIOL GUVOTTIKG Ol KUPLOTEPOL OO OVTOVS PAGEL TOL TPOTEWVOUEVOL
povtélov STM. Xta Kepdioww 4 xou 5 meprypdeovtar d00 1MON LITAPYOVTES
alyopiBpotr STM, mapovctalovtog Tovg KMOKES TOLG KOl T POPUAAGTIKY OmOSEEN
™mg opBottdg tovg. 1o Kepdhawo 6 mapovsialetar €vag vEOG UN-EUTOOCTIKOG
alyopiBpog STM mov mpoTeivovpe GTNV TOPOVCH €PYOCIO. KOl OMOSEIKVOETOL LE

eopuoiotikd Tpoémo N 0pBOTNTE Tov. XTo KepdaAaio 7 meptypAeoviol GLUVOTTIKG Ot
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Kuplotepol amd Tovg vmdpyovreg aAiyopibpovg STM. Téhog, oto Kepdrowo 8
eEdyovpe ovumepdopote omd TNV TAPOVCH €PYOcia Kol oviNToOOUE UEAAOVTIKEG

EPEVVNTIKEG KATEVOVVOELG.
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KED®AAAIO 2. MONTEAO

2.1 Acvyypovo Xvotua Awaporpalodpevng Mvnung pe Arotoyieg Katappevong

2.2 Atopukd Avtikeipeva

0 Eav Bsmpnoovpe 61t apyikd n ovpd givar kevn, T0TE 1 EKTEAECT TOL TAPOLGLALETOL
oto Zynua 2.3 dev givor ceplomomoin. Avto oyvet yioti dgv givat eiktod yio KaOe
Aertovpyia 7, va eloayBovv onueia ceplomoinong *m, kdmov petald g KANong kot
NG amAVINONG NG, TETOLN MOTE EQV Ol AELTOVPYIEG EKTEAEGTOVV GEPLAKA, LE Bdon ™
oglpd mov opileTan amd ta onpeior GEPLOTOINoNG, VO ETGTPAPOVV O1 101G AMOUVTIGELS
HEe aUTEG TNG EKTEAEOTG TOV TTopadelypotoc. Aol ot Asttovpyieg deqi() kot deqa()
emoTpEPOLV 5, TOTE M Aertovpyia enq(S) cepromoteiton mpwn. Tote dpwc, 6mola amd
Tic deqi(), deqy() oepromoleiton PO emoTpéPel 5, ko n GAAN null kot oy 5.
Emopévac, dev elvar duvatod vo emleyodv katdAAnio onueia celplonoinong yo OAeg
TIG A&ltovpyieg Kot dpa M exktéAeon mov moapovotdleTor oto XZynua 2.3 dev eivan
CELPLOTOMGLUN.

Software Transactional Mviun

Apywcd ommv Evomra 2.1 mapovcidletar 1o acvyypovo cOGTNUE SOUOPAlOUEVNS
UVAUNG ME amoTuyiec KaTappevons. Xt cvuvéyewa, oty Evotmrta 2.2 Ba opiotodv ta
ATOUIKA OvTIKEIEVA, B TOPOLGLHGTOVY 01 110TNTEG TOoVg Kol Bo d0BobV Kdmotot
optopoi. Téhog, otnv Evomrta 2.3 Ba opiotel 10 akpipég poviédo yuo to STM mov

HEAETATAL GTNV TTAPOVCO EPYOGIOL.

2.1. Acvyypovo Xvetnpo Awoporpalopevne Mviung pe Arotuyies Katappevong
Ocwpove Eva aodyypovo adoThiLe. O10UOIPOLOUEVIS UVIUNG IOV TEPLEXEL N OIEPYATIES

Pos ---» Pn-1. Ot dtepyaciec UmOpovV vo EMKOWV®OVOUV HETAED TOVG TPOSTELALOVTAG
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draporpalopevovg Kataywpntég mov Ppiokoviar ot dapolpalopevn pviun. Kade
KaToyopntg £xel évav tomo mov kabopilel T0 GHVOAO TOV TW®OV TOL UTOPOLV Vol
amofnkevToly 6€ aVTOV KOOMG KOl TO GUVOLO T®V AEITOLPYIDV TOV UTOPOVV V.
EKTEAESTOVV (ATOUIKA) GE AVTOV (TEPIGCOTEPES TANPOPOPIES Y10 TOVS KOTOYMPNTES
napovctafoviotl oty Evomra 2.2). To cvotnua givatl acvyypovo Tov onuaivel 6Tt o
pumopodv vo vrdpEovv mEPLOPIGHOL GTOV TPOMO EKTEAECNG TV OEPYOCSUDY TOV
OLOTNUOTOG, OWOTL aVTEG eKTeEAOLVTOL pe ovBaipetn oepd Kor pe avBaipeteg
tayvtntes. Ot depyasieg pmopodv ywpig mposdomoinomn va katappevsovy, OnAadn va.

OTOLOTOOLV VO EKTEAOVVTOL OO KATO0 ONUELD Kot EMELTAL.

Kabe depyacio poviehomoteitor wg pua unyavy kataotdoewmy, OTOL N kataotooy Kibe
depyaciog anotereital and T1g Tomikég TG petafintéc. Mia kaboiikn kotdoroon C
€VOC GLOTNUOTOG e M KoTaywpNTég tval éva dtdvououa n+m Tudv (qo, ..., qn-1, Lo,
.fm-1), OmOvL @i €lvon M Kotdotaon g pi, 0<i<n-1, ot 1; elvon m T TOL
katayopnt R;, 0<5<m-1. M kaBoiikn Katdotaor mapéyet o kaBoAkn eKova Tov
GULGTNOTOG GE KATOWO YPOVIKY GTIYUN. ZTNV apyIKT] KoOOAKN KOTAGTOGN, OAES Ol
dlepyacieg Ppiokovial otV OpYIKN TOVG KOTAGTAON. X £Va AcVYYPOVO GUGTHLO
dwpotpalopevng UvAUNg vrapyovv UOVO DIOA0YIOTIKG YEYOVOTO, OMOL O KAOE
VTOAOYIOTIKO YEYOVOS: 1) M pi eMAEYEL, PACGEL TG TPEYOLGOS KOTAGTUONG TNG, EVOV
amd TOVG KOTOXWPNTEG Yo TPOSTELUGT, £0T® TOV Rj, 11) 1 p; exterel TV kaBopiopévn
Aertovpyla otov R, 1ii) N KoTdoTaon g pi LETOPAAAETOL COUPOVA [LE T GLVAPTNON
petdPfoong me. H petafoon avt yivetar cOpQ@va LE TV TPEYOVCO KOTAGTACN TG Pi
KOL TNV T 7OV EMOTPAPNKE omd TNV Asrtovpyia mov epappootnke otov R;. ‘Eva
wunuo. exktédeons etvon o memepacpévn N amelpn  akolovbio amd KoboAkég
KOTOOTAGELS Kol YeYovoTo mov evorrddocovtal: Coy, e;, Ci, €2, Cy, ..., 0mov KdaOe e;
etvan €va voAoyloTiKG Yeyovog kot kdBe C; etvan pio kaBoAkn katdotoon, i>0. Aéue
ot og o kaBoAkn katdotaon C extedeiton kdmola evépyswn k, av n k elvar 1
EVEPYELD TOV EKTEAEITOL OO TO TEAELTOUO VITOAOYIGTIKO YEYOVOS TOL PO YEiTAL TNG
C. M extéleon etvon éva tpuMqpo ektédeons mov Eekvd amd po apykn Koebokn
katdotoaon. To ypovodiaypouuo prog ektéleong eivat 1 akoAovbio amd yeyovota e,
€, ... TG ektéleonc. Mia dlepyacio mOv Oev KOTAPPEEL GE WO GLYKEKPIUEVN

exTéLeoT ovopaleTot evepyy.
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2.2. Atopkd Avtikeipeva

‘Eva atopuxd avrikeipevo €yer pio katdotaon kot vmootnpiler éva cbVoAo
AEITOLPYIOV PECH T®V OTOI®MV Umopel va Tpottomombel 11 KOTAGTOGT TOL TOVTOYPOVA
amd moAAég Oepyaocieg. Xnv Evomra 2.2.1 mapovcidlovtal kdmowo Pactkd atopkd
avtikeipeva Kot divovtat ot amapaitnrotr opicpoi. Ztmv Evomzra 2.2.2 napovsialovtan

01 1010TNTEG 0PHATNTOC TWV OTOLKDV OVTIKELLEVAV.

2.2.1. I'evika,

To mo Poacikd aTopKd OVTIKEILEVO EIVOL O KATOYWPNTHS OVAYVWTNG-EYYPOPHS, O
omoiog amofnievEl pia T amd KATolo cHVOLO Kot VIooTnpilel dVO Asttovpyieg: 1)
read(R;) mov emotpépel v TYWN oL Katoympnt Ri yopic va v aAralel, ko ii)
write(R;,v), mov ypaper tv T v otov kotayopnt) Ri kol emotpéper o
emPePaioon (ack). Eav 10 ocdvoro twdv mov umopel va amoBnkevbel oe évav
Katoyopnt) elvor  mEmepacUEVO  TOTE O KOTOYWPNTNG  €lval  TEMEPACUEVTG
yopnTikomrToc. Xe oavtibetn mepintoon eivor pn TETEPAGUEVIG YOPNTIKOTNTOG.
Eniong o1 katoympntég dwokpivovtal, pe faon Tov TpOTO TOL UITOPOLYV VO YPOPOVV,
oe amAng eyypapnc (single-writer) Ko o€ moAloamAng eyypapne (multi-writer). "Evog
KOTOYOPNTNG OTANG €YYPOONS Mmopel va ypagel omd pio pOvVo GLYKEKPLUEVN
depyacia eved €vog TOAMATANG €YYPOENG OO OTOLNONTOTE JEPYOACIC. XMUAVTIKO

elvat 6t 6Ao1 o1 KatoympnTég Umopovv vo dSofacTovV amd omolodNTOTE SIEPYOTIaL.

‘Eva. facikd atopikd oavtikeilevo 16xvpdtepo, amd TOV KATOX®PNTH OVIYVOGCNC-
eyypaone, etvar o kataywpntins Load-Link, Store-Conditional (karoywpntig LL/SC),
0 omoiog amodnKevEL pial T amd KATOlo GUVOAO Kot virootnpilel dVO Asttovpyiec: 1)
LL(R;) mov emotpépel v Tun tov Katoyopnt R;, kot i) SC(R;, v) pe v omnoia
pia depyasio p amodniedel v TP v 6tov Kotayopnt Ri edv dev €xet yiver kapia
aAlayn otov R; amd v mponyovpevn avayvwon Tov and Ty p LEC® TG Asttovpyiog
LL. Onwg yivetoan katavontd n Asttovpyion SC dev pmopel va kaheotel pdvn g and
Kémow depyacio. aAAd TPEMEL VO CLUVOLOCTEL LE L0 TPONYOVUEVN] KANGY TNG

Aertovpyiog LL and v idwa dtepyasia.
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‘Eva. axoun Boocikd atopikd aviikeipevo givon o xataywpntisc CAS (Compare and
Swap), o omolog amofOnkevel por Tun omd KATo cLVOAO Kot vrootnpilel dVO
Aertovpyieg: 1) read(R;) mov emotpépel v U Tov kataympnt) R;, ko 1) CAS(R;,
u, v) 6mov €dv n T tov Ri etvan u xatd v extédeon g CAS, tote aAralel og v
kot emotpépetor TRUE. Awgopetikd, n T tov R; dg petafdiieror won

emotpépeton FALSE.

[ToAA& vmoAloyloTikd cvotipoate vrootnpitovv pécw LAKOD KAmow omd To
TOPOTAVE POCIKA ATOMIKA OVTIKEIHEVE Kot 0uTO onpaivel OTL To VAIKO gyyvdrtotl tnv
OTOUIKT) EKTEAECT] TOV AEITOVPYLOV TOVG. TO DAMKO 0TO10VONTOTE GUGTILOTOG TAPEYEL
KOTOYOPNTEG OVAYVOONC-EYYPAPNS, GAAL VITAPYOLV CLOTHUOTA TOV OTOIWV TO VAKO
napéyel ko Kamowo mAnog kataympntov CAS. Xpnoyomolidvtag Pacikd oTtopkd
OVTIKEIPLEVO, TTOL Tap€yovTal amd To VAKO pmopodv va vAomomBodv GAAL 7o
ToAOTAOKA. Mg avTd TOV TPOTO ONUIOLPYOVVTOL KOTAVEUNUEVO GLGTHUATO TOV Eivat

KaAQ dounpéva Kot 1 opB6TTA ToVug popet vor emaAnBevbel mo evkoAa.

Mo vAomoinom €vOg OVTIKELUEVOL amd KAmolo PoctKd avTiKEiIEV YPNOYLOTOEL TOl
Bacwad oavtikeipeva yoo v amodnkevon TV OESOUEVOV TOV  VAOTOLOVLEVOL
OVTIKEWEVOL Kal TopEYEL alyopiBuovg yio Tig Asttovpyieg mov mapEyovion amd ovTo.
Aépe O0TL €vol OVTIKEILEVO X umopel va vAomoinoel Vol OVTIKEILEVO Y, €AV LILAPYEL
alyopBpoc o omoiog va VAOTOLEL TO OVTIKEIUEVO Y YPTCLULOTOLDVTOG KATO0 aplfuod
OTIYHOTUTI®V TOV X Kol KAToY®pntég avdyvoons-eyypaons. Emiong, Aéue 011 ta
OVTIKEIHEVO, X KOl Y €lval 100d0vouo €0V T0 X UTOPEL VoL VAOTOMGEL TO Y KOl TO Y

UTOpEl Vo VAOTTON|GEL TO X.

H extéheon pog Aettovpyiog og éva avtikeipnevo amoteAeital and dvo yeyovota: tnv
KAnjon (call) xon v amoxpion (response) g Aertovpyiag. Otav po depyoasio p;
extelel o Aettovpyion OP og éva vAomoloOpevo avtikeipevo X, tOte M pi Pdoel g
viomoinong g OP ektedel Tic amapaitnteg Aettovpyieg oto Packd oviikeipeva mov
VAOTO0VV 10 X, £T01 MGTE Vo apoydel N oot Asttovpykdtta ™G Agttovpyiag OP
0TO X. LNUEUDVETOL OTL GE KAOE EKTEAEGT] EVD GTNV TPAYUATIKOTNTA 1] VAOTOINOT TOV
AEITOVPYIOV €VOG OVTIKEIUEVOD X dmOTEAEITOL amd Agrtovpyieg eml TV PAcIKOV

OVTIKEWWEVOV TOL 1 CGLYKEKPLUEVN VAoOmoinom ypnowonolel, eivoar dvvatd va
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KaBoploTOLV KOl Ol AErtovpyieg MAVEO GTO VAOTOIOVUEVO OVTIKEILEVO X, Ol OmOieg
ovopalovtor Aettovpyiec vymAov emumédov. 1o €ENG Y €va DAOTOLOVUEVO
avtikeipevo O, Bo amokaiovpe T Asttovpyiec tov O amhd ¢ Aeitovpyies Kal TIg
Aertovpyieg emi TV Pacik®V avTiKeEvey Tov ypnoiponotel n vioroinon tov O g
EVIOAEG, €KTOG KOl av ovoeepdpoote pntd ot pio M oty GAAn katnyopio

AELTOLPYIDV.

AoBeiong pog ektéleong o, ovopdalovpe 1otopikd ¢ o Kol 10 cupPfoiilovpe pe h,
™V aKoAoLBin TOV KAMCE®V Kol ATOKPICEDV €Tl TOV VAOTOLOVUEVOD OVTIKEUEVOD
7ov mepEyovtal otnV o. Av h, givar éva 1otopikd kot p; pia diepyosio, copforilovue
ue hy|p; tov mepropiopnd tTov h, 68 KANGEIS Ko ATOKPIGELS TOV TPOYUATOTOMONKOV
and Vv pi. To hylp; ovopdleton 1otopixo s pi. To 1otopkd g pi eivorl xald
oounuévo €qv amoteleitor amd eVOAAACCOUEVEG KANGELG KOl OMOKPIGELS EEKIVOVTOG
pe pio kKAnon. Avtd onuaivel 0Tt dgv umopel pia dlepyascio mTov Exel KAAECEL KOO
Aertovpyior VOGS OTOHIKOD OVTIKEWWEVOL VO KOAEGEL GAAN Aeltovpyiot TOL 1010V
OVTIKEWWLEVOL TPV TNV OAOKANPMOT TNG TPAOTNG. ZMUEUOVETOL OTL 0006vTog €VOC
16TopKov h, glvar mévta dvvatd va Kabopiotel to 10Topkd Kdbe diepyasiog pi. 'Etot
Aomdv €va 16Topkd h, eivon xald dounuévo €av to 16TopKd KABE diepyasioc pi,

0<i<n-1, elvai KaAd dounpévo.

2.2.2. Ioiotnteg OplOotnrog

H mo gvupémg d1adedopévn 1016t ta opottag etvon n oeiproroinoiudtyzo [13]. 'Eotm
o viomoinon Y evédg avtikeévov O. H ocgpromomoipdmra eyyvdtor ott ke
Aertovpyia g Y o€ pio ektéleo, eppoaviletor cov vo ektedeital otrypaio (ATopkd)
o€ Kamolo onueio HeTaEy TG KANONG TNG Kol TNG OAvINoNG NG, 0T EKTEAECT] QL.

211 cvvE ELn TaPOLGLALETOL VGTNPOS OPIGHOG TNG GEPLOTOMGILOTNTOC.

‘Eoto o ektédheon a. Aéue 6t n a givon oeipromoioyun v umopodv va yivouv ta
egng:
1) T kaBe oloxinpopévn Aettovpyio m otV o umopet vo emheyBetl €va onueio

oglplomoinong *n kdmov HeETaEL TG KANOTG TS T KO TG OTAVTNONG TG GTNV 0,
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i1) Noa emheydet éva vmocHvoro @ amd pn ohokAnNpopéves Aettovpyieg T€T010 MOTE:
v Ka0e Aertovpyia T 610 chvoro @, a) vo pmopet va eioayBel pio andkpion, Ko
B) va umopel va emieyBel éva onueio oeipromoinong *m kdmov peTd amd TV
KAoN TG T 6TV @, Kot

iil) avtd ta onueio oepromoinong TpEnel vo, eTAeYBoVV e TETO10 TPOTO MOTE, EAV OL
Aertovpyieg extedobvtay ceplokd, pe don t cepd mov opiletor amd to onueia
OEIPLOTTOINONG, VO EMOTPEPOLY TIG 101EC AMOKPIGELS UE OVTEG GTNV TOPEAANAN

EKTEAEDT] (L.

O TPOGOIOPIGUOS ATOUIKE TOV OVTIKEWEVOV 0QEIAETOL 0T ceplomomotpodtTo. [
va yivel kotavontdg O OpPWoHOC TG oeplomomonomrog 0o mapovsiactodv
TopadelYIOTO EKTEAECEDV TOL €ivoll GEPLOTOMGYLES Kol GAA®V Tov Ogv gival. Ag
Bewpnoovpe g avtikeipevo po ovpd Q, n omoia vrootnpilet T £NG Aettovpyieg: 1)
enq(x), m omoia €W6GAYEL TO OTOYEI0O X OTNV OLPE KOU TNG EMCTPEPETOL IO
emPePainon (ack), kot i1) deq(), n omoia e&dyel To TpdTO oToLKElo TG ovpdg (FIFO-
First In First Out Queue). Ect® 611 Tqv ovpd mpocmerahvovyv dVo depyaciec, ot p;

KO ;.

To mp®dTO TOPAdELYLO GEPLOTOMGIUNG EKTEAEONG TOpOVGLALETOL 6TO Xynua 2.1(a).
H ovykexpipuévn ektéheon sivar celplomomoun o10TL 6€ KA Agitovpyio T Pmopovv
va gwooyBobv onueia oepromoinong *n, dnwg mapovoidletar oto Zynua 2.1 (B), ot
Kdmolo onueio petald g KANONG Kol TG amdvinong tng, TETOW MOTE €GV Ol
Aertovpyleg extelecTOVV GEPOKE, pe Paon v oelpd mov opiletal and ta onueio
OEPLOTTOINONG, VO EMOTPEPOVV TIG 101€G AMOKPIoELS Le aVTEG otV ekTéAeoT (). Elvan
onuovtikd va mopoatnpndel 6t 10 onueio oegplomoinong g enq(S) mpémet
aropaitnTo vo emieyel petd omd 1o onueio ceplomoinong g deq(), o6t oTNV
mapaAAnin extéheon 1 deq() emotpépet null Tov onuaivel 6t dev TpodraPe va det TV

E100YMYTN TOV oTOoLXElOL 5 amd TV p;.

enq(5) ack

bi

.
>

Pj xPOVOG
deq() null
(o)
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enq(5) ack
pi *

Ny
>

Pj * XPOVOG
deq() null

(B

Yymua 2.1: TIpdTo Tapadetylo GEPLOTOMCIUNG EKTEAEONS. 0) XmPIg To onueia
oglpromoinong, B) ne Ta onpeio oepromoinong

210 Zynua 2.2 mopovctdletal Eva akOLo TopAdELYIO CEIPLOTOCIUNG EKTEAEGNC. XTO
OLYKEKPIUEVO Tapddetypa 1 Asttovpyia enq(S) g olepyaciog p; dev €xel AdPet
AmOKPIOT). TNV TEPITTM®ON 0VTH TPEMEL TAM Vo emAgyBovv onpeia cepromoinong yio
OAeg TIc oAokAnpopéveg depyaciec. [a v enq(5) Ba mpéner emiong va emdeyOel
onpeio oepromoinong aeov N deqq() emoTpéPet To 5 TOV €16AYEL GTNV OLPE 1) eng(5).
H extéheon 1ov mopadelypatrog avtod eivor  oeiplomomoiun  ow0TL,  Ommg
napovcstaletar 6to Zynua 2.2, pumopovv va emheyfovv onpeio ceplonoinone. To
onueio oepromoinong g enq(S) mpémer vo emdeyel petd oamd TO ompueio
oepromoinong g deqi() kot wpw 10 avtictoyo onueio oepronoinong g deqa().
Av16 1oyvel d1ott 1 deq;() emotpépet NULL ko n deqa() v Ty 5, dpa n tyun 5
npénel va éxel ewoaybel petald tov onueiov oeplomoinong g deqi() kor g deqa().

Mo v pun ohoxkAnpopévn enq(5) to onueio cepronoinong g Ba etvon kol onpeio

andKPIoNG TNG.
enq(5)
Pi .
pi * * 1POVOg
deqi() NULL deqa() 5

ZyMua 2.2: Aedtepo ToPASELYILO GEPLOTOWGLUNG EKTEAECTC.

2 ovvéyewn, oto Xyfua 2.3 mwapovctdleTal Vo TOUPAOELYLO UN-CEIPLOTOCIUNG

EKTELEOMG.
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enq(5) ack deqa() 5
pbi * *
pi <—— %9 —— XPOVOG
deqi() 5

Zymua 2.3: Tlapdadetypo pun-ceplomo|ciung EKTEAEGNC.

Edv Beoprioovpe 6tL apyikd n ovpd ivar Kevn, TOTE N EKTEAECN TTOV TOPOVSLALETOL
oto Zynua 2.3 dev givor ceplomomoin. Avto oyvet yioti dgv givat eiktod yio KaOe
Aertovpyia 7, va gloayBovv onueia ceplomoinong *m, kdmov petald g KANong kot
NG amAVINONG NG, TETOLN MOTE EAV Ol AELTOVPYIEG EKTEAEGTOVV GEPLAKA, LE Bdon ™
oelpd mov opileTon amd ta onpeior GEPLOTOINONG, VO ETGTPOPOVV O1 101G AMOUVTIGELS
HEe aUTEG TNG EKTEAEOTG TOV TTopadelypotoc. Aol ot Asttovpyieg deqi() kot deqa()
emMoTPEPOLV 5, TOTE M Aertovpyia enq(S) cepromoteiton mpwn. Tote dpwc, dmola amd
Tic deqi(), deqa() oepromoleiton PO emoTpéPel 5, ko n GAAN null kot oy S.
Emopévac, dev elvar duvatod vo emkeyodv katdAAnio onueia celplonoinong yo OAeg
TIG A&ltovpyieg Kot dpa M exktéAeon mov moapovotdleTor oto XZynua 2.3 dev eivan

GELPLOTOMGLUN.

2.3. Software Transactional Mvijun

H Software Transactional Mviun (STM) omoteleiton amd £vo, GOVOAO KEALDV LVIUNG,
To. omoiol ovopdlovrtan transactional uetofiintés, M| t-uetofintés v cuviopio, Kot o
omoio eMTPEMETOL VO TPOSTEAALOVTAL A0 TIG JEPYATIEG LOVO HECH TOV AELTOVPYUDV
mov N STM mapéyet. Zuykekppéva n STM emtpénetl oTig depyacie va ETKOWVOVOHV
dwpdalovtag Kor evnuepovovtag t-petafAntéc pe 1 Pondela docoinyimv. Avtd
onpaivetl 6t o1 diepyaciec mepikAeiovy TG Agttovpyieg mov emMBLUOVV Vo EKTEAEGOLV
oTlg t-petaPAntéc oe pia doconyia kot (ntovv amd v STM va ekteléoel
ovyKeKpIEVN docoAnyia. Edv to péyebog e pvnung avtg eival cuykekpipévo tote
Aéue 0TL ypnowonoteiton oratiky STM, evd €dv pumopel va tporomombel Aépe 0T
ypnowonoteital dvvogukny STM. Znpeudvetor 6Tl yloo TNV EKTEAECT] (oG d0GoANYiag

7oV Ypnotponotel duvapukd dedopéva amatteitol n ypnor dvvoptkng STM.
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H STM egyyvdrtor v atopikn €KTEAEGT TOV AETOVPYLDOV TOL TEPLEXOVTOL GE Lol
docoyia, OlELKOAVVOVTOG £TG1L TO £pPY0 TOV TPOYPOUUHOTIoT . Mio docoAnyia
umopet vo oAokAnpmBel emtuydc M pun-emtvyodc. H STM gyyvdror 6t ebv pia
docoinyia T ohokAnpwBel emtoywe, OAeG 01 Aettovpyiec mov TepLEYEL O EKTELEGTOVV
otoikd. Amd v aAAn €av n T ohokAnpwBel pun-emituywg tote 11 STM gyyvdron 6T

ot mBavég arhayég e T otic t-petafAntéc oev givor opatég amd dAleg docoAnyiec.

H ovvéyela g mopovcag evOTnNToS opyavaveTol oG akoAovbmg. Xty Evomta 2.3.1
Ba moapovslactel 10 poviého STM mov elcaydyovpe oty mapodoa epyacio. XTig
Evomreg 2.3.2, 2.3.3 ka1 2.3.4 o mopovslactodv opiopoi, 1010TNTEG KOl HETPIKA
noAvmthokOTNToS Yoo TNV STM. Zmnv Evoétra 2.3.5 opilovior ot cuykpodoelg mov
UTOPOVV VO TAPOLGLOGTOVY UETAED AEITOLPYIDOV OLLPOPETIKAOV SOGOANYLDY. TNV
Evomra 2.3.6 meprypdoovioar ot amapoitnteg cVUPACELS (PNONG TOL HOVIEAOL OO
Tov ypnot kot oty Evoémta 2.3.7 mapovoidletal va mopdderypo yprons Tov
HOVTEAOL ylo. TNV VAOTOINGM TG Aeltovpylog elooywyns Oedopévemv G

ouvoedepévn Aloto.

2.3.1. H Software Transactional Mviun ¢ o1ou01polousvo avtikeiuevo

H STM pmopet va povrehomoinfel ¢ €va oTopuKd aVTIKEILEVO TOL TTAPEYEL KATOEG
Aertovpyieg oTig dlepyacieg mov emBupodyv va o ypnoyoromaoovy. Ot Aettovpyieg
aVTEG amoteAOVV T demapn petald tov ypnotn e STM kou g vAomoinong g
STM. To povtélo STM mpémet va givar apKeTd YeVIKO OOTE HECH QVTOD VO UTOPOLV
Vo eKQpaotody OAot ot vrapyovteg aiydopiBuor STM, pepikoi amd tovg omoiovg
meptypapovtolr oto emopeva Kepdlowo g mapovoag epyaciag. Xt cuvéxew

nopovctaleton 1o facikd povreio STM mov g160yayove GTNV TOPOVGA EPYAGia.

Mo pvrqun STM opileton va givor £va atopkd avtikeipevo, To omoio vrootnpilet y

KkaOe diepyacia p; T1g €ENG Asttovpyieg:

1) pointer BeginTransaction(): H Aetrtovpyia avtn ypnoiponoteitot and v p; yio va
ekkivnoet pa véo docoinyio. H BeginTransaction emotpéeet éva deikt og o

KOTAAANATN doun| ov meptypdeel T docoAnyio wov poMg ekkvhionke. O xpnotng
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amoTEiTOL VoL YPNOYLOTOMCEL O TOPAUETPO £Va TETOO OEIKTN KOTA TNV KANON

TOV VTOAOIT®V AEITOVPYLOV TTOV Bl EKTEAEGTOVV Atd aTH TN docoANVia.

i1) pointer CreateNewTmVar(t, d): H Aettovpyio avti ypnotpomoteitonr omd v p;

nmov gkteAel T docoAnyia t yoo va dnpovpynoet po véa t-petafAntn tvar to
dedopéva TG omoiag apytkomolohvtol MGTe Vo etvar dto pe to dedopéva d. H
YPNOLOTNTA TNG AEtTovpyiag avtig eényeitan ot ovvéyela. H CreateNewTmVar
EMOTPEPEL GTNV Pj Eva OEIKTN G Lo KOTAAANAN doun) Tov meptypdeet tnv tvar. O
YPNOTNG OMOUTEITOL VO YPTCLLOTOMCEL MG TOPAUETPO €va TETOWO OEIKTN OTNV
KMon tov Asttovpyudvv ReadTmVar kot WriteTmVar nov amgvBovovtor otnv

tvar.

i11) (Boolean, d) ReadTmVar(t, tVar): H Aertovpyia ot ¥pnoiponoteitol and v p;

nmov ektehel T docoAnyio ¢ (o pointer mOL EmMOTPAPNKE OAMO TNV
BeginTransaction) ywo va dwafdoet ta dedopéva g t-petafAntg Var (o pointer
nov emotpdonke and v CreateNewTmVar). H ReadTmVar emiotpéeetl oty pj
dvo tég. H mpadyn eivon pia tyun Boolean n omoia eivar TRUE gav 1 Asttovpyia
ReadTmVar ohokAnpwbnke emtvoyadg kow FALSE og avtifetn mepintwon. Edv
emotpoeei TRUE, 1018 oty devtepn petafintn emotpéeoviot to dedopuéva d

¢ tVar.

1v) Boolean WriteTmVar (t, tVar, d): H Aertovpyia avt ypnoyLonoleitor amd v p;

v)

OV EKTEAEL TN OOGOANWYIL ¢ Yo VO EVIUEPDGEL TOL OEOOUEVA TNG t-UETAPANTNG
tVar pe mv tyun d. H WriteTmVar emotpéeest oy p; pia tiur Boolean n onoia
etvar TRUE edv 1 Aertovpyio WriteTmVar olokAnpmdnke emtuywg kot FALSE
o€ avtifetn mepintmon.

Boolean CommitTransaction(t): Me 1 Aettovpyio ovty M p;i OnAdver OTL
OAOKMpwoe TNV ektéheon g doconyiog ¢ koar Cntd omd v STM va
oAokANpadceL TNV ¢ emtuy®s. H Aettovpyia avtn emotpéper TRUE o mepintwon

EMTLYOVG OAOKANpwong ¢ t g emruynuévng 1 FALSE oe mepintoon
OAOKANPMOONG TNG t MG UN-EMTUYNUEVNC.

vi) AbortTransaction(t): Mg 1 Aertovpylae ovt) 1 pi ONAdver o6t embouel Tov

TEPUATIOUO TNG SocoANYiaG ¢ o¢ pun-emtuynpévn. H Asttovpyio avtn eEacearilet

ot t Ba TEpUATICEL UN-EMTVYDG KO £TGL OEV EMOTPEPEL TIMOTE.
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Xaptv amhdtrag, vrobétovpe 0Tt kbBe depyacio pmopel va amodnkevel g dedopUEVaL
Tov t-petafAntov povo deiktec. Avtd onpaivel O6tt M Oepyocio pmopel yu
TOPAOEY IO VO XPNOYLOTOLEL TNV t-HETAPANTY Y10 TNV amoONKELOT oG aPlOUNTIKNG
TWNG X N €vOg mivaka THOV A, €164yoviag o dgdopéva g t-petafintig €vav
delktn ot X N otov A, avtictorya. Eivor onpoviikd 0tt n t-petafAnt umopei va
ypnoorombel amd Tov ypnotn Yoo TV omodnKevon €vOg OEIKTN TOV TEPLYPAPEL
Kamolo SO OV 0 XPNOTNG £XEL ONOVPYNGEL. AVTO givo YPNOIUO, YO TOPASELY LN
vy v amofdnkevon tov KOUPoV pog cuvdedepévng AMotag aviiotoyilovtag o t-
petafint) oe kdbe koépPo g Alotag, KATL TO OMOI0 TPOYUATOTMOLEITAL ME TNV

amofrKevon Tov avtiotoryov dciktn kdbe KOUPov otV t-petafAnty.

INUELOVETOL OTL Ol TPEYOVGES VAOTOMGES UvNng STM xpno1LoTolovy S1opopETIKES
dlemapéc. Ot meplocdtepeg amd aVTEG UTOPOVV Vo LAOTOMBOVY €VKOAN, LECH TMV
Aertovpytov ¢ demapns mov moapéxel 10 Pacikd poviédo STM. Ymapyovv Opmg
GAAEG TOVL TOPEYOVV UEYOADTEPT AETOVPYIKOTNTO OTO YPNOTH. ZTNV TOPOVCO
gpyacia Bo peretnBel kdmolog apBuog and avtés. Avtég Bo mapovclactovv Pdocet
evog emextetouevon povtélov STM mov meprypdpetol otn cuvéyela. o va emtevybel
1 TOPOVGIACT] TOV TEPIGGOTEPWV AAYOPIOU®V TOV HEAETOVTAL TNV TOPOVCO EPYOUGIN
HE TOV amAoVGTEPO dvvaTd TPOTO, BemprOnke mpotyuntéo va Paciotel N Tapovciao|
Tovg 670 Paocikd povtéro. Ipopavmg, avtd eivon dvvatd va emtevybel kol facel Tov
EMEKTETAUEVOL  HOVTEAOV, OAAG O emépepe peyalvtepn moOALTAOKOTNTO GTNV

TOPOLGIOCT) TOV KMOKA TOVG.

Muw pviun STM opiletal va eivon éva atopkd aviikeipevo, 1o omoio Pdcel tov

emekteTopévov  poviédov STM  vroompiler ywe «éBe Odepyocio pi TG €&NG

Aertovpyieg:

1) pointer BeginTransaction(): H Aettovpyio avt] d0vAgdEl OTMOC Ko M avTicToym
Tov PBactkov povtélov STM.

1) pointer CreateNewTmVar(): H hertovpyla o] 00VAEVDEL OTIMG KOl 1| OvVTIGTO(M
10V Bacikov poviélov STM.

1) (Boolean, d) ReadTmVar(t, tVar): H Aertovpyio ovtn dovAegdel Ommg Kot 1M

avtiotoyymn Tov Pacikod poviédov STM.
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iv) (Boolean, pd) AccessForUpdateTmVar(t, tVar): Me 1t Aettovpylo ooty 1
dlepyacio p; Tov ektelel ™ docolnyio ¢ (0 pointer TOV EMCTPAPNKE GO TNV
BeginTransaction) {ntd and to cvotnuo STM vo g emotpagel Evag deikng ota
dedopévo ¢ t-petaPAntig fvar (o pointer WOV EMGTPAPNKE OMO TNV
CreateNewTmVar), ta omoia ot ovvéyswn Oo pmopel va evnuepwoest. H
Aertovpyion AccessForUpdateTmVar emotpépel oty pi dvo Téc. H mpad ivon
pio Ty Boolean n omoio eivar TRUE &dv n Aettovpyio avt] oAokAnpoOnke
emtuy®g kot FALSE og avtiBemn nepintwon. Edv emotpoapel TRUE, 1616 01N
devtepn petaPAnt emotpépeTon évag Osikng pd oto dedopéva tng tVar, to
omoio M pi uropel ektdg amd 10 va o SPACEL Kol VoL TOL EVIUEPDCEL LEGH TOV
delkn owtov.

V) Boolean CommitTransaction(t): H Aewtovpyie avty OoovAiedel Omo¢ kot 1
avtiotoyn Tov Pacikol povtédov STM.

vi) AbortTransaction(t): H Aertovpyio. avt dOvAEDEL OTMOG Kol 1) AVTIGTOUYN TOL

Bacucov povtédov STM.

Inueidvetot 0Tt oL 600 HOVTEAD TaPEXOVY TNV 1010 JETOPN Yo TNV EKKIVNOT LG
docoyiog, v avdyvoon Tov dedoUEVOV TOV t-HETARANTOV Kol TOV TEPUOTIOUO
HoG 00coANYioG, Kot Sl@EPOLY OTN AELTOLPYiO TOV TTAPEYOLY YO TNV EVIUEPMOT)
TV t-petafAntdv. 1o facikd poviéAo STM o diepyacia p; LTopel vo evnUepOGEL
To 0edopéva PG t-peTafANTNG tvar pe v Tun d, mepvavtag og OpIGa TV tvar Kot
mv T d oy avtictoyn kAnon g Aettovpyiag WriteTmVar ko 1 Asttovpyio
avtn emotpépel emPefaimon emttvyiog 1 un-emtvyiog. Avtifeta, 6T0 £MEKTETAUEVO
povtélo STM yia va evnuepmacet 1 pi Ta dgdopéva, ¢ tvar pe v T d, mpémet va
KaAéoel ) Aswtovpyion AccessForUpdateTmVar pe Opiopo péovo tnv tvar xor M
Aertovpyion ovt Ba emioTpéyel otV pi €vov Ogiktn péow tov omoiov Ba pmopel va
evnuepmoet ta ogdopeva mov emBoupel. Emiong pe tov deiktn avtd n pi pmopet extdg
amd TO Vo EVIUEPADGEL TOL dedoUEVA TNG tvar kol va ta dafacel (Ywpic mponyoduevn
KAon g ReadTmVar), kdtt to onolo dgv mapéyetat amd tn Aettovpyioe WriteTmVar

10V Bactkov poviélov STM.

To 000 povtéla OV TOPOVCIACTNKOV TOPEYOLV TIS OMOPOITNTEG AElTOLPYIEC TTOV

amottovvror ond pio oemapry STM. Ilopéyovv Asttovpyieg yio v ekkivnon g



37

d0COANYING, TNV TPOCTEALNGT) TV OESOUEVMV TOV t-HETAPANTAOV KOL TOV TEPUATICUO
™G 00GoANYiaG. Mio AEITOVPYIKOTNTA TOV TTAPEYETOL KOL 1 avayKoudtTnTd Tng £ivon
fomg Alyo dvokoAo opatr, e€ivor M onuovpyio pog véag t-petafAnTtig pe ™
Aertovpyion CreateNewTmVar. Kdbe viomoinon pvnung STM oavtiotoryel Kdamoleg
emmAéov mAnpogopieg (metadata) oe kdBe petafAnty Tov ¥PNOTN TOL TPOKELTOL VOl
nmpoomeLaoTEl HEG® docoinyiav. Kdbe vioroinon pvnung STM avtictotyel kémoleg
emmAéov mAnpoeopieg (metadata) oe kGO t-petafAnT Tov TEPLYPAPEL OEGOUEVA TOV
YPNOTN T OToia TPOKEITUL VO TPOGTEAAGTOVV HECH OOGOANYIDV. XT1 cuvExeln Ba
AVOPEPOUOOTE OTIS OMOPOITNTEG OVTEC TANPOYOPIES WG avamopdotacy THG I-
uetafintig oto ovomue STM. Méow g CreateNewTmVar o yprotng evnuepovel
0 ovotnua STM yoo v dmapén kdmolwv akouo SedOUEVOV OV TPOKELTUL VL
TPooTELALoVTal HEC® SOCOANYLIADV, £T61 MGTE va. Onovpyndel wa véa t-petafint
nov o avtiotoryoel ota dedopéva avtd Kot va apyikomombetl KatdAinia o Tpdmog

aVOTOPAGTACTG TNG 0T0 £KAcTOTE cuoTnua STM.

1o onpeto avtd a&ilerl va onuewmdel 6TL edv ypnotponoteitan otatikny pviun STM,
TOTE 1 OmoLTOVUEVN apylKomoinon Tev t-uetafAntov umopet va mpoypotomowm el
KaTd TV ekkivnon tov cvotuatoc STM. Ouwmg yia va pmopel va ypnoporom et
dvvapkn, uvaun STM, ot t-petafAntéc mpémer va umopodv va dnpovpyndovv
SLVOUIKE, OVAAOYO LE TIG OTTAITNOELS TV JEPYUCLOV TTOV ¥PNCLomolovy v STM.

['o o Adyo avtd mapéyetar  Aettovpyio CreateNewTmVar.

INUEIOVETOL OTL 1] KOWOTNTO TOV EPELVNTOV OEV £XEL KOTAANEEL AKOUN O KATOL0
Kowd amodektd poviédo STM. Yrdpyovv apKeTég epyacieg mov mpoteivovy kdmolo
pnovtého STM. Evdektikd ovagépovpe KAmoleg omd TIG ONOIEG EUTVEVCTNKOUE TO
Baocwd povtého STM. H epyacio [18] amd tov Michael L. Scott, mpoteiver éva
povtého STM pe apketd amiéc Aewtovpyiec. Emiong, m epyoasio [7] tov Rachid
Guerraoui ko Michal Kapalka mpoteivel éva mo 1oyvpo poviého STM, to omoio €xet
OPKETEG OUOLOTNTEG LE TO TPONYOVUEVO LOVTEAOD. ZNMUEIDOVETOL OTL KOt To, 600 avTd
LOVTEAQ ATOTVYYGVOLV VO TEPTYPAYOLV THV TANPN AEITOVPYIKOTNTO TOV L0 OLETOPN
mpémel va mpooPépel oto  ypnotn ¢ STM, oniadn ot Oepyaciec. H
AELITOLPYIKOTNTO TOL OEV TTOPEYOLV GTO ¥PNOTH, Elvar 1 dnovpyio Kot apyikoroinomn

wog véag t-petafintig, m omoio Onmwg eénynbnke eivon amopaitn) ®ote va
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vroopydel 1 eKTELEST] SOCOANYIOV A0 JEPYOGIEG TOV YPNCUYLOTOLOVV SVVOLLLKEL

dedopéva Kot apa amortovy dSuva k] pviun STM.

Ot anapaitmreg svpPdaoels ypriong tov poviéhov STM and 1o yprotn kabog emiong
Kot éva mopddstypo ypnong tov  povrédov STM yuw v vAomoinom puog
taSvounpévng ovvoedepnévng Aotag, mapovoidlovtal otig Evomnreg 2.3.6 kot 2.3.7,

avticTolya.

2.3.2. Opiouot

M docoinyio etvar o akolovBio amd Aertovpyieg TOV TPAYUATOTOLOVVTOL OO il
ovykekpluévn depyacio. Eqv ypnowonoteitor to Pacikd povtédo gival g Hopeng
(BeginTransaction (ReadTmVar | WritetTmVar)* (CommitTransaction |
AbortTransaction)), evdd €6v YpNOLOTOLEITOL TO EMEKTETAUEVO HOVIEAO elvarl Tng
HOpO1S (BeginTransaction (ReadTmVar ] AccessForUpdateTmVar)*
(CommitTransaction | AbortTransaction)). Xnueumvetor 0Tt pio diepyacio pumopel va
EKKIVIOEL TOAAEG docoANyieg (oelplakd, T pio petd v dAAn). e to Adyo awtod
ocvpuporilovue pe T(i,n;) v ni-0ot docoAnyio mov ekKveitan amd o depyosio p;.
"Eto1, kdBe docolnyia £xet Eva povadikd avayvoplotikd. H p; ovopdleton onuiovpyog
(initiator) ¢ T(i,n;). Emiong, ka0e docornyia T(i,n;) dwoutnpel o doun dedopéEVDV
Trec(i,n;) otmv omoia amofnkevel omoladnmote TAnpoopia emBopei. H dopr avt
umopel va givon dapolpalopevn, OnAadn TPOSTELAGIUN and GAAEG SOCOANiES, 1| OXL.
Xapv amiovotevong, ToALEG Popég avapépovpe Ot pa docoinyio T(i,n;) extelel
Kdmola Agrtovpyio 1 EVTOAY], Evvomvtag OTL 1] dlepyacio Tov TV ekkivnoe, OnAadn M
pi, €xtELEl TN oLYKEKPUEVT Agrtovpyia 1] EVTOAN KATA Tr OPKED EKTEAEONC TNG

T(,n).

‘Eoto T(i,n;) o docolnyio mov ektedeiton o€ o eKTéAEOT o Tov cuatnuatog STM.
O omuwovpyds pi Mg T(1,n;) exxwvel v extéleon ™G KaAmvtog Tn Aettovpyio
BeginTransaction. vopfoiilovpe wg Cs(i,n;) v tehevtoio KaBoMKN KATAGTAOT TNG
o mov mpomyeitoar TG KANomg g Aettovpyiag BeginTransaction oamd v pi.
YvpuPoiilovpe ¢ Cffi,ny) T 7mPOTN KOOOAKN KOTAGTOGN 7OV £METAL  TNG

OAOKANPOONG NG €KTEAEONG oG €K TV Agttovpywwyv CommitTransaction ot



39

AbortTransaction and v p; (v avtd cvppaiver). H Cf(i,n;) icmg dev opileTon emedn
o omuovpyds pi ¢ T(i,n)) Oev koAéoel mOTE pio €K TOV  AELTOVPYLOV
CommitTransaction kot AbortTransaction, &emedn vy mopAdeypo 1 pi €XEL
katappevoel. To didatnua extéleong pog docoinyiog T(i,n;) mov cvpPoriletonr wg
E(T(i,n;)), opiCeton va givar o tunpa ektéheons g o mov Eekvd amd v Cs(i,n;) Kot
katoinyel oty Cf(i,n;) (edv vt opiletar). Av n Cf(i,n;) dev opiletar to E(T(i,n;))

elval 1o emiBepa g extédeonc a mov Eexwvd amd v Cs(i,n;).

‘Eocto o o extéheon evog alyopiBpov STM. Aéue o6t o docoinyia T(i,n) avixer
oV o Kot ypaoovue T(i,n;)ea, €dv vrdpyer kdmowo yeyovdg g T(i,ni) mov
extereiton omd v T(i,n) omv a. Eav n T(,n) wokelt 1 Asrovpyia
CommitTransaction otnv a kot 1 Asttovpyio avt) emotpéyetl v tiu TRUE, Aéue
ot n T(i,ni) odoxdnpawveron emtoyws oty a. Edv o doconyia T(i,n;) kaAéoet
Aertovpyiar AbortTransaction oty a, Aéue 6Tt n T(i,n) olorkinpwvetar un emiToy s
oTNV 0. XNUedveTol 0Tt 1 kKANnon ¢ Aertovpyiag CommitTransaction and v T(i,n;)
omv a, uropel va emotpeéyel v Ty FALSE, oty nepintoon ovth Aépe 0t M
T(i,n;) olorinpaOnke un-emroywg oty a. Aéue 6t  T(i,n;) zepuatileror Pioro wg
omotoynuévy omv o €av N T(i,n;) ohokAnpwOel oG un-emtvynuévn oV o 0AAL M
T(i,n;) dev ektédece ™ Aertovpyion AbortTransaction otnv a. Mo SocoAnyia mov £xet
OAOKANPWOEL emTLY®G M UN-€MTLYOG Ape OTL €xel olokinpwOei, oe avtifetn
nepintoon Aépe Ot eivan exxpeung. Mo doconyia T(i,ni) mponyeitor pog GAANG
docoAinyiag T(j,nj) oty a, edv N T(i,n;) éxert oAokAnpmBOel kot to tehevtaio yeyovog
m¢ T(@,n) mponyeitar tov mpwtov yeyovotog tng T(,n)) omv o. Aéue OtL o1
docoinyieg T(i,ni) xou T(,nj) exrelodviar mapdiinio oy o v odte n T(i,n)
nponyeiton ¢ T(,n) ovte m T(,n) mponyeitaw g T(i,n;). YmoB&tovpe oOTL
docoANYiec mov eKKvoUvVTOL amd TNV 10w dlepyacio Oev  ekTEAOVVIOL TOTE
mopdAANA, 1 aAAGDG KEOE diepyacio pmopel va Exel To TOAD pio ekKpepn] docoAnyia
k&g ypovikn oTiypr]. Avtd onuaivel OTL 6TV TOPOVGA EPYACIN OEV AGYOAOVUOCTE LUE
eupwievpéves docolnyies. Aéue 0Tt o ektédeon o eivon oegiprakn €qv yuo. KAOe
Cevyog docornyiadv (T(1,n;),T(j,n;)) mov avikovv otV a, eite n T(i,n;) Tponyeitot Tng

T(,ny), eite n T(j,n;) mponyeiron g T(i,n;).
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Aépe 0t o doconyia T(i,n;) mpoareialer yio avayvawaon M owofaler o t-petafAnt)
X, v n T(i,n;) karéoet tn Aettovpyia ReadTmVar yuo v x. Aépe 611 o dosornyio
T(@,n) mpoomeraler yo evnuépwon M evhquepwver o t-petafinm x, v n T(i,n;)
KaAéoel t Aettovpyion WriteTmVar yu v x ot0 Paocwod poviého STM, 11 v
AccessForUpdateTmVar ywo v x ot0 emektetapévo poviého STM. Edqv mpwv v
avdyvoon pog t-petafAntig tv and o docolnyio T(i,n;), dev mponysitar kdmolo
evnuépmon ™¢ tv and v T(i,n;), 101 N avayvowon avt) ovoupdleton xaboikn
avayvawon. Opolmg, eqv TPy TV eVUEP®ON UG t-peTafANTig tv amd pa SocoAnyio
T(i,n;), dev mpomyeitan kamow avayvwon g tv arnd v T(i,n;), toéte N evnuépmon
avt ovopdletan kabodikn evuépwon. Mo docolnyio ovopdletol otatikn €dv gival
YVOOTO €K TOV TPOTEP®V (TPV TNV EKKIVIOTN TNG) TO GUVOAO TOV t-HETARANTOV TO
omoio TPOKELTOL VO TPOSTEAAGEL Y10 avayvmon 1 evuépwon. Avtifeta, po ovvourkn
docoinyia dev yvopilel €k TV mPOTEP®V TO0 GHVOLO TV t-petafAntdv mov Oa
TPOCTELAGEL KATOEC €K TOV OMOI®V UTOPEL VO ONOvPyouvTOL SLVOUIKG amtd TNV
01 ™ docoAnyia. Znuewdvetal OTL GTO €MOUEVO KEQAAMIO 0o TOPOVGLOGTOVV
vrapyovteg arydpiduotr mov viomowovv pviun STM, amd tovg omoiovg évag poOvo
viomotel otatikég docoinyiec. Mo doconyio mov mpoomeddlet t-petafAntég poévo
Y. avayvoor ovopdaletal docolnyio ovayvwens puovo kot pio SocoAnyic wov
npoomeAdlel t-peTaPANTEC LOVO Yo evnUEP®OT OVOUALETaL dogoAnyio eviUEPWONS

Hovo.

2.3.3. [010tntes arouikov avuxeiuévov STM

2y mapodoo eVOTNTO TOPOVCIALETOL ap KA 1 W10TNTO 0pBOTNTAG TOV TTPEMEL VoL
wavomolel o viomoinon evog avrikelpévov STM, ®ote va eivon opBr|, kol ot
OLVEYELN TTOPOLGLALOVTOL KATOES 1O10TNTEG TEPUATIGLOV TOL UTOPEL VO IKOVOTOLEL M)

vAomoinon avti.

Onwg avagépnke oty Evomrta 2.2.2, n mo gupémg dadedopévn wo1dtnta opfotntog
Y0 TOL OATOUKA ovTiKeipeva elvan n oeipromoinoiuotyta [13]. 'Eoto Y o viomoinon
evog olapotpalopevov avtikepevov O. AtucOntikd, n Y eivar cepromromoun av oe
Kk@Oe extéheon mov Tmapdyel KAOe Agrtovpyio. MOV EUMEPLEYETOL OTNV EKTEAEON

epnpavifetoar oav va ekteieiton otrypaio (atopkd) oe kdmolo onueio petald g
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KAMong g kot g amavtnong te. Opwc, ot vioromoeglg STM amottovv peyoldtepeg
gyyovmoelg  aeod  oleg ot Asuovpyieg  (ReadTmVar, WriteTmVar 1
AccessForUpdateTmVar) mov ektedel o doconyio (ko Oxt m kdéBe Aettovpyia
Eexyoprotd) mpémet vo epeaviCovior cav vo eKTEA0VVTOL GTIYHloio GE KOO0 onueio
TOV JCTNUATOG eKTEAEONG TNG docoAnyiag. [ To Adyo avtd emava-opilovpe v
W010TNTO NG GEPLOTONGIUOTNTOS Y10 VO, EKPPACEL TIG ATOUTNOELS EVOS GUOTILOTOG

STM, 6nwg TEPLYPAPETOL GTN GUVEYELOL.

‘Eoto po ektédeon a piag vAomoinong STM. Aéue 6t n a givar oeplonomoiun bv

pmopovv va yivouv ta eENg:

1) T xédBe docolnyio T mov €xer olokAnpwbel emtuydg omv o umopel va
emheyOel éva onpeio ogpromoinong *T kdmov oto ddotnua ektéleong g T
oV a,

i1) No emieyBel éva vmoovvoro O and exkpepeis 00GOANYieg TETO0 MOTE: Yo KAOE
docoyia T oto chvoro @, va pmopet va emheybel éva onpeio oeplomoinong *T
Kémov petd and v ekkivnon me T oty a, Kot

iil) avtd ta onueio oeplomoinong TPEneL vo, eTAEYBOVV e TETO10 TPOTO MOTE, EAV OL
docolyiec exterobvtay ceplokd, pe Bdomn m oepd mov opileTon amd ta onueio
CEPLOTTOINONG, Ol AELTOVPYIEG TOV EKTEAOVVTOL GE OVTEG VO EXIOTPEPOLV TIG 101E¢

OTOKPICELS UE OVTEG OTNV TAPAAANAT EKTEAECT] QL.

2t ovuvéyew mapovotalovtol KAmoleg 1O10TNTES TEPUOTICHOV TOV UTOPEL va
wavomolel n vAomoinon evog atopkov avtikeyévov STM. Aéue o1t pia vAomoinon
STM 1kavomotel TNV 1010TNT TEPUATIGLOV eAevbepia avtaywvicouod (obstruction-free)
[11] ebv kéBe Siepyacio mov dev Koatappéel Kol eKTEAEITOL YOPIS OVIAYOVIGUO
Eexvovtag and omolodnmote onpeio g EKTELEOTG MG dOGOANYING, OAOKANPOVEL
™ docoAnyio LeTA amd menepacuévo apBuod Pnuatov. Aéue 6t o vioroinon STM
KOVOTIOlEL TNV 1010TNTA TEPUATIONOV elevbepia rieiomuatwv (lock-free) [8] €dv oe
KéOe onueio g ektédeong vdpyel TOVAd IoTOV pio dlepyacio amd aVTEG TOL dev
Exouv KatappedoeL 1 onoio UITopel Vo OAOKANPAOGEL TN SOCOANYIN TOL EKTEAEL LEGOL
oe memepacuévo aplud Pnudtov  (aveEdptnTOC TOL  OVIAYOVIGHOU Tov  Oa
ovvavinoel). Aéue 0t o vaomoinon STM kavomotlel v 1010TNTA TEPUATIGLOV

elevBepio.  avauovic (wait-free) [8] ebv xkdabe diepyacio mov dev KoTappEEt
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OAOKANPOVEL OomolodmoTeE JocoANYion ektelel péca o€ memePUCUEVO  aplOuod

Bnudrov.

Mo viomoinon STM mov eyyvdrtor omowdnmote Oond TIG TOPOUTAVED OOTNTES,
ovopdleton un-gumodiotiky. Le oavtifetn mepimtmon, ovoudleton gumodiotiky. Mia
vAomoinon STM mov wavomotel v 1010t T TEPUATIGHOV €AeLOepio KAEWO®UATOV
wavomolel Ko tnv wotto. elevbepia avtaywviopov. Mia vAomoinon STM mov
wavomotel TNV 110Nt TEPUATIGHOD gAgLOepia avapovig tkavomotel Kot Ty 1010t ta
erevbepia KAhewopdtov. Edv po vAomoinon STM eivor pn-gumodioTiky] kol oev
KOVOTIOlEL TNV 1010TNTA TEPUATIGHOV gAgLOEPiO AVOLOVIG, TOTE UmOpPEl Vo 0ONYNGEL
Lo SlEPYACia Pi OE KOTAOTAOH TOPOTETOUEVNS aTépnong (starvation). Avtd onpoivel
OTL M i OEV KOTAPEPVEL VO OAOKANPAOGCEL T1 SOCOANYI0 TOV EKTEAEL GE MEMEPAGUEVO
mAn0og Pnudtov. Eqv po viomoinon STM eivar un-eumodiotikn Kot 6gv 1Kovomotel
mv 10TTo TEPUATIGHOV gAevBepia KAewwudtov, TOTE pmopel vo 0dNYyNoEL TO
ovotnua o€ kataotooy kabolikns mapotetouevns atépnong (livelock). Avtd onuaivel
Ot Kapio 60GoANYia 6TO GUGTNUE OEV OAOKANPAOVEL TNV EKTEAECT] TNG dOGOANYi0G

7oV ekTELEl o€ meEmepacUEVO TANB0G Prudtov.

2.3.4. Metpixég Iolvmlokotnrag

[Ma mv a&oroynon evdg aryopibuov STM ypnoipomotodpe d0o BewpnTikég LETPIKES,
NV  TOAVTAOKOTNTO, YPOVOL Kol TNV ToAvmAokOTNTa Y®pov. Opilovpe ¢
rolvomhokotyTo. ypovov Mg Aertovpyiog, to pé€yoto mANBog Pnudtev mov o
dlepyacio TPEMEL VO TPUYLOTOTOWCEL GE OTOLOONTOTE EKTELECT] DOTE VAL EKTEAECEL TN
Aertovpyia. Opilovpe v molvmlokotyta ypovov evog alyopifBuov STM va givar To
HEYIOTO TV  TOAVTAOKOTNT®V YpOdvov TmV Aettovpylwv Tov. Opilovpe ¢
roivmhoxotnro. yawpov evdg aiyopiBuov STM, to mAnbog ko to péyebog twv
KOTOYOPNTAOV 7OV YPNOLUOTOOVVTOL amd ToV oAydplfuo ywoo TV vAomoinon tov
Aertovpyiwv tov povtédov STM, kabmg kol 10 €ldog TOLG. VYV, UEAETAUE T
YPOVIKT TOAVTAOKOTNTA, £VOG aAyopiBuov STM vrd €1d1kég GUVONKEG, Yo TOPAdELY L

OTaV OV VTLAPYEL OVTAYMVIGUOG KATA TNV TPOGROCT) GTNV KOWVI| LViT).
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Eniong vy mv oaoddynon g amddoons €vog alyopibpuov STM  cuyvd
TpaypaTonoleital TEPaUATIKY HEAETN. Kdmoleg amd Tig HETPIKEG TOv avaAvOovVTaL Omd
TIC VIAPYOVOEG MEWPOAUATIKEG LEAETEG Elvo M tkavoTyTo diekmepaiwaons (throughput)
KOl O UEGOS YpOovos OleKmePaiwans TV docoyidv. H wavotnto dieknepaimong
AvaPEPETOL 6TO TANOOG TOV SOGOANYLDY TOV OAOKANPOVOVTOL ETTVYADS AvE LovAada
YPOVOL, €V O HEGOG YPOVOG  OlEKTEPOUMONG OVOPEPETOL OTO WEGO  YPOVO
dtekmepaimong UG 00GOANYING MG EMTUYNIEVNG. ZTNV TEPITTMOOTN TNG UEAETNG TOV
HEGOL YpOVOL Odlekmepaimons oG doconyiog, vmobétovpe OTL po d0COANYia

EMOVEKTEAEITAL £mG GTOV OAOKANP®OET EMITLYDG.

2.3.5. 2vykpodvaoeig

Aépe o011 mapovcidletoan adyxpovan (conflict) peta&d VO TOVTOYPOVO EKKPEUDV
docoinyiav T(1,n;) kot T(j,n;) €bv vdpyovv Acrtovpyieg op; mov extereitar amd TNV
T(i,n;) xon op; mov extereitan amd v T(j,n;), ov omoieg exteAovvVTon oV 1O t-
petafAnT tv Kou pio €K TV op; Kot op; ivar Asrtovpyla evnuépoong (Evd 1 GAAN
umopel va elvar gite avayvoong eite evnuépoonc). ‘Etor vmapyovv tpia €idm
GLYKPOVGEMV AVAAOYOL LLE TO TTOLL EK TMV Op; Kol op; ivat Asttovpylo evnuépmong Kot
avaloyo pe to €i00g TG GAANG. Av 1 op; mpomyeitatl TG opj, M opi £lvar Asttovpyia
gvnuépmong g tv, m op; Asrtovpyia avdyveoong g tv Kot 1 op; mponyeitol g
oroxkAnpwong g T(i,n;), N 6VYKpovoT OVOUALETOL GDYKPOVGN EYYPAPHS-OVAYVOONS
obykpovon W-R ev cuvtouio. Av m op; mponyeital g opj, 1 op;i eivar Aettovpyia
avayveoong g tv, n op; Asttovpyio evnpépmong g tv Kot 1 op; mponyeital g
oroxAnpwong g T(i,n;), N 6VYKpovoT oVOUALETOL GDYKPOVGN OVAYVWGHS-EYYPAPHS
obykpovon R-W ev cvvtouio. Av m op; mponyeital g opj, 1 op;i eivar Aetrtovpyia
evnuépmong g tv, n op; etvar emiong Aertovpylo evnuépwong g tv Kot n op;
nponyeitar ¢ oAokAnpwong g T(i,n;), n cvykpovorn avty| ovoudletar adykpovan
EYYPaPNS-€yypapng | avykpovan W-W gv cuvtopia. X cvvéyela, eEnyeitar o Tpdmog
pe tov omoio k@Be £vo amd TO TOPATAVE €ION GLYKPOVCEWMV UTOPEL VO TPOKAAEGEL
TPOPANUa €6V eV AVTILETOTIOTEL, TO 0moio onuaivel OTL uropel va kataotpatnynOet

N Wit ™G oeproromaoindtTTag mov kabe akyopdpog STM mpénet va ucavomorel.
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Eivar a&loonpeioto 01t 1 gpedvion evog €idovg cuYKPOLOTG O GUVETAYETOL TAVTOL
TNV  KATOGTPOTAYNON TNG 1010TNTAG TNG GCEPLOMOMCIUOTNTAS, Topd HOVO OE
OLYKEKPIUEVOL  OevAplo  eKTEAEGE®MY. X1 ovvéyeld  mapovoidlovior  Kdamown
TapadelypaTa TETOIV «KOKOVY cevapiomv. Xty mepintoon g W-R coykpovong,
gtvar mBovo 1 T(j,n;) va dwaPdoet péow g op; oG dedopéva g tv ta dedopéva mov
YPAQTNKAY Omd o pn-oAokAnpopuévn docoinyia, v T(i,n;), pécw g opi. Eav
avto cvpPaiver ko n T(i,n;) ot cvvéyxela ohokAnpmbel g un emttvoynuévn, onuaivet
ot n T(j,n)) SaPace acvvent| dedopéva. Ztnv mepintmon g R-W cvykpovong, ta
dedopéva di mov n T(i,n;) SwPdler yio v tv p€ocw NG Op; EVNUEPOVOVTAL OTN
ovvéxea omd v T(,n;) péow g op; mpwv n T(i,n;) orokAnpwbei. Edv n T(i,n;)
Swpdoetl kKot TaAL ta dedopéva di’ ™G tv pe ™ Aettovpyio op;’ LETE TV EKTEAECT TNG
opj, t0te B0 wyvel di # di’, o omolo cuvvemdysror o6t n T(i,n;) Oe pmopel vo
cepromom et (S0t de pmopel va cepronombel ovte TP v opj, AOY® TG opi, 0VTE
HETG amd avThv, AOY® NG op;). XNV mepintwon s W-W chykpovong, ta dedopéva
mov N T(i,n;) éypoye p€ow TS op; Yoo TV tV TOVOYPAPOVTIOL GT) GUVEYELD OO TNV
T(,n;) péow g op; mpwv n T(1,n;) ohoxAnpwbei. Me Bdomn t chykpovon o, uropei
va TpokAnBel TpOPANHa GEPLOTOMCIUOTNTAG EAV TO TOPATAVED GEVAPLO_ETAVAANPOET
Kot yuo pio oképo t-petafint, éotm tv’, pe v T(i,n;) va movoypdeet To dedouéva
nov 1 T(j,n)) yphpet oty tv, H€cm AEITOVPYIOV EVIHEPMOGNG Op;” KoL Op;’, AvTIGTOTYOL.
2V mePImToN oVt 1 Uvun elval og acvvenn Koatdotaon 00Tt TEMKA 1 tv Ha
nepExel TNV Tiun mov Eypoee  T(,n;) ko n tv’ v Ty mov £ypaye 1 T(1,n;), ki t0
omoio d¢ pmopel va mpaypotonombei v ot 600 S0GOANYiEG EKTEAOVVTIOV GEIPLOKAL.
To mpoPAnpa ceplomomoindTTag TOpovctaletal v pio GAAN docoAnyia, £0T®
T(k,ny) mpoomadnoel va dwPdoer 11g tv wor tv'. H T(k,ng) de Ba pmopel va

oglpromotndet.

‘Eoto évag adyopBpog STM «kat o pua orotodnmote ektédest| Tov. [a va wkovomotel
0 OAYOpIOHOC OVTOC TNV WIOTNTO TNG OEPLOTOMGIUOTNTOS TPEMEL VO TTAPEYEL
UNYOVIGHOVS OmOTPOTNG M aviyvevong Kot Swyelpiong TV GuYKPOUGEMY OV
avaépnkay mTopandve, GTNV TEPIMTOOT OV AVTEG 0dNYoUV oe acvvéneleg. Onmg
Oa mapovciactel oto Kepdiowo 3, vwdpyovv d10popég 6TOV TPOTO WE TOV OMOi0
OTOTPETOVTOL, AVLYVEDOVTOL KOl ETADOVTIOL TO SLUPOPETIKA €101 OGVVETEIDV OO TOV

€KO0TOTE AAYOPOLLO.
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2.3.6. Amopaitntes ovufdoelg

v evotnTo 0Vt TOPoLSLaloviot KATole GVUPACGELS OC TPOS TOV TPOTO YPNOTG
TOV AeTOVpYIdV oL vooTnpilovv ta 6vo poviédAa STM mov mapovcidotnkay. Ot
ocvpupdoelg avtég Ba mpémel va axolovBovvror and Tov KdOdKa Tov Yprotn. Mia
docolnyia exkiveitor pe v ektédeon g Asttovpyiag BeginTransaction, 1 omoia
EMOTPEPEL EVOL OEIKTN GE MO KATAAANAN OOUY| TOL TEPLYPAPEL TN SOGOANYio TOV
oA exkkivOnke. O ypNotng TPEMEL VO XPNOILOTTOLEL VTO TO OEIKTN GE OAEC TIC
Aertovpyieg mov BEAel va ektEAécEl PHEG® TIG CLYKEKPIUEVNS docoAnyioc. Amd To
onpeio owtd Ko Emerta 1 docoAnyio Tov EKTEAEL 0 ¥PNOTNG Elvan ekKpeUNG £¢ GTOV
ektedeotel amd to ypnotn eite M Aewtovpyio CommitTransaction (yw v
OAOKANP®OT TNG 00CoANYiaG ¢ emTuynuévNg) ite 1 Asrtovpyia AbortTransaction
(Yo TNV 0oAokAMp@o NG S0COANYING MG ATOTVYNUEVNC). ZNUEUDVETOL OTL O XPNOTNG
pmopet var €xel 1o TOAD pio ekkpepn docoAnyio KAOe ypovikn oTiypn, oniadn ke
KAnomn g Aettovpyiag BeginTransaction mpémel vo akolovOeitatl amd o KANor pog
ex Tov Aettovpytwv CommitTransaction | AbortTransaction, ympig va mapepPdiieton

070 €VOlApECO KAmoa AAAN KANon g BeginTransaction.

O ypnotg umopel va mpoomerdcel Tig t-peTafAntéc mov emBupel 1 vo dnpovpynoet
Kémow véa t-puetafAnTt HEc® pog S0cGoANYing HOVo EVOCH 1 S0GOANYia avTr givat
EKKPEUNG, Kol HEC® TV aviiotoryowv Asrtovpyiwv ReadTmVar, WriteTmVar,
AccessForUpdateTmVar kot CreateNewTmVar. O ypnomng eivar eAevBepog va Kahel
TG Asutovpyieg mpooméhaong vy tnv idw t-petafAnt) oOceg @opéc embupet.
Yvuykekpyévo by Tpokertal vo dofacel ta dedopéva pag t-HeTaBANTNG Yo TpdT™
Qopd mpémetl va ta mpoomeldoet pe v ReadTmVar. KaBe popd mov o ypnotng 0éret
va evnuepmoet kamowa t-petafAntn, oto Pacikd poviého STM mpénet va ektedet )
Aertovpyion WriteTmVar, evd o610 emektetapévo povtélo opkel vo eKTEAECEL TN
Aertovpyion AccessForUpdateTmVar v mpdtn pdévo @opd kot oI GLVEXEWL Vo
evnuepmvel amevbeiog to dedopéva ™G t-petaPfAnTIG HEG® TOL OEikTN TOL TOL
EMGTPAPNKE amd ovtr. Emiong, omv mepintmon tov emektetapévov HoviéAon, €6V
po t-petaPAn tv £xel mpoomeraoctel pécm g Aettovpyiag AccessForUpdateTmVar
Kol ot ovvéxeld o ypnomg embouel va dwfdoet ta dedopéva g tv, dev givan

amopoitnTo Vo To TPooTeEAdoEL Kal TdAl pécw g ReadTmVar, aAAdd umopel vo ta
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dwfdoet dueco HEC® TOL OEIKTN TOV TOV EMOTPAPNKE OO TNV TPONYOVUEVT] KA O

g AccessForUpdateTmVar.

Onwg avaeépOnke omv Evomrta 2.3.1, €xer Oeopnbel o6t 1o dedopéva tv t-
petafintav sivor ocikteg. Emopévag, 1o cvotnua STM efac@aiilel v atopikn
TPOCTEANCT] TV OEKTAOV oIV omd TIG 0ocoAnyies. Edv otv odeikteg avtol
TEPLYPAPOVY OEOOUEVA GE SLOPOPETIKEG BECELS TIC UVIUNG, TOTE T OedOpEVA aVTA Bl
npoonehdlovtal emiong atopikd omd TG docoinyiec. Emopévog o ypnomng sivon
vrevbuvog va eyyunBel v atopkn (| Un) TPOSTELACT TOV JEOOUEVOV GTO. OTOioL
delyvouv ot delkTeG TOL TPOPVAGGGOVTAL 0td TO cuoTNUa STM, evnuep®VOVTAS TOLG

Le OgikTeg OV OelyvoLuV € VEES (1] O YPNOLOTOLOVUEVES) BEGELS LV,

Otav o ypnomg embopei vo oAokAnpdcel po docoAnyia eival vwoype®UEVOS va
KaAéoel gite T Aettovpyion CommitTransaction yio va TLYEPGEL VO OAOKANPDOGEL TN
docoMyio g emruynuévn Mt Aertovpyio  AbortTransaction yio va Vv
OAOKANPOGEL ®G un-emrvynuévn. Edv  omowdnmote Aertovpyio mpoomélaong
EMOTPEYEL GTO XPNoTN Yo TV Boolean petafint v tyun FALSE, dnAdvovtag 61t
N OLYKEKPWEVT Agttovpyion améTuye, O YPNOTNG EVOL LIOYPEMUEVOS VO KOAEGEL
dpeco pio ex tov Asrtovpyiwv CommitTransaction 1| AbortTransaction ®cte va
OAOKANPMOGCEL T1 SOCOANYI0 TOL EKTEAEL. ZNUEIDVETOL OTL GTNV TEPITTMOT QLT Elval
BéParo, aveEdpnta pe T Acttovpyia TEPUATIGHOV TOV KaAgital, 6Tt 1] docoinyia Oa

0AOKAN POl O PUN-emTUYNUEVY.

O ypnotg eivor vroypewuévog va ypnolonotel ™ Aettovpyion CreateNewTmVar,
Kd0e eopd mov embupel va dNUIOVPYNGEL KOL VO ApYIKOTOMGEL o vEa t-ueTafPAnT)
Katé v ektéheon pog doconyioc. o mapddetypa, av o ypnomg embopel va
vAomooel ot ocuvdedepévn Alota Pacel kdmowov oatopkol avtikeywévor STM
TPEMEL Vo avtiotolyioel pio t-petaPAnt) oe kdbe wkopPo g Alotag, m omoia
amoBnkevet éva deiktn otov KOUPo avtd. XNV mePinT®ON VT, £dv 0 ¥pNoTng BEleL
va dlatnpnoet Evay deiktn p o€ Kamolo kOUPo X mpog Kamowo KOuPo y g AMotag, o p
dev emrpémetan va delyvel amevbeiog 010 y, 0AAG Tpémel va delyvel otny t-petafint
OV TEPLYPAPEL TOV KOUPO y NG Motac. Avtd onuaiver 01t to poviédo STM dev

EMUTPENEL GTOV XPNOTN va datnpel dgikteg petald tov 01wV tov dtopotpaldpevov
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dedopévmv, aAdd Eva dtapotpaldpevo dedopuévo X pmopel va mepiEyet deiktn o€ éva
dlopotpalopevo dedopévo y Hdvo eav o deiktng oelyvel otnv avrtictoyn t-petafint

OV TEPLYPAPEL TO Y.

2.3.7. Hopaoeryua ypnong e Software Transactional Mviung

Ymv mopovca evotnta Oa 600l Eva Tapdostypa ¥pNonNs TOV OTOUIKOD OVTIKELEVOD
™m¢ puvnung STM yia tv vAomoinom g AEITOVPYING EIGUYMYNG OEOOUEVAOV GE Lol
taSvounpévn katd avEovoo dtataln amid cvvdedepuévn Alota, 1 omoio umopel va
TPOCTELAGETE TOVTOYPOVA OO TOAAES depyacies. 'Eotw, Aowdv, Ot €ovpe o
amAd cvvoedepévn Aota kabe kOUPog TG omoiag mepEyet Evav aképato aplOud num.
H popen mov kdéBe koépPog node tg Alotag Oa ixe edv n AMoto Tpocmerdloviav and

pia povo depyacia mapovotaletor oto Zynua 2.4 (o).

struct node { struct tmnode {
int num; int num;
struct node *next; TmVar next;
} 4 } 4
(@) B)

Yymua 2.4: o) H popoen tov kopfov tomov node ¢ cuvdedepévng Alotag. B) H popoen

oL KOpPBov THmov tmnode TG cuvoedEUEV|G MOTOC.

Mo v viomoinomn g Alotag pe ) xpnon pog PProdnkng mov mapéyet atopkd
avtikeipeva, STM mpémer kéBe kopuPog g Alotag va meprypagetor amd pio t-
petafint (amodnkevovrag oy t-petafAnt Evav deiktn otov ko6ufo). H popen mov
K&0e kopPog tmnode g AMotog Oa £xel 6to cvotua STM mapovoidletal 6To Ty
2.4 (B). Onwg &xel avapepbet To povtédo STM opilel 6Tt 0 deiktng mov kdbe KOéUPog
MEPLEYEL YL TOV €mMOPEVO KOUPO TOv Tpémer va delyvel omv t-petafant mov
TEPLYPAPEL TOV AVTIGTOYO KOUPO Kot Ol 6ToV 1010 ToV KOpPo. ['a Tov Adyo avtd &xet
tpomortomBel o THmog ™G HeTaPANTNG next Tov képPov Tomov tmnode amd struct node

* (mov NTav otov KOpPov tHmov node) oe TmVar.

Ag vmoBécovpe, yapv amAdtnTog, 0Tl oTNV TASVOUNIEVT MoTo VITEPYEL TOLAGYIGTOV

évag kopPog L o omoiog meprypdoetar amd v t-petofAnt tvarL xon n tvarl eivan
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KatdAANAa apywomompévn. Eniong yio Adyoug amhdtrag Bewpovpe 611 0 kOpuPog
avTOg amoteAel Tavtdypova Kal KOUPo epovpd, dNAadT £xel TNV HKPATEPT dLVATH
T num Kot 0ev umopel va dwaypagel. Emopévag o kopPog L eivar to mpdto ototyeio

NG AMOTOG KO TOPOUEVEL TPADTO UETE amd KABe elcay@yn Kot dtarypoen.

> ovvéyewn Ba mapovolaotel 0 KOdkog TG cvvaptnong Insert yiou v ecaywyn
evog koppov x oy tavounuévn avtn Alota. H cvvdptnon avt) emotpépel v
Ty TRUE &dv o kopPog eionydn ot Alota, | v tiur) FALSE edv vanpye non om
Mota. Apyikd, oto Zynua 2.5 mapovstdletal 0 KOdKaG TG suvaptnong Insert dtav n)
Mota pmopel va mpoomehdleton amd pio povo olepyocio, v omoio. ovopalovpe
InsertS. O xddwog eivor apketd omioc. Me tov Ppdyo tov ypouumv 4-5
TPOooTadovpE VoL EVIOTIGOVUE TO oNUEl0 0TO omoio mMPEmeL va pmel 0 vEog KOUPOG,
dlnpavtag tavta deiktn otov KOpPo mov Ba ypelactel va Tpomomocovpe (prevP).
Edv o képpog vrdpyer nom emotpépovpe v tiu FALSE, aAlmg eilodyovpe tov véo
KOuPo petd amd tov KopuPo prevP. (Enpeidvetar 6t and vrdbeon o véog KOUPog d¢
umopet va eloayfel otnv apyn g Aotag, Aoyw tov Kopupov epovpod L. Emopéveg o

delktng prevP de pnopet va etvon moté null).

1 boolean InsertS (struct node *L, int x) {

2 struct node *P, *prevP, *newNode;

3 P =1L;

4. while ( P!=null && P->num < x) // 1. Evtomopog 1o onpeion E160ymyng Tov VEOL oTotyEioD
5 prevkP = P;

6 P = P->next;

7 if (P!=null && P->num==x) // 2. Eav 10 ototyeio vmdpyet o ...

8 return (FALSE);

9. else // 3. EGv 10 ototyeio dev vrapyet 1o ...

10. newNode = malloc(sizeof (struct node)); //3.1. Apywonoinon tov véov koupov

11. newNode->num = Xx;

12. newNode->next = P;

13. prevP->next = newNode; // 3.2 Eviuépoon tov dedopévav Tov Taitod Koppov
14. return (TRUE) ;

Zyua 2.5: Kodwkag g suvdptong sloaywyng evog ototyeiov X o€ pua
tavounpévn katd avéovoa d1dtaln amid cvuvdedepévn Aota, n omoia propel va

npoomelaleTot omd pio povo depyascia.
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Y10 Zynuo 2.6 mapovotdleTar 0 KMOKag TG cuvdptnong Insert 6tav n Aloto pmopel

v TPOGTEAALETOL TAVTOYPOVA OO TOAAEG OEPYOCIES, YPNCUYLOTOLDOVTOG TO POCIKO

avtikeipevo STM, v omoia ovopdalovpe InsertSTM.

24.

25.
26.
27.
28.
29.
30.
31.

boolean InsertSTM (TmVar tvarL, int x) {
void *t;
struct tmnode *P, *prevP, *newNode, *newprevNode;
TmVar tvarP, tvarprevP, tvarnewNode;
Boolean bool;

while (1)

t = BeginTransaction (); //'1. Exxivnon pag véa docoAnyiog

tvarP = tvarL;

(bool, P) = ReadTmVar (t, tvarP); //2. Aviyvoon tev SedoLEVOV TOL TPOTOL GTOLKEIOL

Check (bool) ;

while ( P!=null && P->num < Xx) // 3. Evtomopdg Tov onpeiov s160ymyng Tov véov ototyeion
tvarprevP = tvarP;

tvarP = P->next;

prevP = P;
(bool, P) = ReadTmVar (t, P->next);
Check (bool) ;
if (P!=null && P->num==x) //'4. Edv 10 ototyeio vapyet o ..

AbortTransaction (t) ;
return (FALSE);
else //'5. Eav 10 ototygio dev vapyet 1o ...
newNode = malloc (sizeof (struct tmnode)); //'5.1. Apyucomoinon Tov véou kOpPov
newNode->num = x;

newNode->next = tvarP;

//'5.2. Anpovpyio pog véag t-peTaPANTNG Kot avTIGTOiYIoN TOL VEOL KOUPOL ot t-petafAnt avt

tvarnewNode = CreateNewTmVar (t, newNode);

//'5.3 Evnuépoon tov dedopévav tov maitod koppovu (yp. 25 - 30)

newprevNode = malloc (sizeof (struct tmnode)) ;
newprevNode->num = prevP->num;
newprevNode->next = tvarnewNode;

bool WriteTmVar (t, tvarprevP, newprevNode) ;
Check (bool) ;

if (CommitTransaction (t) == true)

return (TRUE) ;

ymua 2.6: Koddikag g cuvaptnong e16aymyns €vog 6Tolyeiov X o€ pia

tavounpévn katd avéovoa d1dtaln anid cvuvdedepévn AMota, | omoia propel va

TPOCTEALGETE TAVTOYPOVA A0 TOALEG dlepyaaies, te Pfaom to Bactkd poviého STM.

Amo TV TPAOTN YPOUUN TOV KMo TV ocvvaptioewv InsertS ko InsertSTM

mopatnpovue 6t oty InsertS avagpepdpacte ancvbeioc oe kdmolov kKOUPo g AMotog
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(otov mpwto KOUPo otV mpokewévn mepintwon, pe to L), eved omv InsertSTM
avapepOLOOTE GTOV 1010 KOUPO péEcm g t-petafAntig mov tov meptypdoet (tvarl).
Apyd, oty ypouun 7 g InsertSTM exkiveiton pio véa docoinyia t kalmdvtog )
Aertovpyio BeginTransaction. H t elvan exkpepng and 1o onpeio owtd kot €0 dtov
K\nBel o ek tov CommitTransaction kou AbortTransaction yio v t. ‘Emeita ot
ypopun 9, dwufalovpe Ta dedopéva (P) tov Tpdtov ototyeiov g AMotag (tvarL) pe
Aertovpyia ReadTmVar tov avtikeypnévov STM kou ot ypopu 10 eAéyyovue pe
noakpoeviod Check edv M Asrtovpyion owt] OAOKANPOONKE emttuydS, OMAadn €dv
npaypatt enéotpeye bool == TRUE. Edv avtd dev 1oydel, 10t€ 1M docoAnyio t
OAOKANPAOVETOL  OC  UN-ETITLYNUEVI]  KOADVTIOG TNV aviiotoyyn  Asttovpyio
AbortTransaction. O kodwog ¢ Check mapovoidletar oto Zynua 2.7. Xapwv
amAOTNTOC TOL KMOWA NG ovvdptnong InsertSTM, emiéyOnke vo amopevyBel n
evooudtoon tov kddwka ¢ Check oty InsertSTM. Enueudveton 611 1 avdyvoon
TOV 0£00UEVOV TOV TPMTOL KOUPOL NG AMoTtag HECH NG EKTEAEONG TG GUVAPTNONG
ReadTmVar ot ypopuun 9 ko n ektédeon g Check omv ypapuun 10 g InsertSTM,
avVTIKATESTN OOV TNV avTioToyn aviyveoon g ypappuns 3 g InsertS. Avtdg etvon ko
0 TPOTOG avAYvmONG TV 0edOUEVOV TV KOUPwV Tng AMotag pe T YpHon Tov

avtikeyévov STM.

1 #define Check (bool):

2 if ( bool == false)

3. AbortTransaction (t);
4

goto 6;

ympa 2.7: Kodwkog g pokpogvtorng Check.

2m ovvéyela, o Bpdyoc tov ypappav 11-16 g InsertSTM aviwabiotd tov Bpodyo 4-
5 ¢ InsertS, ko evromilel 10 onpeio oto omoio wpémel va elcaybel T0 véo oToyeio.
Inuetdveton 0Tt oty mepintmon g InsertSTM, ektog amd ta dedopéva (prevP) tov
KOpuPov mov Ba tpomomomBel Tpémet va draTnpeitan ko 1 t-peTaPANTH TOL TEPLYPAPEL
10 otoyeio avtd (tvarprevP). YmevOupileton 611 0 deiktng P> next mov lodyeton mg
opopa otn ReadTmVar g ypopuung 15, eivor o deiktng mov deiyvel otov enduevo
KOUPo ¢ AMotag kot emopévag delyvel oy avtictoryn t-peToANTN mOL TEPLYPAPEL

Tov KOpPo avtd, 6mwg opilet o avrtikeipevo STM.
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AoV gvtomotel To onueio oto omoio mpémet va ewcayBel 1o oToryElo X, EAEYYETOL EAV
vdpyel oM o1 AMota (ypauun 17) kot edv avtd cvpPaivel  cuvéptnon InsertSTM
ohokAnpavetal kot emotpépert FALSE (ypapun 19). Ipwv v oloxAnpmon g
TPEMEL VO TEPUATICEL KOL TNV EKKPEUN O0COANYia t oL ekTEAEl, KOADVTOS TNV
AbortTransaction (ypapun 18). Edv to ototyeio x dev vmépyet non otnv Alota t0TE
Oa ewoayBel petd amd tov kOUPo prevP, o omoiog meprypdpetar amd v t-petafAnT)
tvarprevP. Tl Vv swcoywyn tov otoyyeiov X dmuovpysitar apywd évog KouPog
newNode ¢ Alotog mov 10 mepéyet (Ypoppég 21-22). O deiktng next Tov vEov avTov
KouPov (newNode—>next) apykomoleitoar MGTE Vo deiyvel otV t-peTafAnt mwov
TEPLYPAPEL TOV EMOUEVO KOUPO TG AMotag (tvarP). Xtn cuvéyeia o véog avtdg kOpUPBog
newNode mpénel va meprypagel amd Kamoto Kovovpya t-petafinty Kot 1o A0yo ovtod
ekteAeitan  avtiotoym Asrtovpyion CreateNewTmVar, ot ypouun 24. 1 covéyeia
OMNUOLPYOLVTOL KO OPYLKOTOLoVVTAL To VEQ dedopéva Tov KOUPBOL Tov TpEmel va
evnuepmBel (tvarprevP) otig ypoppég 25-27 kol 6T CUVEXEWNL TPOYUOTOTOLEITAL 1)
evMUEP®OT TOL KOUPOL awTov HEG® NG ekTéLEONC TG Aettovpyiag WriteTmVar g
ypoppng 28. Inuetdverol 0Tt 11 eVUEPMOT) TV 0e00UEVAOV TOV emBuuntold KOpUPpov
™G Alotog péom TG OMovpyiag TV VE@V 0E00UEVEOV TOV KOUPOL avToL (YPOUUES
25-27) xou g ektéAeong g ovvaptnong WriteTmVar ot ypopun 28, kor M
extéleon g Check oty ypapun 29 g InsertSTM, avtikatéomoay v aviicToym
evnuépwon g ypappng 12 g InsertS. Avtdg eivon kat o tpomOg evnuépmong Twv

dedopévev TV KOUPwv g Alotog pe ) xpnomn tov Pactkol avtikeypévov STM.

Amopével | eKKpeUNG 00GoANYia t vo OLOKANpwOEL ETTLY MG KAADVTOG TN AglTovpyia
CommitTransaction (ypappn 30). Edv avtd emtevyfel (n  Aewtovpyia
CommitTransaction gmotpéyel TRUE) ohokAnpdvetatl n cuvdptnon InsertSTM ko
emotpépel TRUE, aAlidg n t €xet ohokAnpwbel un-emroyog kor n InsertSTM

Eavampoonabel vo €l0dyel TO oTOLXElO X, emavarapPdvovtac ) dadtkacia ard v

apyn (0 KOJKAG EMOTPEPEL 6T Ypoun 6).

Onwg avagépOnke n dladikacion evuEP®ONG TOV OedoOUEVOVY Hag t-peTaBANTG 6TO
Baocwo avtikeipevo STM mpaypatonoteital pe TpOTO avaA0Yo UE TIG YPOUUES 25-29.

210 onueio avtd Ba mapovslactel N LopeN oL Ba glye N GLYKEKPUEVT] EVEPYELD OTIS
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YPOUUES OVTEG €AV YPNOLOTOLOTAV TO enekTETAUEVO avTikeipevo STM. Ot ypoppég
KOOIKO Yoo TNV evnuépmon Ttov odedopuévav pwog t-petapfintme pe Paon 1o
enekteTapévo avtikeipevo STM mov Ba avtikabiotovocov Tig ypoupés 25-29 g
InsertSTM mapovsialovtor 6to Zyfua 2.8. Onwg mapovctdletal, N TPOCTEANCT] TOV
dedopévev g t-petafintng  tvarprevP  péom g avtictoyng Asttovpyiog
AccessForUpdateTmVar, emotpépet éva deiktn p ota dedopéva, avtd (tumov tmnode
*¥), Lo tov omoiov M avticToryn depyacio UTopel Vo EVUEPDOGEL TOL SEGOUEVOL TNG
t-petafAntg ecdyovtog Tov deiktn mPog T evnuepmpéva dedopéva Tov KOpuov
prevP (ypopypn 6).

newprevNode = malloc(sizeof (node));

newprevNode->num = prevP->num;

newprevNode->next = tvarnewNode;

(bool, p) AccessForUpdateTmVar (t, tvarprevP);
Check (bool) ;

o U w N

*p = newprevNode;

ymua 2.8: Evnuépmon tov 0e00UEVOVY Tov TEPTYPAPEL 1 t-petafAnt tvarprevP, oto

EMEKTETAUEVO avTikeipevo STM.
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KE®AAAIO 3. KATHI'OPIEX XXEAIAXTIKQN
EITIAOI'QN

3.1 Tpodnog AvaBeonc, Andknong ko Katdpynong Idokmoumv

3.2 Xpbdvog Andktnong [dtoktoumy

3.3 Tpomor Amotpomng N Aviyvevong kot Enilvong Zvykpovoewv ko Mnyoaviopdg
EAéyyov Zuvéneiog

3.4 IImBog Evordpuecwv Emmédwmv

3.5 Movtélo Mviung

270 TOPAOV KEPAANLO B0 TOPOLGLUGTOVV Ol KATNYOPIES TOV GYEOIUCTIKAOV ETAOYDV
mov B0 HEAETNOOLUE KOTO TNV TOPOLGINCN TOV VIaPYOVIOV oiyopiBuwov STM.
Apyikd, ocvinteiton pion oxedl00TIKY €TAOYN TOL okoAovLOgiTOl 0O OAOVG TOVG
alyopiBuovg mov Ba peretnBobv oty mapovca epyacio. Onwc avagépbnke, kdbe
aryopiOpoc STM yuir va elvon opBog mpémer va e&acpariler v 1O10TTA NG
oglpromoncipndmrag docoAnyiov. H cuvnBéotepn pébodog yia v e€acediion g
wwmrog avtg, n omoior akoAovbeitoan omd OAovg Tovg aAyopiBuovg mov Ha

TOPOLGLUGTOVV, Elval N uéHodog amoktnong 1010kTNGIOV EML TOV t-PHETAPANTOV.

Ot aAyopiBuor dwpépovv ot pEBodo dayeipong WOOKTNOUOV. ZVYKEKPUEVA
VIAPYOVV  JPopPES oTov  TPOMO  avabeomns, omdOKITNONG KOl KATAPYNong Twv
wokolav mov Bo peietnBovv oty Evomnta 3.1, kot otov ¢pdvo amdKInong tov
010KV oL peAetdtal oty Evomta 3.2. Enueuidvetron 011 og kdbe mepimtwon,
O6A0L 01 aAy6p1Bpotl Tov Ba TEPOVGLOGTOVV GTNV TOPOVCH EPYUGIO VITOYPEDVOLV LI
docolnyio mov BéAel va evnuepmoel kdmola t-petafint) tv, vo omOKTNOEL TNV

avtiotoymn Wwiokoia g tv, Tpv v evnuep®cet. Ovopdlovpe TV 1O10KTNGIo QLT
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1010ktnoio. eviuépwaons. Mio docoAnyio mov emBovpel va Sofdoel kdamowo t-
petofAnt) tv pmopel va to Kdver povo e€dv kapio SoGoAnyia dev Katéxel TNV
avtiotoym Wokmoia evnuépwons. Emiong, évag alydpiBuog umopel va voypedvel
KkéOe docoAnyio va amoktd Tnv wwoktoio Tev t-petafAntov mov embupel va
TPOoTELAGEL Y10 avayvaor. Ovopdlovpe TV WO10KTNGI0 AVTN 1010KTHTI0 AVAYVOTHG.
Edv évag aiyopiBupog amortel ot d0coANyieg va amoktodv 1010KTNGiEG avayvmong,
Aéue OTL YpNOWoOTOLEl opatés avayvaoels t-petafAntov. Xe oavtifetn mepintowon o

aAyOPOLOC YPNOLOTOIEL Un-0paTéS avayvaoeig.

Otav ypnotpomoobvtol opatéc avayvooel opkel vo amoktnBovv 1010k oieg
avayvmong Hovo oTig t-petafAntég mov po 00coAnyio mpoomeldlel pe KaboAkn
avdyvoon, omwg eEnyeitan ot ocvvéyew. 'Eoto o po ektéleon evog aiyopiBuov
STM. Edqv pia docoAnyio mpoomeldoel e KaBoAKY| evnuépmon o t-petafAnt tv,
¢€o0tm otV Kabolkn katdotacrn C g o, T0TE OTOdNTOTE AVAYvVOoN TS tv and Vv
T(1,n;) petd ™ C Ba emotpépet v Tun wov 1 dw n T(i,n;) €xel eyypayer ot C.
Enropévac, oty mepintwon avty, dv ypnoionotodviot opatés ovayvacels, N T(i,n;)
dev yperdletol eqv TpoomeLdoeL Yo avayvmon v tv petd v C, vo omoKTnoeL v

010K Gi0 avayvemong g tv.

Inuetovetoar 0t 6Aol ot vdpyovteg adyoplBpuot STM mov ypNGUYLOTOOVY OPATEG
AVAYVAOGCELS DAOTOO0UV e TOV 1010 TpOTO TO UNYovVIcHOg dlayeiplong 1O10KTNGLOV Yo
TIG 1010KTNoieg avayvmong kot evnuépmong. Emopévmg, edv par docoinyio T(i,n;)
OTOKTNOEL WO0KTNGio avdyvoong o€ pa t-petafAnt tv, 10te Kopio docolnyio o€
UTOPEl Vo TPOCTEAAGEL Y10 OVAYVMOOT] 1] EVNUEP®OT TNV tV TPV TNV KATAPYN O™ TNG
wwoktnoiag g and v T(i,n;). Avtd odnyel oe pelUEVN amdd00T TOV GLGTLATOG,
J1OTL Kamowo docoAnyio mov emtBupel va dwafdcet v tv Ba €npene va pmopel vo To
Kavel yopic va meppével v T(i,n;) vo Katopynoel TV 1810KTNGio ovayveong g tv,
dedopévouv ot  T(i,n;) dev mpotibetar va evnuepdoetl tor dedopéva ¢ tv. Elvon
agloonueioto 011, 0 véog aiyopilBpog STM mov Ba mapovoiactel otnv mapovow
gpyaocio Kaver v Oldkpion HeTa&d TOV VO OVTOV WI0KTNCIOV Kol BempnTikd

eMTLYYAVEL QLENUEVT] OTTOSO0T).
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H 1dokmoia piag t-petafAntig emtuyydvetotl SlopopeTIKE GTOVG EUTOSIGTIKOVG KOl
0TOVG UN-eumodlotikovs adyopifuovg STM. Ztovg gumodioTikovg aiyopifuovg pio
dlepyacia p; oL KATEYEL TNV 1WO0KINCI0L o€ Mol t-petafAnty tv emrpémeton va
Kkabvotepel OAeg TIC VITOAONES JlEPYOTIEG GTO VO TPOGTELAGOVV TN tV, Y10 OGO TOTE
HEYOAO YPOVIKO JLUCTNUO, OKOUO Kol GTEPO, OE MEPIMTMON TOL 1| Pi KATAPPEVOEL.
Avtd ovpPaivel 010TL GTOVE EUTOSIGTIKOVS OAyopiBpovg, povo m pi umopel va
KOTOPYNOEL TIG 1010KTNGieg mov 1 1010 Katéyel. Aviifeta, GTOVE UN-EUTOOIGTIKOVG
alyopiBuovg 1 pi dev pumopel va kabuotepel OAEG TIC Olepyacies Yo ocodNmote peydio
xpovikd ddotnua. o vo eEaceaiiotel 1 emBounty WOTNTA TOV UN-EUTOSICTIKOV
alyopiBuwv STM, o exdotote UN-gumodloTikdg oAyopiOpoc STM viomoiel éva
unyoviouo Ponberag pe Pdon tov omoio pio docoinyia pj Oa propovoe vo Pondnocet
™V pi Vo OAOKANpwOel emTuy®G M Un-emTLY®S, £tol Mote v KoatapynBel
WoKTnoia g tv amd Vv p; akoun Kot v 1 pi £xel Katappevoel. Emopévac, otovg
EUTOOIOTIKOVG adyopiBuovg M Woktnoio Exel TV €Vvola TG UOVIUNG 1010KTHOLOG,
ONAadN TNV €Vvol TOL KAEIOMUATOS, EVA GTOVG UN EUTOOIGTIKOVS adyopiBuovg v

EVVOL0L TG TPOTWPIVIGS 1010KTHTIOG.

> ovvéyelo Qo peleToovpe TEVTE KATNYOPIES OYESIOTIKAOV ETAOYDOV TOV
alyopiBuwv STM. Katd v mopovsioocn tTov Katnyopltdv avtdv 6o TapovciactovV
01 EVOAAOKTIKEG TPOGEYYIoES TOV akoAovBoVVTAL 6 KAOE Kot yopio Kol TopaAANAQ
B yivel GYeTIKN 0vaQOPA GTNV EMPPOT] TOV £XEL KAOE TPOGEYYIOT OTIS WOOTNTES TOV
avtiotoryov aAiyopiBuov STM. Zvykekpyéva oty Evomra 3.1 6o moapovoiactel o
TpOTOG pe Tov omoio avatifevtal, amoKTMOVTOL Kol KOTOPYOUVTOL Ol 010KTNGIEG Kot
otV Evomzra 3.2 peletdror o ypoévog amdkong tov wioktnoldv. v Evomzra 3.3
TaPoLGLALOVTOL Ol SPOPETIKOL TPOTTOL ATOTPOTNG 1 OViYVELONG Kot EMIALONG TMOV
OLYKPOLGEMV KOl O UNYovIopog eEAEYxov cuvénetlag. Téhog, otig Evotnteg 3.4 ko 3.5
ToPOVCALeETOl 0 OploUOG TOL TANOOLG EVOLAUEC®Y EMMEOMV KOL HEAETMOVTOL

SLOLPOPETIKA LOVTELDL LLVIUNG, OLVTICTOLYOL.

3.1. Tpomog AvdaOBeong, Anoktnong kot Katapynong Iswoktnoiov
Ymv mopovoa Evomnta Bo peletnBovv ot dlopopeTikéG TPOoeyYIoES MG TPOG TOV

Tpomo avdbeong, amdknong Kol Kotdpynong tov 1wokmmowwy. O amAodoTtepog
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alyopiBpoc STM eivar évag epumodioTikodg alyoplBpog o onoiog opilet 611 vdpyet pio
poévo wokmoia lock yu OAeg T1g t-petafAntég kot ke doconyio mov embupel va
TPOCTEAAGEL TIG t-peTaPANTéG mpémel apykd va amoktd v lock, otn cvvéyela va
npooneldoel TiG t-petafAntég mov embupel (v avdyvoon 1 evnuépmon) kot vo
katapyel ) lock poig ohokAnpwbel. O adydpiBuog ovtdg kavomotet v 16T TOL
TNG GEPLOTOMGIUATNTOC, SLOTL EAV Lo O0GOANYIN KatapEpeL va amoktnoet TV lock,
TOTE PUmopel va TpoomeAdcEl atoputkd Tic t-peTafAntéc. Onmg, o alydoptOuoc avtog
odmnyel 610 HKPATEPO dLVATO TOPAAANAIGUO, SLOTL ATOTLYYAVEL VO LTOGTNPIEEL TV
TOVTOYPOVI EKTEAECT] SO0GOANYIDV TTOV TPOSTEAALOVV SLoPOPETIKES t-UeTAPANTES,

LELOVOVTOG £TGL OPOUATIKA TNV 0OS00T TOL GuoThuatog STM.

['a ™ peytotonoinon g amddoong Tov cuotpatos STM, ot teplocdTepot and Tovg
alyopiBuovg STM mov Ba TapovstacTohy avabETovy o SPOPETIKN 1O10KTNGIN O
k60e t-petafinm. H mpocéyyion avt ovopdleton ava t-uctafinty avéBeon
1010KTNo1OV. Mia akoun mpocéyyion givol n ava cvvoio avibeon 1010KTNoLOV, GTNV
omoia opifetar £vag cLYKEKPUEVOS aplBLOG amd WO10KTNGIEG KO YPTOLUOTOLEITOL Lo
OLVAPTNOT KOTOKEPUATIGHOD, 1 omoia ovTtiotoyel EEva cvvora t-petafintdv oe
OLYKEKPIUEVES 1010KTNGiES (ONAadN, Eva cuVoAo amd t-petafAntég Oa avartiBetol e
pe ovykekpuévn wioktoia). YrevBouiletar ot tor dedopéva oG t-petafAntg
kaBopilovion amod 10 ¥pnotn Tov cvoTiuatog STM kot uropel va givan otidnmote and
plo aplBuntiky ) €o¢ Kamowo Ogiktn mov deiyver oe kdmowo Stopolpalopevo
QVTIKEIIEVO, T.Y. 0TOV KOUPOo pog Alotag. Xtn Pploypapio TOAAEG POpég OTOV TaL
dedopéva g t-petafAnTtg elvan kdmolog deiktng o€ dapopalopevo avtikeipevo (1
70 1010 TO0 SropopalOUEVO OVTIKEILEVO) Kot YpMolpomoteiton 1 avo t-petafAnm
avéBeon  1WOKTNCIOV  avoeEPETAL  OTL  YPNOWOTOlEiTal  avd  drauoipoalouevo

ovtikeiuevo avafeon 1010KTNoIDV.

2100G aAyopifuovg mOL TWPOKETOL VO TOPOVCIACTOVV CTINV TOPOVCH €PYOGia,
JlpEPEL apKeETd M HOpeY, TG TANpoopiag Woktnoiog kob®MG Kol 0 TPOTOC
amOKTNONG Ko Katdpynong tng wwoktnoiag. H poper g mAnpoeopiog 1dtokmaciog
&xel ovvnlmg laiteP oNUOcio. GTOLG UN-EUTOSICTIKOVG aAyopiBuovg, O10TL o1
alyopiBuol cuyva omotteitor vo avtol amodnkedhovv amapoitnTeg TANPOPOPiEG TOLV

a@opovV TN dOCOANYIN TOV KATEXEL L0 1O10KTNGI0 OGTE v umopel va vAomonBet o
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unyoviopog  Pondetag mov ypnowomoovv. Otav ocvpPaiver avtd Aépe OTL O
alyopiBuog ypnowomnolel emawvoun mANpoeopio 1okTnowwv. Avtifeta, oToLg
EUTOOIGTIKOVG aAyopiBpovg 1 TAnpoopia 1610KTNGiog cLVNOWME deV AVAPEPETOL GTO
ol doconyio kat€xelt v wlokmoio. Xe oty v mepintoon Aépe Ot 0
alyoppog ypnotponotel avavoun TAnpoeopia wioktowv. Otav ypnoomoteiton 1
TEYVIKY] TNG EMOVLUNG TANPOQOPING 1O10KTNGL®VY, o TANpogopio. Tov cvvinlmg
dwtnpeital 6Tig TANPoeopieg mov oyetilovion pe TV WO0KINGIo pag t-petafAnTmg
tv, etvar n docoinyio T(i,n;) mov Katéyer v wWokmoio g tv. ZvykKekpipéva,
ocvvnBwg amobnkedetar vag deiktng otn doun dedopévmv Trec(i,ng) mov meprypdpet

mv T(1,n;).

Otav ypnowomoteitor 1 TEXVIKN NG OVAOVOUNG TANPoYopiag Wroktmoumy, eival
emopkéG M mAnpogopio. mov avtiotowyiletar oe KAOe t-petaPfAnty va Exer 600
KOTOOTACELS: «LTO Katoyn» Kot «erevBepny. Tote, (o docoAnyio pmopel vo
amokToEL (avTioTotyo Katapynoel) TV Wioktnoia pag t-uetafAntng aArdlovtag v
KATAOTOON TNG OvVTIoTOYNG W0KTNGiag 68 «vnd KoToyn» (avtictolyo «eAeLBepn»).
Aw@opetikny Tpocéyyion axolovbeitar and tovg vdpyovies aiyopifuovg STM mov
YPNOOTOOVV  emdvoun mAnpogopion Wokoiog. Kdébe docoinyio dwatnpet
ocuovBmg o dwopolpalopevn petafAnty status m omoio. pmopel va  moipvel
TOLAGYLOTOV OV0 TWES, evepyn Kal olorAnpawuévy (| KATOES avtioTolyeg avtdv). Mo
docoinyia pmopel vo amoKTioeL TNV WoKToia pag t-petaANTIG, Ypaeovtas oTic
TANPOQOPIES TNG GLYKEKPIUEVIC WO10KTNGIOG £val dlkTn TTPOog TN peTafAnty status.
Oleg o1 W10KTNOilEg TOV KATEXEL Lo OOGOANYIK KOTAPYOUVTOL HOAG 1 SOCOANYia
aAAGEEL TO status TG oV T odorAnpawuévy. Me avtiototryo TpOmo pior SOGOAN i
pmopel vo eEakpiPdoel qv koTéRETOL 1| Oxl M WoKTola pag t-petofAnTe, amd
Kkdmola docoAnyia. ITapatnpovue 6t 1 TPOT TPOcEyyion amartel v ektéleon k
EVIOADV OAAAYNG TNG KATACTOONG G «EAEVHEPT Y10 TNV KATAPYNON TOV 1O10KTNGUDV
k t-petafAntov, eved 1 de0LTEPN TPOCEYYIOT QMOLTEL TNV EKTEAEGT LOVO UIOG EVIOANG

aAlayng tov status g SocoANYiag 6TV TN o0LorAnpwuévy.
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3.2. Xpoévog Amoktnong Idoktnoidv

Yy evomnta avtr| Oa pedetn et mote 0 kbBe alyopiBpog STM amoxtd Tig 1010KTNOiEG
TOV t-petafAntdv mov emBouel vo TPOSTEAAGEL. ENUEUDVETOL OTL Ol t-HETAPANTES
oT1g omoieg Bo amoKTNoEL 1010KTNGiES Lo dOCOANYin €£0pTMOVTAL OO TNV TOALTIKY|
AmOKTNONG W0KTNOLOV TOV akolovbeitar and tov ekdotote adyopiOpo STM. Ta 600
€lON YPOVIKNG amOKTNONG WOOKTNOUOV EIVOL 1 €K TV TPOTEPY AMOKTNON KO 1 €K
TV DOTEPWY OTOKTNOT). TNV EK TOV TPOTEP®V ATOKTNON L SOGOANYIN ATOKTA TNV
woktoia pog t-petafAnte mv TpdTn @opd Tov TV TPOSTEAILEL. TNV €K TOV
VOTEPOV OmOKTNON Uio. SOCOANYIN OMOKTA TIC 1010KTNGiES TV t-petafAintdv mov
embopet o @don OAOKANPWONG NG, KATA TNV EKTEAEON NG AETOLPYiOg

CommitTransaction.

YuvBmg, 6Tovg aAYOPIOLOVS TOL YPNGIULOTOOVY TV €K TMV TPOTEPOV OTOKTNON
1010KTNGLOV Ol 00GOANYIEG EVUEPDVOLV dpeca T dedopéva NG t-peTafAnTg mov
TPOGTEAALOVV  YlOL EVNUEPMON, OUECH®G HETO TNV OMOKTNGN 1TNG OVIIOTOUNG
W010KTNolaG, Kot dTnpovy pia doun exavapopds (undo log) pe ta moAd dedopuéva
TOV t-HETAPANTOV OV £YOVV OTOKTNAOEL, £TGL AGTE €AV 1 dOCOANYio OAOKANPmOEL
UN-€mMTLUY®G v glvol SuvaTti) M ETOVOQOPA TNG UVAUNG OTNV KOTAGTOCT 7OV
BprokodTtov mpv TNV €KKivnom NG 00COANYiaG OvTNGC. XTNV MEPITTMOTN OVTH Ol
EVNUEPMOELS TNG CLYKEKPIUEVNG docoAnyiag elval epeavei 0Tl AALEC 00GOANIES,
npwv TV oAokANpwot| e. Ovopalovpe dueon (direct) ot t pébodo evnuépwong
TV t-petafintdv. EvoAloktikd, po docoinyio Bo pmopodoe va epopuoOGEL TIG
EVNUEPMOELS OTIG t-petafAntég poévo Kot v eKTEAEON NG  AElTovpyiog
CommitTransaction kou 6mote Oa Tav PEParo 6TL Ba OLOKANPOVOTOV EMTLYDC. ZTNV
TEPIMTOON AT 01 SOGOANYIES KATAYPAPOLV GE o doun) exavektéieons (redo log) ta.
véa 0edopéva Tov ot dlepyacieg lcdyovy oTig t-petafAntég mov mpoomeAdlovv yia
EVNUEPMOT], OOTE VO WUITOPOLV OTN) GCULUVEXEWL VO TIG EQOPUOCOVYV KATA TNV
olokAnpwon tovg. Ovoudlovue etepoypoviouévy (deferred) oavty  péBodo
EVNUEPOOTG TV t-HETAPANTOV.

Ka0e docoinyia dtatnpel 000 Aloteg t-uetafAnt@dv mOL TEPLEXOVY TANPOPOPIES Y10l TIG
t-peTafAntéc mov avtn driPace kal evuépmwoe. OVvoualove AioTo eviuepmoemy Ko

AMoto. avayvaoewy Tig Moteg avtég, avtiotoyo. Ot AMoteg avtég, petald dAlmv, glvan
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ATOPOITNTEG DOTE VO UTOPOLV Ol SOGOANYIES VAL EQAPUOCOVY TNV €K TMV VOTEP®V
amdKTNON WI0KTNOIOV (O10TnpdvTag TIG t-HETAPANTEC TV OmolwV Ol 1010KTNGieg
mpémel va amoktnBovv), vo gpappdcovv v dueon HEBodo evnuépwong tov t-
LETAPANTAOV (S10TNPAOVTOG OTN AIGTO EVIUEPDCEDV TIG TOAMES TILES TOV t-UETAPANTOV
OV EVNUEPOONKAY, ONANON VAOTOIOVTIOG £ToL TN 00U EMOVOQPOPAS) KOl Vo
EQOPUOGOVY TNV €TEPOYPOVIGUEV HEBOOO evnuépmong (dlatnpavtag otn Alota
EVNUEPMOEMY TIGC VEEC TIWEG TV t-HETAPANTOV oL evnuep®Onkay, OnAaon

VAOTOIDOVTAG £TOL T1) OOUN EMOVEKTEAEOTG).

3.3. Tpomor Amotpomig 1| Aviyvevong kot Eridvong Zvykpovoeowv Kot
Mnyaviepog Eréyyov Xvvénerog

Ymv mapovcoa evOTNTa B TAPOVGIAGTOVV Ol SOPOPETIKOL TPOTOL LE TOVE OTOI0OVG
évag aAdyopiBpog mov ypnowomolel T pEB0d0 amdKINONG WOOKTNCIOV Uropel va
amoTPEYEL 1 Vo OVIYVEDGEL KOl VO EMAVGEL TIC GLYKPOVGELS TTOV TTALPOLGLALOVTOL
peta&d Tov docoinyiov. Eotwm 6t docoinyia T(i,n;) mov exktedel T Agttovpyia op;
ocvykpovetar pe ) docoAnyia T(,n)) mov ektehel T Aertovpyio opj, emewdn ot
Aertovpyleg op; Ko op; ekTeEAOVVTOL 6TV 1010 t-petafAnTn tv kou N pio ek TV dvo

glvatl evnuépmon.

Ot adyopiBpot STM mov ypnoporotodv 1 pnEBodo amdKTNoNg O10KTNCIOV UTOPOVV
vo avyvevcovv T ovykpovon W-W petald tomv Aeitovpylidv op; Kot opj, Kot va
amoTPEYOLV TO TPOPANUATO TTOV TPOKLTTOLV omd ovtr, 00Tt opilovv OTL i
docoAnyia €lval VIOYPEMUEVT] VO OTOKTA TG 1010KTNGIES TOV t-PETAPANTOV TTOV
emboupel vo evUEPMOEL, TPV EPAPUOGEL TIG AAAAYEG GE OUTEC. LVYKEKPUEVA, o
amnd T1g 6vo docoinyieg, éotm M T(1,n;), amokTd TV W0KTNGIo TG tV TPV TNV GAAN.
‘Etol n T(j,n;) 8¢ Ba pmopel vo amoxtnoet v wwokmnoio g tv mpw n T(L,n;) v
katopynoel. Emopévac pe tov tpdmo avtd amoTpEmETOL 1] ELPAVIOT TNG GVYKPOVOTG
W-W. Eniong, v tov id10 Adyo, ot aryopiBuot STM mov ypnoipomotovv m pnéBodo
amdKTNONG 1O10KTNOI®V, UTopovV Vo aviyvebovv TN cvykpovon W-R. YrevBouiletan
ot évag aryopiBpog STM mov axorovBel ™ péBodo amOKTNONG O0KTNOLOV dEV
arortel amd pia diepyoacio mov ekteLel por S0GOANYiM VO OTOKTA TIG 1010KTNGIES TMV

t-petapfintov mov embopel va dwafdacet. Eqv ypnoylomolovviotl opatéc avayvoceg t-
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LETAPANTAOV KoL 1 €K TOV TPOTEPOV OMOKTNOT O10KTNGLAOV, £ivot duvath 1 aviyvevon
Kol amoTpom| (oG ovykpovons R-W, pe tov 1poémo mov meptypdonke mapamdve yuo
ovykpovoelg W-W kot W-R. Qot0660 £dv dev (pnoIUOTOI00VTOL OPOTES AVAYVOGEL t-
LETAPANTAOV 1 YPNOULOTOOVVTOL GE GLVOVAGUO LE TNV €K TMOV VOTEPMOV ATOKTNON
WoKTo1dYV, TOTE Pmopel vo mpokvyel oOykpovon R-W. Ty mepintwon avtn, ta
dedopéva di mov n T(i,n;) dwPdler yuoo v tv (L€ow TS OpP;) EVNUEPDVOVTOL GTN
ocvvéyewo and v T(j,n;) (L€ow g op;) mpv  T(1,n;) ohokAnpwbet, o omoio onpaivet
ot ta dedopéva d; etvar mBavo va gival acovery 6e CLYKEKPIUEVES EKTEAEGELS, OO

ocv{nmbnke otnv Evomta 2.3.5.

Svumepaivovpe 0Tt ot aiyopiBuot STM mov ¥pNGYOTOOVY 0paTEG AVAYVAGCELS t-
LETAPANTOV KOl €K TOV TPOTEPOV ATOKTNOT| WOIOKTNOIOV UTOPOVV VO ATOTPEYOLV
™V gpedvion dhov tov Tihovov cuykpovoewv. Eniong, ot adyoépiBpot STM mov gite
OEV YPNGIUOTOIOVV OPOTEG OVAYVAGCELS t-UETAPANTOV gite TIG YPNOLUOTO0VV GE
OLVOLAGHO LLE TNV EK TOV VOTEPOV OTOKTNOT 1010KTNOIMOV, UTOPOVV VO OTOTPEYOVV
MV ELPAVIOT OA®V TOV TOAVAOV GLYKPOVGEWV, EKTOC TV cuyKpovcoewv R-W. 'Etot
ot aAyoépiBuot avtoi, Yo Vo UTOPOVV VO IKOAVOTOWOLV TNV WO0TNTO NG
CEIPLOTOMGIUOTNTOG GE OAEG TIC TEPIMTMOELS, VAOTOLOVV EVOV UIYOVIGUO EAEYYOV TNG
OVVETELAS TV OEOOUEVOV TOV t-PETAPANTAOV TOV KAmolo docoANyio £XEl TPOGTELAGEL
Y0 VAYVOOT), 0 0TTo10¢ eivat vTEVBVVOG Yo TNV AviyveELON KOl ETIAVOT) GLYKPOVGEWV

R-W mov katactpatnyodv v 110t ta TG GEPLOTONGULOTTAG.

[Ma v vAomoinom Tov UNYOVIGHOD EAEYXOV GUVETELNG O1 LILAPYOVTES OAYOP1OLOL TOV
B mapovslactodv oy Tapovoa gpyocio (ota Kepdiowa 4, 5 kol 7), akolovBovv
apketd dpopetikés mpooeyyioels. [lapod’ avtd, oiec PBacilovtar otnv idta Aoy
OV TEPLYPAPETAL OTN GLVEXEW. [0 vo pumopohv Vo LAOTOGOLV TOV UNYOVIGUO
avtd, ewoaydyoov Vv €vvola G éxdoong (version) oG t-petafintig. Mia
doconyio mov evnuepdvel pia t-uetafAntn tv, evnuepmvel Kol v ékdoon e H
ékdoomn g t-petafAnte tv emrpénel oe por docoAnyio va eakpiPdoel qv ta
dedopéva g tv €xovv tpomomombel. e kdmolovg adyopiBpovg péocw g €KO0oNG
pog t-peTafANTNG tv LITopovV aKOe Kol VO TPOGOIOPIGTOOV LOVOOIKA T OEOOUEVA
™m¢ tv oto xpovo (He Paom TIG EVNUEPOOELS TOL EQOPUOCTNKOY oTN tv). M

docoinyia T(i,n;) vroypewveton va dtatnpel yuo KaOe t-petafint tv wov dwPdlet,
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mv €kdoon TG Znueldvetor OtL M mAnpogopio. avty dwtnpeitar ot Aloto
avayvoong mov &xel meprypagei oty Evotra 3.2. 'Etol, n T(i,n;) pmopet va eléyéet
OTOLONTOTE YPOVIKT OTLYUN €AV €xel mpokvyel kamolo R-W cuykpovon mov apopd
™V tv, EAEYYOVTOS TNV £KO0GT TV OEO0UEVMV TNG tV KL TOPATPOVTAG EGV 0VTH EXEL
aAlGEel petd v mpdtn Tpooméhacn Tovg omd ™V T(i,n). O pnyavicpdc er&yyov
ovvémelog eAEYyel pe Paomn v mapamdve péBodo Oleg Tig t-petafantéc mov  T(i,n;)
TPOGTELNGE YLl OVAYVMOOT (TOV LIAPYOVV KATUYMPNUEVES OTN ovtioTolyn Alota
avayvocenv) kot emotpépel v tiun AAHOEX ebv kapio ond avtég dev €xet

tportortom el 1 v T YEYAEX o¢ avtifetn nepintmon.

Mo vo pmopet pia docoAnyio va eyyonfel 1 ocvvémeln TV OedoUEVOV TV t-
peTtafAnt@v mov £xel MPOOTEAAGEL Yo avlyvmor, Bo apKoOcE 0 OVTIGTOL(OG
UNYOVICHOG EAEYYOV GULVETEWNG VO EKTEAOVVTOV U0l QOPO KATO TNV EKTEAECN TNG
Aertovpyiog CommitTransaction omd T SoGoAnyio. avT. ZVYKEKPIUEVOH, €AV O
UNYOVIOCUOG EKTEAECTEL LETA TNV OTOKTNOT TO®V WI0KTNOIOV €L TOV t-UeTAPANTOV
7oL 1 d0GOANYio TPOGTEANGE Yo EVNUEP®OT, Kot emioTpeyel TNV Tiuy AAHGEZ,
onpaivel 61t Ta dedopéva Tov 11 S0GOANYIN TPOSTELAGE Y10, OVAYV@OGOT €ival Guven),
070 onpeio mov ekkvnOnke 1 ektédeon g Aettovpyiog CommitTransaction. Opwmg, 1
EKTELECT] TOL UNYAVIGHOD EAEYYOL CUVETELNG EIVOL OTOPAITNTY KOl KOTE TN OldpKeLa
eKTELEONC TNG 00GOANYING, £TOL MOTE VO, amoPeLYBovV TpoPANLaTA TOL UTOPOVV Vo,
EUPAVIOTOUV AOY® 1TNG OOCLVETEWS TOV OEOOUEVOV TV  t-PETAPANTOV 7OV
dwfdotnray, 6mwg 0 eyKA®PBICHOG TOV KMOIKA TOV ¥PNoTN o€ dnepo Ppdyo N 1M
npoonédacn Kamowov null deiktn (ot ocvvéyeln mapovcsialetal €vo moPAdEryLa
EUPAVIONG ATELPOV BPOY0oL AOY® AGLVETELNG TV dEOOUEVDV TV t-petafAntav). ['a
va omopevyfodv Ta TpoPANHaTe aVTE TPENEL O UNYAVICUOS EAEYYOV GULVETELNS VO

exteAeital petd amd Kabe Asttovpyio avayvmong.

>10 onueio ovtd mapovotdletar €va mapAdEYpo oL Oglyvel OTL umopel vo
napovclootel  KAmolog avemBountog dmepoc Ppdyog AdY® AGLVEMEWNS TOV
dedopévov TtV t-petafintdv mov poe doconyion T(ini) dSwPaler, Otav oe
YPNOUOTOIEITOL O UNYAVICHOG EAEYYOV GLVETELNG TOV t-UETAPANTOV KOTA TN SL0pKELNL
extéleonc g T(i,n;)). YmoBétovpe OTL €yovue TN ovLVOEdEUEVN] MOTOL OV

napovctaletar oto Xynuo 2.3 (o), m omoio mepiEyer ta otoyeia 2,1,8,4 won
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vrootpilel dvo Aettovpyieg, v avalnnon evog oTolyeiov Kol TNV HETAPOPE £VOG
otoyeiov otV apyn g AMotoc. Znueiwvetatl 6t 1 avalnnon evog ototyeiov omattel
TNV TPOCTELACT] OA®V T®V GTOEIMV TG MoTog, O10TL vt dev ivan Tatvounpévn,
Kot €MioNG 1 HETAPOPA €VOG GTOLElOL GTNV apyn TG AIOTOC TPOyUOTOTOEITOL [LE
KATOAANAT TPOTOTOINGCY TOV AVTIGTOLY®V OEIKTOV Kol OYL OTAQ LE TNV EVNUEPWOOT
Tov THoV Tov Koppov. Eotw o6tt 1 docoAnyio T(i,n;) extelel 1n Aettovpyia
avaltmong tov ototyeiov 100 ko €yel dafdcet ta otoryeion 2 ko 1. H popen g
Motag mov 1 T(i,n;) yvopilel T GLYKEKPYEVT YPOVIKY OTIYUN TOPOLGLALETOL GTO
Zynuo 3.2 (o). Xt ovvéxewo por GAAN docoAnyio T(j,n;)) extelel ) Aertovpyio
peTapopds oty apyn g Alotag Tov ototyeiov 8, N omoio amottel v TpomOTOiNnoM
TOV OEIKTAOV TOV oToLElmV 2 Kot 8, Kol oAoKANpdveTOL emTuyds. H popen g AMotog
TNV TPEXOVOA YPOVIKY OTIYUN mopovcstdletor oto Zynua 2.3 (B). Znueidveral 6Tt ta
dedopéva tov ototyeiov 1 mov n T(i,n;) €xer dwPdoet Exovv Tpomomondel, OUWG M
T(i,n;) 6 pmopet va 10 Yvopilel O10TL deV EKTEAEL TOV UNYOVICUO EAEYYOV GUVETELOG
Kata ™ owdpkeln ektédeong . Etot, 0tav ot cvvéyewa n T(i,n;) Ba dwfdoet o
emopevo otoyeio Tov 1, Ba dwPdoet o dedopéva tov otoryeiov 8, 10 omoio Oa
eykhoPicer v T(i,n;)) otov dmepo Ppdyo mov oynuatilovv ta otoryeia 2,1,8, dnwg
nmopovoraletar oto Lynua 3.2 (B) (6mov @aivetor n popen g AMotog mov N T(i,n;)
YVoOPIiLel TN GUYKEKPIUEVT] XPOVIKT] GTIYUN).

L2 [4=[ 2 [4—=le 5=« |/ Le [f—{2 [4—l2 [1—{4 [/

(o) B)
ymua 3.1: H ovvdedepévn Alota Tov Topadeiylotog, o) 1 apykn g nopen, B) n

Hopen TG HETE TNV peTapopd Tov ototyeiov 8 otnv apyn g Alotag, and v T(j,n;).

2 [f—>l2 > (2 [{—{2 [ ]]

(o) (5)
Yyqua 3.2: H popoen g ovvdedepévng Aotag tov mapadeiypatog mov n T(i,n;)

yvopilel, o) Tpv TNV ovAyvmor Tov 6toryeiov 8 Kat ) HETA TNV avAyV®OGT] TOL.
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Inuewdvetonr 601t ot aAyoépipot STM mov ¥pnoomolodv To pNYOVIGHO EAEYYOV
CLVETELOG, OLLPEPOVY MG TTPOG TO YPOVO EKTELEGNG TOV UNYAVIGHOVL 0VTOV. Y Tépyovv
aAyOop1Ool Tov EKTELOVV TOV EAEYYO 0VTO KAOE pOopd TOV 0 YPNOTNG TPOSTEAALEL Y1l
avayvoon pa t-petapint. Ovopdlovpe tn péBodo oty avlntikd éleyyo ovvémeiag,
O10TL KGBe opd mov Ba exteAeitar o UNYAVIoHOg EAEYXOL Ba TTpEmEL Vo EAEYYEL TAL
dedopéva pag emmAéov t-petafAnTig. AAAol adyoplfpotl EyyumvTol TNV EKTEAECT] TOV
UNYOVIoCUOD EAEYYOV GLVETELNG HOVO UETA OO GLYKEKPUEVO TANO0C Aettovpyldv
avéyvoong. AkOun, veapyovyv aiyoplilotl Tov AmaTovV Omd TO YPNOTN Vo EKTEAEL
TOV €AEYXO OLVEMEWS GE OMOLOONTOTE ONUEID TOV TPOYPAUUATOS TOV KPivel
amopoitnto (kdtt To omoio mpobmobEtel 6TL M demapr) Tov poviédov STM mpémel va
enektofel KOTAAANAO doTE Vo TPOSPEPEL TN Agrtovpywkotnto  avtn). Etot
Jrywpilovpe TOLG UNYAVIGUOVG EAEYYOV CUVETELNS GE QDTOUOTOVS EGV OEV OTOLTOVV
mv mapéuPacn tov ypnotn tov aAyopiBuov STM kol oe uy-avtouatovg GV
avtifemn mepintoon. Inuetdvetot 6Tt HOVo 0 aENTIKOG EAEYY0G GLVETELNS (0 0oiog
umopel vo exktedeiton avtoépata M un-avtoépata) eEacEaAilel TV TANPN amoPLYN

TPOPANUATOV AOY® ACVVETELNS TOV SE0OUEVMV OV dtafalovTal.

Eivor onuaviikd o0t yuoo va €EQCQOAICTEL 1| GULVETEWL TOV OEOOUEVOV TOV t-
HETOPANTAOV TOV £Y0VV TPOSTELAGTEL Y1 avdyvwon, apkel va eleyyBovv o¢ Tpog
OLVETEWD, LOVO TO. OE0OUEVO TOV t-PUETOPANTOV TOV 1| dOCOANYiO TPOCTELAGE LE
KaBoAn avayveoon, omwg eényeitar otn ocvvéxela. Edv pia docoinyio evnuepdoet
o t-petafAnty tv, éot® omv kabolkr kotdotacn C pog ektéleong o, ToTE
omoladnmote avayvmon g t-petafAng tv and v T(i,n;) petd v C Ba emiotpépet
Vv T wov N 101 M T(i,n;) ypaye ot C (edv 610 PETAED dEV EVNUEPMTE KO TAAL I}
T(i,n;) v tv), 0nwg e€nyeiton otn cuvéyea. H ceplomomopdtta gyyvdrol 0t 1
T(i,n;) exteAeitar pe tov 1010 TPOTO OMMG OV €lxe €KTEAEOTEL ATOMKG GE KATO0
onueio tov Owotnuotog ektéAeong g Etol, omowwdnmote avdyvoon pwog t-
petofAntg tv amd v T(i,n;)) axolovbel po evnuépmon g tv and v idw, o
TPEMEL VO, EMOTPEYEL TNV TN UE TNV omolo evnuepddnke n tv and v T(i,n;)

TPOKELLEVOD AUTY) VAL €fvol GUVETNG.

Svumepaivovpe 6t 601 ot aAyopBpor STM pumopodv vo amotpéyouy TV epedvion

oAV TV TOAVAOV  GLYKPOVUGE®V, LE OVTOVG TOV YPNOLUOTOOVV  UN-OPOTES
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AVayVOOELS t-UETAPANTOV, VO OTOUTOVV TNV VAOTOINGCT TOL UNYOVICUOD €AEYYOV
ocuvémelng Yo vo givor oe B€om va aviyvevcovv Tig cuykpovoel R-W. Metd v
OTOTPOTN 1| AVIXVELOT HOG GVYKPOLOTG, 0t aAyoptBpor STM dlapopomolovvion g
TPOG TIC EVEPYELEC TTOL TPEMEL VO AKOAOVONGOLV Ol B0GOANYiEG MOV GLYKPOVOVTOL.
‘Eoto 611 o docoAnyia T(1,n;) cvykpoveton pe po dAAn docolnyio T(j,n;). H T(i,n;)
umopet vo meppévet Yo kdmoto ypovikd daotnpa v T(j,n) vo oAokAnpwOel. Xtovg
eumodiotikovg aryopibuovg STM, 1 T(i,n;) €xet emiong g emA0YN va OAOKANP®OEL N
01 g pn-emroymuévn. Ztovg pn-eumodiotikovs aryopibuovg, n T(i,n;) pmopel eite
va teppatioet Blowo v T(,n)) og pun emrvynuévn eite vo Pondnoet v T(,n)) va
oAOKANPWOel  (emTLUY®G M UN-EMTLYMG). XVYKEKPYWEVO, Ol UN-EUTOOIOTIKOL
aAyop1Bol Tov Kavomolovv TV achevéoTtepn WO10TNTA TEPUATIGHOV TNG eAgvbepiog
avtayovicpol emtpénovy otnv T(1,n;) eite va teppaticet Bioaro tnv T(,n;) eite vo v

TEPLUEVEL VO, OLOKA pmBOEL.

Avaioya pe TOo ¥pOVO OMOKTNONG TMV 1O10KTNOIMV, 1 OTOTPONN 1 OVIYVELCT| HLOG
oVYKPOLONG OVOUALETOL EK TV TPOTEPMYV 1] EK TV DATEPWY OTOTPOTH-AVIYVEDTH, EQV
YPNOWOTOIEITOL 1 €K TOV TPOTEPOV N €K TOV VOTEPMV OMOKTNOT 1O0KTNOIADV,
avtiotorya. Efvor onuoavtikd 6ti, oty €K TV TPOoTEP®V Omotpomn (1 aviyvevon)
VIdpyEl OLVATOHTNTA ATOTPOTNG (1] AViYVELONG) HIKG GVYKPOVOTG OKPIPMOS 6TO onpeio
NG EKTEAEOTNG OTO OTO10 1 GVLYKPOLGN ALt epeaviletar. Evd, oy gk TV votépav
o cbykpovon amotpomn (aviyvevon), pie cOyYKpovon amotpenetal (1] aviyveLETAL)
apyotepo. H mapatnpnon oavtr] onpoviiki a@ov avtd UTOopel Vo €XNPEACGEL TNV

anddoon tov cvotnuatwv STM, 6ntmg eEnyeitat 6T GLVEKELD.

Kotd v amotpony| pog ovykpovong omd por docoinyio T(i,n;) pe kdmota GAAN
docoAinyia T(j,n;), n T(i,n;) Oa emPapuvlel eite pe 1o ypovikd KOGTOG AVOLOVIG, £lTE
ue to ko6otog Pondeag g T(j,n)) eite oV YEPOTEPN TEPINTOOT HE TO KOGTOG TNG
UN-ETTLYOVG OAOKANP®ONG TG To k6oT1og avtd Oa «mAnpwbeld» dokoma amd v
T(i,n) €bv n T(,nj) otn ocvvéyewn olokAnpwbel un-emrvyoc. Ovopdlovpe nv
nePImTOON AT, dokory TAnpwuy. EINUEWOVETAL 0Tt pe Pdaon ™ pnéBodo amodKTnong
010KTNCLAOV, Ul O0GOANYIN amoKTA TIG 1010KTNoieg TV t-peTafAnT®V Tov emboupet
Kol TIg owtnpel €mg 0tov oAokAnpwOel. ‘Etol, emedn oty ek TV mPOTEPOV

OMOTPOTN N OVIYVELOT TOV GLYKPOVUGEMV, YPNOULOTOEITAL 1 €K TOV TPOTEPMV
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AmOKTNOT WO0KTNOIMV, TO OACTNHA SUTHPNONS TOV OI0KTNOLOV TOV t-UETAPANTOV
and T doconyiec elval PEYOADTEPO amO OTL GTNV €K TMOV VOTEPOV OTOTPOTN 1)
aviyvevon ocvykpovoemv. Avtd onuaivel 0Tt 1 MOAVOTNTA EUPAVIONG GVYKPOVGEMV
QLEAVETOL KOl ETOUEVOS AVEAVETAL 1] TOAVOTNTA ELPAVIGEMG KATAGTAGEMV AGKOTNG

TANPOUNG.

Emiong, xotd v aviyvevon pog ocvykpovong R-W petald 60o docoinyiav, g
T(i,n;) (mov kéver v avéyvoon) kot ™ T(,n;) (mov Kdver v evnuépwon), o€
ovykekpipéves exteréoelg (0mmg ocvinmnke omv Evomra 2.3.5) n T(i,n;) elvan
KoTadkaopévn va ohokAnpwdel pun-emtoyxag edv n T(j,n;) oAokAnpwOel emitvy®g.
Ymv mepintowon oavtn, ovoudlovue 1 docolnyia T(i,n;) ev dvvduer kataoikaouévn
ko v n T(,n)) mpodketar vo oAokAnpwOel emtvy®g Kot emiong mpoxeltar vo
EULPAVIOTEL KATOLO «KaKO» oeVApLo, ovopdaletal xkartadikoouévy. H ek tov mpotépmv
aviyvevon cvykpovoewv R-W emtpénel v ypryopn aviyvevon HioG KATAOUKOGUEVNG
docoyiog. Amd v GAAN, 1 €K TV VOTEP®V aviyveLOT cLYKPoVcE®V R-W avédvel
™V TOOVOTNTA ol €V duVAEL KatadtKaopuévn docoinyia (n T(i,ni)) va oAokAnpwOei

emtoyd¢ (emewdn N T(J,nj) ohoxkAnpmONKe G un-emtToyMUéEVN).

Me Baon to mapandve, Tpokimtel évoc cvuPifacuodg (trade-off) petald g ek tov
TPOTEP®V KOL TNG EK TMOV VOTEPWOV ATOTPONNG 1] AVIYVELONS CLYKPOVGE®YV, LE TNV €K
TOV TPOTEPMOV VO EXLTPEMEL TN YPNYOPT OAVIYVELCT] TOV KATOIIKAGUEV®OV dOGOANYLOV
KOL TV €K TOV VOTEPMOV VO, LELOVEL TNV THAVOTNTA ELPAVIONS KATOGTAGEWY ACKOTNG
TANPOUNG Kot Vo, avEAVEL TNV TOaVOTNTO 01 €V OLVAUEL KATUIIKOGUEVEG OOCOANWYIES

v OMOKANP®OOVV ®G EMTLYNUEVEC.

3.4. [IM00¢ Evovapeocwv Emméowv

Opilovpe wg mAnbog evilqueowv emmédwy 10 PEYIOTO TANOOC SEIKTAOV HUVIAUNG TTOV
TpEMEL va. akolovdnoel o Asttovpyio avdyvoong orolaconrote t-peTafAntig tv o
OTO1ONTTOTE EKTEAEDT), BACEL TNG AVATOPAGTACTG TNG tV OO TOV EKAGTOTE AAYOP1OL0
STM, @®cte vo £vTOTIGEL KL VO EMGTPEYEL TAL OEOOUEVOL TNG tV GTN SOGOANYio TOL

KdAeoe T Aettovpyia Ty, 6tav 1 WKMo TS tv dev €xel amoktnOel amd kdmoa
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AN docolnyia. To TANB0G TV EVOLAUECSOV EMITESWV EEAPTATAL OO TNV LOPPT TNG

TANPoopiag W0KINGiag Tov 0 ekdotote alyopidpog STM ypnoiponotel.

3.5. Movtého Mvijung

Ot vrtapyovreg alyopiBpot STM vroBétovv 600 SopopeTIKd €101 HLOVTEAOL HVAUNG.
To mpdto ovopdletor avoryto poviélo uviuns Ko ekPaiel T0 GLUPOTIKO HOVTELOD
LVIAUNG GTO OTO10 01 dlEPYNGies OEGUEVOVV KOl ATOOEGUEVOVY TN VU VT’ €VOVLVT
TOVG, OTMC aKPIPOS cvuPaivel KOl 6TO HOVIEAO TPOYPAUUATIGHOV NG YA®wcooag C
péom tov avtiototywv Asttovpyldv malloc kau free. To devtepo poviého ovopdleTot
KAE0TO HOVTELO pviung. XT0 Povtélo avutd, To ovotnuo glval vredbovvo yo )
O£GLELOT KOl OTOOEGILEVCT TNG UVIUNG TOV EKTEAOVUEVOL TTPOYpAUpaTos. 'Eva té€toto
ocvoTnuo ypnowonotel 1 yAdooo wpoypappaticpod JAVA. Xvykekpyéva, To
npoypappo dwyeipong pvnung e JAVA kataypdeet 0reg tig B€ceig pvnung mov
¥pnowonoovvior  amd omowdnqmote  depyocio. H - amodéopevon  pviung,
TPAyHOTOTOlEiTOL  amd  éva €00 TPOYPOUUON  QTOOECUEVGNS — TNG  uN
xpnoiomorovuevns uviuns (garbage collector). To mpoOypoappo ovtd ekteAdeiton
TEPLOOIKA, eVTOTiLeL TIC HELOVVGEIS PVIIUNG TTOV JEV YPTCLUOTOLOVVTAL TAEOV KOl TIG

OTOOECUEVCEL.

H emoyn peta&d tov avorytov Kot Tov KAEIGTOD HOVTEAOL UVIUNG KATA TN o)edioom
evog adyopiBpov STM eivor onpavtikn, o10TL 610 avoryTtd HOVTELD 0 ¥pNoTNG Elval
vevduvog va dtayepileTor KATAAANAL TIC OEGUEVGELS KO OMOOECUEVGELS VUG,
®ote va v gpeavifovtor mpoPfAnpato 6nwg avagopd oe null deikteg, evd oTO
KAEWGTO HOoVTELD Uviung tvat veevBouvo 10 1010 T0 GVGTNUA Y10 TNV OTOOEGIEVCT TNG
pvnung omote avt) o€ ypnoipomoteitor. H dapopd avtr eivor onupovtikn Kot
empénel 6Tovg ahyopifpovg STM mov ¥pNGILOTOOVV TO KAEIGTO LOVIELO VNG VO
opifouv pe évav apketd e0KOAO TPOTO TNV £KO00T TV OESOUEVOV oG t-HETAPANTAG.
YrevOopileton 011 1 évvola g €kdoong eivar amapaitntn otovg aiyopifuovg STM
OV  VAOTOLOVV KOO0V  UNYOVICUO EAEYYOV OCUVEMEWNG. XVYKEKPUUEVO, EVOG
aryopBpoc STM pmopet va dratnpel og ékdoon pag t-petafAntng tv ) devbovvon
otV omoia eivar amobnkevpéva ta dedopéva d g x. Kabe popd mov o depyacio

embopet va egvnuepmoel v tv pe to ogdopéva d’, decpedel pviaun Yoo v
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arodnkevon twv véwv dedopévov d’. Kat ta 600 poviéha pviung eacearifovv 6t
uvfun mov Ba deopevdet yio to dedopéva d’ dev Bo ETIKOADTTETOL [UE TNV OVTIGTOLYN
pviun tov d. Emopévemg, o docoinyio pmopet va eAEyEel edv ta dedopéva g tv
é&xovv tpomomomBel, eAéyyovtag edv €xer aAAdEer m OevBvvon oty omoin eivar
aroOnkevpéva ta dedopéva . 'Etor viomoteiton 1 évvola g €kdoong pe apkeTd
amAo Tpomo. Ta dedopéva piog t-petafAng Tpénet vo amodecpevovTal 6TV TAEOV
dg dektodoTovvTol amd Kapia depyasia. To avorytd poviédo uvinung emParel otov
aryopiOpo STM vo yvopiler ndte €va dedopévo Og YPNOLUOTOLEiTOL Yol Vo TO
amodeopevel. Avtifeta, 10 KAEIGTO HOVTEAD UVAUNG TOPEYXEL UNYAVICLOVG Yo TNV
OMOOEGEVCT] TOV UM XPNOLOTOOVUEVOV Bécemv uvung ympig va amotteitor M

EKTELEDT] OOLOVONTOTE EVEPYELDV ATtO TOV 0AyOp1Opo STM.
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KE®AAAIO 4. AATOPIOMOX DSTM

4.1 [eprypaon aryopifuov DSTM
4.2 AmooeiEn opbotrog aiyopibpuov DSTM
4.3 TToAvmAokOTN T

210 KeQAAOO aVTO TEPLYpAPeTOL 0 aAyopiOuoc Dynamic STM 1§ DSTM, o omoiog
napovcslotnke otV epyocio [12] twv M.Herlihy, M.Moir, V.Lunchango ot
W.N.Scherer, mov dnpocietnke oto cvvédpro Principles Of Distributed Computing
(PODC) tov IobAo tov 2003. Xtnv Evomta 4.1 meprypdoetor 0 K®OOKAG TOV
alyopiBuov, otnv Evotta 4.2 napovcidletar n andoeln tov kol oty Evomnra 4.3

TapoLGLALETAL 1] TOAVTAOKOTNTA TOL.

4.1. eprypoen aryopiOpov DSTM

O aryopBuog DSTM eivan o mpadtog akydpBpoc STM mov vrootnpilel duvapikeg
docoyiec. O DSTM wkavomotel v acBevéotepn 1010TTO TEPLATIGHOV €AELOepial
avTOyOVIGHOD Kot €xel oyedwaotel va Agtrtovpyel oe kAelotd poviého pviung. H
WO0TNTO TEPUOTIGHOV eAeVBEPID OVTAYMVIGLOV EMTPEMEL TNV EUPAVIOT] KATAGTACEWDY

KOOOMKNG TOPATETAUEVIS GTEPTOTG.

Ytov DSTM «xd0¢ t-petafinty x vAomoteitor omd évav katayopnt) CAS mov
nepiéyetal o ol doun mn omoio ovopdleton TmVar. O xotoyopntig ovtdg
amofnKeveL Evav deiktn start mov deiyvel 6 KOO0 OapOPAlOUEVO AVTIKEILEVO, TTOV
ovopaleton Locator xou 10 omoio dlatnpel 1) Evav KaToympnti avayvoonc-eyypaens
tran, o omoiog mepLEYEL £val OeikTn o€ o dopn TOL TEPLYPAPEL T SOGOANYiM OV

KATEXEL TNV TPOCWPIVY] WO10KTNGIOL TG X, 11) VOV KATOXWOPNTH OVAYVOONG-EYYPOPNS
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oldData mov mepiéyel évov dgiktn mpog To moAld dedopéva g X Kot iil) €vav
KaToyopnt avlyvoons-eyypoeng newData mov mepléyel €vav Ogiktn mpog T vEQ
dedopéva e x. H popoen piog t-petafintic x mov avamaplotd £vo dtopolpalopuevo

aVTIKEILEVO 0bj mapovstaletal oto Zymua 2.2.

TmVar Locator Xapog Aedouévav

oldData @& > obj’s Data

X

newData @
I \
tran ® obj’s Data
—

Zyua 4.1: H popon evog dtopotpaldpevon avTiKeEVOy obj Tov TEPYPAPETOL HECH

pog t-petafintg x, otov DSTM.

INa k4B docornyia T(i,ni) o akyodpBpuog DSTM dratnpet t1g akdAovbeg TAnpogopieg
ot doun Trec(i,ny): 1) évav koatayopnt] CAS mov ovopdletar status Kol mepryplpet
Vv Katdotoon g doconyiog kot i1) pio AMlota avayvacewv readList Tov mepléyet
TANPoopieg Yo TG t-petafAntéc mov n docoinyio Exel mpoomeddoel pe kaBoikn
avayvoon. Zvykekpiuéva kdbe otoryeio item tng readList meprypdoper kdmown t-
petafAnt) X kol meplEyel 1) €vav KATOY®OPNTN OovAYVOoNG €YYPOONS fvar TOTOL
TmVar mov meprypdpet T X Kot il) évov KOTOYOPNTH OVAYVOONG-EYYPOUONS
tvarVersion mov mepiéyel £vol Oeiktn mPog T dEdOUEVA TNG X TOL avayvacsOnkav (o

010{0G AVOTTAPLoTA TNV £€KO0OT) TG X TN YPOVIKN GTIYUN TS KOOOMKNG avayvwmong).

Y10 Zynuo 4.2 mopovctdlovtal ot SOUEG OV YPNCLLOTOOVVTAL OO TOV AAYOPIOpO
DSTM. Enuewwverar 0tL 10 status pog docoinyiog pmopel va maipvel Tipég omd 1o
ovvoro {ACTIVE, COMMITTED, ABORTED}, 6mov kébe pio yopaxtnpiler v
T(i,n)) ®g evepyn, €mMTLYOG OAOKANPOUEVN KOU U EMTUYDOG OAOKANP®UEVT,
avtiotoyo. Eniong, vy ™ Alota avayvocewv readList vdpyovv ot cuvapTioELS: 1)
Read List *NewReadList() mov apywkomolel pio véa AMoto avoyvaOoe®v Kot TNV
eMOTPEPEL, 11) Read List *InsertinReadList(Read List *readList, TmVar tvar, DATA

*tvarVersion) mov ewodyel 10 otoyelo tvar pe éxdoom tvarVersion otn Alota
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avayvooewv readList, iii) DeleteltemFromReadList (Read List *readList, Read List
*item) mov Swypdoel amd ™ Aloto avayvoocewv readList to otoryeio item, iv)
Read List *SearchinReadList(Read List readList, TmVar tvar) mov gpevuvd €dv 1
Mota readList owatnpel kdmolo katoy®pnorn yww Ty tvar Kot av outd 1oyDEL
EMOTPEPEL TNV KATAYDPNON OLTY, VO o€ avtifetn mepintwon emotpépel null, v)
Read List *GetNextltemFromReadList(Read List *readList) mov o€ kd0e kAnomn g
EMOTPEPEL UE TN OEPA OAa Ta oToryEin TG AMotag readList kot OTav oVTA TEAEIDGOVY
emotpepet null. Ot mopoandve Asttovpyieg vrootnpilovion and omoladnmote GupUParn

vAomoinom AloTog Kot £T61 01 KMOKES TOVG dgV Topovstdlovral.

Read_List { Locator {
TmVar *tvar; Transaction *tran;
DATA *tvarVersion; DATA *newData;
Read List *next; DATA *oldData;

} }

Transaction { TmVar {
int status; Locator *start;
Read List *readList; }

Zyua 4.2: Ot dopég mov ypnotpomolovvtal amd tov odyopidpo DSTM.

O alyopiBpog DSTM ypnowonotel Tov deiktn tran tov Locator piog t-petafintic x
Yo TNV TEPLYPOPN TNG 00GOANYING OV KATEYEL TNV TPOCMOPVY WO0KTNGIo OTn X.
Yuykekpléva, edv o deiktng tran deiyvel og kamowa dopn Trec(i,n;) pog docoAnyiog
T(i,n;) ¢ omoiag to status eivar ACTIVE t6te n T(i,n;) Kat€yxel v Tpoowpivi
wokoia e x. Av v v T(i,n;) 1oyvet 01t status#ACTIVE, 161e kapio docoinyia
dev KOTEXEL TNV TPOc®PIVY WoKTnoia g X. [ to Adyo avtd, Aépe 611 0 DSTM
xpnowonolel ava t-petafAnt avabeon mpocwpivev wiokmowmv. [Hopatnpodue 6Tt
N TAnpoopio. KATOYNG TPOCOPIVNG W10KTNoiag oyetileton pe T 00GOANYia ToL
KOTEYEL TNV TPOCOPIVI 1010KTNGia, €ivol OnAadn ETOVLUN, VO YOPOKTNPIOTIKO TOV

£Yovv ot un-gpmodiotikol akyopdpot STM.
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Aocoinyieg TmVar Locator Xapog Aedouévawv

oldData [ ]

newData & > | © 1

-® tran

oldData

v
®
<

newData @&

® tran

oldData

v
[ ]
=

newData @&

+ ® tran

—

Zyua 4.3: H popoen pog ta&vopnpévng kot advEovoa dtataén ocvuvoedepévng AMotog
otov DSTM.

Y10 Zynua 4.3 mapovcidleton n popen mov OBa eiye po taSvounuévn kot’ avEovca
owtaln ovvoedepuévn Mota otov DSTM, mov mepiéyer 1o otoyeia 1,7,10.
Inuetdveton 0Tt Omewg amattel to avtikeipevo STM, o DSTM dev emitpénet va
vapyovv deikteg amevbeiog peta&d twv dedopévav, adrd éva dedopévo d; pmopet va
meptEyel osiktn p oe éva dedopévo dy povo €dv o p delyvel oty avtictoyn t-
petafint) mov meprypdoer to dy. Emiong, ydpwv evkoliog mapovoioong Tov
OLYKEKPLUEVOL TTapadelyLatog, vtobéTovpe OTL To dEdOUEVA TV t-pETAPANTOV glval
ot kOpPot ¢ Motag kot oyl deikTeg TPOG TOLG KOUPOVG avTovg (dmwg cvpPaivel ot
TPAEN). LTO GLYKEKPIUEVO GYNUO Ol TPOCWPIVES 1010KTNGIEG TOV t-PeTAPANTAOV TOL
mepLypapovy ta ototyeion 1 ko 7 g Alotag katéyovion amd ™ AocoAnyia 1 kot n
TPOcwPIVY] WoKTnoia g t-petafAntg mov meprypdpel to ototyeio 10 g Aiotog
éxet amoktnOel televtaio eopd amd v emTuynpévn AocoAnyia 2 Kot auTY T oTIyUn

dev €xel amoxktnOel amd kapio SocoAnyio.
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O aiyopiBpoc DSTM viomoteiton and éva enektetapévo avtikeipevo STM. O DSTM
amoutel amd TOV YPNOTN VO EKKIVAGEL Hiot 00GOANYia ekTteA®VTOS TN Agttovpyia
BeginTransaction ympig xoavéva opiopa. H Aettovpyia BeginTransaction emiotpépet
010 xpnot éva deiktn otn doun Trec g docoAnyiag mov ekkiviOnke, Tov omoio o
¥PNoTNG Oa TPEMEL v TEPVE MG OPIGLOL GTIC VITOAOUTEG AELTOVPYieg OV Ba ekTEAETEL
péom ¢ ovykekpuévng docoAnyiog. O kmdikog g Aettovpyiog BeginTransaction
nmopovoaletor oto Zynua 4.4. H Aertovpyio avt) omovpyet pia véa doun Trec
(ypoppn 2) yio ™ 60G0ANyia TOv TPOKELTOL VO EKTEAESTEL, ONAMVEL OTL TO Status g
etvar ACTIVE (ypopun 3), apyikomolel T AioTo ovOyvOGEDV TNG EKTEAMVTOG TN
ouvaptnon NewReadList (ypopun 4) kot emoTpEEel T véo ot SOUN GTO ¥PNOTN

(ypoppn 5).

Transaction *BeginTransaction ()
Transaction *newTrec = allocMemory (Transaction);
newTrec>status = ACTIVE;

newTrec>readlList = NewReadList () ;

g W N

return newTrec;

Zynua 4.4: Koodwog g Aettovpyiog BeginTransaction tov DSTM.

6 (Boolean, DATA) ReadTmVar (Transaction *Trec, TmVar *tvar)
7 Boolean bool;

8 DATA *curData;

9 (bool, curData) = OpenTmVar (Trec, tvar, READ);

10 if (bool == TRUE) return (TRUE, *curData);

11 else return (FALSE, null);

Yymua 4.5: Koodwog g Aettovpyiog ReadTmVar tov DSTM.

O «kodwog g Aertovpylag ReadTmVar mapovoidletar oto Zynuoa 4.5 kot g
AccessForUpdateTmVar oto Zynqua 4.6. Méta v exkivnon piag doconyiag T(i,n;)
0 ypNnotg ival vrevbuvog va mpoomeldosl pécw g Asttovpyiog ReadTmVar ko
¢ Aertovpyiog AccessForUdateTmVar ta dedopéva kaBe t-petafAntig x mov
emBupel va avayvmdcEL Kot VoL EVIILEPMGEL, AVTIGTOLYO, TEPVAVTUS OC TOPAUETPO GTIC
Aertovpyieg avtég v avtiotoyyn TmVar fvar g x. Inueidveror 0t 0 TpOTOg

vAOTOINoNG TV AEITOLPYIOV OoVTAOV givor opketd oOpowog. [a to Adyo avtd
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emAéyOnke M vAomoinon Tovg pécw NG 101G cvvaptnong OpenTmVar, n omoia
TOPAUETPOTOLEITOL KATAAANAL OIS TEPLYPAPETOL GTN GLVEYEL. [Tapatnpovpe 6Tt o1
Aertovpyieg avtéc amid Kaiovv tnv OpenTmVar kol emotpépovv 6to Ypnotn Ot

OVTI) EMEGTPEVE.

12 (Boolean, DATA *) AccessForUpdateTmVar (Transaction *Trec, TmVar *tvar)

13 return (OpenTmVar (Trec, tvar, WRITE));

Zyua 4.6: Kodwag g Aettovpyiag AccessForUpdateTmVar tov DSTM.

O kwokag g Aettovpyiog OpenTmVar tov DSTM mapovoidletar oto Zynua 4.7. H
Aertovpyio avt Taipvel ¢ Opopa TV tvar ko €meldn pmopel va koigiton gite amd
v ReadTmVar (ypappn 9) eite amd tv AccessForUdateTmVar (ypopun 13)
déyetan to Oplopa mode, 1o omoio £xel T} READ gdv n tvar mpénetl va mpoomelaotel
uévo vy avdyvoon kot WRITE av mpénel va mpoonelooctel yuoo evnuépmon. Xy
TEPIMTOON 7OV 1) TPOGTEAACT] TV OEdOUEVOV NG tvar yivel emTuYdS, 1 Asrtovpyio
OpenTmVar gmotpépet v Ty} TRUE kot éva deiktn ota dedopéva g tvar. Ztnv
nepintmon avtn, n Asrtovpyio AccessForUdateTmVar emotpépet T1g 016G avTéG TINEG
oto ypno (ypapun 13), evdo n ReadTmVar emotpépet v tiu] TRUE ko ta 1610 Tl
dedopéva g tvar (ypopuun 10) ko 6yt tov deiktn ota dedopéva e Xe avtifetn
nepintowon, v M mpooméraon TV OedoUEVEOV TNG tvar yivel pN-emTLY®SG, 1M
Aertovpyion OpenTmVar emotpéepet v Ty FALSE kot évav null deiktn. Zmv
nepintwon avtn, N ReadTmVar (ypopuun 11) kor AccessForUdateTmVar emotpépouvv
v T FALSE o670 ypiom kot o xpfotg ivor vmoype®pévog vo OLOKANPOGEL TN
docoAnyio MOV €KTEAEl G UN-EMITUYMUEVY], KOADVTOG HiOl €K TOV AETOVPYUDV
CommitTransaction kot AbortTransaction. Znpeudvetror 6Tt 6NV TEPINTOON OV,
axopa kKot av kAnbei n Aettovpyio CommitTransaction, o DSTM e&ac@alilel 6t 1

doconyia Bo oAokANpwOEl ®¢ PN emTvyMUEVN.

Inuewwvetonr 0Tt kéBe docoinyion T(i,n;) Tov aiyopiBuov DSTM «koataypdeet Tig
amopoitnTeg mANpoeopieg Yo Tig t-petaPfAntég mov o ypnong embopet va dwpdoet

ot AloTo ovoyvdoemv Tov dtnpel otn doun . Znueidvetar 0Tl Onwg Oa
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napovolactel 6t ovvéxewr, o DSTM ypnowomolel pn opatéc avayvooelg t-
HETOPANTAOV KOt £TCL TAPEYEL EVOV UNYOVIGUO EAEYXOV GUVETELNG TOV OEOOUEVOV TOV
t-petafintov mov avayvooOnkov. YmevOouiletor OTL 0 unyoviopog  eAEYyov
ocvvémetlag amortel v vVmoapén £kdoong Yo kabe dedopévo. O DSTM expetairedetan
T0 KAEOTO HOVIEAO UVNUNG OTO omoio ekteAeiton Yo v opicel v €kdoon &vog
dedopévov. To KAelotd povtélo pvnmung emupeénel otov aAyopiipo DSTM va
xpPNoomolel mg €kdoon evog dedopévou ) oevBvvon oty omoio Eektva 1 uviun
otV omoia givar amoBnkevpévo 10 dedopévo avtd, dmwg cvinmdnke oty Evomta
3.5. Xvumepaivoope o0t amorteiton 1 T(i,n;) vo dwatnpel ot Aota avdyvoong v
Tpéyovoa £kdoon Temv dedopévav kabe t-petafAntig mov o ypnotng dwPaletl, wote

va gtvat Suvat) N EKTEAEGT TOV UNYAVICUOD EAEYYOV GUVETELNG,.

>t ouvvéyela meprypdoetor 1 cvvdptmon OpenTmVar. AveEdptnto ond to €dv 1
OpenTmVar xaAeiton pe moapapetpo READ 11 WRITE, oapyikd mpoomabei va
OVOKTNGEL TNV £KOOGT T®V TPEYOVI®MV OedOUEVOV NG tvar, YPNCIULOTOIDOVTAG TN
ocvvaptnon GetCurrentData (ypapun 20), n omoila emoTpépetl To. dedOUEVO QVTA,
kabdhg emiong kol tov avtictoyo Locator tov dwoporpaldpevov aviikelpnévov (n
YPNOOTNTO TOV omoiov e&nyeital mopakdtw). Onwg avaeépdnke, o Locator mov
mepLEyel kaBe t-petafAnt) X, mepiéyel OelkTeC MPOg TO MOAMAE KOU TO KOVOVPYLOL
dedopéva g x. H GetCurrentData emidéyel ta tp€yovta dedopéva e X Pdoel Tov
status ¢ docoANYia TOV OMEKTNGE TEAELTOLN TNV TPOS®PIVY WlokTNGio TS X. Edv
10 status g docoAnyiag avtng eivar COMMITTED, n GetCurrentData emiAéyet ta
véa 0gdopéva, v €qv to status g eivart ABORTED, emidéyel ta maAid dedopéva.
(ITeprocdtepeg Aemtopépeteg yuo T ovvaptnon GetCurrentData mapovcsidlovion ot

ouvvéyela g topovoag Evotrag.)

Metd v avdkmnon tov tpexdviav dedopévav g tvar n cvvaptnon OpenTmVar
evepyel avaioya pe tnv TR Tov opicpatog mode. Enueidveton 0Tl TopaPAETOLUE
npocwpvd TG ypoupés 21 éwg 23, n ypnodmra tev omoiwv mapovctdleTol ot
ouvvéyela g mopovcag Evomtag. Edv, n tyunq tov mode sivor WRITE, tote n ev
AMOy® docoinyia, éot® T(i,n;), TPEMEL VO OMOKTNGEL TV TPOSMPIVY 1310KTNGIO TNG
tvar, va. dNUOVPYNGEL £vol OVTIYPOPO TMOV OEOOUEVOV TNG KOl VO, ETIGTPEYEL GTOV

YPNOTN TO OVTILYPAPO OVTO, MOTE O YPNOING Vo TO evnuepmoel. H odadikacio
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onuovpyiag avtypdeov mpoypatoroleitor poali pe 1t Swdwacic  amdKTNoNG
010KTNCI0G TOL TEPLYPAPETOL OTN GUVEYELDL. ZNUEIOVETAL OTL 1 OMOKTNGN TNG
TPOGMPIVY 1010KTNGIaG piag t-petafAnTIG X mov meptypagetot and v TmVar tvary,
and v T(i,n;), yivetar evnuepdvovtag atopukd (pe ™ Pondela piog Aettovpyiog
CAS) 10 deiktn tvary.start ®ote va dgiyvel og kdmoov véo Locator, éotw loc, 0 omoiog
Ba mepryplpel OG TPOCOPIVO 1O10KTNTN TNG X TN d0coANyio avtr, Oniadn Ba oydet
loc.Tran == Trec(i,n;) ko Trec(i,n;).status == ACTIVE.

14 (Boolean, DATA *) OpenTmVar (Transaction *Trec, TmVar *tvar, int mode)

15 DATA *returnData, *curData;

16 Locator *loc;

17 Read List *readList = Trec—>readList;

18 Read List *listItem = SearchlnReadlList (readList, tvar)
19 while (1)

20 (loc, curData) = GetCurrentData (Trec, tvar)

21 if (listItem!=null && curData!=listItem=>tvarVersion)
22 CAS (Trec>status, ACTIVE, ABORTED);

23 return (FALSE, null);

24 if (mode == WRITE && loc=>tran != Trec)

25 newLoc = allocMemory (Locator) ;

26 newLoc>tran = Trec;

27 newLoc>oldData = curData;

28 newLoc>newData = allocMemory (DATA) ;

29 * (newLoc2>newData) = *curData;

30 if (CAS(tvar.start, loc, newLoc)==TRUE)

31 returnData = newLoc.newData;

32 if (listItem != null)

33 DeleteltemFromReadList (readList, listItem);
34 else continue;

35 else if (mode == WRITE && loc2>tran == Trec)

36 returnData = curData;

37 else

38 returnData = curData;

39 if (listItem == null && loc=>tran != Trec)

40 InsertInReadList (readList, tvar, curData);
41 break;

42 if (Validate (Trec)==TRUE)

43 return (TRUE, returnData);

44 else

45 return (FALSE, null);

Zymua 4.7: Kodikog g Aettovpyiog OpenTmVar tov DSTM.
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‘Eocto x 1 t-petafint mov neprypapetar and tnv tvar. Eqv 1o mode éyet yuy WRITE
Kol 1 0ocoAnyia mov meprypdeetal amd tov Locator mov emotpépel  cuvdptnon
GetCurrentData yio ) x, dgv givon id1a pe v T(i,n;) (ypopun 24) (to omoio onuoaivet
ot m T(i,n;) dev €xel AmMOKTNOEL NON TNV TPOSOPWVY W0KTNGlA TG X), TOTE Yo VoL
aroktnoel 1 OpenTmVar mov ektedeiton and v T(i,n;)) Vv mpocwpvy WloKTGio
™G X, eKTEAEL TO TapakdTm. Apyikd, onuiovpyet évav véo Locator (ypauun 25), éoto
newLoc, kat i) apywonotel Tov deiktn newLoc—=>tran dote vo. deiyvel otn S1Kf TG
doun, tnv Trec(i,n;) (ypoppn 26) yio tnv onoia woyvet Trec(i,n;).status == ACTIVE, i1)
apykomolel Tov dgiktn newlLoc—=>oldData dote va deiyvel 6t Tpéxovia ddOUEVO TNG
X (ypoppn 27), iii) onpovpyel pio kowvodpylo €kdoon TV OedOUEVOV TG X
OTOKTAOVTOG VEQ UVIUN Yol Ta dedopéva avtd (Ypapun 28), avtiypdeet ta tpéyovta
dedopéva g x otny ékdoomn ot (Ypouun 29) kot tautdypova dtatnpel Evav deiktn
Tpog TV €kdoomn vty otov Kataympnty newlLoc—2>newData (ypoppnq 29). Xt
ocuvéyew mpoomadel vo evnuepdoel to Ogiktn start g tvar ®ote va Ogiyvel oTovV
newLoc, ekteAdvtag tnv KatdAAnAn evioAn CAS (ypouun 30). Inueudveror 0Tt yuo
TV €KTEAECT] TNG €VTOANG avthg amorteitar o Locator mov emiotpépetor amd )
ovvaptnon GetCurrentData. Edv kota@épet, va evnuepdoet to deiktn avtd, 10te Aépe
ot 1 T(1,n;) KATAPEPE VO ATOKTNGEL TNV TPOSMPIVY 1010KTNGI0 TNG X KOl ONA®VEL OTL
T, dedopEVaL TOV TPOKELTOL VO EMGTPAPOVV GTO ¥PNOTN £IVOL OVTA TOL AVTIYPEPOL
mov dnovpynoe (ypouun 31), eved edv dev to Katapépel Eavampoomadel and v
apyn (ypopun 34). Inuewdveton 6Tt  T(i,n;) dwutnpel Kamowo Tpocswpvy W0KTNGio
péypt to status g va yivet COMMITED 1) ABORTED. Ilpocwpwvéd mapafiémovpe
TIC YPpoppEg 32 ko 33 1 xpnodtTo TV omoimv TapovcldleTol GTN CLUVEXELL TG

mapovoac Evotntac.

Mo v xoAdtepn Koatavonon g owdkociog oamodKToNng NG 0K oiag,
dNuovpyiog avTypaEov Kot EVNUEP®ONG HOG t-HeTAPANTAS X TOPOVCIALETOL GTO
Symua 4.8 éva mapadetypo €160ymyng tov ototyeiov 4 oty tavounuévn kot
avEovoa Odtaln cuvoedenévn Aloto Tov TOPUSEIYLATOS TOV TOPOVCIAGTNKE GTO
Yymua 6.3, n onola mepExetl apywa to otoryeia 1,7,10. Oewpolpe 6tL 01 TPOGSWPIVEG
10k oieg o avtd Ta otoryeia £xovv amoktnel Yo TeAevTaian POPAE amd d0GOANYiEg
mov £yovv oAokANpwOel emtvyms. Emiong, Oewpodue 6t1 0 ypnotng embouet vo

gwodyel to otoryeio 4, xotd TV ektéheon ™G dogoinyiog 4 (onpewdveTal OTL 1
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docoinyio avtn ekKvnOnke omd TOov YPNOTN HE TNV EKTEAEST NG Agttovpyiog

5

BeginTransaction).
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Zyua 4.8: Etcaymyn tov otoyygiov 4, og o ta&vopmuévn kot advovoa dtdTaén

ouvdedepévn AMota Tov apykd tepiéyet ta ototyeia 1,7,10.
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Kotd v extéheon 1ov kddwka Tov ¥pnot evtomileror OTL Yoo TNV €1G0YMYN TOV
otoyeiov 4 o1 cLVVIEdEUEVT ALOTO, ATOUTEITOL 1) TPOTTOTOINOT TV JEGOUEVAOV TOV
otoyeiov 1. Tw tT0o AdyO oVTO o0 ypnoMg Kkoieli 1t  Astovpyia
AccessForUpdateTmVar pe 6piopa tv TmVar mov meprypdoeet to ototyeio 1, n omoia
KoAel ™ ovvdpmnon OpenTmVar pe mode == WRITE. Znueudveton otL 1
ovykekpiévn cvvdptnon OpenTmVar exteleiton and ™ docoinyio 4 Kou TpEneL va,
OTOKTAGEL TNV TPOSMPIVY] 1010KTNGio Tov ototyeiov 1. Avtd elvarl 1o otddo (1) Kot
napovctaletar oto Zynua 4.8 pali pe tig aAlayég mov mpokaAel ot Alota. H popon
T0V otoyeiov 1 mpw Vv omdKINoN NG TPOSMOPIVNG 1OOKTNGIOG TOL amd 11
Aocolvyia 4 mapovcidleton pe ykpilo xpoduo, EVO 1 LOPEY] TOV HETE TNV OTOKTNOM
™G pe pavpo ypopa. H amdkmmon g mpoocwpiviig d10ktnoiag tov ototyeiov 1
npaypatonoleiton pe facn  dwdikacio Tov TEPLyplenKe TOpATAV®, KABE Pra TG
omoiag oapBueitor oto Zynua 4.8. Xvvomtikd avoaeépovpe 6tl, oto Prua 1
dnuovpyeitan o véog Locator newLoc ywo o otoyegio 1, ota fAparta 2,3,5 o newloc
apywonoteital KatdAAnAo Kot oto Prpa 6 aAAGlel 0 O&iKTNG OV TEPIEXETOL GTO
TmVar dote va deiyvel otov véo Locator. Enueidveror 6t 0 newlLoc meptypdest o¢
110Kt TOoL ototyeiov 1 v ekkpeun Aocoinyia 4 (Pua 2), g mod dedopéva
Tov To. véo Ogdopéva tov maAlov Locator (010tt 0 maldg Locator, meprypdost o¢
WOOKTATN TV EMTLYOG OAOKANpOUEVN Aoconyia 1) Ko o¢ véa dgdopéva tov Eval
avtiypoapo tov dedopévav d (Brua 5), 1o omoio mapdaydnke pe v ektéleon TV
ypappov 28 kot 29 oto Priua 4. Enueidvetonr OTL TO GLYKEKPLUEVO OVTIYPOPO
npoypatonoleitor oyt ent twv dedopévev tov kopPov 1, adAdd emi Tov dgiktn MOV
delyvel otov KOUPo awtd, OUMOC YEpv AmAOTNTOG GTNV TOPOVGINCT) TOV GYNUOTOG

EMALYOVE VO UMV TOPOVGTIALOVUE TOVG OEIKTEG OVTOVG,.

Kot tov teppotiopd g, n ocvvdpmon OpenTmVar emotpépet ta véa dedopéva,
¢otm returnData, wov dgiktodotovvTal amd tov newlLoc, d10TL KaTdeePE Vo AmTOKTIGEL
Vv okt oia Tov otoryeiov 1. Enueidveton 6t ta dedopéva returnData wepiéyouvv
mv T 1 kan évav deiktn mpog 10 TMobject Tov otoyygiov 7, dOnAadt 61t axpPng
TEPLEXOVV KOl TO TOALE dedopEVa IOV detkTodoTovvTat omd Tov newLoc. Eivat evfovn
TOVL ¥PNOTN Vo ONUIOLPYNOEL TO. VEX Ogdopéva Tov ototyeiov 4 mov embupel va
elodyel oto otddo (ii) Ko va evnuepmoel to returnData 6to otddo (iii). Ta otdown

avtd mapovotdlovior 6to Zynua 4.8. Zvykekpiéva, katd to otddo (il) o ¥pPNoTNG
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onuovpyel éva kavovpylo otoryeio g Alotag newListltem (Brjpa 1), oto omoio
amofnkevel v iU 4 Kol apyKomolel tov dglkTn Tov dote va delyvel oto TmVar
tov otoyeiov 7 (Puo 2). X ovvéxeln, o ypnotng Kaiel TN Agrtovpyia
CreateNewTmVar yio va avtietotyicet avtd 1o véo ototyeio oe i t-petapint. To
ocvotnpo STM onuiovpyel yo 0 véo avtd otoryeio évav kovovpylo Locator loc
(Bpa 3), apyikomowwvtag to deiktn loc.newData mote va deiyvel oto newListltem
(Bua 4) ko Tov deiktn tran ®ote vo delyvel otn doun g AocoAnyiag 4 (Prua S),
Kot dnpovpyet £va karvovpyro TmVar yua to ototyeio 4 (Prna 6) apykomoldVTOS TO
delktn tov ®wote va deiyvel otov loc (Prua 7). Katd to otddio (iii) o ypnotng
EVNUEPMVEL TOV OEIKTN OV TTEPLEYETAL O0TA dedopéEvVa returnData dote va delyvel 6TV

TmVar tov véov otoyeiov 4.

210 onueio aVTO N KATAGTACT GTNV UVIUN €ivol oVt TOL TOPOLGLALETOL GTO YNl
4.8. Iapatnpovpe 6011 1 AocoAnyia 4 dratnpel TPocwPIVEG 1010KTNGIES OTO GTOLYEIN
I xou 4 ¢ Alotag. Enuewdveror 0Tt 10 otowyeio 4 g AMotag Oa yivel eupavig otig
vroromeg doconyieg v 1 Aocoinyio 4 olokAnpwBel emtuy®dg, ONAadn €4V TO
status g AdPer v iy COMMITED. Edv avtd coppei, po docoinyio mov Oa
npoonerdoel 1o TMobject Tov otorgeiov 1 (néow g OpenTmVar), Oa Safalet Tov
Locator newLoc kot péow avtov Oa dwafdoet ta dedopéva newLoc.newData d10t1 o
newLoc meptypdopel 6T1 1 TposwpvY| 11oKTNoio ToV oTotyeiov 1 €xel amoktnOel yo
tehevtaio opd amd pia docoAnyio mov oAokinpmbnke emruy®g (T Aocoinyia 4).
"Eto1 1 docornyia pmopet va evtonicel to TmVar tov otoyeiov 4 kot va daffacet va
dedopéva tov. Edv oto status g Aocoinyiog 4 ypagel n tyuy ABORTED 161¢ t0
véo otoryeio 4 dev Ba eivan epeaveg oe kapio docoAnyio (apod ta TPEXOVTH OECOUEVA
tov otoryeiov 1 Ba kabopilovior oe avtn Vv mepintwon and tov dsiktn olddata tov
avtiotoryov Locator yw to otoyyeio 1). Xtn ocvvéyewn g mapovcas EvOTNTOG,
meptypapetal T cvpPaivel otnv mepintwon mwov 1o status ¢ Aocoinyiog 4
nmopapévet ACTIVE «katd v mpoomélaon tov otoyeiov 1 amd wdmown GAAN

docoinyia.

Eivoar onuaviwko oti, e€dv 1o mode £&xer tyuy WRITE kot n docoinyio mov
neptypdoetor amd tov Locator mov emotpépel n cvvdptnon GetCurrentData givar n

O n T(,n) (ypopun 35), tote n T(i,n;)) mpoomabel vo OMOKTINGEL THV TPOGOPIV
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woktnoia pog t-petafintnig mov 1o katéyetl. 'Etol, oty mepintwon avt) apket va
EMOTPAPOVY GTO YPNOTN TA TPEYOVTIA dedopéva Tov Exovv NoN avaxtnBel (ypopun

36) péow g GetCurrentData.

Amo Vv GAAY, €dv 0 ¥pNoTnG MNAMOCEL OTL BEAEL va TpooTeAdoet ol t-peTafAnTn x
wote va T owPacel, ektehdvtag t Aettovpyion ReadTmVar, n omoia extelel
ovvdptnon OpenTmVar pe mode == READ, t6te 1 OpenTmVar dev amoktd v
TPOCMOPIVY] 1O10KTNGIN TNG X, CAAL 1) ONAmveL OTL Ta. dedopUéEVO OV TPOKELTAL VOl
EMGTPOPOVY GTO Y¥PNOTN £ivol TOL TPEYOVTO OEIOUEVO TOV OVTIKELLEVOL (Ypapun 38)
7ov £xel MO avoKTNOoEL, Kot ii) evnuepdvel T Alota readList (ypappég 39 ko 40).
nuetoveton 0Tt M T(i,n;) €xer Mon wyda&er oty readList edv vmapyel kdmown
Katoyopnon listltem, yia v TmVar tvar g x (ypappr 18), pe mm Ponbewo g
ovvapmnong SearchInReadList. Av dgv vrdpyel tétoln KOTOYM®PNON 1| GLVAPTNHON
avt emotpéeel TV Tun null. e avt v wepintoon (ypopun 39) ewcdyston 1 tvar
ot readList kot 1 €k60o1 TG ( ONAOT €vag OElKTNG OTO TPEXOVTO OEOOUEVA TNG)
(ypappn 40), pe ) Pondewa g cvvaptnong InsertinReadList. Avtd eEacpariler ot
N ovvéneln g X Ba efetaletanr kdBe Qopd MoV ekTEAEiTOL O UNYXOVIGUOG EAEYYOV

GUVETELOG.

210 onueio awtod e€nyeitan 1 ypnoodTTa TOV Ypapudv 21 émog 23 kol 32 fwg 33.
‘Eocto o omowadnmote kAo g Asttovpyiog ReadTmVar yia kdnowa t-petofAnt x
Katd T dwdpkela ektéheons piag doconyiag T(i,n;). Atokpive TepItTOCELS avaloya
pe 1o €dv M Asttovpyio avty| eivarl kabolkn wpoomélaon yi avdyvoon 1 oyt Eav
elval koo avayvmon, Ba £xel og anotéAecua va dnuovpyndel po Katoympnon
listitemy, yio ™ x omv Trec(i,n;)>readList. Xt cvvéyela, vdpyel mepintwon va
K\nBel wor mdA ywo Tt X pol ek TV Asrtovpywwv  ReadTmVar ko
AccessForUdateTmVar ano v T(i,n;). Xty nepintwon avtn, Tpv TV andKIon g
TPOGMPIVNG 1010KTNGI0G TG X (dv €xel kAnOel n AccessForUdateTmVar) 1 mpwv v
evnuépoon ¢ Alotag avayvoocswv  Trec(i,n;).readList (edv éxer kAnBel n
ReadTmVar), mnpémer va eleyyBel 011 To dedopévor OV  TEPLEYOVIOL GTO
listitemy—>tvarVersion givor cuveny, dnAadn dev égovv tpomomondel, dote va gival
eyyonuévo 6t m T(i,n;) eivon oe kéBe mepintoon cepromomoiun. o to Adyo oo,

eAéyyetor ov to amofdnkevpévo dedopéva listltem.tvarVersion ywo ™ X o1
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Trec(i,n;).readList elvan dtapopetikd amd ta Tpéyovta dedopéva g X (Ypouun 21) kon
eav avtd oyvel, n T(iL,n) yopokmpiletor ©¢ un-emroynuévn (ypopun 22) kot
emotpépeton n tu FALSE oto ypnot (ypopur 23). v mepimtwon mov €yel
KAnOet n AccessForUdateTmVar, ebv to dedopéva ovtd eivor opowa, petd v
amOKTNOT TNG TPOCMWPIVNAG  WOKTNGIOG NG X OmOHOKPOVETOL OO TNV
Trec(i,n;).readList to listltemy (ypopun 33) pe v Ponbsa g ocvvapnong
DeleteltemFromReadList, ®ote va e€apebel amd tovg emOUEVOVS EAEYXOVE CLUVETELNG
Tov dgdopévav g readList mov mpaypoatomowobvtal pe ) cvvdptnon Validate (n
omoio. meprypdpeTon mopakdt® otnv mapovce Evotnta). Xnueidveror 0Tt €4v TO
ototyeio listltemy dev amopaxpuvotav amd v readList, 1 cvvdptnon Validate Oa

amo@avotov Aavlacuéva 6Tt To Oed0UEVO TOV OV EIVOL GUVETY).

Edv n Aertovpyia ReadTmVar dev givar kaBoAikr avayvmon, onpaivel 0Tt mponyeitot
Kémowa Agttovpyio evnuépmong, onAadn kdmowo AccessForUdateTmVar, g x mov Ha
&xel og amotéhespa M T(i,n;) vo OTOKTAGEL TV TPOSMPIVY O10KTNGIN TG X. ZTNV
nepintoon avt Yo Adyovs amdd0oNG ATOPEVYETAL 1) EICAYWOYT TOV GTOXEIOL AVTOV

ot readList, pe tn PonBeia Tov devtepov EAEYXOL TG Ypauung 39.

Y10 téhoc g extéleonc g OpenTmVar, efetdleton €dv tor dedopéva mov 1
docoyia T(i,nj) €yel mpoomeddoel Yo avdyvoon kol mepiEyovion otn readList g
T(i,n;) eivon ocvvenn, ekteddvtog T cvvdptnon Validate (ypouun 42). H cvvaptnon
avt emotpépel TRUE gdv ta dedopéva mov ddPface n T(i,n;) ivor akdpo cuvenn
kot FALSE oe¢ avtiBetn mepintwon. Eqv n Validate emotpéyer TRUE, 1618 1
OpenTmVar emotpépel v tun emtvyiog TRUE ko ta dedopéva mov €xovv Mo
optotel OTL TpOKELTAL VO EMGTPAPOVV GTov ¥priotn (Ypauun 43), eved ebv n Validate
emotpéyel FALSE, n ReadTmVar emotpépet 610 ypriotn v Tun amotvyiog FALSE
(ypopun 45). Enuewwveton 6tL 1 cuvdptnon Validate viomotel Tov unyaviopd erEyyov
CUVETELOG TV OEOOUEVMOV TOV EXOVV TPOCTEANCTEL Y10 OVAYVMOT) LEXPL TNV TPEXOVCOL
xpovikn otiyun and v T(i,n). Enuewdveton emiong, O6tL 0 pUNYOVIGUOS EAEYYXOV
oLVETELNG ekTEAElTOL KAOBE QOpd mOL O YPNOTNG TPOoTEAGLEL Yo OvAyveOon 1
evnuépmon o t-petafant. Emopuévag o akydpiBuoc DSTM ypnowponotet avtdpoto

Kol aLENTIKO EAEYYO GLVETELNG,.
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Eneidn 1 amdkton tov mpocmpivedv 1010KTNGLOV YIVETOL KATO TNV EKTEAECT NG
Aertovpyiog AccessForUdateTmVar, mpokdmter 61t 0 DSTM ypnowonolel ek tmv
TPOTEPMV  AOKTNON TPOSOPVAV  1dloktnolwv. Emiong o aiydépibpuogc DSTM
EVNLEPDOVEL TOL OEGOUEVA TOV t-HETAPANTAOV TN GTIYUN TOL TIG TPOGTEAALEL Y10 TPDTN
Qopa, Yo T0 Adyo ovtd Aépe OTL xpnoomotel T uéBodo aueong evnuépmong twv t-
petafintav. Axoun, encdn o DSTM amoxtd ioktnoieg povo ota dtapotpalopeva
QVTIKEILEVO TOV 0 YPNOTNG EMBVUEL VO TPOGTELAGEL Y10l VO EVIUEPDOEL, AEUE OTL O

DSTM ypnoonotel un-opatés ovayvaoels t-puetafAnTov.

> ovvéyeln meprypagetor n ovvdaptnon GetCurrentData, o kdowKoag g omoiog
mopovotaletal oto Xynua 4.9. H cvuvaptnon ot ypnoioroleiton yio Ty ovaKtnon
TOV TPEYOVI®V dedopévav pag t-petafants. Onog avaeépbnke, o Locator mov
TEPLYPAPEL KAOE t-peTafAnTn X, mepéyel OeiKTeG TPOG TAL TOALL KO TO. VED dEOOUEVQL
™m¢ x. Ta tpéyovta dedopéva g X kabopilovror pe faon to status g docoAnyiog
TOL AMEKTNGE TEAELTALO TNV TPOCOPIVY WoKTNoio TG X, £6t® T(j,nj) N docoAnyia
avt. Ag vroBéoovpe 6tL pia docoinyia T(i,n;) BEAeL va mpoomeldoetl To TpEyovTa
dedopéva g x. Av 1o status g T(j,n;) eivar COMMITTED, téte ta tpéyovia
dedopéva g x etvan ta dedopéva ota omoio delyvel o deiktng newdata tov Locator
™m¢ X (ypopun 53), evad edv to status g T(j,n;) eilvor ABORTED t61e T tpéyovta
dedopéva g x givar Ta dedopéva ota omoia delyvel o deiktng olddata Tov Locator tng
X (ypopun 54). Inpewwveton 6Tt Kot oTig dVo avtég mepmtaocelg onpoivet 6t n T(j,n;)
€YeL KATAPYNOEL TNV TPOSwPVY| Woktnoia g X. Av n xatdotacn g T(j,n;) eivon
ACTIVE (ypopun 55) 161e dev pmopel va yivel amotignomn tov Tpeyoviwyv 0e00UEVOV
™me X mpwv v orokAnpwon s T(,n;) og emruynuévng N pn-emroynuévng. Xtov
DSTM pia docornyio pmopet va ohokAnpaocet «Blotoy» Kamowa GAAN, YpApovToS TNV
Ty ABORTED o710 status tg. 'Etot, 1 T(i,n;) mpoonabel va ohokAnpmaoet «Piowon
oG un-emoynuévn mv T(G,n;) (ypapun 56) kot ov To KATOQEPEL, TO. TPEXOVTA
dedopéva Tov X glval Ta ToAd ogdopéva mov meptrypdeovion amd tov Locator tov
(ypoppny 57). Edv dev 1o xatagépel, tote 10 Trec(j,n;).status oamodeikvoetor (otnv
Evotta 4.2) 611 Ba €xet ev to peta&d airaéet oty tiwg COMMITED 1 ABORTED
kol €tot apov M T(i,n;) owPdacer to status (ypapun 58), mpaypotomolel evépyeleg

avtiotoryeg pe mpwv (Yypappés 58 émg 60). Av n Tpocmpivi 1010KTNGI0 TNG X KATEXETOL



83

amd v o ™ docoinyio T(i,n;) (ypapun 50) emotpépovtat Ta véa dedopéva g X

(ypapun S1).

46 (Locator*, DATA*) GetCurrentData (Transaction *Trec, TMObject tmobj)
47 Locator *loc;

48 int status;

49 loc = tmobj.start;

50 if (loc>trans == Trec)

51 return (loc, loc=2newData);

52 status = loc>tran.status;

53 if (status==COMMITTED) return (loc, loc=newData);

54 else if (status==ABORTED) return (loc, loc=oldData);
55 else if (status==ACTIVE)

56 if (CAS(loc>trans.status, ACTIVE, ABORTED)==TRUE)
57 return (loc, loc—=>oldData);

58 else if (loc>trans—>status == COMMITTED)

59 return (loc, loc=newData);

60 else return (loc, loc—>oldData);

Zymua 4.9: Koodwoag g ovvaptnong GetCurrentData tov DSTM.

InuewwveTon 6tL M dvvaTdTa «Plotovy TEPUATICUOD MG docOANYing amd Kdmolo
A etvar amapaitnn mpokeiévov o DSTM va gyyvdtot TNV 1010TNTO TEPLATIGHOV

glevbepia avTay®VIGHOV.

2t ovvéxewn mepyphopetar mn ovvaptnon Validate, o kddwkag G omoiag
napovotaletar oto Xynua 4.10. H ocvvdpmon Validate vAiomoiel 10 pnyoviopo
eAEYYOL cuvETELOG. Apykd eEAEyyeTar 1 Tun Tov Trec(i,n;).status (ypapun 65) kot 6v
n T tov eivar ABORTED, n Validate emotpéper v tyunq omotvyiag FALSE
(ypoppn 66). Xe avtiBetn mepintmon, owatpéyovior OAeg ot t-peETOPANTEC TOL
nepiéyovtor otn Alota Trec(i,n;).readList (ypappun 67), pe ™ Pondeia g cvvaptnong
GetNextltemFromReadList. ['ia kd0e otoryeio item g AMotag avtg, 1) avaKTaTOL 1)
tpéyovon ékdoon (curVersion) g t-uetaPfintic item—>tvar (ypoupn 68), pe
BorBeta g ocvvdptnong GetCurrentData, ko ii) eAéyyetatl edv N tpéyovca £kd0ooN
™m¢ eivarl ida pe owt) mov givar amobnkevpévn ot readList (item—>tvarVersion)
(ypoppn 69). H ocvvapmmon Validate emotpéper TRUE edv 6lo too ototyeion g

readList eivon cuvenn, ko1 FALSE o¢ avtifetn nepintmon.
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61 Boolean Validate (Transaction *Trec)

62 Locator *loc;

63 DATA *curVersion;

64 Read List *item, *readList = Trec->readList;

65 if (Trec>status == ABORTED)

66 return (FALSE);

67 while (item = GetNextltemFromReadList (readList))

68 (loc, curVersion) = GetCurrentData(Trec, item—>obj);
69 if (curVersion != item=2>tvarVersion)

70 return (FALSE);

71 return (TRUE) ;

Zyua 4.10: Kodwkoag g cuvaptnong Validate tov DSTM.

21t ovvéyxewn meprypagetor 1 Aettovpyice CreateNewTmVar tov DSTM, o kddwkog
¢ omoing mapovotdletor oto Zynuo 4.11. YrevOouiletar 6tt o ypfotng ekterel
ovykekplpévn Asttovpyion kéBe @opd mov emBvuel vo dnpovpynoel o véa t-
HETOPANT] KO VO TNV OPYIKOTOMGEL e To Oedopéva data, xotd T Oldpkeln
extéleonc pog docoAnyiog T(i,n;). H CreateNewTmVar ompiovpyet pua katvodpya t-
petafint) newTvar (ypopun 73) xor évav kawvovpyro Locator newLoc (74). Zn
ouvvéyela apytkonotel Tov newlLoc €161 doTe 0 deikTNG TV TOAM®Y dESOUEVMY TOV VO
elvar null (ypapun 75), o deikmng tov vémv dedopévev tov (ool deopevbel M
amopoitnTn Hvnun o ypouun 76) va dsiyvel ota dedopuéva data (ypopun 77) kot o
Kdtoxoc g wWwoktnoiag ¢ newtvar vo eivor m T(i,n;) (ypappr 78). ‘Emetta,
apywomoteitat o deiktng start tng newTvar ®ote va deiyvel otov newLoc (ypopuun 79)

Ko emotpepeton (Ypouun 80).

72 TmVar *CreateNewTmVar (Transaction *Trec, DATA data)
73 TmVar *newTvar = allocMemory (TmVar) ;

74 Locator *newLoc = allocMemory (Locator);

75 newLoc>oldData = null;

76 newLoc2>newData = allocMemory (DATA) ;

77 * (newLoc>newData) = data;

78 newLoc>tran = Trec;

79 newTvar>start = newloc;

80 return (newTvar);

Zynpa 4.11: Kodwag g Aettovpyiag CreateNewTmVar oo DSTM.
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MoMg o ypnotng emBopel va oAokANpdoel T docoAnyia, TPEMEL Vo KOAECEL T
Aertovpyion CommitTransaction 17 tnv AbortTransaction yio va yivel mpoomddeio
OAOKANPMOONG TNG OOGOANYING MG EMTUYNUEVNG 1| UN-EmTLYNUEVNG, avTioTotya. O
KOdkag g Aertovpylag CommitTransaction mapovcibletar oto Zynuo 4.12. H
Aertovpyio ovtr, EAEYYEL apyIKA €6V TOL SEdOUEVA TOV t-HETAPANTAOV TOV TPOCTELUGE
n docolnyia T(i,n;) v avdyveon givol cuvenn, ekteAdvTog T cvvaptnon Validate
(ypopun 82). Edv avtd woyvel, tote yiveton mpoondOeia va ailoybel to status g
T(i,nj) oe COMMITED, vmooniovovtag ott n T(i,n;) oroxAnpodnke emituymc,
eKTEADVTOG TNV KATAAANAN evtod] CAS (ypopun 83). Edv avty n eviodn CAS
olokANpwOel emrvydg toéte m CommitTransaction emiotpéper v T TRUE
(ypopun 84). Xe omotadnmote GAAN TEPIMTOON, €0V N T TOL status g T(i,n;) elva
axoun ACTIVE (ypopur, 85) ypdoeton oto status tng T(i,ni) n tyuq ABORTED,
vrodniovovtag 6tt 1 T(i,n;) OAOKANPOONKE UN-EMTLYDG, EKTEADVTOG TNV KATAAANAN
Aertovpyion CAS (ypapun 86), kot m Asrtovpyioo CommitTransaction emioTpépetl )
Ty FALSE (ypapun 87). Inueidvetal 6Tt €6v amoTO el 1| EKTEAECT] OTOLOONTOTE
evtolc CAS tov ypappav 83 kot 86, t0te Katé TNV EKTEAEGT TNG EVTOANG ALTNG TO
status ¢ T(i,n;) dev &xer Ty ACTIVE. Avtd onpaivel 61t kdmota GAAN docoAnyia
teppatioe «Blovoy v T(i,n;) aAddlovtag To status g otnv Ty ABORTED.

81 Boolean CommitTransaction (Transaction *Trec)

82 if (Validate (Trec)==TRUE)

83 if (CAS(Trec>status, ACTIVE, COMMITTED))
84 return (TRUE) ;

85 if (Trec>status == ACTIVE)

86 CAS (Trec>status, ACTIVE, ABORTED);

87 return (FALSE);

Zympa 4.12: Kodwag g Aettovpyiog CommitTransaction tov DSTM.

nuetowvetor  O6tL otnv  mepintwon mov  kdmoww  Asrtovpyio ReadTmVar 1
AccessForUdateTmVar emotpéyet oto ypfiotn v tu FALSE, t6te n avtictoyn
docoinyia Ba ohokAnpwBel ciyovpa pn-emrvyds. Opmg, avtd Ba mpaypatomon el

otav kAnbei n avtiotoryn Aettovpyio CommitTransaction v) AbortTransaction.
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Y10 Zynuo 4.13 mopovoidletor o Kddkag g Asttovpyiog AbortTransaction. H
Aertovpyia vt KaAeital amd tov xprotn 0tav BEAEL Vo OAOKANP®GEL pio SocoANyia
T(1,n;) ©¢ un emruynuévn. H Aettovpyio avtr, amid aiialetl To status e T(i,n;) amd
ACTIVE oe ABORTED, exteddvtag v KatdAAnAn Aettovpyic CAS (ypopun 89).
Inuewwveton 6Tt poévo 1 o1 T(1,n;) pmopel va adddEet to status g and ACTIVE oe
COMMITTED. 'Etot, gdv amotiyel | ektédeon g Asttovpyiag CAS g ypapung 89
onuaivel 6t to status g T(i,n;) dev eixe v tiun ACTIVE, gmopévoc kdmolo GAAN
docoinyia yapoktinpioe «Blooey v T(i,n;) g un-emtruynpévn, YPAEOVTOS TV TIUN

ABORTED ocg autd. v mepintmon out EKTANPOVETAL 0 GTOYOG TNG CLVAPTNONG

AbortTransaction.
88 AbortTransaction (Transaction *Trec)
89 CAS(Trecéstatus, ACTIVE, ABORTED) ;

Yymua 4.13: Kodwog g cuvaptnong AbortTransaction tov DSTM.

4.2. An6oeicn opBotnTog aiyopifpov DSTM

YnrevOopiletar 6Tt M nj-oot] docoAnyio mOL ekKwveitol amd pio depyosion p
ovpPoriletan pe 7(i,n;) xou n depyaocia pi eivor o dyurovpyos tg T(i,n;). Emiong, to
owgotnuo. extéleans pog oocoAnyiag T(i,n) ocvpPoriletoan wg E(T(in;)). Onwg
avaeépOnke, kKabe docoinyio T(i,n;) dwtnpel o dtopotpalopevn doun dedoUEVEV
Trec(i,n;) omv omoio mepieyetal évog kataympnts CAS mov ovoudletan status Ko

wo Aloto avayvooemv readList.

‘Eotw 611 g docoAnyio €xel ekTeAécel TIC YPOUUES 25 €mg 29 TOv KOOKA, TOL
onuaiver 0tL €yel dnuovpynoetl €vav kawvovpylo Locator newlLoc yw kdmown t-
uetaPAnt) x kot woyvel newLoc=>tran == Trec(i,n;). Kabe @opd mov 1 docoinyia
extelel emruydg v evioAr] CAS g ypopung 30 tov Kddka Yo Tn X [E TO TPITO
optopa va etvar o newLoc, Aéue 0TL 11 d0GOAN i yivetal 1010KTHTHG TNG X 1 OTOKTA
™V TPoowpIvy 1010KTHGl0. TG X faoer tov Locator newLoc. KébBe @opd mov pia
docoinyia ektelel emttuymg v evioh] CAS pog ek tov ypappmv 22, 83, 86 kot 89
o710 status g, Aéue 0TL M doconyia Katapyel OAES TIG TPOCMPIVES 1O10KTNGIES TOV t-

petafAntav mov avty Katelye. H emroynuévn extéleon g YPOUUNG TNG EVTOANG
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CAS g ypopung 83 £€xel cov amOTELEGUO KOL TNV EPAPUOYH TOV EVHUEPDTEWMY TNG
docovyiog otig t-petaPAntég twv omoiwv v Wokoia Katelye. Kabe popd mov
pa docoAnyio T(i,n;) ektedel emruymg v evtodn CAS g ypapung 56 oto status
Kanotag docoinyiog T(j,n;), 6mov i#], Aépe 6t | T(1,n;) Karapyei OLEG TIC TPOGOPIVEG

woktnoieg v t-petafAntav mov n T(j,n;) kateiye.

INa va amodeiEovpe v opBotnta Tov aAdyopiBuov DSTM mpémet va deiovpe 0T
wavonotel TNV 1010TNTO. TNG CEPOTOMGIUOTNTAG KOl TNV 1010TNTO TEPLATIGUOV

erevbepia ovToy®VIGHOV.

4.2.1. Zewpromomoiuotnzo.
‘Eotw o po omowadnmote ektédeon tov DSTM kot éoto o docoinyio T(i,n;).
YrevOopileton 6t €dv n T(i,n) teppoatifer omv o, cvpPorilovpe pe Cf(iny) v

tehevtaio kaboikn koatdotacn tov E(T(i,n;)).

Ajuua 4.1:Eav 1o Trec(i,n;).status piog oocoinyiogs T(i,n;) Eyer tiun oropopetixy amo
ACTIVE o¢ xamoia kaboliky kataotaon C s a, tote kolo emroynuévy eviodn CAS

oto Trec(i,n;).status dev mpayuoaroroieitor uetd, v C.

Anéoen: Xt C to Trec(i,nj).status €yxer tyun v, 6mov ve {COMMITTED,
ABORTED}. Ag vmoBéoovpe, o1 tg pebodoov g €1 Gtomo omaywyns, Ot
npaypotonoteitan po emruynpuévn CAS oto Trec(i,n;).status petd v C. 'Eoto CS
rparty Aertovpyioa CAS mov adAddlet petd v C to Trec(i,n;).status and v 6€ v’, 61OV
v’ e {ACTIVE, COMMITTED, ABORTED}. Znpewoveton 6t Trec(i,ni)#Trec(i,n;) av
ni#n;, oniadn n doun mov mEPLypapet pio. Socoinyio etvar povadikr, axdun Kot yio
docoAnyiec mov exkiviOnkoy and v id1a depyocio. ATd TOV KOOKA TPOKLITEL OTL
10 Trec(i,n;).status pmopet vo aALGEEL KOTA TV EKTELECT] LLOG EK TOV YPAUU®Y 22, 56,
83, 86 N1 89. Xeg O)leg Tic meputtdGELS, N €vIOA CAS ekteAeiton £xovtog o¢ 0e0TEPO
opiopor vy}  ACTIVE  mov  onuaiver  o0t1  mpémer va  1oyVEL
Trec(i,n;).status==ACTIVE yo va emtdyel. Qotoéco, otav ektedeiton n CS; 10

Trec(i,n;).statusZACTIVE. Apa, n CS; amotvyydvel, 1o omoio givat dtomo! |
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Amo tov kddwa (ypopun 3) mpoxvmrtel 6t katd v ekkivnon ¢ T(i,n;) oydet
Trec(i,n;).status==ACTIVE. A6 to Anuua 4.1 tpoxvntet 61t to Trec(i,n;).status g
T(1,n;) pmopet va evnuepwbelt ce COMMITED 1 ABORTED pia povo @opé. And tov
KOdKo tpokvmtel 0Tt To Trec(i,n;).status pmopet va Adpet v iy COMMITED pévo
péom g ektédeong g evioAng CAS g ypappng 83 and v dw v T(i,n;). Ze
avtn v mepintwon ocvuPorilovpe pe Ce(i,n) v KaBoAkn Kotdotaon otnv omoia
avtd ovuPaiver kot yapaxtnpiloope mv T(1,n;) ©¢ emroynuévy. To Trec(in;).status
umopet va AaPet mv Ty ABORTED péom g extédeong g KATAAANANG EVIOANG
CAS an6 omowdnmote docornyia. Xe avtn Vv nepintwon cvpforiovue pe Ca(i,ng)
™V KaBoAIKN Katdotaor oty onoia avtd cvuPaiverl kat yapaktnpiCoope v T(1,n;)
WG un-emtoynuévy. Enpeldvetatl 0Tt ard to Anppa 4.1 tpoxdmtel 6t Oa opileTon pia

ano t1g Ce(i,n;) kot Ca(i,n;).

A6 1oV k®dwa wpokvmtel 6Tt 1 T(i,n;) pmwopet va evnuepmoet to Trec(i,n;).status, pe
v ektéleon g evioAng CAS og ex tov ypappav 22, 83, 86 kat 89. 'Eoctw CS
onowdnrote tétowr CAS mov ektereitanr otnv kabohwkn katdotaon C. Edv n CS
amotvyeL, onpoaivel 6Tt to Trec(i,n;).status giye Ty dapopetikn and ACTIVE om C.
Ao tov KOdwa (ypapun 83) mpoxvmrtel 01t 1 Ce(i,n;) pumopet va oplotel pdvo pe v
emruyn ektéheon g evioAng CAS g ypoauung 83. Emopévag, eav n CS amotiyet,
tote M Ca(i,n) eivoan xoAd opiopévn ko mponyeitar g C. 'Etol, mpokvmtel 10

TOPAKATO TOPIGLLAL.

Hopioua 4.2: Av n T(i,n;) exreléoer o evioa CAS oto Trec(i,n;).status, oe komoio.
koboliky xotdoroon C kou omotoyer, tote n Ca(in) eivor kKoAG opiouévn kol

rponyeitar g C.

And tov kddwko mwpokvmrel 60tLt 1 T(i,n;)) pmopel vo gvnuepmdoel To status piog
docoAinyiag, éotw T(,n;), 1#), and6 ACTIVE ce ABORTED, pe v extéieon g
evtoMic CAS g ypopung 56. 'Eotow 01t avt) exteheiton oe kdmowo kaboAkm
kataotaon C. Eqv n evioln avtr anotoyet, onpaivel 0t to Trec(j,n;).status giye tiun
dapopetikny amd ACTIVE kotd v extéleon tg. Emopévag eite n Ce(j,n;) eite n
Ca(j,n;) etvar xaAd opiopévn kor mponyeitar g C. ‘Etol mpokdntel 10 mapaxdtom

[Topopa.
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Ilopioua 4.3: Eotw C n kobolikn katdoraon oty omoio uia docoinyio T(i,n;) exreiel
v eviolM| CAS ¢ ypouuns 56 oto status uiag doooinyiog T(j,n;) kor amotvyydvet.

Tote pia ex v Ce(f,n;) kar Ca(j,n;) eivou kald. opiouévy kar mponyeiton g C.

Anquua 4.4: Eotw o oocolnyio T(i,n;) yia v omoio. opileron n Cf(i,n;). Tote:
i) eav opilerou n Cce(i,n;) mponyeitoun g Cf(i,n;),
ii) eav opilerou n Ca(i,ny) mponysitar s Cf(i,n,).

Anéoeln: Ilpwv tov teppatiopnd g, 1M T(iL,n) wodel eite 1 Aettovpyia
CommitTransaction eite t Aertovpyia AbortTransaction. Emopéveog n Cf(i,n;) o€
pmopel va mponyeitar g oAokApwoNS Hog €€ avtdv TV Asttovpyudv. Edv n
extédeon g evtoAng CAS, g ypouung 83 N piag ex tov ypoupmv 86 kot 89 amd
mv T(i,n;) emrdyel, 1016 0TV OpESOS emduevn Kabolkn katdotaon opileton M
Cc(i,n)) 1 n Ca(i,n), avtiotoryo, kol wponyeiton ¢ Cf(i,n;). Eqv n extéheon g
evtomc CAS, g ek tov ypoappov 83, 86 kot 89 amd tv T(i,ni), éotw oty
kaBoAikn katdotaon C, arotivyel, tote pe faon to [lopioua 4.2, n Ca(i,n;) etvon kadd
opwopévn katl mponyeital e C. v mepimtwon avtr, enedn n C mponyeitor g

Cf(i,n;), mpokvmtel 6Tt n Ca(i,ng) Oa mponyeitan g Cf(i,n;). ]

‘Eoto 611 kdmow doconyia T(i,ni) ekterel ) Aertovpyio AccessForUpdateTmVar
v Kémota t-petafAnTh X Kol Kata@EPVEL va, Yivel 1010KTATNG NG X. ZupPfoiilovpe pe
Cy(i,n;) v mpd1n KoBolKn katdotacn oty onoio avtd cvpPaivet. Edv 1o Ci(i,n;)
opiletar kot av wponyeitan! e Ce(i,ng) 1y ™ Ca(i,ng) (avéroyo pe to mola opiletar),

cvpPorilovpe pe ax(i,n;) 0 Sdotnpa ektéreons g o mov Eekva amd v Ci(i,n;) Ko

4 Inuewdverar 6t n Cy(i,n;) dev pumopet va émetar g Ce(i,n;) S0t amd Tov KOdka (Ypoppes 85 kot
86) mpoxvntel 6L 1 Ce(i,n;) pmopei va opiotel povo and v T(i,n;) kot avtd cvpPaivel apéows Tpv
v ohokApwon ¢ T(i,n;). AvtiBeta, n Cy(i,n;) pmopel va éneton g Ca(i,n;), d10tt | Ca(i,n;) pmopet
va opiotet katd Tov «Biooy» teppatiopd g T(i,n;) and kdmoto dAAn Socoinyia (Ypapuun 56) Kot ot
ovvéyewn N T(i,n;) va amoktoel TV 110K Gio KATowov Sopotpaldevoy avVTIKEWWEVOD X Kot TNV

ektéheon g avtiotoymg Aettovpyiog OpenTmVar.
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KatoAnyel otnv televtaio kabolkr katdotaon mov tponyeitor eite g Ce(i,ng) N g
Ca(i,n;j). Emopévoc xatd ™ didpketo tov ox(i,ni) oydetl Trec(i,n;).status==ACTIVE.
Inuetoveton 0Tl 10 0x(i,n;) oev opiletan, €dv eite 10 Ci(i,n;) dev opiletan, gite T0
Cx(1,n4) dgv mponyeitan tng Ce(i,ni) 1 ¢ Ca(i,n;). ZNUeE®VETOL OTL XPTCYLOTOLOVLE TO
ocvpporiopd Cy avti tov Cy(i,n;) Kot Tov oy avti Tov ox(i,n;), 6Tav 1 SocoAnyia otV

omoio avaeEpeTal 0 GVUPOAGHOG eEAyETOL EDKOAN O TAL GLUPPALOUEVOL.

Anjupa 4.5: Eorw o omoiaonmote docoinyio T(in;) xor éotw éva omorodnmote
01001PalOUEVO AVTIKEIUEVO X Yio. TO 0Tmolo opiletol N ox(i,n;). Kouio docolnyia o
UTOPEL VO, OTOKTHOEL TRV TPOTWPIVH 1010KTHGLOG THS X, OTHV 0x(i,1;), ONAadn o€ umopel

va exteréoel ety v evioin CAS g ypouuns 30 yio to x oty ax(in;).

An6oe1n: 'Eoto, 610 g pebddov g €1¢ dromo amaymyns, 6Tt otV ox(i,n;) vdpyet
TOVAGYIOTOV it SOGOANYIN TOV KATOPEPVEL VO OTTOKTICEL TNV TPOCSMOPIVI] 1010KTNGin
™m¢ X. 'Eotw, T(,nj) n mpoty and avtég kar éotm C 1 koboAkr KotdoTtaon oty
onoia. avtr anoktd TV mpocwpwvr| wWoktoia g X. Epdcov n T(j,n;) amoxtd tnv
TPOCMPIVY] 1O10KTNGI0 TNG X, OO TOV KOOIKA TPOKVLNTEL OTL KOAEL TN cuvapTnon
OpenTmVar pe opiopora Trec(j,n;), tnv TmVar tvar, mov avtictoyel 610 X ko mode
== WRITE. EmunpocOeta 1 T(j,n;) exterel emroydg v eviodn) CAS g ypappng 30,
éotm CSy, yia Vv tvark. Ao Tov KOdka TpokOTTEL (Ypapuun 24), 6Tt edv 1oyveL j == 1,
N ypopupn 30 oev exteleitor. Emopévmg mpémet va 1oyvet, j#i.

IIpv n T(,nj) extedéoer ) CSy, exterel ot ypappun 20 1t ocvvdptnon
GetCurrentData ywoo v tvark, m omoia emoTPEQPEL TO. OEOOUEVO TNG X KOl TOV
avtiototyo Locator, éotm lock. Katd v extéleon g ovvaptnong GetCurrentData
and v T(,n;), yiveton avéyvoon g tiung tov locy ot ypapun 49. Edv n ypopun
49 exteleotel petd v Ci(i,ni), t6te 10 lock>tran Ba €yet Tyun Trec(i,ni) Kot T0
locy>tran->status Oa &xet yu ACTIVE (g&attiog Tov optopod g CSy kot Tov 0T 1
CSx mpomyeitar tov TéAOVE TG 0x(1,05)). A6 TOV K®OKO (Ypoauués 53 g 60)
npokLTTEL OTL Yoo vo. oAoKANpwOel m extéleon g ovvaptnong GetCurrentData
npénet va ekteleotel n evtod] CAS ¢ ypopung 56. Edv n cvykekpuévn eviolq
ektedeotel emtuy®g 0o oprotel n Ca(i,ng), EVO €0V EKTELECTEL UN-EMLTLYDG, TOTE ATO
to Ilopiopa 4.3, mpoxvmrtel 0tL €xel oprotel ite n Ce(i,n)) | N Ca(i,ng). Xe Kabe

nepintoon wpw to téhog ¢ GetCurrentData Qo €yel opiotel eite n Ce(i,ni) M M
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Ca(i,nj). Apov N extéleon g CSy émetar g GetCurrentData, onuaiver 6t 1 CSy
exTeAEiTAL PHETA TO TEAOG TNG 0(1,1), TO OToio €ival dtomo.

Svumepaivoope 0Tt 1 ypoppur 49 extedeiton mpv v Ci(i,n;). Xmv Cy(i,ni), M
T(i,n;) B amoKTAGEL TNV TPOCWPIVY| 1O10KTNGIO TNG X, TO 0Toio onuaivel 6Tt Ba opicet
évav véo Locator yia ) X, dtapopetikd tov locy. 'Etot, 1 extéheon g CSx petd v
Cx(i,n;) mov xoAeiton g CAS(tvark, lock, newLoc), 8o amotvyel 61611 o Locator g

tvary ogv 0o givat o locx4'2. Artoro. n

Amo tov kddwo (ypappég 19, 23, 24, 30, 34 ko 41) mpoxvmter 0tL €dv 1 T(i,n;)
embupel vo AmOKTNOGEL TNV TPOSMPIVY] W10KTNGIo (oG t-petafAntg X, 10Te 1
avtiotoyn KAnon g cvvaptnong OpenTmVar emotpépel povo gite edv avtd cvpPel
(ypappun 30), ite edv n OpenTmVar emotpéyet v tiu] FALSE (ypappn 23) mov
onpaiver 0Tt dev KOTEGTN dLVOTO Vo amoktnOel N Tpocwpvy WOKTNGIo TG X. XN
devtepn mepimtwon m T(i,n) OBo koAécel omopaitTo po €K TOV AEITOVPYLDOV
CommitTransaction 1} AbortTransaction kot 6o ohokAnpwBei. Emopévag, eav n T(i,n;)
OEV KATAPEPEL VO OTOKTHGEL TNV TPOCMOPIVY] 1810KTNGilo TG X TOTE d€ UmOpel va
ektedéoel ot ovvéyela Kapto Aettovpyio ReadTmVar v AccessForUdateTmVar oe

Kémowo GAAN t-petafAnT.

‘Eoto [, 1 televtaio t-petafAnt mov embouel vo amoktinoel n T(i,n;). Eotw 611 n
T(1,n;) amoxtd Vv / 6tnv KaBorkn katdotaon C; kot €6tm 0Tt opiletal to ay. And Tov
optopd g ! mpokdmrer 6t  T(i,n;) €x€l OMOKINGEL TNV TPOCOPIVY 1O10KTNGI0L O
Kk60e t-peTafint x mov embopel Tpv anokoel v Wokmoia g /. Emopévmg, yu
k@Oe t-petafAnt) x wov N T(1,n;) embBouel opiletar n Cyx kot wpornyeitar g C;. Emeon
opiCetor n oy, N Cx mponyeiton g Ce(i,ni) N ¢ Ca(i,ng). Tvpnepaivoovpe 6t opilovrtarn
oA To. SCTAHOTA 0. ETEON 1 KOTAPYNON TOV TPOCOPIVAV 1310KTNGLDV cupPaivel

Katd v oAlayn tov status g T(i,n)) ce COMMITTED 3 ABORTED, an6 tov

42 Inuelovetat 6Tt 6g Bo pmopovoe va Tpokvyel To TpoPAnue ABA S0t dnwg £xel avapepbel, o
aAyopiBpoc DSTM extedeiton og khewotd poviého pvniung kou n petofint locy givar o amd tig

evepyéc Tomikég petaPAnNTég G .
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opwopd TOL o TMPOKLATEL OTL Kopioh S0COANYio Oev UTOPEl VO KOTOPYNOEL TIC
Tpoowpvég Woktnoieg mov katéyel n T(i,n;) otig t-petaPfAntéc oty . Etol, pe
Baon to mapamdve Kot To Anppa 4.5 tpokdmtel 0Tt 610 ddotnua oy  T(1,n;) Kat€yet
TIG TPOSMPWVES W10KTNOiEg 68 OAeg TG t-petafAntég mov emBopel ko kopion GAAN
docoinyia de Katéyel Kamolo and TG GLYKEKPUEVES 1010k oiec. Emedn o ypnomg
kaAel ™ Aerrovpyio CommitTransaction a@ov €xel MO ATOKTHGEL TIG TPOCWPIVES
ok oieg OAwV Tov t-petafintdv mov emBouel kKo emewdn n Cc(i,ng) pmopel vo
optlotel povo pe v ektéheon g eviodng CAS g ypappng 83, mpokdmtel 0Tt €dv M

Cc(i,n;) opiletan tote B Emeton g C;. 'Etotl mpokdmntet dpeco 10 mopakdt®m TOPIGHL.

Ilépioua 4.6: Ecv n Ce(in;) opiletou, tote omo v kinon tys CommitTransaction amwo
wmv T(i,ny) kou péxpr myv Ce(iny), n T(i,n;) Kotéyel TIc TPOTWPIVES 1010KTNTIES T OAES
TG t-pUeTOPINTES TOL EMBVUET KO Kowio GAAN d0GOANYIO. 08 UTOPEL VO KOTEYEL KATOLA

OTTO TIG OVYKEKPIUEVES 10L1OKTHOIEG.

Ajupa 4.7: Eotw GCD pua omoradnmote kAnon g Asitovpyios GetCurrentData amo
wmv T(i,ny) o kawoia t-uetafinty x. Eorw ou n GCD oloxAnpavetar otnv koboiikn
xataotoon C Kol ETOTPEPEL EVOY OEIKTH GE OEOOUEVA, TOV OT0LO EXEL OLOPATEL A0 EVOLY
Locator loc. Eotw T(j,ny), i#], n docoinyio mov onuiobpynoe to loc wote va omoktioel
Péaoer avtod v mpocwpivi 1dioxtnoia e x. Ipwv v C o éxel opiotel ive n Ce(f,n))

etre n Ca(j,n).

Anooeitn: H GCD dwpalet oty ypapun 49 v tiun tov loc, éotm oty Kool
Kataotaon Cao. ENUEIOVETOL OTL 0 EAEYYOG TNG VPG SO0 de pumopel va amotiunOet
oe TRUE 61011 and vndBeon i#j, emopévog 1 GCD de pmopel va emotpéyel ot
ypopuq S51. Xm ovvéyeww n GCD dwPdaler ot ypouun 52 v Ty tov
Trec(j,n;).status, éotw oty kabolikn katdotacn Csy. Edv o €leyxog pog ek tmv
ypopumv 53 kat 54 amotiundei og aindng, 1 GCD Ba emotpéyetl otig ypappés 53 kot
54 avtictoya, kou eite n Ce(j,n;) eite n Ca(j,n;) Oa €xer oprotel mpv v Csa, Gpo Ko
npwv v C. Ze avtibem nepintoon, oy Csy, Oa 1oy0et Trec(j,n;).status == ACTIVE
ka1 1 GCD Oa exteléoet v eviodn CAS g ypapung 56, éotm CSse 1 eVvToAn avt.

Ed&v n CSse extereotel emtvymg, 0o opiotel n Ca(j,n;), eved €dv anotvyel, omd TO
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[T6popa 4.3, mpokvmtet Ot gite n Ce(j,n;) eite n Ca(j,n;) €yl oprotel Tpv v KANoN

mg CSse. n

210 onueio avtd amodidovpe onpeio cePloToinong 6T 00GOANYieS. ZnUElDdVETOL OTL
and 1o Afqupa 4.1 mpoxvmtel 6Tt poévo pia ek tov Ce(i,ng) ot Ca(i,ng) pmopel va
optotel yia pa doconyia T(i,n;). Mo g pun emruynpévn docoinyia T(i,n;) (dnAaon
pe docoinyio yuo v omoia €xer oprotel 1 Ca(i,ng)) de ypewdletor vo omodobel
onueio cepronoinongc, 610tTL avtn dev Pmopel vo eKTEAEGEL EMTLYMOG TNV €vioAn CAS
mg ypoppnsg 83 kot va opicet v Cc(i,ni), evnuep®VoOVTag £€Tol  KOTO0
dwporpalopevo avtikeipevo. ‘Etol amodideton onpeio oeplomoinong oe Kdmowa
docoyio T(i,n;)) pévo edv avt) eivar emroynuévn, onAad ov el eKTeAEoEl
emtuy®g TV eviod] CAS g ypopung 83. Ztnv mepintmon avti 1 EKTEAECT] NG
ocvvaptnong Validate g ypopung 82 amdé tv T(i,n;) emotpéper TRUE. 'Eoctw
Cvl(i,n;) m televtaio KaBoAkn KoTAGTAGN TOV TpoNyEiTtan TG KAong g Validate.

TomoBetov e T0 onpeio oepromoinong g T(i,n;) otv CvI(i,n;).

Anjuua 4.8 Eotw a o omoioonmote extélean tov DSTM. Eotw 000 oiopopeticég
emroynuéves oocoinyies T(i,n;) xou T(j,n) otqv o mov amoktodv THv TPOoWPIVH
1010KtHol0. TG 1010¢ t-uetafintns x. Eotw ot n T(i,n;) ocipiomoieiton mpiv omo v
T(,n). Tore:

i. H Cc(i,n;) mponyeirou s Cc(j,n;),

ii. Eav n T(j,ny) amoktd v mpoowpiv 1dioktyoio s x otny kaboliky Katdotoon

Ci(j,n)), wote n Cc(i,n;) mponyeitou tne Cy(j,n),
iii. H Cc(i,n;) mponyeirou tng Cvi(j,n)).

Amdoen: Enedn ov docolnyieg T(1,n;) ko T(j,n;) eivon emroynuéveg opilovrot ot
kobohkég kataotdoelg Ce(in) wor Cc(jn)). Emiong ov T(i,n) wor T(@,nj)
cepromotovvtar otig kabohkég kataoctases Cvl(in;) ko Cvl(,n;), avrictoya. Anod
voBeon 1 Cvl(i,n;) mponyeiton g Cvl(j,n;). ‘Eotm, S tng pebddov g €15 dromo
amaywyng, ot n Cc(i,n) éneton ¢ Ce(j,nj). Emewdn n Cvl(i,n) xar n CvI(j,n)
opilovtan katd Vv ektédeon g Aettovpyiog CommitTransaction and v T(i,n;) kot
mv T(,n;), avtictoya, and to Iopopa 4.6 npokdmter 6TL otV Cvl(i,n;) ko oTtnv

Cvl(g,n;)), n T(@,n) war n T(G,n;), ovtictoya £Yovv AmOKTNGCEL TG TPOCOPIVEG
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1010KTNoieg OAMG TV t-peTOPANTOV OV €mBvpovy, dpa kot g X. Emopévmg oto
ootnua Cvl(,nj) €mg Cc(j,nj), o OSopopetikés d0GOANYieg KoTEXOLY TNV
TPOGWPIVN W10KTNGia TS X. Avtd Ouwg avtitifeton oto [Mopiopa 4.6. Emopévmg n
Ce(1,n;) mponyettan g Ce(j,n;).

‘Eoto, dw g peboddov g €1g dtomo amaywyns, 0tt n Ci(j,nj) mponyeitar g
Cc(i,n;). 'Eoto 61t 1 T(1,n;) amoKtd TV TPoowpivi 1010KTNGio TG X OTNV KOOOAKN
kataotaon Ci(i,n;), n omoio wponyeiton g Cvl(i,n;). And to Anppa 4.5 TpokvdmTet
o6t n Ci(J,nj) de pmopel va opiCetor oto ddotnua [Cy(i,n;), Ce(i,n;)]. Emopéveog n
Cx(J,ny) mpémer va opilerar mpv v Cy(i,n;). Epdcov and tov Ioyvpiopd i) tov
Afpporog  Ce(j,n;) éneton g Ce(i,ng), n Ce(j,nj) €meton g Cvl(i,n;). Me Bdon ta
mopanave mpokvmtel 01t oto odotnuo [Ci(i,n;), Cc(i,ng)] 0600 StopopeTikég
J0COANYIES KATEYOVV TNV TPOCMPIVI] 10KTNGI TNG X, TO onoio pe Paon to [1dpiopa
4.6 eivon dtomo. Emopévag n Ci(j,n;) €metan g Ce(i,n).

Onwg avaeépbnke, omv Cvl(G,n) n T(G,n) £xel omokTNoEL TG TPOCOPIVES
woktnoieg OV Tov t-petafintav mov embvpel. Enopévoc n Cvi(,n;) €retotr g

Cx(J,nj), 0 omoio onuaiver 6t Cvl(j,n;) éneton g Ce(i,n;). |

Anquua 4.9: Eotw wia oroioonrote emitoynuévy oocolnyio. T(i,n;). Eotw ot n T(i,n;)
EVHUEPVEL KaTO10, t-UeTafinty x, Poocer evog Locator loc yia tov omoio o Jeiktng
loc.newData éyer iy d. Eotw T(j,n) po diin docolnyio, i#j, mov extelel ) uio
xknon GCD ¢ ovvdptnons GetCurrentData yio. ) x. Eotw Cr n kaBolikn kardotaon
otnv omoia 1 GCD extelel ™ ypouun 49. Eav n Cr fpioketar eviog Tov 0100THUATOS
ox(i,n;), 10te n GCD emarpéper (loc, d).

An6deiEn: 'Eoto lock o Locator ¢ x mov n GCD dwPaler ot Cr. Epdcov n Cr
eKTeEAEiTAL €VTOC TOV OGTNUATOG Ox omd To Afupa 4.5 mpoxvmrtel 601t ot Cr Oa
woyvet locy == loc. Emopévmg, amd tov kmdoka te GCD mpokdmtel 611 avty Oa
emotpéyet tov loc wg Locator tng X.

‘Eoto, o0 ¢ pebddov g eig dtono amaywyng 0tt 1 GCD emotpépet (loc, d’),
omov d’#Ad. Amd tov k®ddwo (Ypapupés 27 g 29) mpokvdmTel OTL 1) T TOL JeiKTN
loc.oldData givor mévta dtapopetikny omd v Ty tov deiktn loc.newData. Epdcov 1
GCD dwpacer loc omv Cg, vy va umopel va oyver d’#d, n GCD mpéner va

emoTpéyel v Tiun tov deiktn loc.oldData. And tov k@dwka mpokvmter 6Tt 1 GCD
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emoTpépel TV T tov deiktn loc.oldData, edv emiotpéyel exteddvag pio amd Tig
ypoppés, 54, 57 ko 60. 'Eoto 6t 1 GCD emotpépetl oty kabolkn katdotaon C.
Edv n GCD emotpéyet extelmvtag T Ypoppun 54, A0yw® tov eAEyyov mov Tponyeitot
npoxvntel 0Tt Tpv v C Ba €xet opiotel n Ca(i,ni). Edv emotpéyet ot ypoapun 57,
&xet emroyel | eviod CAS ¢ ypapuung 56 kat étor n Ca(i,n;) mponyeitar e C. Edv
emotpéyel ot ypauun 60, n ektéheon g evtoang CAS g ypapung 56 €yet
amotvyel. Ao 1o [Topiopa 4.3 mpokVdTTEL OTL TPV TNV EKTEAEGT TNG EVIOANG 0LTNG Oat
&xel oprotel pio ek tov Ce(i,ng) kot Ca(i,ni). Epdcov n GCD emotpépet ot ypopun
60 onpaiver 6T 1 Ca(i,n;) Oa mponyeitar g C. 'Etol, og ke mepintwon npénetl va
&xetr oprotetl  Ca(i,n;) kKo amd to Anupa 4.1 TpokdRTEL OTL TN GUVEYELN O UTOPET VO
optotel n Ce(i,n;), To omoio avtitiBeton otnv vodBeon ot n T(i,n;) elvar emTvyNuUéEVN

docoAinyia. ]

‘Eoto po extédeon a kot éoto C pa omoladnmote KaboAkn Katdotaon g o 6TV
omoia Kamwola docoAnyia T(i,n;) etvan exkpepunc. Xopforilovue pe Oc = {xi, X2, ...,Xk}
70 o0Ovoho TtV t-petafintov mov mepEyovton otn readList g T(i,n) ot C.
Inuewwveton 01t 10 TANB0G k tov otoygiov tov cvvorov O¢ efaptdtor and v
kaBoAkn koatdotacn C. Zopporilovue pe D(O¢) = {d;’, d2’, ..., dk’} T0 6OVOrO TV
JEIKTOV oto dedopéva TV avtikewévav tov Oc mov mepiéyovtar ot readList g
T(1,n;) omv C (vrevBopileton 60tT1 KaOe deiktng dy’, 1<b<k, avamapiotd v £kdoon
™G Xp TN XPOVIKN oTiyur] TG KaboAkng avdyvoong mg). YrevOouilovpe ot kébe
emtuynpévn doconyia celpromoteital Pacet pog KaBoAKNG KATdoTaonG TG 0 Kot
O GLYKEKPIUEVO TNG TEAELTALNG TTOL Tponyeital TG Televtaing Validate mov ektelel
n docoinyia. ‘Etol, dedopuévne piog xabolxng katdotaong C kot tov onueiov
GEPLOTOINCNG TV EMTVYNUEVOV OOGOANYILDV GTNV o, UTOPOVLE v KoBopicovue v
emoKolovdia TOV ETMTLYNUEVOV SOGOANYLDOVY TNG O TOV GEPLOTOLOVVTOL G€ KADOAIKES
Kataotdoelg mov mponyovvron g C. Aéue 6tL 10 obvoro D(O¢) eivon cuveméc av
kéOe otoryeio dy’, 1<b<k, Tov cLVOLOL AVTOV deiyVEL GTOL OEOOUEVA TTOV EYYPAPOVTOL
amd v Terevtaio emttuynuévn docoinyio mov oegplonoteitar mpv ™ C kot

EVNUEPDVEL TNV OVTIGTOYN Xp.

o «éBe x,eOc, 6mov 1<b<k, m ewaymyn tov xp otv readList ¢ T(i,n;)

npaypatonoleiton pe v ektédeon g cvvdptnong InsertinReadList g ypapung 40.
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YnoBétovpe ybpv amiovotevong 0Tl 1 ekTéAeot NG ovvdptnong InsertinReadList
mpaypatonoleiton pe pio poévo eviodr. XvpPoiilovpe pe Crixp(i,n) v mpodOTN
KaBolkn Katdotaorn mov metor g extédeoncg g InsertinReadList omd v T(i,n;)
Y 10 Xp. H ovvapmnon InsertinReadList amobnkever ot readList g T(i,n;) v
TmVar tov x;, Kot t0 deiktn datap, OTOC AVTA EMOTPAPNKAY OO TNV EKTEALECT) TNG
ovvdaptnong GetCurrentData g ypapung 20, ¢t GCDx;, n kAo TNG GLVAPTNONG
avtne. Amo tov kodwo g GetCurrentData mpokvOmter 611 0 deiktng data, mov
emoTpaenke, dwpdomke péow evdg Locator locxp, o omoiog dwPdotnke amd v

GCDxy o1t ypappn 49, éoto oty kabolikn| katdotaon Crlocxy(in;).

Inuetovetot 6Tt TP TV AmdKINOoN TS TPOCOPIVIG WO10KTNGig oG t-petafAnTng x
ot ypouun 30 and kamow docoAnyia T(i,n;), n T(i,n;) dnpovpyel évav Kavovpylo
Locator ot ypopun 25 kot 6t cuvéyel otn ypopuun 28 deopedel véo xdpo Yo To
deiktn newData tov Locator ovtod. Emeidn o aiydpiBpoc DSTM Aettovpyel o€

KAELGTO HOVTEAD LVIUNG, OVTOG O YMPOS O UITOPEL VoL xpNCIULOTTOLEITON 1)OT).

Anjuua 4.10: Eotew 6vo diapopetikés emrvynuéves doocoinyies T(i,n;) xor T(j,n;) mov
emBopodv va omoxtnoovy Vv 1010KTHIio. TS 1010S t-uetofAntng xy€ O¢, omov 1<b=<k.
Ag vmobéoovus ou n 1(i,n;) oepronocitan mpv v 1(j,n). Eorw ou n 1(in;)
evnuepwvel ™y xp facel tov Locator loc; yia tov omoio o ociktyg loc.newData Eyet
wun d kot ot n T(j,n;) evyuepaver to x;, faoet tov Locator loc; yia tov omoio o dgixtng
loci.newData éyer emiong v sy d. Eotw C; n kabolikn katdotoon otyyv omoio
TPOYUOTOTOIEITOL 1] OECUEVTH UVAUNGS UET® TNS avvapTtnons allocMemory ¢ ypouuns
28 mov emiorpéper v Tiun d yia to loci.newData, ond v T(j,n;). Eotw ot kdmoio
oiAn docolnyia T(m,n,,) eioayer v ) d yio v xp oy readList g, ue v
Crlocxy(m,ny,) vo mponyeitar s Cvl(j,n), ko dotnpel v T ooty oty Alota e
tovidyiotov éwg v Cvi(jn). H C; émeton g Cce(in) kor mponyeiton g

Crlocxp(m,ny,).

And6oeiln: 'Eotw, o ¢ pebddov ¢ e1g dromo amoaymyng, Ot 1 KobBolkn
kotdotaon C; mponyeiton g Ce(i,ni). Eotw 6tt n T(i,n;) amoktd v mpocwpiv
woktnoio e Xp oV kabolkn katdotoon Cxu(ini) kot n T(,n;) omv kaboim

kataotaon Cxy(j,n;). Eotm Ci n kaboAwkr katdotacn oty onoia Tpoypotomoleital 1
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déopevon pvaung péow g ovvdptmong allocMemory g ypopung 28 mov
emotpépel TNV TN d yuo to loci.newData, amd v T(i,n;). Ao TOV KOIIKO TPOKVTTEL
ot n C; mponyeiton g Cyp(i,n;). Enueidveton 0Tt oto ddotnua [Ci, Ce(i,n;)] n B€on
uvnung d dewtodoteitor and v T(i,n;). Apov n C; mponyeiton g Ce(i,n;) Kot 10
cvotnuo pvipung eivat kKAeloto, and tov optopd g C; npokdmtet 6t n C; mponyeiton
¢ Ci.

Eniong, n Ci mponyeitan g Cxp(i,n;) ko dpa wponyeitar e Cvl(i,n). Emopévmg
n C; mponyeitan g Cvl(i,n;). Eneon n T(j,n;) oepromoteiton petd v T(i,n;) omd Tov
Ioyvpiopod ii) tov Anppatog 4.8 mpoxvmter 61t N Cxp(j,n;) €metanr g Ce(i,ny),
emopévamg émeton g Cvl(i,ng). Emopévac, n C; Bpioketar evtdg tov daothpartog [C,
Cxp(J,nj)], katd ™ ddpreo Tov omoiov N B€on pvnung d dewktodoteiton and v
T(,n;). Enedn o aryopiBpog DSTM Aettovpyel oe kAel6Td HOVTELO pviung dev eivot
duvatd oty Ci va emavamodobel 1 0éon pvnung d. Zoumepaivovpe 6t 6 umopet va
woyvet loc;.newData == d. Atono. Enopévag n C; éneton tng Ce(1,n;).

Inuetwveton 6t oty Crlocxy(m,ng,) n T(m,ny,) ddface yio mpdtn opd v Tun
d v 10 Xp (L€o® tov locxy) exteddvtag Ty GCDXp, OCTE GTN GLUVEXELN VO EIGAYEL
v T avti ot readList g, ‘Ecto, dwa g nedddov g €1g dromo amaywyne, 0tTi 1
C; éneton g Crlocxy(m,ny,). H Tyun d mov Swotnpeiron ot Alota readList tng T(i,n:),
éxet daPaotel oty Crlocxy(m,ny,) (Lécm tov locxy) Kot dtatnpeiton otn readList g
T(1,n;) tovAdyotov puéxpt v Cvl(,n;). ‘Etor n C; extekeitar eviog Tov S10GTHROTOG
[Crlocxp(m,ngy), Cvl(,nj)]. Emnedn o oryopiBpog DSTM Aertovpyel oe Kheotod
pnovtého pviung dev eivan dvvatd ot Cj va emavamodobel mn 0&on pvrung d.
Xvumepatvovpe 0Tt 8¢ pmopei va woyvet locj.newData == d, to omoio avrtitibetar oty
vo0eon. Enopévac n C; tponyeiton g Crlocxy(m,ny).

‘Eoto po omowdnmote extédeon tng ovvaptnong Validate amd v T(i,n;) oe
extéleon a, n omoia emotpépel TRUE. 'Eotm V 11 kAnon g ovykekpyuévn Validate
Kot £€6tm C 1 televtaio KaBolikn katdotaon mov tponyeiton g KANong mg V. Ao
ToV KOOKa TG V, mpokvmtel 6tt 1 ocvvdptnon GetCurrentData tng ypopuung 68
exteAeitan yio Oheg TI t-peTafAnTég Xp € O¢, 6mov 1<b<k. Ectw GCDc(O¢) = {d;, dy,
..., dg} 10 ohvoro TV deIKTOV OV deiyvouy ot dedopéva TV t-ueTafAnT®V TOoV

nepeyoviar 610 Oc kor emotpépovion and T kKAnoeg ¢ GetCurrentData ot
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ypapp 68 amd v V. Aéue 61t 10 6vvoro GCD¢(Oc) eivar cuvenég ot C, edv kabe
otoryeio dp, 1<b<k, Tov GuVOAOL aVTOV deiyvel oTa dedOUEVA TOV EYYPAPOVTOL OO
Vv terevtaio emtuynuévn docoinyio mov ceplomoteitan tptv v C Kot EVNUEPDOVEL

70 ovTioTOLOo Xp TOV Oc.

Anqupa 4.11: Eotw o omoiadnmote ektéieon s ovvaptnons Validate omo o
oocolnyio. T(i,n;) oe pa extéieon o, n omoio emotpéper TRUE. Eotw V 7
ovykekpiuévy Validate ka1 éotw C n tedevtaio kaboiikn kataotoon mov Tponyeital T

xnong g V. Tote, to ovvolo GCD(O¢) eivou avverés oty C.

An6oeln: 'Eotw GCDc(O¢) = {d;, dy, ..., dk}. Oa deyybel 611 Y10 k4Oe b, 1<b<k, 10
dy eyypaoetar amd v TEAELTAIN EMTVYNULEVT SOCOANYIN TOL GEPLOTOLEITOL TPV TNV
C Kot evnUEPMVEL TO Xp. ZNUELDOVETOL OTL TO dpy Stafdleton amd v T(i,n;) péow evog
Locator, o omoioc dwafaletar katd v extédeon g GCDx, otv Crlocxy(i,n) kot
eyypapetor otn readList g T(i,n;) otv Crlxp(i,n;). ‘Eotm, dwa ¢ pebdoov g eig
dromo amaywyng, 0Tt vVhpyel Kamoto dtaporpalopevo aviikeipevo X, € O¢ Tétolo MoTE
n televtaio emruynpévn docoinyia, €otm T(j,nj), mTOL EVNUEPDVEL TO Xp Kot
oeplonoteitar mpv v C ypager v T dy’#dy 670 Xp. Znpewwveton 6t 1 T(,n;)

oeipronoteitar otnv Cvl(j,n;), n onoia and vwéOeon mponyeitar g C.
T(.m)

1 S

1 -

: APOVOg
Crlocxb(i,ni) CI'le(i,l’li) C Crp eKTELEONG

T(1,m) T(i,n;) T(i,n;) T(i,n)

ymua 4.14: Extéheon mov meprypdpetat kotd tnv anddeién tov Aqupatoc 4.11.

H T(i,n;) katd v ektéleon g V ektelel ) ovvaptnon GetCurrentData yio to
Xp. Eotw GCD n «inon avt). EE opiopov g C, 1 GCD ekteAeiton petd m C. And
tov Kodwa ¢ GetCurrentData wpokvmter 6t  T(1,n;) dwafaler v Tyun dy yuo to Xp
péom evog Locator loc, tov omoio €xetl dwuPdoet otn ypopuun 49, éotw otnv KaboAikn
Kotaotaon Crp, katd v extédeon g GCD. ‘Etot, n CvI(j,n)) mponyeitan g Crp. H
HOPOY| TNG EKTEAEGNC TNV TPEXOVOO YPOVIKN OTLYUN mapovctaletor oto Xynua 4.14
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(to Swxexoppévo Pehdkt vmodnimver 6tt 1 Cvl(j,n;) mponyeitar g C wor M
OLOKEKOHUEVT Ypappr vrodnAmvel 6tL 1 Béon g Cvi(,n;) dev €xer kaboprotel
aKoun).

Awxpivo tepittdocelg avdioya pe to €v N Crlocxp(i,ni) mponyeiton 1 émetan g
CvI(j,nj).

1) 'Eoto 6t n Crlocxy(i,n;) éneton g CvI(j,n;). Awakpive nepmtdcelg ovaroya pe
10 ebv M Cc(j,n;) mponyeiton 1§ éneton g Crlocxy(i,n;).

I.a) 'Ecto 61t n Cc(j,n;j) éneton g Crlocxp(i,n). H popen tng extéieong v
TPEXOVON YPOVIKY] OTLYUn mopovctdletor oto XZynuo 4.15. Emedn, n Crlocxy(i,n;)
éneton g ekkivnong g CommitTransaction Agitovpyiag mov ekterel m T(j,n;)
(epooov émeton g Cvl(,n;)) war mponyeitar g Cc(j,n;), and 1o Ilopopo 4.6
npokvntel 61t otnv Crlocxp(i,n) n T(,n;) xatéyel v npocwpvy 810KTNGI0 TG Xb,
onAaadn 1 Crlocxy(i,n;) exteleitoan eviog tov daotipatog oxy(j,n;). Enedn n T(,n))
OAOKANPOVETOL EMTVYDGS, od To Afpupa 4.9 mpoxvntel 6t 1 GCDxy, O emoTpéyel
mv T tov Oeiktn locxp.newData Onwg avtdg apywonomnke and v T(,n),

oniadn v Ty dy’, To omoto givon dromo.

1
1
| | : | | | .
| : | ! | ,
. 1pOVoS
Crlocxy(i,n;) Crlxy(i,n;) C Cro exTéleong

T(i,n;) T(,n;) T(,m) T(i,m)

yua 4.15: Extéleon mov meptypdeeton Katd tnv amddeén tov Anupotoc 4.11.

1.p) Enopévag npénet  Ce(j,n;) va mponyeitar g Crlocxy(i,n;). v mepintmon
avtn, n T(i,n;) SwPaler onv Crlocxy(i,n;) v T mov ypaeet n T(,n;) yo 10 X,
oniadn v dy’. T va pmopet m T(i,n) va dwPdoet v Ty dp Yo 0 Xp 6TV
Crlocxy(i,n;) mpémel va vapyel Kamolo emruynuévn doconyio T(m,ny,), m#i#, M
omoio Vo ookt TNV 1010KTNoi0 GTO Xp KO TOVTOYpOVA Vo YpAagel TV T dp, £0T®
oty kaboikn katdotoon Cxp(m,nm), petd v Cc(j,n;), xar mpw v Crlocxy(i,n;).
Inuetdveton 6t emeldn n Cvl(m,ny,) €netor g Cxp(m,nm), N Cvl(m,ng,) Oa éneton g
Cvl(j,nj). H popon| tng ektéheong v Tp€XOuca XPOVIKY oTiypn Tapovctdletal 6to

ymua 4.16.
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Axoun, n Cc(m,ny,) pmopel va mponyeiton 1 va émetor g Crlocxy(i,ng). Edv
Cc(m,ny,) mponyeiton g Crlocxy(i,n), n Cvl(m,ng,) Ba wponyeitar g C. Edv n
Cc(m,ny,) énetor g Crlocxy(i,n;), amd 1o Anuuo 4.9 mpokdmter 611 1 GCDxyp, Oa
emotpéyel TNV TN dp. Znpetdveton 0Tt omd tov optopd g Crlxy(i,n;) mpoxdmtel OtL
npw v Crlxp(i,n;) €xet ohokAnpwOel n extéheon g GCDx,. Amd to Aqupo 5.7
nmpokvntel 0Tt 1 T(m,ny,) €xel oAokAnpwBel mpv 10 téhog g GCDXp, ONAadN TPtV
mv Crlxp(i,n;). Eneon n T(m,ny,) olokAnpdveTton g emtuynuUév, TPOKVTTEL OTL N
Cc(m,nm) mponyeiton g Crlxp(i,n;), ko dpo mponyeitoan e C (epdcov 1 Crlxp(i,n;)
nponyeitar g C). Apa, og kbBe mepintwon n Cvl(m,n,,) Tponyeitar g C. Emopévaog
oe k0Be mepintoon N Cvl(m,ny,) énerar g Cvl(j,n;) ko mponyeitar g C. Apa, 1

T(,n;) dev etvon n tehkevtaia docoinyio mov ceplonoteiton Tpv v C, 10 omoio eivor

dtomo.
T(m,n,,) T(m,ny,)
be(m’nm) CVl(manm)
| | | "ttt > | | | | >
| | | : | | | | ,
) ) APOVOG
CVI(] ,nj) CC(j,Ilj) Crlocxb(l,ni) Crle(l,l’li) C Cro eKTELEOTG
T(@,n;) T(,n;) T(i,n;) T(i,n;) T(i,n;) T(i,n;)

ymua 4.16: Extéheon mov meprypdpetan kotd tnv anddeién tov Anupoatoc 4.11.

2) Enopévag n Crlocexy(i,n;) mponyeiton g Cvl(j,n;). H poper| g extéreong v

TPEYOVCA YPOVIKY| oTIYUN Ttapovctdleton oto Zynua 4.17.

T(j’nj)
Cvl(,ny)

I I I | >
| | ! | .

XPOVOG
Crlocxb(i,ni) C CRb eKTéNEONG

T(i,n;) T(i,n;) T(i,n;)

Yymua 4.17: Exktéheon mov meprypdoetat kotd v anddeién tov Anppatoc 4.11.

‘Eotw 6tt n T(j,n;)) amoxktd tnv mpocwpvi) WoKTNoio g X, 6TV Kool

Koataotaon Cxy(j,n;), n omoia mponyeitat tng Cvl(j,n;). Enperdveton 6t  Crlocxy(i,n;)
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dev pmopel va opiletar evtog tov Swwotipatog [Cxp(j,nj), CvI(j,n;)], ddtt oty
nepintowon avt and 1o Anppa 4.9 npoxvntel 6t 1 GCDx, Oa emotpéyel Ty TN
dy’, 1o omoio etvar dromo. Emopévmg 1 Crlocxy(i,n;) mponyeitar g Cxp(j,n;). H popen
NG EKTEALEONG TNV TPEYOLGA XPOVIKN oTiyun mopovstdletor oto Zyfua 4.18 (a). '
va umopet 1 GCDxp vo emotpéyer v T dp, Bo wpémer va vrapyel Kamowo
emtuynuévn docoinyio T(m,ny,), m##), N onoio VO OATOKTA TNV 1O10KTNGI0 GTO Xy
Kol TouTdYpova va Ypagel TV Tun dp, €01 omv KaBoAk katdotaon Cxp(m,ny,),
npwv Vv Crlocxp(1,n;). ‘Etor n Cxp(m,nm) mponyeitar g Cxp(j,n;). Anod to Afpua 4.5
TPOKVTTEL  OTL  TO  JSWOTAMHOTO  Oyp(J,N) KOl Okp(M,Ny) OV pmopodv  vo
aAAnloemukodivmToval, Ko enedn N T(m,ny,) OAOKANPOVETOL ETITVYDG TPOKVLATEL OTL
n Cc(m,ny,) mpémer va mponyeiton g Cxp(j,n;). 'Etor mpoxdmter 61t n Ce(m,ny,)
nponyeitor g Cc(j,n) wxar n Cvl(m,ng,) mponyetton g CvI(,n). H popen g

EKTEAEONG TNV TPEYOLGO XPOVIKN GTLYUN Ttapovotdletat oto Zynpa 4.18 (B).

T(,nj) T(,nj)
Cxp(j,1;) Cvl(j,n)

| I I I I >
| | | | |

APOVOG

Crlocxb(i,ni) C CRb eKTELEONG
T(i,n;) T(,n;) T(i,n;)
(o)
T(m,ny) T(m,num) T(m,n,,) TG,n) T(,n;) T(.ny)
Cxp(m,ny,) Cvl(m,n,) Cc(m,n,) Cxp(jony)  CvIGy)  Ce(jny)
| ......... > : <---- - : €------- I_ _____ | | ................. > | | >
| ; | | | | | | )
APOVOG
Crlocxb(i,ni) C Cro EKTELEOC
T(,n;) T(i,n;) T(i,nm;)
B)

yua 4.18: Exteléogig mov meptypdeovat Katd tnv amddelén tov Anupotog 4.11.

Enopévog n T(i,n;) de pmopel va dwfdost otnv Crp TMV TIUN TOL YPAPEL M
T(m,nm) ywa 1o Xp (dp) 61071 ALT TAVOYphPeTaL amd TNV TN Tov Ypheer  T(,n;) yuo
10 Xp (dp’). T va pmopel n T(i,n;) va dwfdoet v Ty dy yio v Xp TPENEL VoL

VIapyeL kamowo, AN emruymuévn docoinyia T(k,ny), k#i#j#m, n onoia vo amoKTd
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TNV 1010KTNGI0 GTO Xp KOl TOVTOYpOva Vo Ypdeet TV Tun dp, £€6TO 0TV KaBolkm
kotdotaon Cxp(k,ng), petd mv Ce(j,n;), xar n Cxp(k,ng) va opileton wpv v Cry.
Eneon n Cvl(k,ny) €neran g Cxp(k,ni), mpoxvnrel 611 | Cvl(k,ny) €meton g Ce(j,n;)
kot g Cvi(j,n;). Eredn n CvI(,n)) éneton g Cvl(m,ny,) mpokvnter 61t n Cvl(k,ny)
émeton g Cvl(m,ny,).

‘Eoto 61t 1 T(k,ng) evnuepdvel 1o xp Pdoet tov Locator lock, yi Tov omoio o
deikng lock.newData éyer tun dy. 'Eoto Cy n kabolkn Katdotaon otnv omoia
TPOyHaTOTOlEiTOL 1 OECUEVOT] UVAUNG HEc® NG ouvaptnong allocMemory g
ypappng 28 mov emotpépet v Tiun d yia to lock.newData, and v T(k,ny). Ereidn n
Cvl(k,ny) énetan g Cvl(m,ny), oand 1o Anuua 4.10 mpoxvmter 6T1  Cx umopet va
opiletan oto ddonua [Ce(m,ny,), Crlocxp(i,ng)], povo eav n Crlocxy(i,n;) €meton g
Cc(m,ny). Emopévaog n T(k,ng) €xel dnpovpynoet kou opytkonomacet tov lock mpv v
Crlocxy(i,n;), Ko emopévag €xet dtafdacel mg Locator g X, Tov loc’ pe v ektéleon
g ovvaptnon GetCurrentData g ypopung 20, mpw v Crlocxy(i,ni). Eropuévog n
T(k,ny) €xer dwoPacer Tov loc” mpwv v Crlocxy(i,n;), dpa wpv v Cxp(j,n;) Ko Tpv
v Cvl(j,n;), kar 6N cvvéxeln mpoonadel vo amoKTioeL TNV 1010KTNGia 670 X pe fdon
tov locy, petd v Cvl(j,n;), exteddvtog g avtictoyn evioin CAS, éotm CSy, oty
omoia mepva w¢g Opopa tov loc’. Enueidverar 6t €av 1 CSy emityet, opiletar
Cxp(k,ny). Opwg, petd v Crlocxy(i,ng) xar mpwv v Cvl(,n;)) n T(,n;) dnpovpyet
évav véo Locator loc’’, loc”’#loc’, pe Bdomn tov omoio amoktd TV 1010KTNGio TOL X,
otV Cxp(j,nj) n omoia wponyeiton tng extéheons g CSk. 'Etol, and tov opiopd g
evtolg CAS npoxdntet 611 1 ektéheon g CSy petd v Cvl(j,n;) Oa amotdyet enedn

o Locator tov x Oa €xet aAAdEet amd loc’ o€ loc’’. Atomo. ]

Inuetoveton 0Tt €v t0 oOvoho GCDc(Oc) elvan ovvenég ot C, 10te €dv 1o)VEL
D(O¢)==GCD¢(O¢), 10 D(O¢) eivar kar avtd ocvvenég ot C. And T0v KDOWKO NG
ouvaptnong Validate (ypaupég 67 €wc 71) mpokdmtel 011 11 V eMOTPEQPEL TNV TIUN
TRUE, &€dv xar poéovo edv D(Oc) == GCDc(Oc¢). Etor pe Pdon to Anuuo 4.11

TpoKLTTEL TO TopaKato [Topioua.

Hopioua 4.11: Eorw o omoiaonmote extéleon s ovvaptnons Validate oo thv

1(i,n;) otnv a, n omoio emorpéper TRUE. Eotw V n ovykexpiuévy Validate kou éotw C
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n televtaio koboliky karaotaon mwov mponyeitar s kinons e V. Ta oroiyeio tov

ovvoiov D(Oc¢) eivar ovvern oty C.

['o ka0e kaBorkn| katdotaon C oto E(T(i,n;)) cupporilovpe pe Re= {Xi, X2, ..., X'}
T0 GUVOAO TV t-peTofANT®V oL N T(1,n;) €Y1 TPOSTEALATEL Y10 AVAYVWOOT, LEGH TNG
Aertovpyiog ReadTmVar, kat €xet AdPet andvinon pe tyu TRUE ko tov deiktn ota
emBopntd dedopéva amd ) Asrtovpyia avtr), pExpt v C. Enuetdveton 6t 10 TANR00¢
k> tov ototyeimv Tov Guvorov Re e€aptdrar and v kaboikn Katdotaon C. 1o
ovvoro Re mepiéyovran ot t-petafintég mov mepiéyovion otn readList tng T(i,n;) otV
C, intadn ta otoryeio tov Oc, kKo 6oeg mepieyovtav otnv readList g T(i,n;) oe
Kkémowo kaBolkn Katdotaomn mov mpornyeital g C, ol omoieg aparpédnkoy omd v
readList pe v extédeon g ocvvaptnong DeleteltemFromReadList g ypapuung 33.

Enopévog, 10 ovvoro Oc¢ eivar vmoobhvorlo tov ovvolov Re. Emiong, ioydet

Rc= U O, 6mov C «déBe xabBolikn koatdotaon tov E(T(i,n;)) mov
VC'eE(T(i,n)), C'<C

nponyeitanr g C. ZopPoriovpe pe D(Re) = {di, da, ..., d¢} T0 cOVOAO TOV TIHOV
TOV JEIKTOV OTO. OEOOUEVO TV OVTIKEINEVOY ToL Re. ZvpPoiilovpe wg DIFc 10
oVuvoAo Re — Oc¢ mov mepi€yet ta otoryeia mov dev aviikovv 610 O¢ Kol aviKoOuV GTO
Rc. ZopPoriCovpe pe D(DIFc) = {d;’, d2’, ..., dek’} 1O GUVOAO TOV TWOV TOV
dewt®dv ota dedopéva TV oaviikeyévav tov DIFc. ‘Eotow Cdrxp(in), 1<b<k’-k, n
tehevtaio kaBoAlkny kotdotacn oty omoid m Ty dy’ Yo T0 avtictoyo
draporpalopevo avtikeipevo Xy, mepéyovtav ot readList g T(1,n;). Enueidveton ott
1 Cdrxy(i,n;) mponyeiton g C. Edv vroBécovpe yaptv amiodotevnons 0T 1 EKTEAEGN
g ovvaptnong DeleteltemFromReadList tng ypapung 33, npoypatonoteitot pe pio
novo evioln, mpokvmtel 0Tt 1) Cdrxy(i,n;) givor 1 televtaio KaBoAMKn KOTAGTAGN TOL
TPONYELTAL TNG KANONG TNG GLVAPTNONG VTG Yo TO Xp otd v T(i,n;). Aéue 611 TOL
otoyeio Tov cuvorov D(DIF¢) elvatl cuvenn oty C, edv kaBe otoryeio dy’, 1<b<k’-k,
TOV GLVOAOL OVTOV OJelyvel ot dedopéEvVaL OV gyypdpovtor amd TV TeEAELTOi
emtuynpévn docoinyia mov ceplomoteitatl Tpwv v C Kol EVUEPDVEL TO AVTIGTOLYO

Xp.

Ajuua 4.13: Eotw pio omoradnmote extéieon s ovvaptnong Validate amo v T(i,n;)

oty a, n omnoio emotpépel TRUE. Eotw V n ovykexpyévy Validate kou éotw Cv n
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televtaia koboliky xaraotaon mov mponysitor s kAnong s V. Ta otoiyeia tov

ovvoiov D(DIF¢,) eivair ovverrny oty Cv.

An6oeitn: 'Eotw D(DIF¢y) = {di, da, ..., dk}. Oa deryBel 6Tt Y10 k6O b, 1<b=<k, 10 d,
eYYPAQETOL amd TNV TEAELTALN EMTVYNUEVN] OOGOANYIO TOV GEPLOTOLEITOL TPV TNV
Cv ka1 evnuepavel 10 Xp. Eoto, oo g peboddov g €1¢ dromo amaymyng, 6Tt vTapyet
Kémowo Swapopalopevo aviikeipevo X, € DIFc 161010 dote 1 TEAevTOion emTuYNUEVN
docoAnyia, £otm T(j,n;), TOv EvNUEPOVEL TO Xp Kat Gelplontoteitot Tpv v Cv ypdoet
mv ) dy’#dp 610 Xp. Enpewdvetar 0Tt n T(j,n;) oepromoteiton oty CvI(j,n)), 1
omoia amd vrobeon mponyeitan g Cv.

Inuetoveton 0Tt 1 Cdrxp(i,ng) etvon n tedevtaio KoBOAKY| KOTAGTOGT 6TV 0TToia N
T dp Y o avtictoyo oapotpaldpevo aviikeipevo xp mepéyoviav otn readList
¢ T(i,n;), ko n Cdrxy(i,n;) Tponyeiton g Cv. 'Eotw V' 1 tehevtaio extédeon g
ovvaptnong Validate and v T(i,n;)) otv o mov wpaypatomoteitar mpv v Cdrxy,
éo0tm otV koo Katdotaon Cv’. Enueidveton 6L V' emotpépel TRUE «at to
Xp mepExetot 6to ovvoro Oy-. Amd to Ilopopa 4.12 mpokvmter 61t ot Cv’ 10
ototyeio dy etvon cvvenés. Emopévag npénet ) Cvl(j,n;) va émetar g Cv’.

Inuewwveton 6t to dp SraPdleton amd v T(i,n;) péow evog Locator, o omoiog
dwPaleror amd v GCDxp ot Crlocxp(i,ng) ko gyypapetar ot readList g T(i,n;)
otV Crlxp(i,n;). Ot Crlocxy(i,n;) Ko Crlxp(i,n;) wponyovvror tg Cv’. T va umopei n
T(i,n) va dwPdoet v T dy v 10 X otnv Crlocxy(i,n;) Tpémet va vdpyel KOmo
emtuynpévn docoinyio T(m,ny,), m##, N onoio Vo OTOKTA TNV O10KTNGI0 GTO Xy
Kol TouTdypova va Ypagel v T dp, €0t omv KaBoAikn| katdotaon Cxp(m,ny,),
nmpv TV Crlocxy(i,n;). Emiong, emedn n Crlxp(i,n;) opiletor petd v emotpoen g
GCDxy, kot a6 to Anppa 4.7 mpoxdntel 6Tt Tpwv Vv emotpoPr] TG GCDXyp, Bar Exet
optotel 1 Ce(m,ny,), Tpokvdmtetl 6ti 1) Ce(m,ny,) Tponyeiton g Crlxp(i,n;). Emopévag n
Cc(m,ny) mponyeitonr g Cv’. Znuewdvetar o6t enedn n Ce(j,n;) €meton g CvI(j,n;)
ko 1 CvI(j,n)) €netar g Cv’, mpoxdmrer 6t n Ce(j,n;) Emetar g Ce(m,ny).

H Cdrxy(i,n;) opifeton kotd v ektédeon g Aettovpyiag ReadTmVar ya to Xy.
Ao tov kddwo (ypappég 21, 24 ko 30) mpokvmtel 6TL Yo va oprotel 1 Cdrxy(i,ng)
elvat amapaitro vo amotyundel wg aAndng o Edeyyog g ypopuns 21 yia 1o Xp, £6T®
CHKXxp(1,n) 0 éAeyy0og oTog, Ko Vo eKTeEAEOTEL emTLY ™G M €vtoAn] CAS ¢ Ypouung

30 yw 10 Xp, £0t® CSxp(1,0;) N €viodn avtr, and v T(i,n;). [Ipwv v ektéheon tov
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CHKxy(1,n;), ektereiton 1 cuvaptnon GetCurrentData g ypopuung 20 yio 10 Xp, £0T®
GCD(i,nj)) n xAnon avty. And tov kddwka ™ GCD(i,n;) mpoxvmter 61t N T(i,n;)
Swpdaler v T TV dedopévav Tov X, MEow evog Locator loc, tov omoio €yet
dwPacer oty ypopur 49, éotw oty kaboiikn Kotdotaon Crp, KOTA TNV EKTEAEOT
¢ GCD(i,n;).

‘Eotw 6t1 n T(j,nj)) amoktd tnv doktnoio 610 X, otnv kabolkr Kordotaon
Cxp(,n;), n omoia mponyeitar g Cvl(j,n;), pe v aviictoyn eKTEAESN TG EVIOANG
CAS g ypapung 30, £otw CSxp(j,n;) N €vTOAn] ovTth. Alokpived TEPITTOGELG AvaLOYOL
ue to eav 1 Cxp(j,n;) mponyeitan 1 £metan g Crp.

1) 'Eoto 611 n Cxp(j,n;j) mponyeitar g Crp. Alakpive Tepmtacels avaAoya Le To
eav 1 Cc(j,n;) mponyeitan 1 Emetar g Crp.

1.a) 'Ecto 611 n Cc(j,n;) énetar g Crp. Emedn, n Crp €metan g Cxp(j,n;) Ko
nponyeitor ¢ Cc(j,n;) mpokvmer 6Tt oty Crp M T(j,n)) KOTEXEL TV TPOG®PIVY
wiokmoio g Xp, ONAadn 1 Crp ekTELEITON EVTOG TOV SLOCTHHATOS Oxb(j,N;). Emedn n
T(,n;) ohoxkAnpdvetar emroy®e, and to Anppe 4.9 mpokdvmter 6Tt  GCD(1,n;), O
emoTpéyel v TN tov dgiktn loc.newData 6mmwg avtdg apyikonombnke ond v
T(,n;), dnhadn v Ty dy’ 1 omola eivan drapopetikn ¢ dyp. ZTNV TEPINTMOON QT O
éheyyoc CHKxp(i,nj) 0o amotiunBel wg un-oindng kot emopévag o€ Bo pmopel va
optotei 1 Cdrxy(i,n;), T0 omoio givar dromo.

1.p) Emopévaog mpéner n Cce(j,n;) va mponyeitar g Crp(l,n;). Ztnv mepintmon
avt, enewdn n Ce(j,n;) Emetar g Ce(m,nm), N T(1,n;) daPdlet oty Crp TV TN TOV
ypapet n T(,n)) yio 10 Xp, SNAadN v dyy’. T v pmopet n T(i,n;) va doPdoet v
TN dy Yo 10 Xp otV Crp TPENEL VO LITAPYEL KATOWOL AAAN mTLYNUEVT docoANyia
T(k,ny), k#i#j#m, 1 omoio vo 0moKTA TNV 1010KTNGI0 GTO Xp KO TOLTOYPOVO. VO YPAPEL
mv Tipn dy, €0t oty kKeboiwr katdotoon Cxy(k,ny), petd v Ce(j,n;), kot Tpv v
Chro.

‘Eoto 61t 1 T(k,ng) evnuepdvel 1o xp Pdoet tov Locator lock, yi Tov omoio o
oeikng lock.newData éyer tun dy. '‘Eoto Cy n kobolkn Katdotaon otnv omoia
TPOYUOTOTOEITOL 1) OEGUEVOT] UVAUNG HEc® NG ouvaptnong allocMemory g
ypoppng 28 mov emotpépet v Tiun d yia to lock.newData, and v T(k,ny). Ereidn n
Cvl(k,ny) énetan g Cvl(m,ny), oand 1o Anuua 4.10 mpoxvmter 6T1  Cx umopet va
opiletan oto ddonua [Ce(m,ny,), Crlocxp(i,ng)], povo eav n Crlocxy(i,ni) €meton g

Cc(m,ny). Emopéveog n T(k,n) €xel Onpovpynoet ko opytkonomcet tov lock mpv v
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Crlocxy(i,n;), Ko emopévag €xet dtafdacel mg Locator g X, Tov loc’ pe v ektéleon
g ovvaptnon GetCurrentData g ypopung 20, mpw v Crlocxy(i,n;). Eropuévog n
T(k,ny) €xer dwPacetr Tov loc” mpwv v Crlocxy(1,n;), dpa pv v Cxp(j,n;) Ko Tpv
v Cvl(j,n;), kot 6N cvvéxeln mpoonadel vo amoKTioeL TNV 1010KTNGia 6710 X pe fdon
tov locy, petd v Cvl(j,n;), exteddvtog g avtictoyn evtodn CAS, éotm CSy, oty
omoia mepva w¢g Opopa tov loc’. Enueidverar 6t €av 1 CSy emitoyet, opiletar
Cxp(k,ng). Opowg, petd v Crlocxy(i,n;) kor wpwv v CvI(j,n;) n T(,n;) dnuovpyet
évav véo Locator loc’’, loc’’#loc’, pe Bdon tov omoio amoktd v 1810KTNGiA TOL X,
otV Cxp(j,nj) n omoia wponyeiton tng ektéheons g CSk. 'Etot, and tov opopd g
evtoAng CAS npokvmtet 611 ) ektédeon g CSi petd v Cvl(j,n;) Oo amotdyel eneidn
o Locator tov x Oa éxel aAAGEet amod loc’ o€ loc’’. Atomo.

2) Emopévag mpénet n Cxp(j,n;) va énetor g Crp. XNV mepintmon avtr, o loc
nov Safaletar oty Crp amd v T(i,n;) Kot TEPYypAQEL TO Xp dev €Yl Onpovpyn el
and v T(,nj). Awkpive nepumtoocelg aviroyo pe to €dv n Cxp(j,n;) mponyeiton 1
énetan ¢ ektéheong ™ CSxp(i,ng) amd v T(1,n;).

2.0) 'Boto o011  Cxup(j,nj) mponyeiton g CSxp(i,n;). Xty mepintmon avtr, M
T(,n;) ommv Cxp(j,0;) B amoxtoel TNV W0KTNGI0 TOL AVTICTOYKEL GTO X}, KATL TOV
onpaiver 60Tt Ba opicel évav véo Locator yia 1o Xp, dtapopetikd tov loc. ‘Etot, 1
ektéheon g CSxp(1,n;) petd mv Cxp(j,n;), Oo amotvyel 16Tt 0 Locator Tov xp dev Ha
givar o loc*. Atomo.

2.p) Eoto 6t 1 Cxp(j,n;) éneton g CSxp(i,n;). v mepintwon owt n CSxp(1,n0;)
00 eKTELECTEL EMTLUYMG, KO GTNV AUECMG EXOUEVT] KOBOMKT KaTAoTOOT B0 0ploTel 1)
Cxp(1,n;). Emopévg n Cxp(j,n;) €meton g Cxp(i,n;). Akoun emedn n Cxy(j,n;) €netar
¢ CvI(,n;) xar n Cvl(j,n;) émneton g Cv, mpoxdmrel 611 n Cxp(],n;) opileton viog Tov
daotpatog [Cxy(i,n;), Cv]. H T(j,n;) vy va anokticel TNV 1010KTNGia 6TO Xp TPENEL
va exteleotel emtuymg TV eviodn] CAS g ypoppng 30 ywa 1o Xp, €otm CSxp(j,n)) M
gvtoAn avt). Emiong, mpwv v CSxu(j,n;) n T(,n;), avtiotorya pe v T(i,n;), Swafélet

43 Inuelovetat 6Tt 6g Bo pmopovoe va Tpokvyel To TpoPAnue ABA S0t dnwg £xel avapepbel, o
aAyopiBpoc DSTM ekteleitar o€ kAel6TO HOVTELO pvAUNG Kol 1 petafAnt) loc eivor po amd Tig

EVEPYEC TOTKEG LETAPANTES TNG P
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tov Locator tov Xp, éotm loc’, otnv kaBolikn| katdotaon Cry, KATO TNV EKTEAEST TNG
ovvaptong GetCurrentData i 10 Xp, €610 GCD(j,n;j) n cuvdptnon avtr. Atakpive
TEPUTTAOGELS avAAoYa [e TO €6v 11 Cxp(1,n;) mponyeitar 1 Emeton g Cry.

2.4.i) Eoto 6t Cxp(1,15) €meton ¢ Cry. TV mepintmon avtn, n T(i,ni) otnv
Cxp(1,nj) B AmOKTNOEL TNV OLOKTNGI0L TOV AVTIGTOLKEL GTO Xp, KATL TOV ONUOLVEL OTL
Ba opicel évav véo Locator yuu 10 Xp, dtopopetikd tov loc’. 'Etol, 1 ektédleon g
CSxp(J,n;) petd v Cxp(1,n;), Oa amotdyet d10tt 0 Locator tov X;, dev Oa etvar o loc’**.
Artomno.

2.p.ii) Emopévog mpénet n Cxp(i,n;) va mponyeitar e Cry. ZnpeldveTal 6Tl €qv
opifetar  Cc(i,n;), emedn pmopel va oprotel udévo omd v T(i,n;) de umopei va
mponyeitar g Cv. Katd v ektédeon g n V eléyyel oty ypouun 65 €dv &yxet
optotel n Ca(i,ng) kot av avtd woydel emotpépet FALSE. Enewdn, and vrobeon n V
emotpépel TRUE, mpoxvntet 011 €dv opileton n Ca(i,ng) dev pumopel va mponyeitor g
Cv. Etot, omv mepintwon ovtn, eneldn 1 Cry €meton g Cxp(i,ni) Ko wponyeiton e
Cv, omiadn mponyeitar g Cc(i,n) M g Ca(i,n;) (avdroyo pe to mown opiletar)
npokvntel 0Tt 6NV Cry M T(1,05) KATEXEL TNV TPOSOPIVY WLOKTNGIA TNG Xp, ONAAON M
Cry extereitar eviog Tov SooTNHOTOS Oxp(1,ni). Emedn n T(,n)) oloxkAnpaveron
emtuy®g, and o Afqupa 4.9 mpoxdntel 6Tt 1 GCD(j,n)), Oa emotpéyel wg Locator g
Xp OVTOV OV apyworomdnke and v T(i,n;), dnAadn tov loc. Amod 1o Aquua 4.7,
npokvmTel OTL TP v emotpodr| g GCD(,n;) npémer va £yl opiotel pio ek TV
Ce(i,n) kou Ca(i,ny). Znpewovetor o6t enewdn n Cxp(j,n) mponyeitar g Cv ko M
GCD(j,nj) mpémer va. olokAnpwBel mptv v Cxp(j,nj), mpokvmTel 0Tl piol €k TV

Cc(i,n;) kou Ca(i,n;) mpémel va mponyeitar g Cv, To omoio givat dromo. n

['o ka0 kaBorkn katdotaon C oto E(T(i,ni)) cvpPoriCovpe pe We= {X1, X2, ..., Xk}
10 oUVOAO TV dStapotpalopevov avtikelévoy tov 1 T(i,n;) €yel mpoomeddostl Yo

avayvoon pécsm g Aertovpyiog AccessForUpdateTmVar ko €xet AGPet amdvinon pe

44 Inuelovetat 6Tt 6g Bo pmopovoe va Tpokvyel To TpoPAnue ABA S0t dnwg £xel avapepbel, o
aAyopiBpoc DSTM ekteleitar o€ kAel6TO HOVTELO pvAUNG Kol 1 petafAnt) loc eivor po amd Tig

EVEPYEC TOTKEG LETAPANTES TNG P
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Ty TRUE kot tov deiktn ota embopuntd dedopéva amd ) Asttovpyio avty), Léypt
C. Zopporilovpe pe D(We) = {di, da, ..., dk} T0 GHVOLO TOV TIUDOV TOV OEIKTOV GTA
dedopéva twv t-petafAntadv tov We. Aépe 0t Ta ototyeion tov cuvorov D(We) elvan
ovvemn ot C, €bv kdBe otoyelo dp, 1<b<k’-k, tov cuvvorov avtov delyver ota
dedopévo mov  gyypdoovtor amd TNV TEAELTOdO EMTUYMUEVY] OOGOANYioL TOL

oepromoteitar Tpv 11 C Ko EVIUEPDVEL TO AVTIGTOL(O Xp.

Anjupa 4.14: Eortw o omoioonmote docoinyio T(in;) xor C uio omoiadnmote
kabolikn xaraotoon tov E(T(i,n;)), n omoia mponysitar g Ce(iny) 1 e Ca(ing)

(avaloyo ue to moio opiletor). To. aroiyeio tov avvoiov D(We) eivou ovvern oty C.

Andéoeitn: 'Eotow D(We) = {di, dy, ..., di}. Oa deybel 611 v kéOe b, 1<b<k, 10 d}
eyyphoetar and v tehevtaio emruynuévn docoinyia mov cepronoteitar wpv v C
KOl EVIULEPMVEL TO Xp. ZNUEIOVETAL OTL ETELON TO Xp TEPIEXETOL 6TO W onpaivel 6t
T(@1,n)) €xel amoOKTNOEL TNV TPOSMPIVY] 1O10KTNCIOL TOVL Xp, £0T® OTNV KABOAKN
Katdotaon Cxy(i,n;), mpw m C, extehdvtag emtuy®g TV avtictoyn evioin] CAS g
ypoppns 30 Yo 10 Xp, £0t® CSxp(1,ni) avt 1 €vioAn. Emiong emeidn ta dedopéva tov
Xp €lvar dp onuaiver 601t 1 docoinyia T(i,n;)) TPV va OMOKINGEL TNV TPOGMPIVH
Woktnoia ¢ x, dtdPace v Ty dy, péow evog Locator loc mov diaPace, £éotm otnv
kaBolkn xatdotaon Crp, Katd v ektéreon ¢ cvvaptnong GetCurrentData g
ypoppns 20 ywa to Xp, €6t GCD M kAfon ™G GLVEPTNONG AVTNC.

‘Eotm, o g pebBoddov g €1 Gtomo amoywyns, OTL LEApyel KATOl0
dwpotpalopevo  aviikeipevo x,€ We 1étolo @ote M teEAevtoio  emTuynuéVn
docoAnyia, éotw T(,n;), TOv EvnuEP®VEL TO X}, Kat cewpromoteitat Tpv TNy C ypdoet
v T dy’#dy, 670 Xp. Znpewdveton 6t N T(j,n;) oepromoteiton ot Cvl(j,n;), n omoia
and vrndbeon mponyeitar g C. Eoto 611 1 T(j,n;) anoktd v wroktnoio 6to Xp 6TNV
KkoBohkn katdotoaon Cxp(j,n;), n omoia mponyeitar g CvI(j,n;) ko dpo mpomyeiton
m¢ C. Ermeion n C, mponyeiton g Ce(i,n)) M g Ca(i,n;) (avdAoyo pe 10 mown
opiletar), amd to Afupa 4.5 mpoxvmter 61t M Cxp(j,nj) 6 pmopel va €meton Tng
Cxp(1,05). Emopéveg n Cxu(j,n;) mpémet va mponyeitan g Cxp(1,ni). Znpetdvetot 0t m
Cxp(1,n;) opileton petd v emrvyn ektéheon e CSxy(i,n;). Emopévag n Cxp(j,n;)

mponyeitar Tng CSxp(1,n;).
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Awxpive tepumtaocels avdioya pe to €dv n Cxp(j,n;j) mponyeiton 1 énetan g Crp.
‘Eotm 611 1 Cxp(j,n;) €meton g Crp. XMV mepintmon avtt, o loc mov dwaPdleton otn
Crp and v T(1,n;) kot meprypdpet 10 X, Oev £xet dnovpyndet and v T(,n;). H
T(,n;) ommv Cxp(J,1n;) Oa amoxtoel TNV W0KINGI0 TOL AVTIGTOYKEL GTO X}, KATL TOV
onpaiver 60Tt Bo opicel évav véo Locator yia 1o Xp, dtapopetikd tov loc. ‘Etot, 1
ektéheon g CSxp(1,n;) petd mv Cxp(j,n;), Oo amotvyel 616t 0 Locator Tov xp dev Ha
givar 0 loc™. Atono. Emopévoc n Cxp(J,1n;) mpémet vo mpomnyeitat g Crp.

Awxpive mepurtoocelg avaroyo pe 1o €av 1 Ce(j,n;) mponyeitar 1 Eneton g Crp.
‘Eoto 6t 1 Ce(j,n)) éneton g Crp. Emedn, n Crp €metan mg Cxp(j,n;) on mponyeiton
g Cc(j,n;) mpoxvmret 6TL 6NV Crp M T(j,0;) KaTEXEL TNV WO10KTNGIC TOV OVTICTOLYEL
670 Xp, ONAadN 1 Crp ektEAEiTOL EVTOG TOV OGTNNATOS Oxb(J,0;j). Emedn n T(,n))
OAOKANpGOVETAL ETLTVYMG, 0md T0 Afppa 4.9 tpokdmter 6L ) GCD, Bo emoTpéyet v
T tov dgiktn loc.newData 6nwg avtdg apykonomOnke and v T(,n;), dniadrn v
T dy’ M omoia givon dapopetikn g dp, T0 omoio eivan dromo. Emopévag, n Ce(j,n;)
npénel va tponyeital g Crp.

2y mepintoon avty, N T(i,n;) dwPdaler onv Crp v TN TTOL Ypaeer N T(j,n0;)
YL TO Xp, ONAadn Vv dy’. o va pmopet n T(i,n;) va dafdoel v tun dy yo 10 Xp
omv Cgrp TPEMEL VO VTTAPYEL KATOW GAAN emttuynpévn docoinyia T(kng), k#i#j, n
omoio Vo ookt TNV 1010KTNoi0 6TO Xp KOt TOVTOYpOVA Vo YpAagel TV T dp, £0T®
oty kaboAwkr katdotoon Cxy(k,ny), petd mv Cc(j,n;), kKow mpwv v Crp.

H Cc(k,ng) pmopet va mponyeiton 1 va €netat g Crp. Edv 1 Ce(k,nk) mponyeiton
™G Crp, N Cvl(k,ng) 6o mponyeiton g C. Edv n Ce(k,ng) émetonr g Crp, 0 TO
Anppa 4.9 mpokvntel 6t1 ) GCD, Ba emotpéyetl Ty Ty dp. Znueldvetol 6Tt amd Tov
optopd ¢ Cxp(i,ng) mpokvmrel 0Tt Tpv TV Cxp(1,n;) €xel oAoKANpwOel 1 extéleon
™ GCD. And 1o Anppa 4.7 mpokdmter 6Tt | T(k,nk) £xer orokAnpwBel mprv 0 Té€hog
mg GCD, omiadn mpww v Cxp(i,ni). Emewdn n T(k,nk) olokAnpovetor wg

emroynuévn, mpoxkvmtel 0Tt 1 Ce(k,nk) mponyeitoan ™ Cxp(i,ng), Kol dpo mTpornyeiton

43 Inuelovetat 6Tt 6g Bo pmopovoe va Tpokvyel To TpoPAnue ABA S0t dnwg £xel avapepbel, o
aAyopiBpoc DSTM ekteleitar o€ kAel6TO HOVTELO pvAUNG Kol 1 petafAnt) loc eivor po amd Tig

EVEPYEC TOTKEG LETAPANTES TNG P
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g C. Apa n Cvl(k,ng), mponyeitar g C. Eropévag oe kdOe mepintwon n Cvl(k,ng)
nponyeitan g C. Apa, 1 T(j,n;) dev eivar ) tekevtaio docoinyio mov cepronoteiton

nmpwv Vv C, o omoio gival dtomo. ]

Mo «éBe kaborwkn katdotaon C oto E(T(i,n;)) ocvpPoiilovpe pe RWe = {xi, Xa,
...,Xk’} TO0 6VVOAO TV t-petafAntodv mov N T(i,n;) €xel TpoomeAdGEL Yoo avAyveon,
pécm pog ek Tov Asttovpyidv ReadTmVar kot AccessForUdateTmVar ko £xet AdPet
ardvinon pe Tl TRUE kot ta emBopntd dedopéva 1 deiktn ota embountd
dedopéva, avtiotoro, puéxpt v C. Enueidveror 6tt woyvet RWe = Reu We.
YvuPoiilovpe pe D(RWe) = {di, da, ..., d¢'} TO 0HVOLO TOV TGV TOV JEIKTOV GTO
dedopéva twv ovtikewévoy tov RWe. Enueidveton o0tt woyvert D(RWe) =

D(R¢) U D(W¢). Eriong, woy0et Re = Oc U DIF¢ kar D(R¢) = D(O¢)w D(DIF().

‘Eoto (o omoladnmote ektédeon tng cvvaptnong Validate and v T(i,n;)) omv a, 1
omoia emotpépel TRUE. 'Eoto V 1 ovykekpyuévn Validate kot €0t C 1 tedevtaio
KaBoAkY| katdotaot mov mponyeitar g kAnong g V. Enuetdveton 0Tt 1 Ce(i,ng)
opifetar poévo amd v T(i,n;) kou emopévmg de pmopei va mponyeitor g C. Emiong 1
Ca(i,n;) d0e pmopei va mponyeitor g C, d10TL €dv awtd cvpPaivel o EAeyyoc g
ypopuns 65 g V Ba arotiunfel og aindng kar n V Ba emotpéyel v tyu] FALSE,
avti yuu v Ty TRUE. ‘Eto1, pe Bdon to Ilopopa 4.12, to Aqupa 4.13 kou to

AMupa 4.14 tpoxdntel dpeca to tapakdto [Iopoua.

Hopioua 4.15: Eorw o omoraonmote extéleon s ovvaptnons Validate oo thv
1(i,n;) otnv a, n oroio. emorpéper TRUE. Eotw V n ovykexpiuévy Validate kou éotew C
n televtaio koboliky katdotaon mov mponyeitar s kinons e V. Ta otoiyeio tov

ovvoiov D(RW¢) givar ovvery oty C.

Amo tov kodwka g CommitTransaction (ypoappég 82 ko 83) mpokvmrtel Otl Yo TV
T(i,n;) n Cc(i,n;) propel va opiotet povo edv n suvaptnon Validation mov Eegkivnoe va
extedeitanr ommv Cvl(i,n;) emotpéyer TRUE. Emopéveg, ond to Ilopiopa 4.15
npokvmTel 0Tl To. otoryeio Tov cuvOlov D(RWeyiini) etvor cvvenn otn CvI(i,n;).
Eniong n Cvl(i,n;) mponyeitoan g Cc(i,ni), €0l omd 10 Afupa 4.4 mpoxdmTel OTL M)

Cvl(i,n;) etvon kord opopévn. ‘Etot mpokintel 10 mapakatem Osdpnio.
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Ocopnua 4.16: O olyopiBuoc DSTM eivou ceipiomonoiog.

4.2.2. Elevbepio Avtaywviauod
2y mopovso Evotmra amodewkvietar O6tt o arydpiBpoc DSTM wavomowel v

W10 TO TEPUATIGHOD TNG eAeVBEPTOG OVTOY®VIGLOV.

‘Eoto 011 pua doconyia T(i,n;) mepiéyeton oe pa ektédeon o Tov adyopiBuov DSTM.
Inuewwvetor 6Tt 0 ovvoro D(RW¢) mepiéyet ta dedopéva tv dapolpalopeveov
OVTIKEILEVOV TTOV 0 ¥PNOTNG XPNopomotel otov kddwkd tov. O adydpipog DSTM
opilet 6TL 0 yproTNg oL ekterel T docoAnyia T(i,n;) ivatl vIoYPE®UEVOC TV TPDTN
@opd mov mpoomeAdlel KAmolo t-pETAPANT X Vo TNV TPOOTEAGCEL HECE® TNG
exktédeong pog ek towv Asttovpyudv ReadTmVar xon AccessForUdateTmVar, éotm
Op 1 KMo HoG €K TOV AEITOLPYIOV avtdv. O ¥pioTng YpNoILonolel Ta dedopéva
™m¢ x puoévo eav n Op emotpéyer TRUE, S0t oe avrtiBetn mepintoon esivon
VIOYPEDUEVOS VO, OAOKANp®oetl TV T(1,n;) kalodvtog o ek tov CommitTransaction
kot AbortTransaction. Edv n Op emotpéyer TRUE onpaiver 61t n ovvéptnon
Validation mov ektedéotnke otn ypauun 42 enéotpeye TRUE. 'Eocto C n tedevtaio
kaBoMkn KkaTAoTOON TOL WPOMYEiTAl NG EKKIVIONG QLTINS NG CLVAPTNONG
Validation. An6 1o [Topiopa 4.15 mpokdmtel 6TL TO. GTOLYKElR TOL GLVOLOL D(RW()
etvar ovvenn ot C. Emopévemg, ta dgdopévo mov o ypnotng ypnoltomolel ival

ocvvenn. 'Etol mpokuntel to mopakdto [Topiopa.

Ilopicua 4.17: O kwokog T00 YpHoty 0€ UTOPEL Vo EKTEAET €T’ ATEIPO KATOLO PpoyO

AOY®w QOVVETELAS TV OEOOUEVMV TTOD YPHOIUOTIOIEL.

Ocaopnua 4.18: O alyopiBuoc DSTM 1kovomolel v 1010THTO. TEPUATIOUOD THS

eAevbepiac ovroywviouov.

An6deiEn: ‘Eoto pio omoladnnote menepacpévn ektédeon o tov aiyopibpov DSTM
Kot €o0t® o omowdnmote docoinyion T(i,n) mov elvar evepyn oty TteAevTaio

kaBoAkn katdotaon C g a. Oa deiw 6t av 1 T(i,n;) cvveyicel va exteAeitan yopig
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avtoyoviopo Eexwvovtag and v C, tote n T(1,n;) Oa teppaticst gite og emruymuévn
elte g pn-emroynuévn.

‘Eotm, 610 g pebddov g €1g dtomo amaywyne, ot  T(i,n;) dev teppatilel. And
10 [1opropa 4.17 mpokdmtel 6TL 0 KMOOWKOS TOV XPNGTN OE Pmopel evBVuVETAL YL TOV U
tepuatiopd g T(i,n;). And tov kddika Tov DSTM npokidmtel 6Tt 0 pHdvog TpOTOG Yo
va unv teppatiost 1 T(1,n;) elvan va ektedel cuveymg to Ppodyo Tov ypauumv 19 — 32,
¢ ovvdptnong OpenTmVar, n onoia €xetl extereotel yia kdmowa t-petafAnt X. o
va unv propel va amoyopnoet n T(i,ni) and to cvykekpyévo Ppdyo mpémetl va exktehet
ovveymg ™ ypouun 34. H T(i,n;) extedet ) ypouun 34 pévo edv amotdyel n eKTéLeT
g evtog CAS g ypapung 30. o va amotoyel 1 eKTEAEST] OVTNG TNG EVTOANG
CAS, mpéner kamolo doconyio dwpopetikn ¢ T(i,n) va GAlaée v Ty TOL

Locator g x. Atomo, 0161t vrofésape 6t 1 T(i,n;) 6 cuvavtd avtayovicud. m

4.3. lolvmhokotnTa aryopiOpov DSTM

Ymv mapovoa Evoémta cvinteiton m moAvmAokodtnta tov aiyopibpuov DSTM. O
DSTM anoutel yioo v avomapdotaon kdbe t-petafinme évav katoympnt) CAS
TEMEPOCUEVOL LEYEBOLG Kot 3 KATOYWPNTEG OVAYVOONG EYYPUPNS TEMEPAUCUEVOL
peyéBovg. o v meprypaen g doung Kabe docoinyiog, amortel Evav KoToympnt
CAS memepaocpévov peyéfovg kot 2 katoyopntég avayvoong €yypoens yio tnv

meprypan kdbe ororyeiov g readList.

KéOe emmoymuévn docoinyio otov DSTM mov mpoonehdoet R t-petafintég yu
avdyvoon kot W t-petafintég yio evnuépwon eAAelyel ovIoy®VIGHOV, omottel
tovAdyiotov W gvtodég CAS yio TNV amdKINon TOV TPOSHPIVOV 1O10KTNGLOV TOV t-
HETOPANTAOV Ko TO KOGTOG Yo T dnpovpyio tov W avtiypdoov, pia evtoan CAS
Yoo TNV EVIUEPMON T®V OEOUEVOV TOV t-HETAPANTOV KOl TNV KATAPYNON TOV
TPOCHPVAOV L0KTNOIOV TOV t-petaPAntédv kor O((R+W)?) kdoTog yio TV ektéheon

TOL UNYOVIGHOV EAEYYOV GLVETELOG.
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KE®AAAIO 5. AATOPIOMOX SSTM

5.1 Ieprypaer) AlyopiBuov SSTM
5.2 An6oeién OpBottag AlyopiBuov SSTM

5.3 TloAvmAokoOTNTO

210 KePAAO ovTo TTEPLYphpeTar o adyoplBpog SSTM, 0 0moiog TapoLVGLAGTNKE GTNV
gpyacia [19] twv N.Shavit ko1 D.Touitou mov dnpocievdnke oto cuvédpro Principles
Of Distributed Computing (PODC) 1o 1995. Xmv Evomrta 5.1 meprypdoetar o
KOOKG Tov akyopibuov, otnv Evomnta 5.2 mapovoidletal n amwddel&] tov Kot otnyv

Evomrta 5.3 mapovsialetor 1 toAvmlokdTNTA TOL.

5.1. leprypaen AkyopiOpov SSTM

H mpot gpyacia oe pviun STM mapovoidotnke 1o 1995 and tovg N.Shavit kot
D.Touitou [19], ot omoiot €ivor avtoi mov ewcaydyovv v €vvola g Software
Transactional pvAung. Xmv epyacio avt) mapovotdletar évag olyopOpog mov
viomotel otatikr] pvnun STM kot vrootnpiler ototikég docornyiec. o to Adyo
avtd o akyopBpoc ovoudleton Static STM | SSTM. O SSTM wovomotet v 1310t TOL
Teppatiopod erevfepio kKhswopdtov. ['a v enitevén g WO TOG WG, 0 SSTM
YPNOOTOIEL EVav unyoviouo un-emovoioufovouevns Ponbeias mov Ba meprypopet

ot ovvéxew. Axopn o SSTM éxer oxedootel va Agttovpyel oe avorytd HOVIELO

HVAUNG.

O olyopiBuoc SSTM viromotel otatikny pvqun STM, oniadn Bewpel 6t ot t-
petafintég mov mpoomeAdlovror and Oheg TG docoAnyieg elvar cuvolkd M oto

niBoc. Emiong Bewpel 011 ot t-petafAntéc eivor ocuveyOpeves otn pvAun Kot
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nePLypaPovTal amd Evav mivaka memory peyédovg M. I'a v enitevén g 1010 TOG
™m¢ ogpromomoipndtroc, o SSTM ypnoyonotel t pEHodO amdKTNONG TPOSWPIVAV
W010KTo1OV el TV t-uetafAntdv. Ot Tpocwpivég 1010KTNClEG TEPLYpAPOVTAL OO
Tov ivaka ownerships peyébovg M, omov n Béon 1, 0<i<M-1, tov mivaxa ownerhips
TEPLYPAPEL TNV TPOSMOPIVY O10KTNGI0 TNG t-peTafAnTig OV TEPLYPAPETOL OO TN
0éon 1 tov mivako memory. Emopévmg, o SSTM ypnowomotel ava t-petafint
avdBeon 1wokmowwyv. H iokmoia mwov avtiotoryiletonr o kdmown t-petafint
viomoteiton pe évav atopkd koataympnt LL/SC, o omolog kotd v ekkivnom tov
ocvotpatog £xel v T null, Tov onpaiver 6Tt Kopioo SocoANYia dev KATEYEL TNV
avtiotoyn wWwokmocio. Xnuewwveror 6t 0 SSTM ypnoyonolel opatég avayvocelg t-
petafAnTadv, Onwg Oa TePLypapel 0T GLVEKELD, YMOPIG VO KAVEL S1OKPIOT LETAED TWV

WO0KTNOIDOV AvAyVOOoTG Kot EVIULEPWOCTG.

[Na v amdéxton ¢ TPoowpvig W0KTNGI0G oG t-pHeTtafAnmg X omd o
docoyia T(i,n;), apkel n docolnyio va KatapEPeL va YpayeL TNV 1010KTNO10 TG X
™V T evog oeiktn mpog ) doun ¢ Trec(i,ng), HEG® NG KOTAAANANG EVTOANG
LL/SC ka1 evoocw kapio docoAnyia dev katéyetl v avtictoyn wioktnoio. Emopévmg
0 SSTM ypnowonoiel endvoun mAnpoopia wioktnoioc. Eniong, yio tv katdpynon
¢ woktnoiog ¢ x apkel n T(L,n) va yphyetr v edkn Ty NOBODY oty
avtiotoyn 0éon omv avtiotoyn 0éom tov wivoka ownerships ekteA®vTog TNV
KatdAAnAn evtoa LL/SC. H popen tov ocvotipoatog SSTM  mopovcialeton
oYNUOTIKA 6To Zynua 5.1. X10 cvykekpipévo oynua ot t-petafAntéc otig 0éoeig 0,4,9
ToV mivaka memory Katéyovrot amd T docoAnyio T(i,n;) ko ov Oéoeig 3,6,12,14 and

mv T(,n;).

o «xa0e odocoinyio T(i,nj), o oaiydopiOuog SSTM dwtnpel T1IC aKOAOLOES
mAnpoopieg otn doun Trec(i,ng): 1) €vav KOTOY®OPNTH OVAYVOONG-EYYPAPNG Status
OV TEPLYPAPEL TNV KOTACTOON TNG d0coAnyiog, 1) £vov KAToymPNT ovAyveOoNc-
EYYPAONG version Tov TEPLYPAPEL TOV aEovTa aplOud TG TPEYOLGAS O0GOANWiNG TOV
ekkivnoe 1 pi (nAadn yo v T(i,n;) B Exel v TN ny), iil) évav mivaka dataset
peyéBovg M mov meprypaeet T1g 0éoelg (oTov mivake memory) TV t-HETAPANTOV TG
STM mov 1 T(i,n;) B€AeL voo TPOGTELAGEL, 1V) £VOV KOTAXOPNTH AVAYVOCNC-EYYPAPNS

size TOV TEPLYPAPEL TO TANOOC TV BEcewV Tov Tivaka dataset mov meptypdpovv Tig t-
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petafintég mov n T(i,n;) Bélel va mpooneAddoet, v) évav mivaka oldValues peyéBovg
size mov Ba mepLEyeL TIC TOALES TIEG TV t-petafAntav wov n T(i,n;) Ba tpomomomcet
edv ohokANpwBOel mg emTuyMUEVN, Vi) £vav KOTa®PNTH ovVAyVOONG-EYYPUPN stable
nov meptypapst €dv M Trec(i,n)) dwtnpel v TPEYOLCA YPOVIKY] CTLYUY GUVETN
dedopéva, Kot vil) €vav KOToy®mpNTy avayvoons-eyypaeng func mov datnpel Evav
delkmn oe p ovvdptnon £, n ypnowdmra g omoiag Oa eEnynbei ot cvvérewo.
Koatd v mapovciaon tov kddwka tov Asttovpyidv tov SSTM, vrobétovpe 6t N

dopn| Trec(i,n;) givar tomwov Transaction.

o 1 2 3 4 5 6 7 &8 9 10 11 12 13 14 15

S

status
version
dataset

memory

ownerships

status
version

dataset
size
oldValues
stable

f

size
oldValues
stable

f

Trec(i,n;) Trec(j,n;)
Yymua 5.1: Zynuotiky avoarapdotocn cvotiuoatog SSTM pe M=6 kot ) docoAnyia

T(i,n;) va katéyet Tig 0o 0,4,9 tov mivaka memory kot tv T(j,n;) 116 3,6,12,14.

To status pmopel va maipver tpég amnd 10 ovvoro {ACTIVE, COMMITED,
ABORTEDY}, 6mov ke pio amd t1g TYég €xet mpoeavn onpacio yuo v T(i,n;). Ztov
SSTM, n doun dedopévov Trec(i,ni) sivor doupotpaldpevn Kot KON yioo OAEC TIG
docolnyiec mov ekkvel | depyacia 1. 'Etol, av n pi ekkivnoe k docoinyiec ot idot
KoToywpntég mov amotehoVv v Trec(i,n;) meptypdpovv Oreg Tig docoinyieg T(1,n;),
omov 1<n;<k. H tpéyovca docolnyio mov extelel kbbe diepyacio pi kabopileton omod
TN XPOVOCEPUYIOD OV TEPLEXETAL CGTOV KOTOYXWPNTH Vversion. X1 ocvvéxewn Ha

avapepOLOSTE 0TI doun avtn wg Trec;.

O alyopBpoc SSTM vrootnpilel otatikég docoAnyieg, To omoio onuaivel OTL TO
oVUVOAO TV t-petafAntdv mov o mpoomeEAdcEL o OOGOANYIN Yo avAyveoon 1
evnuépmon, givar yvmoto ek Tov mpotépwv. Ovoupdlovpe 10 obvoro owtd Dataset

(6nwg Ba mopovclacTEl GTN GLVEYELN, TO GTOLKEIL TOLV GLVOAOL QVTOV OlOTHPOVVTOL
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010 oVOvoAo dataset mov mepiEyetor otn doun pog docoAnyiog). O meploplopHoOg o€
otatikéG O0ocoAnyieg tov aAyopiBuov SSTM oamotelel wor to  Paocikdtepo
HELOVEKTN LA TOV S10TL TEPLoPILeL apKeETA TN YPNOTIKOTNTA TOV. AKOUN, N 1O10TNTA TOV
avtn kKafoTd TIG TEPIGGATEPES AMO TIG AE1TOVPYieg OV apéxel To avtikeipevo STM
un amapaitres. Emedn 1o cvvoro Dataset givatl yvwotd K TV TPOTEPWOV, O YPNOTNG
mov ypnoiponolel Tov SSTM mepva g Opiopa ot Asttovpyia BeginTransaction to
ovvoro awtd. Emumpdcsbeta o adyopiBuog SSTM vrmobétel 611 0 ¥pnotng mepva g
opopa oe pia 00GoANYia T GuVEPTON oL BEAEL Vo EPOPUOGEL GTO SEOOUEVO TOV
npokabopiopévev t-petafintov. Ovoudlovpe f ™ ovvaptnon ovtr. Emedn o
alyopiBuog SSTM vmoomnpilel otatkéc O00coAnyieg, mpoxvmTel OTL dgv  glval
OTOPOITNTEC Ol AEITOVLPYIEG OVAYVMOONG KOl EYYPOUPNG TOV OTOMKOD OVTIKELEVOL
STM. Axoun, emewdn o SSTM vhomowel otatwkn pviun STM, n Aertovpyia
CreateNewTmVar tov avtikeipévov STM odev eivar anapaitntn otov SSTM, 81611 1)
onuovpyle Ko M KOTAAANAN apyikomoinon oG  t-petafAntg  pmopel  va
mpaypatonombel kobolkd yu OAec Tic M t-petafAntéc xoatd v €KKivnom Tov
ocvotnuatog STM. ‘Etot, o1 pdveg amapaitnteg Asttovpyieg tov avikepévov STM yia
Tov okyopiBpo SSTM eivar ov Aewrtovpyiec exkivnong (BeginTransaction) ot

TeppaTiopod pag docoinyiog (CommitTransaction kot AbortTransaction).

Emiléyovpe va meprypayovpe tov aAdyopiBpo SSTM Bdoel twv Aeltovpyudv Tov
Baowod avikeypévov STM. Zto onpeio avtd Ba yivel Lo GUVOTTIKY TEPLYPAPT| TMV
Aertovpyudv tov adyopibpov SSTM, evd mepiocdtepeg Aemtopépeteg Oa 600ovv ot
ocuvéyewn. O adyopBpog SSTM amartel amd Tov ¥pNoTn Vo EKKIVIGEL Lot S0GOAN i
T(1,n;) exkteddvtag ) Asttovpyia BeginTransaction, mepvavtag o¢ Opiopo G€ VTN TO
npokabopiopévo cuvoro tov t-petafintov (Dataset) to omoio Oa mpoomerdoel M
docoinyio kot T ovvdptmon f v omoia o aiyopiBpog SSTM 6Oa umopet va
exteléoel ota dedopéva TV t-petafAntov tov Dataset, ®ote va AdPel Ta véa Tovg
dedopéva. O ypNong divel TIg TANPOPOPIES AVTEG KATA TNV EKKIVION TNG 00GOANYing
T(i,n;), og Tapapérpovs ot Acttovpyia BeginTransaction, 1 onoia mopovcidletorl 6to
Yyua 5.2. Onog mopovotdletor 6Tov KOKA 0VTO, OpYIKOmoleital KatdAAnAa 1
doun Trec; (ypopuun 2) pe v ektédeomn g ovvaptnong Initialize, ot ocvvéyea
ONAdveTOL OTL TaL dedopéEva NG elvarl cvvenn (ypauun 3) Kot emoTpEPETOL 1] dOUN

avt oto yprotn (Ypopun 4). Inuewdvetor 6t 1 p; dwtnpet v idwa doun Trec; yia



117

OAEG TIG dOGOANYIEC TOV EKKIVEL, Y10 TO AOYO AT O deCUEVETOL EK VEOL UVIUN V1oL

v Trec; kotd TV ektédeon tng Aettovpyiag BeginTransaction.

Transaction *BeginTransaction (DATA Dataset[], int size, void *f)
Initialize (Trec;, Dataset, size, f);

Trec;>stable = true;

Ssw NN

return (Trec;);

Syua 5.2: Kodwag e Asttovpyiog BeginTransaction tov SSTM yuo v pi.

O xodwag g ovvéptmong Initialize mapovodletar oto Zynua 5.3. Apykd
onAovetar 6t  docoAnyia eivor exkkpeung B€tovtag to status g oe ACTIVE
(ypopun 6), émerto apyKOTO0VVTOL Ol KaToympntég size, dataset kou func Pdoet Tov
OPLoUAT®V OV 0 ¥pNotns é0wae kotd v BeginTransaction (ypappés 7 £wg 10), kot
TEAOG apytkomotovvtal ta ototyeia Tov mivaka oldValues oe null (ypoppég 11 ko 12).
[Mopatnpodpe 611 10 chvoro Dataset kat 11 cuvaptnon f, dwatnpodvior ot dour| TG
T(i,n;), dNradn otnv Trec(i,n;), otig Oéceig dataset kan func, avtictoyo. Znueudveton
0T1 oto status g Trec;, dtotnpeiton 1 Ty ToL status Kot pio akope oplOUNTIKNY Ty,
n xpnowomta ¢ omotog e€nysitor ot ovvéyew. H opBuntikr ooty Ty

apyKomoteiton o€ Undév.

5 Initialize (Transaction *Trec;, DATA Dataset[], int size, void *f)
6 Trec;2>status = (ACTIVE, 0);

7 Trec;>size = size;

8 for (j=1; j<=size)

9 Trec;>dataset[j] = Dataset[j];

10 Trec;>func = f;

11 for (j=1; j<=size; j++)

12 Trec;2oldValues[j] = (null,0);

Yymua 5.3: Kodwog e ovvaptnong Initialize tov SSTM yia v pi.

‘Emerta, o ypnotg mpénet va ektedéoet ) Aettovpyio CommitTransaction ®ote va
oAokAnpwbel mn docolnyic ®¢ emtuynuévn M v AbortTransaction ywo va
OAOKANPWOEL M doGOANYio MG UN-EMTLYNUEVY]. ZNUEIOVETAL OTL O YPNOTNG OV
ypewbletonr vo exktedécel kamolo Aertovpyla ReadTmVar 7n WriteTmVar 7

CreateNewTmVar, n vAomoinon tov onoimv otov SSTM eivar kevr|. H vAomoinon g
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Aertovpyiog AbortTransaction mepiéyet povo tn dMMiwon tov dedopévav g Trec; g

UN-GLVETY], OGS TOPOVGLALETOL GTO XyMua 5.4.

13 AbortTransaction (Transaction *Trec;)

14 Trec;>stable = false;

Zyua 5.4: Kodwag g Asttovpyiog AbortTransaction tov SSTM yuo v pi.

15 (Boolean, DATA []) CommitTransaction (Transaction *Trec;)
16 PerformsTrans (Trec;, Trec;>version, TRUE);

17 Trec;>stable = FALSE;

18 Trec;>version++;

19 if (Trec;2status == COMMITED) then

20 return (TRUE, Trec;2oldvValues);

21 else

22 return FALSE;

ymua 5.5: Koodwkag g Aettovpyiog CommitTransaction tov SSTM yia v pi.

Kotd v extéheon g Aetrtovpyiog CommitTransaction yio puo docoAnyio T(i,n;)
and Tov YPNoT, EKTEAEITOL O KMOOIKOG OV TTapovstdletal oto Zynua 5.5. O SSTM
nmpoonmadel vo oAokAnpwoel v T(i,n;)) ®¢ emMTLYNUEVY, EKTEADVTOC TN GLVAPTNON
PerformTrans (ypappn 16). Enueidveror 6Tt n cvvaptnon PerformTrans, o opicet to
Trec;>status otnv Ty COMMITED &dv n docoAnyio T(i,n;) olokAnpmBOei emtuyd
kol otnv tu ABORTED o¢ avtifetn mepintoon. 'Etol, petd v extéheon 1ng,
oniovetor Ot To dgdopéva ¢ Trec; dev eivonr mAfov ovvemr|, avidvetal To
Trec;=>version kotd 1 (mov onpaivel 6tL 1 endpevn docoAnyio mov Ba exkivnOel amod
mv pi 0o givor 1 T(i,ni+1)) ko ot ovvéyewn otig ypoupés 19 émg 22, yiveton m
EMOTPOPT OEOOUEVOV GTO YPNOTH OVAAOYO HE TO OMOTEAEGHO TNG EKTEAEOMC NG
docovyiog, péow ¢ PerformTrans. Edv n docoAnyio olokAnpdbnke emituymg,
emotpépovior otov ypnotn n tn emrvyiog (TRUE) ko o wivakag pe Tic
TPOTYOVUEVES TIUEG TOV t-UETAPANTOV TOV TPOCTEAAGTNKOY, EVAD €4V 1| d0GOANYia
oAoKANPpwOel pun emtvymg emotpépetan n Ty un emtvyiog (FALSE). YrevBouileton
o0tL 0 aAyopiBpog SSTM viomotel vmoonpilel HOVO OTATIKEC OO0CGOANYiES KOl O
YPNOTNG TePVA ¢ Opopa tn cvvaptnon f mov Ba epappoctel oto emBountd

dedopéva. Emopévac o xpnomg de yvopilel ovte Ta dedopuéva TV t-HETOPANTOV TOV
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avayvoocOnkav and tov SSTM, obte ta véa Tovg dedopéva petd v ektédeon g f
KoL TV evnuépwon tovg and tov SSTM. I'a 1o Adyo avtd o SSTM opilel 611 €dv o
docoyio oAokANpmOEL emttLy®G, o EMGTPEPOVTOL GTO ¥PNOTN TA TOAAE dESOUEVAL
TOV t-HETAPANTOV OV TPOSTEAACTNKAVY, KATL TO onoio mapaPidlel Tov opiopd ™G

Aertovpyiog CommitTransaction Tov Bacikod aviikepévov STM.

O koowag t¢ ovvdptnong PerformTrans mapovoidleton oto Zynuo 5.6. H
npoondfeio odokAnpwong g T(i,n) og emrvynuévng péow g PerformTrans
yivetan og 0vo otddw. Katd 1o mpdto 614610 0 SSTM mpoomabel vo amoKTnoeL Tig
TPOGMPLVEG O10KTNG1EG OA®V TV t-peTAPANTOV OV mBupel 0 ¥PNOTNG, EKTEADVTOG
™ ovvapmon  AcquireOwnerships  (ypauun 27). Otav 1 ocvvaptnon
AcquireOwnerships emiotpéyet gite Oa £xovv amoktnBel o1 TPoc®PIVES WO10KTNGIE
oAV TV t-peTofAnTOv N OxL, kot 1 AcquireOwnerships gyyvdrtatl 6Tt 10 status g
T(i,ni) Ba €xer Ty ACTIVE 1 ABORTED, avrtictoyya. ‘Etot, €dv katd 1o mpdTo
016010 1 T(1,n;) €€l KATAPEPEL VO ATOKTNGEL TIC TPOCMOPIVEG 1010KTNTIEG OADV TV t-
petafintov mov embopel o ypnomge, 10te onuaiver 6t M T(i,ni) €xel amoxtnoEt
ATOKAEIGTIKY] TPOGPaoN G€ OVTEG Kol KOTA TO OEVTEPO GTASIO TNG EKTEAEONG TNG
yopaxtnpileTon o¢ emiTuynuévn, omiadn n katdotaocn g opiletar oe COMMITED
(ypopun 31). Ztn cvvéreln, amodnKevet T TOAEG TIHEG TOV t-OVTIKEILEVAOV HEG® TNG
ovvdaptnong AgreeOldValues (ypapun 35) ko pe Bdon avtég vroroyilet Tig véeg Tovg
TWéS KaAwvtag T ovvaptnon f mov Opoe o ypnomg (ypouun 36). Téhog, M
ovvaptnon PerformTrans amoOnkevet Tig véeg Tinég otic t-petafantég pe m Pondeia
¢ ovvdptmong UpdateMemory (ypouun 37), katoapyel T TpocwpivéG 1010KTNGIES
oL  Kotéxel péom g ovvdptnong ReleaseOwnerships (ypopun 38) xo

OAOKANPAOVETOLL.

Avtifeta, €av kotd t0 TPDOTO 0TASI0 N T(i,n;) Sev €Yl KATAPEPEL VO OMOKTNGEL TIG
TPOGMPIVEG 1010KTNGIEC OA®V TV t-ueTafAntodv mov emBuuel, onuaivel 0Tt dev el
KOTOQEPEL VO OTTOKTIGEL TNV WO10KTNO10L oG t-HETOPANTNG X EMELDN TN CLYKEKPLUEVN
YPOVIKT] GTLYUT| TNV KOTelye Kamola GAAN docoinyia T(j,n;). Znv mepintwon avti, 1
ovvaptnon AcquireOwnerships €xst ypawyer v tyuq ABORTED o710 Trec;.status,
palt pe tov apBud g 0éong tov mivaxe Ownerhips, éotw failnum, ctnv omoia

dwatnpeital N wWokoia ¢ X. Xt ovvéyew 1 T(1,n;) katapyel OAEG TIC TPOCSWPIVES
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Woktnoieg mov mbavag eiye amoxtiost (ypauun 40) exteAdvVTag T CLVAPTNON
ReleaseOwnerships, fonfd v T(j,n)) vo olokAnpmbei ekteddvtag tn cuvaptnomn
PerformTrans yio ™ ocvykekpyuévn docoAnyia (ypopuur 48) mepvavtag g OPIGHO TO

Trec;, ko petd v emotpoen g ovykekpévng PerformTrans ohoxAnpmvertar.

23 PerformsTrans (Transaction *Trec;, int version, Boolean isInitiator)
24 int status, failadd;

25 Transaction *failtran;

26 DATA newValues|[Trec;>size]l;

27 AcquireOwnerships (Trec;, version);

28 (status, failadd) = LL (Trec;=>status);

29 while (status == ACTIVE)

30 if (version # Trec;2?version) then return;
31 SC (Trec;>status, (COMMITED, 0));

32 (status, failadd) = LL (Trec;=>status);

33 (status, failadd) = LL (Trec;=>status);

34 if (status == SUCCESS) then

35 AgreeOldvValues (Trec;, version);

36 newValues = Trec;=>func (Trec;2oldvalues);
37 UpdateMemory (Trec;, version, newValues);
38 ReleaseOwnerships (Trec;, version);

39 else

40 ReleaseOwnerships (Trec;, version);

41 if (isInitiator == TRUE) then

42 failtran = ownerships[failadd];

43 if (failtran == NOBODY) then

44 return;

45 else

46 failversion = failtran—>version;
47 if (failtran=2stable == TRUE) then
48 PerformTrans (failtran, failversion, FALSE):;

ymua 5.6: Koodwog e ovvaptnong PerformTrans tov SSTM yua v pi.

Inpewwveton 6Tt M T(1,n;) etvan oe B€om va BonOnoet v T(j,n;), Sttt pécw TG TIUNG
™G TPOS®PIVNG 10KTNGiag g X pmopel vo padet to Trec;, To omoio mepiéyet OAeg TIg
amattovpeveg mAnpogopieg Yo tnv T(J,n;). Xvykexpyéva n T(1,n;) pabaiver v Tipn
Trec; pe v extéleon g ypapung 42, omov to failadd eivar o apBudc failnum mwov
ocu{nmbnke mapardve. Avtdg sivar kot o unyaviouog fonbesiag mov TPocdideEL TV
W0 MTo TEPUATIGHOL eAgvbepia KAEW®UdT®V otov aiyopipo SSTM. Enusudveron
ott 1 T(i,n;) PonBd 10 MOAD pior SocoAnyia vo oAokANpmOel Kot Oyt ETOVOANTTIKA

ooeg ypelactodv Pondeta. Avtd onpaiver 6t €dv n T(i,n;) Pondnoet mv T(j,n;) vo
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ohokAnpwBei kar n T(j,n;) amopacicet pe ) oepd e va Pondnoet kdmowa T(k,ny),
tote M T(i,n;) d¢ Ba PonOnoet kou v T(k,nk) aArd Ba otapatost va Ponbd v
T(,n;) xar Bo oAokAnpwOel wg pn-emroynuévn. Avtd emTvyyAveETOL e TO TEPACHOL
¢ tipns FALSE oto 0pwopa isInitiator tng PerformTrans mov exteleitan otn ypopuun
48 ywa v T(j,n)) amd v T(i,n;).

Onwg meprypdonke, o xpnotg £xel opicel T cvvaptnon f Katd v exkivinon g
T(i,n;), n omoia Ba epappoctel ota dedopéva TV t-petafAntdv tov Dataset apod o
SSTM amoktoEl TIg TPOSMPIVEG 1W10KTNGieg TV t-petafAntov avtov. o 1o Adyo
avtd Aéue 0Tt o SSTM ypnoyomolel €k TOV TPOTEPMOV ATOKTNGT TPOCOPIVOV
1010KTNOLOV Kol OYl €K TOV VOTEPOV TOL NTAV TO OVOUEVOUEVO, dEGOUEVOL OTL Ol
TPOCMOPIVEG  1010KTNGIEC  OMOKTMVTOL KOTd TNV  €KTEAES) NG Agttovpyiog
CommitTransaction. Axoun, eneldn o SSTM amoktd TPoSOPIVES 1010KTNGIES G OAES
TIc t-petaPAntég mov opiler o ypnotng, ywpig va yvopiler moleg amd ovtéc Ha
evnuepmbotv, Aépue 01t 0 SSTM ypnolomolel 0paTEC AVAYVOGELS t-OVTIKEILEVMV.
Emopévaog o SSTM dev amattel v vAomoinomn kémwowov pnyavicpod €Ay ov
OULVETELNG TOV 0edopEVOV TOV t-peTafAnTdV mTov avayvactnkav pécm Asttovpyiog
KaBoMkNG avayvoong d10TL YPNOYOTOLEL 0PATEG OVAYVAOGCELS t-HETAPANTOV Kol €K

TOV TPOTEP®V ATOKTNGT TPOCOPIVAOV 1O10KTNCUDV.

21 ovveyeln meprypdoeton  cvvdptnon AcquireOwnerships, 0 KOJKOS TG omolog
napovctaetar oto Zynua 5.7. H andkmon tov enbopuntdv Tpocopivdy 1010KTGLOV
yivetal Katd 10 Tp®OTO 6Tdd10 ektéAeomg NG PerformTrans péow tng extéleong g
ovvdptnong AcquireOwnerships. Awatpéyovtar OAeC ot €mBLUNTEG TPOSMPIVEG
woktnoieg (51 kot 53) kot yio kébe pio amd avtéc, £6TmM own, aPYKO AVOUKOADTTETOL
N docoAnyia mov mBavedg v Katéyet (Ypouun 55). Edv n own €xel amoktnOei on
and v dw v T(,n;) (ypoppur 57) 1ote cuveyilovpe pe v endpuevn 10kt oio. Av
dgv m own Ogv &yel amoktnOel amd Kapio docoAnyio (ypapur 58) toéte mpoondOeia
amoktnong g omd v T(i,n;) (ypapur 60), pe v eKtéreon G KOTAAANAN EVIOANG
LL/SC. Av n own éyet amoktnBeil and kdamowo doconyio dtapopetikng ¢ T(i,n;)
(ypopun 62) tote n T(i,n;) yopoxmpileton ®¢ pn emroynuévn (ypouun 63) ot
olokAnpaveton 1 ektéleon g AcquireOwnerships (ypopur 64). Emopéveg, €dv

Kamola amd TG mTPocwPvég Wokmoieg mov embouel va amoxtioet N T(i,ni) &xet
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aroktnOel and kdmolo aAAN docoAnyia, tote n T(i,n;) Oa dev Ba Katapépel vo TV
amoKTHoEL Kot B0 OAOKANPMOGEL TO TPATO GTAOI0. ZNUEIOVETAL OTL GTNV TEPITTMOON
avtn, 1 AcquireOwnerships €xet ypayet v tiu ABORTED o1o Trec;.status, pali pe
tov aplud g Béonc tov mivaxoe Ownerhips mov n T(i,n)) dev katépepe va
aroktnoel. Onwg meprypdonke, Pdacel ovtod tov apBpod n T(i,n;) pmopel ot

OCLVEYELN VO EKTEAECEL TO Unyaviopo Pondetoc.

49 AcquireOwnerships (Transaction Trec;, int version)
50 int size = Trec;>size;

51 for (j=1; j<=size; j++)

52 while TRUE do

53 location = Trec;>dataset[]j];

54 if (LL(Trec;>status) # ACTIVE) return;

55 owner = LL (ownerships[location]);

56 if (Trec;i.version # version) return;

57 if (owner == Trec;) exit while loop;

58 if (owner == NOBODY)

59 if (SC(Trec;.status, (ACTIVE,OQ0)))

60 if (SC(ownerships[location], Trec;))
61 exit while loop;

62 else

63 if SC (Trec;.status, (ABORTED, 7j))

64 return;

ymua 5.7: Koodwkag g Aettovpyiog AcquireOwnerships tov SSTM yia v pi.

Eivar onpaviikd 6tt o SSTM opilel 6tL 1 amdKTNOTN TOV TPOCOPIVAV 1010KTNGLOV
KOTO TO TPMTO 0TASI0 EKTEAEONG UG S0coANYiag, YiveTal e Tpokabopiopuévn oelpd
Baon g avéovoag dtitacng twv Bécewv TV t-peTafANT®OV GTO 0TOi0 OVTIGTOLYOVV.
A1 yivetal avtiinmto and Tig ypappég 51, 53, 55 kot 60 Tov Kddwka. Me tov TpdTO
aVTO OMOPEVYETAL 1 TOPOLGINCT] KATACTOONG KAOOAMKNG TOPATETOUEVIG CTEPNONG
mov Bo elye ®G OMOTEAESHO TNV KOTOOTPOTAYNON NG 1Widttag eievbepia
KAewoudtov tov SSTM. Edv dev vmpye o meplopiopdg avtdc, Bo pmopovoe vo
TOPOVCIOCTEL KATAGTOOT TOPATETAUEVNG OTEPNONG €6V Kamolo docoAnyia T(i,n;)
elye amokToEl TNV TPocwpvn WloKNGio g t-petafAnTS X Kot Tpoonabdovoe va
OOKTNOEL TNV TPOCOPWVN WoKTNoio NG t-HeTafAnTne y, Kot Kémowo GAAN
docoyia T(j,nj) koteixe T y ko wpoomabovoe va amoktioet T X. ‘Etol, n T(1,n;)

0a Ponbovoce v T(,n) war m T(G,n) v T(L,n) xor emewdn n plo Katéyer v
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TPOCOPIVY| WO10KTNGIa Lag t-HeTAPANTAG oL I GAAN emBuuel, pe Pdomn ta Topandvo,
Oa amotvyovv kot ot dYo. I'ivetron kKarovontd 0Tt £dv 01 docoAnyieg T(1,n;) ko T(j,n;))
Eava EKTEAOVVTOV OO TOV ¥PNOTN KOl TO TAPATdve oeviplo Eava eppovifotav Oa

KOTOOTPATYOUVTOV 1) 1010T1Ta EAeVBEpia KAEWDOUAT®OV TOV aAyopiBov.

Onwg avaeépbnke, Katd to debtepo o1adio extéheonc g 1 T(i,n;), avdioya pe v
T tov Treci.status, mn PerformTrans 0o extedécel eite 11 oGLVAPTNOELG
AgreeOldValues, f, UpdateMemory kot ReleaseOwnerships oty nepintwon mov £xet
Ty COMMITED, © povo v ReleaseOwnerhips av n 1y tov givar ABORTED. O
KOOIKOG TOV GLUVOPTNCE®V OLTOV Tapovotdletal otn ovvéxeld. O KOO g
ovvdptnong ReleaseOwnerhips mapovcialetor oto Zynua 5.8. H cvuvdptnon avt
etvar vreEvBLYT Vo KATOPYNOEL TIC TPOSMPIVES O10KTNGIEG TOV t-HETOPANTOV TTOL 1|
T(i,n;) xataeepe vo amoktinoel. [ 10 Adyo oavtd eEetdlel OAEG TIG TPOGMPIVES
woktoieg (Ypoppés 67 ko 68) mov embBupel n T(1,n;) ko katapyel (ypopuun 71) 6ceg
&yovv amoktnOel amd v T(1,n;) (ypopur 69).

65 ReleaseOwnerships (Transaction *Trec;, int version)
66 int size = Trec;>size;

67 for (j=1; j<=size; J++)

68 location = Trec;>dataset[]j];

69 if (LL(ownerships[location])== Trec;)

70 if (Trec;2version # version) return;

71 SC (ownerships[location], NOBODY) ;

Zymupa 5.8: Kadikog g Aettovpyiog ReleaseOwnerships tov SSTM yia v pi.

72 AgreeOldValues (Transaction *Trec;, int version)

73 int size = Trec;>size;

74 for (j=1; j<=size; j++)

75 location = Trec;>dataset[]j];

76 if (LL(Trec;>oldValues[location] == (null,0))

77 if (Trec;2version # version) return;

78 SC (Trec;>oldValues[location], (memory[location],1));

Zympa 5.9: Kodkog g Aettovpyiog AgreeOldValues tov SSTM yuo v pi.

O xodwog ™¢ ovvapmmong AgreeOldValues mapovcialeton oto Zynuo 5.9. H

ocuvdptnon avt) eivar vreHBvvn va amodnkevoel TIg TAMES TIHEG TOV t-UETAPANTOV
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nov 1 docoAnyia T(i,n;) embopel otov mivaka oldValues. O k®dikag ™ cvvaptnong
UpdateMemory mapovoidletot oto Zynua 5.10. H cuvéptnon avt evnuepovet Tig t-
petaPintég mov 1 T(i,n;) embopel Paoetl Twv VE®V TOLG TYLMOV, TOV VTOAOYICTNKAV Kot
amoOnkevnkav otov mivaka newValues, pHécm NG €KTEAEONG TNG GLVAPTNONG
Trec.func (ypappun 36). I'ia 10 Adyo avtod dtatpéyet OAES TI t-petaPAntés (Ypoppés 81

Kol 82) mov o ypPNoINg Oploe Kol TG evnuepavel Pacel tov mivako newValues

(ypapun 87).

79 UpdateMemory (Transaction *Trec;, int version, DATA newValues[])
80 int size = Trec;.size;

81 for (j=1; j<=size; j++)

82 location = Trec;>dataset[]j];

83 oldvalue = LL(memory[location]);

84 if (Trec;>AllWritten == TRUE) return;
85 if (version # Trec;>version) return;

86 if (oldvalue # newValues[j])

87 SC (memory[location], newValues[]j]);
88 if (LL(Trec;>AllWritten) == FALSE)

89 if (version # rec>version) return;

90 SC (Trec;>AllWritten, TRUE);

Zynua 5.10: Kodwag g Aetrtovpyiag UpdateMemory tov SSTM yua v pi.

Koatd v meprypaen tov aryopiBuov SSTM mov mponyndnke, emkevipwOnkape
OKOTIU®MG OTIG PacikOTEPES YPOUUES TOV KAOOIKA TOV, YAPV OTAOVGTELONG NG
TaPoLGIocNG TOV. X210 onueio avtd Ba yivel KatavonT N YPNCILOTNTA TOV YPOUUOV

TOV TOPOANPONKAV.

O aly6pBpog SSTM £€yet 600 YapAKTNPIOTIKAE TOV TEPITAEKOVY OPKETE TNV ATOSEIEN
g opBOTTAg Tov. To TPMTO MPOKLITEL AN TO YEYOVOG OTL €GV KOO dOGOANYia
T(i,n;)) Oev KOTAPEPEL VO OMOKTNOEL TIG TPOSMOPVES 1O10KTNOiEG OAV TV t-
petafAntav mov emboupet Katd To TPMTO GTASO (KATA TNV EKTEAEST TNG OVTIGTOUYNG
ovvdptnong PerformTrans) tote xotd 1O dgvTEpO o©TAOI0 O Tpoomabncel va
Bonbnoer xamowa GAAN  O0GOANWiM, EKTEAMVIOG TNV OvTioTOoyNn OLVAPTNON
PerformTrans. Avtd onpaivel 0Tt 0 kMoK TG cuvaptnong PerformTrans kot OAwv
TV ovvoptioewv mov ovty koiel (ReleaseOwnership, AgreeOldValues,

UpdateMemory) umopel va exteleitor Tavtdypova amd TOALEG dlepyacies (amd ™
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depyasio mov ekkivnoe ™ docolnyia kol amd TG «PBondnTkée» NG 60G0ANViES).
‘Etol, mpémer o alyopiOpog SSTM va efoaceariler O0TL dev  dmupuovpyovvtot
TPOPANLATO GLYYPOVICUOD HETOED OA®V OVTAOV TV depyacstmv. Eival onuaviikd va
napoatnpndel 0tt ot Pondntikég docoinyiec o docoAnyiog T(ini) pmopodv va
ektehovvror aveapmta and v T(i,n;), kdtt mov onuaivel OTL pmopovv va
eKTEAOVVTOL KOl HETA TOV Teppationd g T(1,n;). H devtepn dvokoiia mov wpémet va
AVTIHLETOTIGEL 0 alyoplOuog eivor 1 xpnon g idwog doung Trec; yioo TV meptypaen
TOV TANPOPOPIOV OAMV T®V SOCOANYIOV oL ekKvnOnkav amd  depyosio p;.
[Tpéner va dSaceadiletar 6t or Pondntikég docoinyieg pog docoinyiag T(i,n;)

BonBovv mpdrypatt v T(i,n;) kot oyt kamwowa exdpevny g T(i,k), dmov k>n;.

[Na va yivouv xotavontd to 600 Tapomdve TPOPANUATO KOl VO TOPOVCLOCTEL M)
YPNOLOTNTO TOV EMITAEOV YPOUUDV TOV KMOKA Tov SSTM mov dev meptypdonkay,
ag aoyoAnbovue pe tov kodiko ¢ ovvaptnong ReleaseOwnerships. Mg Bdon ta
mopanave, o Bo Nrav cootd pia Pondntikn docoinyia tg T(i,n;) vo Kotapynoet
Kémola mpoocwpv| Woktnoio petd to téhog g T(i,n;), 010t owtd pmopel va giye
amoktnOel and kamowo dAAN docoAnyia T(j,n;), j#i, N va eixe amoktndel and kdmoo
docolnyia ov €xetl exkivnOel amd v p; petd to téhog g T(1,n;). O €heyyog mov dev
EMTPEMEL TNV TPAYUATOTOINGN TV 000 avTdv un embountodv cevapiov, onwg Oa
anodeyBel otv Evotra 5.2, eunepiéyetor oy extédeon g evioing LL/SC tov

ypappadv 69 kot 71, omnv onoia evordueca mapepPAiietol o EAeYX0G TOV version Tng

docoAinyiag g ypopuung 70.

Eivor onuovtikd 6t mopopotor EAeyyol TPOyLOTOTOl00VTaL GE TOAAL onueia Tov
KOJKa Kot 1 xpnopdtra toug eivon 1 €€ng: 1) H vmapén g evioing LL/SC yw tqv
evnuépmon Kamowg t-petafAntg X and po docoAnyio T(i,n;) amookomel 6to va
evnuepmdei n x pio pévo eopd amd v T(i,n;), gite amd v idto | Amd KATOLN EK TOV
Bondntikdv g docoANYIdY, Kot ii) N Vmapén Tov eA&yyov Tov version petalld TG
evtomMic LL kot SC otov X, amookomel GTnv pn evnpéP®GN TOL X UETE TNV

oroxkAnpwon ™¢ T(i,n;), arwd T1g PondnTiKég TG SocOANYiES.

Ymv enduevn Evomnra, mopovoidletor @oproiotikny amdoein g opfotntag tov

aryopiBuov SSTM. Eilvar a&oonpeioto 61t Katd v QOpUAAISTIKY TOL amddEEn,



126

EUPAVIOTNKOV KATOW UIKPG TPOPANUaTe Tov 0 oAyoplOpog avtdc mapovsiole oe
KOmow oevapla eKTEAECEMV, TO Oomoio dgv Tov emé€tpemav va eivar opBoc. Ta
TPOPAIHATO QVTE ETAVONKAY Kal £TG1 0 KOOKOG TOV TOPOVGLAGTNKE GTNV TOPOVGA
Evomra, dtopépet amd tov kmdka mov mapovstdlovy ot cuyypageic tov SSTM otnv

gpyaciag tovg [19].

5.2. Am6d€iEn AkyopiOpov SSTM

YrevOopiletor 611 M nj-00TN d0CcOANYio oL eKKveitol amd o depyacio p;
ocvpPoriletar pe 7(i,n;) kou m pi ovopdletar onuiovpyos g T(1,n;). Mo diepyacio p;
ovopdaletar PonOntriky odigpyacio. wog docolnyiog T(in) av n p; xoAel v
PerformTrans pe opiopata (Trec(in;), nj, FALSE) (ypopun 48 tov kmoKa).
ZvppoiiCovpe pe PTj(1,n) v kifnon avt). H docoinyia T(j,n;) mov extereiton and
v p; kKotd v kAnon g PTj(i,n;) ovopdleton fonOnrixy docoinyio g T(1,n;) ko n
PT;(1,n;) ovopdleton fonOnuixy PerformTrans g T(i,n;). Ot executing diepyooieg pog
docoyiog T(i,n;) amotehovvionr amd TOV SNUOLPYO TS Kot TG Pondntikég g
depyaocies. Emiong ot executing PerformTrans tng 60GOANYI0G OTOTEAOVVTOL OO TIG

PerformTrans mov exteAovv o1 executing diepyacieg g.

YrevBopiletor 611 10 drdotnuo extédeans pog docoinyiog T(i,n;) ocvuPolriletar mg
E(T(i,n;)).Eivan a&oonpeioto 6tt to E(T(1,n;)) oev tavtiletor pe 10 O140Tnua
extéleonc tov Pondntikdv docolnyuov e T(i,ni), epoécov ot Pondntikég
docoinyiec g pmopet va teppoaticovv tpv o téhog tov E(T(i,n;)) 1 va cvveyilovv

VoL EKTEAOVVTOL PETH TO TEAOG TOV.

YrevOopiletor 0t1 ka0e depyacio p; oatnpel ot dlapopaldpevn dopn dedOoUEVOV
Trec; €va. GLYKEKPUEVO GUVOAO JOUADV OEOOUEVOV KOl UETAPANTOV LE TIG OTOLES
neEPLYPAPEL TN docoAnyio. mov ektedel. Mio amd TIG OOUEG OESOUEVOV TOV
dwtnpovvror oty Trec; ivon o mivaxag rec..add o onoiog amodnkevel Tig BEcEIG TOV
nivaka ownerships mwov 1 Tpéyovca ekkpepng doconyio g pi, £otm T(i,n;), emBopuet
va aroktioet. Emiong oty Trec; mepiéyeton n petafAnTn rec;.size mov meptypdeetl 1o
mBog Tov otoyeiov tov reciadd. v ocuvvéyewr Ba  ypnolpomoloduE  TOV

ovpporiopd /e Treci.add avti tov cvpPoropod /e {Treciadd[1], Trec;.add[2], ...,
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reci.add[rec;.size]}, yio va vrodnidcovpe kdmolo otoryeio / tov Treci.add. Axdun,
eMEON M pi Lwopel va glvatl 0 ONovpydg ToALOY docoAnyiayv, oty Trec; mepiéyetan
N HeTaPANTN version Tov dNADVEL TNV TPEYOLSA EKKPEUT docOANYia TNG pi, TT.X. YO
mv T(@,n) woyder Treciversion == n;. Xt ovvéyeln Bo ypnolpuonoodue Tov
ocvpuporiopd Trec; yio va avagepouacte oty doun dedopévev Trec g pi Kot Tov

ocvpuporiopd Trec(i,ng) yro va avoaeepdpaote otny doun dedopévov Trec e T(1,n;).

Kd&Be popd mov pia executing PerformTrans pog docoinyioc, éotw T(i,n;), eyyphost
oe kamow Béom, éotw j, tov mivaka ownerships tnv Trec; pe Treci.version==n;
EKTEADVTOG EMTLYDS TNV €vTOAN SC ¢ ypouung 60 tov Kddika yio TV j, Aépe 6t
T(@i,nj) aroxra 1o ownerhips[j]. Eniong xéBe @opd mov pio docoAnyia eyypdopel o€
Kdmola Béom, €0t j, Tov Tivaka ownerships v T nobody EKTEADVTAG EMTLYMOG
v evtoAn SC g ypopung 71 tov kddwka yuo TV j, Aépe 0TL 1| docoANYia Katapyel

to ownerships|j].

Mo va anodeiovpe v opBodtrta tov aiyopiBpuov SSTM mpémer va deiovpe OTL
Kavomotel TV 110TNTA 0pBOTNTOG GEPLOTOMCIUOTNTO Kol ENIONG OTL IKAVOTTOLEL TNV

00T TO TEPUATIGHOV eAgLOepia KAEW®UATOV.

5.2.1. Zewpromomoiuotnto.

‘Eoto o o orowdnmote extédeon tov SSTM kat €6t pia docoAnyia T(i,n;). Xnv
ouvEYeld TG omdOEENS TG WOTNTOG TNG GEPLOTOMGIUOTNTAS, VTOBETOVE OTL
TovAdylotov pio executing PerformTrans g T(i,n;) emotpépet ond v kAnon g
AcquireOwnerships kot €0t Caof(i,n) m «aboAlk] KaTdoTOoN O©TNV  OTOoin
OAOKANPAOVETOL Ylo TPOTN Qopd por kAnon ¢ AcquireOwnerships amd Kamotlo
executing PerformTrans ¢ T(i,n;). YrevBopiCetar 6t €av n T(i,n;)) oAoxkAnpwbei,

ocvpporilovue pe Cf(in;) v televtaio kaboiikn katdotaon tov E(T(1,n)).

Onwg éxer avapepOet n exktéheon ™¢ T(i,n;) Tpaypotonoteitor oe dvo pacelc. Katd
™mv TpoOTN EeAon ot executing PerformTrans tng T(i,n;) mpoomabodv va amokticovv
TG TPOCMPWVEG 1010KTNGileg OAwv Tov t-petafintodv mov 1 T(i,n;) embopet,

eKTEADVTOG TN cvvaptnon AcquireOwnerships. Edv kota@épovv va amokt ooy OAEC
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TIG TPOoWPVEG WoKTnoieg, 10te N T(i,n;) yopakmmpiletor o¢ emTvynUéVn, EVED €l
OEV KATAPEPOLV VO, TIC OITOKTCOVV XapakTNPileTon ¢ pun-emruynuévn. Avaioya pe
to edv 1N T(i,n;) elvar emroymuévn N un-emtoynuévn, Ba ekteAecTovV Ol Ypappég 35
¢mg 38 N o1 ypappés 40 éwg 48 g cvvaptnong PerformTrans, avtictoyya. Emniong,
Bacel tov punyoviopod Ponberog tov SSTM, ou executing PerformTrans tg T(i,n;)
umopel vo eivor mopomdve amd pio, KAt wov onuaivel 0t OAeg Bo mpémer va
EKTELECOLV TIG 101EC YpappES ToL Kddwa yia v T(i,n;). ['a va yiveton owto, mpémet
va amodeyfel Ot vapyel kamow kaboAkn katdotoor, éotw Cst(in), n omoin
nponysital g TPpMTNG ekTéAEoNS ™G YPouunS 19 and T executing PerformTrans
™m¢ T(i,n;)) xou otnv omoio to Treci.status g T(i,n;) Ba €xer Tiny COMMITED 7
ABORTED. Znueidvetal 6Tt n tiun avtn dgv Oa mpénet va pmopel va aArhdéel mpv

v Cf(i,n;). Avtdg ivor 0 TPAOTOG 6TOYOS TNG ATOIEENC.

Edv n T(i,n;) yopoktnpiotel ©¢ emroynuévn, TOTE KATd TO OELTEPO OTASIO NG
extéleonc g ol executing PerformTrans ¢ Oa extedéoovv T1g ypoappég 35 g 38
TOV KOOWKO OCTE vo. gvnuepmdcovy Tig t-petafantés. o va eEacpoiotel 1
ATOUIKOTNTO TOV OALOYDV o0T®V givor onuovtikd ot executing PerformTrans g
T(i,n)) va €yovv amoxielotikny mpdoPacrn oTlg t-HETOPANTEC TOL TPOKETOL VL
evnuepwBotv. Emniong enedn ot executing PerformTrans g T(i,n;) pmopel var givan
TEPLOCOTEPES AMO pia, TPEMEL OAEG VO EVIIUEPDOCOLV TIG t-UETAPANTEG e TIC 101€C
Tipéc. Enopévag mpémel va amoderybel o6t 1) n docornyia T(i,n;) yapaknpiletor wg
EMTUYNUEVN €AV Kol UOVO €4V €YEL OMOKTNGEL OAEG TIG TPOCWPLVEG 1OLOKTNOIEG TOV
emBopel, i) ot ypaupés 35 émg 38 exteAovvior amd TOLAG)IGTOV pio executing
PerformTrans g T(i,n;), €dv ko povo eav n T(i,n;) eivor emroynuévn, iii) kopio
executing PerformTrans Jdocoinyiog dSweopetikng g T(i,n;) oev umopel va
evnuepmoetl kamowo t-petafAnt evoom n T(i,n;) katéyel v aviictoyn Wokmoia,
Kat iv) 6Tt 6Aeg o1 executing docoAnyieg g T(i,n;) Bo evnuepdoovV e TG 101EC TIES

Ti¢ t-petafAntéc. To mapomdve amotelobv To 0e0TEPO GTOYO TNG OTOOEIENG.

AveEbptnTo e TO YOPOKTNPIGUO TNG 00COANYiNG G emTuynUéVNS N U, yivetot
KATAPYNON TOV 1010KTNOLOV TToL Thavmg £xel omoktnoet 1 T(i,n;) vrodnimvovtag Ott
n T(@,n;) €gel oOAOKANPOOEL TNV TPOTOTOINCT TOV avIicTOlWV t-petafAntov. ‘Etot

npénel vo. amoderyBel Ot 1) xopio amd 1ig executing PerformTrans tg T(i,n;) dev
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ATOKTO KATOl0 TPOGSMPIVY 1010KTNGI0, LETA TNV KATAPYNON TG Kot ii) Kopio omd Tig
executing PerformTrans g T(i,n;j) dev pmopet va evnuepdcel kamota t-petafintn x,
HETG TNV KATAPYNON TNG TPOSMOPIVIG 1W010KTNGIog TG X. AvTog €lvar o Tpitog 61dy0¢

™G amdOEIENG.

Eivar onuovtuco ot ot pondntikég PerformTrans g T(i,n;) pmopodv va cuveyicovv
va ekteAobvTol PLETd To TEAOG ™G T(1,n;). Emiong 0Aeg o1 docoAnyieg mov ekkivovvton
amo v dw dtepyasio pi ypnoponoovy v id1a doun Trec; yio v amobnkevon tov
aropoitnT@V TANpopopldv Tovs. 'Etcl, Ba mpémel va amoderyBel 6tL o1 fondnrTikég
PerformTrans tg T(i,n;) dev UTOPOVV VO EVNUEPMDGOLY KOVEVO Ol0UOPalOUEVO
aTOMKO avTikeipevo HeTd to TéAog ¢ ektédeong g T(i,n;), oOnAadr| petd to TEAOG

tov E(T(i,n;)). Avtdg eivar o tétaptog 6tdy0g TG amddeEnc.

H anddeién tov napandve teccdpov otdéyov Ba mpaypatorombel oe dvo Pruara.
210 mpdTo Prpa, Ba amoderybel o TpdTOC 6TdHYOC, Bar amoderyBovV Ta puépn 1), i), iii)
amd Tov 0eVTEPO GTOYO, TO LEPOG 1) TOL TPiTOL GTHYOVL, Kot Ba amoderyBel ot Kapio
executing PerformTrans tg T(i,n;) 6& pmopet vo evuep®GEL TO. GTOLYEID TOV TIvOKa
ownerships (dNA0dY Vo ATOKTNGEL 1 VO KATOPYNOEL KATOLN TPOCOPIVY 1010KTNGia) 1)
OTO100NTTOTE JLOUOPALOUEVO ATOMIKO ovTiKEipeVo dwatnpeital otn doun Treci, petd
to TéA0G ¢ T(1,n;), KATL TO OTOi0 OOTEAEL VOl KOUWATL TOL TETAPTOL GTOYOL. Katd
10 dgvTEPO Pripa Bo amoderyBel To péPOg 1v) TOL SEVTEPOL GTOYOV, TO UEPOG 1) TOV
Tpitov otdYoL, Ko Ba amodeyBel 0Tt kKapio executing PerformTrans tg T(i,n;) de
UTOPEL VO EVNUEPDOGEL TOL GTOLYEID. TOL Tivako memory (SNAadY Vo EVNUEPDOCEL TA
dedopéva Tov t-peTafAnTomv) petd to téhog g T(1,n;), 0Tl anéueve dSnAadn amd Tov

TETOPTO GTOYO.

nuetdvetor 6Tt KOTd TNV OmddelEn G WOTNTOS NG GEPLOTOUCIUOTNTOG
vroBétovpe 0Tt €av M T(i,n;) elvor emruynpévn 10te €x€l pPion TOLAGYIGTOV EVEPYN
executing PerformTrans (katd tnv anddeiEn tov Afppartog 5.3 Ba mapovslasTovy ot
npobmobécelc facel TV onoiwv avtd pmopel va cupPaivel), £161 OOTE Vo EILACTE GE
0éon va amodeifovpe T ANppata wov arottovvTal, oveEAPTNTO Amd KATAPPEVLGELS

SlEPYACIDV.



130

Apyikd amodekvoovtotl VO Afupato To. omoia Bao ypelactodv 6T cuvE ELa. Ao TOV
KooK (ypouun 41) mpokdmter 6Tt pdvo 0 INUIOLPYOS MG S0GOANYING UTopel vo
Bonbnoet pia dAAN docoAnyio kot avtd Ba to kavel To TOAD pio popd. ‘Etot, kabe
docoAinyia T(j,nj) propel va eivor BonOntikn pag povo aAing docolnyiog T(1,n;), pe
i#]. Eniong ywo pa docoinyia T(i,n;), and tov kddwa mpokvmtet (Ypopupés 28-31, 54-
59, 54-63, 55-60, 69-71, 76-78, 83-87, 88-90) 611 avdpeca oe kbbe evtodr] LL ko SC
0€ KAmo10 S1apo1palOUEVO OTOKO avTIKEILEVO eAEYyeTaL €4V TO TpEYOV Treci.version
gtvon dtapopetikd amd to version (n;) s T(i,n;). Ovopdalovue VerCheck ke tétoto

Eleyyo.

Anppua 5.1: Eotw T(i,ny) o docoinyio koar C n xabBolikn katdotacy oty omoio n
T(i,ny) ovéaver to Trec.version oy ypouun 18 tov xwdiko. Tote uio PonOntixin
PerformTrans g T(i,n;) mov extelel kamoro VerCheck ueta v C, dev extelel kouio.

evroln SC arovg dropoipalouevong atouixoig koroywpntes LL/SC ueta to VerCheck.

An6deiEn: Onwg avaeépnke mpv amd v extédeon pog eviodns SC ond kdmoio
PerformTrans vrdpyet évag VerCheck éheyyoc. Avtdg o VerCheck éheyyog ehéyyet
€av to n; givor dtapopeTikd and to Treci.version. Metd v évapén g T(i,n;) Kot Tpwv
arnd v C woyvel n==Trec;.version. Ouwg otnv C n T(i,n;) av&avel 1o Trec;.version
(exted@vtoc TV ypouun 18 Touv kddwa). Enpetdvetot 0Tt amd ToV KOOKO TPOKVTTEL
6tt 10 Treci.version ov&avetar povo amd v p; Kot 0ev umopel vo pelwbel amd
Kavévay, apa povo avéavetat. 'Etol omooodnmote VerCheck éleyyoc exteheotel amod
kdmola fonOntky PerformTrans tg T(i,n;) petd v C Ba amotiunel wg aAnbng, Ha
eKTELEDTEL M return Asttovpyia Tov Ko £tol Oa amotpamel 1 eKTELEST TG AvTioTOYMG
evtolc SC og kdmoto dwoporpaldpevo kataywpnt LL/SC. Zvurepaivoope 6t oty
nepintwon avt O umopel vo extedeotel kapia evioh] SC amd Pondntikég
PerformTrans tg T(i,n;) ce omowdmoTe OUOPALOUEVO OTOMKO KOTOY®OPNT

LL/SC. |

Anjuua 5.2: Av 1o Trec;.status kamotog docolnyiog T(i,n;) omoktoel Ty o10popETIK
oro ACTIVE, tote to Trec;.status umopei vo. 0lAGECEL HOVO OO THY p; KOTG TV EKTEAETN

¢ Initiate.
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An6oe1&n: 'Eotm 011 6¢ kdmowo kaBohkn katdotaor C, woyvet Treci.status == v, 6mov
ve {COMMITED, ABORTED}, kot éot® 010 tng pebodov g €1 dtomo amaywync,
ot to Trec;.status pmopel va aAddEer Ty Tpwv M p; emavekteléoel v Initiate. 'Eoto
SCi n wpot eviodn SC mov aArdler to Treci.status amd v og v’, 6mov V'€ {
COMMITED, ABORTED, ACTIVE}. And tov Kddka mpokvdmtel 0Tt 0 Treci.status
umopetl va aAhdEetl kotd v ektédeon g ypouuns 31 1 mg 59 1 g 63. Opng ot
oAreg T1g meputtwoelg 1 LL mov avtiotoyel oty SC mov kdvel v aAloyn mpénet va
éxel 0el oto Treci.status Ty ion pe ACTIVE. Apa, apov otav ektereitar n SCy 10
Treci.status==v ko v£ACTIVE, n SC; amotvuyydvel. Atono! ]

[Tpwv v Tapovciaon g anddeEng TOV IGYVPICUOV TOL TPOTOL Pripatog Bo 600ovV
Kdmolot cupPolopol, N amddeEn ™G 0pBOHTNTAG TOV OMOIMV ATOJEIKVVETAL GTN|
ouvvéyela. Opilovpe 6t T(i,n;) ovopdaletar emruynuévn v to Trec(i,n;).status g
&xelt yuy COMMITED oy Cst(i,n;) ko amotuynuévn eav €xet tiu] ABORTED. Edv
n T(,n;) eivon emroympévn t6te amd T1g executing PerformTrans ¢ T(i,n;) ypdoeton
v pioe Ko povadikr eopd 1) n i) COMMITED oto Trec;.status kot cupfoiilovpe
ue Ce(i,n;) v KaBolkn avt kotdotaon, ii) 1 Tiu TRUE oty Trec;. AllWritten kot
ovpuporilovpue pe Caw(i,n) v kaboAkny avt) Kotdotoor, iii) n Ty memory[/],
[e Treci.add, oto Trec;.OldValues[/] kot cvpPorilovpue wc Cov(i,n;l) v KaBolkn
Kataotaon oty omoio avtd cvuPaivel. ZopPoiilovue pe Wpr tov Bpodyxo while tng
ovvaptnong PerformTrans (ypoppés 14 éwg 17) xor Wyo t0v Bpdyo while g
ovvaptnong AcquireOwnerships (ypoppés 37 éoc 49). Eav n T(@,n) elvan
armotuynuévn tote n i) ABORTED ypdoeetar oto Treci.status pio kot povodikn
Qopd kotd TV ektéAeon tov Wao Yoo Kamowo [/, /e Treci.add, amd T1g executing
PerformTrans ¢ T(i,n)). Avtq m 0éom [ ovopdleton 6Oéon opdiuatos o
ocvpuporiletan g FM(i,n;). Zopporilovue wg Crof(i,n;) v KaBoAIKN KATAGTAGT GTNV
omoio OAOKANP®VETAL Y10 TPAOTN POopa o kKANon ¢ ReleaseOwnerships and kdmota
executing PerformTrans g T(i,nj). Axoun, ovuPorilovpe g Caov(in;) v
KaBOAIKN KOTAGTOON OTNV omoia €Yel TEPUATIGEL YO TPOTN GOPA o KAoM TNg

ovvaptnong AgreeOldValues and t1g executing PerformTrans tg T(i,n;).
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21 ovvéyeln mapovcstaleTal Kot amodeikvoetal to Afppa 5.3 1o onoio mePEXEL TOVG

ATOPOLTITOVG 1OYVPIGHOVG Yo TNV OOOEIEN TOV TPMTOL PIUOTOC, TOL TEPLYPAPNKE

TOPOTAVE.

Anjuua 5.3: Eotw o docolnyia T(i,ny), n; > 1, yia v omoio opileron n Caof(in;)

078!

i)

Eotw éva omoroonmote I, | € Trec,.add. Kabe executing PerformTrans g T(i,n;)
mov extelel tov Wyo yio kamoio | mprv v Caof(i,n;), umopei vo, poyer amo owtov
eite eme1on Eyxel amoktnBei to ownerships[l] ano tg executing PerformTrans g

T(i,n;) (ovumepilopfavouévoo ko ¢ io1ag) 1§ EXEION Exel YpopTel (1 Eypaye) oTo

Trec;.status n iuy ABORTED oné tig executing PerformTrans g T(i,n;).

Kouio executing PerformTrans tng T(i,n;) oev umopei v koAAnoel ex’ areipo atny

extéleon tov Ppoyov Wpr.

H T(i,n;) yopoxtnpiletor ws emroynuévn eav kor uovo gav otnv Caof(i,n;) ioydet

Trec;.status == ACTIVE.

Mia tovAayiotov executing PerformTrans g T(i,n;) Oa exteléoel tig ypouués 35

éwg 38 mpwv v Cf(i,ny), eav kar uovo eav n docoinyia T(i,n;) eivar emroynuévy.

Eav n T(i,n) eivar emroynuévy, tote :

a. H Caw(in) eivar xola opiouévy, émetor e Ce(ing) ko mepiéyetar oto
E(T(i,ny)).

b. Meralo g Ce(i,ny) xor s Caw(i,ny) n T(i,n;) kotéyel OAeg TIS TPOOWPIVES
1010KTNOlES TTOV EMBVUET Kou Koulo. aAln docolnyio O UTOPEL Vo KATEYEL TIG
OVYKEKPIUEVES TIPOCWPIVES 10LOKTHOIES.

c. Eav uia docoinyia T(j,ny), j#i, emOvuetl va amoxtioer uio. Oéon 1, 1€ Trec;.add,
tov mivaxo ownerships mov xotéyer n T(i,n;), tote n 1(j,n;) de umopei va
exteléoel komoia omo TS ypouués 35 éwg 38 uetalv g Cce(in) kor g
Caw(i,n).

d. Ta ke I, 1€ Treci.add, ypagperar mpiv v Caov(in;) (mov mponyeitor g
Caw(i,ny) 1y pia xor upovaoiky @opo n wun memory[l]  oto
Trec;.OldValues[l], oy xaBolixn kozooraon Cov(ingl), and tg executing

PerformTrans g T(i,n,).
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vi) a. dev vrapyer kaboliky katdotaon uetd v Crof(i,n;) oy omoio o wivokog
ownerships va mepiéyer v tun Trec; ue Trec.version < n; kou b. n Crof(i,n;)
mponyeirou g Cf(i,n;).

vii) Kauio. PonOnuxn PerformTrans tc T(i,n;), niy<n;, OJev ektelel Kamola
emroynuevy SC otov mivaxa ownerships koi o€ 0mOL00NTOTE OLOUOLPOLOUEVO

oToUIKO avtikeiuevo mov mepiéyetar otnv Trec;, uetd v Cf(i,n,).

Anddaitn: Katd 1o mpdto Prpa g anddeiEng mpoonaboipe va amo@Oyovue To
npoPAnpata mov ewwdyel 10 0Tt ot Pondntikég PerformTrans docoAnyidv mov
ekkivnonkov amd v p; Tpv v exkivnon g T(i,n;), SnAadn docoAnyieg TIg LOPONG
T(1,b), 6mov b<n;, pmropovv vo ekteAovvTon Kot LETA TO TéA0G TV T(1,b). "o To Adyo
avtd, N anodelln tov loyvpiopmv tov Anppatog 5.3 Ba yivel pe enaymyn oto mAnbog

TOV 0GOANYLDV OV 1| dlepyacio p; €L EKKIVNOEL.

Inuetoverot 6t 1 amodEEN TG PAONS TNG EMAYWYNG Kol 1) AOOEIEN TOV EXAYWOYIKOD
Brpatog Ba yiver Tavtoypova. ‘Ectem 01t OAEg 01 TPOTAGELS TOV AMUUOTOS 1I6XHOLVV Yd
TG k-1, 6mov k>0, mpdtec docoinyiec mov ekkivovvial amd TV docoAnyio pi. Oa
amodeyBel 6T o1 Ioyvpiopoi tov Anppatog wyvovy kot yio v T(i,k), v k-oot

doconyio mov ekkiveiTon amd TV dlepyacia p;.

Inuetovetoan 0tL pv amd v Caof(i,k) ot dwapopalopeves dopés dedopévmv g
T(i,k) mov mepiéyovion otnv Trec; pmopovv vo aArdEovv povo amd Tig executing
PerformTrans g T(i,k) xor 11i¢ Pondntikég PerformTrans twv mponyovpevov
docoMyimv mov ekkvhiOnkav and v pi. Edv k==1, gpdcov n T(i,1) givor n mpdtn
d0COANYin TOV EKKIVEITAL OO TNV Pi, OEV VIAPYOVY TPONYOVUEVEG dOCOANYIES ad
™V pi, ONAaON docoAnyieg g popeng T(i,n;’) pe ni’<I kou dpa 0bte Ko fondntikég
docoMYiec TETOLOV OOGOANYIDV TOL VO LITOPOVV VO TPOTOTON|GOVY TOV ownerships
N omowadnmote GAAN dSwaporpalopevn petafinty. Eav k>1, tote and tov loyvpiopd
vii) g emaywykng vdBeong mpokvmtel 6Tt fondntikég PerformTrans mponyovpevev
Jd0COANYIMV OV EKKIVAONKOV amd TNV p; OV HTopovV Vo TPOTOTOMGOVV TOV VKL
ownerships 1 omoladnmoTE ATOUIKO OvTiKEipevo mepiéyeton otnv Trec;, HeTd TNV
TRf(1,k-1) dpa ko petd v exkivinon g T(1,k). ‘Etol mpoxvntel dpeca 1o mopokdtm

nopopa, ywo v T(1k).
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Hopioua 5.4: 210 E(T(i,k)) o1 diopopoloucves uetofintés e T(i,k) mov mepiéyovrau

oto Trec; umopovv vo, ailaéovv uovo ano tig executing PerformTrans g T(i,k).

Edv k==1 mpokdmtel 6T1 pwv v exkivnon g T(i,1) dev pmopel va mpobimdpyel otov
nivaxo ownerships n T Trec; (vmoBétovpe 6T dTOV TO GVUGTNUO EKKIVEITAL O
ownerships mepiéyel v Ty null oe k4be BEom Tov). Edv k>1 and tov Ioyvpiopod vi)
™G EMAYWYIKNG LLOBESN G TPOKLTTEL OTL O Tivakag ownerships dev pmopel va Tepléyet
10 Trec; pe Treci.version < k petd tnv TRf(i,k-1). 'Etot mpoxvmtel 611 dev pmopet va
npodmapyel n Ty Trec; otov mivaka ownerships katd v ekxivinon g T(i,k).
Emiong, eav k>1 pe Baon tov Ioyvpiopd vii) g emaywyikng vwodeonc oev umopel va
vpapel M va dwypagel n tiun Trec; otov mivaka ownerships ond T1g executing
PerformTrans mponyovpevov S0COANYIOV 7OV €KKVIONKOY amtd TNV pi, ONA0ON
docoinyiec g popong T(i,n;’) pe ni’<k, perd v exkkivnon g T(i,k). 'Etot

TPOKVTTEL AUECO TO TOPAKATM TOPIGLLAL.

Hopioua 5.5: i) Kara v exxivhon s T(i,k) o mivoxas ownerships oev umopei va
wepiEyel oe kouio, Oéon tov v tyun Trec;, ii) ato E(T(i,k)) n Trec; umopei va ypoapet

otov mivoxa ownerships uovo amo tig executing PerformTrans g T(i,k).

‘Eotw o po extédleon g viomoinong tov SSTM. T kdbe [, [eTreci.add,
ovpuporilovpe pe Cyc(l) v KaBOAKN KOTAGTOON KOTG TNV OMOi0. OTOKTATOL Yol
PO Qopad omd kamolo executing PerformTrans g T(i,k) to ownerships[/] (ebv
avtd ovpPaiver). Edv n Cacq) opiletar, cvpuPorilovpe pe oy 1o ddotnuo eKTédeong
MG o mov Eekva omd TV Cacq) Kot KaTaAnyel otny tedevtaio kabolkn katdotoon,
éotw C;, mov mpomyeitor ¢ TPpMOTNG Katdpynons tov ownerships[/] and kdmola
executing PerformTrans ¢ T(i,k) (eav avtd cvpPaiver). Av 1 C; dev opiletar totE TO
a; etvar to eniBepa g a wov Eekva pe TV Cac(). ATOdEVOOLLE apYdTEPU OTL EAV M

Cacq) opiletan tote Oa opiletan ko n C;, m omoia Oa Emetar g Cacq-

Anquua 5.6: Eotw évo omoroonmote 1, 1€ Treci.add, yia to omoio opiletar n oy Kouio
PerformTrans dev umopei i) va amoxtioel to ownerships[l] atnv o 1 ii) vo. kotopynoel

70 ownerships[l] otnv a,.
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Amo6oeln: Inueidvetor 6t n omdknon tov ownerships[/] umopei va yiver pe v
emroyn extéleon ¢ eviodg SC g ypouung 60 kot n KoTdpynon tov pe TNV
emoyn extédeon g evioAng SC g ypapung 71. Ag vmoBécovpe, oo TG neboddov
™G €15 ATOTo amaymYNS, 0Tt b>0 executing PerformTrans kdmolog Socoinyiog T(z,n,)
(umopel va 1oyvel z==1) ektéhecav emtuy®g v SC g ypapung 60 | g 71 oty o,
‘Eoto PTj(z,n,) n tpdt and avtég mov exteret nv SC g ypappung 60 1 g 71, £ote
SCy. Awakpivovpe TePITTOGELC.

1) H SC; eivan SC g ypapung 60. H PTj(z,n,) extéhece emroymg v SCi oty oy
(netd v Cacqy), rad katdeepe va amoktioet To ownerships[/] petd v Cacq).
INo va éptoce n PTj(z,n,) ot ypoupn 60 mpénet vo ektéhece v eviodn LL g
ypappng 55 oto ownerships|/], PAémovtag ownerships[/] == nobody. Znpeudvetan 6Tt
ot Cacp Ba woyvet ownerships[/] == Trec;. Emniong, and vwdbeon, n SC; eivar n
Tp®TN €vIoA] TtV ypoppdv 60 kot 71 mov ekteleitar petd v Cacpy, Gpa to
ownerships[/] dev umopel va €xel katapyndei ond kémoww PerformTrans, pécm g
extéheong g SC g ypapung 71, petd mv Cacq). Znpeioveton ott, omd to [opiopa
5.5 mpokvmrel 6T koTd TV ekkivnon ¢ T(i,k) o ownerships dev pmopel va mepiéyet
oe kopio 0éon tov to Treci. Apa ywo vo pmopet va der | PTj(z,n,) ownerships[/] ==
nobody, mpénet va ektéhece ™ ypappr 55 apv v Cac). v ovvéxea n PTi(z,n,)
exteretl v SCy petd mv Cacqy, 6pmg oty Cacqy kémota executing PerformTrans tng
T(1,k) extéhece emtuymg v SC g ypoppns 60 v to ownerships[/]. ‘Etot pe Baon
Tov optopd G evtoing LL/SC n extéleon g SCi oto ownerships[/] petd tv Cacq)
and v PTj(z,n,) Oa amotdyet. Atomo.

i1) H SC; etvan SC g ypopung 71. Enupetdveton 6t1 to ownerships[/] dev pumopel
va kotapyndel amd kdmown executing PerformTrans g T(i,k) otv oy, e&ortiag Tov
optopov g oy Emopévac n PTj(z,n,) eivon executing PerformTrans puag docoinyiog
T(z,n,) ywo v omola woyvel z£1. H PTj(z,n,) extélece emrvyag v SC oty oy (petd
mv Cacq)), Onradr| katdeepe va katapynoet to ownerships[/] petd v Cacq). ' va
éptace N PTj(z,n,) oy ypapun 71 mpénel va extérece v eviodn LL g ypapung
69 oto ownerships[/], BAémovtag ownerships[/] == Trec,. Znpetdvetat 01t 6NV Cacq)
Ba 1oyvel ownerships[/] == Trec;. Emiong, and vwoéBeon, to ownerships[/] dev pmopel
va €xel anoktnOei, pécw g extéreong g SC g ypoppng 60, petd v Cacp amd

omotadnmote PerformTrans, dpa obte kot amod tig executing PerformTrans tng T(z,ny).
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‘Etot ywo va pmopet 1 PTj(z,n,) va det ownerships[/] == Trec, npénetl va ektédece v
ypoppn 69 mpwv v Cacq). Xy cvvéyela n PTj(z,n,) extekel tnv SCy petd mv Cacq),
opog oty Cacq) kanow executing PerformTrans g T(i,k) extéhece emrvymdg v
SC g ypappng 60 yo to ownerships[/], anobnkevovtog e avtd v Treci. ‘Etot pe
Baon tov opwopd ¢ evtong LL/SC n extéheon g SC g ypouung 71 oto
ownerships[/] an6 v PTj(z,n,) petd mv Cacq) 0o amotoyel. Atomo.

Apa to AMppa oydet. [ ]

Anjupa 5.7: Eorw éva omoroonrote 1, | € Treci.add, yio 1o omoio opiletar n ay. Tote 1o
Trec;.status dev umopei va eviuepwOei uéow g extéleons g evioins SC e ypouuns
63 oty oy, katd Vv ektéleon tov Wyo yio 1o | amd g executing PerformTrans tng

(i, k).

Amooaln: Epocov opileton n oy onpaiver 01t opiletar n Cacp, OMAadN vrapyet
kanowa executing PerformTrans g T(1,k), éotw PTj(1,k), n omola extelel emrvyag
mv evtoAr] SC g ypappung 60 ywe to ownerships[/], anoBnkevoviog 6e avtd 10
Trec(i,k). Metd v emtoyn ektéleon g SC g ypouung 60 amd kdmola executing
PerformTrans tg T(i,k), avt) n PerformTrans amoywpel and tov Wap yio to /. Avtd
onuaiver 6Tt dev umopei n PTj(1,k) va exteréoet emroyag v SC g ypapung 60 yo
to ownerships[/] ka1 otV cvvéyeln vo ektedécel emtuymg v SC ¢ ypopuung 63,
Katd v ektédeon tov Wao yia 1o [. Akoéun, and to [1opiopa 5.4 mpokdntel 0TL GTO
E(T(i,k)) to Trec;.status umopei va aAra&el povo amod tig executing PerformTrans tng
T(i,k). 'Etol, vmobétovpe, d1o g peboddov TG €15 ATOMO Omay®myNs, OTL LEAPYEL
kanowa executing PerformTrans g T(i.k), éotw PT,(1,k) xor PT,(1.k)#PT;(1,k), n
onoio exterel emTuy®G TV eviodn SC tng ypappns 63 oty oy, KOTA TNV EKTEAEOT
00 Wao Y10 10 /, peté v Cacq)-

Inuetovetor 0t apyikd ekteAéomnke emruywc n SC g ypapung 60 and v
PTj(1.k) otmv Cacq), kou otnv cuvéyeia exteléotnke emtoymc n SC g ypopung 63
a6 v PT,(1.,k), éot® oty kaboiwkr| katdotaon Ces. o va éptace n PT,(i,k) ot
ypapu 63 mpénet exteAdvtag v evtoAn LL g ypapung 55, €0t oty Kaboikn
kataotaon Css, va €ide ownerships[/] == Trec, m#i. Ano6 to Afupa 5.6 TpokHmTEL
0T 68 OAeC TIC KOBOAIKES KataoTacelg TG oy Oa 1oyvel ownerships[/] == Trec;. 'Etoin

Css mpémer va mpomnyeitar g Cacyy. Apa kot n eviodn LL g ypapung 54 npénet vo
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éxet extedeotel and v PT, npwv v Cac), é0tm oty kaboiikn katdotoon Css. To
Symua 5.11 avamopiotd ™ oepd EKTEAEGNS TOV EVIOADV oVTOV (KaOdg Kot GAA®V

OV TTEPLYPAPOVTAL GT] GUVEYELQ).

PT, PT, PT,
C54 C55 C63
| | | | | | S
I I I I I I ,
APOVOG
Css’ Cac’ ' CAC(') eKTELEONG
PTy PT, PTy
()
PT, PT, PT,
Csy Css Ces
| | | | | | | S
I I I I I I I ,
xpOVog
Cer"’ Css’ Cso’ P Cacn exTéleog
PT, PT; T, PTy

(D)

ymua 5.11: Exktedéoeig mov meptypagpovtol Katd v amdoelsn tov Anupatog 5.7.

2y Cacq) €xet exteheotel emrvuymg 1 evroAr] SC g ypapung 60 arnd v PT;(1,k)
Kot Yo va popet avtd vo ovpPet npéner n PTj(1,k) péow g evroing LL g ypopung
55 va €ide ownerships[/] == nobody, éot® omv kaBolikn katdotaon Css’. H Css’
npomnyeitor g Cacq) ko pmopet gite vo mponyetton 1 vo netan g Css. Eav 1 Css’
nmponyeitar ¢ Css tote omnv Css” Ba woyvel ownerships[/] == nobody kot oy Css
ownerships[/] == Trecn,. Avtd onuaivet 60t petd v Css” kot wpv v Css mpémet va
aroktnOnke to ownerships[/] and kdmowa executing PerformTrans tng T(m,ny,), £0Tm
PTx(m,ny), éot® oty Kook katdotaon Cac’’. Opmg tote dev pumopet va opileton
n xatdotacn Cacq), 010TL 1 extéleon g evioAng SC g ypapung 60 amd v PT;(1,k)
Ba amotvyel e&ottiog tov optopov g gvrorng LL/SC. Atomo. ToXynua 5.11 (o)
AVOTOPLGTO TV GEPE EKTELECT|G TV EVIOADY OUTMV.

Enopévog ag vrofécovpe topa 6ti 1 Css™ émeton g Css. YrevBopuilovpe 0tL 6N
Css 0o 1oyver ownerships[/] == Trec, kair ot Css® Oa 1oyvel ownerships[/] ==
nobody. Avto onpaivetr 0Tt petd v Css kot wpwv v Css’, mpémetl va katopyndnke 1o

ownership[/] oand kémowa executing PerformTrans ¢ T(m,ny), éotw PTy(m,ny), éotm
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omv kaBoikn katdotoon Crr’’. Znpewdveror Ot yu va pmopei n PTi(Lk) va
exkteléoel v SC g ypapung 60 mpémer petd v Css’ ko mpv v Cace va
exteléoel emTuymg TV eviod] SC ¢ ypapung 59, é6t® otnv KaBoAKY| KaTAoTOOoN
Cso’. 'Eto1 1 ektéleon g eviodng SC g ypapuung 63 amd v PT,(i,k) petd v
Cacqy xau épa petd v Cso’ B amotdyer Adym tov opopov ¢ evroing LL/SC.
Atomo. To Zynua 5.11 (B) avomapiotd TV GePpd EKTELEGNC TOV EVIOA®V aLTOV. Apol

o AMppa 5.7 1oyvet. ]

Anjuua 5.8: Ecv vrapyer kobolikny kotaoroon C otnv omoia woyver Trec(i,k).status #
ACTIVE, tote kouio executing PerformTrans tng T(i,k) oev umopei va eviuepaael to

Trec;.status peta v C.

Am6o1En: Inuedvetal, 6Tl amd TOV KMOK Tpokvmtel 6Tt To Treci.status pmopet va
evnuepmBel pe v extéleon tov evioawv SC tov ypapuwv 63, 59 ko 31. H
andoedn Ba 600el pévo yo v evrodny SC g ypouung 63 kot 1 amddeien yo Tig
vrorowmeg yYpoppég eivan dpota. ‘Etot, ag vmobBécovpe, dwa tng pebodoov g gig dromo
amaymyng, ot kémow executing PerformTrans g T(ik), éotw PTj(i,k), exteiel
emruy®g TV evioAn] SC g ypappng 63, petd v C. I'a va propéoet n PT;(1,k) va
exteléoel t ypauun 63, mpémel vo ekteAéoet v evioA] LL g ypoapung 54
Brémovtag Trecistatus == ACTIVE. ZXZnuewwveton o6t omv C  1oyvet
Trec;.status==ABORTED. Eniong ano6 to [1opiopa 5.4 npoxdntel 611 610 E(T(1,k)) 10
Trec;.status pmopet va aAha&er povo and tig executing PerformTrans g T(1,k).

‘Etot dv n ypoppun 54 extedéotke and v PTj(i,k) petd v C t01e yo va der m
PTj(1.k) Trec;.status == null npénel, cdoupova pe to Afupo 5.2, va ekteAéotnke M
ovvaptnon Initiate amd v pi, kétt wov onuaivel 6t N extéreon ™g T(i,k) €xer
oAokANpwBel ko dpa Exel ekteleotel | ypapp 18 tov kddwka and v T(i,k). Ouwg
t61e oLHPOVO pe to Anuua 5.1, n extéheon tov VerCheck tng ypapung 56 o
emrvyyave kat £torm ypoppun 63 dev Oo extedovvav and v PTj(1.k).

Emopévamg npénel n ypoppun 54 va ekteréotnke and v PTj(1.k) npwv v C. Znv
ocvvéyewa N PTi(1,k) extehel nv eviodn SC g ypopung 63 petd myv C. Opwg oty C
woyver Treci.status == ABORTED, kdtt mov onuaiver 0Tt Kamow GAAN executing

PerformTrans g T(i,k) katdeepe va ektedécel emtuydg TV vtoAn] SC g YPOLUNG
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63. Baoel tov opopod g evroAng LL/SC, n extéheon g ypouung 63 omnd v
PTj(i,k) peté v C Ba amotdyetl. Atomo, dpa to Afppa 5.8 wydet. ]

Anjuua 5.9: 2ty Caof(i k), to Trec:.status umwopei va Eyer Ty eite null 1 failure.

Am6oe1in: Ano tov Kddwka (Ypapuun 6) mpoxkvmtel 0Tt Katd v ekkivnon ¢ T(1,k)
to Trec;.status &xet tiu ACTIVE. An6 to ITopiopa 5.4 npokdmtetl 611 oto E(T(1,k)) t0
Treci.status pmopet va aAra&er povo amod tig executing PerformTrans g T(i,k). Amo
Tov K®OKo ™G AcquireOwnerships mpokOmTeEL OTL KOTE TNV €KTEAESN TNG MO
omotadnmote docoAnyio to Trec.status pmopel va evnuepwBei eite oe ACTIVE eite og
ABORTED. Axéun, and tov kO TpokOTTEL OTL LOVO LE TNV EKTEALEGT TNG EVTOAN
SC g ypoppng 31 tov kadika uropel va ypopel oto Treci.status T dSoQopeTikn
and ACTIVE 11 ABORTED (ocvykekpyiéva ypdoeton n tiur) COMMITED). Epdcov n
Caof(i,k) sivor n kaBolikn KaTdoTOo GTNV OTOl0L OAOKANPMOVETAL Y10, TPMTY POPLL
pa kAnon g AcquireOwnerships and kdmowa executing PerformTrans ¢ T(i,k), 1
SC g ypapung 31 dev €xer exteheotel péxpt v Caof(i,k) and kdmown executing
PerformTrans tg T(i,k). Emropévog cvunepaivoope 6t oty Caof(i,k) to Trec;.status

umopet va £xet yuy ACTIVE 1 ABORTED.

Anjuua 5.10: Eotw éva omoioonmote I, 1€ Trec.add. KaOs executing PerformTrans tng
1(i,k) mov exreiel tov Wyo yia kamoro | mpiv v Caof(ik), uwopei va poyer axo avtov
eite eme1on &yel omoxtnOel o ownerships[l] ano tic executing PerformTrans tng T(i,k)
(ovumepiioufavousvoo koi g iowag) N emelon Exel ypoptel (n Eypoye) aro Trec;.status
n tuny ABORTED a6 g executing PerformTrans g T(i,k).

Anéoeitn: And tov kmdwka ¢ AcquireOwnerships mpokOmtel 0Tl pio executing
PerformTrans g T(i,k) mov ekterel Tov Wap yuo kdmoto [ pmopel va goyet amd tov
Wao eite emedn to Treci.status €xel tun dwpopetikny and ACTIVE (ypouun 54), 1
emedn &yer ohokAnpwBel m T(iLk) (ypouun 56), 1 emewdn €xer omokmnBel ToO
ownerships[/] (ypopun 57), 1 enedn anéktoe to ownerships[/] (ypappég 60 kot 61),
N enewdn Eypaye v i) ABORTED oo Trec;.status (ypappég 63 kot 64).

Amo 10 Afqupa 5.9 wpokvntetl 6t oty Caof(i,k) n Tyun tov Trec;.status pmopel va

etvon eite ACTIVE 1 ABORTED. Enopévag pia executing PerformTrans g T(i,k)
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umopet vo eEEABeL ToOL Wap AOY® NG Ypopupung 54, uovo eav to Trec;.status €yel mapet
v ] ABORTED, dpa o 1oyvpiopog woydet og avtr v nepintoon. Eniong mpwv
v Caof(i,k) dev €yer ohoxinpwbOel n extéleon g T(i,k), dpa kapio executing
PerformTrans ¢ T(i,k) dev pmopet va e£€ABet tov Wap AOY® ™G Ypappng S6.
Axoun, and 1o Ilopopa 5.5 mpokdmrer 6t kotd Vv ekkivnon mg T(i,k) o
ownerships o0ev pmopet va mepiéyel oe kopioa 0éon tov 10 Trec; Kou emiong oto
E(T(1,k)) to Trec; umopel va ypapei otov mivaka ownerships poévo amd tig executing
PerformTrans tg T(i,k). I'ivetar katavontd ot wpwv v Caof(i,k) kdbe executing
PerformTrans g T(i,k) mov extedel Tov Wao Yo 10 / pmopet va phyel amd avtdv gite
emeldn €xel amoktnOel (| améktnoe) to ownerships[/] N emewdn €xer ypoaoetel (M

&ypaye) oto Treci.status 1 iy ABORTED. ]

Ao Tov Kddka TG cuvaptnons AcquireOwnerships (ypoppég 51 ko 53) mpokdmntet
ot TovAdyotov pia executing PerformTrans g T(1,k) Oa mpooradnoet va amoktioet
TIc Béoelc Tov mivaka ownerships mwov emBopel n T(1,k) (or Béoelg mov mepi€yovran
otov mivako Treci.add) pe mpokaBopiopévn cepd amd v HKpdHTEPN TPOG TNV
peyoAvtepn, mpw v Caof(i,k). Avtd onuaivel 6Tt TovAdyiotov pia and Tig executing
PerformTrans ¢ T(i,k) Oa extedécel tov Wao yio kdmota /, /€ Treci.add, (iowg kot
o) mtpv v Caof(i,k). Emiong and to Aquupa 5.10 mpoxvntet 6t mpwv v Caof(i,k)
ot executing PerformTrans g T(i,k) mov Ba ekteAécovv tov Wap Yoo kdmoto /,
[eTreci.add, Ba anoywpricovv and tov Wuo eite anoktmvtag to ownerships[/] eite
ypapovtag v Tiw] ABORTED oto Trec;.status. Xnueuwveror 6t amd to Aqppo 5.8
npokvntel 0Tt 1 Ty ABORTED ypagetatr oto Treci.status 1o moAv pio gopa amod Tig
executing PerformTrans g T(i,k). 'Etol, edv vmoBécovue 611 Yo kdémowo /,
e Treci.add, extereiton emroymg N evioAr] SC g ypoppng 63 amd Kdnowo executing
PerformTrans tg T(i,k) mpwv v Caof(i,k), cvuPoirilovpe pe Ca(ik) v Kool
KOTAOTAOT OTNV omoia yphpeTan yio pio kot povadtkr opa n 1w ABORTED oto
Treci.status. Emiong ocvuPorilovpe FM(i,k) avt)y tqv tun tov /[, ywu v omoia
exkteléomnke o Bpoxoc Wao kot yphotnke n tiwg ABORTED o710 Treci.status. Edv n
Caf(i,k) dev opileton tote 1 FM(3,k) elvan null. Enueidveton 6t v opileton n Ca(i,k)

to1E €€ Oplopov ¢ Ba Tpomnyeitan g Caof(i k).
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Anjuua 5.11: Ecv n Ca(i,k) opiletar t0te dev eivor dvvaro va amoktnBei 1o

ownerships[FM(i,k)] oro tig executing PerformTrans tns T(i,k), ueta v Ca(i,k).

AmodeiEn: v Ca(i,k) kdmown executing PerformTrans tg T(i,k), éotw PT.(1,k),
ektédece emTuy®S TNV evioAr] SC ¢ ypapuung 63. Eniong, amd tov K®OKa TpoKOTTEL
ot petd v emtuyn extédeon g SC g ypapuung 63 and v PT,(1,k) oty Ca(i,k),
n PT.(i,k) amoywpel and ™ ovvapnon AcquireOwnerships. Avtd onuaiver otL dev
umopel M PT,(1,k) va extehécer petd v emtvyn ektéheon tng eviodng SC g
ypappng 63, mv evtodn SC g ypapung 60. ‘Etot vroBétovpe, dwa g pebddov tng
€1g dromo amaywyng, o6t vdpyel kamown executing PerformTrans g T(i,k), éotm
PT;(1,k) omov PTj(1,k) # PT,(1,k), mov exterel emrvyawg tnv eviorr) SC g ypopung 60
yw To ownerships[FM(i,k)] peta v Ca(ik).

INo va pmopet n PTj(1,k) va exteléoet v eviodn SC tng ypoppng 60 mpémnet
TPONYOVUEVMS VO EKTEAECEL EMTLYMG TNV €vioA] SC ¢ ypouung 59, éotw oty
kaBolkn katdotaon Cso. Amd 10 Anuupo 5.8 mpokvmter OtL 1 Cso mpémer vo
nponyeitar ¢ Ca(i,k). Apa ot m evioa LL, g rypapung 55, oto
ownerships[FM(i,k)] exteréotnke mpwv v Ca(i,k), ot otnv Kabolkn Kotdotoon
Css. I'a va pmopet va extereotet n eviodn SC g ypapurg 60 and v PT;(1,k) npénet
n PTj(i,k) va €ide ownerships[FM(i,k)] == NOBODY omv Css. To Zyfuo 5.12
OVOTOPLOTO TN OEPA EKTEAEONG TOV EVIOADV 0VTOV (KoODOG Kol GAA®V 7oL

TEPLYPAPOVTOL GTY] GUVEYELD).

xpdvog
eKTELEONG

Zymua 5.12: Extéheon mov meprypdoetat kotd v anddeién tov Anppatog S5.11.

2 ovvéyxewa N PTj(1.k) extelet v eviodn SC tng ypappung 60 petd v Ca(i,k),
éoto oty kaBolkn kotdotacn Ce. Oumc otnv Ca(i,k) n PT,(i,k) ektérece emtuyde

v evtoA] SC g ypauung 63, ypaeovrtag £tot oto Trec;.status v tiu ABORTED.
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YnevOopiletar 6t oy Cso n PTj(1,k) exterel emrvyadg v eviodn SC g ypappng
59 ko eyypaeer n tiu ACTIVE oto Treci.status. 'Etotl yio va pmopet va ekteheotel
emruydc N ypopuuy 63 ond v PT.(1,k) (xaboAikr katdotaon Ca(i,k)) mpémer n
evtoAn LL, tg ypapung 54, oto Trec;.status va extedéotnke and v PT,(i,k) petd
mv Csg, é0T® otV KaBolkn katdotoon Css’. Xe avtifemn mepintwon, AO0yw® Tov
optopo¥ g evtolng LL/SC, n extéheon g evtoAng SC g ypapung 63 amd v
PT,(1,k) petd mv Csg Ba amotoyyave.

Eniong yia va pmopel va extedeotel ) ypappr 63 and mv PT,(i.k) mpénet avt va
dwiPace péom ™g evtong LL ¢ ypopung 55 ownerships[FM(i,k)] == Trecy,, m#i,
¢otm omnv kaBolkn katdotaom Css’ (n omoia Emeton g Cso’). [N va pmopet avtod va
woyvel mpémer petd v Cg xou mpwv v Css’ kamowa executing PerformTrans
docoinyiag dapopetikng g T(1,k), éotm PTy, va anéktmoe to ownerhips[FM(i,k)].
Av16 onpaivel 6t petd v Css extedéotnie emruymg and v PTx n eviodn SC tng
ypoppg 60 ywoo to ownerships[FM(i,k)], éot®w oty kabolkn katdotoon Cep’ .
Enopévog Aoym tov opiopod g evioAng LL/SC n extéheon ¢ evroang SC g
ypoppng 60 oto ownerships[FM(1,k)] and v PT;(1,k) petd v Ca(i,k) 0o amotdyet.
Artomo, dpa to Aqupa 5.11 woydet. ]

Anqupa 5.12: Ecv n Ca(ik) opiletan, tote: i) H FM(i,k) eivar n wukxpotepn Géon tov
wivaxa ownerships mwov xamoia executing PerformTrans g T(i,k) dev kotdpepe va
ormoktioel, mpv v Ca(i,k), xor ii) Kouio executing PerformTrans s T(i,k) dev
omoktd, kamoia. Oéon tov ownmerships mwov eivor ueyolotepn e FM(i k) ueta v

Ca(ik).

Andéoeitn: Me Baon to Afppa 5.11, xapia and tig executing PerformTrans g T(i,k)
dev umopet va amoxtioetl to ownerships[FM(i,k)] petd v Ca(i,k). 'Etot vmobétovye,
dtaL TG HeBOA0L NG €1¢ Atomo amaymYNS, 0Tt 1 FM(1,k) amoxthnke amd Tig executing
PerformTrans g T(i,k) mpwv v Ca(i,k). Andé 10 Aqppo 5.6 mpoxvmtel Ot Kopio
PerformTrans dev pmopei va Katapynoet kdmoto ownerships mwov katéyet | T(1,k) mpv
™V Katdpynon tov and kamow executing PerformTrans tng T(i,k). Eniong, and tov
KOOI TPOKLATEL OTL dgv Umopet vo extedeotel 1 ouvdptnon ReleaseOwnerships amod
kapio executing PerformTrans g T(i,k) mpwv v Caof(i,k), dpa avtég ot

PerformTrans dev pmopodv va Kotapynoovv kdmowo ownerships mpwv v AOf(1,k).
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Enopévog, 6co and ta dwomuota o, /€ Treci.add, opilovtar, dev umopovv va
oAokAnpwBovv mpv v Caof(ik). Tote and to Aupa 5.7 mpoxvnter 6Tt 1 Ca(i,k)
dev pmopel va meptéyetal oto ddotnuo eKTEAeoNg Tov Wao v to FM(1,k). Atomo.
Enopévog to ownerships[FM(i,k)] dev pmopel va omoktnBei amd 115 executing
PerformTrans tg T(i,k).

Ag vmobécovpe, oo TG HeBGOOVG TG €1 ATOTO ATAY®YNS, OTL VILAPYEL KATOW0 /,
[ e Treci.add ko I<FM(1,k), yio 0 omoio dev €xel amoktnOel to ownerships[/]. Tote,
a6 to Afpupa 5.10 Tpokvmtet 6t katd TV £KTEAEST TOL Wap Y10 TO [ Yphipete M TN
ABORTED oto Trec;.status. Agdopévov 6t oty Ca(i,k) to Treci.status opiletan oe
ABORTED, npoxvnter 011 to Trec;.status o opilotav oe ABORTED dvo @opég, to
omoio eivon dtomo pe Pdon to Anupa 5.8.

And tov k@dwka T AcquireOwnerships (ypoppég 51 ko 53) mpokdmtel 6Tl 01
executing PerformTrans tg T(i,k) mtpocmabodv va amoktoovv tig Bécelg Tov mivaka
ownerships mov embBopei n T(1,k) pe mpokabopiopévn oelpd and v PKpOTEPT TPOG
mv peyoivtepn. Eniong dnwg amodeiydnke, kapio executing PerformTrans g T(i,k)
dev Ba amoktioetl to ownerships[FM(i,k)]. ‘Etot, pe Baon to Anppa 5.10, mpoximrtet
ot kavéva ownerships[/’], [’e Trec;.add kon /” > FM(1,k), dev umopei va amoxtnOel
ano tig executing PerformTrans ¢ T(i,k), petd v Ca(i,k).

Enopévog to Aqupa 5.12 woyvet. ]

Anjupa 5.13: Xy Caof(ik) 1oyver Trec.status == ACTIVE edv koi uovo eav ot
executing PerformTrans g T(i,k) épovv amoktioel, mpiv amo v Caof(ik), olo ta

ownerships mwov n T(i,k) emiOouet.

Am6oerEn: And to Afqppa 5.9 mpoxvntel 6Tt otnv Caof(i,k) to Treci.status pnopel vo
éxet Tiun null 1 failure. Eqv otv AOf(i,k) 1oy0et Trec;.status == ABORTED t6te and
0 Afppa 5.12 mpoxvmrter 6t ot executing PerformTrans g T(i,k) dev €yovv
amoktoel OAa to ownerships mov n T(i,k) embBopei, kdtt to omoio épyetan o€
avtifeon pe v vodeom tov 1GYVPIGHOL (0Tt Exovv amokTnOel OAa ta ownerships).
‘Etot e€etdleton ) mepintmwon mwov oty Caof(i,k) woyvet Treci.status == ACTIVE.

To Aqupa 5.2 avaeépel 6Tt €bv 10 Trec(i,k).status Aapet Tyun Stapopetikn amd
ACTIVE t6te 10 Treci.status dev Ba pmopei va aArdEer Eova omd Tig executing

PerformTrans ¢ T(i,k). And vmobeon, ommv Caof(ik) woyver Treci.status ==
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ACTIVE. Apa, pe Paon to Aquua 5.2, katd v extéieon g AcquireOwnerships
a6 TG executing PerformTrans ¢ T(i,k) to Treci.status dev Ba pmopovoe vo €xet
AaBer iy ABORTED, mpwv v Caof(i,k).

Amd tov koo ™G AcquireOwnerships (ypappés 51 ko 53) mpokvmter Otu
TovAdylotov pia executing PerformTrans tg T(i,k) Oa mtpoocmadnoetl va amoktoset Tig
0éoeig Tov mivaka ownerships mov emBouet 1 T(i,k) (o1 Béoeig mov mepéyovtal otov
nivaka Treci.add) pe mpokabBopiopévn celpd amd v LKpATEPT TPOS TNV UEYOAVTEPN,
npv v Caof(i,k). Avtd onupaiver 61t TOLAdYIGTOV piot amd TG executing
PerformTrans ™¢ T(i,k) Ba extedécel tov Wao ya kdmota /, /€ Treci.add, (icwg kot
o) pv v AOf(i,k). Emiong and to Anppa 5.10 mpokdmtel 6tL Tpv v Caof(i,k)
ot executing PerformTrans g T(i,k) mov Ba exterécovv Tov Wao yio Koo / Ba
amoywpncovy ond avtdv gite amoktdvag to ownerships[/] eite yphoovtog v Tiun
ABORTED oto Trecistatus. E@ocov opiletan 1mn  Caof(i,k) onuaiver o6t
oAOKANPOONKE pion TOVAGYIGTOV POopd 1 ektédeon TG AcquireOwnerships amd TiC
executing PerformTrans t¢ T(i,k). Emiong, o6mwg éxer avapepbei, dev pmopel va
ypapel m TN failure oto Treci.status mpw v Caof(i,k), dpa mpéner va &yovv
aroktnOel 6Aa ta ownerships mov emBopei 1 T(1,k) mpv v Caof(i,k). Apa 1o Afppa

5.13 woydel ]

Amo 1o Aqppa 5.9 mpoxvntel 6t oty Caof(i,k) 1o Trec;.status umopel va €xet Tiun
ACTIVE 11 ABORTED. 'Ect® Aown 10 60VOL0 Tov mepiéyel T1g 0€oeig Tov mivaka,
ownerships mov {nmobnkav kot amokmOnkav amd T executing PerformTrans g
T(i,k). Edv omv Caof(i,k) 1oydet Treci.status == ACTIVE 161¢ and 1o Aquua 5.13
nmpokvntel 6Tt 10 ownerships kdbe Béong mov avrkel oto Treci.add €xel amoktnOel amd
kanow executing PerformTrans g T(i,k), mpv v Caof(i,k). Avtd onpaivel 611 10
Aown mepi€yel Oheg T Béoglg Tov mivoka ownerships mov meptrypdpovtal amd 1O
Treci.add. And6 v aAAn edv oty Caof(ik) oyder Treci.status == ABORTED
opileton n Ca(i,k) mov mponyeitar g Caof(i,k). Téte and to Aqupa 5.12 mpoxvmrel
ot o1 executing PerformTrans g T(i,k) éxovv amoxtoet, mptv tnv Caof(i,k), Oreg Tic
0éoelg tov mivaka ownerships mov embopei n T(i,k) kot wponyovvror g FM(1,k).
Avto onpaivel 0Tt 10 Apwn TEpPLEXEL OAec T B€oelg tov mivako ownerships mov
meprypaovtotl and 1o Treci.add ko eivon pikpotepeg g FM(i,k). 'Etol, aveEdptnta

amd v tipn tov Treci.status otnv Caof(i,k) opilovion 6Aeg o1 KaBoAkég KATAGTAGEL
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Cacay, e Aown, ot omoieg mponyodvrar tng Caof(ik). Emiong, omwg éxet Mon
avaeepBel, kavéva amd ta oot oy /€ Aown, 0€V HUopet va, ohokAnpwBOel Tpiv

v Caof(i,k). Etol mpokdmtel to mopokdtm TOpiGLa.

Ilopioua 5.14: i) o kabBe le Aowy opiletor n kaboliky waraotaon Cuc(l) rou
rponyeitar s Caof(i,k), kabwg exions opiletor Kot 10 O1GOTHUO EKTEAEONS 0y, KalL ii) I

Caof(i,k) avixer otnv a.

Amd 1ov k®dwo TG AcquireOwnerships (ypoppés 51 ko 53) mpoxvmter Ot
TovAdylotov pio executing PerformTrans ¢ T(i,k) Bo mpoorabnoet va amoktoet Tig
0éoeic Tov mivaxka ownerships mov emBopei N T(i,k) (o1 Béoelg mov mepiéyovtal otov
nivaxo Treci.add) pe mpokabopiopévn celpd amd TV KPAITEPT] TPOS TNV UEYAAVTEPT,
npwv v Caof(i,k). Avtd onpaiver 6Tt TOLAdYOTOV piok Omd TIG executing
PerformTrans ¢ T(i,k) Oa extedécel tov Wao yio kdmota /, /€ Treci.add, (icwg kot
ora) pwv v Caof(i,k). Emiong amd 1o Afupa 5.10 mpokvntel 6t mpv v Caof(i,k)
ot executing PerformTrans tg T(i,k) mov Ba exterécovv tov Wao Yo kdmorwo /,
/e Treci.add, Ba amoywprcovv amd tov Wao gite amoktdvtag 1o ownerships[/] eite
ypaopovtag v Ty ABORTED ot0 Trec;.status. Axoun ond to Afppa 5.12 kot to
Afqupa 5.6 mpoxvmtel 6T kapio and Tig executing PerformTrans tng T(i,k) dev pmopet
vo. omoktioel kdmowo ownerships petd v eyypoer g tywng ABORTED oto
Treci.status. 'Etot mpoxvmter 611 o1 Béoelg tov mivaxka ownerships mov emBopel

T(i,k) va amoktoet Kot meptypdeovtal amd Tov Aown OTOKTOVTIOL OO TV HKPOTEPT

TPOG TN UEYAAVTEPT).

Emniong, and 1o Iopiopa 5.14 mpoxvmter 011 6Aeg ot kabBolikég kataotdoels Cacq),
le Aown, opilovtar kot mponyovvtar tng Caof(i,k), kabmhg emiong opilovtor kot ta
dwotiuota ektédeong o 'Etolr M tedevtaio 0éon tov mivako ownerships mov Oa
amoktnOel etvonr n Trec;.add[|Aown|]. ZopPoriovpe pe Cucpasy TNV TPOTN KAOOAKY
Katdotoon Katd v onoia aroktnOnke to ownerships[Treci.add[|Aown]|]] amd kémoo
executing PerformTrans g T(i,k). And 1o [Mopicpa 5.14 mpoxvmter O6TL OAeC o1
KaBorwég kataotaoels Cacq), /€ Treci.add xon /<Treci.add[|Aown]|], Tponyodvrat g
Cacaasty k0t M Cacasyy Tponyeiton g Caof(1,k). 'Ecto ling, Inrsie Treci.add, n npotn

Béon tov ownerships mov Katapyodvior amd kdmown executing PerformTrans g



146

T(1,k) (edv avtd coppaiver). ZvppoAilovpe He aros TO SAGTNUA EKTEAEGNG TNG O TOV
Eexvd amd ™V Cacasyy KOU KOTOANYEL OTNV TPAOTN KOOOAIKY| KATACTAON 7OV
mponyeitalr ™S mPOTNG Katapynong tov ownerships[les] amd xdmolo executing
PerformTrans ¢ T(i,k) (ebv avtd cvpPaiver). Eqv avtd dev copfaivet, tote N dros
gtvar 1o emibepo g o mov Eekwvd omd TV Cacasy: € OVTH TNV TEPIMTOON
mapotnpovpe Ot kapio Béon tov mivaka ownerships dev Kotapyovviol mOTE OO
kémown executing PerformTrans g T(i,k). And ta mopamdve kot pe faon to Aquuo

5.6 kot to Afjppa 5.13 Tpokdntel To TOPAKATO TOPIGLLA.

IHopioua 5.15: Ecv ko uovo eav otnv Caof(i,k) ioyver Trec.status == ACTIVE, tote
oty aros 1 T(i,k) katéyer Oda ta ownerships mov emiBvuel ko1 kopio dAln docoinyio

0€ UTOPEL VO KATEYEL TO. GUYKEKPLUEVA. ownerhips.

Emiong pe Bdon tov opiopd g oros, T0 Afppa 5.7 kot to Anppa 5.13 tpokdmtel To

TOPOKATO TOPLGLLAL.

Ilopioua 5.16: Ecav oty Caof(i,k) 1oyder Treci.status == ACTIVE, tote ueta v
Caof(i,k) ka1 mp1v 1o téA0¢ TS ORos TO Treci.status dev umopel va eviuepwOei uéow g

extédeans g evioing SC ¢ ypouuns 63.

Anjupa 5.17: Ecav oty Caof(ik) 1oyder Treci.status == ACTIVE, t0te uetd v
Caof(i,k) kou mprv 10 teéAog ™S aros t0 Trec.status umopel vo evijuepwbei to mold uia
popd, uéow s extédeons s evioing SC s ypouuns 59 amd g executing
PerformTrans g T(i,k).

Anéoaitn: Ano 1o [1opopa 5.4 npoxvnrtet 6t oto E(T(1,k)) 0 Treci.status umopei vo
aAla&er povo amd Tig executing PerformTrans g T(i,k). Apyikd amodewvoetar ott
vrdpyet pia ektédeon o tov SSTM, n omoia yapakTnpiletal MG «KOKM», TETO OOTE
10 Treci.status va evnuepaoveror omd Tig executing docoinyieg g T(i,k), pia eopd
péom g extéheonc g evioing SC g ypopung 59 petd v Caof(i,k) ko mpwv to
TENOG TNG OROs. 2TT CLUVEYELN KATOGKELALOVLE L0l TETOWL EKTEAEDT).

Y10 Zynuo 5.13 mopovctdleTon OYNUOTIKA 1 «KOKN» €KTEAEOM, T Omoin

neprypagetal otn ovvéyew. Eoto 611 to ovomqua Ppioketor oe pio KaBoiwkn
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katdotaon C omv omoio kapio docoinyio dev katéyel kamowo 0éon tov mivaka
ownerhips kot 0Aeg ot executing PerformTrans docoAnyidmv mov éxovv ekkivnOel amod
OAeG TIC Olepyacieg Exouv oAoKANpwOel. AnAaon 10 cOoTUA Holdlel oav vo EEKIVE
a6 1o undév. ‘Eotw ot petd v C 610 cvomua eppaviCovrar dvo povo exkpepeic
docoinyieg mov exteAovv tov SSTM, éotow T(i,k) xor T(.k’) (1oxder i#). O 6o
avtég 00coANYieg embBuuodv va amokmoovy akpimg Tic 1deg Béoelg Tov mivaka
ownerships, éot®w b>1 oto apOud. Apykd emrpémovpue oty T(i,k) va tpé&etl povn
™G Kot va ekteréaetl T cvvhptnon AcquireOwnerships. Emtpénovpe oty T(1,k) va
aroktnoel ta b-1 wpdTo ownerhips mov embopel kot v otopotdpe KoOdg Oa
ektedel tov Ppdyo while g ocvvdptnong AcquireOwnerships yio to b-0616 (T0
televtaio) ownerships otn ypouun 60, onladn mpv ektedécsel v eviod] SC yia va
amOKTNOoEL TO0 b-00T0 ownerships. Xtnv cuvvéyelwn emupémovpe oty T(,k’) va
extedeotel povn mge. Koabmg n T(,k’) 6a exterel tv AcquireOwnerships, 610 Tp®MTO
ownerships mov emBopel vo amoxtioel Bo mapatnpnoetl (LEcw g evioAng LL g
ypopuung 55) ot to xatéyxer n T(i,k). ‘Eror n T(),k’) Oa extedécer v ypouun 63,
ypagovtag v Ty ABORTED o1o Trec;.status tng, 0o emiotpéyel and v kAnon
¢ AcquireOwnerships kot Bo cuveyioetl exteddvtag T ypopun 48 yo va fonbnoet
mv T(i,k). 'Etot, and dw kat oto e&nc n T(,k*) eivar Bondntikn docoinyio g T(1,k).
H T(,k’) Ba exteréoel v ocvvaptnon AcquireOwnerships kot 0o moapatnpnost (
pnéow g evioAng LL g ypopung 57) yu ta (b-1)-ootd ownerships mov n T(i,k)
emBopel va amoktnoet, 6t &rovv NoON amoktnBel and v T(,k). Ondéte n T(.K)
ovveyilel exteddvtag kot avty Tov PBpodyo while g AcquireOwnerships ywo to b-
oot6 ownerships wov 1 T(i,k) embopel va amoxtioet. Koatd v extéheon tov Bpodyov
avtov, otapotdue v T(j,k*) mpwv extedéoet v evrodn SC g ypapung 59, dniaon
npwv ypayet oto Treci.status v T ACTIVE. Zmv ocvvéyewa n T(i,k) exterel v
evtoA] SC g ypapung 60 yu to b-ootd ownerships emituyde, d1OTL dev LVILAPYEL
Kopio GAAN docoAinyio mov va. pmopel vo ypdwyel 6to 1010 ownerships kot va
TPOKOAESEL TNV amoTUYNUEVT eKTEAESN TG Ypouung 60 and v T(i,k). ‘Etor n T(1,k)
oAOKANp@VEL TNV ektéreon ¢ AcquireOwnerships kot 6to onueio avtd opiletor n
kaboAikn katdotaon Caof(ik). Xt ocvvéyelin (onuewwveton petd v Caof(ik))
emutpénovpe oty T(j,k’) va extedéoet v SC g ypapung 59. H extéleon avty Oa
elval emtuyng, 010t amd v otryun mov N T(,k”) 0dPace to Treci.status (LEcw ™G

evtoMic LL g ypoppng 54) kot g topa dev €xet ekteleotel kamowo SC o610
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Treci.status and GAAN SocoAnyia. 'ETol, KATOOKEVAGTNKE Lo EKTEAEST) 0L GTNV OOl

N evtod SC g ypopung 59 exteAeital emtuydg petd v Caof(i,k) kot mpv 1o téhog

™™g OROs-
c 1 .
TG.k) T(i.k)
// T(j,k") wants to obtain b ownerships // T(i,k) wants to obtain b ownerships
// that are the same with T(i,k)’s. // that are the same with T(j,k’)’s.

-- Start of AcquireOwnerships --

// T(i,k) obtains all b-1 ownerships that
// wants and now is executing the while
// loop of AcquireOwnerships for the b-th

// ownerships

53: location = I;

// 1 is the last not obtained position of
// Ownerships that T (i, k) wants

54: if (LL(Trec.status) # null) (F)

55: owner = LL(ownerships[l]);

56: if (Trec;.version # version) (F)
57: if (owner==Trec;) (F)

58: if (owner==nobody) (T)

59: if (SC(Trec;.status, (NULL,0))) (T)

// In next step PT, will execute SC of

// line 60 successfully

-- Start of AcquireOwnerships —--

53: location = I;

// | is the first position of Ownerships

// that T(j,k’) wants

54: if (LL(Trec;.status) # ACTIVE) (F)
55: owner = LL(ownerships[l]);

56: if (Trecs.version # version) (F)
57: if (owner==Trec;) (F)

58: if (owner==NOBODY) (F)

62: else

63: if (SC(Trec;.status, (asorren, j))) (T)
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64:

48:

//
//

//
//
//
//

53:

//
//

54:
55:
56:
57:
58:

//
//

59:

return;

PerformTrans (Trec;, 1, FALSE);

From this point T(j,k’) is a helping

transaction of T(i,k)

-- Start of AcquireOwnerships --

T(j,k’) see that b-1 ownerships are

already obtained by T(i,k) and now

executes the while loop for b-th

ownerships
location = I;
I is the last (not obtained) position

of ownerships that T(i,k’) requires

if (LL(Trec;.status) # ACTIVE) (F)
owner = LL(ownerships[l1]);

if (Trec;.version # version) (F)
if (owner==Trec;) (F)

if (owner==NOBODY) (T)

In next step PT, will execute SC of

line 44 successfully

if (SC(Trec;.status, (NULL,0)))(T)

Y

60: if (SC (ownerships[l],Trec)) (T)

-- End of AcquireOwnerships --

Caof(i,k)

Xpovog Extéleong

Zymua 5.13: Zynuotikn avomopacTacT) TOL «KOKOV» GEVOPION TOV TEPTYPAPETIL

KOTA TV amodeEn Tov Afupartog 5.17.
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Emopévac, Bdost g «kakne» ektédeong ivatl Tpdypatt mhavi 1 eviUEPmon Tov
Trec;i.status and kamown executing PerformTrans ¢ T(i,k), péow g evioing SC ¢
ypopuung 59, petd v Caof(i,k) kot mptv 10 T€A0G ™G OROS-

21t ovvéxeln Bo deybel ot petd v Caof(ik) dev pmopel va evnuepmBet yo
devtepn eopd to Treci.status péom g ektédeong g evroAng SC g ypappung 59, pe
Baon 1o [opopa 5.4, and kamown executing PerformTrans g T(i,k). YrnoBétovpe,
o TG neBddoL G €16 dTomo amaywyngs, 0Tt emtvyydvovy b > 1 Aertovpyieg SC petd
amo v Caof(i,k) kot mpwv 10 TéA0g NG Oros, KO €6T® SC; kot SC; 01 dVO TPAOTES Ao
avtés. Eniong éoto PT; ko PT, o1 executing PerformTrans ¢ T(i,k) mov gktelodv
emtoynuéva tig SC; kot SC,, avtiotorya. T va pmopéoel pio executing
PerformTrans tg T(i,k) va ektedécer v evioAn SC g ypouung 59 mpémet yu
Kkémowo [, /eTreci.add, vo dwPace, péom g evioang LL g ypopung 5SS,
ownerships[/] == nobody. To 1610 1oyvel kot yia T1g PT; ko PT,. Opwe, agov ot SC;
kol SC, ektehovvion petd v Caof(i,k) kot mpv 10 t€A0g TG Oros TPOKLITEL OO TO
[Topopa 5.15 61t oty Caof(i,k) Ba 1oyder ownerships[/] == Treci. 'Etot
ocvunepaivoope 61t ot PT; kou PT, extedovv ) ypopun 55, dpa kot v evroAn LL
™m¢ Ypouung 54 oto Treci.status, mpv and t Caof(i,k). Xtnv cuvéyela, €& opiopov
tov PT; kan PT,, n PT; extedel emrvywg v SC; petd v Caof(i,k). Apa, Bdoet tov
optopov g evtoing LL/SC, n extéheon g SC, and v PT,, n onolo €metan g
PT, petd v Caof(i,k) 6o amotvyetl. Atomo. Emouévag to Aqppa 5.17 woydet. ]

YvpPoiilovpe pe Cy v Tp®dTN KOBOAKY KaTdoToon (e0v LILAPYEL) KaTd TNV ool
&xel ohokAnpmBOel n extédeon tov Wpr amd omotadnmote executing PerformTrans g

T(1,k). Enuewwverar 6t n Cyw énetar g Caof(i,k) ko Tponyeitat Tov TEAOVG TG OROS.

Anqupa 5.18: i) Kouio executing PerformTrans g T(i,k) dev umopei vo. koAdnoer ex’
areipo arov Ppoyo Wpr kou étor n Cy eivar kald opiouévy, ii) Ztnv Cy to Trec;.status
Oo. éxer tiun COMMITED n ABORTED, iii) 2tnv Cy to Trec;.status Qo. Exer Adfer tyun
COMMITED gav kou uovo eav otnv Caof(i,k) ioyver Trec;.status == ACTIVE.

Amooein: And to Aquua 5.9 mpokdmtel 6tTL oty Caof(i,k) to Treci.status Oo €xet
Ty ACTIVE 1 ABORTED. Eav n tyun tov eivar ABORTED, t6te and 1o Afuua
5.2 mpoxvmtel 61t dev pmopet va ahddéer ce ACTIVE 1 COMMITED npwv v C1(i,k).
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Enopévog 6oec and tig executing PerformTrans tg T(i,k) ektelécovv t ocuvOrkn
mg ypouung 29 mpwv v Cf(i,k), 8o v amotiuncovv oe FALSE kat €161 dev Oa
extelécovv 10 ocdpa Tov Wer. Enuetoveron 6tL tpv v C(i,k) Ba €xel exteleotel N
ypapuq 18 tov kddwa. ‘Etol, 6ceg and tic executing PerformTrans tng T(i,k)
EKTEAEGOLV TN GLVONKT ™G YPoUUNS 29 petd v Cf(i,k) Oa amoywpnioovv and v
extéleon g ovvaptong PerformTrans, pe Paon to Anuuo 5.1. 'Etor dheg ot
executing PerformTrans tg T(i,k) 0a mepdoovv tov Bpdyo Wpr, He v TpdTN amd
avtég va opiler v Cyw.

Amd v dAAn edv omnv AOf(i,k) to Treci.status éxer yu ACTIVE tote omd 10
[Topopa 5.16 mpoxvmter 6TL Kopior amd Tig executing PerformTrans g T(i,k) dev
nmpokertan va ypayel oto Treci.status v Ty ABORTED petd v Caof(i,k) ko mpwv
10 TEAOG TNG Oros. ETG1 TOVAG)IoTOV it amd Tig executing PerformTrans g T(i,k)
nov oAokAnpwcav tv AcquireOwnerships 0o extedécel tov Wpr petd v Caof(i,k),
0Tt Ba woyvel n ouvOnkn €1c6d0v otov Wpr (Ypauun 29). Enueidveton 6t omd 1o
[Topiopa 5.4 mpoxvmtet 6Tt oto E(T(1,k)) to Treci.status umopel va aArdéer povo amd
11 executing PerformTrans g T(i,k). Eniong cbppova pe to Aqupo 5.17, eivon
mBhavo vo ektelectel T TOAD piol popd emtuydg 1 evtoAn SC g ypopuung 59, amod
kamola executing PerformTrans g T(i,k), petd v Caof(i,k) kot mptv 10 1€h0og ¢
oros.- Apa pio executing PerformTrans g T(i,k) mov extelel tov Wpr umopel va
amotpanel To TOAD pior opd amd v emtvuyn ektéAeot TG evioAng SC ¢ YPOUUIG
31, Moym ™¢ emrtoyng ektédeong g Ypouung 59. Me Bdon ta mopoamdve €6v oty
Caof{(i,k) to Trec;.status €yel i) ACTIVE, tote o1 executing PerformTrans g T(i,k)
Ba ektedécouy 10 TOAD SVO Qopéc To cdpa tov Wpr ¢ 6tov pio omd avtég
Katapépel va ypayel oto Treci.status v tyuy COMMITED, omote kot o poyovv
and tov Wpr. 'Etor gbdv omv Caof(i,k) woyver Treci.status == ACTIVE xapia
executing PerformTrans tg T(i,k) dev pumopei va KOAAMGEL €N ATEPO OTNV EKTEAEDT
tov Ppoyov Wpr, n Cw opileton xou oe avtv to Treci.status Oa €yer Tyun
COMMITED.

Amopével va anodetyBel 01t edv oty Cw woyvet Trec;.status == COMMITED 1061e
omv Caof(i,k) ioyve Treci.status == ACTIVE. Znueidverar 6Tt to Trec;.status pmopet
va wapel v Ty COMMITED povo edv exteleotel n eviody SC mov mepiéyetan
otov Wpr (ypouun 16) kot yio v €icodo otov Wpr amatteiton va oyvetl Trec;.status

== ACTIVE (ékeyyog ypapung 14). Znpewwveror ott edv oty Caof(i,k) ioyve
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Treci.status == ABORTED, 161¢ pe Bdon to Afjupa 5.2 n tun avt dev Bo pmopovoe
va aAldéel mpv v Cf(i,k). "Etol kapio and tig executing PerformTrans ¢ T(i,k)
dev Ba exterovoe 10 cdpa Tov Wer (010TL 1 GLVONKN TG Ypouung 29 dev Ba ioyve)
npwv v Cw kan otnv Cyw to Treci.status Oa eiye tiun ABORTED. Apa yuo vor ioyvet
Treci.status == COMMITED o1tnv Cw mpénet va woydet Trec;.status == ACTIVE otv
Caof(i,k). m

And to Aqppa 5.18 wpoxvntet 6Tt 6tV Cw Ba 1opdetl Trec(i,k).status # ACTIVE ko
pe Paon 1o Afupa 5.2 n Tl avty dev wpdKeltal va dAAAEEL TPV TO TEAOG TNG
extédeonc g T(i,k). Eriong n Cw mponyeital g mpdtng eKTEAEOTG TNG YPAUUNG 34
and kamowa executing PerformTrans g T(i,k), emropévmg tavtileton pe v Kabolkn
katdotaon Cst(i,k). YmevOopiCetonw 6t n T(i,k) ovopdleton emroynuévny €dv 1o
Trec(i,k).status g éxer v tiug COMMITED oty Cst(i,k) kot azoroynuévy v to
Trec(i,k).status g éxer v i ABORTED. Edav n T(i,k) eivon emroymuévn, onwg
&xel avapepOet, ocvpPoriCovpe pe Ce(i,k) v koBoAiikn katdotacn otnv omoio
yYpaoptnke yo tpdn eopd 1 Ty COMMITED o1to Trec;.status and kdnowo executing
PerformTrans tg T(i,k). Emiong, edv m T(i,k) eivor amotuynuévn, oOmmg &xet
avapepbeti, opileton n Ca(i,k) (otv omoia ypdotnke yio pion Kot HOVASIKY QOPA 1
i ABORTED oto Treci.status and kdmown executing PerformTrans g T(i,k)) kot
n FM(i,k) (n 8éon tov mivoka ownerships mov avtn dev KATAPEPE VO OTTOKTNOEL).

Inuetoveton 6t Ce(i,k) ko n Ca(i,k) mponyovvrat tng Cyw.

Amo 1o Aqppa 5.8 mpokdmter 601t M Ty COMMITED ypdipetan oto Trec;.status to
oA o opd amd Tic executing PerformTrans tg T(i,k). ‘Etot, eav n T(1,k) etvon
emuynuévn vmdpyer pioe poévo executing PerformTrans g T(i,k) mov ypdoet
COMMITED oto Treci.status, cuykekpiévo, apécmg TP TV KOBOAKN Kotdotoon
Cc(i,k). Emiong and 1o Anupa 5.18 mpokdmtel 611 otnv Cw 10 Trec;.status Ba €yet
T COMMITED 1 ABORTED, é£to1 and to Anppo 5.8 mpokvntel 10 mwopakdTm

TOPIGHLQL.

Hopioua 5.19: Kouio executing PerformTrans g T(i,k) oev extedel emroywg v SC
e ypoyyns 59 1 e ypowyuric 63 1 e ypopyuic 31 perd v Cy.
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Anqupa 5.20: Kouio executing PerformTrans g T(i,k) oev extelel emroyws vy SC
e ypouuns 60 ueta v Cy.

Amédeitn: Ag vmobBéoovpe, o TG €1 Gtomo amaymyns, Ot kdmolo executing
PerformTrans g T(i,k), éotow PTj(1,k), extelel emruymg yo kdmoto /, /€ Treci.add,
mv eviod] SC g ypapung 60, petd v Cw. H PTj(i,k) mpéner va ektérece v
evtoA] SC ¢ ypopung 59 emruydg kot cvppova pe to Ilopiopa 5.19 avtd onuaivet
ot n evtoAn] SC g ypapung 59 extedéomnke mpv and v Cw. Avtd cuvendyston Oti
Kot ot Aertovpyieg TV ypappdv 54 kot 55 ekteléomnkav mpwv and v Cw. Eniong ya
vo pmopet  PTj(1,k) va exktedéoer emruydg v eviodn SC g ypapuung 60 npénet va
extéleoe Vv evtoAn LL g ypopung 55 kon va €idoe ownerships[/] == nobody, éot®
otV kaBoikr| kotdotoaon Css. To Zynua 5.14 avamapiotd v celpd ektéleons Tmv

EVIOADV QVTAOV.

PT; executes SC to
PT- PT; executes SC of
j ownerships[l] in line
line 44 successfully
Css 45 successfully

| | | | >
| ! ! !

APOVOG
Cu ektéheong

Yymua 5.14: Extédeon mov meptypdeetal Katd v amddeién tov Anppotog 5.20.

Amo to Anppa 5.18 mpoxvmtel 011 otnv Cw 10 Treci.status pmopel va €xel Tyun
COMMITED 71 ABORTED. Eév omv Cw 1oybel Trec;.status == COMMITED t6te
pe Paon to Aquua 5.18 kot to IMopiopa 5.15 mpoxdmtel 611 Eyovv amoktnOel dha Ta
ownerships mov emBopet N T(1,k) mpw v Cw, dpa ko To ownerhsips[/]. Emopévac
kdmola executing PerformTrans g T(i,k) koatdoepe vo extedéost emituydg Vv
evtoAn SC g ypouung 60 yia to ownerships[/] petd v Css kot tptv v Cy Kot apa
Baoet tov opiopov g evioing LL/SC n extéleon g evioAng SC g ypapuung 60
and v PT;@1,k) petd v Cw 0Oo amotdyel. Amd v GAAn, €dv oty Cw oyvet
Treci.status == ABORTED opileton 1 Ca(i,k), 1 omoia €& opiopov g mponyeitan g
Caof(i,k) ka1 apa mponyeitar ko g Cw. Amo6 to Aquua 5.12 kor to Aquua 5.6
TPOKVTTEL OTL dev elvar dvvatd vo ekTEAESTEL EmTLYMG M €vToAn SC g ypauung 45

and v PT;(1,k) petd v Ca(i,k) xar dpa peté tnv Cw. Enopévag oe kd0e mepintmon
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N ektéheon g ypoppns 60 amd v PTi(i,k) petd v Cw anotvyydvet. Atomo. Apa
o Afupa 5.20 1oyvet. ]

‘Eoto o o extéheon tov aiyopiBpuov SSTM. Edv o mivakag Aown eivor pn kevag,
opilovpe a; 10 SdoTnuo extédeong G o to omoio Eexwvé pe ™V Cacfirsy, OTOVL
first=Aown[1], kot KatoAyel otV KOBOAMKN KATAGTAOT TOL TPONYEITAL TG TPAOTNG
Katapynong g terevtaiog 0éong tov mivakoe ownerships (edv avtd cvpPaivet),
ONAadN TG HoVadKNG Tov Ogv £xel NON KatapynOel yia pio ToOLAGIGTOV POPd, amd
11 executing PerformTrans g T(i,k). Edv avtd dev ocvpPaivel tote 10 0y €lvan t0
emifepa g o mov Eexwvd amd ™V Cacgirsy. ZNpEOVETOL OTL 68 KAOE KAOOAK
Kataotaon Tov Owotiuotog onp N T(,k) xotéyer pio tovAdyiotov Béom tov
ownerships, dniadn pio tovAdyiotov Béon tov ownerships mepiéyer 1o Trec(i k).
Eniong mpwv v évapén tov an n T(i,k) dev xatéyer kapio B€omn Tov ownerships.
Enewdn n Cacgirsy mponyetton g AOf(i,k), onpaiver 6tt 10 an Eexwvd mpv v

Caof(i,k).

Opilovpe Fliown(C), CE€an, o cUVAPTNOT TOV TEPLYPAPEL TO UN-KEVO GUVOAO T®V
0éoewv tov mivaka ownerships mov katéyet 1 T(1,k) og kdbe kabolk katdotaon C
TOL op Xnuewvetror Ott t0 medio TW®V ™G Faown(C) €lvor ta otoyeio tov
SVVAUOGLVOAOV TOV GLVOLOL ApwN. ATO TOV K®OKa (Ypapuésg 48, 46, 42, 33, 63 kot
55) npoxdmter 6TL Yo vo pmopet pua PerformTrans puag docoinyiag T(j,n;), j#1, £otm
PT.,(j,n;), va yiver BonOntikn g T(i,k) npéner va embopet va anokticet kémoto B€on
[, leTrecj.add, tov ownerships mov emBopel ko n T(i,k), dnradn va oyder Kkat
e Treci.add, ko to ownerships[/] va €xet non amoxtnBel amd v T(i,k). Andaon n
PT.,(j,nj) npémer va €xet 6er 610 ownerships[/] to Trec(i,k). Me Bdon 1o mopoandve
TPOKVTTEL OTL KATL TETOWO0 €lvan mOAvO Gg OAeG TIG KaBoAIKES kataoTdoels C Tov oy
eav N T(J,n;) emOvpel va amoktnoel kdnowa 0€on Tov ownerships mov wepEyetan 6T0

oVVOAO Faown(C).

‘Etotl mpokvmtel 6t pion PerformTrans piog docoinyiog T(j,n;), j#1, pmopetl va yivet
BonOntwkn g T(i,k) edv oe kamown kaborkn katdotaon C, Ce oy, TpocTOONGEL VO
amokToel kamotwa B€om Tov ownerships mov mepiEyetal 610 GOVOAO Faqwn(C). Emtiong,

npokVOTTEL OTL (i docsonyia T(z,n,), n omoio €xel exkivnBel and o depyacia p,
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mov €xel KATOPPELOEL, dgv umopel va Pondnbel amd dAieg docoAinyieg evepymdv
dlepyaciav €av M p, Eopaie Tpv TpoAdPet va yiver 1 Evapén Tov OUGTHUOTOS O,

ONAadn TPV 1 p, AMOKTNGEL TO TPp®@TO ownerships mov n T(z,n,) emBopet.

Me Bdaon to [Topiopa 5.15 kat tov Ioyvpiopod iii) tov Aqupoetog 5.18 mpokdmntel 61t 10
o opileton €dv  T(1,k) etvon emruymuévn. ‘Etol, pe Baon ta mapoamndveo, Tpokvmttel
ot edv 1 T(1,k) etvan emroymuévn ko vdpyet pio TovAdyloTov EvEPYN dlEPYNCian GTO
cvonua mov ektehel o doconyia PT, n omoia oe kdmown kaboikr| kKatdotaon C
T0V o mpoomabel va amoktiosl kdmowo B€on Tov ownerships mov mep€yeTal 6To
oVUVOLO Faown(C), OnAadn mov katéyel non n T(i,k), tote n T(i,k) pmopel va amoktioet
plo  tovAdyotov PBondntikn docoinyio oveEdptnto omd TO GEAALOTA TV

JlEPYOCIDV.

21 ovvéyea g anddeéne Bewpovpe 6t edv | T(1,k) eivon emroymuévn Ba vdpyet
tovhdylotov pia evepyn PerformTrans, éotw PT;j, mov embupel va amoktioet kdmoo
ownerships mov xatéyet n T(1.k) xar £tor n PT; Oa yiver BonOntwcr g T(1.k). 'Etot

TPOKVITEL TO TOPAKAT® TOPIGLLAL.

Ilopioua 5.21: Eov n T(i,k) eivou emtoynuévy, 10Te €Y€1 UIO. TOVAGYIOTOV EVEPYN

PonOntikn docoinyio ato ap, aveCapTnTo. OTO TIS OTOTVYIES TV OLEPYATIOV.

Anqupa 5.22: Yrapyer pio tovAdyiotov executing PerformTrans g T(i,k) mov extelel
mv ovvaptnon ReleaseOwnerships ueta tv Caof(i,k) xou mpiv v Cf(i,k).

And6deitn: And to [lopopa 5.21 mpoxvmret 611 ) T(1,k) éxer pio tovAdyiotov evepyn
BonOntikn docoinyio oto an, éotw PTi(1,k), aveEdpmmra amd T amotvyieg TV
depyacimv. Omwg avaeépnke to ay Eekvd tpv v Caof(i,k), dpa oty Caof(i,k) n
PT;(1.k) etvau 1om BonOntiknr) docoinyia g T(1.k). Anoé to Afjppa 5.18 mpokvmtet 6TL
N kKaBolwk) katdotaon Cw elvon kadd opwopévn v v T(i,k), mov onpaiver 6Tt
tovAdyotov n PTj(1,k), and 11 executing PerformTrans g T(i,k), 6o nepdoer tov
Bpoyo Wpr, petd v Caof(ik). Emiong, amd tov kddwa (ypoupés 38 ko 40)

mpokuntel 0Tt aveCdptmro pe v T mov €xel 1o Treci.status otnv Cw n
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ReleaseOwnerships Oa extedeotel TovAdyiotov and v PTj(i,k), petd v Caof(ik)

kat wpwv v Cf(i,k). Apa 10 Afppa 5.22 woydet. ]

Ajpua 5.23: Eotw kdroio 1, 1€ Trec,.add. Eav opileton n xkaBoiixn kataotoon Cac(l)
10T VEAPYEL uio. Tovldyiotov executing PerformTrans tc T(i,k) mov xatopyei 70

ownerships[l] ueta v Caof(i,k) xar mprv tyv Cf(i,k).

Am6oe&n: Epocov opiletor n Cacqy, opileton kou n oy And 1o Afjppa 5.6 mpoxdmtet
OTL 08 OAeg TIG KaBoMKEG KaTaoTAoElg TG o woyvel ownerships[/] == Trec;. Ano 10
Anppa 5.22 mpoxvmtel 60Tt TovAdylotov pio executing PerformTrans g T(i,k) Oa
exteléoel 1 ocvvdptnon ReleaseOwnerships petd v Caof(i,k) kot wpv v CF(1,k).
Eniong and to IMopiopa 5.21 mpokdmrer 6t m T(i,k) éxer pion TtovAdyiotov gvepyn
BonOntikn docolnyio oto an, €0t PT,(i,k), aveEdpmmra amd Tig amotvyieg TtV
JlEPYACIOV. ZNUEIOVETAL OTL OO TOV OPIGUO TOV 0Oy TPOKVITEL OTL TO O EUTEPLEXETOL
OTO Olp.

‘Ecto A 10 obvolo twv executing PerformTrans tg T(i,k) mov extélecav tov
éleyyo ownerships[/] == Trec; g ypopung 69 omv o EE opiopod tov o; kot omd to
Anppa 5.6 woybdet 611 ownerships[/] == Trec; 6tav ekteleiton 0 EAEYYXOC TNG YPOUUNG
54 and 11g executing PerformTrans tov A kot dpa o éreyyog avtdg dev pmopel va
armotoyel. 'Eotw PTj(1.k) (umopel va woyder j==z) exetvn n PerformTrans tov A mov
K@Aeoe mpaon TNV evtoAr] SC g ypapuung 71 yw to ownerships[/], éotw SC;
evtoAn avtn kot €6t C 1 KOOOAKN KATACTOGT GTNV OToi0 EKTEAEITOL ZNUEUDVETOL
OTL aKoun dgv &xel oAokANpwOel 10 o, emopévmg Ko Al pe Paon to Anuua 5.6
woyver 6t ownerships[/] == Trec; 6tav ektedeiton 1 SCi and v PTj(1.k) kot £tol n
exktédeon| e oty C Ba etvon emtuync. Emopévac to ownerships[/] Oa katapyndet yio

TpOTn Popd otnv C. Apa to Afppa 5.23 1oyvet. ]

To Afppa 5.23 pag emrpénel va cvuPoricovpe pe Crrp, L€ Treciadd, v kaboim
KATAoTOoN oTNV omoia katapysitoar ywoo TpdT @opd to ownerships[/], dv oavtod
ovpPaivet. Emiong and to Afupo 5.23 mpoxvmter o6t €dv opiletar n Cacq 10TE
opiCeton ko 1 Cri), N omoia Eneton g Cacw). Opwg, amd to [opopa 5.14 mpokdmtet
ot yw ké0e I, [ e Aown, opiletar n kaBolikn katdotaon Cacgy 1 omoio Tponyeiton TG

Caof(i,k), kaBag emiong opileror kot 10 Odotnuo ektéreong o, Emopévag ot
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Kaborwég katactaoels Crrg opilovtar ywoo k4be [, le Aown, kot 10 SdoTnpo
extédeong oy Eekvd amd v Cacp) ko xkotoinyet oy Crrg). Emiong pe Bdon to
Aqupa 5.22 ocvpPorilovpe pe Cros ™MV KOBOAKN KATAGTOON TOL TPONyEital TNg
npAdTG Cre(p, ONAAOY TNV KOOOAIKT] KOTAGTAOT QUECMG TPV TNV TPMTN KOTAPYNON
omotaconmote Béong / tov mivaxo ownerships. Inpeuwvetar 0t 1 Cros €meTOl NG

Caof(i,k) kot 6Aec o1 kKaBoAwcég kataotaoels Criy, /€ Treci.add, émovtar g Cros.

Ajupa 5.24: Eotw omoioonmote [, € Treci.add. Eov opiletor n kaboiikn xardotaon
Cuc(l) tote oev vmapyer xaboliky kotaotoon uesta v Cgp(l), oy omoio t0

ownerships[l] va éxer iun Trec(i,k).

Am6oein: And to Anppo 5.23 mpoxvntel 61t oty Criy KotopynOnke yo mpmt
@opa to ownerships[/] and kdmoia executing PerformTrans g T(i,k). Znpeuwveton
ot to Trec(i,k) pmopel va ypaeei otov mivaxke ownerships poévo omd tig executing
PerformTrans g T(i,k). A¢ vmoBécovpe, oo g nebddoL NG €1¢ ATOTO ATAYMYNG,
ot kanow executing PerformTrans g T(i,k) extelel emrvydg v eviodn SC g
ypopun 60 ypagovtog kot wédt to Trec(i,k) oto ownerships[/], petd tnv Cri). Ao T0
Anppa 5.20 mpokvmrel 6TL kopio omd T executing PerformTrans g T(ik) dev
vpdopetl To Trec; oto ownerships[/] petd v Cw. And tov k®dika tpokdmtel 6Tt 1 Cw

nponyeiton g Crr) Ko €161 KaTaAnyovue o€ dtomo. Apo to Afjuua 5.24 woydel. =

Anjupa 5.25: Eotw ormoroonmote 1, 1€ Treci.add. Eav opiletoun n kabolikn xaraotaon
Cuc(l) tote kauio fonOntixy PerformTrans g T(i,k) dev extedel emtoyms v evioin
SC g ypopune 71 ueta v Cre(l).

Anéoeitn: Ag vmoBéocovpe, oo g pebdSov ™G €1 ATOomMO OmAy®YNG, OTL KATOL0
executing PerformTrans tg T(i,k), éote PTj(i.k), ektekel emroyag v evroin SC g
ypoppng 71 y to ownerships[/], petd v Crrg. H PT;(1,k) npénet vo extérece v
evtoA] LL g ypapung 69 yio 1o [ PAémovtag ownerships[/] == Trec(i,k). And to
Anppa 5.24 mpokvntel 0tL oty Cri) Ko petd omd avt| o woyvet ownerships[/] #
Trec(i,k). 'Etot €dv n ypapun 69 extedéotnke omd v PTj(i.k) petd v Crrg) 10T 1

PTj(1,k) 0o pmopovoe va der ownerships[/] == Trec;, 6pwg pe Trec;.version > k. Tote
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ocvppova pe To Anupa 5.1, n extédeon tov VerCheck g ypapuung 70 Oa emtdyyave
Kot Etorm ypoppn 71 dev Oa exterovvrav amd v PT;(1,k).

Emopévamg n PT;(1,k) mpéner va extéhece v ypapun 69 mpwv v Crirg) Kol 6TV
cvvéyelo va ektéhece v ypapun 71 petd mv Crrp. Opwg omv Crrp, Ommg
npoavapépinke, 1oydel ownerships[/] # Trec(i,k), mTov onpaivel 611 Kamowo executing
PerformTrans ¢ T(i,k) katdpepe va ekterécel tnv evroAn SC g ypouung 71 yo 1o
ownerships[/] emtvyms. ‘Etot pe Bdon tov opiopd g evroing LL/SC 1 extéreon g
evtolg SC g ypapung 71 and v PTj(1.k) petd v Crr) 0o amotdyet. Atono, €161
10 Aqupa 5.25 woyvet. ]

To Afupa 5.25 amodewviel 6t v Ka0e I, [€ Aown, vdpyel pio pdvo executing
PerformTrans mov ektedel emtvydg v eviodn SC g ypapung 71 yw 1o
ownerships[/], cvykekpiéva apéomg mpv v kaboiikn kotdotacn Crrg). Onog £xet
avapepbel, ovuPorilovpe g Crof(i,k) ™v kabolkr Katdotoon oty omoin
OAOKANPOVETOL Yo TPMOTN Popa o kKAnon tg ReleaseOwnerships omd xdamota
executing PerformTrans g T(i,k). Enpeiwvetan 6t  Crof(i,k) émeton ™g Cros,

gneton TV Crr), [€ 1€ Aown, kot ponyeiton tng C{(1,k).

Anqupa 5.26: Mio tovldyiotov ano g executing PerformTrans tng T(i,k) Oa exteléoer
116 ypouués 35 éwg 38 tov kwoika mpiv v Cf(ik), eav kou povo eav n T(ik) eivau
ETITOYNUEVT.

AméoeiEn: Apywa omodewvoeton 0t €dv - T(i,k) elvon emruynuévn tote pio
TovAdylotov amd Tig executing PerformTrans tng, Oa extelécel Tic ypapupég 35 €mg
38. Enuewdveror 0Tt cvppwvo pe to Anppo 5.18 1o Treci.status Oa AaPer tiun
COMMITED 11 ABORTED o1ty Cw kot 1 Ty awty], copemve pe to Aqupa 5.2, dev
umopet va aArdéer mpwv v Cf(i,k). Eniong n Cw mponyeitat tov eAEYY0L TG YPOUUNG
34. 'Etol mpokbdmtel 011 6oeg amd Tig executing PerformTrans g T(i,k) ektehécovv
Tov éleyyo G ypapung 34 mpwv v Cf(i,k), o tov mepdoovv emtuyms. ZnpeudveTon
ot pla amd avtég tig PerformTrans Oa eivor ovt) mov ektelel m pi, oniadn o
onuovpyog ™ T(i,n;), n omoia eivor kot avty wov opilel v kabolkn KaTdcTOON
Cf(i,k). Onote yio va givar ovvato va opiotei 1 Cf(i,k), mpémet tovddyiotov pio amod

OVTEG VO OLOKANPDOGEL TNV EKTEAEST] TOV YpapPdV 35 Emg 38.
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21 ouvéyeln amodekvoetal 0tL Bo vmdpyel pio TovAdyloTtov TéTOol executing
PerformTrans g T(i,k) axopa kot €dv ot diepyacieg UTOPOLV Vo AmOTOYOVV, ONANON
otapatnoovv apvikd va extedovvtol. Epocov n T(i,k) elvar emroymuévn and to
Anppa 5.13 kow to Afqppa 5.18 wpoxvntet 0Tt £xet amoktnoet mpwv amd v Caof(i,k)
O6ho to. ownerships mov emBopel, emopévag kot 10 Cacirsy, first=Aown[1], kot €101
opiletar 10 ay 10 omoio Eekwvd mpwv v Caof(i,k). Emniong emedon n T(i,k) elvan
emrvuynuévn, to Trec;.status g €xel i) COMMITED ot 1 tiun avt) dgv pmopel va
arracer mprv v Ci(1,k). ‘Etot kapia executing PerformTrans g T(i,k) dev pmopet va
ektedéoel ) ovvaptnon ReleaseOwnerships péow g ypappung 40 mpv v Cf(i,k).
Apa ywo k@0e [, leAown, M Crup 0o opotel AOy®m g ektéheong g
ReleaseOwnerships ¢ ypapuung 38. Emopévmg 1o oy dev umopel va ohokAnpwbOel tpv
™V KoTdpynon tov televtaiov ownerships mov 1 T(i,k) katéyetl, péow g extéleong
¢ ReleaseOwnerships g ypapung 38. ‘Etor and 1o IIopiopa 5.21 mpoxvmrel 6Tt
TPV TNV OAOKANPMON 1TNG €KTEAEONG NG Ypoppng 38 amd pio TovAdyloTov
PerformTrans, m T(i,k) £€yer pia TovAdylotov evepyn Ponbntikr docoinyia
ave€apTNTU OO TIG ATOTLYIES TV JEPYOTIUDV.

Mo v andden tov avtictpopov apkel va avaeepbdel 6Tl Yo vo pmopel pua
omotadnmote executing PerformTrans g T(i,k) va extedéoet T1g ypappég 35 €wg 38
TPEMEL VAL £YEL TEPAGEL EMTVYDG TOV EAEYYO NG Ypouuns 34, dniaon mpéner ) T(1,k)

va, elvon emroynuevn. Apa to Anppa 5.26 woydet. ]

Anqupa 5.27: Eav n T(i,k) eivou emroynuévy tote i) n SC g ypouuns 78 Oa exteleorel
oxpifas pio popo ya xabe Trec.OldValues[l], | Trec.add, amo tg executing
oocolnyies e T(i,k) mpiv v Caov(ik) kou ii) n SC s ypouuns 90 Oo exteieorel
okp1fag uio popa, amd karoio. executing PerformTrans g T(i,k) mpiv v Cf(i,k).

Am6oein: Ano 1o Afppa 5.26 mTpokvmTEl OTL (il TOLANYIOTOV amd TIS executing
PerformTrans tg T(i,k) Oa ektedécel Tic ovvaptioelg AgreeOldValues (ypapun 35
T0Vv KOdka) kot UpdateMemory (ypapun 37 tov k@dwa) mpv tnv C(1,k).

1) 'Eot® A to obvolo tov executing PerformTrans ¢ T(i,k) mov kdAiecav v
AgreeOldValues kot ektélecav tov éleyyo Treci.OldValues == (null,0) g ypopung
76 v 10 Trec;.OldValues[/] mptv v mpdtn ektédeom ¢ evioAng SC g YPOUUNG
78 yw 710 Treci.OldValues[/] amd tig executing PerformTrans g T(1,k).
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Zvpporilovpe wg SCrgp v evtorn SC g ypapung 78 yw to Trec;.OldValues[/].
Kapia executing PerformTrans g T(i,k) dev éyel extedéoer axopa v SCrg) Ko
kata Vv ekkivnon g T(1,k) woyder Trec;. OldValues[/] == (null,0). Eniong, and 10
[Topopa 5.4 mpoxkdntel 611 610 E(T(1,k)) novo ol executing PerformTrans ¢ T(i,k)
UITOPOLV VO TPOTOTO|covy Tov dtapotpaldpevo wivaxka Treci.OldValues. Enopévag n
extéleon Tov eAEyYoL MG Ypouung 76 oamd tig PerformTrans tov A v to
Trec;.OldValues[/] 0a eivan emtoyng. 'Eoto PTj(1,k) exeivn n PerformTrans tov A mov
Kdieoe mpwt v SCrs) Yo T0 Trec;.OldValues[/], éotm otnv kaboikr| Kotdotaon
Cov. EE opiopov mg Cov, 1 ektéheon g SCrg;y and v PT;(1,k) otmv Cov Ba eivon
emtoyng kot €tor OBa ypagel m Ty (memory[/],1) oto Trec;.OldValues[/].
Inuewveron 6t 1 Coy mponyeiton g Caov(i,k).

2V ouvéyeld amodelkvueTal OtL 1 evnuépmon oavtn gival povadikn. Ag
vroBécovpe o1 TG HeBOOOL TNG €16 ATOTO amaywyNS OTL LIAPYOLV KATOlEG executing
PerformTrans g T(i,k) ov omoieg ektehodv emrvywg v SCr3p Y@ TO
Treci.OldValues[/] petd v Coy, kot éotm PT,(1,k) n tpdtn and avtés. o va pmopel
n PT,(1,k) vo exterécer v SCrg) mpémel vo ddPace, péow g evtorng LL g
ypapung 76, Treci.OldValues[/] == (null,0). Enpewwvetor 6t ommv Coy 1oydel
Trec;.OldValues[/] == (memory][/],1).

Edv n ypapun 76 extedéotnke amd v PT,(1,k) petd v Coy tO1€ Y100 vou o€t
PT, Trec;.OldValues[/] == (null,0) npénel, va exteléotnke 1 Initiate amd v pi, KTl
nov onuaivel 6t n ektéreon g T(1,k) €xet ohokAnpwBel kot dpa Exer extedeotel N
ypopp 18 tov k®dka and v T(i,k). Ouwg toéte odupwva pe 1o Aqupa 5.1, n
extédeon tov VerCheck tng ypapung 77 6o emtdyyave Kot £tot n ypouun 78 dev Oa
extedovvtav ond Vv PT,(1,k). Apa n PT,(i,k) mpénetl va extérece v ypauun 76 mpv
mv Cov. Zmv cvvéyeta n PT,(1,k) extekel nv SCrg(;) petd v Covy, €161 pe Pdon tov
optopd g evtoAng LL/SC avt n SC 6a amotidyetl. Atomo.

i1) 'Eoto A 10 obhvolo twv executing PerformTrans ¢ T(i,k) mov kdAecav v
UpdateMemory kot cuykekpiuévo ektéhecav tov Eaeyyo Treci. AllWritten == FALSE
™G Ypapuns 88 mpwv v mpdn ektéheon g evioAng SC g ypappng 90 and tig
executing PerformTrans g T(i,k). ZvpuPoiilovpe g SCop v eviodn SC ¢
ypappng 90. Kapia executing PerformTrans g T(i,k) dev €xet extedécel akdpa v
SCyp ko katd TV ekxivnon g T(1,k) woyver Treci. AllWritten == false. Emiong, ano

10 [lopwopa 5.4 mpoxdmrerl 6Tt oto E(T(i,k)) povo or executing PerformTrans g
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T(i,k) pmopovv va tpomomocovy v dapotpalopevn petafint Treci. AllWritten.
Enopévog n ektéheon tov ehéyyov g ypouung 88 amd tig PerformTrans tov A Ha
etvan emruync. ‘Eoto PTj(i,k) exetvn n PerformTrans tov A mov kdAece mpot Vv
SCo, €0t® oV KaBoAwn katdotaon Caw. EE opiopod g Caw, 1 extédeomn g
SCqp a6 Vv PTj(1,k) otnv Caw Ba givan emtoyng ko €161 Oa ypaget  tiun true 610
Trec;. AllWritten.

2V OLVEYEWD OMOOEIKVOETOL OTL 1) eVNUEP®OTN ovTN eivor povadikn. Ag
vroBécovpe Ot g HebBddov ™G €1 ATOMO amOy®YNS OTL LApPYeL pio okoun
executing PerformTrans tng T(i,k), éotm PT,(1,k), n omola extedel emruydg v SCo
uetd v Caw. ['a va pmopei n PT,(1,k) va extedéoet v SCog, mpénetl va S1apaoce,
puéow g evioAng LL g ypouung 88, Treci. AllWritten == FALSE. Znueidvetan 611
otV Caw woyvet Trec;. AllWritten == TRUE.

Edv n ypapun 88 extedéotnke amd v PT,(1,k) petd v Caw toTE Y100 VO O€1 M
PT,(i,k) Treci. AllWritten == false npénel, va ekteléotnke n Initiate amd v pi, KATL
mov onuaiver 06tL N ektédeon g T(1,k) €xel ohokAnpwBOel ko dpa Exel exteleoTel N
ypopun 6 tov kodike ond v T(1,k). Opuwg 1016 cOppova pe to Anupa 5.1, n
extédeon tov VerCheck tng ypapung 89 Ba emtvyyave kot étot n ypopuun 90 dev Oa
ektehovvrav and v PT,(i,k). Apa n PT,(i,k) npénet va extédece v ypapuun 88 wpv
Vv Caw. Ztnv ovvéyela n PT,(1,k) extelel v SCop petd v Caw, €101 pe Bdomn tov
optopd ¢ evtong LL/SC avty n SC Ba amotidyel. Atomo.

Enopévog to Aqupa 5.27 woyvet. ]

Edv n T(@,k) etvar emroynuévn, t6te pe PBdon 10 Anuua 5.27, onoc &xet
nmpoavaeepBel, copPorilovpe wg Caw(i,k) v kaBoAikr| Katdotaon oty omoio
ypaoeton pio kot povadikn eopd n T TRUE oto Trec;. AllWritten a6 tig executing
PerformTrans tg T(i,k).

2V cuvEXELn TapoLSldlovpE TOV TPOTO LE TOV 0Toio TpoKHITOVY 01 Ioyvpiopol Tov
Anppotog pe PBaon ta mopondve. And tov opiopd e Caw(ik) woyver dueco o
Ioyvpiopdg v)a. tov Afupatog. Akéun, wwyvovy ot e€ng loyvpiopol Tov AMUpHaToc: o
Ioyvpiondg 1) Pdost tov Aqupoatoc 5.10, ot Ioyvpiopot ii) kot iii) faoel Tov Afppoatog
5.18, o Ioyvpioudg vi) Pacer tov Afupatog 5.24, o Ioyvpiopdg iv) AOY® TOL
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Anppatog 5.26 kot o Ioyvpiopdc v)d. Adyw tov Afppatog 5.27 (onueldvetol 6Tt M
Caov(i,k) mponyeiton g Caw(i,k)).

H Caw(i,k) opiCeton povo eav m T(i,k) eivar emroynuévn. And to Afppa 5.26
TPoKVOTTEL OTL €6V K povo edv  T(1,k) eivon emroymuévn 16te pio TovAdylotov amod
Tig executing PerformTrans tng T(i,k) Oa extedéoet Tig ypappéc 35 wc 38, mpv v
Cf(i,k). Emiong eav n T(i,k) etvan emroymuévn onuaiver 6t omv Cw 10 Trec;.status
£xel Ty success Kot cOLEOVA Le To ANppa 5.2 1 T ovt dev Umopet vo, aALaEEL
npw v Cf(i,k). 'Etor xopio executing PerformTrans tng T(i,k) dev pmopel va
ektedéoel v ReleaseOwnerships péow g ypapung 40 mpwv v Cf(i,k). Emopévac
and Tov KMok mpokvumTel 0Tl OAeg ot Cov(ik,/), Yo k4B /€ Treci.add, Tponyodvran
m¢ Caov(i,k), n Caov(ik) mponyeitoan g Caw(ik) kou n Caw(i,k) mponyeitar g
Cros. Emiong, 6nmwg €xel mpoavaeepbei, n Ce(i,k) énetar g Caof(i,k). 'Etor pe Bdon
to pépog i) tov Anppatog 5.18 wor to Ilopiopa 5.15 mpoxdmter OTL 1oYVEL O

Ioyvpiopdg v)b. tov Anppotog.

Amo 1o Aqppa 5.27 mpokvmrtel 6Tt 6tav 1 T(i,k) elvan emroymuévn n ypopuun 78 dev
umopel vo ekteleotel emtuymg petd v Caov(ik) ko n ypopun 90 dev umopei va
ektedeotel emtuydg petd amd v Caw(ik). Inueidveron 6Tt n Caov(i,k) kot n
Caw(i,k) mponyoovian tg Cf(i,k). 'Etolr mpoximter dueca ot xopio Pondntikn
PerformTrans tg T(i,k) dev exterel emruymc v SC g ypapung 78 N g 90 petd
mv Cf(1.k). Znpewdvetoan 6tt n Cw ko 6Aeg ot Crr), /€ Aown, mponyodvratl g
Cf(i,k). 'Eto1, pe Paon ta mapardve kot ond to [Iopiopa 5.19, to Aqupa 5.20 kot 1o
Aqupa 5.25 mpokdmter 6t kapio fondntikny PerformTrans g T(i,k) oev extelel
Kamoto emtrvynuévn SC otov mivako ownerhsips Kot € omotadnmote dtapotpalopevn
dopny oedopévav M petaPAnty mov mepi€yetan otnv Treci, petd v Cf(i,k).
[TpocBétovtag to [Iopiopa 5.4 kot to [Topiopa 5.5 mpoxvmtel 6TL 16YVEL 0 IoyLPIoUOG

vii) Tov ANUUOTOC.

Axoun, pe PBaon to Afupa 5.13, to Afppa 5.18 kot tov Ioyvpiopd v)b. tov
ANppoatog mov amodeiydnke mapamdvm, TPoKOTTEL OTL 1oYVEL 0 loyLpIoUOg V)C. Tov

ANqupatog. Apa woyvovv 6Aot ot Ioyvpiopoi tov Anupatog 5.3. ]
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210 onueio avtd oAoKANPOONKE TO TPDOTO PrHa TG AmdIEENG Kot cuveE)ILOVLLE LE TO

devTEPO P TS AOSEIENG.

Anppa 5.28: o kabOe process index j#i, 1 <j < n, orwdpyel 1o moid uio. PerformTrans

mov exteleitoun amd v p;, n omoia. eivou fonOnuikn e T(i,n;).

Anéoeien: 'Eotm, da ¢ pebooov g €1 4tomo amaywyng, 0t Yo Kdmow dlepyocio
pj vrdpyovv dvo PerformTrans mov exkivnOnkav and v p; ko givon fondnticég g
T(i,n;). 'Eotw 0t1 n mpd 0md avtég ekteieitar omd v docoinyio T(j,n;) ot m
devtepn amd v T(,n’). Av nj = n;’ onpaiver 0tL N B docoinyia Pondnce dvo
eopég Vv T(i,n;), oNAadr| extérece d00 Qopég ™ ypauun 48 tov Kddwa. Opme avtod
dev pmopel va yiver 10t v Tpadn @opd mov 1 T(J,n;) Ba Pondnoer v T(i,n;) Oo
exktedéoel ) ypouun 48 pe opropa Islnitiator == false, étol o1 cvvéyela dev pmopet
va Bondnoet ko wah v T(1,n;), d10TL N ekTéAEOT TOL EAEYYXOL TNG Ypouuns 41 Oa
glvon un emroyns. Atomo.

‘Etol mpénetr va woydel ni#n;’. 'Ectw, yopic PAAPN tng yevikdtntag, OtL ny’<n;
oniadn n T(,n;) exkwvnOnke and v pj, petd to téhog g T(,n;’). Agov ot T(j,ny’),
T(,n;)) Bonbovv v T(i,n) xarodv ot ypopun 48 tov KOdKA TV CLVAPTNON
PerformTrans pe opiopora (Trec;, n;, false). 'Eote PT(j,n;’) xar PT,(j,n;) ot kAnoceig
avtég. Tlapatmpodpe ott n PTi(j,n;’) teppotiCer, apod otn cvvéxewn extereiton m
PT,(,nj)) and v p;. 'Etor and tov kadiwe mpoxvmtel 01t 1 PTi(j,n’) mpwv v
eMOTPOPN G, kaAel tnv ReleaseOwnerships ywo va kotapynoet ta ownerships mov
katéyelt n T(L,n) ko éotw C mn kabolkn kaTdoTOon OTNV Omoio M KANOM 1Ng
ovvdptnong avtg emotpéepet. EE opiopod g Crof(i,n)) m C émeton M elvan 1
Crof(i,n;). And tov Ioyvpiopd vi) Tov ANppaTog 5.3 TPOKVLTTEL OTL GE OMOLAONTOTE
kaBoAkn katdotaon petd v Crof(i,n;), o mivaxkag ownerships dev mepiéyel o Kapio
gyypaen tov 1o Trec; pe Treci.version<n;. A@o¥ n T(j,n;) KANOnKe amd TNV p; petd Vv
C, n T(,n;) dev umopet vo det oe kamowa eyypapn tov mivaka ownerships v tiun
Trec(i,n;). 'Etor n T(j,n;) dev pmopel va kaAécer ot ypopun 48 tov kaddiko tnv
ovvaptnon PerformTrans pe opiopata (Treci, n;, false) kot dpa dev Ponbaer v

T(i,n;). Atomo, dpo To Afupa 5.28 1oyvet. ]
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Anjuua 5.29: FEorw T(in) o emroynuévy docoinyio. Ot mopoxar® 1010THTES

1GYDOVV:

i) Eotw omoioonmote I, l€ Trec.add. Movo o1 executing PerformTrans tg T(i,n;)
Uwopodv vo, tpomoroinaovy to memory[l] uetolov e Ce(in;) xor e Caw(i,ny).

ii) Meto v Caov(i,n;) xor mpwv v Cf(i,n;) o Trec.OldValues Oo. wepiéyer tig tuég
mov glyav o1 ovtiotoryes Béoeis (OTwe mePIypapovTol amd TV Tivoka rec.add) tov
mivaxo, memory, oto onueio Ce(in;).

iii) O1 executing PerformTrans g T(i,n;) mov Eovv v dvvaTOTHTO. VO, EVIUEPDTOVY
TOV TVOKO, Memory ooU@OVoDY oTig 016G TYES TOV Tivaka newValues.

iv) Eotw omoioonrmote I, l€ Treci.add. H SC s ypouuns 87 yio to memory[l] Qo
extedeotel 10 mOAD uion popa omo Tig executing docoinyics e T(i,n;) ka1 avto

umopet vo, aoufel pera v Ce(in;) xor wpiv v Caw(i,n).

Anéoeiln: 'Eoto a o ektédeon tov adyopiBuov SSTM kot éotm / pio omoladnmote
0éon tov mivaka ownerships. Eotidlovpe otig emtuynuéveg 00coANYieg g o Tov
ektehovvron and executing PerformTrans docoAnyidv mov eniBupovv va amokticou
10 ownerships[/] kot va evnuepdcovv to memory[/]. Eotw T(il,n;;), T(i2,np), ... ,
T(ik,njk) ot docoinyiec avtég mov omoktobv TOo ownerships[/] pe Pdaon v
ovykekpévn oepd. o kébe j, i<j<k, amd tov Ioyvpiopd v)b. tov Anppatog 5.3
npoxvmtel 0T, petagv g Cc(iy,n;) o g Caw(ij,n;), n T(ij,n;) katéxer OAa ta
ownerships mov emBopel. Emiong, amd tov o Ioyvpiopd o611 tar dwwotipota
ektédeong tov ovvorov {[Cc(ix,nix), Caw(ix,nix)] | i<x<k} 0Oev emwoAvmTovTal.
YvuPoiilovpe pe T(ik,ny) v doconyio ekeivn g omoiag to Ce(ik,ni) eivon To k-
0010 GTNV 0.

H anddoeitn tov Anqupotog Ba yiver pe Paon 1t 0éom ommv omoia opileton
emtuynpévn (kaBoiwkn katdotoon Cc) pio SocoAnyic. EnueudveTotl 0Tl 1) AmOdElln
™m¢ Phong ¢ emaywyns kot 1 amddelEn Tov emaymyikov Pruatog Ba yivel
Tavtoypova. YroBétovpe 0tL ot Ioyvpiopoi tov Anppotog 1oyvovy yioo OAeg Tig k-1,
omov k>0, mpdteg emruympéveg docoAnyieg kot Oa amodeiEovpe 0TL 1oYHOLV Yo TV
k-oo11 docoAnyia mov opiletan wg emTvymuévn, omaaon v T(ik,nj).

1) YrmoB€tovpe, o1 g pebBodov g €1¢ Atomo omaywyns, Ot LIApYEL Kamoo
executing PerformTrans pag docoinyiog T(,n;), j<ik, éotw PT,(,n)), n omoia

Katapépvel vo tpororomoet To memory[/] petald e Ce(ik,nik) kot v Caw(ik,nix).
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‘Eoto 6t k==1, gne1dn n T(il,n;;) etvon n TpdTN emruymuévn docoinyio Tov AmTOKTH
to ownerships[/] dev pmopovv va vapyovv mponyovueveg g T(il,ni;) docoinyieg
oL Vo glvol emMTLYNUEVES KoL VO €YOVV OmOKTNGEL TOo ownerships[/] wpv v
Cc(il,nj;), dromo. 'Etol, mpéner va woyver k>1, dniadn n T(,n;) oavhixer otig k-1
nponyovpeves (g T(ik,nix)) emruynuéveg docoAnyiec.

I'a va tponomomoet | PT,(j,n;) to memory[/] mpémet vo exterécet t ypopun 37
0V kOdka. And tov Ioyvpiopd iv) tov Afuuatog 5.3 mpokvmter 6t n PT,(,n;)
extedel T ypopun 37 pévo gav eltvan emroynuévn, to omoio pe Paon tov Ioyvpiopod
v)b. Tov Afppartog 5.3 onpaivel 0t el amoktoel OAa to. ownerships wov emibopet,
dpo Kot To ownerships[/].

Béoetr tov Ioyvpiopov v)c. tov Anppatog 5.3 mpokvmtet 6t €&v 1 PT,(,n;),
npoonadnoel va omoktioer 1o ownerships[/] petd v Cc(ik,ni) kor mwpwv v
Caw(ik,nj), dev Bo pmopéoet va exteAéoset T ypapp 37 tov KOdka (Le TNV ool
umopel va evnuepmbel to memory[/]) mpwv and v Caw(ik,ny). Etol mpéner n
PT,(j,n;) va anéktnoe to ownerships[/] mpwv v Ce(ik,niy). Znpeidveror 6t n PT,(j,n;)
amoktd to ownerships[/] mpwv v Cc(j,nj). Onwg avaeépbnke, ta Swothpoto
[Cc(j,n;),Caw(j,n;)] ko [Ce(ik,ni),Caw(ik,nik)] dev emkodvntovtal, Kot enewdn amd
enayoywn vrdbeon n Ce(ik,ni) mponyeitar g Cc(j,n;j), npokvmter 611 1 Caw(j,n;)
nponyeitan g Ce(ik,nik). Bdoet tov pépovg iv) g emaywywkng vnodeong n PT.(j,n))
dev pmopel vo evnuepmcel o memory[/] petd v Caw(j,n;). ‘Etor, n PT.(j,n;) dev
umopet va evnuepmoer to memory[/] petad g Ce(ik,nik) ko g Caw(ik,ni).
Artomo.

i1) YroBétovpe, oo g nebdoov g €1 Aromo amaymyng, 0Tt vapyel kdmowo /, /
€ Treci.add, yio 10 omoio to Trec;.OldValues[/] dev &gl v T mov elxe tO
memory[/] otv Cc(ik,ni). EZnuewdveton 6t ot Tpég tov mivaxo Treci.OldValues
umopovv va tpomomomBovv uoévo and Tig executing PerformTrans tng T(ik,ni) ko
and executing PerformTrans mponyoduevov S0G0ANYIOV OV EKKIVIONKAY amd TV
pik- Opwg, and tov Ioyvupiopd vii) tov Anuuatog 5.3 mpoxvmTel 6TL o1 PonOnTiKéG
PerformTrans mponyovpevemv d0GOANYLOV TOV EKKIVIONKOV amd TNV Pik OEV LTOPOVV
va evnuepocovv T Tiég tov mivaka Treci.OldValues petd tnv ekxivnon g
T(ik,nik). Apa ot Tuég tov mivaxa Trec;.OldValues pmopodv va evnuepmbBodv povo

and TG executing PerformTrans g T(ik,nj).
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‘Eoto v n Tyun mov vrdpyet oto memory[/] oty SU(ik,ni). Amd tov Kddka Ttng
AgreeOldValues mpoxvntel 6t1 610 Trec;.OldValues[/] ypapetor Ty mov vrdpyet
oto memory[/] v otyu] mov ektedeitar n evtoAny SC ¢ ypouung 78 yio to
Trec;.OldValues[/]. And tov Ioyvpiopd v)d. Tov Anppatog 5.3, mpoxkvmTel N TN
vt ypaoetol pio Kot povadikn eopd, amd kdmoto executing PerformTrans g
T(i,n;), omv Cov(ik,ni,/). ‘Etor yio va moapatnpnbei oto Treci.OldValues[/] tiun
dapopetikn and v mpénel kdmowo PerformTrans, éotw PTj, v dAdale tnv tyun tov
memory[/] pera&d g Ce(ik,ni) ko g Cov(ik,nik,/). Znpewdvetol 0Tt 1 evnuEPmOn
¢ memory[/] mpovmobétel v KANom ¢ cvvaptnong UpdateMemory. And tov
Ioyvpiopd i) Tov ANuuaTog, mpokvTITEL OTL POVO ol executing PerformTrans g
T(ik,nj) pmopodv evmuepocovv to memory[/] peta&d ™ Ce(ik,ni) xor g
Caw(ik,nik) (n omoia éneton Tng Cov(ik,ni,/)). Onwg, n PT; dev pumopet va aviket otig
executing PerformTrans g T(ik,ni), 61611 and loyvpiopd v)d. tov Anppatog 5.3 ko
AMyom tov optopotd g Caov(i,ng) mpokvmter 6tt 1 Cov(ik,nik,/) mponyeiton g
extéleonc g ovvaptnong UpdateMemory ond avtég tig PerformTrans. Eropévog to
memory[/] dev pnopel va evnuepwBel petacd g Ce(ik,ni) ko g Cov(ik,nik,/), T0
omoio eivar Atomo.

iii) 'Eoto omowodnmote [, /€ Treci.add. 'Eocto ooy tO dtdotnua eKTéAecng mov
Eexwva amd v Caov(ik,ni) ko katainyer oty Cf(ik,nig). And 0V KOIKO NG
PerformTrans (ypopun 21) mpoxdnter 611 o1 PerformTrans ¢ T(ik,nik) vworoyilovv
10 new Values[/] pe Béon to Trec;.oldValues[/], petd tnv Caov(ik,ni). YrevOopiCoope
ot mpwv v Cf(ik,nix) exteleiton n ypapuq 18 tov kodwko and v T(ik,ni) wou
avéavetar to Trecy.version og nitl. 'Etor pe Baon 1o Aquua 5.1 6ceg and 11
executing PerformTrans g T(ik,nj) vwoloyicovv to newValues[/] (ypouun 21) petd
v Cf(ik,ni), dNAadn petd to T€A0G TS doy, 0V Bo LTOPEGOLV va EKTEAEGOVV TNV
evto] SC g ypapung 87 yia va evnuepdcovv 1o memory[/], dott o VerCheck
Eleyxog ™G Ypouung 75 Ba amotiunBel aAnbng.

Eniong, pe Pdon tov Ioyvpiopnd ii) mov amodeiybnke moapomdve, 610 0oy TO
Trec;.oldValues[/] Oa givat ico pe v Tiur tov memory[/] otnv Cc(ik,nix). 'Etot 6cecg
an6 1ig executing PerformTrans ¢ T(ik,nix) vwoloyilovv 10 newValues[/] oto aov,
0o vroloyicovv v 61 . Emopévmg ot executing PerformTrans g T(ik,njx) mov
EYouv TNV OLVOTOTNTO VO, EKTEAEGOVLV TNV Ypauun 87 yia to memory[/], kol apa

LITOPOLV VoL TO EVILEPMGOVV, Ba £xovv vToAoyicet TV 1d1a T Yo To new Values[/].
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iv) And tov Ioyvpiopd i) tov Anppatog, mpokHmTel OTL UOVO Ol executing
PerformTrans ¢ T(ik,ni) pmopodv evnuepdcovv 1o memory[/] perd v Cc(ik,nik)
kol Tpwv v AW(ik,nix). Emiong and tov loyvpiopd iii) tov Appatog, mpokvntel 0Tt
Oheg ov executing docoAnyieg g T(ik,nik) mov €yovv v Juvatdtmro va
EVNUEPOOOVY TOV TivaKko memory vmoAoyilovv v 101 Ty newvalues[/] yio to
memory[/]. 'Ect®w Vpew M v€a Tiu ko Vog m tiun mov giye to memory[/] omnv
Cc(ik,nix). Axoun, emeon n T(ik,ni) etvar emroynuévn, and tov Ioyvpiopd iv) tov
Anppartog 5.3 mpokdmrel 6Tt pia TovAdyloTov amd Tig executing PerformTrans g
T(ik,nik) Ba exkteréoel ) cvvaptnon UpdateMemory.

Inuewwveton 6Tt Yo vo. umopei pia executing PerformTrans g T(ik,nik), éotm
PT(ik,nik), va extedéoet v eviolr] SC g ypopuung 87 ywoo to memory[/] mpénet vo
elde omv ypauun 84 Trec;. AllWritten == FALSE. Xtnv Caw(ik,nik) 0o 1oydet
Treci. AllWritten == TRUE kot amd Tov KOOKa TPOKOTTEL OTL 1] T 0T dev pmopel
va aAddEer mpwv v Cf(ik,nik). 'Etor €dv n ypoppr 84 extedéotnke oamd v
PTy(ik,nj) petd v Caw(ik,ni) t0te v va ol n PTy(ik,nik) Treci. AllWritten ==
FALSE npénel va extehéotnke 1 ovvdptnon Initiate amd v pik, KATL TOL GNUOivel
ot 1 extéleon g T(ik,ni) €xel ohokAnpwBel ko dpa Exel extedeotel n ypopuun 18
tov Kddwa amd v T(ik,nik). Ouwg 1018 ovUPOV pe To Afupa 5.1, n extéheon tov
VerCheck g ypapung 85 0o amotiunfel og aAndng kot €tor  ypouun 87 d¢ Ha
extedovvtav amo v PTy(ik,nik). Emopévmg yio va propel n PT(ik,nix) va exteléoet
mv evtod] SC g ypapung 87 mpémer vo ektédece ™ ypouur 84 mpwv v
Caw(ik,njy).

Apywkd efetdleton m mepimtworn katd TV omoio M vEd T View 7OV
VToAoYioTNKE Yoo TO memory[/] eivon idwo pe v T wov gixe to memory[/] oy
Cce(ik,nix), OMAadn 10YVEL Vyew==Vod. ZTNV OCULVEYELD OMOOEIKVVETAL OTL GTNV
nepintwon oty ogv Ba evnuepwbei 1o memory[/] amd T1g executing PerformTrans g
T(ik,nik). Ac vmoBécovpe, da g peboddov NG €1 ATOTO OmMAY®YNG, OTL LIAPYEL
tovAdylotov pio executing PerformTrans tng T(ik,nj) mov extelel emrtuydg v
evtol SC ¢ ypapuns 87 yio to memory[/], peté v Ce(ik,nik). ‘Eoto PT,(ik,nik) n
npmTn and avtés Tig executing PerformTrans kot SC; 1 evtoAn SC g ypapung 87
ov avt ekterel. Onwg avaeépdnke mopamdve, v va pmopel n PT,(ik,ny) va
exteléoel v SC; mpénel va extérece ) ypouun 84 mpwv v Caw(ik,ni). ‘Etol 1

PT,(ik,nik) extéhece v evroar LL g ypapung 83 mpwv amd to onpeio AW(ik,nix),
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éoto otV kaboiikn katdotaon Crr. Adym tov Ioyvpiopov i) mov Tov AupaToc, o€
umopet kamota executing PerformTrans piog docoinyiog dwapopetikng g T(ik,n)
va tportomooel To memory[/] petad g Cc(ik,ni) ko g Caw(ik,ni). Emiong n
PT,(ik,ny) etvor n mpdt™ executing PerformTrans tg T(i,n;) mov Oa exteréoetl v
SC; emrvywg xor n Crp mponyeitoan g Caw(i,n;), étor oy Crp 10 memory[/]
e&axorovBel va £xel TN Voig==View. [Iptv 1 PT,(ik,nix) exteréoel v SC; npénet va
mEPAGEL TOV EAeyy0 TG Ypouun 86 ywo to oldvalue. Opwg n PT,(ik,nik) dev mepvd tov
gheyyo g ypappung 86 dott woyvet oldvalue == newValues[/] == Vpey kot £161 dev
exteAeitar moté n SCy. Atomo.

Amo ™V GAAN €4V 10Y0EL View # Vg T0TE 0pilovpe A t0 6OVOAO TV executing
PerformTrans t¢ T(ik,nj) mov ekteAoOv TOV €Aeyyo g ypapung 86 ywo 10
memory[/] wpwv v O eKTtéAeon g eviodng SC g ypappng 87 yw 10
memory[/], éot® SC’ n evtoA avtr. E@ocov kapia executing PerformTrans 1tng
T(ik,njk) dev €xer exteréoel v SC’, N ektédeon Tov eAEyYoL TG Ypopuns 71 amd Tig
PerformTrans g A Oa eivon emruymg. 'Eotm PTy(ik,ni) exeivn n PerformTrans tov A
nov ekterel mpaotn v SCi, omv kabohkn kotdotaon C. EE opopod g C, N
extédeon g SC’ and v PTy(ik,nik) oty C Ba eivon emtuyng kot £tot Bo ypagpet 1
TN Vyew 0T0 memory[/]. Enpewwvetan 6tL | C mponyeiton g AW(ik,nix).

21N CGLVEYEW OMOJEIKVOETAL OTL 1] EVNUEPMOOT QLT €lval HOVOOIKT, ONAadT| OTL
dev umopel va evnuepwbet 1o memory[/] petd v C oand kdmown executing
PerformTrans ¢ T(ik,nix). Ag vmoBécovpe, dta g neBddoL TG €15 ATOTO ATAYWOYTG,
ot b>1 executing PerformTrans g T(ik,ni) evmuépwoav v 0éon memory[/], /
e Treci.add, petd myv C. Eoto PTj(ik,ni) n npodm and avtés. H evnuépoon g
0éong memory[/] yiveton and v PT(ik,ni) pe v extéleon g evioing SC g
ypoppng 87 tov kmdwa yio to memory[/], éotw SC; avt) N evroAn SC. Znueudveton
ot oty C woydet memory[/] == Vyew. Edv 1 PTj(ik,nix) extéhece v evioAn LL g
ypoppng 83 petd v C, tote oty ypapuun 86 &ite o 1oydel oldvalue == Vi, kot dpa
dev Ba exteAéoet v SC; 1 Ba woyvet oldvalue # View. Eav 1oy0el oldvalue # Viyew,
npokLTTEL OTL €Yl aAld&er n T memory[/] petd v C amd kdmowo executing
PerformTrans PT(z,n,) wog docornyiag T(z,n,), 6mov z#ik. Bdoetl tov Ioyvpiopoo iv)
Tov Afppatog 5.3 kou tov Ioyvpiopod v)b. Tov Anupoatog 5.3, TtpokdmTel 6TL Yia va
evnuepmwoel n PT(zn,) 10 memory[/], mpénel vy v T(z,n,) va €xel oprotel M

Ce(zn,). Omnog  avagépinke, 1o Owotiuote  [Cc(,n;),Caw(j,n)] ko
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[Cc(ik,nix),Caw(ik,nik)] Oev emkoAvmTovTal, Kot omd TNV ENAy®YKN vrdbeon
npokvmtel 6t  Ce(z,n,) Oa émetan g Ce(ik,ni). ‘Etot, mpoxvnter 6Tt 1 Caw(ik,nix)
nponyetton g Cc(ik,ni). Emopévog n PT;(ik,ny) exterel m ypappn 84 petd v
Caw(ik,nik). Onwg avaeépOnke mapamdvo, ya vo propet n PTj(ik,ni) vo exteréoet
v SC; npénet va exktédece ) ypouun 84 mpwv v Caw(ik,ni). Apa, dtomo.

Enopévag npénel n PT;(ik,nik) vo extéhece v eviodr] LL g ypouung 83 yo 1o
memory[/] mpv v C kan otnv cuvéyeta va ektéhece v SCy petd v C. Opmg oty
C éxel emriyel n extéreon g evioing SC g ypapung 87 yio to memory[/] amd v
PT;(ik,nik) kot étot Bdoel Tov opopov g evtoing LL/SC, n extéheon g SCi and
v PT;(ik,ni) peté mv C Ba amotdyel. Atomo.

Apa to AMppa 5.29 woydet. ]

Anjupa 5.30: H extéleon piog amotoynuevng docolnyios T(i,ni) mov exxivibnke amo

NV OIEPYATIO. P, OEV UTOPEL VO. ETNPECOEL TIG TIUES TOV TIVOKO Memory.

Amédeitn: Adyo tov Ioyvpiopod iv) tov Anuppoatog 5.29, or Pondntikég
PerformTrans mponyodpevov 60GoANY LGV TOV ekKviOnkay amd TV pi 0ev UTOpPOvV
Vo EVIUEPDOGOLYV TOV Tivoke memory petd to onueio Caw tovg kot dpo PETA TNV
exkivnon ™¢ T(i,n;). Etor apkel va eEetactel n ovumepipopd TV executing
PerformTrans ¢ T(i,nj). Atd 10V KOOKO TPOKVTTEL OTL | EVNUEPMOT TOL TIvVaKOL
memory Yivetal HOVO HE TNV EKTEAECT TNG GLVEAPTNONG TNG YPOUUNG 37 TOV KMOOKA.
Eniong and tov Ioyvpiopd iv) tov Aqupotog 5.3 mpokvmtel 0Tt n ypapup 37 tov
KOOKO ektereitan amd kdmown executing PerformTrans g T(i,n;) povo eav n T(i,n;)
etvarl emroymuévn. ‘Etol o executing PerformTrans ¢ amotuynuévng docoinyiog
T(i,n;)) dev Ba exteAécovv moté v ypoaupr 37 1oL K®OWKA kol dpo dev Oa

evnuepmoovy Tov mivaka memory. Eropévog 1o Anppa 5.30 woydet. ]

Xmv ovvéyewn omodidovpe onueion  oeplomoinong oty doconyies.  Apyka
onuewdvetal 0Tt dgv yperaletal vo. amoddocove onueio ceplomoinong o Kdmotla
amotvynuévn docoinyia T(i,n;), d10TL Tp®OTOV, SLUPWVO pe To Afppa 5.30 n T(i,n;)
dev emmpedlet Tov mivaka memory kot dgvtepov, N T(1,n;) (Gv 0ev GOALEL) EMGTPEPEL
uvopo amotuyiog oty depyacio amd tnv omoio ekkivnOnke. 'Etolr amodidovpe

onpeia ogpromoinong HOVo oTIg emTuyNUEVEG doconyiec. Zuykekpiuéva opilovpe
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o¢ onuelo oegplomoinong oG emrvynuévng docoAnyiog T(i,n) v koBolkn
katdotoon AW(i,n;) otnv omoia ypdeetor n Tyun true oto Treci. AllWritten. H

Caw(i,n;) coppova pe Tov Ioyvpiopd v) tov Anppotog 5.3 sivor kaAd opiopévn.

Eoto o emtuynuévn docoinyio T(i,n;) ot éotw O(Caw(iny)) == {di, do, ...,
drrecisize}, TO GOVOAO TOV TIUAOV OV TEPLEYETOL otov Tivaka Treci.OldValues, oty
kaBolkn xatdotaon Caw(i,n;). Bdoel ¢ 1010ttog g ogipromomaoipdtrog kibe
T d; tov cvvorov O(Caw(i,n)) eivar cuvenng Qv €lte TEPIEXEL TNV OPYIKT| TN TNG
avtiotoyng Béong tov mivaxke memory (memory|[Trec;.add[/]]) site yphoetor otV
avtiotoyyn 0éom tov mivako memory, and TNV TEAELTOIN JOCOANYIN TOV EVIUEPDOVEL
to memory|Treci.add[/]] kou ceplomoteiton Tptv 10 onueio oepromoinong ™ T(1,n;),
dnraodn mpv v Caw(i,n). 10 mTopoKAT® ANUUO amodelkvieTal OTL aVTO 16YVEL Yo

Tov alyoptBpo SSTM.

Anppa 5.31: To ogdouévo tov avvoiov O(Caw(i,n;)) eivor covery.

Amooeién: 'Eotw O(Caw(i,ng)) == {di, da, ..., drrecisize}. @0 deyBel 6T Yo KGO /,
[e Treci.add, edv 10 d; dev deiyvel oy apykn T TV dedopévaov tov memory[/]
TOTE EYYPAPETOL OO TNV TEAELTAIO EMLTLYNUEVN OOGOANYiK TOV GEPLOTTOLEITAL TPV
mv T(i,n;)) ko evnuepovel to memory[/]. ‘Eotm, o ¢ peboddov g €1g dromo
amay®yns, ott vrapyel kdmow T d; mov avikel oto O(Caw(i,ni)) tétol MGTE M
televtaio emruynpévn doconyio, éotm T(j,n;), mov evnuepmdvel T0 memory[/] Kot
oepromoteital mpw v T(i,n;) dev ypaoeetl Ty Ty dp, 0AAG ™V Tyun dp’. 'Eoto 6t
televtaio S0GoANYia OV evnuepdVeL TO memory[/] pe v Ty dy Ko celplomoteitot
npw v T(i,n;) etvon n T(k,ny).

Enpewwveton 6t n T(j,n;) oepromoteitan oty kaboiikn katdotoon Caw(j,n;) ko n
T(k,ng) otnv kabolikn katdotacn Caw(k,ny). Amod tov Iloyvpiopd iv) tov AMUUOTOC
5.29 mpokovmtel 61t ot executing PerformTrans g T(j,n;) evnuepdvovv 1o memory[/]
uio kot povadikn @opd oto ddctnuo [Ce(j,nj), Caw(j,n;)], €ot® otnv KoOOAKN
kotaotaon Cj. Emiong amd tov 1610 Ioyvpiopd mpokdmter Ott ov executing
PerformTrans g T(k,nk) evnuepdvouv to memory[/] pio Kou povadikn @opd 6to

ddotnua [Ce(k,ni), Caw(k,ni)], éoTm otV KabBolikn katdotacn C;.
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Amo tov Ioyvpiopd v)d. tov Anppatog 5.3, mpokdmtel o1 executing PerformTrans
g T(i,n;) ypaeovv yio pio Kot Lovadikn eopd v Ty tov memory[/] otov mivaxo
Treci.oldValues, oniadn avabBétovv T oto d;, otv kaBolkn koTdcoTOoN
Cov(i,n;,/). And tov o loyvpiopd mpoxvmter 61t 1 Cov(i,n;,/) mpomyeitar ™G
Caov(i,n;), onAadn mponyeitanr g Caw(i,n;). Inueidveror 0tt  Cov(i,ng,l/) opileton
Katd v extéheon g ovvaptnong AgreeOldValues mov exteAeitanr otn ypouun 35
Tov KOdwo. And tov Ioyvpiopd iv) tov Afuppartog 5.3 mpokdmel OTL 01 executing
PerformTrans tg T(i,n;) ektelodv ) ypapun 35 tov kddika poévo ebv 1 T(i,n;) sivon
emtuynpévn, emopévmg eav €xet non optotel n Ce(i,ng). 'Etor mpoxvmtel o6t 1
Cov(i,n;,/) émeton g Ce(i,n;). Emopuévog n Cov(i,ng,/) opiletar oto didotnua [Ce(i,n;),
Caw(i,n;)].

Amo vndbeon n Caw(k,ng) mpomyeiton g Caw(j,nj) xon emiong kot ot 6vVO
nponyovvtor ¢ Caw(i,n). o kéBe b, be {ij.k}, and tov Ioyvpioud v)b. 1oV
Anppatog 5.3 mpoxvmter 6t peta&d g Ce(b,ny) ko g Caw(b,ny), 1 T(b,ny)
Kkatéyel Oha o ownerships mov embvueil. Emiong, amd tov ido loyvpioud o611 T00
dwotnuota  ektédeong tov ovvorov {[Cc(b,n,), Caw(b,ny,)] | be{ij.k}} oev
emkaAvntoviotl. Enopévag ta dtuoctpota speaviCovral pe v eéng oepd: [Ce(k,ny),
Caw(k,ng)], [Cc(,nj), Caw(j,nj)], [Cec(in;), Caw(in))]. Apa kot ol TOPAKAT®
KkoBohkég kataotaoelg eppaviCovron pe v e&ng oepd: Cy, Cj, Cov(i,n;,/). 'Etotto d,,

Oa émpeme va £xel v TN dp’ ko Oyt v TN dp, TO OmO10 €lvan dTomo. ]

"Etotl mpoxinter dpeca to mopakdtom Osmpnuo.

Ocaopnua 5.32: O alyopiBuog SSTM eivar oeipromoinaiuog.

5.2.2. EievBepio Kieidwudrwv

Ymv evomto avt) Oa amoderyBel 6Tt 0 akydpiBuog SSTM wovomotetl v 16T TOL
TepHaTiIopod ehevBepio KAeWmudToOV. Enueidvetal 0Tt kGbe Oepyocio ekkvel pia
docoAnyia kabe popd. Etot oty cvvéyeta, 1 diepyosia pj Kot 1 Lovadikr 6ocoinyio

Tov gkteAeiTon amd avt| kdbe ypovikn otryun, o Bempodvtarn idiec.
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‘Eoto 61t n docoinyio T(i,n) elvar amotuynuévn Kot amétvye 00Tt 1 doGoANyia
T(,ny), i#), xateiye ™ 0éon FM(i,n;) Tov ownerships. IIpw n p; ekteréoet ™ ypapun
48 tov kmowa oo va Bonbnoer v T(J,n;) exterel ot ypauur 40 mm cvvdptnon
ReleaseOwnerships ywo va kotapynoet Oheg tig 0€celg Tov ownerships mov kaTéyet.
Amo tov loyvpiopod vi) tov Appartog 5.3 TpokvTTEL OTL, PHETA TO TEAOG TNG EKTEAEOTG
avtg ¢ ReleaseOwnerships 1 p; dev Ba Katéyet kavéva ownerships. ‘Etol mpokimntet

TO TOPOKAT® TOPIGLLAL.

Hépropa 5.33: Eotw o amotoynuévy docolnyio T(i,ny) mov amétoye 010w n 1(j,n)),
i#, xoteiye wm Oéon FM(i,n) tov ownerships. Tote n p; dev Oa katéyer kavéva

ownerships otav Oa exteAéoer v ypouun 48 tov kwdika yio vo. fonOnoer v T(j,n)).

Anjupa 5.34: Eorw T(i,n) o docolnyia. Eav n T(i,n;) ivor n uovy wov embouct vo
omoxtHoel Tt ownerships mwov meprypapoviar ano 1o Trec.add tns T(in;), tote i) n
Caof(i,n;) opietau, ii) 1o Trec;.status Oo Eyer tyun ACTIVE otyv Caof(i,n;) kou iii) n
T(i,n;) Ba yopoxrnpiobel exitoynuévn.

Anooerén : Tw vo pmopel va opiotet 1 Caof(i,n) mpénel pio TovAdyoTov amd T1g
executing PerformTrans tg T(i,n;) va oAokANpdGEL TNV EKTELEGT TNG GLVAPTNONG
AcquireOwnerships. Amo tov k®oka g AcquireOwnerships (ypoppég 51 ko 53)
npoKOTTEL OTL TOVAd) IoTOV pio executing PerformTrans ¢ T(i,ni) Oa mpoorabnoet
Vo amoKTNoEL TIG 0éo€1g Tov mivaka ownerships mwov emiBopet n T(i,n;) (o1 BEcelg mov
nmeptEyovial otov mivaxko Treci.add) pe mpoxaBopiopévn cepd and v pkpdTEPN
TPOG TNV peyaAvtepn, tpv v Caof(i,n;). Avtd onuaivel 0Tt TOLAGYICTOV o Ao TIC
executing PerformTrans ¢ T(i,n;) Oa exteréoet tov Wao v kémota /, /€ Treci.add,
(lowg ko 6Aa) mpv v Caof(i,n;). Emiong and tov Ioyvpiopod i) tov Aqupotog 5.3
nmpokvntel 0Tt o1 executing PerformTrans g T(i,n;) mov Ba exktedécovy tov Wap yua
kbmowo [, [eTreci.add, mpwv v Caof(i,n;), 6o amoywpnoovv and tov Wpo elte
amokt®vtag to ownerships[/] eite ypapovrag v tiu; ABORTED oto Trec;.status.
Amd tov kKooK (ypappés 55, 57, 58, 62) mpokvmtel OTL Yoo v YpopTel M TR
ABORTED o1o Treci.status mpénel kémowo GAAN doconyia T(z,n,), z#1, va anéKnoe
to ownerships[/]. Opwg kdtt 1€t010 08v pmopel va yiver omd v vwobeon Tov

Anppartog, oot n T(i,n) elvor n poévn mov embopet vo amoktnost to ownerships|[/].
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"Etot, o1 executing PerformTrans tng T(i,n;) mov Ba ektelécovv Tov Wao yia kdmoto /
nptv v AOf(i,n;), Ba amoywpnoovv amd tov Wao HOVO €4V OTOKTHGOVLV TO
ownerships[/].

YnoBétovpe, S g pebBoddov ¢ €1 dromo amoywyns, OTL or executing
PerformTrans ¢ T(i,n;) ektelodv cuveymg Tov Wao Yo Kamoto /, /€ Treci.add, xo
€101 KOopio amd OVTEC OEV  KATOPEPVEL VO OAOKANPMOEL TNV EKTEAEOT 1TNG
AcquireOwnerships. 'Ecto [n.x t0 peyodvtepo tétoto / kot €6t1® A 10 GOVOAO TOV
nepiéyxel avtéc Tg PerformTrans. Xnuewdveton Ot1 €pdcov Kapio executing
PerformTrans tg T(i,n;) dev €xel odoxkAnpaoel v AcquireOwnerships, dev €xet
optotel akopo 1 Caof(i,n;). 'Etor, pe Pdon 1o mopamdvo, yoo vo gival duvatd ot
PerformTrans tov A va ektehodv cuveydc tov Wao Yo T0 [max TpEmel kapio amd
aVTEG VoL UV omoKTé To ownerships[/max]. Opmg kdtt tétoto dev pmopet va yivet, 0101t
dev vmdpyovv executing PerformTrans docoinyia drapopetikng v T(i,n;) mov va
emBopovy va amoktioovv to ownerships[/max], N T(i,ni) dev €xel tepuatiotel Kot
emiong Adym tov Ioyvupiopd i) tov Anqupupatog 5.3 dev pmopel va ypoeel M TN
COMMITED o710 Trec;.status mpwv v Caof(i,n;). 'Etot amd tov kKddika tov Wao
TpoKVOTTEL OTL M| TPAOTN amd TG PerformTrans tov A mov Ba extedéoel v eviodn SC
™¢ ypapung 60 Oa emttdyetl ko £tot Oa amoktnOei To ownerships|/max]. Atomo.

‘Etot kapio and 11 executing PerformTrans tg T(i,n;) dev pmopel vo extelel en’
amepo tov Wao ™¢ AcquireOwnerships kot emiong dev pmopet va ypapel n tiun
ABORTED oto Trec;.status mpv v Caof(i,n;). 'Etot otnv Caof(i,n;) to Trec;.status
Ba &yer T ACTIVE. Tote, and tov Ioyvpiopd iii) Tov Anppatog 5.3 mpokdmtet 01t
n T(@1,n;) Ba yapaktpiodel wg emrvymuévn. Apa to Afqupa 5.34 1oyvet. ]

Ocaopnua 5.35: O olyopiBuos SSTM 1xavoroiel v 1010THT0. AEVOEPIO KAEIOWUATWV.

Améoen: Ymobétovpe, oo g peBoddov g €1¢ ATomo amaywyns, 0Tt 0 aAyopldpog
SSTM dev wavomolel v 1010tTo. elevbepia kKAewoudtov. Emopévmg vmdpyet
TEMEPOUCUEVOS 1 ATELPOG APLOUOS OOGOANYIDV, O OTTOIEG £XOVV «KOAANGEDY GE KATO0
onueio g ekTéAEONS TOL Kot £T6L Kopio amd ovTég 06V OAOKANPOVETOL EMITVYDG.
Inpetnveton 6Tt o1 povadtkoi dmeipot Bpoyot Tov kmotka Tov SSTM givar 0 Wao kot

0o Wpr. Ot Bpoyor avtol amoteAovV Ta HOVO OMUEID TOV KMOIKO TTov pmopet pio
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docoinyia va ektedel en’ dmepo. Amo tov loyvpiopo ii) tov Aqupetoc 5.3 TpokvmrTel
Ot Kapio 00coANyia dev umopel va ektedet en’ amelpo Tov Wpr.

Enopévog yuo va punv teppatifel kot docolnyio emituymg TpENEL O1 executing
PerformTrans tov d0cG0ANY1OV Vo unv Umopohv vo OLOKANPOCOVY TNV EKTEAECT] TOV
Bpoyov Wuo v kémowa 0éom [ (n omoia pmopei va dwapépet and PerformTrans og
PerformTrans) tov mivaka ownerships. ‘Eotw 61t 10 / givor povadikd yuo kdbe
docoinyia, dNAadN eV LITAPYOLY OVO dOCOANYIES TOL VO BEAOLV VO OITOKTCOVY TNV
0w Béom / tov mivaxa ownerships. e avt| v mepinTmon, cOUPOVO e TO ANUp
5.34, o k4B docoinyia T(i,n;) Ba vdpyetl pio tovddyiotov executing PerformTrans
7ov B oAokAnpdoel v ektéheon g AcquireOwnerships kot emiong n T(i,n;) Oa
yopaxtnpoel wg emruynuévn. Emiong m T(@,n) Oa teppaticer (d10tL amd TOV
Ioyvpiopd ii) tov Afupotog 5.3 dev pmopel vo kKoAAnoel en’ dnepo otov Wpr) o¢
EMITUYMNUEV. ATOTO.

Emopéveg yia vo pmv vdpyel T1pdodog 6To GUCTNUO TPEMEL VAL VITAPYOLV ATEIPES
00O YIEC TOV ATOTLYYAVOLY GLVEX(DS EMEWDN EMBLUOVY VO ATOKTNGOVV TIC 101E¢
Béoelg pvnung. Apa, kaBe docoinyio amotuyydvel SOTL KOO GAAN O0GOANWia
Katéyel kamow 0éon pvqung mov avty emBvuel. Emopévog Ba vmdpyet pion 0o
pvnung n omoior Ba elvar B€om ocedApatoc Amelpeg Qopéc. Oswpovpe X NV
peyahotepn t€too 0€om puvnung kot £oto T(j,n;) n docoinyio mov Koté el ovTy TV
0éon pvnung. Me Baon 1o [Mopiopa 5.33, kdbe d0GOANYio. TOL ATOTLYYAVEL GTO
onpeio x xoatapyet T B€oeig Tov ownerships mov katéyet mpv fondnoet kamoto GAAN
docoAnyia, emopéves vmhpyovv Jdocoinyieg mov Ponbovv v  T(,n;) Ko
amotuyyavouv. Onwg avaeépbnke, ol executing docoAnyieg pog docsoinyiog T(z,n,)
mpoomafovv va amoktnoovv Tig 8ol Tov ownerships mov n T emBopuei, and v
puepdtepn mpog v peyaAvtepn. ‘Etot, mpokvmel 0T o1 mopamdve d0coANYieg Tov
BonBodv v T(j,n;) amotvyydvovv ce pio Béon pviung peyoivtepng g x. Opwmg,
TOTE M X dev glvor M peyorvtepn Béon cepdipatog onwg Bempndnke, dromo. Apa to

Ocopnua 5.35 1oyvet.
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5.3. IloAvmhokéTnTO 0Ay0opiOpov SSTM

Ymv mopovco Evomnrta cvlnteitonr m moAvmAokotnta tov aiyopifBuov SSTM. O
SSTM amattei 600 xataywpntés LL/SC memepoaocuévov peyébovg yioo kdbe t-
petafintn, Evav yuo v amofnKevor TV 000UEVOV TNG t-HETAPANTAG KoLl Evav Yia
TNV OTOONKEVOT TG TPOSMPIVIG W0KTNGCING TG t-pUeTAPANTAG. ZNUEIOVETAL OTL O
SSTM ypnoipomotel v idta doun yia TIg 00GOANYIEG TOV eKKIvovVTAL OO TNV 1O
depyacia. o kdbe doun mov TEPLYPAPEL TIC OOCOANYIEG HIOG CLYKEKPLUEVNG
depyacioc, o SSTM oamartel évav mivako otabepov peyéBovg (M) and koToywpnTeS
avlyvoong eyypaens memepacpuévon peyéboug (Yo mv meptypaen tov Dataset), 600
KOTOYOPNTEG AVAYVOONG EYYPOUPNG TEMEPAGIEVOL peyEBoug (Yo To status kot v f)
Kol Evay Katoympnt drepov peyéBouvg yuoo v amodnkevon evog AmEPov HETPNTH
version OV TEPLYPAPEL TOV o0OEMV apBUd TS TpEYovGag docoANYiag mov ektereital
amd T dlepyacio. XnNUavTiKO pelovEKTUa Tov aiyopiBuov SSTM amattel n vmapén

eVOG UN-TIEMEPOACUEVOL LETPNTY| G711 doun KAbe diepyaciog.

KéOe emruoynuévn docoinyio otov SSTM mov mpoomerdost R t-petafintés yuo
avéyvoorn kot W t-petafintég yio evnuépwon eAAelyel ovVIOy®VIGHOV, omottel
2*(R+W)+1 evrorég LL/SC yio v amdKTNon TV TPOCMPIVOV 1010KTNOLOV TOV t-
petafintav, R+W+1 evtorég LL/SC yio v evnuépwon tov dedopévav tov t-
petofintov ko R+W eviodég LL/SC yioo v kotdpynon ToOV TPOSOPIVOV

W0OKTNOIOV ToV t-petafAntdv, cuvoiwd 4*(R+W)+2 evtoréc LL/SC.
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KE®AAAIO 6. AATOPIOMOX NBSTM

6.1 Ieprypaer) aryopifuov NBSTM
6.2 An6oeién opBotnrag akyopibpuov NBSTM
6.3 TloAvmAokoTnTO

210 KepdAawo avtd meprypapetar o adyopiOuog Non Blocking STM 1/ NBSTM, o
omoio oyedldotnke ota mAoicw TG mopovcag epyaciag. Xtnv Evomrta 6.1
TEPLYPAPETAL O KOOWKAG TOL oAyopiBuov, otnv Evomta 6.2 mapovcudletar 1
andoegn g opBOTTAg Tov Kot oty Evotnra 6.3 mapovcidleton n moAvTAoKOTNTA

TOVL.

6.1. Ileprypaen aryopiOpov NBSTM

O oaAyopiBpog NBSTM oyedidotnke oto mAQIClL TNg TOPOVCOS  €PYACiag,
ocvvovdlovtag 1éeg and tovg aryopiBuovg SSTM [19] ko DSTM [12]. O NBSTM
vrootnpilel OLVOUKES OOCOANYIEG, IKOVOTOLEL TNV UN-EUTOOICTIKY  1O10TNTO
TEpUATICHOD NG eAevbepiog KAewopdtov kot €yel oyxedlaotel va Asrtovpyel o€
KAewotd poviého pvaung. T va eaocpoiicer v WdTTO NG €AevBepiog
Kiewoudtov, o aiyopiBuog NBSTM viomolel évav unyoviopd Ponbeiag mov

e€nyeital ot GLVEYELD TG TAPOVCAG EVOTNTOG.

Ytov NBSTM, o6nw¢ kot otov DSTM, kB¢ t-petafint) x vAomoigiton amd €vav
katayopnt) CAS mov mepiéyeton og o dopuny m omoia ovoudleton TmVar. O
KaToyopntg avtdg amodnkevel Evav Ogiktn start Tov Oelyvel 6€ KATO0 EVOLAUEGO
dwaporpalopevo avtikeipevo, mov ovopdletor Locator kol 1o omoio dtatnpel 1) évav

KOTOOPNTH AVAYVOONG-EYYPOUPNG tran, 0 0molog mePLEYEL VoL OEIKTN GE Lo SO TOV
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TEPLYPAPEL TN OOGOANYIOL OV KOTEYEL TNV TPOCOPIVY WOKTNGIo TG X, 1) €vav
KOTOYOPNTH ovAyvVeons-eYYpaens oldData mov mepiéyetl évav deiktn mpog o oAl
dedopéva, TNG X KoL 111) EvVOV KOTOXWPNTH OVAYVOONG-EYYPUPNG newData mov TePlEYEL
évav delktn mpoc ta véa dedopéva ™ X. H popen pog t-petafAntig x mov
avamoplotd €va dtopolpalopevo avtikeipevo obj mapovcialetar oto Zynuoa 2.2.
Inuewwveton 6Tt 0 NBSTM mpovmobétel 6t1 pmopel va oplotel pia kabodikn daraln
petaly  t-petafintov, Pdost g TG g O01€vbvvong oty omoio  eivon
amoOnkevpévo M avtictoyyn oouny TmVar mov mepryphost «débe t-petafinty.
Eniéyetoar n ovykekpyévn kaboikn dwdtaén va opiletar o¢ n yvnoing adéovoa

dataln TV TGV TOV TOPATAVE S1ELOHVeEDY.

TmVar Locator Xapog Aedouévawv

i’s Dat:
X oldData [ > obj’s Data

—} newData &
- - \ ob’s Data
__

Zyua 6.1: H popon evog dtopotpalOUevon avTiKEWEVOD 0bj oLV TEPYPAPETOL HECH

pag t-petafintig x, otov NBSTM.

INo «déBe docoinyia T(i,n) o aiyopOpoc NBSTM Swtmpel Tig axodlovbeg
mAnpoeopieg otn doun Trec(i,ny): 1) Evav kataympnt) CAS mov ovopdaleton status kot
TEPLYPAPEL TNV KATAGTACT TNG d0COANWioG, 11) (o Alota avayvacewy readList mov
nePEXEL TANPOQOpieg Yo Tig t-petofANTEC OV M docoinyio €xel mMPOoTEALGEL e
KaBoAIKN oavayveon, Kot iil) o Aloto evnuepooewv writelist OV TEPLEYEL
TANPOPOPieS Yo T1G t-petafANTEG TOL 1 docoANYia £xEL TPOOCTEAACEL Y10 EVIILEPWOT).
Yvykekpuyévo Kabe otoryeio item tng readList meptypdopel kamola t-petafAnt x Kot
TEPLEYEL 1) Evav KaTaywpNTN avlyvmong eyypaeng fvar tomov TmVar nov meprypaest
™ X, 1) évav Katayopnty avayvoons-eyypaeng tvarVersion mov mepiéyel £va deikt
TPOG TO. OEOOUEVA TNG X TTOL avayvdcsOnKay (0 0moiog avamaploTd TV £K600T NG X
TN XPOVIKN GTIYUN NG KOUOOAIKNG avayvmong) kot 1il) Evav KaToympntn ovayvoonc-

eyypaons newlLoc mov mepiéyel va dgiktn o€ kdmolov Locator mov ypnoipomoteiton
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arnd v T(i,n;) yio v andkon g tpocmpvig Wloktnoiag g x. Kdbe otoyyeio
item tng writeList meptypdpel kamoo t-petafAnTi X Kol TEPLEYEL TOVG KOTOYMOPNTES
obj ka1 newLoc, pe AeTovpyKOTNTO OLOWN LE TOVG OVTIGTOTYOVS KATOYXM®PNTEG TNG
readList. To o ovykekpyévn t-petafAnt pmopel va dwatnpeitor mopdAAnio
eyypaon g ot readList kot otn writeList. Avtd umopei va couPet povo gav n t-

peTaPANTY TpooTEANGTEL e KADOAIKT] OVAYVMOOT KOl GTI GUVEXELN TPOCTEANCTEL Y10l

EVIUEPWOT).
Transaction { Read List {
int status; TmVar *tvar;
Read List *readList; DATA *tvarVersion;
Write List *writelList; Locator *newLoc
} Read List *next;
}
Locator {
Transaction *Trec; Write List {
DATA *oldData; TmVar *tvar;
DATA *newData; Locator *newloc;
} Write List *next;
}
TmvVar {

Locator *start;

Zymua 6.2: Ot dopég mov ypnoipomolovvion and tov aryopipo NBSTM.

Y10 Zynuo 6.2 mopovctdlovtal ot SOUEG OV YPNCLUOTOOVVTAL amd ToV aAyOPOpo
NBSTM. Enueudveton 6Tt O status pog 00coAnyiog pmopet vo maipvel TYEG amd To
ovvoro {ACTIVE, COMMITTED, ABORTED}, 6mov «ébe pio yoapaxtnpiler v
T(@,n)) ©g evepyn, EMTLYOG OAOKANPOUEVN] KOl UM EMTUYDG OAOKANPOUEVN,
avtiotoyo. Emiong to dedopéva mov o ypnotng pmopel va omobnkedel otig t-
petafintég meptypaeovion pe tov Tomo DATA. Inpeidvetor 0Tt €NEWN 0 ¥PNOTNG
umopel va amodnkevel Tig t-petafAntéc povo deikteg o tomog dedopévov DATA, y
mopdoElypa ot YAOssa mpoypoppoticpov g C Ba aviiototyoboe otov Tomo void *.

Ia ™ Mota avayvocewv readList vmépyovv ot ocvvaptioels: i) Read List
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*NewReadList() mov apywomnotel pio véa AMoTo avoyvdeemy Kol TV ETICTPEPEL, i)
Read List *InsertinReadList(Read List *readList, TmVar tvar, DATA *tvarVersion,
Locator *newLoc) mov gcdyst 10 otoyeio tvar pe ékdoon tvarVersion kot vEO
Locator tov newLoc, ot Aota oavayvocewv readList, 1ii)) Read List
*SearchlnReadList(Read List readList, TmVar tvar) mov gpguvd edv 1 Aloto readList
dwtnpel KAmoOwL KATO®PNON YL TNV tvar Kot ov ovtd 10YVEL EMIOTPEPEL TNV
KaToympnon ovtr, evd o ovtifetn mepintwon emotpépel null, iv) Read List
*GetNextltemFromReadList(Read List *readList) mov c€ KGBe KANOT NG EMOTPEPEL
pe ) ogpd Ola o otoryeia tng AMotag readList kot OTav oVTO TEAEIMGOVV EMGTPEPEL
null, xou v) SortByTMObject(Read List *readList) mov to&ivopel tor otoyeion g
Motag readList pe Paon v koBoAikr owdtaén mov opileton PETOED TOV
dwaporpalopevov avtikelévoy mov meptypdoovv. Eniong yuo ™ Aloto evnuepmdcemv
writeList vmdpyovv ot cvvaptioels: 1) Write List *NewWriteList(), ii) Write List
*InsertinWriteList(Write_List *writeList, TmVar tvar, Locator *newLoc), iii)
Write List  *SearchinWriteList(Write List writeList, TmVar tvar), xou 1iv)
SortByTMObject(Write List * writeList), ne Aertovpywodtnta OO0 HE OVTH TOV
avtiotoy®v cuvaptioewv g readList. EmumAéov vrdpyel n cuvaptnon (Read List *,
Write List *) GetNextSortedltem (Read List *readList, Write List *writeList) mov
moipvel ®¢ Opwopo pio taSvopnupévn AMota  avayvocewv readList ko pio
taSvounpévn Alota eyypoeav writeList (o1 omoieg €xovv talivounbel Pdacer g
KaBoAng drdtaéng mov opiletanr peta&h TV SopolpalOUEVOV OVTIKEILEVOV TOV
TEPLYPAPOVY), KOl GE KAOE KANON TNG EMOTPEPEL TNV KOTOYMPNOY TOV ETOUEVO
otoyeiov, €0t X, omv kabolkn owdtaén. H ocvvéptnon avt) emotpépel évav
deiktn oe otoryeio Read List ko évav oe atoryeio Write List, 10Tt yio 10 6Toryeio x
pmopetl vo vihpyel Katayodpnon eite pévo oty readList omdTe M KOTOYDOPNOT OVTA
emoTpépeTon Hécw Tov deiktn Read List * kot o deiktng Write List * opileton og
null, gite povo otnv writeList omOTE 1N KATAYDPNGON OLTH EMCTPEPETOL PHECH TOV
oeiktn Write List * kot o dgiktng Read List * opileton o null, gite ko otigc 600
ondte opilovior  KOTAAANAGL Kot ot dvo  Oeikteg. Otav M ovvdptnon
GetNextSortedltem emotpéyel TG KOTOY®PNOES OA®V TOV GTOWYEI®V TOL
neprypapovtal amd Tic Aloteg readList kou writeList, emotpépet v Ty null kot
otoug 0vo Ocikteg. Emiong v v Alota evnuepmoeswv writeList vmdpyer 1M

ovvaptnon boolean IsEmptyWriteList (Write_List *writeList) mov emotpeépet TRUE 1)
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FALSE avdioyo pe to €bv m Aloto writeList eivor ddewr 1 Ox1, ovtictoyya. Ot
TopATAvVe Asrtovpyieg vrootnpilovral and oroldnmote cupPatr vAomroinon AMotog

K0l £T61 01 KOOKEG TOVG OgV TapovatdovTal.

O alyopiBpoc NBSTM ypnopomotet tov deiktn tran tov Locator pog t-petafintmg x
YO0 TNV TTEPLYPOAPT] TNG OOGOANYING TOV KATEXEL TNV TPOCOPIVN 1O10KTNGI0 6N X.

JuyKeKPUEVO, €0V 0 deiktng tran delyvel oe Kamola doun Trec(i,n;) pog 60GoANYioG
T(i,n;)) g omoiog to status eivor ACTIVE tote n T(i,n;) Kotéxer v mpocmpivi
woktnoia g X. Av yuo v T(i,n;) woydetl 6t status£FACTIVE, tote xapio doconyio
dgv KaTEYEL TNV TPOoSwpPv wioktnoia ¢ X. ['a to Adyo avtd, Aéue 61t o NBSTM,
ommg kot 0 DSTM, ypnotponotel avd t-uetafAnt) avdbeon Tpocmpivadv 1010KTNGLOV.
[Mopatnpodpue 0tTL 1 TANPOEOpio KATOYNS TPOSOPIVNG W1oKTNolog oyeTileTon pe ™
d0COANYio OV KOTEYEL TNV TPOCHOPVY 1O0KTNGia, givol dnAadr emmvoun, &va

YOPAKTNPLOTIKO TOL £YOVV Ol UN-EUTOSGTIKOL oAydp1Opot STM.

TmVar Locator Xapog Aedouévarv

oldData ®

—— > |newData [
V

Transaction ®

v
[ ]

oldData ®

% newData @ /. 7

v

Transaction @

—

oldData ®

% newData @& > | @ 10

Transaction @

Yymua 6.3: H popon pog ta&vounpévng kat’ advéovoa dtdtacn cuvdedepévng AMotog
otov NBSTM.
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Y10 ZyMua 6.3 mopovcidletol 1 pope mov Ba giye po TaSvopumuévn kot avéovoa
dwtaln ovvdedepévn Alota otov NBSTM, mov mepiéyer ta otoyeio 1,7,10.
Inuetovetonr 0Tt Omw¢ amoutel to avrikeipevo STM, o NBSTM odev emutpénel va
vapyovv deikteg amevbeiog petald twv dedopévav, adrd éva dedopévo d; pumopel va
nepéyel Ogiktn p oe éva dedopévo d, povo edv o p Oeiyvel omv avtictoyn t-
petafint) mov meprypdoet to dy. Emiong, ydpwv evkoliog mapovcioong Ttov
OLYKEKPIUEVOL TOPASEYUATOC, VToBETOVE OTL T dedopéva TV t-petaAntdv gival
ot kOpuPot g Motag kot oyt deikTeg TPOG TOLG KOUPOVG avTovg (dmwg cupPaivel Gt

TPAagN).

O aAy6pBpog NBSTM viomoteital pe Bdon 1o facwko aviikeipevo STM. O NBSTM
arortel omd TOv YPNOTN Vo eKKVNGEL pio doGoANyia EKTEADVTOS TN Agltovpyia
BeginTransaction ywpig kavéva 6piopa. H Asttovpyio BeginTransaction emotpépet
010 ¥pNot éva ogiktn ot doun Trec g docoAnyiog mov exkkiviOnke, Tov 0moio o
YPNOTNG Oa TPEMEL VL TEPVA G OPIGHLO GTIG LTOAOITEG AglTovpyiec Tov Ba ekTEAETEL
HEC® NG GLYKEKPUEVNG docornyioc. O kKddwkog g Aettovpyiag BeginTransaction
napovotaletor oto Zynuo 6.4. H Aettovpyio avtny dnpovpyet pia véa doun Trec
(ypopun 2) yia tn doconyio mov TpoKeLTOL Vo EKTEAEGTEL, dNADVEL OTL TO status Tng
elvar ACTIVE (ypopun 3), apyikomotel v AMoTa avoyvaGEDV TNG EKTEAMVTOG TN
ovvdptnon NewReadList (ypopur 4), apywomolel tqv AloTa €VNUEPOCEDY NG

ekteAdVTOG TN ovvhptnon NewWriteList (ypopun 5) kot emotpépel ) véa ovth

dopn oto xpo (Ypoppn 6).

Transaction *BeginTransaction ()
Transaction *newTrec = allocMemory (Transaction);
newTrec->status = ACTIVE;
newTrec->readList = NewReadList() ;

newTrec->writeList = NewWriteList();

o s W N

return (newTrec);

Zynua 6.4: Koodwog g Aettovpyiog BeginTransaction tov DSTM.

Kd&Be docornyia T(i,n;) Tov alyopibpuov NBSTM ektedeiton o dvo otdda. Katd to
TPAOTO 6TAO10 0 ¥pNotng mov exterel v T(1,n;), elvar ehevBepog va dafdlel Ko va

EVNLEPDOVEL TOL OEOOUEVA TOV t-HETOPANTOV OV EMBVUEL, EKTEADVTOG TIG AEITOVPYIES
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ReadTmVar xor WriteTmVar, avtictorya, péco g T(i,n;). To dedtepo otddo
extéheong ¢ odocoinyiog T(i,n) Eexwvd pe v KAom G Asltovpyiog
CommitTransaction ond TOV ¥pNOTI. APYIKA TEPTYPAPETOL AETTOUEPDG TO TPDOTO

OTAOL0 EKTEAECTC.

Koatd 1o mpmdto o1dd10, N T(1,nj) KOTAYPAPEL TIG OTAPOITNTES TANPOPOPIES Yo TIG t-
petaPAntég mov o ypnong embopet va StoPdoel 1 vo. EVIUEPDOEL, GTIG OVTIOTOLYES
Moteg mov dwatnpel ot doun G Znpewdvetal OTL, OO TOPOLGLALETAL O
ocuvéxew, o NBSTM ypnowomolel €Kk TV VOTEPOV  AMOKINGN TPOCOPIVOV
wokmoldv. Avtd ovvendyetor 01t o NBSTM  ypnowomotei 1 péBodo
KaBvotepnuévng evnuépwong twv dedouévav Tov t-petafintov. Eropévmg, n T(1,n;)
npénel va dratnpel otn Aloto evnuépwong, ta véa dedopéva kabe t-petafAntng mov o
YPNOTNG EVNUEPDVEL, DOTE OTN cLuVvEYELD va glvar og Béom 1 T(i,n;) vo eQapproOcEL TIG

aAAayéG Tov xpnotn kotd v extédeon g CommitTransaction.

Inuetovetoar 6tt 0 NBSTM ypnoponotel pn opotéc avayvmoelg t-petofAntov Kot
£T01 TOPEYEL EVaV UNYXOVIGUO EAEYYOV GULVETELNG TOV OEOOUEVOV TMV t-UETAPANTOV
oL ovoryvooOnkayv. YrevOopiletor 6Tt 0 punyovicpog EAEYXOV CUVETELNG OTALTEL TNV
vmapén ékdoong ya kéOe dedopévo. O NBSTM, 6nwg kor o DSTM, expetaideveton
T0 KAEWOTO HOVTEAO PVIAUNG OTO Omoio €KTEAEiTAL Y100 VO OpicEL TNV €KAOOT €VOG
dedopévov. To khewotd poviého pviung emrpémet otov aiyopiliuo NBSTM va
xpnowonolel g £kdoon evog dedopévou T devBvven oty omoia Eekvé M v
otV omoia givar amodnkevpuévo 10 dedopévo avtd, Onwg cvintdnke otnv Evomnta
3.5. Zoumepaivoope 6Tt amonteiton n T(1,n;) va dwutnpel ot Alota avayvoong v
Tp€xovoa Ekd0oT TV dedopuévav kabe t-petafAntnig mov o ypnomg dwPalel, dote

va glvat SuVOTN 1) EKTELEGT] TOL UNYOVIGLOV EAEYXOV GUVETELOG.

Eivor onpoavtikd 6t kotd 1o mpdto otddto g ektédeong po docoinyiag T(i,n;) dev
epapuoletor kopion oAdayn oto dogdopéva TV t-petafinteov mov n - T(i,n;)
npoonehdlel ywoo evnuépwon kot emiong m T(i,n) Oe pmopel va evromotel amd
omoladNmote GAAN docoAnyia. Avtd épyetan og avtiBeon pe Tov TpoOmo Asrtovpyiog

tov DSTM. Zt ovvéyelin mePLYPAPOVTIOL Ol VAOTOMGCES TMV  AELTOLPYIDV
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ReadTmVar kow WriteTmVar andé tov NBSTM, nov kalovvtat KoTd To Tp®OTO GTAS0

amd ToV YpPNoTN, KABMG Kol 01 GUVAPTHGELS TOV CLTEG YPTGLULOTOLOVV.

O xmdwag ¢ Aertovpylag ReadTmVar mapovoidletar oto Zynua 6.5. Méta v
exkkivnon g docoAnyioag T(i,n;)) o ypnomg eivar vreHBvvog va Tpoomeldlel HEG®
g Aertovpyiog ReadTmVar to dedopéva kdOe t-petaPfAnteg x mov emibopet vo
AVOYVOGEL, TEPVAOVTAG MG Tapduetpo otnv ReadTmVar v avtictoyn TmVar tvar
™G X. TNV TEPITTMOON TOL 1M TMPOCTEANCT] TMV OEOOUEVOV YIVEL EMTLYMG, M
Aertovpyion ReadTmVar emiotpéper v tiu] TRUE kot 1o dedopéva g X. Ze
avtifen mepintoon, emotpéperon povo n tun FALSE kot o ypnotng eivon
VIOYPEOUEVOS VO OAOKANPMOGEL TN O0COANYioL OV EKTEAEL MG HUN-EMITUYNUEVT,
KoAOVTOG pio ek tov Asttovpywwv CommitTransaction xot AbortTransaction.
Inuewwvetor 6Tl OTNV TMEPITTOON OoVTH, oKOpo kot ov kAnBel mn  Asttovpyia

CommitTransaction, o NBSTM e&acpalrilel 6Tt 1 docornyia Bo olokAnpmbel wg un

EMITUYNUEVT.

7 (Boolean, DATA) ReadTmVar (Transaction *Trec, TmVar *tvar)

8 DATA *returnData, *curData;

9 Loocator *loc, *newlLoc;

10 Read List *readList = Trec—>readList;

11 Read List *readListItem = SearchlnReadlList(readlist, tvar);
12 Write List *writeList = Trec>writeList;

13 Write List *writeListItem = SearchlnWriteList (writelList,tvar);
14 (loc, curData) = GetCurrentData (Trec, tvar);

15 if (readListItem!=null && curData != readlListItem>tvarVersion)
16 CAS (Trec>status, ACTIVE, ABORTED);

17 return (FALSE, null);

18 if (writeListItem!=null)

19 returnData = writeListItem>newLoc>newData;

20 else

21 returnData = curData;

22 if (readListItem == null)

23 newLoc = InitializeNewLocator (Trec, curData, null);
24 InsertInReadList (readList, tvar, curData, newLoc);
25 if (Validate(Trec) == TRUE)

26 return (TRUE, *returnData);

27 else

28 CAS (Trec>status, ACTIVE, ABORTED);

29 return (FALSE, null);

Zynua 6.5: Kodkas g Aettovpyiog ReadTmVar too NBSTM.
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Apywcd, n Aertovpyic ReadTmVar mpocmabel vo avaKTAOEL TO pEYOVTO IEIOUEVO. TNG
tvar, ypnowomowwviag 1 ovvdptnon GetCurrentData (ypopur 14). Onwg
avapépbnke, o Locator mov mepiéyel kdOe t-petafant) x, mepiéyetl deikteg mpog ta
oAb Kot To Kouvovpylo dedopéva ¢ x. H GetCurrentData smidéyel ta tpéyovra
dedopéva, g x Pdoel Tov status G O0GOANYIK TOL OMEKTNGE TEAELTOUN TNV
mpocwpv wWloktnoia ™¢ x. Edv to status g odocoAnyiog ovtng eivon
COMMITTED, n GetCurrentData emiAéyet ta véa dedopéva, evad €dv To status g
eivar ABORTED, emAéyer to mold dedopéva. (Ilepiocdtepeg Aemtopépeleg yia

ovvdptnon GetCurrentData mapovcsidloviot 6t cuveyela g tapovcsog Evotroc.)

Metd v avaktnomn tov tpexdviav dcdopévav g tvar, n Aettovpyio ReadTmVar
ONA®veL OTL Ta 0edOUEVA TTOL TPOKELTOL VO EMIOTPAPOVV GTO YPNOTH, €0V OLTY
oAOKANPpwOel emtLYdC, elval ta Tpéyovta dedopéva g tvar (ypouun 21), mov €yovv
NnomM avoktBel. Enuetdveror 6Tt Tapafrémove TPocsmPva Tig Ypaupués 15 €wg 19, n
YPNOLOTNTO TOV 0TIV TapoLGLALeTal 6T cLVEXELR NG Ttapovoag Evotnroc. Edv
etvar m PO Qopd mov mpoomeddoete pécw ¢ ReadTmVar n ovykekpyévn t-
petaPAnTy, Tpénel va Katoympnovv ot KATAAANAEG TANPOPOPIES YO0 VTN OTN AloTO
avayvooeov readList g T(i,n;). Enuewwveton 6t 1 ReadTmVar €yet 16n ya&et oty
readList edv vdpyetl kdmowa kataydpnon readListltem ywo v tvar (ypoppég 10 kot
11), pue T Pondeia g svvaptnong SearchInReadList, n onoia av dev vapyel T€TO1L
Katoydpnon emotpéest v T null. 'Etot, edv dev vrdpyet to readListltem (ypopun
22), t0te¢ M T(i,n;)) koAet ™ ovvaptmon InitializeNewLocator (ypopun 23) pe
opiopata Trec(i,n;), ta Tp€yovro dedopéva ¢ tvar ko null, ®ote va dnpiovpynOel
Kot vo, apyworomBel katdAinia €vag véog Locator. Znueidveror 0Tt avtdg o vEog
Locator 8o ypnoyomondet yia vo amoxtn el  Tpocwpivi Woktnoia g tvar, 6mwg
Ba mapovoiactel ot cuvéyeln g mapovcsag Evomtag. O kddwkog e cuvaptnong
InitializeNewLocator mopovcidletar oto Xyfuo 6.6 kol  wopatnpovue Ot
dnpovpyeitan £vag véog Locator newLoc (ypoppn 31), 1010KTNTNG TOL GLYKEKPLLEVOL
Locator opiletar n T(i,n;) (to newLoc—>tran apywomnoteiton o€ Trec(i,n;) 6N Ypopun
32) ko 0 0giktng moMav dedopévev tov newlLoc apyikomoteitor ®ote va delyvel ota
Tpéyovta dcdopéva g tvar (ypouun 33). Ztn ocvvéyela, encdn oyvel newdata ==

null, apywonoleitor o deiktng twv vémv dedopévev tov newlLoc dote va dgiyvel



185

emiong oto  tpé€yovta  dedopéva g tvar  (ypopuun 38). H  ovvdptnon
InitializeNewLocator emiotpépel otnv ReadTmVar avtd tov deiktn newLoc, o omoiog

pali pe tnv tvar Kot To TpEYoVTo 0EG0UEVH TNG KOTAXWPEITOL 0T AMOTO 0VOyVAOGEDV

™ T(,ns) (ypappn 24).

10 onueio awtod e€nyeitan 1 xpnodTNTA TOV Ypappdv 15 g 19. X dbpreia g
extéleonc pog docoAnyiog T(i,n;) o pa ektédeon o tov adyopiBuov NBSTM, eival
mlavd o yprotng va KaAéoel T Aettovpyia ReadTmVar yuo kdmota t-petafAnt x.
Awkpive mepimtdoelg avdioyo pe to €hv 1M Aetovpyio avty &ivor KoBoAkm
TPOGTEAOCT, Yo avayvoon (dnAadn oev  mponyeiton  ektéAeomn  Asttovpyiog
evnuépmong g X) N Oxt. Edv elvarl kaBoAkn avayvoon, Ba £xel og amotéleoua va
onuovpynbei o kotoydpnon listltemy yia 1o x omv Trec(i,n;))>readList. Xt
OULVEYELDL O YPNOTNG LRAPYEL TEPIMTMOT Vo KOAESEL T Agttovpyio ReadTmVar ko
TOAM YloL TNV X. ZTNV TEPIMTOON QTY), TPV TNV EMGTPOPY| TOV dEGOUEVOV TNG X GTO
xpnotn mpémer  vo  eieyyBel 6Tt TO  OgdOpévVOL  TOL  WEPLEYOVIOL  OTO
listitemy—=>tvarVersion givolr cvvenr, onAadn dev €yovv Ttpomomombei, ®ote 1
extédeon g T(i,n;) otV a va givor celplomomoyun o kébe nepintwon. ['a 1o Adyo
avto, eAéyyetor av to amobnkevuévo, dedouéva listltemy—>tvarVersion g x ot
Trec(i,n;).readList eivar dtapopetikd amd ta tpéyovta dedopéva g (Ypouun 15) ko
edv avutd oyver, n T(i,n;) yapoakmpiletor o¢ pn-emroynuévn (ypopun 16) wot
emotpépeton M 1wy FALSE oto ypriom (ypopun 17).

30 Locator *InitializeNewlLocator (Transaction *Trec, DATA *curData, DATA newData)

31 Locator *newlLoc = allocMemory (Locator);
32 newlLoc>tran = Trec;

33 newlLoc>oldData = curData;

34 if (newData != null)

35 newLoc>newData = allocMemory (DATA) ;
36 * (newLoc=>newData) = newData;

37 else

38 newLoc2>newData = curData;

39 return (newLoc);

Zympa 6.6: Kodkas g suvaptnong InitializeNewLocator tov NBSTM.
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Edv n Aertovpyic ReadTmVar dev eivar kaBorkn avdyvoor, onuaiver 6tt 1 T(i,n;)
&xel O exteAéoel Kamowo Asttovpyia evnuépmong, oniadn kamota WriteTmVar, g
x. Onwc Ba meprypagel katd v mapovciaon g WriteTmVar, oty nepintmon avt
Oa Exel Onpovpyndel o kataymdpnon listltemy yio v x otn Trec(i,n;)=> writeList. H
ReadTmVar npénet va emotpéyet ta 0edopéva Tov £X0VV YPOQEEL OO TPOTYOLUEVT
evnuépwon g T(i,n;) ot X ko Tepiéyovror oty listltemy, cuykekpiuéva oto onpeio
listitemy>newLoc>newData. Enueidvetar 6tt 1 ReadTmVar éyel on yaééer oty
writeList g T(i,n)) ebv vmbpyer Kamow Katoydpnon writeListltem ywo. v X
(ypoppég 12 kou 13), pe ) PBondeta g ocvvdptmong SearchInWriteList, 1 omoia av
dev vrhpyetl €town kotaydpnon emotpépel v Tun null. ‘Etot, €bv dev vmapyel n
writeListltem (ypopuun 18), tote n T(i,n;) dnAdvel 6T Ta dedopéva TOV TPOKELTOL VOl
EMGTPOPOVY  GTO  YPNOTN, €0v  avt] olokAnpwBel emtvydg, sivor  ta

writeListltem—>newLoc—2>newData (ypouun 19).

Y10 téhog ¢ ektéheong ¢ ReadTmVar, efetdletar eqv ta dedopéva mov 1
docoinyia T(i,n;) éxel mpoomeddoet yio avayvmon Kot tepieyovtal oty readList g
T(i,n;) eivonr cvvenn, ekteddvrog T cvvaptnon Validate (ypouun 25). H cvvdptnon
avt emotpépel TRUE edv ta dedopéva mov dwdPace n T(i,n;) eivor axdpo cvvenn
kot FALSE oe¢ avtiBetn mepimtwon. Eqv n Validate emotpéyer TRUE, 1618 1
ReadTmVar emotpéper v tyun emrvyiog TRUE kon ta dedopéva mov €xovv Mom
oplotel OTL TPOKELTAL VO EMGTPAPOVV GTOV ¥pNoth (Ypauun 26), eved ebv n Validate
emotpéyel FALSE, n ReadTmVar emotpépet 610 ypriotn v Ty amotvyiog FALSE
(ypoppun 29). Enuewwveton 6tL 1 cuvdptnon Validate vAomotel Tov unyaviopd erEyyov
OUVETEWG TOV OEOOUEVOV TTOL TPOCTEAGCTNKOV Yo avayvoon ard v T(i,n).
YnrevOopiletar 0tL 0 éAeyy0g cLVETEWOG apKeL v EKTEAESTEL Y1 TG t-HETAPANTES TTOV
£YOLV TPOCTEAACTEL TNV TPMTN OPA pe KABOAIKN avayvoon, dnwg cuintmdnke oty
Evomra 3.1.3. Znuewovetal 6t and tov kodwka (ypapués 12, 13, 18, 19, 20 ko 24)
TPOKLTITEL OTL M 1010TNTAL avT eac@aiileTon 00Tt Ko A Ba vdpyel Kdmoln
Katoydpnon g x ot writeList g T(i,n;), e&ontiog g vAomoinong g Aettovpyiag
WriteTmVar mov meptypdeetor otn cuvéyelo g mopovcag Evotntoc. Inueidveron
EMIONG, OTL O UNYOVIGHOG EAEYXOV GUVETEWNG EKTEAEITOL 0O TOV 1010 TOV aAyOp1Oo

NBSTM «at kd0e @opd mov 0 ypnotng TpooteAdlet Yoo avayvwoon pio t-petafPAnT.
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Emopévaog o alyopiBpog NBSTM ypnowponolel avtdépoto kot avENTikd EAeyyo

GUVETELOG.

2t ovvéxeln meprypdoeton n ovvaptnon GetCurrentData, o kddikoag g omolog
napovctdletal 6to Zynua 6.7. H cuvaptnon avtr| ypnoipomoteitol yo v avéxktnon
TOV TPEYOVIOV dedopuévov oag t-petafintmgs. Onwg avaeépbnke, o Locator mov
mePLYpaQel kaBe t-petaPfAnt x, mepléyetl OeikTeg MPOg T TAALL KOl TO KOVOLPYLOL
dedopéva g x. Ta tpéyovta dedopéva g x Kabopilovtar pe Pdon 1o status g
docoAnyiag mov anéktnoe TeAevTaio TNV Tpocwpvi) Woktnoia g X. Eotm T(,n))
docoyia mov anéktnoe terevtaio TNV TPoc®PV 1WoKTNoio TG X kot €6t T(1,n;)
pla docolnyio mov BéAel va eEoakpifmdoel o TEAELTOIN OEdOMEVO TOV X. AV 1
kataotaon g T(,n;) etvar COMMITTED, 16t ta tpéyovta dedopéva TG X givon to
véa dedopéva (ypouun 53), eved ebv eivar ABORTED givor ta malid dedopéva
(ypoppny 54). Inueidvetol 0TL Kol 6Tig 600 avTég mEPTTMOCELG onuaivelt 6tt n T(),n;)

EXEL KOTOPYNOEL TNV TPOSMPIVY| 1010KTN I TN X.

40 (Locator, DATA *) GetCurrentData (Transaction *Trec, TmVar *tvar)

41 Locator *loc;

42 int status;

43 loc = tvarstart;

44 if (loc=>tran == Trec)

45 return (loc, loc=2newData);

46 status = loc>tran—>status;

47 if (status==COMMITTED) return (loc, loc=>newData);
48 else if (status==ABORTED) return (loc, loc=oldData);
49 else if (loc>oldData == loc—2>newData)

50 return (loc, loc=oldData);

51 else

52 TryHelpTransaction (loc>tran);

53 if (loc>tran>status == COMMITTED)

54 return (loc, loc2>newData);

55 else return (loc, loc=>oldData);

ymua 6.7: Koodwkag g cvvaptnong GetCurrentData too NBSTM.

Onwg Ba avapepbel otn cvvéyewo ¢ mapovoag Evotrag, o adyopibpoc NBSTM
OTOKTA TIS 1010KTNGIEC OAMV TOV t-HETARANTOV TOV TPOSTEALUGE EITE YO AVAYVOOT

(ONAad” ypnoomolel 0patéc avayvmacelg t-HeTaPANTOV) gite POVO Yo EVUEPMOOT).
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Avtd onupaiver 6Tt o oaiyopiBpoc NBSTM, omoktd mpoompivég 1O10KTNGiEG
EVNUEPMONG Kol TPOCSMPLVEG WO10KTNGIES avayvoons. Xnupeltwvetor 0T, o NBSTM
EMTPEMEL OTIG OOGOANYIES VO O1aKPIVOLV TIC dVO OVTEG TPOCMPIVES 1O10KTNGIES, OGS
TEPLYPAPETAL GT GLVEYEWN. ZnpeldveTor 6Tt o€ Evav Locator loc pog t-petafAntg X,
0 0moil0g TEPLYPAPEL TNV TPOSMOPIVY 1O10KTNGI0 KATowG docoAnyiog, o Oeiktng
loc.oldData 0a deiyvel ota moAid dedopéva g X Kot o deiktng loc.newData Oa deiyvel
oto véa oedopéva TG X. Emeldn ta moiid kot o véa dedopéva T X amobnkevovTal
o OpopeTikég Béceic g puvnung, mpokvmrer 0Tt ot dgikteg loc.oldData won
loc.newData 8o €yovv dwpopetikés TéG, €av 0 ovykekpiuévog Locator loc
TEPLYPAPEL KATOLL EVIUEPMOT TNG X 1 OVTIGTOL(0 KATOWL TPOCMPIVH 1010KTNGin
evnuépmonge. Expetarlievopaote aut v wodtta kot opilovpe 0Tt €vag Locator loc
OV TEPLYPAPEL KATOW TPOSMOPIVY O10KTNGioL avayvoong o €xel toug deikteg
loc.oldData kot loc.newData va dgiyvouv kot ot 600 ota 1d1a dedOpUEVA, GUYKPIUEVA
oT0 TPEYOVTA dedOpéEVA TG X Kal dpa Ba €yovv v dwa . Enuewwvetal Ot M
T avtn, eEaceariletor omd tov kKodwoa g ReadTmVar (ypapuég 24, 33, 37

Kot 38) i Tig t-peTafAnTég mov avoyvacnkay.

Me Bdon ta tapondve, katd v ektéheon ™ GetCurrentData gdv 1 kotdotocn g
T(,nj) etvar ACTIVE xar n T(j,n;) xatéxer mpocmpivi toktnoia ovdyvoong oto X
(ypopun 49), tote ta tpéyovta dedopéva NG X eivar Ta oAl dedopéva (Ta omoia
etvan 1010 pe Tor véa dedopéva) mov detktodotovvtal pécw tov Locator g X (ypopun
50). Eav n xatdotaocn tg T(,n;) etvar ACTIVE xou n T(j,n)) xatéyet npocmpivy
wokoia evnuépwong ot x (ypapun 51) tote dev pmopel va yivel amotipynon twv
TpEYOVTIOV dedopévov g X amd v T(L,n) mpwv v odokAnpwon g T(,n;) og
emroynuévng N pn-emroynpévng. O NBSTM dwbéter évav unyaviouo Ponbeiog ne
tov omoio pia docoAnyia pmopel va Pondnoet kdmowa GAAN va olokinpwbei. O
unyaviopog Ponbewog eyyvdrtar ot €dv pa docoinyio T; Pondnoel kémow GAAn
docoyia T, va oAokAnpwOei, Tote 0tav 1 T Ba ohokAnpmacet v Bonbela g mpog
mv Tz, n T2 Ba éxer ohokAnpwBel eite wg emtuynpévn gite @ un-emroynuévn, OT®S
amodekvoetal oty Evomra 6.2. O unyovicpog Bondetag tov NBSTM zmeprypdopeton
Aemtopepdg otn ovvéyew g mopovcos Evommrag. ‘Etor, n T(i,n;) mpoomabei vo
Bondnoet v T(j,n;) vo oAokAnpwdel extehdvtag ™ cvvaptnon TryHelpTransaction
(ypoppn 52) 1ov  pnyavicpod  Ponbewag. O K®OWKOG TG  AETOLPYING
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TryHelpTransaction mapovcialetal oto Zynua 6.8 kot mapotnpeitor 0Tt KoAsiton 1
ovvdptnon PerformTrans (n omoia meprypdoetal mapakdtw otnv tapovsa Evotnta),
uovo edv n kotdotaon mc T(,n;) eivor evepyn (ypapur 57), pe opopa Trec(),n;),
oote vo fondndet n T(,n;). Onog avaeépbnke, o akyopidpog NBSTM eyyvdtar 6T
uetd v ohoxAnpwon ¢ TryHelpTransaction n T(j,n;) Oa €xer oloxAnpwbel eite
EMTUYADGC N UN-EMTLYOG Kol £TCL TPAYUATOTOOVVTOL EVEPYEIEG AVTIGTO(EG LE TPV

(Ypoppég 53 émg 59).

56 TryHelpTransaction (Transaction *Trec)
57 if (Trec>status==ACTIVE)
58 PerformTrans (Trec) ;

Zynpa 6.8: Kodikas g cuvaptnong TryHelpTransaction tov NBSTM.

Inueloveton 0Tt edv n docoAnyio T(i,n;) mpoonabel va pdbel o Tpéyovia dedopéva
pog t-petafANTG X ™G omoiag Katéyet tnv mpocwpv wiokaeia (ypauun 50), tote
T TPEYOVTO dEJOUEVO TNG X givarl T VEa dedopéva Kot emotpépovtat (ypapuun S1).
nuetovetor Ott pe Phon to mopomdve mwpokLTTEL OTL G KOO KANoOM G 1M
ovvdptnon GetCurrentData emotpépel Ta TpEYOVTO dedopéVA oG t-petafAntig x
nmov dektodotovvtol omd kdmowov Locator, o omoiog HETA TNV EMGTPOPN NG
GetCurrentData gite meprypdpel kdmolo oAokAnpopévn docoinyia, gite meprypdoet

Kémowa evepyn docoANyia TOL KATEXEL TPOCSOPIVI] 1O10KTNGI0 AvAyv®doNg oTN X.

X ovvéyxewn meprypdoetor 1 ovvdptnon Validate, o xddwoc 1Tng omoiog
napovctaletar oto Zynua 6.9. H ocvvéptnon Validate ypnoyomoeitor ond tov
NBSTM yio vo €AéyEel T OLVERELDL TOV OEOOUEVOV TOV t-PETABANTOV 7oL o
docovyia T(i,n;) éxer mpoomeddoel Yo avayvmaon, vAoTolel ONAad 10 UNYavicuo
eAEYYoL ovvémelag. Apyika eAéyyetal n Ty tov Trec(i,n;).status (ypapuun 65) kot edv
n T tov givor ABORTED, n Validate emotpéper v tiun amotvyiog FALSE
(ypoppn 66). Xe avtiBetn mepintoon, owatpéyovior OAeg ot t-peETOPANTEC TOL
nepi€yovtat ot AMota Trec(i,n;).readList (ypapun 67), pe  Pondeia g cuvaptnong
GetNextltemFromReadList. ['a k40e otoyeio item tng AMotog avtig, 1) avaKTOVTL
To tpé€yovta. dedopuéva (curData) tng t-petafAntig item.tvar (ypoppr 68), pe

BonBeia ¢ ovvdptnong GetCurrentData, kot ii) eEAEyxeTAL GV T TPEYOVTA dedOUEVDL
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™G elvar ta it e avTd TOL avayVOSHN KAV Kol TEPLYPAPOVTOL ad TO GTOLXElO item
g Motog, péow tov deiktn item—> tvarVersion (ypapun 69). H cvuvaptnon Validate
emotpépel TRUE eqv 6Aa ta otoryeia tng readList eivor cvvern, onloadn eav ta
dedopéva Tov t-petafintav mov n T(i,n;) npootédace pe kaBolkr| avayvoon eival

ovveny|, kot FALSE o¢ avtifem nepintoon.

59 Boolean Validate (Transaction *Trec)

60 Locator *loc;

61 DATA *curData;

62 Read List *item, *readList = Trec>readList;

63 if (Trec>status == ABORTED)

64 return (FALSE);

65 while ((item = GetNextltemFromReadList (readList)) != null)
66 (loc, curData) = GetCurrentData (Trec,item=>tvar);

67 if (curData != item—>tvarVersion)

68 return (FALSE);

69 return (TRUE);

Zymua 6.9: Koodwkag g cvvaptnong Validate too NBSTM.

¥t ovvéyew meprypdopetor - Asrtovpyio WriteTmVar, o kddwkag tg omoiog
napovctaletal oto ynua 6.10. Méta v ekkivnon g docoinyiag T(i,n;) o ypotng
elvatl vevbuvog va evuepmoetl péow g Acttovpyiog WriteTmVar ta dedopéva kdOe
t-petapAnme x mov embupel, mepvaoviag o¢ mapdpetpo otmv ReadTmVar v
avtiotoyn TmVar tvar g x xou to dedopéva data pe to omoio. emBopel va
evnuepmosgt T X.  Apywkd, mn  WriteTmVar ektehel 1 ovvéptnon
InitializeNewLocator, ®Gte vo ONIIOVPYNOEL KO VO, OPYIKOTOMGEL KATAAANAO Evov
véo Locator. Enueudvetor 6Tt avtdg o véog Locator Oa ypnoyomonfel yoo va
aroktnOel 1 Tpoowpivy| WoKTNGia TG tvar, 6Twg Bo TAPOVGLUGTEL GTN GUVEKELL TNG
napovoag Evomtag. O kmdikag g cuvdptnong InitializeNewLocator mapovcialetat
010 Xynua 6.6 Kor mopatnpovue OTL Ompovpyeitor évag véog Locator newloc
(ypoppn 31), okt tov ovykekppévov Locator opiletan m T(i,n;) (to
newLoc.tran oapywomnoteitar oe Trec(i,n) ot ypopun 32) kot o O&ikNG TOAMOV
dedopévav Tov newlLoc apyikomoleitar doTe va delyvel oTa TPEYOVTO OEOOUEVO TNG
tvar (ypopun 33), ta omoia eivar null, dott 1 WriteTmVar dev ta yvopilel. Xt

ouvvéyela, emeldn woyvel newdataznull, apyuconoleitol o SeikNg TOV VE®V dEOOUEVDV
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tov newLoc (apo¥ deouevdel n amapoitntn pvnqun o ypouun 35) dote va deiyvet
ot d1evBuvon mov eivar amodnkevpéva ta dedopéva data (ypapun 36) pe to omoia o
ypnots 0éiet va evnuepooer v tvar. H ovvéptnon InitializeNewLocator
emotpépel oty WriteTmVar avtd tov deiktn newlLoc, o omolog pali pe v tvar
Katayopeitar otn Alota evnuepdcewv g T(i,n) (ypopun 78). Enueudvetot 0Tl 0
véog avtdg Locator Ba ypnoyomomBel yio v amdKTNON TPOCOPIVIG 1010KTNGIOG
evnuépmong, owtt ot deikteg newloc.oldData ot newLoc.newData eivat
drpopetikol. Enueldveror 0Tt 1 devBvvon oty omoia givar amobnkevpuéva to véa
dedopéva data tng X, dapépel amd TN devBvvon oty onoio eivon amobnkevpéva ta
mold dedopéva g x (mov n WriteTmVar de yvopilel). Avtd gival onuaviiko, dott
ovumepaivovpe 0Tt ot deikteg newlLoc.newData kol newLoc.oldData, 6tav avtog (o
newLoc.oldData) apywomombei (cvykekpiéva kotd TNV EKTEAEOM NG
CommitTransaction, 6mwg Oa meptypaeet), Ba eivar drapopeTikol Kot dpo TPaypHaTL 0

newLoc Oa meptypdeet o Tpocmpivi) 1010KTNGI0 EVIULEPOONGS, OTMG AmotTEITOL.

70 (Boolean, DATA *) WriteTmVar (Transaction *Trec, TmVar *tvar, DATA data)
71 Loocator *newLoc;

72 Write List *writelist = Trec>writelist;

73 Write List *writeListItem = SearchlnWriteList (writeList, tvar);

74 if (writeListItem!=null)

75 * (writelListItem2newlLoc>newData) = data;

76 else

77 newLoc = InitializeNewLocator (Trec, null, data);

78 InsertinWriteList (writeList, tvar, newlLoc);

79 return (TRUE);

Zympa 6.10: Kadwag g Aettovpyiag WriteTmVar tov NBSTM.

Inuetvvetonr 0Tt N Acttovpyion WriteTmVar emrpénetor vo exteleotel mOAAATAEG
@opég Yo ) tvar amd v T(i,n;). v mepintmon avty|, apkel vo dnuovpyndet v
TPOTN EOPA pia katoymdpnon yia v tvar otng writeList g T(i,n;) kot ot cuvéyeia
apKel Vo EVUEPDOVETAL N CLYKEKPLUEVN Kataydpnon. [ to Adyo avtd, apyikd 1
WriteTmVar avalnrel kdmowo Katayopnon g tvar otnv writeList g T(i,n;) pe ™
Bonbewa g cuvdptnong SearchInWriteList (ypapun 73), kot €6v 1 Kotaydpnomn ovT
vrapyet (ypouun 74) evnuepmvetor o deiktng newLoc2>newData date va delyvel ota

véa oedopéva data (ypapun 75). Inueidveror 01t oe kbbe mepintmon n Asttovpyio
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WriteTmVar tov NBSTM emotpépet v tu TRUE. Eneion n WriteTmVar dev
OTOKTA TPOCMOPIVY] 1O10KTNGIo TN tvar, OUTE EVNUEPADVEL AUEGO TO, TPOYLOTIKE
dedopéva g tvar, mpokvmtel 6tt 0 NBSTM mpémetl va xpnoiponolel €K Tov VoTéEP®V
OTOKTNOT WO0KTNCIMOV KOl ETEPOYPOVIGUEVT] EVNUEPMON TOV t-peTafANTdV, OTOC

TOPOVCLALETAL GT] GUVEXEL.

> ovvéyewn meprypdpeton n Asrtovpyia CreateNewTmVar tov DSTM, o k®dkag
¢ omoing mapovotdletor oto Zynuo 6.11. YrevOouiletar 6tt o ypfotng ekterel
ovykekpipévn Asrtovpyio kébe @opd mov emBvuel vo dnpovpynoel po véa t-
HETOPANT] KoL VO TNV OPYIKOTOMGEL He To Oedopéva data, xotd T Oldpkela
extéleonc pog docoAnyiog T(i,n;). H CreateNewTmVar ompiovpyet pua katvodpya t-
petafint) newTvar (ypopun 73) xor évav kawvovpyro Locator newLoc (74). Zn
ouvvéyela apytkonotel Tov newlLoc €161 doTe 0 deiKTNG TV TOAM®Y dESOUEVMY TOV VO
elvar null (ypapun 75), o deikmne tov vémv dedopévev tov (ool deopevbel M
amopoitnTn Uvnun o ypouu 76) va dsiyvel ota dedopuéva data (ypopun 77) kot o
Kdtoxoc tng wWwoktnoiag ¢ newtvar vo eivor m T(i,n;) (ypappr 78). ‘Emetta,
apywomoteitar o deiktng start Tng newTvar dote va deiyvel otov newLoc (ypopuun 79)

Ko emotpepetor (Ypouun 80).

80 TmVar *CreateNewTmVar (Transaction *Trec, DATA data)
81 TmVar *newTvar = allocMemory (TmVar) ;

82 Locator *newLoc = allocMemory (Locator);

83 newLoc=2>oldData = null;

84 newLoc>newData = allocMemory (DATA) ;

85 * (newLoc>newData) = data;

86 newLoc>tran = Trec;

87 newTvar—>start = newlLoc;

88 return (newTvar);

Zymua 6.11: Kodwag g Aettovpyiag CreateNewTmVar too NBSTM.

MoMg o ypnong emBopel va ohokAnpmaoet ) docoinyia T(i,n;), wpémel va KoAEcEL
™ Aertovpyio CommitTransaction 1§ ™ Aertovpyia AbortTransaction yio va yivet
npoondfeio  olokAnpwong ¢ T(Ln) ©¢ emTuyNUEVNSG 1 UN-EMTUYMUEVTG,
avtiotoyya. Xto onueio owtod, opiletat to TéAog tov 1°° otadiov ko N évapén tov 2

otadiov ektéheonc ¢ T(i,ng), pe v T(i,n;) va yvopilel Ti¢ t-petapfintég mov o
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YPNOTNG EYEL TPOCTEAGCEL Y10 AVAYVOOT KOl EVNUEP®OT|, Hall UE TIG EVNUEPDOELS
mov emBopel va epapuocetl oe avtéc. Eav kinbel n Aeitovpyia AbortTransaction, tdte
TO 0€VTEPO OTASIO Elval TOAD UIKPO Kol TEPIAAPAveL amAhd Tov opiopd Tov status Tng
T(i,nj) ce ABORTED. O k®dikog g Aertovpylag AbortTransaction mapovoidletan
oto Zynua 6.12. Mopatnpodpue 6t n yw ABORTED opileton oto status ¢ T(i,n;)
pe v ektéheon g Aettovpyiog CAS ¢ ypouung 90. Enupewdveror OTL 1
OLYKEKPIUEVN AerTovpyia elvarl apkeT| dote va gyyundel tov opiopd tov status g
docolvyiag oe ABORTED, &t 6mwg amodewkvietar otnv Evomto 6.2, n
ovykekpipévn Aettovpyio CAS extedeitarl og KGOe mepintmon emituydg (emedn kopiol

AN docoAnyia de umopet va yvopilel tny vmapén g docoinyiag T(i,n;)).

89 AbortTransaction (Transaction *Trec)

90 CAS (Trec>status, ACTIVE, ABORTED) ;

ymua 6.12: Kodwoag g Asttovpyiag AbortTransaction too NBSTM.

Edv o ypnotng kaAéoet v Aertovpyia CommitTransaction, onpaivel 6t emBopei vo
epopuOcEl TIG OAAAYEG OTIS t-HETAPANTEC TOL EVNMUEPMGE KOl OTI GLVEXELWN
TEPLYPAPETAL GLVOTTIKA 1) SLOIKAGIN TOL aKoAoVOEiTaL TNV TTEpimTwon avth. [ va
yivel ue ocwotd tpdmo 1 evnuépmon, katd to 2° 6Tdd10 NG eKTEAECHS TNG 1
docoinyia T(i,n;) mpoomabel apykd va ATOKTNGEL TIC TPOCOPLVEG 1O10KTNGIES OA®V
TOV t-PETAPANTOV TOV 0 YPNOTNG TPOCTELUGE EITE Y10 AVAYVOOT] E1TE Y10 EVIUEPWOOT),
01 omoieg mepLEYovIO 6TIG AMoTteg avlyvoong kot evnuépmong mov 1 T(i,n;) dwotnpei,
KOl GTY] CUVEYELD VO EVNUEPDGEL TIG t-petafAntés. Emiong ylo ke t-petafinm x yu
v omoia owtnpel eyypaogn readListltem otnv Aloto avdyvoorng e, mpémer va
eCaoparioet 0Tt Ta dedopéva mov datnpovvral oto readListltem yia ) x eivon
OGULVETN, TPV TNV omOKTNo™ NG Wioktnoiag ¢ X. Eqv n docolnyia katapépel va
OTOKTNGEL TTPOCMPIVEG 1010KTNOiEC 08 OAeG TIG t-petafAntéc mov embouel toTE
yopoknpiletor ®¢g emruynuévn, €eapuolel TG evnuepdoelg mov emBvpel Ko
Katapyel avtéc Tig Woktoiec. Elvar onuoavtikd 6tL n dadikacio evnuépmong kot
KaTapynong yivetan pe v extédeon piag povo Asttovpyiog CAS. Edav 1 docoinyia
OEV KOTAPEPEL VO, ATTOKTNOEL TIG TPOCSMPIVEG 1010KTNGIEG OAWMG TOV t-pUeETAPANTOV TOV

emBopel, 10te yopaxtpiletar g amotuynuévn Kot Katapyel 11§ 1010k oieg Tov t-
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HETAPANTOV TOL £yl OMOKTNOEL (Ko TAAL pe v ektédeon piog povo Asttovpyiog
CAS). X ovvéyelo meptypaeetol AETTOUEPMDG TO OEVTEPO GTASIO EKTEAEOTNG NG

doconyiag, edv o ypnotng Karéoel ) Aertovpyio CommitTransaction.

O xmowkag g Asrtovpyiog CommitTransaction mapovoidletor oto Zynua 6.13. H
Aertovpyia ovTn, EAEYYEL OpYIKE €6V TO dedOUEVA TV t-UETAPANTOV TOV TPOGTELUGE
n doconyia T(i,n;) v avayvoon ivor cuvenn, extelmvtag tn cvvaptnon Validate
(ypoppun 92). Eqv to dedopéva avtd oev givan cvvern, n T(i,n) yoapaxtmpiletor g
amotuynuévn (ypopun 100) kou emotpépetor 1 tiw] FALSE (ypopun 101). Edv ta
dedopéva avtd eitvon cuveny| T0Te TaIVOUEL TIG MOTEG OVAYVMOONG KOl EVILEPMOTG TNG
T@G,m)  (ypoppés 96 o 97),  ypNOWOTOIOVTIOS TG  GLVOPTNGELS
SortReadListByTMODbj kot SortWriteListByTMODbj, avtictoya, koiel T cuvaptnon
PerformTrans xot emotpépel Ot1 emiotpéyel n cvvaptnon avty (ypouur 98). H
ovvdptnon PerformTrans emotpépet TRUE eav 1 T(1,n;) oAokANpdOnKe emttuy®dg Ko
FALSE o¢ avtifemn nepintwon. EnUeldveTon 0Tl 6TV TEPITTMOT TOV 1) EKTEAECT TNG
ocvvaptnong Validate g ypapung 92 emotpéyer TRUE kot n AMota evnpepdcemv
¢ T(i,n;) eivar kevn (ypapun 93), n T(i,n;) yapoktnpiletor og emruynuévn (Ypouun
94) ko yivetan emotpoen g Tung TRUE (ypopun 95), evnuepdvovtag pe avtd tov

TpdTo TOV YpNoTn Ot Ta dedopéva Tov ddface givor cuven.

91 Boolean CommitTransaction (Transaction *Trec)

92 if (Validate (Trec)==TRUE)

93 if (IsEmptyWriteList (Trecwritelist) == TRUE)
94 CAS (Trec—>status,ACTIVE, COMMITTED) ;

95 return (TRUE);

96 SortReadListByTMObj (Trec>readlList);

97 SortWriteListByTMObj (Trec>writeList);

98 return (PerformTrans (Trec)) ;

99 else

100 CAS (Trec>status, ACTIVE, ABORTED) ;

101 return (FALSE);

Zyua 6.13: Kodwkoag g Aettovpyiog CommitTransaction tov NBSTM.

2t ouvvégela meprypdoetor 1 ovvdptnon PerformTrans o kddwkag g omoiog

napovctaletar 6to Zynua 6.14. Apywd ektedeiton n ovvdptnon AcquireOwnerships



195

(ypapun 104), n onoio Tpoomabel vo ATOKTAGEL TIG TPOCWPIVES 1010KTNGIES OA®MV T®V
t-petafAntov mov n T(i,n;) éxel mpoomerdoel. Otav 1 cuvaptnon AcquireOwnerships
emotpéyet eite Oa Exovv amoktnOel OAeg o1 emBLUNTEC TPOCOPIVES 1010KTNGIES I OYL
kot 1 AcquireOwnerships eyyvdton 61t 10 status g T(i,n;) Ba éxer i ACTIVE )
ABORTED, avtictoya. Etol edv 1o status tg T(i,n) éxer tip ACTIVE (ypopun
106) petd v emotpoen g AcquireOwnerships, 1 T(i,n;) opiletor o¢ emtruymuévn
(ypopuny 107) won emotpépetor m tiu TRUE oto ypnotm (ypapun 108). O
yopoaknpiopdc s T(i,n;) ®g emruympévng X1 MG OMOTEAEGA VO Evep®BOHV Tal
dedopévo TV SlopolpalOUEVOV OVTIKEILEVOV TOL O YPNOTNG embuvpel Kot vo
Katapynbovv ot mpocwpvég Wioktnoieg mov n T(i,n;) katéyel. Inpeuwvetar 6Tl 0
yopaxtnpopds e T(1,n) G emMTLYNUEVNG TPAYUATOTOIEITAL UE TV EKTEAEGT TG
Aertovpyiog CAS g ypapung 107, pe v omoia opiletar n iy COMMITTED oto
status g T(i,n;). Onwg amodeikvietal oty Evotmra 6.2, n cuykekpipévn Aettovpyia
CAS 6¢ pmopel va amotoyel Kol ETOUEVOS ElvaLl OPKETH Y10 TOV YOPOKTNPIGUO TNG
T(1,n) o¢ emroynuévne. Edv petd v emotpoen g AcquireOwnerships to status
™me T(@,ny) éxer yun ABORTED (ypoapur 109) emotpéepeton 1ty FALSE otov
ypnotn (ypopun 110). Enueidverar 6Tt oty KoBoAkn Kotdotacn mov to status EAafe
mv 1] ABORTED, £ywve katdpynon 1oV Tpocmpivav 010KTNGIOV TOL KOTELE N
T(i,n;). Emedn o NBSTM ookt TIG TPOoOPVEG 1O10KTNGIEG KOl EVNUEPDVEL
dedopéva TV t-peTafAntov Katd v ektédeon g Asrtovpyiog CommitTransaction,
Aépe 6t 0 NBSTM ypnoylomotel ek TV voTEPOV OMOKTNON TPOSMOPIVAV 1O10KTNGLOV

KOl ETEPOYPOVIGUEVT] EVIUEPMOT TOV t-HETAPANTOV.

102 Boolean PerformTrans (*Trec)
103 int status;
104 AcquireOwnerships (Trec);

105 status = Trec->status;

106 if (status == ACTIVE)

107 CAS (Trec>status, ACTIVE, COMMITED) ;
108 return (TRUE);

109 else

110 return (FALSE);

Zyua 6.14: Koowkag tng cuvaptnong PerformTrans tov NBSTM.
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O kmokag g ocvvaptnons AcquireOwnerships mapovoidleton 6to Zynua 6.15. Me
™V cuvlptnon ovty yivetow mPoomadelo amOKTNONG TOV EMBVUNTOV TPOSOPIVOV
ok oldv. O akydpBpoc NBSTM opiletl 6Tt Tpv TV €QOPLOYN TOV EVIIUEPDOEWMV,
npENEL vo, amokTnBovv OAEG Ol TPOSWPIVES O10KTNGiEG t-PeTAPANTAOV TOVL 0 XPNGTNG
npoomélace €ite Yo avdyvoon eite yuoo evnuépwon. Avtéc ot t-petafAntég sivot
KaToyopnuéves ot Moteg  avayvoong  Trec(i,nj).readList xot evnuépmong
Trec(i,n;).writeList mwov dSwtmpel n T(,nj)). e 10 AOY0 avtd ypnopomoleiton 1M
ocvvaptnon GetNextSortedItem (ypapun 115), n omoila maipver wg dpiopa Tic AMoteg
OUTEG KO EMICTPEPEL TOL GTOLYEIDL TOVG. ZMUEWOVETAL OTL €6V oL t-peTafAnTt elvon
KOTOYOPNUEVN KOl 6TIS dV0 AMOTEG, TOTE EMOTPEPOVTAL KO OL OVO KOTOYWPTGELS TNG.
IMa «éBe t-petafint) x mwov emotpéperon and v cvvdptnon GetNextSortedItem,
apyKd ovoKTdOVTol To TpEYovIo dedopévo e, pe ) Ponbela g cvvdptnong
GetCurrentData (avédAoya pe ™ Alota otV omoio £ivol KaToy®PNUEVO TO X KoAsiton
pa ek Tov ypoupov 118 kot 119). X cuvéyela, dv vrdpyel Katoympnon yo ) X
ot readList g T(i,n;), eréyyeton eav ta amobnkevpéva dedopéva yio 1o X eival
axopa ovvern (ypopuun 123). Eqv ovtd woyvet yivetor mpoomdbeio amdKTNONG NG
TPOCMOPIVIG O0KTNGIOG TNG X, OvOAoya pe TNV Aota otnv omoio aviKel, Om®G
mepLypapetal otn cuvéyelo. Eqv ta dedopéva g x dev eivan ovvenn tote n T(1,n;)
yopaxtnpileton  ®¢ un  emroynuévn  (ypoppr,  124) ko m ovvéptnon

AcquireOwnerships emotpéeet.

[MopapArénovpe Tpocwpivd ) ypnoodTTo TV Ypouudv 126 kot 127. H andknon
™G Tpoowpvy 10KTNoiog Hog t-petafAntig X mov meptypagetol amd tnv TmVar
tvary, amd v T(i,n;), yivetor evnuepdvovtag otopikd (pe ™ Pondbewn piog
Aertovpyiog CAS) 1o deiktn tvary.start dote va delyvel oe Kamowov véo Locator, é6tm
loc, o omoiog Ba meprypdpel ¢ TPOSOPIWVO WOI0KTATN TS X TN docoAnyia ovth,
oniadn Oa 1oyder loc.Tran == Trec(i,n;)) ot Trec(i,n;).status == ACTIVE.
Inuetoveton 0Tl KaOe Kataympnon tng readList kot tng writeList mepiéyet évav véo
Locator, o omolog meprypdpel it TPOG®PWVY WOOKTNGIOL avAyvmdong Kot o
TPOCMOPIVY WO10KTNCIo EVIEPOONGS, avtioTotya, Yo kdmowo t-petapint. ‘Etot, ebv
VIAPYEL Kataydpnon yw to X otn writeList g T(i,n;), xatd v omdknon g
TPOGMPIVNG 1010KTNGI0G TG X Ypnowonoteital o véog Locator g €yypapne avtng

(ypappun 130), dote va amoktnOel mpocmpivi) WO10KTNGIA £YYPAPT| OTO X KOl VoL lvat
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SUVOTH M EPAPLOYT TOV EVIUEPMGEMV TOV YPNOTN GTO X. XNV avtifetn mepintwon,
ypnowonoteiton o véog Locator g eyypaeng tov x otnv readList kot amoktdTot
TPOGMPIVN 1W010KTNGia avdyvoong (Ypouun 132). Znueiwvetal 0Tt €av TPOKELTOL VOl
aroktnOel kamolo Tpocwpvy WoKTNoio evuépmong Hog t-peTtafAntg X, TOTE 1
eyypaon g x ot writeList tng T(i,n;), éotw writeListltem, npénel va evnuepmOel
®ote o dgiktng writeListitem—>newLoc—>oldData, va deiyvel ota molid dedopévo g
X, T0. omoia givon Ta TpEyovta dedouéva g (Ypapuun 129). Enueidverot 6Tt 0 OgikTNg

avtog €xet oplotel og null katd v extéheon g Aettovpyiog WriteTmVar (ypoppéc

77 xou 33).

111 AcquireOwnerships (Transaction *Trec)
112 Read List *readListItem, *readList = Trec>readList;
113 Write List *writeListItem, *writelist = Trec>writelist;

114 Locator *loc;

115 while ( ((readListItem, writeListItem) = GetNextSortedltem (readList,writelList))
!'= (null, null)
)
116 while (TRUE)
117 if (readListItem != null)
118 (loc, curData) = GetCurrentData (Trec, readlListItem=>tvar);
119 else (loc,curData) = GetCurrentData (Trec, writelListItem=>tvar):;
120 if (Trec->status != ACTIVE)
121 return;
122 if (loc>tran == Trec) break;
123 if (readListItem!=null && curData!=readlListItem—>tvarVersion)
124 CAS (Trec>status, ACTIVE, ABORTED);
125 return;
126 if (loc=>oldData == loc=newData)
127 TryHelpTransaction (loc—>tran);
128 if (writeListItem != null)
129 writeListItem>newLoc>oldData = curData;
130 if ( writeListItem != null &&

CAS (writelListItem=>tvar—=>start, loc, writelListItem—=newLoc)==TRUE
)

131 break;
132 else if (CAS(readListItem=>tvar=start, loc, readListItem=>newLoc)==TRUE)
133 break;

ymua 6.15: Kodwkag g cuvdptnong PerformTrans too NBSTM.

H docoinyia T(i,n;) yivetan supovng oTic VTOAOUTES SOGOANYIES LETA TNV OOKTNON

™G TPAOTNG TPOCOPIVIG W10KTNoioG KAmowng t-petafAnTtig X, 010t T0TE HEG® TOL
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Locator tg x ot vmoéAoueg docoAnyiec pmopodv va pabovv tn doun Trec(i,n;).
Eniong ywa va €xel amoxtioet ) T(1,n;) kdmwolo mpocmpivi) 1010KkTNoio onpaivel Ot Exet
KAnOel n Aertovpyio CommitTransaction and tov ypnotn Kot dpa £xel OAOKANPwOET
NoN 10 Tp®TO 6TAd10 eKTEAEONS TG T(1,0;). AvTO onpaivel 6Tt OAgg ot t-petafAntég
nov 1 T(i,n;) TpooTéLAGE Yo AVAYVOON 1| EVNUEPMOOT), TEPLEXOVTOAL GTIC AVTIOTOLXES
Moteg Trec(i,n;).readList kot Trec(i,n;).writeList kot o1 AMioteg avtég dev mpdKeLTan va
tponontonBodv. Edv kdnowa docornyia T(j,n;), 6mov i£j, Bpet kbmoa t-petafiAntn x n
woktnoia g omolag £xel amoktnOel and v T(i,n;), propel va Bondnoet v T(i,n;)
va oAokAnpwBel (exteddviag v avtiotoryn Asttovpyion PerformTrans), 10t péow
tov Locator tng x poBaiver to Trec(j,n)) kor amoktd mpocPacn o€ Oleg Tig
amapaitmrteg mAnpogopieg Yoo v T(j,n;). Avtog etvar o unyavicpodg Pondetag mov

xpnoponolel o akyopBpog NBSTM.

Ao to TOpOTAVE® TPOKLTTEL OTL TO OEVTEPO OTAOIO EKTEAEONG UIKG dOGOANYinG Kot
OLYKEKPIUEVOL 01 evEpYeleg NG ovvaptnong PerformTrans, pmopovv va ektedodvtal
ToVTOYpOove. amd TOAAEG docoAnyiec. 'Etol, mpémer va  eocpaiotel Ot de
dnuovpyovvtal mpoPAnpato oty mepintwon ovty. H opBotnta tov akyopibupov
NBSTM omyv mepintmon avt) omodewvoetor otnv Evotnra 6.2. Inuoviikd poro
otV opBottd Tov €xel M ypouun 122, m omoia e&ocpariler 6Tt €dv Kdmown
docoyioe mov PonBd tv T(i,n;)) TPOGTAONGEL VO OTOKTNGEL TNV TPOCSOPIVI
wWoktoia kdmolag t-petafintig x n omoia €yer MO amoktnOel amd v T(i,n),
ovveyilel pe v emdpevn t-petafAnt yopic vo mpoomabnoel Vo ATOKTHOEL TNV

TPOGMPIVI] 1010KTNGI0 TNG X.

Inuewwveton 0Tt M ovvaptnon GetCurrentData pnopetl va emotpéyel g tpEyovta
dedopéva pag t-petafintng X, dedopéva Tov deiktodotovvtan amd kdmolov Locator, o
omoiog TEPLYPAPEL TPOGMPIVY] 1O10KTNGI0 avayveong ™S X omd KOO EKKPEUN
docoinyia T(j,nj). v mepintwon ovty (ypoupny 126) n T(i,n;) dev pmopel va
QTOKTNGEL TNV TPOCMPIV O10KTNGie TNG X, TPV TNV 0AoKANpwon ¢ T(,n;). o to
A0yo awto, n T(i,n;) mpoomadel va Bonbnoet v T(j,n;) vo olokAnpwOel exteddvTog
) ovvdptmon TryHelpTransaction (ypopun 127). O aiyopiOpoc NBSTM eyyvdran
ot petd v oroxAnpwon g TryHelpTransaction, n T(j,n;) Oa £xer ohoxAnpwbet eite

EMTUYOG N UN-EMTVYADG.
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Eniong, m oepd pe v omoia 1 odocoinyia Bo mpoomabncer vo amOKTNGEL
TPOGMPIVEG 1010KTNGIEC OTIG t-peTafAntég elvatl kaBoAkn. Avtd onpaivel 0Tt givon
advvato o depyasia Ti vo TIC TPocmpvéG 1810KTNGIEG TV t-PETAPANTOV Xi,Xj HE
TNV GLYKEKPIUEVN GEPA Kot pol GAAN docoAnyio T va TG amokTioel pe v
avtiotpopn oepd, omrodn X;,Xi. Me Bdon tov unyovicpd Pondeiag mov o NBSTM
YPNOOTOlEL KOL TO YOPAKTNPIOTIKO TNG KOOOMKNG OEPES amOKTNoNG TV
TPOCMPVAV WO0KTNOLOV TV emtfountodv t-petafintov, o oiyopipog NBSTM

gyyvarTotl TNV 1010TNTO TEPUATICHOV TG EALOEpiag KAEWDOUAT®V.

Av o1 TpocmpvEg 1010KTNGiEg 0V amokTiovvTay Pdoet TG KaBoAkng odtaéng, Ha
UTOPOVGE VO TAPOLGLOCTEL KATAGTAOT KAOOAIKNG TOPATETOUEVNG OTEPNONG, ONMC
neplypagetal ot cvvéyel. ‘Eotw o0tt m docoAnyia T(i,n;) eiye omoktnoer v
TPOGWPIVN WoKoio ¢ t-petafAnme X kot mpoomobel va OmOKToEL TNV
wpocmpvn woktnoia g t-petafAntg y. 'Eoto ot kémowo dAAn docoinyio T(j,n;)
KATEXEL TV TPOCWPIVY| 1O010KTNGIN TNG Y Kot TPocTadel Vo OMOKTNGEL TNV TPOGMPIV
woktnoia g Xx. 'Etot, n T(1,n;) 8a Bonbnoet tv T(,n;) kot n T(G,n) mv T(1,n;), Ko
avtd Bo emavorapPlvetor cuveEXDS OOMYMOVTIOG TIG O0COANYIEC GE KOTAGTOOM
TOPATETAUEVS oTtépnons. Edv ot 000 avtég docoAnyieg MTov Ol HOVEG TOL
exterovvTay, TOTE otV mepintoon avt) Ba kataotpatnyeito M WWOTTO NG
erevbeplag KAewoudtov tov oaAiyopiBpov kot 10 cvotnua Oa Ppickoviov oe

KATAOTOON KOOOAMKNG TOPATETAUEVG OTEPNONG.

6.2. Am6deiEn opBoTTOAC 0hyopiOpov NBSTM

YrevOopiletor 6t1 M nj-00TN d0CcOANYio. oL eKKveitol amd pa depyacio p;
ocvpuporiletan pe T(i,n;) ko m depyacio p; elvar o onuiovpyos g T(i,ni). Axoéun,
vrevOopiletor 01t kéBe docoinyion T(i,n;) owatnpel o dwopopalopevn doun
dedopévav Trec(i,n;) oty onoia mepiEyeton Evag katoympntg CAS mov ovoudletat
Status, uo Moto avayvocemv readList Kou po AMoto evnuepocemv writeList. Mo
depyasia p;j ovopdleton fonOntikn diepyacio pag docoinyiog T(1,n;) av n pj kaiet
Aertovpyion PerformTrans g ypopung 58 pe opiopa Trec(ing). XvpPoiilovpe pe

PTj(i,n;) v xAon avtr). H docoinyia T(j,n;) mov ektekeitan amd v pj KoTd TNV
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Kkinon g PTj(i,n) ovopdletan ponOntiky docoinyia g T(i,n;) wor m PTj(i,n;)
ovoudleton Ponbnuikny PerformTrans g T(i,n;). Ov executing digpyoociec HOG
docoyiog T(i,n)) oamoteAobvtor omd tov initiator g ko TiIc Pondntikég g
depyacies. Eniong ol executing PerformTrans ¢ docoinyiog amoteAovvtaol omd Tic
PerformTrans mov exteAovv ot executing olepyacieg tg. YmevOopileton Ot TO
owgotnua  extéleons pwag docolnyioc T(i,n) ocvuPorileton wg E(T(in;)). Eivor
a&oonueioto 6tt 10 E(T(1,n;)) d0ev towtileton pe 10 OG0TNUHO EKTEAEONG TOV
BonOntikdv docornyidv g T(i,n;), epdcov o1 fondntikég docoAnyies TG Umopet va
tepuaticovv mpv to téAog tov E(T(i,ni)) 7 vo cvveyiCovuv va ektelohvtor PETA TO

TéA0G TOV.

‘Eocto 611 o docornyia T(i,n;) €xetl ekteléoet Tig ypapupés 77 kot 78 Tov KOOK, Tov
onuaiver 0tL €yel dnuovpynoet €vav kawvovpylo Locator newlLoc ywo kdmown t-
petofAnt) x kow o newlLoc €xet xoataywpnfel poll pe v X oe o gyypaen g
writeList tng T(i,n;). Eniong yia tov newLoc 1oyvelt newLoc—>tran == Trec(i,n;) Ko
pmopel va ypnoomomBetl yioo v omdKTINGT TPOSMPIVAG OI0KTNGIOG EVIULEPWOCNG
and ™v T(i,n;). KédBe @opd mov po executing PerformTrans tng T(i,n;) exteAel
emruyag ) Asttovpyio CAS g ypopuung 130 tov kddwka pe opicpata newlLoc kot
mv x, Aéue ot M T(i,ny) yiveror mpoowprvog 1010KTHTNS TNG X KO AOKTO. TPOGWPIVI
1010xtHolo. eviuépwang o€ avt. 'Eotm 0tL 1 T(1,n;) €yl extedéost Tig ypappés 23 ko
24 tov KddwKa, ToL onuaivel OTL £xel Onpovpynoet Evav katvovpylo Locator newLoc
vy kdmota t-petafint) x kot o newlLoc €yel katayopnbel poll pe v x og o
eyypaoen g readList ¢ T(i,n;). Emiong yia tov newLoc 1oydel newLoc—>tran ==
Trec(i,n;) ko pmopet va ypnoporombet yio v andKTnon TPOcOPIVIG 1O10KTNGI0g
avdyvoong and v T(i,n;). Kabe popd mov pia executing PerformTrans tg T(i,n;)
extedel emtuymg ™ Aettovpyia CAS g ypopung 132 tov Kddwka pe opicpota
newLoc kot v X, Aéue 0t T(1,n5) yiverar mpoowpivog 1010KTHTHS TNG X KO ATOKTO!
TPocwpPIVH 1010KTHOI0. avayvwons o€ ovty. Aéue Ot o docoinyio T(i,n;) amoktd
TNV TPOCWPIVY| W0KTolo pog t-petaffAnTg X fdaoer evog Locator loc, €bv  T(i,n;)
ektedéoel emuydc v eviod] CAS piog ek tov ypoppov 130 ot 132 pe mpoto

optopa v TmVar g X kot tpito 6piopa Tov loc.
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Kd&Be popd mov pia docoinyio T(i,n;) ekterel emtuymg ™ Asttovpyion CAS pog ek
Tov ypouudv 16, 90, 94 ko 100 oto status g, Aéue 6Tt  T(i,ni) xazapyel TG
TPOGMPIVEG 1O10KTNGIEG OA®V TV t-peTafAntav mov avt Katelye. Kdbe popd mov
wo executing PerformTrans g T(i,n;) extehel emruymg ™ Aettovpyio CAS g
ypopung 124 oto status g T(i,n;), Aépe 6tt m T(i,n) xaropysi TIC TPOSOPIVEG
101oKTnoieg OA®V ToV t-petafintdv mov avty kateiye. Kdbe popd mov o executing
PerformTrans tg T(i,n;) exterel emruydg ™ Aertovpyion CAS g ypoapung 107 oto
status g T(i,n;), Aépe 6t n T(i,ny) epapuoler T1g evuepwoeig ™G oTIg t-PLETOPANTES
OV KOTEYE TPOCOPWVI 1OOKTNGI0 EVNUEPMONG KOl KaTapyel TIG TPOCWOPIVES

1010k oieg OAOV TV t-UETAPANTOV TOL QTN KATEIYE.

INo va amodeiovpe v opBdtTa Tov adyopiBuov NBSTM npénetr va deiovpe Ot
wKavomotel TNV 1010TNTO. TG CEPLOTOMNGIUOTNTAG KoL TNV 1010TNTO TEPLATIGUOV

elevbepio KAEWOUATOV.

6.2.1. XZewpromomoiotnra
‘Eoto o po omowadnnote extédeon tov NBSTM kot éotw pa docoinyio T(i,n;).
YnrevOopiletonr 6t €bv n T(i,n;) teppatioet, cvpPoiilovpe pe Cfi,n;) v tehevtaio

kaBoAkn katdotaon tov E(T(1,n)).

Ajuua 6.1:Ecv 1o Trec(i,n;).status piog oocoinyiogs T(i,n;) Eyer tiun oropopetixy amo
ACTIVE oe kamoto koBolikny kordoracy C )¢ 0, TOTE KOUIO ETITOYNUEVY AEITOVPYIO

CAS oro Trec(i,n;).status dev mpayuoaroroieitor uero, v C.

Anéoeln: Ztmm C to Trec(i,n).status €yer tyuny v, 6mov ve {COMMITTED,
ABORTED}. Ag vmoBécovpe, o g peBoddov g €1 Gtomo omoymyns, Ot
npaypatonoteiton pia emruynuévn CAS oto Trec(i,n;).status petd v C. 'Eoto CSi
zpwty hertovpyio CAS mov arrdler petd v C to Trec(i,n;).status omd v o€ v’, 6mov
v’ e {ACTIVE, COMMITTED, ABORTED}. Znpewoveton 6t Trec(i,n;)#Trec(i,n;) av
ni#n;, dNAadn n dopun mov mePLypaeet pa doconyio eivar povadikr, akoun Kot yo
d0ocoAnyiec mov ekkiviOnkoy and v id1a depyacio. ATO TOV KOIKO TPOKLITEL OTL

to Trec(i,n;).status pmopel va 0ALAEEL KATA TNV EKTEAECT] OGS EK TOV YPOUUOV 16, 28,
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90, 94, 100, 107 1 124. Xe 6Aeg TIg mepTMOOELS, N Asttovpyion CAS extedeitan Exovtog
og 0evtepo Opopo v Tiu ACTIVE mov onuoaiver o0t1 mpémer va  woydet
Trec(i,n;).status==ACTIVE ywo va emtoyel. Qotdéco, 6tav ektedeitow 1 CS; to

Trec(i,n;).status#ACTIVE. Apa, n CS; amotuyydvet, To omoio ivor dromo! |

Amo tov KOdwo (ypouun 3) mpoxvmrel 0Tt katd v ekkivinon ¢ T(i,n;) 1oydvet
Trec(i,n;).status==ACTIVE. An6 to Aquua 6.1 tpokdmter 6t 10 Trec(i,n;).status g
T(i,n;) propel va evnuepwbel e COMMITED 11 ABORTED pia povo @opd. Amod tov
Kddwka mpokvmtel 6Tt to Trec(i,ni).status pmopel va AdPet v tun COMMITED
péom g extédeong g evroing CAS ¢ ypauung 94 and v T(i,n;) N TG YPOUUNG
107 am6 wémown executing PerformTrans ¢ T(i,n). Ze avtq v mepintmon
ocvpPorilovpe pe Ce(i,n;) v kaBoMkn Kotdotoon otnv omoio avtd cupPaivel Yo
pio kKo povadikny eopd kot yapoktnpilovpe v T(i,n;) g emroynuévy. Eniong to
Trec(i,n;).status pmopel vo AdPer v Ty ABORTED péow g extéheonc g
KaTAAANANG evtodng CAS eite and v T(1,n;) (ypappég 16, 28, 90 ko 100) eite and
kdmowa executing PerformTrans g T(i,ni) (ypapur 124). Xe kdébe mepimtoon
ovpuporilovue pe Ca(i,n) ™v kaBoAkn KoTdoTaon otnv omoio ovtd cvpPaivet yio
pio kot povadikny @opd kot yapoktnpiloope v T(,n) ©¢ un-emiroynuévn.
Inuewveton 6Tt amd to Anupe 6.1 wpokvmtel 6TL Bo opiletar to mOAD pio amd TIg

Cc(i,n;) xou Ca(i,n;).

Kotd v anddeién g domtog g osplonomoipottog Bo Bewpnioovpe ot pio
docoinyia T(i,n;) ekteleitor og dvo otdda. Xt0 mpwro ardoro | T(1,n;) exterel TIg
Aertovpyieg ReadTmVar, WriteTmVar kot CreateNewTmVar tov avtikeyuévoo STM.
Ortav n T(i,n;) emBopei v OLOKANPOGEL TO TPAOTO GTAOO EKTEAEGTG TNG KOAEL L0 €K
TV Agttovpytdv AbortTransaction kot CommitTransaction. Eqv n T(i,n;) exteiéoet
) Aertovpyio CommitTransaction tote Aépe OtTL EEKVA TO dedTEPO 0TAAI0 EKTENECNG
NG, TO 0T0i0 OAOKANPMOVETUL LOALS 1| Asttovpyia avT oOAoKANpwOEel. Znueidvetan 0T
wo GAAN docoinyia T(j,n;) propet va fondnoet tv T(1,n;) EKTEADVTAG T GLVAPTNON
TryHelpTransaction puog ek tov ypappov 52 kot 127, pe 6popa v Trec(i,n;). Amo
Tov K®dKo wpokvmtet, 0tL N T(j,n;) daPalet  doun Trec(i,n;) péow tov Locator
Kamnoag t-petaPfAntme. Avtd onpaiver 0t yuo va pmopet m T(j,n;) va Pondnoet myv

T(i,n;), mpéner n T(i,n;) va €€l AMOKTAGEL TNV TPOCWPIVY| O10KTNGI0 TOLAGYLIGTOV
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piog t-petoPfAnme. H T(i,n;) omoktd mpocmpivég 1010KTNGIES KOTA TO OEVTEPO GTAOI0
exktédeong mc. Emopéveg, por docoAnyio T(ini) de umopet va éxer Pondnrikéc
docolyiec evoow PpiokeTonl 6T0 TPHOTO 0TAO0 eKTEAEONG TS Emiong, xatd to
devTEPO oTAd0 NG ekTEAEONS ™G, M T(1,0;) AMOKTA TPOCWOPIVES 1O10KTNGIES UE TNV
ektédeon g ovvaptnong AcquireOwnerships g ypopung 104, n onoia émeton g
KAong g cvvaptong PerformTrans ¢ ypoapung 98. Emopévac, n T(1,n;) propet va
&xel Pondntucég docoinyieg uovo petd v extéreon g ovvaptnong PerformTrans

™G ypapuns 98. 'Etol mpokuntel dpeca to mapakdto [1opioua.

IHopioua 6.2: Eotw o oocolnyio T(i,n;). H extédeon tns evioing CAS uiog ek twv
ypouumv 16, 28, 90, 94 ko1 100 oo Trec(iny).status amo v T(i,n;) yivetou movra

ETITUYOG.

Amo tov KOdwo (ypouun 3) mpoxvmrel 0Tt katd v ekkivinon ¢ T(i,n;) 1oydet
Trec(i,n;).status==ACTIVE. Ta va pmopel m T(i,n;)) va ekteAécel T cuvdptnon
PerformTrans g ypapung 98 mpéner n cvvéptnon Validate mov exteAéotnke ot
ypapun 92 va enéotpeye v tun TRUE. And tov kddwa g Validate (ypapun 65)
npokvntel 0Tt M T TRUE emotpépeton edv katl povo edv woyvel Trec(i,n;).status 1=
ABORTED, oniaon e€dv 1o status t¢ T(i,n) eivon ACTIVE 1 COMMITED.
Inuetoveron 6Tt Tpv v kAnon g PerformTrans g ypoapuung 98 amnd v T(i,n;) n
Ty COMMITED pmopet va ypaget povo pe v enttoyr] ektéreon g evioing CAS
™mg ypoppng 94. Ouwg, n ypappq 94 dev exteieitan 610tL edv avtd cuvéPave o Ba
nrav dvvatd va ektedeotel | ypouun 98. Eropévog mpokidmtel o1l mpv v eKTéAEoN
™m¢ ypouung 95, to Trec(i,n;).status pmopel va €xer evnuepwBel povo pe v tun
ABORTED. Mg Bdon ta mopomdve, TPokOTTEL OTL KOTd TNV €KTEAEST TNG
ocvvaptnong PerformTrans g ypopung 98 and v T(i,n;) woyvet Trec(j,n;).status ==
ACTIVE.

IIopicua 6.3: Eorw C n kobolikn katdotachy otnv omoio €KTEAEITOL 1 OLVAPTHON
PerformTrans g ypouuns 98 omo kamoia docoinyio. T(in;). 2ty C 1oyver
Trec(i,n;).status == ACTIVE.
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‘Eotow Caof(i,n;) n kaBoAKn KaTtdoToon 6TV 0noio. OAOKANPAOVETAL Yi0L TPMTN POpPdL
o kKAnon g ocvvaptnong AcquireOwnerships amd kdmowo executing PerformTrans
™m¢ T(i,n;). Am6 T0V KOOWKA TPOoKLITEL OTL UETA TNV KANomn ¢ PerformTrans g
ypopung 98 and v T(i,n;), To Trec(i,n;).status pmopet va AdPet v iy ABORTED
pnéow g extédeong g evroag CAS g ypopung 124 1 myv yuy COMMITED
pécm g extédeong g evtong CAS g ypapuung 107, éotw CSio7 1 evtoAn avty,
and kdmow executing PerformTrans tng T(i,n;). IIpwv v Caof(i,n;) xapio executing

PerformTrans tng T(i,n;) 6¢ umopel va extedécet v CSio7.

Ilopioua 6.4: 2tnyv Caof(i,n) to status g odocoinyiog T(i,n;) umopei vo eivai
ABORTED n ACTIVE.

Amo tov kddwka mpokvmtel Ot To status ¢ T(i,n;) pmopel va evnuepwBel pe v
extéleon g evioAng CAS g ex tov ypappov 16, 28, 90, 94 kot 100 and v
T(@,m) M pog ek tov ypoppov 107 ko 124 and 11g executing PerformTrans g
T(i,n). Eoto CS o omowdnmote tétote CAS mov exteleiton otnv KaBoMkn
katdotoaon C. Eav nn CS amotiyet, tote 10 Trec(i,n;).status giye Ty S10pOpETIKN amd
ACTIVE ot C. Enopévag eite n Ce(j,n;) eite n Ca(j,n;j) eivor koakd opiopévn Kot

nponyeitar ¢ C. 'Etot, mpokdnTel 10 Tapakdte Topioua.

Ilopicua 6.5: Eotw C n xaboliky katdotaon otyyv omolo. exteieiton pia evrolny CAS
oto status piag oocolnyios T(in;) xor amotvyyaver. Tote pio ex twv Ce(in;) kat

Ca(i,ny) givar kora oprouévy kar mponyeitor s C.

Anjuua 6.6: Eorw xamoi docolnyia T(in) n omoia kolel T ovvaptnon
PerformTrans (uog ex v ypopucv 58 kor 98) ue opiouo Trec(j,ny) (yio tqy ypopyun
98 1oyver i==j), oniadn Ponbé v T(j,n;), ko éotw Cptf(in) n mpoty xabolikn
Kotdotaoy oty omoio. &yxel oloxAnpwbel n extédean g ovvdptnon avtig. Ipv v

Cptf opiCerou pio ek twv Ce(j,n;) kor Ca(j,n)).

Anooeln: Epocov n T(i,n) PBondd v T(,n) onuoaiver 6t n T(,n;) £xer Mon
exteléoel ™ ovvdptnon PerformTrans g ypauung 98. And to Ildpiopa 6.3,

TPOKVTTEL OTL KOTA TNV KANoM g ovvdptnong PerformTrans g ypapung 98 amod
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v T(j,n;) woyvet Trec(j,n;).status == ACTIVE. Eniong an6 to IIopiopa 6.4 mpokintet
6t to Trec(j,n;).status otnv Caof(j,n)) pumopel va €xer uy ABORTED 0 ACTIVE.
Inuewwverar 6t n Caof(j,n;) mponyeiton g Cptf(i,n;).

Ed&v ommv Caof(j,n;) to Trec(j,n;).status éyxer tyu; ABORTED, onuaiver 6t n
Ca(j,n;) etvar koAd opwopévn kou mponyeitar g Cptf(j,n;). Eav omv Caof(j,n;) to
Trec(j,n;).status €xet yuny ACTIVE, 16te o6 tov k@dka (ypappr 106) mpordmtet o1t
Oa extedeotel 1 evtodn] CAS g ypopung 107, éotw CSio7 1 evioAn avty). Eoto A to
cbvoro tov executing PerformTrans tng T(,n)) mov PAémovv ACTIVE 10
Trec(j,ny).status petd v Caof(j,n;) kor extedovv v CSip7. 'Eocto C 1 kaboiim
KaTAoTaon oty omoia ektedeiton yuo wpadtn @opd 1 CSip7 and kdmowo executing
PerformTrans mov avnkel 6to ovovolo A. Edv ot C n extéleon g CSjo7 yivel
emroyac, opiletar n Cc(j,n;) xon enewdn n C mponyeiton g Cptf(j,n;), n Cc(j,n;) Oa
nponyeitonr g Cptf(j,n;). Edv ot C anotoyel n extéreon g CSig7,70t€ pe Péion to
[Topopa 6.5 mpoxvntel 6Tt | Ca(j,n;) Oo eivor koAd opiopévn Kot Oa Tponyeiton g

C, n onola mponyeitar g Cptf(j,n;). Etol o ké0e nepintwon 1o Afppa ioydel. m

‘Eocto o011 kdmowa docornyia T(i,n;) extedel m ovvaptnorn TryHelpTran pe 6piopa
Trec(j,n;), 6mov i#j, yw vo Ponbnoer m docoinyia T(j,n;). 'Ectw C 1 kaboikn
KOTAOTOON OTNV OToio 1 GLVAPTNON VTN EMOTPEQPEL. ATO TOV KAOOWKO 1TNG
ovvdptnong TryHelpTran mpoxvmter 6Tt 1 cuvapnon ovtny Kaiel ™ cvvéptnon
PerformTrans povo €dv woyder Trec(j,n;).status == ACTIVE «otd v extéleon g
ypoppng 57 and v T(i,n;). Tty mepintwon avt, and to Afupa 6.6 tpokvntet O6T1
mpv TV oAokAnpwon g PerformTrans, ko apa mpwv v C, Ba €xel oprotet gite n
Cc(j,n;) eite n Ca(,n;). Edv katd v extéleon g ypoppns 57 and v T(i,n;) woyvet
Trec(j,n;).status # ACTIVE, onpaiver 6t mptv v ektéhecn g Ypappng otrg, Kot
apa mpv v C, Ba €yel oprotet gite n Cc(j,n;) eite n Ca(j,n;). 'Etor mpoxvnter 10

nmopaxato [Topioua.

IIopicua 6.7 Ecotw on kamoia docolnyio T(in;) extelel ) ovvaptnon TryHelpTran
ue opiouo Trec(jny), omov i#j, yia ve fonbnoer w docoinyio T(j,n). Eortw C n
kobolikn Katdotaon oty omoio n ovviptnon avty emotpépel. Mio ex v Cc(j,n;) ko

Ca(j,n)) eivar koAd opiouévy kai mponyeitar g C.
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Edv n Cf(i,n;) opiletor, tote mptv ohokAnpwBel n T(i,n;) €xer kAnbel o ek TV
Aertovpyuwv CommitTransaction kot AbortTransaction amd v T(i,n;). Edav éyxet
KAnOel n AbortTransaction, tote and 1o [1opiopa 6.2 npokvmtel 6TL TPy TV Ci(i,n;)
éxer oplotet  Ca(i,ng). Edv €xer kAnOei n CommitTransaction, tote omd 10V KOOKA
npokvmtel 0Tt Oa kAnOel gite n evtoAn CAS 1tng ypapung 94, eite n ocvvaptnon
PerformTrans otn ypapun 98, eite n evtoAn CAS g ypouung 100. ‘Eoctem 6T
exteleitan piog amd tic CAS evioréc, ot CS n eviodn avt). Eav 1 CS exteheotel
emuy®g t0te gite n Ce(i,n) eite n Ca(i,n;), avrictoyo, Ba mponyeitar g C(i,n;).
Edv 1 CS extedeotel un-emttvuymg, 10te amod 1o [lopiopa 6.5 mpokdmtel 6TL pia ek TV
Cc(i,n;) xou Ca(i,ng) givor kol opiopévn ko tponyeiton v Cf(i,n;). Edv kAnbei n n
ovvdptnon PerformTrans otn ypauun 98, 10t and to Anuua 6.6 tpokdmtel 6t1 TPV
mv emoTpoen e, Gpa mpw v Cf(i,n;), Ba éyel oprotel o ex tov Ce(i,n) Kot

Ca(i,n;). 'Etotl mpokvmtel 10 mopakdto [Topioua.

Iléproua 6.8: Eotw pio docoinyia T(in;). Eav n Cf(i,n;) opiletos, 1ot Wio ek twv
Cc(i,ny) kot Ca(i,ny) eivar kala opiouévn kor mponyeitor s Cf(i,n,).

‘Eoto 611 o executing PerformTrans g T(i,n;) xato@Eépvovy va OmOKTHGOLV TNV
TPOCOPIVI 110KTNGIa pog t-petafAntig X kot £tot 1 T(i,n;) yivetan 1810k TNgG TG X.
Sopporilovpe pe Cy(in) v wpdtn KaBOMKN KOTdoTOON OTNV Omoio. OoVTO
ocvpPaivel. Eqv to Cy(i,ni) opiletanr kou av mponyeiton g Ce(i,n) N g Ca(i,n;)
(avaroya pe to mota opiletan), cupPorilovpe pe ox(i,n;) TO SAGTNUA EKTELEOTG TNG O
mov Eekwvd amd v Cy(i,nj) Kot KATOANYEL OTNV TEAELTOIN KAOOAIKN KOTAGTOOT) TOV
mponyeitan gite g Cc(i,ng) M g Ca(i,ng). Emopévog xotd 1 ddpkela tov ox(i,ng)
woyvetl Trec(i,n;).status == ACTIVE. Znueidveton 6t 10 0x(1,0;) dev opiletan, €dv 0
Cx(i,n;) eite dev opiletan, eite 10 Ci(i,ni) dev mpomyeitor g Ce(i,ni) M ¢ Ca(i,n;).
Inpetoveton 0Tt ypnotponotovpe 10 cvpPforond Cyx avti tov Cy(i,ng) Kot TOV 0 0vTi
TOVL 0x(1,;), OTOV M 00GOANYio TNV omoio avVaPEPETOL O GULUPBOAICUOG EEAYETON

gOKkoAa amd Ta cupPpaloOUEVa.

Anquua 6.9: Eotw o omoraonmote docoinyio T(i,n;) kol éotw pio t-uetofiAnty x yio.
™V omolo. opiletar n ax(in;). Kouio docolnyio de umopei va amokTioel v Tpocwpivy

1O10KTNOLO, EVIUEPWTNS ) AVEYVWOONS THS X, OTHY 0x(1,1;), ONAaON de umopel va ekteléoel
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emtoys ™y evioAn CAS wiog ex tov ypouunv 130 ko 132, avtiotoiya, yio. ) X atyv

ox(1,m;).

And6oeln: 'Eoto, 610 g pebddov g €1¢ dromo amaymyng, 0Tt otV ox(i,n;) vdpyet
ToVAdloTov pioe executing PerformTrans mov kato@Epvel va OMOKTNGEL TNV
npocwpvn wWwoktnoia g X. 'Eotw, PT(,n) n npotn and avtég, n omoia eivor
executing PerformTrans pag docolnyiog T(j,n;) kot éotw C n xaborikn kotdotaon
otV onoia ot anokTd TV Tpocwpiv woktnoia g X. Epdcov n PT(j,n;) amoxtd
TNV TPOGMPIVY 1O10KTNGI0 TNG X, TPOKVTTEL OTL eKTEAEL emTuy®G TV eviodn CAS,
éotm CSy, pog ek tov ypopupmv 130 kot 132 pe dpiopa tmv TmVar mov meptypaget
X, £0TM tvary.

IIpwv n PT(j,n;) exteréoer mn CSy, extelel eite o ypopun 118 eite ot ypapun
119 ™ ovvdpton GetCurrentData yio tnv tvary, 1 onoio EMGTPEPEL TAL SEGOUEVO TNG
X kot tov avtiotoryo Locator, éot® lock. Katd tnv ektéleon tng ocvvdaptnong
GetCurrentData an6 v PT(j,n;), yiveton avdyvoon g tiung tov lock ot ypopun
43. E4v n ypopun 43 exteheotel petd v Cy(i,n;), tote 10 lock>tran Ba €xet Ty
Trec(i,n;) kot 10 locy>tran->status 6o €yel yun ACTIVE (g&attiag Tov opiopov g
CSx kot tov 6tL  CSy mponyeitanr Tov t€Aovg ¢ 0x(i,n)). Edv 1oyvel i==j, to1e 1
ocvvdptnon GetCurrentData o emotpéyel ot ypopur 51, eattiog Tov eAEyyov g
ypoppng 50, kou ) PT(j,n;) 6ev Ba extelovoe tnv CSx Adym g ypoupung 122, to onoio
etvar Atomo. Eqv 1oyvet i#), and tov KOdka (Ypoppés 46 €mg 55) mpoxvmtel OTL yio
va olokAnpwBel m extéheon g ovvaptnorng GetCurrentData mpémer eite va
amotiunfel ¢ aAnng o €reyyog ¢ ypapung 49, site vo ektedectel n cuvdptnon
TryHelpTransaction g ypouung 52 pe opiopo Trec(i,ng). v mepintmon mov o
éheyyxog g ypapung 49 amotyundel og ainbng, kotd v extéleon g PT(j,n;) 6o
aroTyunOel og aAndng kot o €heyyog g Ypouung 126, to omoio onuaiver 6tL Ba
ektedeotel Ko moA 1 ovvaptnon TryHelpTransaction pe Opispa Trec(i,n;)) ot
ypopun 127. Emopévog oe  kdBe mepimtoon ekteleitor M ovvaptnom
TryHelpTransaction pe Opwopo Trec(ini), mptv v CSy. And 1o Ildpiopa 6.7
TPOKVUTTEL OTL TPV TV oAokAnpwon ¢ TryHelpTransaction Oa €yt opiotel pia ek
tov Cc(i,n)) ko Ca(i,n;). 'Etor, mpwv ™ CSx Oa €xer opiotel eite 1 CM(i,n;) N M
AB(i,n;), To omoio onuaivel 6t n CSy ektedeiton petd 1o T€Ao¢ NG ox(i,n;), T0 0moio

gival Atomo.
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Yvumepaivoope 0tL N ypouun 43 exteheiton wpv v Cy(i,n;). X Ci(i,n5), n T(1,n;)
Ba amokoel v Tpocwpivy WBoKTNGio TS X, TO omoio onuaivel 0Tt Ba opicel Evav
véo Locator ywo ) X, dtopopetikd tov locy. 'Etol, 1 extéheon g CSx petd myv
Cx(i,n)) mov woAeiton eite g CAS(tvarg, lock, Trec—=>readList.newLoc) gite ©¢
CAS(tvary, locy, Trec>writeList.newLoc), Oa amotdyetl 01611 0 Locator tng tvary dev

0o etvar o locy 66 Atomo. []

‘Eocto® Wao 0 Ppoyog tov ypoppmv 116 éog 133. Enpeudvetar 011 o1 executing
PerformTrans g T(i,n;) tpocmafolv va amoKTHGOVV TIG TPOSMPIVES WO10KTNGIEG TOV
t-petafintov wov n T(i,n)) embBopel, xotd TNV eKTéAECN NG OLVAPTNONG
AcquireOwnerships. Znueidvetar 6tt 11 TPoomabeln amOKTNONG TNG TPOSMPIVIG
Wokoiog pag t-pHetaPfANTNG X, TPOYUATOTOLEITOL e TNV EKTEAEST TOL Wao Yl00 TV
X. A6 tov KOdka g AcquireOwnerships mpokdmntel 611 pia executing PerformTrans
™m¢ T(i,n), éot® PT, mov extedel To0v W0 Yo kamota t-petaAnt X pmopel vo gUyet
and tov Wao eite enedn 1o Trec(i,n;).status €yer tiun owagpopetikny andé ACTIVE
(ypoppég 120 ko 121), gite emedn €xet noN omoktnOel N TPOSWPIVY| 1010KTNGIN TNG X
amd Kamow aAAn executing PerformTrans tg T(i,ni) (ypapun 122), eite emedn n PT
gypaye v Tiw] ABORTED oto Trec(i,nj).status (ypappég 124 ko 125), eite emeion
n PT anéktnoe v npocmpivr| wroktnoio g x (Ypappés 130 €mg 133). Enueudverot
ot and to Ilopopa 6.4 mpoxvmrel 6t oty Caof(i,n;) n Ty tov Trec(i,n;).status
umopet va etvan eite ACTIVE eite ABORTED. Emopévac n PT pmopet va e£€ABet Tov
Wao A0yo ™g ypapung 121 mpwv v Caof(i,ni), pévo edv 1o Trec(i,n;).status €xet

napel v Ty ABORTED. 'Etot mpoxvntel 10 mapakdto [opiopa.

Ilopiopa  6.10: Eorw o ococoinyio  T(in) Kor o t-ustofinty X,
xe€ Trec(i,n;).readList n xe Trec(i,n;).writeList. KaOe executing PerformTrans tng

T(i,n;) mov extelei Tov Wyo yio. tp x mpiv v Caof(i,n;), umopei vo. pbyel amd ovtov gite

66 Inuelovetat 6Tt 6g Bo pmopovoe va Tpokvyel To TpoPAnue ABA S0t dnwg £xel avapepbel, o
aAyopipoc NBSTM extedeitar o khelotd poviého pviung kot 1 petaPint locy eivorl o amd tig
evepyég Tomikég petaPAnNTég G pj.
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eme1on Eyel amoxtnlel n Tpoowpiviy 1010KTNGI0. THS X oo Ti¢ executing PerformTrans
¢ T(i,n;) (ocoumepiiopfavousvon kair e 1010G) 1] ETELON Exel YpopTel (K Eypaye) ato
Trec(i,n;).status n tyun ABORTED ano g executing PerformTrans tng T(i,n;).

21 ovvéyela divoupe KATO10VG OPIGHOVG Yo TIG t-UETAPANTEG TOV TTEPIEXOVTAL OTN
readList g T(i,nj). Eote Crli(i,n;) n kool Katdotoon oty onoio I6AyEToL Lo
t-puetafint x ot readList g T(i,n;). ATd TOV KOOIKO TPOKVTTEL, OTL N EIGAYMOYN
¢ x ot readList g T(i,n;) mpoypatonoleitor e v €KTEAEGT NG GLVAPTNONG
InsertInReadList g ypopung 24. Edv vmobécovpe ybpwv oamiodotevong OtL 1
ektéheon g ovvaptnong InsertinReadList mpaypatomoteiton pe pion pdévo evroin,
tote N Crl(i,n;) elvar n Tp®OTN KAOOAIKY] KATAGTAOT TOL EMETOL TNG EKTEAEOTG TNG
ouvaptnong awtng yo v x. H cvvaptnon InsertinReadList amofnkedel ot readList
¢ T(i,n;) To TmVar g x kot ta dedopéva ™G driy(i,n;), OTOG AVTA EMOTPAPNKAY
and v ektéheon ¢ ovvdptmong GetCurrentData g ypapung 14, éotw
GCDrl,(i,n;) m kAMon ™¢ ovvaptong avts. And tov kddika ™ GCDrlk(i,n;)
npokOmtel Ot T dgdopéva drli(i,ny) (mov emoTpaenkav) dfactnray PECw €VOG
Locator locrl.(i,n;), o onoiog dwfdactnke and v GCDrli(i,n;) o ypopuun 43, éotm

otV kaBoAn katdotaon Criocy(i,n;).

Inuetwveron 6tL Tpv v Crlock(i,n;) €xel amoxtOel pvrun yoo v amobnkevon tov
dedopévav drlk(i,ng) amd kémowo docoinyic. Xtnv Crlock(i,n) ot Bécelg pvnung oTic
omoieg etvan amodnkevpéva ta dedopéva drl(i,n;) ivar evepyég d10TL VLAPYEL KATO10G
delktng mpog avtég otov locrl(i,ng). To kAelotd pOvTEAO PVAUNG Yo TO OTO(O
oxedraotnke 0 NBSTM e&acealrilel 6Tt Kapio 00GOANYia 0 UTOPEL VO EVIIUEPDOEL
omotadnmote t-petafintn pe dedopéva mov eivor amobnkevpéva ot BEGES aVTES
petd v Crlock(i,nj) ot wpw v orokAnpworn ¢ T(i,n;). 'Etor mpokdmtel to

nmopaxato [Topioua.

Anjuua 6.11: Eorw x omoiadnmote t-uetofinty mov mepiéyeton oty readList uiog
oocoinyiog T(i,n). Kouio docoinyio O umopel vo. OmoKTHOEL THV TPOGWPIVA
1010KTNHOLO. EVIUEPWONS OTOLOONTOTE  t-UETOPANTHS  (ovumepiiopufavouévonr e Xx)
uetalo g Crlocy(i,ng) ko tov tédovg tov E(T(i,n;)) pdoer kamoiov Locator loc, yio tov

onoio 1oyvel loc.newData == drl(i,n;).
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Anquua 6.12: Eotw o ororaonmote exitoynuévy docoinyia T(i,n;). Eorw on n T(in;)
evUeEPWVEL Kamolo, t-uctofinty x, Paocer tov Locator loc yia tov omoio o deiktng
loc.newData éyer tun d. Eotw T1(j,n;) wa 6idn docoinyio, i#j, mov extelel 0
ovvaptnon GetCurrentData yio ) x kou éotw GCD i omoiadnmote tétoia kAnon e
GetCurrentData y1o. i x o6 v 1(j,n)). Eorw Cr n kabolikn katdotaon oty omoia n
GCD extelel  ypouun 43. Eav n Cg fpioketar eviog to0 O100THUOTOS 0x(1,1;), TOTE N
GCD emarpéper (loc, d).

An6oen: 'Eoto lock o Locator tov x mov 1 GCD dwfalet ot Cr. Epocov n Cr
exteleiton evtOg TOV OCTHHATOS O amd To Anuua 6.9 mpokvmtel 611t ot Cr Oa
wyvetl locy == loc. Emopévac, and tov kadika g GCD mpokvmter 611 awt Oa
emotpéyet Tov loc wg Locator tov x. 'Ectm, oo g pebddov ¢ €1g dromo amoywyng
o6tt 1 GCD emotpépel (loc, d’), 6mov d’#d. Emedn o loc meprypdoer kdmoio
TPOGWPIVN 10KTNoio evuépmone, amd tov kmowka (ypapués 77, 35 wor 129)
npokvtel 6Tt M TN tov deiktn loc.oldData givar dwwpopetikny and v TN TOL
deiktn loc.newData. Epdcov 1 GCD dwfalet loc oty Cg, yio va pmopel va oyvet
d’#d, n GCD mpénetl va emiotpéyel v Tiun tov dgiktn loc.oldData. And tov KddKa
npokvmtel 0Tt 1) GCD emotpépet v T Tov deiktn loc.oldData, gdv emiotpéyel o
plo amd TG ypoupég 54 kot 55 (onuewdveral 0tL 0 umopel va emotpéyel oty S50
ywti o loc meprypapet o tpocwpvyy wWokoia evnuépwong). ‘Eoto 6t n GCD
emotpépel oty kabolikn katdotaon C. Eqv emotpéyel ot ypopun 54, Adyw® tov
eAEYYOL OV TTponYEiTAL, GTNV 1010 Ypauun, Tpokdmtel 0Tt Tpv v C Ba Exel oprotein
Ca(i,n;). Edv emotpéyer ot ypouun 55, onuoiver Oti €xel ektedeotel kol €yel
oroxkAnpwBei n cvvaptnon TryHelpTransaction g ypapung 52. And 1o [1opiopa 6.7
TPOKVTTEL OTL TPV TNV OAOKANPWOGCT TNG GLVAPTNONG AVTNG EXEL OPLoTeEL pio K TV
Cc(i,n;) kot Ca(i,n). Epdcov 1 GCD emotpépet ot ypouun 55 onuaiverl 6t opileton
n Ca(i,n). 'Eto1, og «dbe mepintwon mpénel va €xel opiotel  Ca(i,ng) kol and to
AMppa 6.1 Tpokdmtel 011 61N Guvereln doe pmopel va oprotel | Cce(i,n;), To omoio givon

atomo. ]

nuetovetor 0Tt ot t-petaPAntég mov m T(,n) SwPaler kol evnmuepdvet

KOTO(®POVVTOL GTIG AIGTEG OVAYVMONG KOl EVILEPMOTG, AVTIGTOLYO, LLE TNV EKTEAECT
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TV Asrtovpyuwv ReadTmVar (ypapun 24) kot WriteTmVar (ypopun 78), avtictoryo,
KOTA TO TPMTO GTAO0 TNG EKTEAEONG TNG. MeTd v ekkivion Tov devTEPOL GTAdIOV
™m¢ T(i,n;), dnAadn v kKAnon g Asttovpyiag CommitTransaction, ot Aloteg ovTEG
dev petafdirovtor. Emiong mpwv v ektéheon g ovvdptmong PerformTrans g
ypoppng 98, ta otoyeia TV AloT®V avdyvoong kot evnuépmong g T(i,n;) €govv

ta&vounfel Katd avEovoa celpd oTig Ypappes 96 kot 97, avtiotorya.

‘Eocto 61t xdmow executing PerformTrans g T(i,n;) extedel emtuymdg v €vioan
CAS ¢ ypapung 124, opilovtag v Ca(i,ni), katd v ektéreon 100 Wao yio
Kamowa t-petafAnty x, xeTrec(i,n;j).readList 1| xe Trec(i,n;).writeList, mpwv v
Caof(i,n;). XZvpPoriovpe pe Csa(i,n) ™v KaBoAkn KATAGTOOT GTNV Omoio. avTO
ocvopPaivel (Yo va v Eexopilovpe and v Ca(i,n;) mov pmopel vo oplotel amod
omotadnmote evioh] CAS g ek tov ypoupov 16, 28, 90, 100 wor 124).
YvupoArilovpe pe FM(iny) v t-petofAnt) x yo v omoio eKTEAEGTNKE O Ppdyog
Wao ko ypaotke n tiul ABORTED oto Trec(i,n;).status. Edv n Csa(i,n;) oev
opiCeton tote  FM(1,n;) etvon null. Enpewdverar 6t €dv n Csa(i,n;) opileton tote €€

optopo?¥ ¢ Ba mponyeitan tng Caof(i,n).

Anqupa 6.13: Eav n Csa(in;) opiletor 1018 dev €ivon ovovoro vo. amoktnBOei n t-

uetofinty FM(i,n;) and tg executing PerformTrans g T(i,n;), uetd v Csa(in;).

Am6oeiln: XInuewwvetor 6Tl oV WOPOLGH  amOdEEN YAptv  omAotnTog Oa
ypnoomoovpe 10 ovppolopd FM avti tov FM(i,n;). Ztmv Csa(i,n;) kdmow
executing PerformTrans tg T(i,n;), éot® PT,(i,n;), ektéAece emrTLYOC TNV EVTOAN
CAS ¢ ypapung 124, éotm CSia4 M evtoAr] avt). Znpewwvetot 6t enedn n PT,(1,n;)
opier v Csa(i,n;) Kotd v ektédeon Tov Wao v v FM, amd tov kdduko (Ypopun
123) mpoxvmter 61t | FM avnker ot readList g T(i,n)). H FM eicdystan ot
readList g T(i,n;) ommv xaBoikn katdotaon Crlpm(i,n;), poll pe ta dedopéva g
drlpm(i,ni), mov emotpdenkav and v ektédeon ™ GCDrlpwv(i,ng) xon dwPdotnroy
péow tov locrlpm(i,ng), o omoiog avayvooOnke amd tv GCDrlpy(i,n) oty
Crlocpm(i,n;).

[Ipwv v extéheon g CSi24, M PT,(1,n;) exterel 1t cvvdptnon GetCurrentData
™m¢ ypopupuns 118 yio mv FM (0yt g ypapung 119 enedn n FM avikel ot readList
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m¢ T(i,n;)), éotw GCD’ n KAnon g ovvdptnong OLTNHG, 1 OToi0 EMGTPEPEL TOL
tpéyovta dedopéva g FM, ot dpm(z). Ta dedopéva avtd dwfdlovion and Evav
Locator locpm(z), 0 omoiog avayvocOnke and v GCD’ ot ypapun 43, éoto® oty
koo katdotoon Clocpm(z). [a va umopet n PT.(i,n;) va extedéoet v CSia4
npénel vo amoTiunOel wg aAndng o éheyyog g ypouung 123, to onoio onuaivel 6Tt
npénet vo 1oyOel dpm(z) # drlpm(i,ng). Avtd onpaivel 6t ta dedopéva g FM mpémet
va &xovv evnuepmBel petd v ewoaywyn tovg otn readList, cuykekpiuéva petd v
Crlocpm(i,ni), kou mpwv v avéyvoon tovg ond v PT,(i,ni), dniadn mpwv v
Clocpm(z), amd tovAdyiotov pia doconyia. Eoto T(k,ny), ik, n mpodtn and avtéc
TIC 00GOoANYiec, M omoila amokTé TNV TPocwpvy WoKtnoio evnuépwong e FM
Baoet evog Locator locpm(k,ng), éotm oty Kook katdotaon Cem(k,ng), petd myv
Crlocem(i,ni) kot mpv v Clocem(z), kot evnuepovel v FM extehdvtag emtuydg
v eviod CAS g ypopuung 130 wpwv v Clocpm(z), otv kaBoAikn Katdotoom
Cce(k,ny). Znuetdveron 6tt woyvet locpm(k,ng).newData # drlpp(i,ng).

ATO TO0V KOOIKO TPOKVTTEL OTL PETA TNV emtuyn ektédeon g CSixn amd v
PT,(i,n;) otnv Csa(i,ni), N PT,(1,n;) anoywpel and ™ cvvdptnon AcquireOwnerships.
Av16 onpaivel 6t 6 umopet 1 PT,(1,n;) vo amokTioeL TV Tpocmpiviy 1010KTNGio TG
FM, petd v Csa(i,n;). 'Etot vmobétovpe, oo g pebddov g €1 dromo amaywyng,
ot vndpyet kamowo executing PerformTrans g T(i,n;), ot PT;(i,n;) 6mov PTj(i,n;) #
PT,(i,n;), mov exteAel emruymg v evtoAn CAS pog ek tov ypoppov 130 ko 132 yu
mv FM petd v Csa(i,n;), éotw otmv kaboikr kotdactoon C. 'Eotw CS 1 evioln
CAS g ek tov ypoppov 130 ko 132. TN v pmopet ) PTj(1,n;) vo ektedécetl tnv
CS, mpémel va €xel der ot ypapuq 120 va woyver Trec(i,n;).status == ACTIVE, 7o
onoio onuaiver 6t N ypoupn 120 mpéner va ektereotel and v PTi(1,n) npwv v
Csa(i,n;). Avto onpaivet 0t N extédeon tng ovvaptnong GetCurrentData ot ypoppn
118 yio v FM (ko 61 ot ypoppun 119 enedn n FM avrketl ot readList g T(i,n;))
and v PT;(1,n), éotw GCD*’ n cvvdptmon owth, olokAnpmvetor tpv v Csa(i,n;).
Inuewwvetar 61t 1 GCD” emotpéper oty PTj(i,n;) tov Locator locem(j) ot to
dedopéva g FM dpm(j) mov dwPdotnkav péow tov locem(j), o omoiog dafdoctnke
katd v ektédeon g GCD”’ om ypapuq 43, €0t® o1 KOBOAIKN KATACTOON
Clocpm(j). Emedn n GCD”’ oloxinpaoveton mpv v Csa(i,n), mpokORTEL OTL 1
Clocpm(j) mponyeiton g Csa(i,n;).
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Inuewwvetor 6Tt 1 Clocpm(j) émetanr g Crlocem(ing). Awokpiveo mepimtdoelg
avédroya pe to €bv m Clocpm(j) mponyeitow M émeton ™ Crv(k,ng). ‘Eotw 611 1
Clocpm(j) émetan g Crm(k,nk). Alakpive mepittooelg avaroyo pe to €av 1 Clocpm(j)
nponyettar 1 €metar e Ce(k,ng). Edv n Clocpm(j) mponyeitoan g Ce(k,nk), t0t€
epocov 1 Clocpm(j) émeton ¢ Cem(k,nk) ko mponyeiton g Ce(k,nk) onuaiver o1t
ekteAeitar evtog tov dwotuotoc opm(k,ng). Emewdn n T(k,ng) olokAnpmveton
EMTVYMOC, amd to Anuua 6.12 mpokdmtel 611  GCD”’, Ba emoTpédyel ™MV T TOL
delktn locpm(k,ng).newData dmwg avtdg apyikomombnke and v T(k,ny), emopévag
Ba oyvel dpm(j) # drlpm(ing). Edv 1 Clocem(j) émeton g Ce(k,nk), tote 1 GCD’’ Ba
emotpéyel ko mah tov Ogiktn locpm(k,ng).newData, edv Oev vmdpyer GAAN
emruynuévn doconyio petd v Ce(k,nk) kot wptv v Clocem(j) mov vo eviuepOVveL
mv FM, enopévag Ba 1oyvet dpm(j) # drlpm(ing). Edv vadpyetr kdmoia docoinyion T
OV aMEKTNGE TPOSWPV Wloktnoia evnuépwong otnv FM oto dudotua [Ce(k,ny),
Clocpm(j)] ot evmuépmoe v FM (dnAadn olokAnpobnke emtuy®dg) mpwv v
Clocpm(j), t0te Ta dedopéva dpm(j) Oa dwPdomkav and v GCD”’ péowm evodg
Locator loc mov ypnowomomnke yo TV AmOKTNGN TPOCOPIVNG 1310KTNGI0G
evnuépoong oty FM and v T, yw tov onoio pe Bdon to Afupa 6.11 6o woydet
loc.newData # drlgm(i,n;). Emopévag og kébe mepintwon Ba woydet dpv(j) # drlpm(i,n;).
‘Etot petd v odokAnpwon g GCD”’ Ba arotiunfel ¢ aindng o édeyyog g 123
ko 1 PTj(1,n;) ¢ Ba exteréoer tn CS, 10 omoio eivar dromo.

Enopévag npénet n Clocem(j) va mponyeiton e Cem(k,nk). Ztnv nepintoon avt,
omv Cem(k,ny) n T(k,ny) Ba amoxoet v Tpocwpvy wiokacio e FM, to omoio
onpaivel 61t Ba opicel évav véo Locator yioa v FM, dapopetikd tov locpm(j). ‘Etot,
N ektéheon g CS petd v Cem(k,ng), Oa amotdyer d10tt o Locator tg FM odev Ba

, 6.7 -
etvar o locpm(j) ™. Atomo. n
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Anjupa 6.14: Eotw x omoioonmote t-uetofinty mov mepiéyeton oty readList uiog
ooocolnyiog T(i,m;), ya v omoia opiletor n Cy(in;). Tote xouio emToynuévn
oocoinyio T(j,ny), i#], o umopel va amwoktioel TPOowWPIVY 1OIOKTHOIO EVHUEPONS THS

x pera v Crlocy(in;) ka1 mpiv 10 téAog S 0x(i,n;).

Am6oerEn: X Cy(i,ni) kamow executing PerformTrans g T(i,n;), éotew PT,(i,n),
extelel emruydg TV evtoAn CAS og ek tov ypoappov 130 kot 132 yio ) X, éo0to
CSx n evtoAn avt. H x ewodyeton ot readList tng T(i,n;) omnv kaborkn kotdoToom
Crlx(i,n;), pali pe ta dedopéva g drlk(i,n;), TOL EMOTPAPNKAY OO TNV EKTELECT] TNG
GCDirly(i,n;) ko Sapdomkay pécm tov locrl(i,n), o omoiog avayvoctnke and v
GCDrli(i,n;) omv Crlock(i,nj). YmoBétoupe, dia g pebBoddov g €1¢ ATOTO amaymyng,
Ot vapyet kdmora docoAnyia T(j,n;), i#), n omoila extelel emrvydg v evioin CAS
™m¢ ypappng 130 yo ™ X, amOKTOVING TPOCOPVH O10KTNGIo EVUEPMONG O X,
uetd v Crlock(i,n;) kot mwpv 10 T€A0g TG 0x(i,1;), £6T® GTNV KAOOAIKY KOTAGTACN
Cx(J,n)). 'Ectw 611 n PTj(1,n;)) omoxtd tv mpocmpivy 01okTnoio evnuépmong g x
ot Ci(j,n;) pe Paon tov Locator loc. Enpetdverat 6Tt woyvet loc.newData # drl,(1,n;).

Amd 1o Afppa 6.9 mpokvmrer 6t n Ci(j,nj) 6 pmopetl vo opiletar eviodg TovL
ooTHATOG 0y (1,1;), emopéveg N Ci(,n;) mponyeiton g Cy(i,ni) (ko €meton g
Crlock(i,n)). Tlpwv v ektéheon g CSx, m PT.(i,n) extehel 10 ovvdptnon
GetCurrentData ¢ ypopung 118 vy ) x (0t g ypopuung 119 emedn n x avhkel
om readList g T(i,nj)), éotw GCD mn xkAfon g ouvapTnong ovtng, 1 omnoic
EMOTPEPEL TOL TPEYOVTA dedopéva TG X, £€0Tm dx(z). Ta dedopéva avtd dafalovtan
and évav Locator lock(z), o onoiog avayvacsOnke and v GCD o ypouun 43, éotm
otV kaBolkn xatdotaon Clock(z). Alokpive Tepmt®oel; avdloyo He TO €Gv 1M
Clock(z) mponyeiton 1 €énetor g Cx(J,n;). Eotw 611 n Clock(z) éneton g Ci(J,n).
Inpewdvetor 6t omd vrobeon n T(,n)) olokAnpavetor emtuydG 6TV KAOOAK
kotdotaon Cc(j,n;)). Awxpive nepurtdoelg avaroyo pe o €dv 1 Clocy(z) mponyeitar 1
éneton g Ce(j,n;).

Edv n Clocy(z) mponyeitar tng Ce(k,ni), t0te epdcov 1 Clock(z) Emetar g Cy(j,n;5)
kot wponyeitaw tng Ce(j,nj) onpaivel 6Tt extereitan €viog TOL SGTHHATOS 0x(]j,N;).
Enedn n T(j,n;) ohokAnpmdvetar emtoydg, and 1o Anppa 6.12 npokvnter 611 GCD,
Ba emotpéyel TV TN ToL deiktn loc.newData O0mw¢ oVTOG apyKoToOmONKE ATd TNV

T(k,ny), emopévag Oa 1oyvet di(z) # drly(i,n;). Edv n Clock(z) éneton tng Ce(j,n;), t01€
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n GCD 0Oa emotpéyel ko woAr tov deiktn loc.newData, €dv dev vmdpyelt GAAN
gmrvynuévn docoinyio petd v Ce(j,n;) kar wpv v Clocy(z) mov va evnpepavet
X, emopéveg Ba 1oydel kol oAl dy(z) # drlk(i,n;). Edv vrdpyer kamoia docoinyio T
MOV AmMEKTNGE TPOCWPWVY| WokTnoio evnuépmwong ot X 610 dwotnuo [Ce(j,n;),
Clock(z)] ko evnuépmwaoe ) x (dnAad ohokAnpodnke emtvymg) mpw v Clock(z),
tote T dedopéva dy(z) Ba dwPdoctmrav amd v GCD péow evdg Locator loc” mov
YPNOUOTOONKE Y10 TNV OTOKTNGT TPOCOPIVIG O10KTNGIOG EVUEPMONG OTN X Ao
mv T, yio tov omoio pe Baon 1o Aquuo 6.11 Ba woyvel loc’.newData # drlpwm(i,ni).
Enopévacg og ke nepintwon Oa woyvel dy(z) # drl(i,n;). 'Etol petd v odokAnpwon
™¢ GCD Ba amotyunBel og aAndng o éleyyog g 123 kou n PT,(i,n;) o€ Ba ektedécet
™ CSy, 10 omoio givon dtomo.

Emopévag npémer  Clocy(z) va mpomnyeitar g Ci(j,n;). Znv mepintmon ovt,
omv C«(,nj) n T(,nj)) Ba omoxtnoer v mpocwpwvn WoKTNGiol TG X, TO 0MOoio
onupaivel 6t Ba opicetl Evav véo Locator yia v X, dapopetikd tov lock(z). ‘Etol, 1
extédeon g CSy petd v C(J,n;), Oa amotdyet 616t1 0 Locator tng x dgv O eivar o

locx(z) *%. Atomno. ]

Anqupa 6.15: Eortw x omoiadnmote t-uetofAnty mov mepiéyetor oty readList n
writeList piog docoinyios T(i,n), yia v omoio opiletor n Cy(i,n). Tote 70
Trec(i,n;).status o¢ umopei vo. eviuepwbei uéow g extédeons g evioins CAS g
ypouung 124, onloon oe umopel vo, opiotei n Csa(i,ny), uete m Cy(in;) ko xatd v

extédean tov Wyo yia ) x ano tg executing PerformTrans g T(i,n;).

Améoein: It Cy(i,n;) kdmowo executing PerformTrans ¢ T(i,n;), éotw PT,(i,n),
exterel emruymc v eviod CAS pog ex tov ypappodv 130 kor 132 yio m X, €6T®
CSx n evtoAn avtn, pe Pdon tov Locator loc yia tov omoio woyvel loc.tran ==

Trec(i,n;). Metd v emttoyn extédeon g CSx amd v PT,(i,n;), n PT,(i,n;) amoywpel
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and Tov Wuo vt X. Avtd onpaivet 6t dev pmopet ) PTj(1,n;) va extedéoet emttuymg
Vv CSx Kol 6TV GLVEXELX VO EKTEAEGEL EMTLYMG TNV €vTOoA] CAS ¢ ypopung 124,
€0t CSip4 0VTN M EVTOAN, KATA TNV EKTEAEGT TOV W Yo T X. 'ETo1, vmoBétovpe,
dtoL TG LeBddoL NG €16 ATOTO AmAy®YNGS, OTL VLAPYEL KAmowa executing PerformTrans
m¢ T(L,ni), éoto PT;(1,ni) ko PTj(1,n)#PT,(1,n;), n onoia ekterel emroydg m CSixg
kot opilel ) Csa(i,n;), petd ) Cy(i,n;) Kot katd TV eKTEAEST TOL Wao Y100 TN X.

Inuewwvetan 6Tt enewdn n PT;(1,n;) opier tnv Ca(i,n;) xatd tnv ektéheon tov Wao
Y T X, omd tov koo (ypauun 123) mpoxvntel 0Tt n X avnkel ot readList tng
T(i,n;). Ipwv v ektéheon g CSin, mn PTj(i,n) extekel ™ ovvdptnon
GetCurrentData g ypopung 118 yio v x (0t g ypapung 119 eredn n x avikel
ot readList tg T(i,nj)), éotw GCD m kAnon g ovvaptmong ovtng, 1 omoia
EMOTPEPEL T TPEYOVTA dedopéva G X, €6Tm dy(j). Ta dedopéva avtd dafalovtan
and évav Locator lock(j), o omoiog avayvocOnke and v GCD ot ypouun 43, £é0tm
otV Kaboikn katdotaorn Clock(j).

Awkpive mepittooelg avaroya pe to €av n Clock(j) mponyeiton 1 émeton g
Cx(1,n;). 'Eoto 6t 1 Clock(j) éneton g Ck(1,n;). Me Bdon to Anppa 6.1 yio va pmopet
n PT;(i,n;) va opicer tv Csa(i,n;) petd v Cy(1,n;) dev mpémnet va £xel 10n opiotel ite
n Ca(i,n) eite n Cc(i,n;). Avtd onuaivel 60Tt To ddoTNU 0x(i,nj) OAOKANPOVETOL LE
mv emtvyn extédeon g CSios and v PTj(i,n;). Emopévag, oty mepintmon avt n
Clock(j) exteleitar evidc Tov SooTNUOTOC 0x(1,0;) OaPfalovtag tov loc Pdoel Tov
onoiov amoktOnke N Tpoowpvn wWioktnoio g x and v PT,(i,n;) ot Ci(1,n;). Xtnv
nepintoon avt N GCD emotpéeet o ypopun 51 (Adym tov €Aéyyov ™G YPOUUNS
50) kot o éreyyog g ypapuns 122 0o anotyunel wg pn oAndng amd v PT;(1,n),
10Tt Ba 1oyvet lock(j) == loc ko loc.tran == Trec(i,n;), kou o€ Ba eivar dvvatn M
extéheon g CSi and v PTj(L,ni), to omoio eivar dromo. Emopéveog mpémer m
Clock(j) va mponyeitar g Ci(i,n;i).

I'a vo pmopet n PTj(i,n;) va ekteréoet Tnv CSia4 mpémet vo amotunOel g aindng
0 €heyyoc ¢ ypauung 123, 1o omoio onpaivel 01t mpémel va 1oyvetl dy(j) # drlk(i,n;).
AvT0 onpaivel 0Tt Ta OEOOUEVE TNG X TPEMEL VAL £YOVV EVNUEPWOEL LETA TV €GO YWY
toug ot readList, cvykekpyéva petd v Crlock(i,n;), Kot mpv TV avayvoon Tovg
and v PTj(i,n;), dniadn mpwv v Clock(j), and tovAdyotov pio docoinyio T.
Agdopévov 0t Clock(j) mponyeiton g Cx(i,n;), omd to Afjppa 6.14 Tpokvmtetl Oti o€

propet va vdpyet tétowa docoAnyia T, to omoio givar dromo. ]



217

Ao 1oV KOdKa g cvvaptnong AcquireOwnerships (ypappr 115) mpokdmtel 611
TovAdyotov pia executing PerformTrans g T(i,n;) 6o mpoonabiocel va amokoet
TG TPOCWOPWVES 10l0kNGieg tov t-petafAntov mov m  T(i,n) embopet, pe
npokabopiopévn oepd, mpv v Caof(i,n;). Avtd onuoaivel 6Tt TOVAGYIGTOV pio amd
Tic executing PerformTrans ¢ T(i,nj)) o exktedécer tov Wao yuo Kamoleg t-
petaPAntés x (iomg kat 6Aeg), x € Trec(i,n;).readList  x € Trec(i,n;).writeList, Tpwv v
Caof(i,n;). Eniong and to Anppoa mpoxvmter 6t mpv v Caof(i,n;) ot executing
PerformTrans ¢ Caof(i,n;) mov Ba exteAécovv tov Wap Yo kKamowa t-petafinty X,
x € Trec(i,n;).readList | x € Trec(i,n;).writeList, o amoywpnoovy and tov Wao eite
OTOKTAOVTIOG TNV TPOoOPIVN 1010KTNGia g X gite ypdopovtag v tyw] ABORTED

oto Trec(i,n;).status, dniaodn opilovrag v Csa(i,n;).

Me Bdaon o Aqupa 6.13 kopio and tic executing PerformTrans g T(i,n;) 6e pmopet
va amoktoet Vv t-petafant FM(i,n;) petd v Csa(i,n;). Emiong, n FM(i,n;) o¢
umopet va amokthOnke and tig executing PerformTrans g T(i,k) mpwv v Csa(i,n;),
0Tt €dv avtd cvvéParve pe Paon to Aqupo TpokvzTel 6Tt dg B Tav duvatd va
optotel 1 Csa(i,n;) xoatd v ektédeon tov Wao vy v FM(i,n;). E@dcov ot
TPOGWPIVEG 1010KTNGiEG TV t-petafAntav mov M T(i,n;) embopei, amoxt@vtol pe
nmpokabopiopévn oepd, amd 1o Anuupo 6.13 mwpokvmTel 0Tl o PUmOPOvV va £YOVV
aroktnOel ot t-petafAntéc g T(i,n;) mov €movion oty koBopiopévn ddTaEn ™G
FM(i,n;) (epdoov de pumopet vo amoxtnOel n FM(i,n;)). Inueidvetror 6t n Csa(i,n;)
nponyeitar ¢ Caof(i,n;). 'Etol, mpokdmrer 011 £rovv amoktnOel o1 TPOoowPIVES
ok oieg Tov t-petafAntadv g T(i,n;) wov Tponyovvror g FM(i,n;). Edv avto dev
toyve Yo Kdmola amd avtéc, £€6TM X, TOTE KATA TNV €KTELEST] TOV Wao Y10 TN X, OO
10 Aqupo. wpokvmret 6Tt Ba ypaeei n tiug ABORTED oto Trec(i,n;).status, to onoio
pe Baon 1o Anuuo 6.1 onuaiver 6t 6e pmopetl vo oprotel n Csa(i,ni) katd TNV

extéleon Tov Wao o v FM(1,n;) (mov €émeton ot didtaén g x).

Hopioua 6.16: Ecv n Csa(in;) opiletou, tote: i) H FM(i,n) eivou n wikpotepn oty
owaraln t-uetafinty mov avixel oty readList n oty writeList g T(i,n;) mwov kamoio.

executing PerformTrans tg T(i,n;) dev kotapepe vo. oamoktioel, mpiv v Csa(i,n;), kai
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ii) Kouia executing PerformTrans g T(i,n;) dev amokta kOmolo, t-uetafinty mov givai

ueyalvrepn e FM(i,n;) ueta v Csa(in).

Inuetoveton 0Tt omd 1o Ilopiopa 6.4 mpoxvmtel 6t oty Caof(i,n;) to status tng
docoinyiag T(i,n;) pmopet va eivar ABORTED 11 ACTIVE. Edv éxet yuq ABORTED
onpaiver 61t | Csa(i,n;) mponyeitor g Caof(i,n;). Edv éxer yun ACTIVE, pe Bdon to
OTL 01 TPOSWPIVEG 1010KTNGieg TV t-petafAntov mov n T(i,n;) embBopel amoxtdvToL
pe mpokabopiopévn oepd Kot to ANppo  mpokvmtel Ot Eyovv amoktnOel ot
TPOCWPIVEG 1W010KTNOlEG OAwV TV t-petafAntov mov n T(i,n;) embopuei. ‘Etol, oty
Caof(i,n;) 1oyver Trec(i,n;).status == ACTIVE edv kot povo edv ot executing
PerformTrans ¢ T(i,n;) éyovv amoktnoel, mpwv and v Caof(i,n;), TG TPOCWPIVEG

Woktnoieg OAmg TV t-petafAntav tov 1 T(i,n;) embopuei.

Emiong €bv oty Caof(i,n;) wyver Trec(i,n;).status == ACTIVE 161 pe Paon to
Aqupo wpokvmtel 0Tt 0 umopel va oprotel  Ca(i,ng) Ady® NG EMTLYOVG EKTEAECTG
¢ evtoAng CAS g ypapuung 124. EInpeidvetor 6Tt 0 pHOvVog TpOTOg OPIGUOD TNG
Ca(i,nj) xotd T0 deVTEPO G6TAdI0 NG ekTéAeons ™G T(i,nj) Ko petd v KANoN G
ovvdptnong PerformTrans ot ypopun 98, elvar pe v emtoyn ektédeom g
evtoag CAS ¢ ypouung 124. Opilovue A to cbhvoro mov mePLEYEL TIG executing
PerformTrans t¢ T(i,n;) mwov mapatnpodv Trec(i,n;).status == ACTIVE omv
Caof(i,n;) kou pe Pdon tov kadka (ypopun 106) extehovv v eviody CAS g
ypapung 107, éotw CS n evtod) avtr. Me Bdon to mopondve, n Tpodtn executing
PerformTrans tov cuvolov A mov Ba ektedécel mpatn v CS, Bo v ektelécet
emruyng, opifovtag pe avtd tov tpdémo v Cc(i,n;) Ko yapaktnpilovrag v T(i,n;)

g emrtvynuévn. ‘Etol, mpokdntet to mapakdto [1opiopa.

Ilopiocua 6.17: Mo oocoinyia T(i,n;) yopoxtnpiletar ¢ emToyxquévy, oniaon
opiletou n Ce(in;), eav kou uovo eav or executing PerformTrans tng éyovv amokthoel

TIC TPOGWPIVES 1010KTNTIES OAWV TV t-UeTOfANTOV IOV QT emLBVUEL.

210 onueio avtd amodidovpe onueio GEPLOTOINONG OTIC OOGOANYIES. ENUEUDVETOL OTL
vy poe doconyio T(i,n;) amd to Aqupa 6.1 wpoxvmtel 6t1 povo pia ek tov Ce(i,ng)

kot Ca(i,n;) pmopel va opwotel. Emopévog de ypewdleton va amodobel onpeio
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oglpomoinong yo pia pn emroynuévn docoinyio T(i,n;), yio v omoio dnAadr €xet
optotel  Ca(i,n;), 010t avT| dev umopel va eKTEAEGEL EmTLYMOS TNV €VTOAN CAS g
ypopune 107 xow vo opicer v Cc(i,ng), evnuepodvovtag €161 OTOONTOTE  t-
petafintn. ‘Etotl amodideton onpeio ceplomoinong og kdmota docoinyia T(i,n;) povo
eqv autn elvan emrvynuévn, onladn €xet ekteléoet ) Aettovpyic CommitTransaction
Kot Kamown and Tig executing PerformTrans tg T(i,n;) €xel exteAécel EmTLYMOG TV
eviom] CAS ¢ ypopung 107, opiCovtag 1 Cc(i,nj). TomoBetodue 10 omueio
oeplonoinong g T(i,n;) ot Ce(i,n;).

Anqupa 6.18: Eotw GCD uio orworadnmote kAnon g Acitovpyiog GetCurrentData amo
v T(i,n;) yio kamoio t-uetofinty x. Eotw ot n GCD oloxAnpdvetar otnv kalolikn
kotdotach C Kol ETIOTPEPEL EVAV OEIKTH G OEOOUEVQ, TOV OTOLO EYEL O1OLATEL OTTO EVOY
Locator loc. Eotw T(j,n)), i#j, n docoinyio mov dnuiotpynoe to loc @ote va amoxtioe!
Paoer avtod v mpocwpivy ioktnaio e x. Ipv v C gite Qo Eyer opiotel pio ek twv

Cc(j,ny) xou Ca(j,n), eite Oa 10y0e1 loc.oldData == loc.newData.

Andéoaitn: H GCD dwpdler oty ypapuun 43 v tipn tov loc, éotw oty Kool
kataotaon Caz. EnuetdveTon 0Tt 0 EAeYY0g TG Ypapung S0 de pmopel va amotiunOei
oe TRUE 61611 and vndbeon i#), emopévaoc n GCD de pmopel va emotpéyel o1
ypopun S1. Zmm ovvéxein m GCD owPaler ot ypopuuy 46 v T Tov
Trec(j,n;).status, £otw oty kabowkn katdotacn Cs. Edv o €leyyog pag ek tov
ypoppav 53 kot 54 amotundel wg aAndng, n GCD Oa emiotpéyel 6TIg YPUUUES OVTEG,
Kot Oa éxel oprotetl mpv v Cas, Gpa kot py v C, gite n Ce(j,n;) eite n Ca(j,n),
avtiotorya. e avtibetn mepintwon, otnv Cae, 0o 1oy0el Trec(j,n;).status == ACTIVE.
Edv o ékeyyog g ypapuns 49 amotiundel og aindng tote 1 GCD Ba emotpéyetl o
ypappn 50 kot Ba woyvet loc.oldData == loc.newData. e avtiBetn nepintmwon 1 GCD
0o ekteléoel T ovvaptnon TryHelpTransaction g ypopuung 52. And to Idpioua
6.7 TPOKHTTEL OTL TPV TNV OAOKANPMOT TNG GLVAPTNONG aVTHS Ko apa mtptv v C,

Oa £xet oprotel pia ex Tov Cce(j,n;) kot Ca(j,n;). |

‘Eoto po extédeon a kot éoto C pia omoladnmote KaboAkn Katdotaon g o 6TV
omoia Kamola docoAnyia T(i,n;) etvan exkpepune. Xoppforilovpe pe Oc = {xi, X2, ...,Xk}

Oc = {Xi, X2, ...,Xk} T0 6OVOAO T®V t-petafAnt®dv mov mepéyovtor otn readList g
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T(i,n;) otnv C. Znpewdvetan 0Tt T0 TAN00G k Tov ototyeimv Tov cuvorov O¢ e€aptdtan
ard v kaboikn katdotaon C. ZopPorilovue pe D(Oc¢) = {d;, dy, ..., dk} T0 chvoro
TOV OEIKTOV 0T0 dedopéva TV t-petafAntov tov Oc¢ mov mepiEyovtor otn readlist
™¢ T(i,n;) oty C (vrevBopiletar 6t k6O deiktng dp, 1<b=<k, avamapiotd Tnv €kdoon
™G Xp TN XPOVIKN OTIyU| TG KaBoAkNg avdyvoong tg). YrevOouilovpe 6t kébe
emruyMuéVN docoAnyia ceplomoteitor Pacel pog KaboAkng KoTdoTaong g o Kot
O CLYKEKPIUEVA TNG TEAEVTALOG TOV TTponyeiton TG terevtaiog Validate mov extedet
n docolyia. ‘Etot, dedopévng piog koboikne katdotaong C kot towv onueiov
OELPLOTOINONG TV EMTVYNUEVOV OOGOANYIDV GTNV o, ULTOPOVLE Vo KoBopiGovpe TV
enakoAovdio TV ETITUVYNUEVOV OOGOANYIDV TNG O TOV GEPLOTOOVVTOL GE KAOOAIKES
Kataotdoelg mov mponyovvion g C. Aéue 6t1 10 obvoro D(O¢) eivon cuveméc av
kd0e otoryeio dp’, 1<b<k, ToV GLVOLOL aLTOV delyvel oTa dedopéva Tov gyypdlpovtal
amd TNV TeAevtain emttuynuévn docoAnyio. mov oeplomoteitor wpwv ™ C Ko

EVNUEPDVEL TNV OVTIGTOYN Xb.

Afqppa 6.19: Eotow o emiroynuévy docolnyio T(i,n;). To odvolo D(Oceginiy) eivou

ovverés oty Ce(iyny).

Am66En: 'Ecto D(Occini) = {di, do, ..., di}. Oa deryBel 6Tt Yo k6O b, 1<b=<k, 70 dp
EYYPAPETOL OO TNV TEAELTOIO EMTLYNUEVT] OOGOANYIK TOV GEPLOTOLEITAL TPV TNV
Cc(i,nj) Ko EVNUEPAVEL TO Xp. XAPLY OMAGTNTAG GTN GLVEXELW OOl AVOPEPOUAGTE OTA
Xp Kot dp ¢ X kou d, avtictorya. Enpewwveton 6Tt to d dwPdleton amd v T(i,n;)
néow evog Locator, o omoiog dwafaletar amd v GCDrlk(i,n;) otnv Crlock(i,n;) Ko
eyypapetor ot readList g T(i,n;)) pali pe ™ x omv Crlk(i,n). 'Eocto, o g
uebodov g €1g Gromo amaymyng, 6Tt vdpyet Kamowa t-petaPAntn X € Oc Té€T010 MOTE
n tekevtaio emtoynuévn docoinyia, £otw T(j,nj), mMOL EvNUEPAOVEL TN X Kot
oepromoteital mpw v Cc(i,ng) ypaeet v tiun d’#d ot X, pe faon kdmowo Locator
locx(j,n;) (Yo tov omoto oyvet locy(j,nj).newData == d’). Inpewwveror 6Tt n T(j,n;)
cepromoteitar 6tnv Ce(j,n;), n onoia omd vrodOeomn nponyeitar g Ce(i,n;).

Amo to [Topiopa 6.17, mpokdmtel 6t 1 T(i,0;) €€l AMOKTAGEL TNV 1O10KTNGI0L TOV X
otV KaboAkn katdotaon Cy(i,n;) n omoia wponyeitar tng Ce(i,n;). Eniong pe faon to
oo ITopwopo mpoxvnter 61t n T(j,n;) €yel amoktnoel v WOKINGloL TOL X GTNV

kaboiwkn kotdotaon Ci(,n)) n omola mponyeitar g Cc(j,nj). Epdcov n Cc(j,n;)
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nponyeitor ¢ Ce(i,ni) mpoxvmrel 6Tt N Ci(j,nj) mponyeitor g Ce(ini). And to
Afppo 6.9 mpokdmrel 6L N Ci(j,n;) 6e pmopel vo opiletar vidg TOL SOGTAHUATOG
ax(1,n;), emropévag n Ci(J,n;) mponyeitar g Cy(1,n;). Anod to Afjppa 6.14 mpokvmtel OTL
n Ci(g,nj) de pmopetl vo opileton evtog tov daostnuatog [Crlock(i,n;), Ce(ini)].
Emopévamg n Cx(j,ny) mpémet va mponyeiton tng Crlock(i,n;).

Awkpivo mepurtooceg avaroyo pe to edv n Cce(j,nj)) mponyeiton M £metar g
Crlock(i,n;). 'Eotw o6tt n Cc(j,nj) €meror g Crlocy(i,ni). Avtd onpoaiver Ot
Crlock(i,n;) émeton tng Ci(j,n;) xon mponyeitar g Ce(j,n;), dniaodn) opiletor evidg Tov
daotpatog ox(j,n;). Enedn n T(j,n;) oAokAnpdvetol emttuydg, and 1o Anppo 6.12
npokvmtel 61t 1 GCDrl(i,n;), o emotpéyer v Tl d’# drlpm(i,ng) tov deikt
locy(j,n;).newData dénwg avtdg apytkomromOnke and v T(j,n;), to omoio ivor dromo.
Emopévamg mpéner n Ce(j,n;) vo mponyeiton g Crlocy(i,n;). Ztnv nepintwon avt, yo
va pmopet 1 T(1,n;) va dwaPdoet oty Crlock(i,n) tnv tipn d yio ) X Tpémetl va vapyet
kamola emttuynuévn doconyio T(k,nk), k#i#j, mOv amoKTA 110KTNGI0 EVNUEPMONG
ot X, éotw oty koboAwkrn katdotoon Cy(k,ng), perd t Ce(j,nj) Kor mpwv TNV
Crlock(1,n;), Baoet kdmorov Locator loc” v tov onoio woyvet loc’.newData == d.

H T(k,ny) ocepromoeiton omv kaboikn katdotaon Ce(k,ng). H Ce(k,nk) pmopet
va énetan N va tponyeiton g Crlock(i,ni). Eotw 6t Ce(k,ng) émetan g Crlock(i,ng).
Ymv mepintoon avty 1 Crlock(i,n;) ekteleitor eviog Tov dtouoTHoToc ox(k,nk) Kot
emopévg 1 GCDrly(i,n)) emotpéper tov Locator loc’. Emewdn n  T(k,ng)
OAOKANPAOVETOL EMTVYDOC Kot 0 loc’ meprypdepel Kamow mpocwpv] 1doKTNGio
evnuépoong (to omoio onuaiver 6t oydel loc’.oldData # loc’.newData), and 1o
Anppa 6.18 Tpoxvmtel 6tL Tpwv v ohokAnpwon g GCDrli(i,n;) Ba £xel oprotel M
Cc(k,ng). Emedon m orkoxAnpwon ¢ GCDrli(i,n;) mponyeitow ¢ Crlocy(i,n),
npoxvntel 6Tt N Ce(k,nk) mponyeitar g Crlock(i,n;). Emopévac oe kébe mepintwon n
Cce(k,ng) mponyeiton g Crlock(i,n;) ko emedn n Crlock(i,ni) mponyeiton g Ce(i,ny),
npokvntel O0tt N Ce(k,ng) mpomyeitar g Cc(i,ng). Emiong, n Cec(k,nk) émetar g
Cc(j,nj). Emopévag n T(,n;) dev eivou n tehevtaia docoinyio emtuynpévn 6ocoinyio

TOV EVNLEPMVEL TN X Kol cepromoteiton tptv amd ) Cc(i,n;), To omoio givot dtono. m

Amo6 1o Iopopa 6.8 mpoxvmrer 601t 1 Ce(i,ng) eivar kadd opiopévn. Eniong and to
Afppa 6.19 mpokontel 01t Tar 6edopéva Tov D(Oceiini)) €tvor ocvvenn ot Ce(i,n;).

‘Etol mpoxintel to mapokdtom GOsmpnpua.
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Ocopyua 6.20: O olyopiBuoc NBSTM eivou oeipromornoiuog.

6.2.2. ElevBepio Kicidwuatwv
v moapovca Evomnta amodeikvoetoan Ot o adyopipog NBSTM wavomoel v

WO TEPUATIGHOD NG eAevBepiog KAEW®UATOV.

Anppa 6.21: O kwdikog To0 yYpHotn e Umopel vo. EKTEAEL en’ Amelpo Kamoio Ppoyo

AOY®W QOVVETELAS TV OEOOUEVMDV TTOD YPHOIUOTOIEL.

AnéoeiEn: H anddeiEn eivor avtictoym pe v amddeién tov id10v AMUPaTog oTov

alyopiBpo DSTM kon mopadeinetar.

Ao tov KOdwka (ypopupég 43, 51, 52, 126 kou 127) mpokdmtel 4Tt pior doGoANyio
T(i,n;) Bonbé pio GAAN docoinyia T(j,n;) va ohokAnpwdet, povo eév n T(j,n;) Katéyet
Kémowo omd TIC TPOSWPVES 1W1oKTNGiec mov M T(1,n;) embBuuel. Emiong amd tov kdowa
(ypappésg 96, 97, 115, 130 xon 132) mpokdmrer 6t o1 doconyiec otov NBSTM
AmOKTOOV TIS 1010KTNGieg Tov emiBupovv pe cvykekpipuévn kabolkn oepd. Etot

TPOKVTTEL TO TOPAUKAT® TOPIGLLOL.

IIépioua 6.22: Kouio oocoinyio o umopel vo. exteiel ex’ dmelpo komoio Ppoyo

eoutiog s viomoinong tov unyoviauod fonbeias oo NBSTM.

Ocopnyua 6.23: O olyopiBuos NBSTM ixavomoiel v 1010tHTo. TEPUATIOUOD THS

elevBepiog rleldwudTwy.

An6oailn: 'Eoto o omowdnmote dmepn ektédeon o tov aAiyopiBpuov NBSTM.
‘Eotw 611 ommv a ektedodvtar k docoAnyieg T(1,n;), T(2,ny), ... T(k,ng) amd TG
depyaocies pi, p2, ---» Pk, GvTioToya. YmobBétovpe, oo g pebdoov g €1g dtomo
amay®yns, 0t o aiyoppog NBSTM dev wavonotel v d10tnta TEPHOTIGHOD TNG
erevbeplog Khewopdtov. Emopévog otv docolnyieg T(b,ny), 1<b<k, mpémer va

EKTEAOVV KAmOowoV dmelpo Bpdyo, £T61 MOTE Kopio omd oTES VoL UV OAOKANPOVETOL.
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Ao to Aupa 6.21 TpokLATEL OTL 0 KOJIKAG TOL ¥PNOTn O€ umopet evBHveTaL Yo TOV
U1 TEPUATIGUO TV S0GOANYIOV avTdV. ETopévmg mpémet ot docoinyiec va exteAohv
Kémowov anepo Ppodyo tov kodko tov NBSTM. And to [Topiopa 6.23 mpokvmtetl Ot
N viomoinom tov pnyavicpov Pondelag o pmopel evBvivetan Yo Tov pn TEPLOTIGUO
10V docoAnyiav T(b,ny), 1<b<k. Etct, and tov kddika TpoKvmTEL, OTL 01 00GOANYieg
avTéG pmopel va unv olokAnpavovion egoutiog G €M AMEPO EKTEAEOMG TOV
povadtkov PBpoxov Waop tov NBSTM. 'Eotw 611 6Aeg ot docoinyieg T(b,ny), 1<b=k,
kot ot executing PerformTrans tovg ektehovv en’ dnepo tov Wao Yo Kdmowo t-
petafint) Xy (N Xp pmopetl va d1aopetikn 1 Oyt yuo kébe docoinyio T(b,ny)). Zn
CUVEXELNL LEAETOVE TN CLUTPEPLPOPA LG omotadnTote omd T1g docoAnyieg T(b,ny),
1<b<k, éotm T(i,n;) mov ekteAel Tov Wao yo T X (OnAadn b=i).

Ano tov kmowa (ypapupés 120 kou 121) mpoxvmter 6t n T(i,n;) de pmopet va
KOAAoEL 6TOV Wap TTov ekTeleiTan Yo T X; €Gv €xel opiotel pa ek twv Ce(i,ng) kot
Ca(i,nj). 'Etolr xopio and T1g executing PerformTrans g T(i,n;) de pmopel va
exteléoel emtuydg Vv eviody CAS g ypopung 124. Anoé to Ilopopa 6.4
npoxvntel 0Tt ot Caof(i,ni) o Trec(i,ni).status pmopel va €xer tyun ACTIVE 7
ABORTED. Edv éxet tyup ABORTED onpaiver 6t éxet oprotei 1 Ca(i,ng), eved dv
&xet i ACTIVE oand 1o Topopa 6.17 mpokvmter 6tL ot cuvéyeln Bo opiotel M
Cc(i,n;). 'Etot, pe Paon ta mopandve yio va pmopel va n T(i,n;) va extedel en’ amelpo
tov Wao ywo | xj, mpémel va. unv €xel optotet n Caof(i,n;). And to [Mopioua 6.10
npoxvntel 0Tt mpwv v Caof(i,ni) ot executing PerformTrans tg T(b,n,) mov Oa
ekteAécovy Tov Wyao yia ) X; B amoympnoovv and tov Wao €ite amoktodvTag TV
mpocwpv wWwokmoioe ™G X elte  yphooviag v Ty ABORTED o10
Trec(i,n;).status, oniadn opiCovtag v Ca(i,n;). Exiong and tov kdowka (ypauun 122)
npoxvntel 6t N T(1,n;) de pmopel va koA oeL 6tov Wap mov ektereital yio ) X; €6V
&xel amoktn el n Tpocwpvn Wroktnoia g Xi. 'Etot yua va pmopei | T(i,n;) va extedel
en’ amepo tov Wao via T X pénet kopio and 11g executing PerformTrans g va
UMV OTOKTNGEL TNV TPOGMPIVY] 1010KTNG10 TNG X;.

H T(i,n;) mpoomaBel vo omoKINGeL TNV 1010KTNGIN TNG Xj, LE TNV EKTEAECT TNG
evtoAg CAS og ek tov ypoppmv 130 ko 132, éotm CS; n evtodn avtr. Ao tov
KOOIKO TPOKVTTEL OTL 6€ KAmown KaBoAkn kotdotaon wpy v ektédeon g CSin
T(1,n;) éxer BeParwbel 6T 1 1WG0KTNGIO TS X; €lvarl eAevBepn. 'ETot, yia va amotiyel M)

extédeon g CS; mpénet kamola GAAN docoinyia T(j,n;) va anéktnoe v WokTnoio
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mS Xi. 21N ovvéyela, N T(,n;) dev katapyel tn wWokmoio e Xi, dOTL €bv owTd
ovvéBaive Ba onpatve 0t eiye opiotel eite  Ce(j,ny) eite n Ca(j,n;) ko eTOUEVOS TN
ocvvéyewn N T(j,n;) Ba olokAnpwvotav, kTt To omoio avtiriberor oTnv VIdbeon OTL
Kapio docolnyia dev teppatilel. Emopévog noig n T(i,n) emavekteléoel tov Wao
vy ™ X;, Oa Pondnoer v T(,n)) vo orokAnpwOei, exteldvrag tn ocvvéptnon
TryHelpTransaction piag ex tov ypappov 52 1§ 127 yio tyv T(,n;). Ano to [lopiopa
6.22, mpoxvmter 60tt N T(i,n;)) O0e pmopel vo KOAAMNGEL KOTA TNV EKTEAECT] NG
GLVAPTNONG AVTNG Kol ETOUEVAOG 1 GLVEPTNOTN oVt emoTpEPet. 'Etol, and 1o [1opioa
6.7 mpokvmtel 0Tt £xel oprotel pia ek tv Ce(j,n;) kot Ca(j,n;), kot dpa n T(,n)) €xet

oAoKANpwOEel, KaTL TO 0Moio givan Atomo. Emopévmg 1o Osdpnpa 1oydeL. ]

6.3. IloAvmhokotnTOo 0ryopiOpov NBSTM

Yy mapovoa Evotmra cvinteitor n molvmAokdtnta tov aiyopiBuov NBSTM. O
NBSTM omoutel vy v avoarapdotacn ke t-petafAnme évav koataympnty CAS
MEMEPACUEVOL UEYEOOVG KOl 3 KOTOXWPNTES OVAYVEOONS EYYPUPNG TETEPUCUEVOL
peyébovg. o v meprypaen g dopung kdbe docoAnyiog, amontel Evav Katoympnt
CAS memepacpévov peyébovg, 3 KoTOXOPNTES AVAYVOONG EYYPOAONG YloL TNV
neprypan| kébe otoryeiov g readList kot 2 KOTOY®PNTES OVAYVOONG EYYPAPNS Y10

™V mePLypaen ke croryeiov g writeList.

Kabe emroynuévn socoinyio otov NBSTM mov mpooneddoet R t-petafintéc yuo
avéyvoon kot W t-petafintég yio evnuépwon eAlelyel ovioy®viopov, omoutel
ToVAdloToV R+W gviodéc CAS yuo TV amoOKTNOY TOV TPOSHPIVAV 1010KTNOLOV TOV
t-petaPintédv, O(R?) KOGTOC Y10 THV EKTEAEGT] TOV UNYOVIGHOD EAEYXOL GUVETELNC,
O(W*logW) ko6ot0o¢ yoo tnv tagivounon tov ototyeiov g writeList, O(R*logR)
KO6T0G Yoo TNV taSvounon tov ototyelwv g readList kot pio eviodn CAS ywo v
EVIUEPMOOT) TV JESOUEVOV TOV t-UETABANTAOV KOl TNV KOTAPYNON TOV TPOSHPIVOV

1010KTNCLOV TOV t-UeTOPANTOV.
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KE®AAAIO 7. EHIXKOIIHXH YITAPXONTQN
AATOPIOMQN STM

7.1 Mn-gumodictikoi AAydpifpot
7.2 Epmodiotikoi Alyopiouot

7.3 Xvvorntikoi [Tapovcioon AlyopiBuwv

10 TopdV Ke@AAato Ba yivel pia emokomnon Tov vrapxdviov aiyopifuwv STM. H
EPELVNTIKY OPACTNPLOTNTO GTOVG GLYKEKPUEVOLS ahyopiBuovg Eexivnoe to 1995,
otav kol glonydn n évvola ¢ Software Transactional Memory and tovg N. Shavit
kot D. Touitou omv opdvoun epyacia tovg [19]. v ovykekpévn epyocio
TOPOVCLICTNKE EMIONG £VOAG UN-EUTOOIOTIKOG AAYOPIOLOC Y10 OTATIKEG OOGOANiES.
‘Enetta, petd omd apketd peydio ypovikd owdomnuo, to 2003 dnpooctevbnke o
devtepog aryopiBuoc STM [12], mov ovopdaleton DSTM, o omoiog ftav emiong un-
EUTOOIOTIKOG  0AyOpOLog Opme vmootpile duvapkés oocoinyies. 'Extote, 1
gPELVNTIKY OpacTNPOTNTO YOP® 0mtd Tovg alyopiBpovg STM eivan évrovn Kot Exouvv

dnpocievdel apketég epyacieg mov mpoteivovy vEOLS TETOL0VE aAyopifovG.

210 Tapdv ke@AAailo Ba meprypapovv ot Kuplotepol adydpBpor STM. H mapovcioon
KéOe alyopiBuov otV mapovoa epyacio mpaypoTonoleiTal PAGEL TOV AVTIKELEVOL
STM mov mapovcidotke otnv Evomra 0, kdtt to omoio amodekvoel 0Tl TO
npotevOuEVO povtélo STM eivar apketd yevikKd doTe Vo UTOpEl Vo TEPTYPAYEL TOVG
TEPLoGOTEPOVG LVITAPYOVTEG adyopiBuovg STM. 'Etot, ) mapovsioon tov adyopiBuwv
010 Topdv Kepdrato dtapépet amd Tov TpOTo Tapovsiasns Toug omd Tovg id10vg ToVG
oLYYPAPELG TOVS, OTIS avTioTol e epyacieg Tovg. H mapovsiaon twv adyopibuwmv Oa

yiver yopilovtdg Toug oe dvo Katnyopieg avarloya pe 10 €av eEacpaiilovy kdmoln



226

EUTOOIOTIKN 1 UN-eUTOdIoTIKN 1010t Ta TEppaTiopov. Emiong kotd v mapovsioon
tovg B0 €0TIBOOVUE OE OCULYKEKPUYEVES OYEONOTIKEG EMAOYEG oL O KaBEvag
akoAiovbel. Ztic Evomnteg 7.1 ko 7.2 B mapovsiactouy ot Kuptotepol alyopifpot
STM. Zmv Evétmra 7.3 Bo mapovcloctel £vog GUVOTTIKOG THVOKOG UE TIG WOOTNTES

KO T YOPOKTNPIOTIKG KOO adyopiBov.

7.1. Mn-gpmodrotikoi AryopiOpol

2y moapovoa evotnto Ho TAPOVCIAGTOVY 01 GNUAVTIKOTEPOL VILAPYOVTES OAYOPIOLOL
STM mov eyyvdvTol KOTOW UN-gUTOSIGTIKY O0TNTO TEPHOTIGLOV. ZTUEIDOVETAL OTL
&yovv NoM mapovolactel dvo Té€totor aAyopBpol STM ota Kepdiaio 4 kot 5, ot

aryopiBpotr SSTM kot DSTM.

7.1.1. FSTM-OSTM

To 2004 o K.Fraser otnv owaxtopikny tov dwrpn [6] mapovsioce &vav véo
alyopBpo STM, o omoiog vAomotel duvapukn pvaun STM kat ovopdleton FSTM, amd
T0 Ovopa Ttov ovyypaeéo Tov. O alyopiBpog FSTM vrmootpiler dvvopukég
docoyiec kot Pertidver tov adyopiBpo DSTM  ikavomoidvtag tnv 1d10TnTa
TepUATICHOD NG elevbeplog kAewopdtwv, n omoio glvar oyvpdtepn ond TV
avtiotoyn eievbepia aviaywvicpov tov DSTM. Ta v emitevén g 1010TT0G
avtg, o FSTM ypnowomotel éva unyaviouo emavaloufovousvns fonbesiag mov Oa
meptypopel otn cvvéyela. Axoun o FSTM é€yel oyxedaotel va Asttovpyel o€ KAEGTO

povtélo uvnung, omtwg kot o DSTM.

O aiyopiBuog FSTM viomotel dvuvopkr] pvaun STM, emopévmg o xpnomg eivan
vevBouvog va ypnowonotet T Asttovpyia CreateNewTmVar tov avtikeyévov STM,
KkéOBe Qopd mov OBéAel va dmpovpynoetl i véa t-petafAnty. o v emitevén g
wwomrag ¢ oepomomotpdmmrag, o FSTM ypnowonotet ™ pébodo amdktnomg
TPOCOPIVAV 1O10KTNCLOV €Ml TV t-peTafAntadv. Xtov FSTM «kdOe t-petafint) sivot
évag katayopnts CAS kot mepiéyeton og pa douny TmVar. H t-petafint tv givon
évag OgikTNg start mov dgiyvel ota dedopéva g tv. H popoen pog t-petafaAnt tv mov
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TEPLYPAPEL TaL dEOOUEVA EVOG avTiKeEVOL obj otov FSTM mapovcialetal oto Zynuo

7.1.

TmVar Xapog Aedouévarv

tv

— » | obj’sData

Zyqua 7.1: H popon evog dtopotpaldpevon avTiKeEVoy obj mov TePYPAQETOL LECH

pag t-petapintng tv, otov FSTM.

O FSTM ypnowomotetl tov deiktn start tng TmVar pog t-petofAntig tv yuo v
TEPLYPOUPT] TNG O0GOAMNYIOG TOV KATEXEL TNV TPOCWPVH W10KTNGio TG tv. Avtod
onuaivel 61t 0 FSTM ypnoonoiel tov 1610 deitn start g tv yio v weptypoer| Tmv
JedOUEVOV TNG tV Kol TNG 00CGOANYIOG TOV KOTEYXEL TNV TPOCOPIVY 1010KTNGio TNG tv.
[Ma va 10 emtoyel avto, ypnoyonotet £va bit Tov deiktn avtov (To YOUNAOTEPO) TTOV
ONAovel edv o deiktng oeiyvel oe dedopéva M oe kdmoa doconyia. Emopévac, o
FSTM ypnowonotel ava t-petafint avdbeon mpocwpvav dokmmowdv. o v
amdKTNON NG TPOCMPIVNG 1010KTNGI0G oG t-petafAntig tv amd pioe docoAnyia
T(1,n;), apkel 1 docoAnyio vo KOTAPEPEL Vo YpAWEL GTOV start Tng tv v T evog
delktn mpog v dopn ¢ Trec(i,ng), pécw g KaTAAANANG evioing CAS kot evocm
Kopio docoAnyio dev katéxel TV ovtictoyn mpoowpvy wloktnoio. Emopéveg o
FSTM gypnowonotel endvoun mAnpogopio mpocwpvig dwoktoiog Mo v
KATAPYNOM TG TPOoWPIVIG W1oktnoiag g tv apkel n T(1,n;) vo ypayel oTov deikTn

start g tv évav deiktn mpog ta dedopéva TG tv.

H popen tov cvomuatog FSTM mapovoibletar oynuotikd oto Zynuoe 7.2, 6mov
TOPOVCIALETOL oL TOEWVOUNUEVT KATA aOEOLGO GEPA GLVOEOEUEVT] AMOTOL TTOL
nepexet ta otoyeta 1,7,10. Onwg amortel to avrikeipevo STM, o FSTM dev emtpénet
va vdpyovv deikteg amevdeiog HETAED TV dedoUEVDV, 0AAG Eva dedopévo d; umopet
va mepiéyet dgiktn p oe €va dedopévo d, pdvo edv o p delyvel oty avtictoyn t-
petafint) mov meprypdoer to dy. Emiong, ydpwv evkoliog mapovoioong Tov

GLYKEKPLUEVOL TTOPAOELYLaTOg, vIToBETOoVE OTL O XPNOTNG dTNPel wg dedopéva TV
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t-petafAnTov Toug KOpPovg g Aotag Kot oyt delkTeg TPOS TOVG KOUPOLG aVTOVG
(evad Omm¢ Exer avapepOel dratnpel Toug ocikteg). Akoun, o FSTM opilel 6t kébe
docoyia dwatnpet otn doun ™ évav kataywpnty CAS status, o omoiog £xel Tiun
ACTIVE 600 n docohnyia eivar exkpepng ko AapPaver tiug COMMITED 7
ABORTED 6tav 1 docoAnyio oAokANpmOEel MTUY®OG 1) UN-EMTVYDOG, AVTIGTOLYO. XTO
OLYKEKPIUEVO  TOPAOEYHD Ol TPOCOPWVES 1O010KTNGiEC TV  t-peTafAntdv 7OV
mEPLYpAPovV to. ototyeia 1 ko 7 g Alotog Katéyoviol omd TNV EKKPEUT S0GOANYin
T, ko1  Tpocwpvn) Wokoia g t-petafANTG mov meprypdpetl to ototyeio 10 dev
&xet amoktnOel amd Kopioo SocoANYia VTN TN YPOVIKY| CTIYUT. ZNUEIDOVETOL OTL [E TO
dwkekoppévo ko ykpia  Peldakio  mwopovowdlovror To  dgdopéva  To  omoia
TEPLYPAPOVY 01 OeikTeg start 6tav Kapio 00GoANYio eV KATEYEL TIG TPOCWPIVES

O10KTNO1EG TV OVTIGTOY®V t-HETAPANTOV.

Aocolnyies TmVar Xapog Aedouévav

(=) ol

Zyua 7.2: H popoen pog taSivopnpévng kot avgovoa dtdtaén ocuvdedepuévng AMotog
otov FSTM.

O oiyopiBuog FSTM ypnoonoel ™ péBodo G €K TV VOTEPOV OMOKTNONG
TPOCOPIVAV O10KTNCIOV, 0TS Ba TEPYpaPEl GTN GLVEXELD, Kol £TGL YPNCLULOTOLEL
™V €TEPOYPOVICUEVT] HEOOOO evnuépmons Tov t-petafAntdv, To omoio onuaivel 0Tt
dwtnpel to véa dedouéva TV t-pUETOPANTOV o€ ML OO  ETOVEKTEAECT|G.

Inueidveton 0Tt Yo kéOe t-petafint tv mov evnuepaveTol amd Kdmolo doGoAnyia
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T(i,n;) dtnpovvtor povo to teAevtaio dedopéva TG tv 6T JOUT| EMAVEKTEAEONG TNG
T(i,n;)) kot 6y mBovodg kamowo evotbpeso dedopéva, €av n T(i,n) evmuepavel
TOMATAEG Popég T tv. o v datnpnomn g doung emavektédeong o FSTM opilet
ot KaBe docornyia Ba dwatnpel ot doun ¢ o Aota evnuepdoewmv writeList,
o6mov kdBe otoyeio g Motag Oa mepi€yxel deiktn mpog TV t-petofAnT MOV

TEPLYPAPEL KO OETKTN TPOS T VEA TNG dEdOUEVDL.

O aryépiOpoc FSTM, 6nwc xar o DSTM, ypnoytomotel un opatég avoyvaocelg t-
petafintov. Emopévog, v va pmopel va aviyvedel cvykpovoelg R-W zmpémnetr va
VAOTTOLEL €V UNYAVICUO EAEYXOV GULVETELNG TV OEOOUEVOV TOV t-PETAPANTAOV TOL
avayvocOnkav pe Aewrovpyio kaBolkng ovayvoons. O pnyoviopds  avtdg
viomoteiton omd tov FSTM pe avtictoyo tpoémo Omwg kot otov DSTM,
EKUETOAAEVOUEVOG TO KAEIGTO HOVTEAD LVAUNG Y10 TO OTO10 €Yl GYEOIAOTEL, DOTE VAL

opicel pe E0KOAO TPOTO TIC EKOOCELS TV OESOUEVDV.

O aiyopiBuog FSTM pmopet va meprypaget pe Péon tig Aettovpyieg mov mapéyet to
enektetapévo avtikeipevo STM. O FSTM amattel and tov xpnotn vo ekKivicet pio
docoyia ekteddvtag tn Asrtovpyia BeginTransaction, ywpig vo mepdoetl kavéva
opwopa. Xtn ovvéxela o ypnotng eivor vmedOvvog vo mpoomeldoel pPEC® TOV
Aertovpyiwv ReadTmVar «or  AccessForUpdateTmVar ta  dedopéva tov t-
petafAnt@v mov emtBupel va avoyvaoeL Kot va EVLEPOGEL, avtiototya. H Asttovpyia
ReadTmVar gvtomilel ta tpéyovia dedopuéva, pog t-petafintmg tv, Kataypaest tnv
éxooon tovg ot readList tng docoinyiog (dote vo gival duvatny n eKTELECT TOV
unyaviopot Pondetag yio v tv) Ko emotpéeet ta. dedopéva g tv oto ypnot. H
Aertovpyion  AccessForUpdateTmVar evtomiler 1o tpéyovia dedopéva  pog t-
petafAntng tv, dnuovpyet Eva aviiypa@o Twv dESOUEVOV OVTMV KOl ETICTPEPEL GTO
xpPNo €vav Oeiktn pd mpog 10 avtiypapo avtd, LEC® TOV 0TOiov 0 ¥PNoTNG UTopEl

va O1PAcEL Kol va eVILEPDGEL T OEOOUEVA TNG tV.

Onwg avaeépdnke, o doconyia T(i,n;) mov extedel v AccessForUpdateTmVar
Yo TN tv TPEMEL VoL KaTtoypayel Ta vEa ddoUEVa TNG tV OTNV AIGTA EVIUEPMDOEDY TNG
(writeList). [ va To emtvyel ovtd apkel vo kataypdyel Tov ogiktn pd oty Aota

EVNLEPDCEDV TNG, OOTL HEG® OVTOV TEPLYPAPETUL TO AVTIYPUPO TMOV OEOOUEVAOV TNG
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tv 610 omoio o ypNotns epapuolel Tig evnuepwcels Tov. Emiong o ypnomng pésm tov
pd pmopel va dwfdoet o dedopéva g tv. ‘Etot, yioo va pmopodv va €VIomeTodV
ovykpovoelg R-W mov apopodv ta dedopéva autd TpEmel TPV TNV EXIGTPOPT TOVG
0TO XPNOTIN VO Kotaypagel 1 €KO0GN TOVG, MOTE va £ivol duVaTH M EKTEAECT TOV
UNYOVICHOD EAEYYOL CULVETEWNG Yo T dedopéva avtd. Emopévag oe kdbe eyypoen
¢ Alotag evnuépmong writeList pog doconyiog, ektdg amd v t-petafAntn Kot o

VEQ TNG 0d0UEVaL, OLOTNPEITOL KOl 1) £KOOCT] TOV TOAIDV TNG OEOOUEVDV.

Aocoinyieg TmVar Xapog Aedouévarv

) 1

T

AGHIVE

readList @

writeList @

10

tvar @

oldData @ A

NEWDAtA @ .- f oo s » 7

NI

Zyqua 7.3: H popoen pog ta&vopnpévng kot advEovoa dtataén ocvuvoedepévng AMotog
otov FSTM.

[Ma va yivel TeptocoTEPO KOTAVONTH 1 SLOOIKAGIN OVAYVOONG KOl EVIIUEPMOONG LagG t-
petafintig mapovotdletar 10 mapddstypo tov Zynuotog 7.3. To mapdostypa avtd
elvar Opo10 HE TO avTIoTOXO TOPAdEYHO TOV Zynuatog 7.2, pe tn dapopd OtL 1
docoyia T; éxer mpoomeldoel 10 otoyeio 1 g Alotag y avdyvoon kot to
otoyeio 7 ¢ Motog Yo evnuépmon, €161 MGTE va dtaypdyel To otoryeio 10 amod

Mota. TTapamnpovue 6Tt T dwtnpel po katoy®pnor otn AMoTa avoyvacEDY TG



231

Yoo TV t-petafAnti kot ta dedopéva Tov otoyeiov 1 mov ddPace. Emiong n T,
dtnpel pio KaToyOPNoT 6T AMoTo EVUEPOGEMY TG UE TNV t-peTAfANTY, T0 TOALd
Kol to véa dgdopévo Tov otolyeiov 7 mov emBuuel va evnuepdoet. A&ilel va
onuewdel O6tL T0 TOPAOEYHO TOL TEPLYPAPETOL GTO Lynuo 7.3 meprypdoel v
Katdotoon tov cvotiuatog FSTM mpv v amdKInon tov Ipocmpivedv 1010KTHGLOV
mov emBopel N T; (n omoila mpaypotomoleitol Katd TV eKTEAECT TNG Agttovpyiog
CommitTransaction, 6mmg TEPLYPAPETAL GTN GLVEYELX), VIO TO AOYO avTO 0 OEIKTNG
start ¢ t-petafAntig Tov otoryeiov 1 deiyvel ota dedopéva Tov otoryeiov 1 ko Oyt

ot doun g docoinyiog T;.

Mol o ypnotng emBouel vo OAOKANPOGEL TN O0CGOANYiN, TPEMEL VO KOAEGEL TN
Aertovpyion CommitTransaction 1 tnv AbortTransaction yio va yiver mpoondeia
OAOKANPMOONG TNG 00GOAN YOG MG EMTVYNUEVNG N UN-EMTUYNUEVNGS, avTicTolya. Edv
KAnOel n Aertovpyia AbortTransaction amd tov ypnot, T0Te AMAG AMOOEGUEVETOL O
Y®POC TOL decuevONnKe Yo TNV arobnikevon twv dedopévov g Trec(i,n;). Eotw o1
exteleital  Asrtovpyio CommitTransaction and tov ypnotn. Katd v ektéheon g
Aertovpyiog CommitTransaction o FSTM zmpoonabei vo odokinpwoet v T(i,n;) og
emroynuévn. H odokAnpwon g T(i,n;) yivetar oe 600 otdota. Katd 1o mpdto otddio
0 SSTM npoonabel vo 0mOKTHGEL TIC TPOGMPIVESG 1O10KTNGIES OADV TV t-HETAPANTOV
mov 1 T(i,n;) emBopel va evnuepoocel (kar mepi€yovror otnv writeList). Edv xdmowa
and TG Woktnoieg avtés etvar deopevpévn and kdmow GAAN docoinyio T(j,n;),
onpaiver 6t n T(j,n)) Ba evnuepdaoet o dedopéva g avtictoyng t-petapfintng, edv
ohoxAnpwbei emruywg. O FSTM opiler 61t n T(i,n;) 6o Bondnoer v T(j,n;) va

OAOKANPWOEL, OTMG TEPTYPAPETOL BTN GLVEYELO.

Inpewwveton 6Tt M T(1,n;) etvan oe B€om va BonOnoet v T(j,n;), Sttt pécw TG TIUNG
MG TpocwpPg Woktnoiag g tv umopel va pdbet to avtictoyo Trec(j,n) g
T(,n;), to omoio mepiéxer OAe TIg amartovpeveG TAnpogopies ywa tnv T(j,n;). Avtog
etvan ko o unyaviouog Ponbeiog mov mPOcddeL TV 1010TNTO TEPUATICUOD eAeVOEPT
KAewopdtov otov adyopiBpo FSTM. EZnueidverar 61t n T(i,n;) fondd emavoinmrikd
Oreg T1g SocoAnyieg mov mBavov yperdlovtar BorBeta dote vor olokAnpwOei n T(j,n;).
Avt6 onpaiver 6t edv n T(i,n;)) Bonbnoer v T(,nj) vo oAokAnpwdel ko n T(j,n;)

aropacilel va Bondnoet kdmow T(k,nk) emewdn n T(k,nk) Koateiye v mpocwpivi
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woktnoio kanotag t-petapfintng mov n T(,n) embopovoe, tote xou 1 T(i,n;) Oa
BonBnoer v T(k,nk). ' T0 A6Y0 aVTO amOdIdETOL O YOPAKTNPIOUOG EXAVOANTTIKOS

oToVv unyovicpd Pondetag tov FSTM.

Metd v oAoKAp®on Tov TpdTov 6tadiov N T(i,n;) £xel KATAPEPEL VAL ATOKTNGEL TIG
TPOCWPIVEG 1010KTNGieg OA®V TV t-petafAnt®v mov o ypfomng embopel va
evnuepmoel, to omoio onuaivel 6tt  T(i,n;) €xel amOKTAOEL AMOKAEICTIKN TPOGPaon
0E OVTEC. XTN GLVEXEW, KOTE TO Oe0TEPO OTAO TNG €KTEAECNG €KTEAEITOL O
UNYOVICHOG €AEyYOoL ouvémewg Tov osgdopéveov mov 1 T(i,n)) mpooméhace Yy
avayvoon kot egvnuépwon. Edv ta oedopéva avtd eivoar ovvenr, m T(i,n;)
yopaxtnpileton g emruymuévn (opiCovtag to status tg ommv tiu COMMITED
puéocw g katdAAnAng eviodng CAS) xou emoavagépet tovg deikteg start tov t-
LETAPANTAOV TOL KOTEYEL TNV TPOCHOPIVY] WOOKTNGI0 OoTE va delyvouv ot véa
dedopéva Tov Oploe 0 YPNOTNG, To omoia dtotnpovvtor oty writeList g T(i,n;). Edv
To. 0edopéva dgv eivan ovvenn, tote M T(i,n;) yopoktnpileton ®¢ pn emruynuévn
(opilovtag to status tng oty Ty ABORTED pécw g katdAining evioing CAS)
KOl EMOVOQEPEL TOVG Ogikteg start TV t-HETAPANTOV TOL KOATEXEL TNV TPOCMPIVI
010K oo ®oTE va deiyvouy oTa TAALd TOVG OEOOUEVE, TO OTTOL0L OLOLTIPOVVTIOL GTNV
writeList ™¢ T(i,n;). Inueudveror 0Tt 0 EAEYXOG GUVETEWNS TMOV OEOOUEVOV TOV t-
petafAntov mov n T(i,nj)) TpooméAace Yoo EVNUEP®OOT], TPOYLOTOTOEITOL KOTO TO
Tp®OTO 6TAdW0 ekTéLeong g CommitTransaction, Tpv TNV AmOKTNON TNG AVTIGTOLYNG

TPOCMOPIVIG 1O010KTNGLOGC.

Eneon o FSTM amoxktd v mposmpivi] 1010ktnoic poévo tov t-petafAntodv mov
TPOCTEAAGOVTIOL Yyl eVNUEP®OT  Katd v ekTéhecmn NG Agttovpyiog
CommitTransaction, Aépe OTL YPNGUOTOLEL U1 OPATEG OVAYVAGCELG t-UETAPANTOV Kot
EK TOV VOTEP®V ATOKTNGT TPOSOPWAV Woktnoldv. Eniong o aiyopiBpog FSTM
EMTPEMEL OTOV YPNOTNG VO EKTEAEL TOV UNYOVIGUO EAEYYOVL GUVETEWNG OTOTE QVTOG
kpiver amapaitnto. Emopévac o FSTM ypnowonotet un avtopoatm pnébodo extéreong
TOV UNYOVICHOD EAEYYOL GUVETELNS, TO Oomoio Pdoetl Tng cvlfTnomng mov TponyNHoNnKe
omv Evommra 3.3 umopel va odnynoet otnv KOTAGTPATAYNON NG 010TNTOG

TEPLATIONOD TG eAevbeping KAeWwpdT®wv Tov FSTM.
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[Mopatnpodpe OTL Yo TV EMOTPOPN TOV OEOOUEVOV oG t-HeETaPANTS tv 1
Aertovpyio ReadTmVar aratteitan va evtomioet ta tpéyovta dedopéva g tv. ['a v
eCaxpifpoon Tov TpeydvToV dedopévev ™ tv 1 ReadTmVar npénel va npooneldoet
v avarapdotacn g tv 6to cvotnua FSTM kat edv ) tpocmpivi dioktnoia g tv
dev KoTéYETOL amd kdmowo docoAnyion Bo akoAovOnoel évav pudvo deiktn yuoo va
gvtomioetl Ta Tpéyovta dgdopeva g tv. Emopévmg to mAnbog evoldpecmv emmédmv
v Tov oAyopBpo FSTM egivan 1, 1o omoio sivon pikpdtepo amd v avticToryn Tun
tov DSTM. YmevOopileton 611 t0 mAN00g evdibpescwv emmeédmv tov alyopifuov

DSTM eivau 3.

Onwg avaeépOnke oOtav po docoinyia T(i,n;)) mpoomabel vo amokTnoel Vv
TPOCWPIVY WoKTNoio pog t-petafAng tv, mpénet va eEac@aiicel OTL To. dOOUEVAL
™mg tv mov n B €xetl daPdcel (n €kdoon TtV omoiwv mepi€yetarl otn writeList g
T(i,n;)) elvanr ovvemn. o va to emitoyel awtd 1 T(1,n;) mpémel va eEaxpipooetl ta
TpEYOVTO OedOUEVOL TNG tv, TO Omolo 10M¢ amotel TNV EKTEAEGT TOVL UNYXAVICUOV
BonBeiag yo kémoror GAAN docoinyio T(j,n;), €&v n T(j,n;) xatéyer v TPOcOPIVN
wwoktoia ™¢ tv. Eivar onuaviiké 61t o FSTM opiler 61t n oamdktnon tov
TPOGOPIVAV O10KTNGLOV KATA TO OEVTEPO GTASO EKTEAEOG OIS OOGOANYiaG, YiveTol
pe mpoxaBopiopévn oepd Pdon ™ avéovcag odraing tewv Bécewv TtV t-
petafANTdV ot omoia aviiotoryovv. Me Tov TpOTO avTd ATOPEVYETAL 1| TAPOLGIOOT)
KATAOTOONG KOOOAKNG TApOTETAUEVIS OTEPNONG oL Oa €lye ®G OMOTEAEGUA TNV
KOTOOTPATYNON TG W10TNTOg AcvBepia kAeWmpdtwv tov FSTM. Edv dev vanpye o
TEPLOPICUOG  avTdg, Ba  pmopovoe va  mopovcslaotel  KATAoTaon  KABOAKNG
TOPATETAUEVNG oTEPNONG €4V 1 T(1,n;) €lxe AmMOKTNGEL TNV TPOCOPIVN 1010KTNGI0L TG
t-petafAnTg tvi Kot TpooTtafovcE Vo OMOKTNGEL TV TPOCMOPVY 10KTNGia g t-
uetafAng tva, kot n T(j,n;) xateiye v tv, kot Tpoonadodce vo OmOKTHGEL TNV tvi.
‘Etot, 1 T(i,n;) O Bonbovoe v T(j,n;) xou n T(,n;) v T(i,n;) ko emewdn n pio
KOTEYEL TNV TPOSMPIVY| 1010KTNoia piag t-petafAntig mov n dAAn embopei, pe Pdon
0 mopamdve, N pio 8o Ponbder v GAAN emovolopPavopeva, yopic kopio vo
tepuatilel. Emopévog eivor amopaitnn n  ondkmon tov  t-petafAntov  pe
nmpokafopiopévn oelpd Katl yio vo ivar ovtd ePiktd amouteiton 1 taSivounon tov
otoyeiov g writeList pog docoAnyiag mpwv v amOKTNON TOV OVTICTOL®V

TPOCOPIVAV 310K TNGLOV KOTA TO dVTEPO GTAOI0 EKTEAEONG TG OOCOANYING.
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Ouwc n ta&ivoépnon tov ototyeimv g writeList dev ivar apkem yio vor epmodioet
™V gpedvion 6AwvV Tov mOovoOV KOTOGTACE®MV KABOAMKNG TAPATETOUEVIC OGTEPNONG,
omwg meprypdpetar otn cvvéyxewa. Eivar mbavd va mpokdyel 1010 KATAGTOON KOTd
TNV EKTEAEGT] TOV UNYOVIGLOV EAEYYOL GUVETELOS TMV OEOOUEVMV TOV L0 OOGOANYia
TPOCTELNGE e KAOOMKN OvAYVmOT, 0 0moiog eKTEAEiTON PETE TNV ATOKTINGN TOV
TPOGOPIVAOV 1010KTNCLOV Tov embupet 1 docoinyia. ‘Eotw 611 kdmowo docoinyia
T(i,n;) éxer mpoomerdoet pe Kook avdyvoon o t-petafAnt tvi. H T(i,n;) mpémet
va eAéyEeL TN GLVETELD TOV 0£d0UEVOV TNG tV] TTOV JAPacE, TPV TOV TEPUATICUO TNC.
IMa va to emtdyer avtd n T(1,n;) mpénel va eEakpioocet To TpEyovta dedopéva g tvy,
T0 omoio {omg amoutel TV eKTEAESN TOL pNYovicpoy Ponbelag yio kamolo GAAN
docoAinyia T(,n;), €dv n T(,nj) katéyer v Tpocwpivyy wWoktnoio g tvi. Etot
umopei vor wpoxdyel to mapakdto oevaplo. ‘Eotm o6t n T(,n) £xet amoktmost v
TPOGMPIVT 1010KTNGI0 Log t-petafAnTg tvy, £xel dtoPdoet pe kaBolxn avayvmon to
dedopéva g tv, Kot tpoomadel va eEakpPdGEL T CLVERELN TV dEGOUEVOV TNG tV).
‘Eotm 6111 T(1,n;) €Yl AmOKTAGEL TNV TPOSOPIVH 1O10KTNGI0 TNG tvz Kot TpooTabet va
eCakpipmoel T cuvéneln TV dedopEVOVY TG tv). XV mepintwon avt 1 T(i,n;) kot
T(,n;) 6o Ponboovv N pio v GAAN Ko pdActa emavainmtucd xopig Kopio omd
avTéG va. Teppatilel, SNUOLPYDOVTOS KATAGTAOT KOUOOAIKNG TOPATETAUEVIG OTEPNONG
oto cvotnua. ['a v aroeuyn ¢ cvykekpiuévng katdotaons, o FSTM amattel va
opifetar o kaBolkn ddtoln peta&d tv SocoANYIOV (Y. He BAcn TV T NG
devBvvong oty omoia eivar amodnkevuévn n doun kébe docoinyiog). Me Bdon avt
mv kofoAikr odrtaln, oto mapamive mopddetypa edv 1 docoinyio  T(i,n;)
nponyovvtav ¢ T(,n;), tote n T(i,n;) d¢ Oa Ponbodoe v T(,n)) oArd B v
oAoKANpovE Plota MG amoTuynpévn, St0TL 1) Kot ot 000 docoinyieg ektelobv TOV
UNYOVICHO EAEYYOV GULVERELNG TV dedOUEVOV TOVG (Yoo va pmopel va to yvopilet
avtd M pio docoAnyia ywu v GAAn, o FSTM opilet v 011 61N cvyKeKpuEvn
nepintwon to status tng docoinyiog Oa £xet v tiuy READ PHASE), ii) n T(j,n;)
Katéyet o t-petofAnt mov m T(i,n;)) mpoomobel vo dwPdost won iii) n T(i,n;)

nponyeitot g T(j,n;) otn dbtadn tov S0coANYLOV.

>10 onueio avtd ovinteiton n moAvmiokdtnTa TOV aAyopiBuov FSTM. O FSTM

armottel ywo v avomopdotacn kéfe t-petafintig évav  katayopnty CAS
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nemepocpuévoy peyébovg. o v mepypaen g doung kébe docoAnyiog, amortel
évav  katayopnt) CAS merngpoacuévov peyébovg, 2 kotaywpntéc avlyvoong
eYYPOPNG vy v meplypaen kdbe otoryeiov g readList ko 3 Koatoympntég
avéyvoong eyypaeng yio kdbe otoryeio tng writeList. KaOe emruympévn docoinyio
otov FSTM nov npoonerdlet R t-petafintéc yio avayvoon kow W t-petafAntég yio
evnuépmon erdelyel avtaywviopov, amoutel tovAdyiotov W evtodés CAS vy v
amdKINON TOV TPOCOPIVOV 1OI0KTNOIOV TOV t-pHeTafANTOV Kot To KOGTOG Yo T
dnuovpyia twv W avtypdoov, W evtorés CAS yio v evnuépmon tav de00UEVOV
TOV t-HETOPANTOV KOl TNV KATAPYNON TOV TPOCSHOPWVOV 1O0KTNOIDOV ToV t-
petofintav, O((R+W)*R) xd6c6t0g Yoo TNV €KTEAECT TOL UNYOVIGHOV EAEYYOL
oLVVETEWG (OTNV TEPIMTOON 7oL ekTEAOUVTAY pE TNV avéntikn uébodo) wat

O(W*logW) koctog yio TV tagvounon tev otoyeiov g writeList.

7.1.2. ASTM

To 2005 ot V.Marathe, W.Scherer xow M.Scott otn gpyacia tovg [15] mapovoiacay
évav véo aryopiBuo STM, o omoiog viomotel dvvapkn pviun STM ko ovoudletan
Adaptive STM (ASTM). O akyopiOpog ASTM amotehel amotélecpo TG HEAETNG KoL
™m¢ oOykpong tov aiyopiBuov DSTM kot FSTM. Zvykekpiuéva ot cuyypoaeis
EVIOTIONV TEPAUATIKA KATOw oeVapLa ot omoio dAlote 0 adydpiBpog DSTM ftav
KaAvTepOg amd tov FSTM kot dAdote to avtifeto, kot emyeipnoav vo eEnyncouvv Tig
owpopéc ovtéc Pdoel TV OOPOPETIKOV CYEONCTIKOV EMAOY®V TOL KAOE
aryopiBuov. ‘Etor ov ovyypageic mpoteivouv tov véo alyopiBuo ASTM o omoiog
arotelel eméktaon tov DSTM kot vioBetel Tig «KaAEG) OYEOINOTIKEG EMAOYEG TMV
alyopiBuwv DSTM xow FSTM. Eriong o ASTM pnopet va zposoapuoletor dvvopkd
010 €00C TMV EKTEAOVUEVOV AEITOLPYI®V omd TS OocoAnyieg (omd To
YOPOKTINPIOTIKO 0VTO TPe TO GVOoUd TOV), EKUETOAAELOUEVOS LE aVTO TOV TPOTO
oxed00TIKEG EMA0YEC TV ohyopiBuwv DSTM kot FSTM mov o6mwg amédei&ov
dovAEHOVY KOAVTEPQ GE OLAPOPETIKO £100¢ exTEAOVUEV®DVY Agttovpyldv. Etor o ASTM
KOTOUPEPVEL, COUPOVA IE TOVG CLYYPAQEIS TOL, Vo EMTUYEL ALENUEVT amdOOoN GE
oxéon pe tovg DSTM kar OSTM. O oryopiBpog ASTM vrootnpilel duvOopIKES
docoAnyiec, wavomotel TV 1010TNTO TEPUATICHOV EAEVOEPID AVTAYOVIGHOD KOt £)EL

OYEOLOOTEL Y10 KAELGTO LOVTEAO LVIUNG.



236

O ovyypageic g epyaciag ASTM pelétnoav TiG oYed0oTIKEG EMAOYEG TOV
alyopiBumv DSTM kot FSTM mov agpopodv tov ¥povo amdkTnong Tov KAEWOUITOV,
TOV TPOTO OVATOPACTACNG TMV t-HETAPANTOV, TNV 1WO0TNTO TEPUATIGHOD TOV
KOVOTTOlovV Kot To TAN00G evoldpecmv emmédwv Kabe alyopiBupov. Inueidvetot 6Tt
YL TNV €VPECT TOV «KKOADV» ETAOYDV Y10 TIG CYESNOTIKEG OVTEG EMAOYES TV
alyopiBuwv DSTM ko FSTM ot ovyypoageis, Poaciotnkav emiong oe pia
nponyovpevn epyacia tovg [14]. Kot 611G 600 gpyacieg tovg, peietodv tov TpOmo e
Tov omoio cvumepipépoviar ot aryopiBpor DSTM kot FSTM 6tav 10 peyaAdtepo
HEPOG TMV AELTOVPYIDV TTOL EKTEAOVV 01 O0GOANVYiES glvarl Agttovpyieg avdyvoong Kot

otav elval Aertovpyieg evnuépwong.

Ymv egpyacio tovg [14], ocvumépoavav 6tL 0 aAydpiBuog DSTM éxer kaAvtepn
andooon OTav TO UEYOADTEPO UEPOC TMV AETOVPYIOV TOL EKTEAOVVTOL €glval
Aertovpyieg evnuépmong, 610t o DSTM ypnowonotel ek TV TPOTEPWV ATOKTNON
KAEWOUATOV KOl EMTUYYAVEL €K TOV TPOTEPOV OMOTPOTN Kol OviYVELON
OLYKPOVGE®MV KOl €Yl HKPOTEPO KOGTOG SLOTHPNONG TNG OOUNG EMOVOPOPAS OE
ox€om HE TO KOOTOG ot pnong g doung emovektédeong tov FSTM, dedopévou tov
OTL amoteiton ko 1 TaEvounon e TPV TV OAoKApmon o docoinyiog. Emiong,
omv 10w gpyocio, cvumépavayv 6t o FSTM éxet xoahdtepn omddoon Otav TO
LEYOADTEPO WEPOG TOV AeTOVPyu®V €lvar Aettovpyleg ovayvoong, o10tL oty
nepintwon avty 10 k66Tog TagvOunoNg TG Ooung emovektédeong otov FSTM
eEalelpetal, T0 KOGTOC dryeipiong TV Mot®v aviyvoong ivor to idto kor o DSTM
TANPOVEL LYNAITEPO KOGTOG TPOCSTEANCTC TV OEOOUEVOV TOV t-UETAPANTOV 010TL TO

mAN00g evitbipecwv emmEd®V ToL Eyetl TN Tpia, Evavtt Tov evoc tov FSTM.

Ot ouyypageic tov ASTM 1oyvpilovtar OTL GTIC TEPAUATIKEG LEAETEG TOV EKOVOV OEV
KOTAQEPOV VAL EVIOMIGOVV KATO0 TEPAUATIKO GeVEplo 610 omoio o FSTM va ftav
oA KoAVTEPOG amd tov DSTM kot yio to Adyo awtd emnéreéav va GYedAGOVY TOV
alyoplBpo ASTM étor ®ote va vmootnpilet v 1010tTo. TG €AgvBepiog
avVIOYOVIGHOV, Tov kavomolel kot o DSTM. Mg tov 1poémo avtd amopevyovy To
KOOTOG EKTEAEONG TNG TOEWVOUNONG TNG OOUNG EMOVEKTEAEGNG OV YPNOULOTOLEL O

FSTM. Emniong, ot cvyypageic tov ASTM enéhelov va ypnGUYLOTOMGOVY TOV TPOTO
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avamopdotacng Tov t-petafintdv mov ypnoyonotet o DSTM. H emthoyn tovg avtn
ompixdnke 610 OTL N KOTAPYNON TOV TPOSHOPIWVAV OIOKTNGIAOV TOV t-HETARANTOV
OV KOTEYEL Lo dOcOoAN Yo Ko 1) EVUEP®OT TOVS (avaAoYa Kot pe To hv TeppoTilet
O¢ EMTUYNUEVN N ®OG OTOTLYNUEVN) Hopel va Yivel TOAD O OMOTEAEGLOTIKA LLE TOV
TPOTO OVOTOPAoTOONS TV t-puetafAntodv mov ypnowonotel o DSTM. YrevBouileton
OTL 1] CLYKEKPYEVN AELTOVPYIKOTNTO EMLTLYYAVETAL pe pio povo gvioAn CAS otov
DSTM eved amortet W evtodég CAS otov FSTM, ebdv W eivor to mAnboc tov t-
petafAntov mov po doconyio tpocmérace Yo evnpeépwon. Eniong, o ASTM opilet

Ot B0 YPNOUOTOIOVVTOL UN-0POTES OVOYVAGELS t-pueTafAntov, 6mmg kot o DSTM.

Ouwg o tpdémog avamapdotoons Tov t-petafAntov tov DSTM €xet 10 petovéktnua
OV VYNA0D TANB0VG EVOLAUEC®OV EMTEOWV TO OMOI0 EMPEPEL UEYOAO KOOTOG OTIG
Aertovpyieg avayvmons, OmTmg amédel&ov TEPUUATIKA Ol GVYYPOQES otV gpyacio
toug [14]. T ) peiwon tov K66TOVG WTOV, 01 cLYYpaeeis Tov ASTM opilovv 611 0
deikmng start ¢ TmVar pog t-petafintig tv oe Ba pmopet vo delyver pdévo oe
kdmolov Locator tng tv, aAAd Ba pmopel va delyverl amevbeiog Kot ota dedopéva g tv,
omwg axppmg kot o avtiotoyyog ocikng tov FSTM pmopel va dgiyvel eite ota
dedopéva. g tv glte omn doun NG O0COANYIOG MOV KOTEYEL TNV TPOCMOPIVI|
Woktnoia g tv. T va to emtdyel avtd, ypnoiponotel éva bit tov deiktn start (to
YOUNAOTEPO) TTOL INAMVEL €AV O deikTNg delyvel o dedopéva 1 oe kdmowov Locator.
Me tov 1pOém0 avTd OpKETES amd TS Asttovpyieg avdyvoong emPapdvovtal He TO

KOGTOG £vOG LOVO EVOLAUEGOV EMTESOV.

O ASTM opiler 6Tt o deikng start pag t-petaPfiAntig tv Ba delyvel apykd ota
avtiotoryo dedopéva. Edv kamolo docoinyio emBupel vo amoKTiOEL TNV TPOCWOPIVY|
woktnoia g tv, 101e Tpénel va aAAdEel To dgiktn start g tv ®oTe va deiyvel o€
kémowov Locator, pe avtiotoro tpémo 6mmwg ko otov DSTM, pe v ektéheon g
KATAAANANG eviodng CAS. Aéue o t-petafAnt eivol o katdotaon kotoyns 6v o
delktng g start deiyvel o kamowov locator Kot 6€ katdotaoy un-Katoyns 6€ ovtife
nepintwon. Eivoar onuaviikd o0t yoo va emitevybei n Peitioon tov mANBovg
EVOLIUEC®V EMMEdMV amd TPl 0€ Eval, TPEMEL OTAV LU0 OOGOANYi0 OALOKANPADGEL TNV
evnuépmon g tv (OAOKANP®OEL EMTLYMG 1| LN ETTLYMG) VO EMOVOPEPEL TOV OEIKTN

start dote va delyvel amgvbeiog ota Tpéyovia dedopéva (ta omoia pmopet va ivar ta
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oAl 1) To VEa, avtioTotya), Le TNV eKTELEST) TG KOTAAANANG evtoAng CAS. Ouwmg, N
ETOVOPOPA TOV OEIKTOV OVTAOV OO TN d0COANYi0 TOL EVNUEP®GE TN tv UTOpPEL val
TPOKOAESEL Pelmon 6TV amdO0GN TOL CLGTHHOTOG, GV GTN cLVEXELL £pOEL Lo GAAN
docoinyia mov BéLel emiong vo evieP®OGEL T tV Kot Gpol OTOKTHGEL TV TPOCOPIVN
woktnoia ¢ [vetot avtiinmtd 0Tt TNV TEPIMTMOOT ALTH 1) EXAVAPOPE TOV deiKTN
™G tv ota Tpéyovto dedoUEVA KoL 1| TANP®UY TOL KOGTOLG oG evtong CAS, éywve
dokoma. H xoatdotaon avt eival moAd mbovo vo mpokvYeL OTOV TO UEYOADTEPO
LEPOG TV AELTOVPYUDY TOL EKTEAOVV Ol 00GOANVYieg eivarl Asttovpyieg evnUép®ONC.
Mo mv amopuyn tov TPOPANUATOG VTV, OAAL Kol TOV SLOUOPOCUO TOL KOGTOLG
EMOVOPOPAS TV delkT®V start tov t-petafintov mov pwoe docoinyio T(i,n;)
evnuépmoe, o ASTM opilel ot Vv emavaeopd ovty Bo v ekteAéoel | PO
docoinyia mov Ba avayvocer ) tv petd v T(i,n). Me tov 1pdmo avtd ot t-
HeTaPANTEG TEIVOLV VO TOPAUEVOLY GE KOTAGTOOT UN-KOTOYNG €0V TO UEYOADTEPO
HEPOG TV AEITOVPYIDV Elvol AElTOVPYiEG AVAYVMOONG KOl GE KATAGTACT] KOTOYNG €AV

TO HEYOADTEPO HEPOG TV AELTOVPYIDV EIVOL AEITOVPYIEG EVIUEPMOTG.

H tehevtaio oyedaotiky] emhoyr tov ASTM agopd tov ypdvo amdKTNOoNG TOV
KAewoudtov. Yreviouiletar 0tt o 600 €10 ypovikng amdKTNnong KASWOUATOV givol
N €K TOV TPOTEP®V KAl 1] EK TOV VOTEPMV. AVAAOYO LE TO €100G YPOVIKTG OTOKTNONG
KAewoudtov yapoktnpiletor kot 1 péEBOOOC OMOTPOMNG KOL OVIYVELONG TMOV
OLYKPOUGEMV TOV YPNOCILOTOLEL 0 OAYOPIOHOG OC €K TOV TPOTEPOV KOl €K TMV
votépov avtiotoyo. Onmg cvinmdnke omv 3.3 mapovsialetar Evag cuuPifacpog
(tradeoff) peta&y ™G ek TOV TPOTEP®V KOL TNG €K TOV VOTEP®V OTOTPOTNG 1
aviyvevong ovyKpoOGEMYV, HE TNV €K TOV TPOTEPMOV VO EMTPEREL TN YPY|YOPN
aviYVELOT TOV KOTAOIKAGUEVOV SOGOANYIDV KOl TV €K TOV VOTEPMOV VO LLELDVEL TNV
mOavOTNTO EUPAVIONG KOTOOTAGE®MV GOKOMNG TANPOUNG Kot vo  av&dver tnv
mhovodTTo o1 &V OUVAEL KATUOWKOGUEVES O0CcOANYieC va OAOKANpwOOLV ®¢
emroynuéves. E&ottiag avtod tov ovuPifacpod ov cvyypagpeigc tov ASTM
amo@doicav va oxediacovy 600 exdocels tov ASTM, 1 pia B ypnoonoel ek TV
TPOTEPMV ATOKTNOT KAsWoUdtov, 0nmg kot o DSTM, kot 1 AAN &K TV VoTEPOV
andkon kiswwoudtov. O adyopiBuog ASTM oapyikd Aettovpyel pe v €K TV
TPOTEPMV €KOOGT TOL KO EMALYEL VO YPNCILOTOMCEL TN Mot 1 TV GAAN ékdoon

avahoyo pe to €100¢ TV Agrtovpyidv mov efumnpetel. O ASTM opiler éva
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GLYKEKPLUEVO OPLO W Y10 TO TOGOGTO TMV AETOVPYIDV evipépmaons. Oco T0 T0c0GTo
TOV AELTOVPYIOV EVNUEP®ONG EEMEPVE TO W YPNCIUOTTOLEITOL 1] £KOOCT LE TNV EK TV
TPOTEPMV OTOKTNOT KAEW®UAT®V, EVED €0V TO TOGOOTO OVTO TECEL KAT® OO TO W
YPNOWonolEiTor 1 €kd0CT UE TNV €K TOV VOTEPMOV OMOKTINGT KAEWOUATOV.
Inuewdveton 6t yio va to Tethyel avtd o ASTM, dwatnpet kdmolov €idovg 16ToptKo.
Me tov 1po6mo avtd o ASTM pmopel vo mpocappoctel SLVOKGE GTO €100G TMOV
AELITOLPYIDV TTOV EKTEAOVV O1 docornyiec. Enueudveror 6tt o ASTM ypnoyonoiet To
emekteTapévo oviikeipevo STM, onwg kot o DSTM, 1o omolo onuaiver 0t kéOe
Aertovpyio evnuépmaong oG t-petafAntng tv mepLéyetl Kot o, AEtovpyio avayvmong

TOV 0E0OUEVOV TNG tVv.

H éxdoom tov ASTM mov ¥pnGUOTOLET EK TMV VOTEPOV ATOKTNGCT TPEMEL ATAPAITNTO
VoL {PNCUOTOLEL ETEPOYPOVICUEVT EVIIUEP®OT TOV t-UETAPANTOV, ETOUEVOS TPETEL VAL
dwtnpet doun emavektédeons. Kdbe docoinyio dwotnpel m doun emavektédeong o€
pa Alota evnuépmong, omwg kot otov FSTM, pe v d1agpopd 0Tt 6ToV TpoOKELTAL VOl
amoktnOodv katd v ektéheon g Asttovpyiog CommitTransaction ot Tpocmpivég
1010KTNO1EG TV t-HETAPANTAOV, QVTEC OTOKTMOVTOL XWPIG TPONYOLUEVT] TAEVOUNGT TG
doung emavektédeons (6nwg otov FSTM). Znuewwvetar 6tt o ASTM, kou otig 600
exodoelg tov, Pocileton GTOV OOXEPLOTI] OVTOYOVIGUOD TOL YPNCLLOTOLEL, LE
Aertovpyikdétta avaroyn tov DSTM, dote va emilvovior ol GLYKPOVCEL TTOV
mOovdg TPOKLTITOVV (OYETIKA TIG EVEPYELEG TOL TPEMEL v akolovbnoel o

J0GOANYi0 TOV GUYKPOVETOL e KATOL0 GAAT)).

H moAvmhoxotnta ydpov tov aiyopiBuov ASTM eivor id pe v aviictoyn
TOAVTAOKOTNTA TOV aAyopiBuov DSTM, pe ) dwapopd 6t 1 ékdoon tov ASTM mov
YPNOWOTOlEl TNV €K TV VOTEP®V omdKTNoN KAsWoudtov, amortel emmiéov 2
KOTOYOPNTEG AVAYVOOoNG-EYYPOENS Yo TNV arobnkevon kdbe otoryeiov g Alotag
evnuepmoenv (doun emoavektédeong). H molvmlokdtmta ypodvov oL 0dyopifuov
ASTM oce ovvOnkeg éAdeync aviayoviopov etvor O pe v avtictoyn

TOALTAOKOTNTO TOV adyopiBuov DSTM.
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7.2. Epmodiotikoi AlyopiOpon

Ymv mopovco evotnta B0 TOPOVCIICTOVV Ol  CNUAVIIKOTEPOL  VLIAPYOVTES
gumodlotikol  aAyopilBpor STM. Xvykexpyéva, mopovcstaloviol GLUVORTIKA Ov0
gpyacieg mov mpoteivouv tovg aiyopiBuovg TL [4] wor TLII [3]. Opwg ot
Bproypapio  vEapyovv OPKETEC AKOUO EPYOCIEC TOVL  TPOTEIVOLV  TETOLOVG
alyopiBuovg, 6mmwg N epyacia [20] mov mpoteivel Tov adydpBpo RingSTM, n epyacia
[17] xou 1 epyacia [10] mov wpoteivel o teyvikn evioyvong (boosting) vrapydvtwv
alyopiBumv. Eivar afloonpeioto 011 or gpyaciec mov mpoteivouv eumodicTicons
alyopiBuovg STM eivar apkeTd mTEPIGGATEPES OO AVTEG TOL TPOTEIVOLVV KATOO Li1)-

eumodloTikd aAyoptdpo STM.

7.2.1. TL

To 2006 ot D.Dice xor N.Shavit omnv epyacioa tovg [4] mapovcibdlovv Evav
eumodloTikd aiyoplBpo STM, o omoiog viomotel OSvvourky pvAun STM ko
ovopaleton Tramsactional Locking (TL). O aiyopiBuog TL vmoompiler duvapikég

doconyiec kot £xel oyedOOTEL Y10 KAEIGTO LOVTEAD VUG,

O aiyopBpoc TL viomotel Svvapukny pvaun STM, emopévog o ypnotng eivon
vevBovvog va ypnowonotet T Asttovpyia CreateNewTmVar tov avtikeyévov STM,
kéOBe @opd mov BéAel va ompovpynoel i véa t-petafAnty. o v emitevén g
wwmrog g oeplomomoipndtTag doconyumy, o TL ypnowomoel ™ pébBodo
AmOKTNONG TPOSOPWVOV WoKTNolOV enl tov t-petafintov. Ztov TL «kdabe t-
petafAntn etvar €vog KoToympntg avayvmong eYYpoens Tov mePLEXeL To. dedopéva
oL 0 YpNotng dwtnpel 6e avt) v t-petafAnt) (onuewdveETOL OTL 6TV TOPOVGA
epyoacio Bewpovpe Ot par t-petaPfAnt) umopel va mepExel ¢ OedOUEVA TG HOVO
deilktec) ko mepéyeton oe po dour] mov ovoudlerar TmVar. O TL pmopel va
viomomBel xpNoHOTOIDOVTOG ava t-HeETAPANT] aviBeon KAEWOUAT®OV 1 ove. GUVOAO

avaBeon KAeWoudTOV.

KéOe rieldopa otov TL meprypagetar and évav katayopnt CAS lock o omoiog
TEPLYPAPEL €AV 1| t-peTAPANTA tv oV omoia €£xel avtioToryloTel elvan KAEW®UEVN 1

oyt ko waipvel 0vo Tnég LOCKED kot UNLOCKED, avtictowyoa. ['a va amoktioet
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o docoAnyia to KAeldmpa TG tv, apkel vo ektedécel TNV KOTAAANAN eviodn CAS
kat va ypayet v Ty LOCKED oto lock g tv, evocm kapio AN docoinyia dev
KOTEYEL TO GLYKEKPIEVO KAeidwpa. Ta va kotapynoetl g docolnyio to KAeidwuo
™me tv, apkel vo ektedéoel v katdAAnAn eviodn CAS kot va yphwyer v T
UNLOCKED o710 lock g tv. [Tapatnpodue 61t 1 TAnpo@opic Tov KAEWOUOTOS dEV
mEPLEYEL Koo TANPOPOPia Yia TN S0GOANYiK TOV KATEXEL TO KAEIO®A, lvor OnAadn
OVOVLUY, KATL TO 07010 OmOTEAEL YOPOUKINPIOTIKO TMOV EUTOSICTIKAOV aAyopiOumv
STM. Znpeunvetor 6Tt 6NV TEPITTOON TG OvaL t-PETAPANTIG avABEOT|G KAEW®OUATMV
o lock Ba avtictoylotav oe pio udévo t-petafinty, evd ommv avo cOVOAo Oa
avtiotorotav o éva ovvoro t-petafAntav. To cvotua STM givar vrevtBovvo o
TN JTHPNOoN ALTHG TNG avTioTolyiog HETAED t-ueTafANTOV Kot KAEW®UAT®V, Yo TO
Aoyo avtd o lock dev mepiéyer mAnpoeopia Yo TG t-petafAnTéC OTIC OMOlEg

OVTIOTOUYEL.

O alyopiBuog TL ypnowomotel un opatéc avayvooelg t-petapintov. ‘Etol, yuo va
umopel va aviyvevel cuykpovoelg R-W mpémet va viomotel évav unyaviopud erEyyov
OUVETELNG TV OEOOUEVOV TV t-HETAPANTOV TOL ovayvacoOnkav pe Agitovpyio
kaBolkng avayvoons. YrevOopiletonr 0TL 0 UNYOVIGUOG EAEYYOV GUVETELNG OTOTEL
v vmapén €kdoong yo kdbe dedopévo. Emedn o lock ypetdleton povo éva bit yuo
™V vAomoinomn g AeltovpykoOTNTdg Tov, 0 TL Ypnoonolel ta vedAouta bits Tov
katayopnt) CAS yw v amodnkevon evog Hetpnth mov ONADVEL TV EKJ0TH TOV
dedopévov g t-petafAnme (n tov ovvoérov TV t-petafintdv) mov o lock
neprypaeetl. Kébe docoinyio mov evnuepdvel pua t-petaffAnNT tv Kot 0OAOKANpOVETL
EMTLYMDC, omouteitol vo aLENGEL TOV PETPNTN NG tV TPV TOV TEPUOTICUO TNG,

INA®VoOVTAG e ToV TPOTO aVTO OTL 1] €kdooT NG tv £xel evnuepmBEet.

‘Eto1, anouteiton kdBe docoinyio va dtatnpel v tpéxovca k000N TV OEO00UEVOV
KkéOe t-petafAntig mov o ypnong dwPdaler kaboikd. I'a va givar avtd dSvvatd o
alyopiBuoc TL opiler 611 KGBe docoAnyia Ba dwatnpet ot dopn Trec g wa Aota
AVaYVOOCE®V readList mOv TEPIEXEL TIC ATOPOLTNTEG TANPOPOPIES Y10l TIG t-HETAPANTES
oL M d0coANyia €xel MPOoomEACEL pEe KABOMKN avAYV®OGT, CLYKEKPUYLEVO TNV
éKdoon tovg Kot Tov lock amd tov omoio dPdotnke N kabe €kdoon, dote va glval

duvatdg o €heyyog ouvémelng TV avtictoywv ogdopévav. Emiong, onwg Oa
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neprypapel ot ovvéxeln o TL éyer dVv0 €KOOGES, Ol Oomoieg YPNOYLOTOLOVV
ETEPOYPOVICUEVT] KOl GLECT] EVNUEPMOT TOV OEGOUEVAOV TOV t-HETARANTOV TOL Lo
docoyio mpoomehdlel yio evnuépmon, avtiotoya. [ to Adyo avtd amorteiton
k@O docoAnyio va owtnpel ta véa Osdopéva TV t-HETAPANTOV o€ o doun
EMOVEKTEAEGNS N TOL TTOAMA OEOOUEVOL OE LI DOUN] ETOVAPOPES, OVTIGTOLYO, TO OTOL0
otov TL dSwutnpeiton tomikd oty €kdotote d0GOANYio GE Lo, AMoTo EVNUEP®ONG
writeList TOV TEPLEYETAL GTN OOUN TNG. ZNUEWOVETOL OTL 1 dOUN LG OOGOANYIG Kot
01 TANPOPOpPieg TOV TEPLEYEL OEV EIval TPOOTEAAGILES OO AAAEG DOCOANYIES, ONANOT
d¢ Ppiokovtor ot dtapopalopevn pvnun, kétt To omoio €pyetat o€ avtiBeon pe

doun TV S0COANYIDV OAMV TOV aAyopiBLmVy Tov TEPLYPAPN KAV HEYPL TOPO.

Inuewwveton 0Tt 0 TL €xet oyedrootel amd Tovg GLYYPUEES TOL MGTE VoL SOLAEVEL KOl
pe Tg 600 peBOOOVE YPOVIKNG amOKTNONG KAEWOUAT®OV, dNAad] vadpyovy VO
EKOOGELS TOV. TN CLVEYEWNL TTEPLYPAPETOL O TPOTOC VAomoinong tov TL, Bdacel towv
Aertovpyliwv mov mopéyetl 1o Pacikd avtikeipevo STM. O TL aroutel amd tov ypnot
va gkKivhoet pio doconyia exteddvtag t Asttovpyia BeginTransaction, ywpig va
nePAoEL KavEvo OpIoUa. XTn GLVEYEWL O ¥PNOTNG eivar vrevBuvog va TPooTeLdCEL
péom tv Aettovpylidv ReadTmVar koar WriteTmVar ta dedopéva tov t-petafantov
oL eMBLUEL VO AVAYVOGEL KOl VoL EVIUEPMOEL, avtiotolyd. Eotm 011 1 docoinyia
T(1,n;) extedel ) Aertovpyio ReadTmVar yio po t-petafAnt tv, n omoia amotelel
KaBoiwkr| avayvoon g tv. H ReadTmVar npoonerdletl tov lock mov avtictoyel om
tv ko eAéyyel edv elvar kKAewopévog. Edv o lock tng tv etvan kAewdopévog téte M
ReadTmVar gite mepyuéverl m tv va ehevbepmbet, gite n T(i,n;) ohokAnpodveTal g un
emroynuévn. Eav o lock dgv givan kAedmpévog, 10te 1 ReadTmVar kataypdoeet otnv
Mota avayvooedv g T(i,n;) tnv ékdoom TV ded0UEVAOV TG tv, TOL TEPIEXETAL GTOV
lock, dote va glvar duvath 1 EKTELECT] TOL PNYAVIGHOD EAEYYOL GUVETELNG Yol TNV tV,

Kol ot cuvéxeln oaPalet ta dedopéva S tv, To OTOl0L Kot ETGTPEPEL GTOV YPNOTN.

‘Eotwo 611 1 docoinyia T(i,n;) ekterel tn Aertovpyia WriteTmVar yuo pa t-petafint
tv. H WriteTmVar ekteleiton avaroyo pe tm péBodo amdknong KAEWOUAT®V Tov
ypnoonoteitat. EGv ypnowonoteitor n €k ToV VOTEPOV AMOKTNON KAEWOUATOV,
tote N WriteTmVar ankd xotaypdaeet ™ véa T g tv, 6T Moto EVIUEPDCEWV TNG

T(i,n;). Edv ypnowonoleitor n ek T@V TPOTEPOV AMOKTNON KAEWOUAT®V, TOTE 1|
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WriteTmVar apywd npooneidost tov lock mov avtiotoryel otn tv ko eAéyyel edv
etvan kAewdopévog. Edv o lock g tv etvan khedopévog tote 1 WriteTmVar eite
mEPUEVEL TN tv va eAevBepwBel, gite 1 T(i,n;) oAokAnpdveTon oG Un emtuynpévn. Eav
o lock dev givon KAewwpévog, toéte m WriteTmVar npoomafel vo amoktfcel 1o
KAeldopa ™G tv ekteAdVTOS TNV KATAAANAN evtoAr] CAS otov lock g tv. MoAc 0
WriteTmVar amoktioet 10 kKAeidmpa g tv, datnpet to oAb dedopéva g tv ot
MoTo EVIUEPDOEDV TNG KOl EVILEPDOVEL TaL OEOOUEVA TNG tv, HE fAon Ta vEa dedopEval
mov Opwoe o0 ypnotng. Emiong omv mepintwon g €k TV TPOTEPOV OMOKTNONG
KAEWOUATOV, KOTA TNV amdKTN o™ ToL KAgWdpatog lock g tv, o TL avtikabiotd v
ékdoon TV dedopévav Tov Teptypdeet o lock (onueidvetol 6TL TNV TPEYOVoE K00
™ dwtnpel ot Alota evnuepdcemv ™ T(1,n;)) pe Evav delkTn TPOG TNV KATOM®PNOoN
¢ writeList otnv omoia &yel amobnkedoel TV moAld T TV dedopévmv g tv. Me
Tov TpOmo avtd, €av N T(i,n;) ohokAnpwOel pun emrvymg 10te 0 TL Bo pumopei va
AVTIKATOOTNOEL TaL dedopéva TG tv e Ta oAl TG dedopéva, dueca pécsm tov lock
™m¢ tv, yopic va dtpéEel OAa to otoryeio g writeList ng T(i,n;). Emopévaog oty
TEPIMTOON OV YPNOLUOTOLEITOL 1] €K TOV VOTEPOV OmOKTNON KAEWwpdtwv o TL
¥PNOLoTolEl T HEDOSO ETEPOYPOVICUEVG EVIIUEPMONG TOV t-HETAPANTAOV, EVD OTAV
YPNOUOTOIEITOL EK TOV TPOTEPMV OTOKTNGT KAELWOOUATOV YPTCLUOTOLEL TNV AUESN

pébodo.

Inuetoveton 6t o TL opilet 6t mpv v orokAnpwon pioag Asttovpyiog ReadTmVar
TPEMEL VO EKTEAECTEL O UNYXAVIGUOC €AEYYOVL GULVERELNG T®V OedoUEveV ToV t-
petafAntav mov tpooneAdotnkay pe kaBolkn avdyvoon. ‘Etol mpokdntel 611 0 TL
YPNOUOTOIEL TNV OVTOUATN Kot aLENTIKN HEBOOO EKTEAECTC TOL UNYXAVIGHOD EAEYYOV
ovvénewog. Emiong, mapoammpovpe 6t v v €moTtpopr] TV O£dOUEVOV oG t-
petafAntng tv n Aertovpyic ReadTmVar amottel oanAd vo evtomicel v avtictotyio
HeTaED t-peTafAnTig Ko KAEW®patos. Avtd onuaivel 0Tt Bo axorovdnbei évag povo
OelkNg Y10 TOV evTomIcd TV dedouévav ¢ tv. Emouévag 1o mAnbog evolapecmv

emmédv yia tov alyopBpo TL givon 1.

Inpewveton 6Tt 1o aviikeipevo STM emtpénel 610 ¥pNot Vo TPOosTELAGEL TNV 1O
t-peTafAnT tv moAAATAEG POPES Yor eviiuEpon N avdyvaoon. ['a to Adyo avtd dtav

ekteAeitan (o Aettovpyia ReadTmVar ot tv, o TL avalntel apywd pimog vrapyet
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Non Kataympnon g tv oty writeList g T(i,n;) Kot €dv vEApyEL TETOW KOTOYYDPNON
tote 1 ReadTmVar emotpépel katevbeiav ta dedopéva mov mepiéyovtal €ite o
writeList, €dv xpnoLOTOLEITAL 1] €K TOV VOTEPMV ATOKTNON KAEWOUATOV, £1TE 0NV
Ot Vv tv, €dv ypNoLOTOLEITOL 1] €K T®V TPOTEP®V amoOKTNon KAewoudtov. Eivol
onNuovtikd 0Tt M ovykekpévn avalnmmon oty writeList g T(i,n;)
Tpaypotonoleiton pe t Pondewa evog katdAiniov bloom filter [2], k&t T0 omoio
emrpénel ot ReadTmVar €dv n tv mepiéyeton ot writeList ¢ T(i,n;) ko povo €dv
avtd ocvpPaivel vo yasel va Ppet v katoym®pnon e (Kot povo edv xpnoyLomoteiton
N & TV votépov ondkmmon kiewopdtov). Emiong 1o 1010 bloom filter
ypnopomoleiton Kot 0tav extereiton kKdmowo Asttovpyio WriteTmVar ot tv, dote va
yvopilel kor woM edv €xel oM amoktnOel To KAeldmpa TG tv (0TNV €K TOV TPOTEPWV
AOKTNOT KAEW®MUATOV) 1 €4V ATAQ LITAPYEL MO KOTAY®PNOT TG tv ot writeList 1
T(i,n;)) (otv €K TOV VOTEPOV AMOKTNON KAEWOUATOV) KOl ETOUEVOS TPEMEL VO
evnuep®OEl 1 GLYKEKPLUEVT] KOTOY®DPNON HE T VEQ OEGOUEVO TTOV ELGAYEL O YPNOTNG.
IMveton katavontd 611 10 KOoTOG avalntnong otn writeList pewdveror oucOntd pe ™

xpfion Tov bloom filters.

MoMg o ypriotng BeAinocel vo OAOKANPMOGCEL TN 00GOANYiM, TPEMEL VO KAAECEL T
Aertovpyio CommitTransaction 17 tnv AbortTransaction yio va yivel mpocmddeia
OAOKANPMOONG TNG 00GOANYING MG EMTLYNUEVNG N UN-ETITLUYNUEVIG, OVTIOTOLLO.
‘Eoctm 6T ektedleiton n Aetrtovpyion AbortTransaction ywo T docoinyio T(i,n;). Xtnv
TEPIMTOON OV YPNGIUOTOLEITOL 1] €K TMOV VOTEP®V OMOKTNON KAEWOUATOV, OTAd
oAokAnpavetor o¢ arotuynuévn n T(i,n;). Edv ypnowyonoleiton n ek tov mpotépmv
andkon kKAewopdtowv, tote mpémer 1 CommitTransaction vo elevbepdoel To
Kieldopo kdOe t-petafAnmg mov m T(i,n;) €xel amoxtoel Kot TovTdHYPOVO VoL
EMOVOPEPEL TIC TOMES TILES TOV OEDOUEVMV TOVG, KATL TO 0010 UoPEel VoL TO TETVYEL

HE amAEg eyypaEs (0L amapaitnta pe ) xprion evioAwv CAS).

‘Eoto 6t extereiton n Aettovpyio CommitTransaction yio ) docoinyio T(i,n;). H
CommitTransaction 7pEmeEl apyIKA VO OTOKTAOEL TO KAEWOUOTE OA®V TOV
wokmolov mtov embopet n T(i,n;), pOvo €4v YPNOIUOTOIEITOL 1| EK TOV VOTEPWOV
AmTOKTNON KAEWOOUATOV. ZNUEIOVETAL OTL TO, GUYKEKPIUEVO KAEOMUOTO UTOPOVV VoL

aroktnBobv pe omowdnmote oepd, ONAAON Oe YPNOUYOTOEITAL KATOWOL €00V
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kaBoAikn dudtaén mov Ba oamoutovoe TV TOEWOUNGYT TOLG, KOl 1 TOPOLGIOCT
ovykpoOoe®v emhdeTon pe v UEHOdO avapovig Kol TEAKA OAOKANPOONG ®G
OTOTUYNUEVNG MG docoAnyiog mov O UTOpel VO OOKTNGEL £VOL GLYKEKPIUEVO
KAeldopa yoo peydro ypovikd owdotnuae. Edv n CommitTransction katagépel va
ATOKTNOEL OAQ To KAEWOMHOTO (GTOV YPNOYOTOEITAL 1] €K TOV VOTEP®V ATOKTNOT)|
KAEWOUATOV), TOTE GTI GLVEXELN EKTEAEITOL O EAEYYOG GLVETELNG TV OEOOUEVMV TOV
n T(@,n) mpoonélace pe kobolkn ovayvoorn. Edv o €heyyoc avtd olokAnpwOei
emtoy®g m CommitTransaction, evnuepodver ta dedopévo tv embountov t-
petafAntav (LOVo €dv ¥PNOYLOTOIEITAL 1] €K TOV VOTEP®Y AMOKTNON KAEWDOUATOV),
EVNUEPDVEL TNV £KOOGT] TOVG MOV TEPLYPAPETAL OO TA OVTIOTOL(O KAEWOOUOTO,
elevbep®dVvel TOL KAEIOMUOTO KOl OLOKANPAOVETOL EMTVYDG. e avtifetn mepintwon, N
CommitTransaction, emoavagépet o maid dedopéva Tov t-petofAntov (Lovo edv
YPNOWOTOIEITOL 1 €K TOV TPOTEP®V OMOKTNGCT KAEW®UATOV), glevbepdvel Ta
KAEWOUOTO KOL OAOKANPMOVETOL U EMTUYMOG. LNUEUDVETOL OTL 1] EKTEAECT] OADV TOV
AELTOLPYIDOV OV TEPTYPAPNKAV, LETE TNV EKTELEGT] TOV UNXAVICUOD EAEYYOV UTOPOVV

va vAomomBovv pe andég eyypoeis (Ot anapaitnta pe t ypnon eviormv CAS).

210 onueio avtd cvinteitarl n mroAvtlokdtnTa Tov aryopiBuov TL. O TL amoutel yu
™V avamopdotact kafe t-peTafAntie £vav Katoympnt) avayvoong eyypaens Kot
évav katayopnt) CAS un-memepacpévne yopntkommrtos. o v meptypaen g
dopng xkabe docoinyiog, omoutel 2 KOTOXOPNTESG OVAYVOONS EYYPOONS YL TNV
neptypapr] kdbe otoryeiov ¢ readList, o €évag omd tovg omoiovg eivor un
TMEMEPOACUEVIC YOPNTIKOTNTOG KOl 2 KOTOYOPNTEG OVAYVOONG EYYPAPNS Yo KAOE
otoyeio ¢ writeList. KaOe emtuynuévn docoinyia otov TL mov mpoomeraletl R t-
puetafntés vy ovéyvoon kot W o t-petafAntéc  yw  evnuépoon  elheiyet
avtoyoviopot, omoutelt W eviodég CAS yiao v omdKmnon Tov Tpocmpvov
W00KTNoIOV TV t-petafAntav, 2*¥W evtodég eyypaens Katoympntdv ovayvmong
EYYPOUPNG, Y10 TNV EVNUEPOOT TOV OEOOUEVOV TOV t-HETAPANTOV KOl TNV KATAPYNON
TOV 1B10KTGIhVY TV t-petafintdv, O(R?) KOGTOC Yio TNV EKTELEGT TOV UNYAVIGLOD

EAEYYOL GUVETELNG,.
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7.2.2. TL 1l

To 2006 ot D.Dice, O.Shalev kot N.Shavit atnv gpyacio tovg [3] mapovsialovv Evav
eumodlotikd oAyopiOpo STM, o omolog vAomotlel oSvvopkn pvAun STM  «at
ovopdleton Transactional Locking II (TLII). O olyopiOpog TLII anotelel enéktoon
tov aAyopibpuov TL mov mapovoidotnke oty gpyacio [4]. Zvykekpiuéva ot
OLYYPOPELS EIGAYOLV £VOV KOVOLPYLO UNYOVIGHO TOV EMITPEMEL TNV EKTEAECT] TOV

UNYOVIoHOD EAEYYOV GUVETELNG TMV OEOOUEVMV LE OPKETH YPNYOPO TPOTO.

O TLII vrootpilel duvopkég doconyieg kot £xel oxedlaoTel Yo KAEIGTO LOVTELD
pviaung. O TLIT ypnowonotet v 1010 avoarapdctaon t-petafintov pe tov TL kou
ypnopomotlel 1 uEB0do amdKTNONG TPOSMPIVAOV 1O10KTNCIOV ETL TOV t-PeTAPANTOV
Yo TNV emitevén g W Tog ™G oepomomotpndmrog docoinyiov. O TLII propei
vo xpnolponolel ava t-petafAnt) avabeon KAEWOUAT®OV Kol ovd cOVOAO avdabeon
KAeWopaTOV, 6mng akplPac kot o TL. Exiong n poper| kabe kiedmpartog lock otov
TLII eivon idw pe v avtiotoym popen tov aAdyopibuov TL, pe v mAnpoeopia
KAewopatog va givar avovoun. O TLIL, ce avtiBeon pe tov TL, dovAiever povo pe
HEBOSO NG €K TOV VOTEPMOV ATOKTNONG KAEWDOUATOV, OTOKTOVTAG KAEWOMUATO HOVO
oT1g t-petafAntéc mov evnuepwvovtal. ‘Etol o TLIL, 6mwg ko o TL, ypnoipomotel un-
0pOTEG OVOYVMOELS t-HETAPANTOV Kot Yo vo. umopel va aviyvevel cuykpovoelg R-W
VAOTTOLEL EVOV UNYAVICUO EAEYXOV GULVETELNG TOV OEOOUEVOV TOV t-PETAPANTAOV TOL
avayvooOnkav pe Asttovpyion KOBOAMKNG ovAayvmong, OUO0 HE TOV OVTIGTOLYO

unyoviopo tov adyopiduov TL.

YrevOopileton OtL emedn éva kieidopo lock ypewdletar pdévo €va bit yia v
viomoinon g Asrrovpykdtrdg tov, o TL ypnowomolel ta vmdéAouwra bits tov
katoayopnt) CAS (mov amobnkedetor o lock) yia v meprypagn g éxdoons TV
dedopévav g t-petafAintie (1 Tov cuvoAoL TeV t-UETAPANTOV) TOL TTEPLYPAPEL, M
omoio elval amopaitntn Yy TV VAOTOINGN TOV UNYavicpolh eA&yyov ocvvémewag. O
lock ypnotponoteiton pe tov 610 akppng tpomo kot and tov TLIL. Xtov TL, kdOe
docoANYioe OV evnUEP®VEL U0 t-HETAPANT] tV KOL OAOKANPAOVETOL EMTLYMDG,
amouteiton va avénoet v €K00om TG tv TPV TOV TEPUATIGUO TNG. XNUEIOVETOL OTL
otov TL, xd0e emruynmuévn docoinyio mov evnuepmvel k t-uetafintés, mpémetr va

evnuepooet k exdooelg pe dapopetikég Tyés. Xtov TLIL 1 dwarrpnon kot evnuépmon
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TOV £K00GE®V Yivetal pe Alyo dtapopetikd tpoémo. O TLII opilet 611 Ba vdpyet Evag
kaBoiikog uetpnig, o omoiog dwatnpeitoan o Evav koatayowpnt CAS kol avEdveto
and Kabe docoAnyio mov evnuep®veL TOVAdYIoTOV pia t-petafAnt. Xtov TLII kdOe
emtuynpévn docoinyio mov gvnuepwvel k t-petafAntéc, evnuepovel TG €KOOGELS
AVTAOV TOV t-petafintdv pe v véa T Tov KaBoAtkov petpnty], OnAadr| pe v idta
. H mapoarrayn avty emrpéner otov TLIL, va ektedel tov unyoviopod eiéyyov

GUVETELNG OPKETA YPNYOPX, OTMS TEPLYPAPETAL GTT] GLVEYEL.

O aAyopiBpog TLII meprypdoetar Pdost Tov Agttovpyltdv mov mopéxel T0 Pacikd
povtélo STM. X1 cuvéyela, KOt T GUVOTTIKY TEPTYPOAPT) TOV TPOTOL VAOTOINGNG
TOV AELITOLPYIOV OVTAOV, Topovcstdlovion povo to onueio ota omoio dtopépel o TLII
a6 tov TL. Katd v exxivnon pog doconyiog T(i,n;) (dniadr| Katd v ektéleon
¢ Aertovpyiog BeginTransaction) yivetar avdyvoon tng TpEYovcag TIUAG 7V TOV
KaBoAKoD PETPNTN. TN CLVEYEWD KOTA TNV EKTEAECT] KATOWO AELITOVPYIOG AVAYVMOTG
(ReadTmVar) oe wa t-petafint tv and v T(i,n;), yivetor avdyvoon g ékdoong
™G tv, £€6TM Vi, 0moBNKeLoN TG o1 AMota avayvocemv ¢ T(i,n;) kot chykpion g
pe v rv. Edv woyvetl vy > v, onuaivel 0Tt Ta dedopéva TG tv evnuepodnKay HETA
mv exkivnon ™¢ T(,n) kot €tor yw v omopuyn R-W ovykpovoewv, 1
ovykekpipuévn ReadTmVar emotpépel v tyun FALSE mov Ba éxel o¢ arotéleoua n
T(@,n)) va olokinpwBel g pn emroynuévn. Emopévog m T(i,n)) ovveyiler v

EKTEAEON TNG LOVO EGV 1GYVEL Viy < TV.

Kotd v extéheon g Aettovpyiog CommitTransaction, amd tov ypnotn, yivetol
andKToN TOV  KAEWOUITOV TV  t-pHetafAnTdv  mov  evnuepmbnkav Kol
TPOCAVEAVETOL KATO €vol 1 TIUA TOV KOOOAIKOL HETPNTY], KE TNV EKTEAEOT NG
KatdAAnAng Aertovpyiag CAS. 'Eoto wv, 1 véa tiun tov KaBolkol petpnty. Xt
ovvéyxewn, m CommitTransaction ekteAel TOV UNYOVIGUO EAEYXOVL GLVETEWS TMV
dedopévav TV t-peTafAnTOV mov mpoomeldotnkay pe kaBoMkn ovdyvoorn (ot
omoieg mepiEyovior ot Alota avayvacewv g T(i,n;)). Koatd v extéheon tov
unyoviopoh autod, eAéyyetor ywoo kdbe t-petafint) tv mov avhikel ot Alota
avayvooeov ¢ T(i,n;) v 1 tpérovca £k6001 NG Viy v pukpdTepT 1 ion omd v
rv. O €Aeyy0¢ GULVETELNG OAOKANPMVETOL EMITVYDG LOVO €GV M TOPATAV® GLVOTKN

wyvel yuo Oieg Tig t-petofAntéc. Edv o éheyyog avtd oAoxkAnpwBel emituymg M
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CommitTransaction, evnuepmdvel to dgdopéva TtV embountdv t-petafAnTtov,
EVNUEPMVEL TNV €KOOGT TOVG HE TNV TN WV, €AevBepdvel Tol KAEWODUOTO KO
OAOKANPAOVETOL EMTLYMG. Xe avtifetn mepinmtwon, 1 CommitTransaction elevBepivel
TO KAEWODUATO KOL OAOKANPOVETOL U1 EMTUYDS. LNUEIDOVETOL OTL 1| EKTEAEST OA®V
TOV AEITOVPYUDV TOV TEPLYPAPNKAV, UETE TNV EKTEAECT TOVL UNYOAVIGHOV EAEYYXOV
pumopovv vo vAomomBovv pe amAéc eyypagEs (Ol amapaitnTo e TN XPNON EVIOADV

CAS).

H Ymapén tov kaboAikov petpnty, emtpénet otov TLII va gyyunbet ) cvvéneia tov
dedopévav TV t-UeTafANTOV TOV TPOCTEAACTNKAV HE KOOOAKN avayvwoon, He TV
EKTEAECT] TOV EAEYYOL GLVEMELNG MOVO OTO OEOOMEVOL MG t-HETAPANTNG TOL
npoonerdletatl yio mpdT Popd pécw g ReadTmVar. 'Etor pewdveror apketd 1o
KOOGTOG EKTEAEONG TOL UNYOVIGHOD E€AEYYOL GUVEMELNG, GE GUYKPLoN He GAAOLG
alyopiBuovg mov eKTEAOVV TOV pNYOovicpd avtd pe v avEntikn pébodo, dnAaom
kéBe ReadTmVar ehéyyetl ™ ovvéneln T@v dedopéEvov OA®V TV t-HETAPANT®OV TOV
Kdmola doconyia £xel NN npoonerdoet. [lapatmpovpe 61t 0 adkydpiBuog TL extelel
avtd TOV TANPN pnyovicpd eAEYXOL, UOVO KOTA TNV eKTEAEON NG Asttovpyiog
CommitTransaction. 'ET61 10 KO00TOC €KTEAEOMG TOVL UNYOVIGUOD EAEYYOL GTOV

aiyopiBuo TLIL, peidveron osOnrd.

210 onueio avtd culnrteitar n mtolvmrokotnTa Tov akyopibpov TLIL. O TLII éyel tnv
O yopn moAvmiokotnta pe tov TL. Kdbe emroymuévn docoinyia otov TLII mov
npoomeldlel R t-petafintéc yio avdyvoon ko W t-petafAntég yu evnuépwon
eMetyet aviayoviopov, aroutel W evtodléc CAS yia v amdKTNon TV TPOCOPIVAOV
WKMoV TOV t-petafAntav, 2*W gvitodéc eyypopnsg Kotoympntdv ovoyveoong
EYYPAPNG, Y10 TNV EVNUEPWOOT TOV SEFOUEVOV TOV t-PETARANTAOV Kot TNV KoTdpynon
TOV 1V10KTNoIOV ToV t-petafintav, O(R) k66T0G Yo TNV eKTELEST TOV UNYXAVIGHOD

EAEYYOVL GUVETELOG.

7.3. Xvvontikoi [Tapovciaon AryopiOpmv
Ytov Ilivaxa 3.1 mapovctdloviol GUVORTIKG 01 GYEONOTIKES EMAOYEG KOl WO1OTNTES

Kk6Oe adyopiBuov mov mapovcidomnke oto mapmdv Kepdiowo. Emiong otov mivaxa
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avtd cvumeptlapuPavoviot Kot ta avtioToryo oTotyeia Tov véou aAiyopifBuov NBSTM,
mov potddnke otV mapovoa epyacio. Xto onueio avtd a&iler va onueiwbel ot
péEYpL onuepa 0 amodoTikdTEPOS ahydpBpog STM Bewpeiton o alyopiBuog TLII, 6mmc
wyvpilovtar ot cuyypageig Tov. XV gpyacio tovg [3], pé€rpnoav v amdo0cN TOv
alyopiBpov g TPog TV KAvOTNTA JEKTEPAINCTG SOCOANYIDV KO TV GUVEKPLVOV
pe v avtiotoyn amddocn TV LIOAOITWV aAyopiBuwv Kot cvopmépavay 0Tl GTIC
MEPIOCOTEPES TTEPUTTAOGEIS 1| AmOd0on, Tov givor vymAdTepn. Ot cvyypaeeic ™G
gpyaciog avtng, oAAG Kot HEYEAO LEPOG TNG EPEVVNTIKNG KOWVOTNTAG, TIGTELOLV OTL 1|
vepoynl Tov oAyopiBpuov TLII évavit tov vmoAoimwv, ogeidetor oto OTL gival
EUTOOIOTIKOG, KATL TO OTOI0 TOV EMITPEMEL VO AMOPVYEL TO EMUITAEOV KOGTOG TOV
TPOEPYETOL Amd TNV LVAOTOINGT TOL UNYOVIGHOL BonBeloc Tov ¥pNGIUOTOIOHV O pUn-

EUTOOIOTIKOL OAyOpOpOL.

Avt n aicOnom, odnyel peydrlo pEPOC TG EPELVNTIKNG KOWwOTNTOS Vo ovalnTel
amod0TIKEG VAOTOMoELS LvuUNG STM pe eumodiotikovg aryopifuovs. Ouwmg, elval
éva avorytd epeuvnTikd BEpa edv N LYNAN amdOOCT TOV EMTLYYAVEL O AAYOPIOLOC
TLII opeiletar mpaypoTt 6TV EUTOSIGTIKN TOV 1O10TNTA, 1} OTN ¥PNON VOGS KABOAKOV
LETPNTN OV TOV EMTPEMEL VO EKTEAEL TOV UNYOVIGUO EAEYYOL GULVETELNG, TOAD TTLO
amodoTIKG omd Tovg vIoAoimovg aAdyopiBuove. Elval evolapépovoa 1 oyedioon kot
vAomoinon &vog VEOL UN-gUOdIOTIKOV aAyopiBuov mov Bo ypnoipomolel ™
ovykekpipévn Wéa tov TLIL 1 10éec and aAlovg eumodioTikovg aryopiBuovg, kot 1

oLYKPLoN TG AmOS0GNC TOV LE TNV ATOJ00T| TOV EUTOICTIKMOV 0lyopiOpmy.

Axoun, éva emmAEOV EVOLOPEPOV PELVNTIKO (NTnUa elval TO €100G TOV TEPAUATOV
OV €KTEAOVVTOL Yo TN HETPNOM TNG amodoong &vOog aAyopiBuov, kot oakoun
TEPLOCOTEPO O TPOTOG OPIGHOL NG amddoons evog adyopiBuov. Emopévag, yivetan
KOTOVONTO OTL LILAPYOVV APKETA epevvNTIKE BEpata mov mpémel vo emhvfovv mpv
umopovue pe PefatdOTNTO VO OUTIOAOYNCOVUE TNV amOd0on €vOg alyopifuov. Mia

oyxetikr] oulnmon axorovbei 6to Kepdrawo 8.
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KE®AAAIO 8. XYMIIEPAXMATA KAI
MEAAONTIKH AOYAEIA

Onwg avaeépbnke kow oty gloaywyn, N HeEAET Bepeliwodv Beopntikdv Oepdtov
oL 0POPOvV ToVg aAyopiBuovg puviune STM Bpioketal akoduo o€ TPOYO GTAOLO.
Evd vrapyovv apketol adydpiBuotl mov mpoteivouv aiyopifuovg yia tnv viomoinon
pnung STM, dev vtapyovv ol KATAAANAOL AVGTNPOL OPICUOL Yo TN GNUOGIOA0YIN
Kol TG €yyvnoelg mov €va ovotnua STM mpéner va mapéyel. Xwpig avtovg Tovg
QVOTNPOVE OPLWOHOVG elvar addvato va eieyyfel m opBommta twv TpEYOVI®V
aryopiBuov STM, va yivouv Katovontég OAeS ot Aemtopépeles TG amdO0oTG TOVS KoL
va avakoiveBovv ot meplopicpoi Tovg. Emmpdobeta, o1 mepiocodTepes amd Tic o
VILAPYOVCES EPYOGIES TEPLYPAPOVY TOVG TPOTEWVOUEVOLS aAyopifovg ywpic kav TV
TOPOVGIOGT TOV YELOOKMOKA TOVG Kol o€ KAOE mepintmon ywpig kapio amdoeén e
0pBOTNTAG TOVC. AVTO £YEL OC AMOTELEGLO, 1] GUUTEPLPOPE TV OAYOPIOUOV AVTAOV Vi

etvat ampOPAETTY.

Ymv moapovoa epyacio opicape éva poviédo STM, pe ™ Pondewo tov omoiov
MEPLYPAYOLE  KATOWOVG amd TOovg NOM  vmapyovieg aiyopiBuovs. Emiong,
TPOCTOONGAULE VO OVOKOADYOVUE TIC OLLPOPETIKEG GCYEONCTIKEG EMAOYEG TOV
KaBevog Kol vo Tig cuykpivovpe, 660 aVTO NTOV £QIKTO, dEGOUEVOL TOL EAMTOVG
Beopntikov vroPddpov. MeAlovTiKd, 1 KOTIYOPLOTOINGT 7OV TPOYLATOTOWONKE
otoug aAyopiBuovg Ba @avel apketd ypnowun. Emiong, opicape v ddmra g
CEPLOTOMGIUOTNTAG, TNV omoia KABe adkyopiBuog mpénetl va kavorolel. Me Baon to
TPoTEWVOUEVO HovTEAo STM meprypdyoape AETTOUEPADS TIG AEITOLPYIEG TTOL TTAPEXOVV

dvo amd Tovg MOM vmapyovteg aAyopiBuovg kol pe Paon TV WOWOTNTO NG
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OEPLOTOMNGIUOTNTAG, AmOdEiEape Yoo TPAOTN Popd pe avopd Tpdmo v opBdTTA
tovg. A&iler va onueiwBel 0TL KaTd TNV amOdEEN TG opBoTTOC VOGS Omd TOVG
alyopiBpovg avtovg (ocvykekpiuévo tov SSTM) avakoAvednkov mTpoPAnuaTe TOL
KOO0 TOL Topovcialav ol GLYYPAPELS TOV, T Omoia OEV EMETPENAV GTOV OAYOPIOLO
va glvar opB6g. Emiong, mpoteivape Evav véo adydpiBuo pviung STM, tov NBSTM,
TOV 0T010 TTEPIYPAYOLE AETTOUEPMS KOl OTMOOEIEAUE POPUAAICTIKA TV 0pBOHTNTA TOV.
INveton katavontd o011 otV mOpovGO €PYACio TPOYUOTOTOMONKAY CNUAVTIKA

Ppata yuo v evicyvon g Bewpntikng perétng tov aiyopibumv STM.

Y10 onueio owtd a&iler va onuewwbel 611 0o NBSTM mapovoidler pepikd kold
YOPOKTNPIOTIKA O OUYKPION WHE TOVG VEdpyovieg alyopiBuovs. Eyyvdtor v
WoYLPOTEPT WOTNTA TEPUATICUOV €AgVBepian KAEW®UATOV, GE CUYKPLON LE TOLG
VIAPYOVTEG OAYyopiBpovg, 1M omoio. o€ GLUVOLOCUO HE TNV VTOCTNPLEN SUVOUIKNG
UVAUNG Kot QUVOIK®OV doconyiav eEaceaiiletar pdévo and tov FSTM. Emiong, o
NBSTM eivar 0 Tpdtog alyopifog mov eyyvdtot aut TV 1010TNTo TEPLATICHOD Ko
EMTPEMEL TNV OAOKANPWOGCT] HLOG O0GOANYIOG MG ETTUYNUEVIG | U1 EMTUYNUEVNG LE
v ektéleon piog povo evroing CAS.

X ovvéxeln ovintobvtor UEAAOVTIKEG EMEKTACES TNG TOPOVCOS EPYACING.
YrevOopileton 6t ) mopovsioon evog kotvod poviéhov pviung STM mov pmopet va
neptyphyel GAovg Tovg vhpyovies akyopiBpovs STM kot to omoio Ba ypnoiponotovv
o601 o1 petayevéotepotl adyopiBpotl pviung STM, givar arnapaitntn Gote vo Propovv
va ovykpiBodv mo evkoAa. To poviého STM mov mapovcidletor otV TapovLGH
epyacia givor apketd yevikod. Ia Adyovg amidtnroc, vrootnpilel v amodnkevon
povo dektdv ¢ dedopévo TV t-petafintdv. Melhoviikdg otdyoc amoterel M
HEAETN TOV OVOYKOAIWOV TPOTOTOGEMV TOV TPEMEL VO, YIVOUV, MOTE TO LOVTEAD OVTO
va EMTPENEL TNV oodNKEVOTN TOV 010V TOV ded0UEVOV OTIG t-UeTaPANTES Kol OxL TV
dekt®Vv TouG. Daivetar 6t Yo va glval KATL TETO10 £QIKTO, 0 YpPNoTNG Ba Tpémel va
napéyel mAnpogopicc 610 ovotnuo STM ywo v popen TV JedOUEVOV TTOV
amodnkevel og kGBe t-puetafAntn, £tol doTe T0 GHOTUA Vo uopel va To dtayeplotel
avéroyo pe Tig avaykes tov. To mpdPAnua yiveror kotovontd €av oKeQTOOLUE OTL O
YPNOTNG Umopel va amobnkedoet po aplfuntikn Ty oe o t-petofint) 1 va

emiéyel vo amobnkedoel €va otoreio piag doung tnv omoia o idog dpioe. Znv
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nepintwon ovtn, T0 cVomuo mpénet vo yvopilelt omapaimto to péyebog TV
dedopévv oL €lGAYOVIOL OCTE Vo To amofnkevoel kotdAinio. ‘Eva axoun
TOPAOEYIO. OOTEAEL 1 OVAYKT OMoVPYIag avTlypapmV TOV JES0UEVOV TOV t-
puetafntov, mov Odlevepyeitar amd aiyopiBpuovg STM mov dwtnpodv  dopn

EMOVAPOPAG N ETOVEKTEAECT|G.

Melhovtikd o1dY0 amoTeELEL 1] EVPECT EVOALOKTIK®V 1O10THTOV 0pBdTNTOC, TEPAY TNG
CEPLOTOMCIUOTNTAG, KOl KOTAAANA®V 1310T)TeV Teppoticpov. Emiong, amotedel
avoytd Bépo Tto KOTA WOGO [ GLYKEKPUEVN 1010tNnTe. 0pBdTTOG pmopel va
emmpedlel v W10t TEPRATIOHOD TV alyopiBumv. A&iler va onueiwdel o6t o1
OpWOHOl TOV 1010TNTOV TEPUOTIOUOD 7oL 0OONKaV otV Topovco epyacia, OV
KOAOTTOUV TANP®G TIS avaykes Tov aiyopiBumv STM. Zvykekpyéva oty mtopovca
epyacio cuinmonke 01t évag adyopiBpog STM kavomotel po 11OTNTO TEPUATIGHOD
edv kdBe Aertovpyio tov wovormotel v wWIOTNTA CvT. Opwg Ba Ntav emBountd o
TEPUOATIONOG MG O0GOANWiaG vo unv oyetifetor HOvVo HE TOV TEPUOTIOUO TV
AELTOVPYUOV TNG, OAAL KOl [LE TOV TPOTO 7OV 1) 1Ot docoAnyia teppatilel, OnAadn wg
emruynuévn M un emruympévn. ‘Etotl, otovg aiyopiBuovg STM evdiopepopacte
TEPLGGOTEPO Y10 TIG WOLOTNTEG OV TPEMEL VO IKAVOTOLEL Evag alyoplBuog mote va
eEaocpaiiletal Ot KAmolw S0GOANYia TOV OAOKANPOVETOL EMLTVYADS KOl O)L OTL ATAY
oAokAnpavetat. Emopévmg, peAlovtikd otdyo amotedel 0 KaBopiopdc tTwv 1010t TmV

QAVTOV.

Eivor onuovtik) n pehétn Kot €0pecn KATAAANA®V UETPIKOV TOAVTAOKOTNTOS KOt
anddoong v tovg aiyopifuovg STM, mov Ba emoTpéyovv 1N cHykplon TV Mo
vrapyoévtov adyopiBuov oArd kKot tov véwv mov Ba mpotabovv. Emiong, eivon
EVOLLPEPOLGA 1] AVOKAAVYT] TEPLOPIGUMV TV ahyopiBuwv STM kot 1 amddeEn KoTm
opiwv (lower-bound) 1 apyntik®dVv amotelecudtov (impossibility results). Kdtt této10
Ba Pondnoetl Toug oyedtaoTég cvotnudtov STM, va avayvopilovv mote 1 Abon evog
Inmuatog eivor Pértiom, Ba yvopilovv mpog mola katehBvvon doev pmopovdv va
BeAtidoovv toug alyopiBupovg, o Tovg eMGTPEWEL VO OVOKOADYOLV VEEG dVOKOALES

KOl VoL TPOTEIVOLV KAVOTOUEG ADGELS Y1 TNV EMITEVEN LYNAOTEPNG ATOOOGNC.
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Tehkd pHEAAOVTIKO GTOYO OMOTEAEL 1) GYESIAOT KOl VAOTTOINGT VE®V UNYOVIGL®Y TOV
Ba emtpémovv o610 cvotnue STM vo Baciletor ota Wwitepa YopAKINPIOTIKA EVOG
SLOPaOUEVOD OVTIKELEVOL 1) LOG EPAPLOYNG, OOTE Vo TPOPAETEL TOL TPOPAN LT
GLYYPOVIGLOD OV UTOPOVV VO TPOKLYOLV KOl VO, ETLTVYYAVEL CNUOVTIKO ouENUEVT
arodoon. [ va yivel avtd kotavonto, vrevlvpuilovpe v avaykn ta&vopnong e
Motog evnuépmong piag 00coAnyiag mov amorteitol amd toug akyopibuovg FSTM kot
NBSTM. O ary6piBpog STM oe €1d1kég mepmtmdoelg Oo. pmopovse vo, amopvYEL TO
onuovtikd ko6ctog tagvounons. o mopddstypo €dv o xpNoTNG VLAOTOOVGE TIC
Aertovpyieg pog ovvoedepévng AMotag, ol omoieg mpoomeldlovv T oTowyEion TG
Motag pe ovykekpluévn oepd, tote o adyopiBpog STM Ba pumopovce va amopidyet
v tavopnon g MoTog EVIUEPMOOEMY KOl VO ETITUYEL TNV 10100 AEITOVPYIKOTNTA,
anAd eEacparilovtag OtL ot t-petafintég dtutnpodviatl ot AMoTa EVIUEPOCEMVY LE

N GEPA TOV TPOGTEALGTNKAV Y10 TPATN POPA OO TOV XPNOTN.
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