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METO/ AJI4 COI'VTACOBAHHOI'O BBIIIOJTHEHUA
CEMEIICTBA PACIIPEAEJIEHHBLIX ACUHXPOHHO
B3AUMOCBSA3AHHBIX TPAH3AKIIUN

u.r. lanunos

B pabore mpennaraerca meron obHapyxKenuss RW-KoHQAMKTOB MO pas3eisieMbIM JaHHBIM,
BOBHUKAIOIMINX BO BPEeMsI KOHKYPEHTHOT'O BBIMTONHEHHS Habopa pacipeleNeHHbIX TPaH3aKIAil, KO-
TOPBIl TpeIHa3HAYEH JJsi MPEIOTBPANEHUS CBI3aHHBIX ¢ TAKUM THIIOM KOHMINKTOB aHOMAJHIA
BBITTOTHEH WS

Karouesvie caoea: pacnpedeseHHans MpaH3aKUUORKAA NAMAND, DAZ0EAECHHOE 2A000AbHOE a0-
PECHOE NPOCTRPAHCNEO.

1. BBenenwue

B 90-x rogax nponuioro seka M. Herlihy u J. E. B. Moss onucanu opurnHajibHYIO ammapar-
HYIO peau3anuio [1] CHHXPOHU3AINN JOCTY A HECKOIBKUX MPOIECCOPOB K PA3IEIAeMOil TaMSATH:
KOHKYDEHTHBIE OMEePAINY YTEHUsT /3aICH PA3IeIsIeMOil TaMsIiTH TTPOIECCOPa MOTYT 00hETHHSTh-
cs1 B HEKOTODBIil aToMapHblil (HeIeTnMbIil) HADOD AEHCTBHIT — Mpan3aKyul0 — U BBITOJTHATHCS
COBEPITIEHHO HE3ABUCHMO OT ONEPAIuil IPyruX mporeccopor. IlpeioxKeHHbIil MEXAHU3M CHHXPO-
HU3AIKMK, KOTOPBII B HACTOSIIEE BPEMS SBJIsieTCH 0OBEKTOM aKTHBHBIX HAYUYHBIX HCCJIEI0BAHMIT,
OBbLT HA3BAH Mpan3akuuonhot namamoro, TII (aurn. transactional memory, TM ). OnHAKO MOK-
HO OTMETHTH, YTO CaMa Hjes HE TaK y»K ¥ HOBA: BIEPBbIE IPUMEHSATH MOJODHBIH MEXaHU3M
CUHXPOHU3AIMY JIJIs JIIOOBIX BBIYUCIUTEIbHBIX TPOIECCOB BOODINE, a HE TOJLKO [Jisi YIIPaBJie-
HUs TOCTYTIOM K JaHHBIM B 6asax dannoir (B), npemnoxun D. B. Lomet. B cBoeit pabore [2]
Lomet omucan KOHIENIHIO amomaphvix deticmeuts (aHmI. atomic actions), TO3¥Ke PEATH30BAH-
uyio Liskov u Scheifler B sizpike pacmpenenennoro nporpammvuposanust Argus [3]. Tossrenue
UJIeH TPAH3AKIHOHHON MaMATH CTAJI0 PE3yabTaToM 00pabOoTKM U OCMBICJEHUS MHOTOJIETHUX HC-
cJieJIoBanuii B 06J1aCTH TPAJUIHOHHON CHHXPOHU3AINH BBIYUCIUTEIbHBIX TPOIECCOB U MOJIEek
COTJIACOBAHHOCTH MAMSITH C OJHOM CTOPOHBI: CXOXKHUE MPUHIMITBI U COOTBETCTBYIOIIIE KOHCTPYK-
MU MOXKHO BCTPETUTH y X0apa — KOHIEMIH MoHumopos [4], u ¢ Apyroit cTOpoHBI — B 00/1aCTH
TEOPUH TPAH3AKIMOHHON 00pabOTKM JaHHBIX B Ha3aX JAHHBIX.

B nacrosinee BpeMsi akTyaJbHBIME SABJISIOTCH UCCIAEI0BAHNS BO3MOXKHOCTEH 1 ITPENMYINECTB
MPUMEHEHUS] MEXAHI3MOB TPAH3AKITMOHHOM TAMSITH JIJIsi MACITTAOUPYEMbBIX BBIYUCIUTEIBHBIX CH-
CTEM C PACIPEIETEHHON TaMThIO, B IEPBYIO OYEPELH 115 KJIACTEPHBIX BEIYUCIUTEBHBIX CHCTEM.
B cuny cBoux ocobennocteit TII moxker okazarees 6osiee 3hHEKTUBHBIM U MaCTITAOUPYEMBIM 110
CPABHEHHUIO C TPAJIUIIMOHHBIME PEIIEHUSAME Ha OCHOBE aJIFOPUTMOB PACIPEIEIEHHOTO B3aUMHO-
ro UCKJIIOYEHHS TOAX0M0M K CHHXPOHM3AIUH B TAKUX CHUCTEMAX, UYTO YK€ HOJTBEPNKIAET Psil

MMEIOIUXCS UCCTeI0BAHM [5—7].

2. O630p paboT Mo TeMaTUKe NCCIeA0BAHUSI

2.1. CsoiictBa anropurtmos TII

CoiicTBOM orcusocmu [8| Asis alrOPUTMOB TPAH3AKIIMOHHON 00PAbOTKH JAHHBIX sIBISETCS
KPUTEPHIL C02AGCO6AHN020 EHINOAREHUA MPAN3aRyUY UL IPOCTO KPUmepuli co2Aaco6aHHOCTIU.
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[TpumMepoM MOXKET CIYKHUTh KIACCHYECKHUil KpuTepuii cepuasusyemocmu tpanzakuuit B [9].
OHako, W3-3a CYMECTBYIONAX PA3NAYHI MeXAy TpaHzaknusMu B B/l u Tpamzakmusmu ma-
MSTH, TPEXKJEe BCEro 13-3a OOJIBbINEHl aBTOHOMHOCTH IMOCTIEIHUX, TPAIUIIMOHHOTO KPUTEPUS Ce-
pHAIM3YEMOCTH, KOTOPBIil BJIsIeTCS OCHOBOIIOJIATAIONUM i Tpau3akinuil B/, He xBaraer ais
OTIPEe/IETIEHNsT KOPPEKTHOCTH BBHITONHEHAST HAOOpa TPAH3aKINi TaMaTH. B HEM paccMaTpUBaOT-
sl JIUIND 3ahuKkCUPosarHble TPAH3AKINY U HE 3aTPAIHBAETCS BOITPOC KOPPEKTHOCTH BBITOTHEH ST
“ncuswbir”, eme He 3aUKCUPOBAHHLIX TpaH3akuuil. 11pu Hcmoipb30BaHUT ONTHUMHCTAYHBIX METO-
JIOB CHHXPOHU3AINY TAKON KPUTEPHIl MOAXOAUT TOJBLKO JIJIsT MOJHOCTHIO KOHTPOINPYEMBIX CPET
WJIH NEeCOYHUL, KAKOM saBasdercs ajis Tpansakmuit CYB/l, u He gBjsieTcs YAOBIETBOPUTEIBHBIM
JuTst TpaHzakiuil mamsaTu. JleicTBUTeNbHO, TPU KOHKYPEHTHOM BBITONHEHHH HADOpa TpaH3aK-
Uil BO3MOMKHBI CHUTYAIIMH TOHOK M, KAK CJIEJCTBHAE, HECOTTACOBAHHBIE YTEHWS: KaK W3-38, depe-
JIOBaHMs KOHKYDEHTHBIX ONEPaIuil, TaK 1, BO3MOYKHO, N3-38 HECOTJIACOBAHHOTO COCTOSHUS Ia-
MSITH B CJIy9ae MCTOJb30BAHNS KIOHUPOBaHUsS (KIMHUPOBAHNsI) NAHHBIX, THOO MEXAHU3Ma OTKA-
TOB (CM. KIaccuiecKne mpobIeMbl KOHKYPEHTHOTO BBIMOIHERNsT Tpan3aknnii [10]), a Banuanns
(obHapykeHre KOH(MDIMKTOB MO MAHHBIM) MPOUCXOAUT TOMBKO Mepes camoii (ukcanmeii TpaH-
zak1ud. TpaHzakinu, BHITONHSIEMBIE B €ITe He OOHAPYKEHHOM COCTOSTHUH TOHOK, HA3LIBAIOTCS
mpansaxuuamu-somou [11] wan obpeuennvimu (auri. doomed).

C nenbio uzberkanus nonodbHbIx cutyaruit ajist aaroputMmos T1I 6611 npeaoxen 6oee cTpo-
ruil B Ij1aHe KOPPEKTHOCTH BLIIMOJIHEHU S KPDUTEPU, KOTOPBIN SBJIACTC BADUAHTOM CTPOrO# cepu-
AM3yeMOCTH, HA3BAHHBIN KpUTEpPHUEM ckpoimmocmu (auri. opacity) [12]. Ou mpeamoiaraer, 9To:
a) BCE OTEPAITNH, BBITIOJHEHHBIE KAXK IO 3aDUKCHPOBAHHOIN TPAH3AKITHEIT, MPEICTABISIIOTCS TaK,
KaK ecau 6b1 OHM OBITM BLITIOHEHBI B OJHON HEJETUMOH TOUKE KUIHEHHOTO MUK, TPAH3AKITHH;
6) Hu ofHA omeparnus MO0 TPEPBAHHON TPAH3AKIINA HE JOJXKHA OBITH BUIHA JPYTHUM, B TOM
YUCJIe BBITOMHSAIOMAMCS TPAH3AKINAM; B) KAXK/1asi TPAH3AKIMs B JH000H MOMEHT BPEMEHH HAa-
OJIIONAET CO2A0CO6GHHOE COCTOSTHIHE CUCTEMbI (HEBO3ZMOXKHBI HECOTJIACOBAHHBIE YTeHMsT). MOXKHO
CKa3aTh, YTO KPUTEPHl CKPBITHOCTH MTOCIEI0BATEIBHO YIIOPSII0YNBAET HE TOJBKO 3a(DUKCHPO-
BAHHBIE, HO W TPEPBAHHBIE TPAH3AKIINN, Oe3 HADIIONEHNST PE3yILTATOB X BBHIMOJHEHAS JPYTAMH
TpaHzaknusMu Habopa. Takum 06pa3oM, IpU BO3HUKHOBEHUH KOHMDJIUKT H0J2KeH ObIThH cpa3y 00-
HaPYy2KeH (HApPUMEp, ¢ TOMOIIBIO TPOBEPKHU HA HATHYNE N3MEHEHUI BEPCHIl MPOYMTAHHBIX PAHEE
3HAYEHNIT), 1 OfHA U3 KOH(MINKTYIOMNX TPAH3AKIN TPEPBaHA U MEPEBBITOTHEHA 3aHOBO.

2.2. Obuapyxkenue KOH(JINKTOB KOHKYPEHTHOTO BBIIIOJITHEHUS

pacnpejesieHHblX TpaH3aKIui

OJHUM U3 CAMBIX BAXKHBIX BOIIPOCOB MTOMHMO BBIDOPA cmpame2ut 00Hapyotcenus U padpe-
wents KOHMINKTOB KOHKYPEHTHOIO BBIOJIHEHHS HAOOPA TPAH3AKIUN SBJIAETCH PeaIu3alusd
MeToAa obHapyKeHUsT KOHPIUKTOB. |Ipn nenonb3oBanny om.aoscentoti CTpaTernu 0OHOB-
JIEHUs JIAHHBIX CYIIECTBYeT HEOOXOAMMOCTE B ODHApYKeHuu TOJIbKO RW-KOoH(MIUKTOB, T.K. JJis
3aMUCH UCTOJIB3YeTCst TPOoMeXKyTOIHbIH Oydhep (WR-KOHMINKTH HEBO3MOXKHEI ), a caMa MaMsiTh
HU3MEHSIETCS TOJIBKO B MOMEHT (DUKCAIMU TpaH3axkiuu. Bo3uukarore npu 31oM “OTI0KEHHBIE”
WW-koH(MIUKTH 3249aCTYI0 PA3PEMIAOTCd Ha OCHOBE IPaBWIa “‘nepsas durcauus nodescdaem”
(aurm. first committer wins, FCW): B MoMeHT (buKCAIInN TPAH3AKIHS TPOBEPSET MEPE3AMIChIBa-
eMble el0 TaHHble Ha Hajaudne OOHOBICHWH, CIETAHHBIX KOHKYPEHTHBIMY TPAHZAKITASIMI, 1, TPH
00HAPYKEHNN TAKNX OOHOBJEHHH, OTKATHIBACTC. JJIsT OMTUMHUCTHYHBIX MEXAHU3MOB CHHXPO-
Huzaruu [13] OCHOBHO# TPOIELYPOHl METO0B OOHAPYKEHNsT KOH(DIMKTOB SIBISETCS BaTUIAINS
(mpoBepKa) MHOYKECTBA CYMTAHHBIX TpaH3akuuei 3uadenuii Rset. Ho 1o, KAk U KOTJa TaHHYIO
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MPOTEAYPY UCTOIB30BATH, 3ABUCHT OT PEATU3YEMOTO I OTCIEKUBAHNS KOHKYPEHTHBIX 00HOB-
JeHnil pa3aenseMbIX TaHHBIX MeToma 00HAPYKeHnsT KOHMAUKTOB. [101X01b1, KOTOPHIE TPHMEHSI-
I0TCST B AJITOPUTMAX JJIsT MYJBTHITPOIECCOPHBIX CHCTEM, HENb3sT HATPSAMYIO HCIOMBL30BATH JIJIsT
MYJBTHKOMIBIOTEPHON WIH pacnpedesctnots mpansaruuonnoti namamu, PTIT (aurn. distributed
software transactional memory, DSTM).

B pabore [6] 6611 mpeioken Meton obHapykeHnss RW-KOH(MIHKTOB ¢ HCIOTH30BAHHEM BEP-
cuit 1715 JAHHBIX W BAJUJAIAN MHOXKeCTBA Rset myTeM OTCIeKUBAHNST TPHIHHHO-CIIEICTREHHOTO
MOPSITKA MEYK Ty OoTiepanyueil ITeHnsT TPAH3AKINI U OTIEPAIUsIMU 3aTTACH OCTATBHBIX TPAH3AKIAi
cuctembl. st 9TOr0 aBTOPBI MPEIOKIIN CIEIUATBHOTO B JOTHIecKue dachl [14], koropeie
PeasTM30BaHbl B BUJIE MEJOTUCIECHHOTO CUSTINKA, W MOIINHSIIOTCS CIEYIONUM TPABUIAM:

1. ecnu @ — ycnemHoe coObiTre (pukcanuu Tpauzakuuu 1; € T, BBITOJHAEMOI Ha, Y3Ji€ CHCTEMbI
Nj, TO 9aCHl
Ck(a) — Ck «— Ck + 1 (1)

2. mycTh @ — cODBITHE NMpueMa Ha y3Je cucrteMbl Nj coOOMEeHnd ¢, ¢ HA3HAYEHHON METKOil
BPEMEHHU, PABHOIl 3HAYEHUIO 4YACOB y3ja cucTteMbl Np, B MOMEHT COObITHs b OTIpaBJICHUSs
coobmenus ¢: 1y = Cpy(b); Toraa nocne codbiTus a 4acskl Cj YCTAHABINBAIOTCH B 3HAUYEHHE
fombInee cpean TEKYIEero 3HadeHnd 4acoB Cf U METKH 1y

Cp max(C’k,tq) (2)

Cam meros obHapyXKeHusi KOH(IMKTOB, HA3BAHHBIN METOIOM 7pPo0SUNCEHUA MPEHIAKUUY
(aur. transaction forwarding) 3aKI0YAETCA B CIEAYIOMEM:

e TIpU cTapTe TpaHzakiug T;, BRTNOMHIeMad Ha y3ae Ny CINTHIBAET TEKYIee 3HAYEHNE TaCOB

C), ¥ COXpaHseT ero B epeMenHol wu,

e rpanzakius T; npodsuzaem ceoe Cmapmosoe pems W 10 3Hadenust wu' > wv, T.e. Je1aeT
IPUCBAMBAHUE WU = WV, TOMBKO B CJIyYae YCNEImHol Banuganun Rset: mas BeeX 00bek-
TOB B Rset nx Tekymias BepPCUsI CPABHUBAECTCS C WV W, €CJIU BEPCHs KAKOT0-Tnb0 00heKTa
IIpEBLIMIACT WV, TO BaJuJalllid 3aKaHINBaCTCAd HEYCIICHIHO, a TPaH3aKIUsA OTKAThIBACTCH,

e i dTeHUs yoaachioz0 00beKTa TpaH3akiusd 1; MochLIaeT COODIMIEHHEe-3aTPOC Ha y3es
PACTIONOYKEHUsT 00BEKTA Npy,; TTPH TOJYIEHUH OTBETHOTO COODIMEHNST ¢ K TTOCTAHHOMY paHnee
COODITIEHUIO-3ATPOCY € TEKYITEl Bepcueil 00beKTa TPaH3aAKINKN HEOOXOIMMO MPOIBHHYTH
CBOE CTAPTOBOE BPEMs WU J0 3HAYEHN 1y B Caydae, ecan wv < ty (M. BhIpaykeHne 2 s
JOTUYECKUX YACOB); €CIH XKe WV > ty, TO 00bEKT MOKET ObITH CINTAH OGE301acHO;

e TP YTEHUH L0KGABHO20 OODEKTA, PACTIOIOKEHHOTO HA Y3/1€ BHITIOJHEHNST TPAHZAKIIAHT, €T0
BEPCHsT TTPOBEPSETCS |, €CIIN OHa, DOMBITE, TeM WY, TO TPAH3AKIH OTKATHIBAETCST;

e B MOMEHT (DUKCAIIMU TPaH3aKIus HapamusaeT dackl Cf (cM. BIpaykeHue 1) u HA3HAYAET
HOBYIO BEPCHUIO [Jid BCEX NMEPE3aANUCHIBACMbIX O6']>€KTOB PaBHYIO HOBOMY 3HaY€HUIO YaCOB
Cy..

Ha 6aze mpenmoxeHHOTO MeToma apTOpaMu paspaboran anroput™m TFA, xoTopwiit mo mpo-
M3BOJUTETHLHOCTH TPEBOCXOIUT BCE CYIECTBYIONNE KOHKYPEHTHbBIE pernenusi [6] u, Kak 3asiBje-
HO aBTOPaMU, COOTBETCTBYIOT KPUTEPHIO CKPBITHOCTH TPaH3aKiuii. OJHAKO 3TO HE COBCEM TaK.
[IpeacTapuM CHTYAITHIO, WIMIOCTPAIINS K KOTOPO# m300paykeHa Ha pHCYHKe. B cucreme u3 de-
Thipex y3708: (N1, No, N3, Ny) Boimonusiorest npe Tpanzakuuu 17 u 1. ITpu 910M TpaH3axius
T, mepesanuceiBaer Mexkay R1(z) n Ri(v) cunrannbiii panee 1) 00bEKT Y, HO B MOMEHT YTEHHUSI
R1(v) mpoaBuKeHHs TPAH3AKIMH ¥, CJIEI0BATEIHHO Banuianun Rset HE MPOUCXOMWT, B CHITY
Toro, uto wvy = Cy. B pesynbrare arenne Ri(v) mOaydaeTcss HECOTTIACOBAHHBIM.
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CI/ITyaLH/IH HECOIVIaCOBAHHOTO YTECHHA IIPDHU HUCIIOJB30BaHUN METOOa IIPOABUXKCHUA TPaH3aKIINN

Kpowme 31010, HEAOCTATKOM MPEIJIOKEHHOTO TOAX0/A sIBISETCH €r0 OPUEHTHPOBAHHOCTD Ha
pacipeiesleHHbIe TPOTOKOMIBI KOTePeHTHOCTH K3mma (Hanpumep Relay [15]), KoTopbie mioxo mMac-
MTA0UPYIOTCS, U MPEJOCTABIEHUE BCETO OJHON MepPe3alinCchiBAEMON KON 00'bEKTa TPAH3AKIU-
amu cuctembl. B pabore [7] aBropamu ObLT mpeaozKeH MOAXOM U Psifi TPUHIMIOB s 3hdeK-
TUBHON peayin3alliyl POrpaMMHO-OPraHUu3yeMOil TPAH3aKIUOHHON IaMATH Ha OCHOBE MOLEJIU
PGAS u ognocTopoHHEX KOMMyHUKAIMH. [Ipeamoskenubiit moaxon 6611 peaqn30BaH B CHCTEME
Cluster-STM, xopormo MacmTadbupyeMoil Ha KJIACTEPHOH CHCTEME C COTHSME BBIYHC/IUTEIbHBIX
yziaog. OcuoBHoll HepocTarok Cluster-STM — orcyTeTBHE TOAAEPAKKY JUHAMUYECKOTO [1apaJijie-
JIN3Ma, Ha YPOBHE MOTOKOB, OI'PaHUYEHHE “OJIHH IIPOIECCOD, OJHA TPaH3aKIusa  — ObLI yCTpaHEH
B cucreme GTM [16], Takxke mocrpoennoit Ha ocuose mMogenn PGAS u SPMD-noaxona, Ho BMe-
CT€ C ITUM MPEJAOCTABISIONIEH TOAMEPKKY JUHAMITYECKOTO MAPAJIJIETH3MA Ha YPOBHE IOTOKOB U
yJIaJEHHOTO BbI30Ba mporenyp. HegocraTrkoM obouxX CHCTEM SBJSETCH MPEJOCTABJIEHUE TOJBKO
JIAITb TAPAHTHYN CEPUATU3YEMOCTH; BOIPOC BO3MOXKHOI'0 BOSHUKHOBEHHUS MOHOK U, KAK CJIEICTBUE
HEKOPPEKTHOE BBIITOJIHEHHE TPOIPAMMBI, HE PACCMATPHBAETCS.

Kpowme BhITTIepacCMOTPEHHBIX CYIIECTBYET Psil MOJIX0/I0B, OCHOBAHHBIX HA PEIVIMKALMK U MHO-
FOBEPCUOHHOCTH JNAHHBIX U MPEJOCTABJLIONUX Oosiee cjaabble 110 CPABHEHHIO CO CKPBITHOCTBHIO
rapantnu cornacosanuoct: GMU [17], SCORe [18] u ap. Pennukanus 1mo3BosseT TONBKO 9H-
TAIOIMM TPAH3AKIIMSAM BIMOJIHATHCS JJOKAJIBHO, O€3 reHepalini ceTeBoro Tpaduka U BaJu 1A
yaajennbrx Jganabix. B GMU npumeHsercs MHOTOBEPCHOHHAS CXEMa JTAHHBIX, SEKMOPHBIE A0-
euneckue wacv, [19] mast oTCIEKUBAHUS TPUYUHHO-CJICACTBEHHON CBA3H MEXKIY COOBITHSIME, 2
TAKKE YACTMUYHAA UCTUHRGA cxeMa peinkanuu Jauabeix. GMU npenocrasisger ciadblit KpuTe-
puii cormacosannoctu EUS (aurn. extended update-serializability), cornacHo KOTOPOMY pas/int-
HBIE TOJLKO YHTAIONIHE TPAH3AKIMKA MOLYT BHAETH PE3yJbTaT 0OHOBJIEHUS HEKOH(IMKTYIOMIX
MUY ITIAX TPAH3AKINNA B PA3JIMYHOM MOPHJKE. YJIyUIIEHHAS BEPCUs MTPOTOKOJIA YACTUYHONW HC-
TUHHON PENJIMKAIMK JaHHBIX, KOTopblil HAazean SCORe, rapanTupyer 6oJsiee CTPOruii KpuTepuit
BHINOAHUMOT, CEPUAAUSYEMOCTIY 0010t Konuy (AHTIL. executing one-copy serializability, 1CS) [18].
ITporokon SCORe mocrarouno xoporio Macimrabupyem u 3O@EKTHBEH 32 CYET UCIIOJIb30BAHUS
JIOKAJIbHOH MYJIBTHBEPCUOHHON CXEMbI JAHHBIX, [TO3BOJIAIOMIEN TOJBKO YUTAIONIM TPAH3AKITHAM
BCEI/Ia BBIMOJIHATLCA O€3 0TKATA, U 38 CYeT MacIITabuPyeMoii CXeMbl CHHXPOHU3AIUH JJOTHYECKIX
YACOB, B KOTOPOH CBA3aHHBbIE TPAH3AKINKU OOMEHUBAIOTCS JIUITE OJHUM CKAJIAPHBIM YHCIOM —
METKOI 4aCOB.

Takum 06pazoM, MOXKHO CJIEJIATH BLIBOJI, YTO B HACTOAIIHH MOMEHT HE PA3pabOTaHO METOIOB
u ajqropurMoB PTTI, rapanTupyomux BLIIOJHEHNE KPUTEPUs CKpbITHOCTH. Paszpaboranubie aJi-
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TOPUTMBI, maformine Oojee crabble TAPAHTHHN, PEATTH3YIOTC HA OCHOBE AMHAMHUYECKUX, HHTEPIIpPe-
TUPYEMBIX SI3BIKOB, TAKAX KaK Java, KOTopble MO3BOIAI0T 00HAPYKUTH 1, BOZMOYKHO, YCTPAHUTH
ACKJTIOUUTENBHBIE CHTYAINH, BO3ZHUKAIONINE W3-38, HECOTVIACOBAHHLIX uTenuii. s 6osee momy-
JISPHLIX B 00JIACTH BLICKOIPOM3BOAUTEILHEIX BLIMHCICHUN He JUHAMUIECKUX I3LIKOB, TAKIX KAK
C/C++ mpeacraBieHo BCEro HECKOIBbKO mporpaMMubix cpeacts: Cluster-STM u DMV [20], ra-
parTupymomue cepuannszyemoctb, 1 HyflowCPP [21] — mporpammusrii (bpeiiMBOPK, peannsyio-
muii anroput™ TFA, KoTophlil Kak OLLI0 MOKA3aHO BLIIIE HE MPEI0CTABIISET TAPAHTHIO BLIIOJI-

HEHUd KpUTEePUs CKPbITHOCTH.

3. Pazpaborka meroqa obHapyKeHnsa RW-kKoHpInKTOB
110 JAHHBIM B pacOpe/ieJIEHHON cucTemMe

3.1. Moaeib cucTeMBbl

ITycte N = {ni,n2,...,nny} — MHOKECTBO Y3JI0B pPacnpeoeichioti acunIporhoti Gbluiucati-
meavnoti cucmemv, 6es cooes (8], a T = {11,Ts,..., Ty} — MHOXKECTBO PACIPEIETCHHBIX B
cucreMe mpandaxyut. Kpove TpaH3aKInil CHCTEMA TAKXKE BKIHOYAET B cebsi namams ¢ mocjae-
J0BATEJIbHOM MOJIESIbIO COTVIACOBAHHOCTH, C TOMOITBIO KOTOPOM TPAH3aKIIHN B3aUMOJIEHCTBYIOT.
Bynem noppaziaensars namMsaTh HA JIBA BHJA:

1. Plm, — nmpusamnuas, nocrymHag toabko Tpansakumn 1), € T, k = 1, M u oTHOCAmAasACS
K WIH 6bidenehnas Ha y3ne BeimojHeHud Ty nj € N, j = 1, N namsarts. MHo:kecTBO L
npeacTaBiser coboil COBOKYITHOCTD BCell JIOKaJIbHOU namsaTu B cucteme: L = Plmy U Plmo U
. UPImpy;

2. G — pa3deasemasn, JIOCTYIHAs BCEM TPAH3AKIUSIM CHCTEMbI MaMsAThH Taxkas, 410 G =
Pgmi U Pgmo U ... U Pgmpy, rae Pgm; — 4acTbh pasjendeMoil naMaTH, BbIICJCHHAs Ha
yanen; €N, j =1, N.

Bynem cuurarh, 94T0 CAME TPAH3AKIIMHA HEIOBUXKHBI H BLITIOJIHAIOTCS Ha TOM K€ CAMOM y3JI€,
rjie ObLIM HHUIIMUPOBAHBIL, 8 YIAJEHHbIE JAHHBIE DU TOM MOTYT IEPEMEMATHC U KIMTHPOBATHCS
Ha y3J1€ BBIMOTHEHNs TpaH3akiuu. [1ono0Hast Momenb, KoTopas Oblia peaioxKena B pabore [22],
HA3BIBAETCH MOJIEJNIBIO C Nomokom dannbir. Takxke OyIeM CYUTATL, YTO TPAHZAKIMK UCIIOJIB3YIOT
OMAOIAHCEHHYIO CTPATETHIO OOHOBJIEHUS JIAHHBIX.

[TamsTe npeacrapsser u3 cebst MHOXKECTBO CIIENUATBHBIX 00bEKTOB — Aveek. KaxK o sveiike
MaMsTH & COOTBETCTBYET HEKOTOPOE OMPEIETCHHOE 3hauehue, 3a1aBaemMoe otobpaxkenuem V().
0Ob0o3HAYUM CHMBOJIOM V MHOYKECTBO BCEX BO3MOYKHBIX 3HAYEHHI, KOTOPBIE MOI'YT HPHHHMATH
stueiikn naMaTi. COBOKYIMHOCTb BCEX sUeeK CUCTeMbl OyneM obosznadarh cuMmpoioM M @ M =
L UG, Bynem roBopuTh, 9TO MHOXKECTBO sueek M| paBHO MHOXKecTBY Mo, KOTZIA!

|Mq| = |May| A (Ve e MyAlye My:x=yAV(x) =V(y))

g onmucanusa CuCTeEMBI B3aUMOAENHCTBYIOMIX PacpeeleHHbIX TPAH3AKINI BOCTOIb3YeMCs
M0 QHAJIOTUU PsAIOM DA3UPYIONUXCH HA TOHATUH MOGULUHDL COCTMOAHUY OTIDENEeTeHn i, TPe/JIOKeH-
HBIX B [8], u amanTupyeMm ux st pacipeieIeH O CHCTEMBL:

Onpejsenenne 3.1. JIOKGADHBM GA2OPUMMOM MPAHIGKUUY Oydem HA3BIGAMb NAMEPKY
(Z,I,F F YY), 6 xomopoti Z — mnodtcecmso cocmoanuti, I — 2mo nexomopoe noommoscecmea
muosrcecmea 7, — ommnowenue na mnosrcecmee Z x Z, FT — ommuowenue na muoscecmee
Zx M x Z, FY — omnowenue na muoscecmse 4 X M xV x Z. lsymecmnoe omnowenue = na
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MHONCECTNBE 7 ONPEDEAAEMCA COOMHOULEHUCM:
ckd< (c,d) e vIr e M((c,2,d) eF") v 3z € M,3v € V((c,z,v,d) e-Y)

Ornomenne F* mpeacTapaser coboil HePexXo MEXKIY COCTOSHIAMH, CBA3AHHBIN C 6HymMpeH-
numu codbrtnaMmu Tpanszakuun 1y € T, orHomenune F° — coOBITHIMU wmenusA 3HAYEHUS W3
sdueilku namsaTu, a =Y — cobbrrusaMu 3anucyu 3HaUYeHus B gueliky namsaru. Tpaunzakiusa Ty € T
MOJKET BBIIOJIHATBCS HA J1000M y3ie n; € N porumcanrensuoil cucremsr (BC). Brinonnenne
Tpau3axiun T — BBIIOJHEHNE CUCTEMbI epexonoB (g, I, ,'C, o F). Cocrosnue TpaH3aKnun
ST, ONUCHIBAETCST COOCTBEHHO COCTOSTHUEM TPAH3AKINH CT,, U COCTOSTHUEM WM CAENKOM JTOCTYII-
HOiT i wokasvrnot namamu Plmg: S, = (e, Plmy). BayTpenuue coObITHS 1 COOBITHS YTEHUS,
KOTOPBIE OMUCLIBAIOTCS € TMOMOITBIO OTHOMIEHUH I—};,l—z COOTBETCTBEHHO, MOT'YT M3MEHsITh COD-
CTBEHHO COCTOSHHE TPAH3AKIHH, 8 COOBITHS 3aIMCH B TOM YHCJIE M COCTOsIHHE JOCTYNHONH eif
MAMSATH: KaK JOKAJBHON, TaK U TVI00ATBHOI.

st onucaHusi pacpeiesieHHOH CUCTEMBI B IEJIOM BBEIEM MOHSTHE PACNPEEAeHH020 QA20-
PUMMG, COCTABJIEHHOIO M3 COOTBETCTBYIOIMUX KOMIIOHEHT TPAH3AKINI, U CHCTEMBI HEPEXOJIOB,
KOTOPYIO JAHHBIH aJrOpUTM HOPOXKIAET:

Onpeaenenne 3.2. PacnpedeaeHHnvim — QA20PUMMOM  CEMETCMEG  MPAH3GKUUT
T = {h,Ts,..., Ty} O6ydem naswisamsd COGOKYNHOCML AOKGAGHBIL GAZOPUIMMOS, KaAHCObIL
U3 KOMOPHLT COOMBEMCMEYEM 6 MOUHOCTIU 00HOt mpansakuuy u3 T.

Cocrosinue cemeiicTsa Tpan3axiuii T O6yneM HazbiBaTh Konduzypayueti. Kaxnas xondurypa-
Mg CUCTEMEI OIIpeaedeTCd COCTOAHNAMM BCEX TpaHSaKHI/Iﬁ 1 COCTOdHUCM paS,ZLeJ'IHeMOfI ITaMATHN
G.

[ToBesieHne pacpeeeHHOro aJIrOPUTMa ceMelcTBa TpaH3akimii T OMUCHIBAETCS € TOMOITIBIO
CHCTEMbBI MIEPEXO/IOB, OMPEIENAEMO CIEIYIONIM 00Pa30M:

Onpegenenne 3.3. [lyemv 3adano  cemeticmeo mpansaxuyuts T = {11,715, ..., Ty},
a  AoKaabHuL  aazopumam  kascdot  mpansaxuyuu Ty npedcmasaen namepxod (Zr,, IT,,

i;pk, TP Bydem eosopumn, wmo cucmema neperodos S = (C,—,T) nopooscdena pac-
npedeseHHbM AA20PUMMOM OAA CEMETICTBA ACUHTPOHHO 83AUMOCBAZGHHBLT MPAH-
saxuuti T, ecau 6bNOAHEHDL CACOYIOUUE COOMHOULEHUA:

1. C={(St,..., 51, G): (NT' e T:5r € Zy) N(Ne € LVy e G : V(x),V(y) € V)}, ede C —

MHONCECTIB0 KoHuPu2ypauutl cemeticmaea mpan3axuut;
2. == (Urer =1), 20e cumeorom —7 0603nauaomea nepexodn, Komopuie coomeememeyion

USMEHEHUAM COCMOAHUA TMPAH3AKUUU T, m.e. —>Tz — MHOMHCECTNBO 6CET Nap SUaa
!
(ST17 ceey STk7 .- '7STM7G1)7 (ST17 s 7STk7 .. '7STM7G2)7

MAKUT, GMO EBINOAHAETNCA 00HO U3 CACOYIOULUT YCA0EUTL:
(S1,.,S71.) el—iTk u My = My;
* Oaa nexomopoti aqetivu x € My umeemea cobvimue wmenua (St,, ¢, S, ) € u My =
Moy,
o Jas mexomopotl Auetiku xr € My u 3wavenus v € V umeemcAa coObimue 3GNUCU
(ST, 2,0, 87, ) € max, wmo |My| = |[Mp| u3ly € My:x =y AV(y) =v;
3. T=A{(St,,...,57,,G): (WVI'eT:Srelr)
AVre LVyeG:V(x)=Wk),V(y) =Wy, V(x),V(y) e V)}, 2de T — mnoocecmso
HaaAsoholT Kongueypauuts cemeticmsea mpansaxuyut, a Volx) @ VYo € L UG — sadaem na-

YAADHBIE SHAYMEHUA AYECK NAMATTIU.
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COOTBETCTBEHHO BBLITIOJTHEHUEM PACTIPEICTIEHHOTO aJTOPUTMa HASHIBACTCS 6CAKOE BHITIOJHE-
HUE CHCTEMBI TEPEX0OI0B, KOTOPas TMOPOXKIeHA STUM anropuTMoM. KoHKpeTrHoe BhIToTHEHNE F
34,/12€TCsI B BHUJIET MOCTEN0BATEIHLHOCTH KOHMUTY DA, d1epe3 KOTOPhIe CUCTEMa, TTPOXOIUT B IaH-
HOM BbIOsiHEHUN: F = (40,71, - . . ). BBIMOTHEHIE MOKET OBITH MO0 KOHEUHBIM, €CJTH JJIsT HETO
HMEeTCs 3aKANUMEeAbHaA KORDHUTYpaIns, T.e. Takad Koudburypamus v € C : 36|y — &, mmbo
OECKOHETHBIM, €CITA JIJIST HETO 3aKII0UTENHHON KOH(pUTYPAIud He cymecTryeT. C BLITOTHEHNEM
E cBsazana nocaenoBaTebuocTh cobbtuii = (eg,eq,...), Tae e; — HeKOTopoe Jonycmumoe
cobbiTre, 0603HAUAOMMEe TPpeobpasoBanne KOHMDUTYPAIHK Y; B Yit1: (Vi) = Yit1-

OdYeBnIHO, ITO €CIN JIBA MOCTET0BATEIHHBIX COOBITHS B BRITOJHEHNA BANIIOT HA He Tepece-
KAIOIMIHECH OIMHOXKECTBA KOH(MUTYPAIHil, TO 3TH COOBITHS HE3G6UCUMbL 1 MOTYT “BBINTOTHATHCS
B JIPYTOM TIOPsiiKe. B MPOTUBHOM ciiydae, eciyu COBBITH HEeIh3sT TOMEHSThH MECTAMH, TO MEK-
JIY HUMH CYIIECTBYET NPUMUHHO-CACOCTGERHAA 3asucumocms. st nr0boil mocienoBaTeIbHOCTH

cobpITHil F, CBA3aHHO ¢ HEKOTOPBIM BBHIIOJHEHHEM [ BBIAEINM TPH BHIA TAKOI 3aBUCHMOCTIH.

Onpegenenne 3.4. Bydem 2060pumo, wmo mesicdy dsyma cobvimuamu e;, e; € B cyweemeyem:

1. ucmunnas sasucumocmo: e; <" e; <= cobvimue e; — cobvMUE 3aNUCY 6 HEKOMOPYIO
avetry r € M snavenua v € V, a cobvimue e; — nocaedyroujee nocae e; cobbimue Wmenus
U3 AMEUKYU T SHOMEHUA U,

2. enroonas sasucumocmyv: e; <Y e; < cobwimue e; — co0bBMUE 3GNUCYU 6 HEKOMOPYIO
avetry r € M snavenua vi € V, a cobvmue ej — nocaedyroujee nocae e; cobvimue 3anucl
6 amy oice AvetiKy T 3HOMEHUA Vs € V;

3. anmusasucumocmsv: e; <" e; <= cobvimue e; — cobbIMuUE YMEHUA U3 HEKOMOPOT AUCTKY
x € M snavenua vy € V, a cobwmue e; — nocaedyroujee nocae e; cobbimue 3anucu 6 smy
o1ce AMetKYy 3HANEHUA Vg € V.

ITo amajorum ¢ OTHOIMEHUEM TPUYUHHO-CIAEACTBEHHOTO MOPSIKa, KOTOpoe JIaMmMmopT BBen
JIISE CHCTEM ¢ aCHHXPOHHBIM OBMeHOM coobmeHusiMu [14], 3a1a1uM TaKoe YK€ OTHOIIECHUE IJIst
OIHMCAHHOM BBINNE aCHHXPOHHOH CHCTEMBI C PACIIPEAEIEHHO 0DITEH TaMAThIO.

Onpegenenune 3.5. [Ipuvunto-caedcmseeninoe 0OMHoOWEHUE YaACTUYHOZ0 NOPAJKG < Ha MHOICE-
emee cobvimuti cucmemot F evnoanenus B — smo makxoe naumenvuiee omuowienue, yooeae-
MEOPAIOULEE CACOYIOULUM TPEM, YCAOBUAM:
1. ecaue u [ — dsa cobbimus 00HOT MPAH3AKUUY U € NPOUSOULAO Panbile, yem [, mozda e < [;
2. nyemo e u [ dea pasubix codmmua, mozoa ecau e <" fVe < fVve <" f moe =< f;
3. omnouwenue < Mpar3uMuUeHo, mo ecmo ecau e < g u g < f, moe < f.

OnpenesiuM JiBa BHJA CIENHAJIBHBIX COOBITHII, MOIMYCTHMBIX DU BBINOJHEHUYN PacIpe-
JIEJIEHHOT'O aJIrOpuTMa ceMmeiicTBa Tpansakiuil. llepsbiit Bup cobbiTHil — COOBITHE OMKG-
ma Ap: Takoe JOMyCTAMOE COOBITHE B TOCTETOBATENBHOCTH COOLITHI Tpamzakmuu 1}
Er. = (eg,... e, Ag,eh,...) | By, C E, npencrasiennoe mapoit Ap — (Srfpk,Sépk) el—i;m 9TO
Ar(Yiy1) = 0, tie % = Sty -+, S -+, STy, G7) 1 S € I, A (Vo € Plmy : V(x) = Wo(x) €
V). Bropoii Buz crienuanbHbx cobbituit — coowitie gurcayuu Cy Tpansakmun Tj: Takoe I0my-
CTHMOE COOBITHE B MOCTEA0BATEIBHOCTH coObITHil Fy, = (eq, . . ., €5, Ck), TPeacTaBIenHoe Tapoii

Y i ;o
Ck = (S, 57,) €7, ut0 Sp — saxmovumenvroe cocroanne T B BHITOMTHEHAN [,
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3.2. Metop obnapyxkenns RW-koH}IUKTOB N0 JAHHBIM B paclpeieieHHO

cucremMme

Bynem caurtarh, 9TO ¢ KaXKI0#H g4eiikoit 1 x € (G cBd3aHa HEKOTOPAS 6€PCUA UJIH MEMKA
ts’; : ts’; € T'Sset, npucBoennas x Tpansakiueit Ty. Onpenenum Ha MHOXKecTBe T'S'sel HyHKINMIO
TS Takyio, 4ToO:

TS :TSset — {(j,tsn) : j € Zy,tsn € Zxo},

rae j — mesoe MOJIOXKUTENbHOE 9nCy0, HoMep y31a BC n; € N, a tsn — nenoe HeoTpHIATEIBHOE
9HCJI0, KOTOPOE ABILAETCA OTMETKOH BPEMEHH YacOB Y3J1a 1.

OmnpenennM, AHAJOTHIHO TOMY, KaK 9TO ¢aenano B pabore [6], morndeckue qacet C' LK, s
yzaa BC ny, € N:

1. ecnu Cy — ycuemuoe cobbitue dhukcarnuu tTpan3akinun 1y € T, BBITOJTHAEMON HA y3J€ CUCTE-

MBI Ty, TO

CLEwW(Cy) + CLKy, + CLKy, + 1 (3)

2. mycTh e — cobbITHe 4YTeHHd d4eiikn x € G tpanzaknueil T}, € T, BoImOIHAEMOI Ha y37€
CHCTEMBI Ty, ; TIPH 9TOM €CJIH sTueiike HazHaueHa Bepcus ts, : T'S(ts,) = (j, tsn), Toraa mocie
cobbiTusi e yackl C'LK,, ycTaHAB/IMBAIOTCH B 3HAYEHUE DOJIbIIEE CPEM TEKYINErO 3HAYEHU S
qacoB C' LK, u orvmerku tsn Bepcun S,:

CLK, <+ max(CLK,,tsn) (4)

VCTaHOBUM CNIENYIONMME COOTHOITIEHUS NI BCEX BO3MOYKHBIX 3HAUEHUi Bepcuit sueex 18; €
T'Sset. Tlycts Visy, tsy € T'Sset : T'S(ts1) = (j1,tsny) ATS(ts2) = (j2, tsna), TOTIA BBITOJISAHSI-
ercs:

ts] =, <, > 182 == tsn) =, <, > tsna,
ts1 <, > 189 <= tsny <, > tsng,
ts] = lsy <= tsny = tsng A j1 = jo,
151 S, 2 18y <= ts1 <, > 18y VIsE =189

(5)

Omnpenenum mhootcecmeo npowumanhnix aveek tpanzakimun Ty kaxk: Rsetp = {x|x € G A
Jde : e € By, Ae — cobuitne utenns sueiikn x ). Ha muoxecte Rsety, 3a781uM (DYHKIHIO
RSy : Rsety — {ts|ts € T'Sset} — Bepcust sueiiku, KOTOPOil COOTBETCTBYET HEKOTOPOE 3HAUCHUE
v € V. Takum obpazom RSi(x) = ts,.

Omnpenennm s kaxaoit rpansaknnu 1 sBektop VCy @ [VC| = [N| = N rtak, €ro j—ii
aseMeHT BeKTopa paseH VCy|[j| = tsn — HEKOTOPOil OTMETKE BPEMEHH JIOTHIECKUX YaCOB Y3714 C
HOMEDPOM paBHBIM j. llpemnmaraemerii merosn obuapyxenus RW-koudJIMKTOR B pacipenesieHHoi
CHCTEME TPETIOIAraeT HCTOMB30BAHNE OTI0KEHHOI cTpaTerns OOHOBIEHUST TAHHBIX U 3AK/II09a-
€TCsl B CIIEIYIOMEM:

e IpU CTAPTE TPAH3AKINK T}, BBIMOJHIEMOI HA Y3/I€ Ty, BEKTOP V) HHUIMATU3UDYETCS
uynesbiMu 3Havenusvu: V Cili] < 0,Vi = 1, N;

e [IPU YTEHUN 3HAYCHUS sTUeiiku & € (G ¢ COOTBETCTBYIOMEH Bepeueii ts, € T'Sset : T'S(ts,) =
(4, tsn) mposepsiercs, eciun V Ci[j] < tsn, To npoussoauTcs BaauaaIms 00HEKTOB Rsety u
npucsanBanne VCy|j] + tsn, a takyke namenstores dackl C' LK, (cM. Bepazkenne 4 nis
JIOTHYECKUX 9aCOB); KOH(DJIMKTHI OTCYTCTBYIOT U 00BEKT MOYKET ObITH CUNTAH OE30MACHO

TOJILKO B CJIy4ae yenewhoti BaTuaanun nocie 1ero B Rsety, nobasnsercsa x: RSk(x) = 1843
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e TIPU 3aMUCK sT9eiiky 2 € (¢ TPOU3BOANTCS OTPEIENEHe ee TEKYITeH BePCuy u Mpu HeoOXo-
quMocTu usMensiores: yachl C' LK, coracHo BLIpazKeHUIO 4, a HOBOEe 3HadeHHe v coxpa-
HsieTcss B Oydepe 11s1 mocenyomeil 3anuc Bo BpeMsi (buKcalinn (OTI0KEHHAsT CTPATErnst
0OHOBIIEHNST TAHHBIX ),

e BaMHMAANNS IPOU3BOAUTCS JJisI BCEX O00BEKTOB T YbM BEPCHM COXPaHEHBI pamnee B Rsetlj
IyTeM CPaBHEHUs TEKYIIE Bepeun 00EKTa 18!, OTHOCUTENLHO COXPanenHoil B Rsety, Bepenn
1$y: RSkp(x) = tsy u ecm ts), > ts,, TO BANTUAAINS 30KAHUYNBAETCS HEYCNEUHO;

e B MOMeHT coObITust C) ukcanuu Tpan3akiuun T, BBIIOJHIEMON HA V3JI€ Ty, HADPAIIH-
Batorcs dackl C'LK,, (cMm. BeIpakenue 3), a BCe OOBEKTHI amoMapho TEPE3ANNCHIBAIOTCS
HOBBIM 3HAYEHHeM v’ ¢ HOBOI Bepcneit pasmoil ts¥ = (m, CLK,(Cy)).

CdopmyaupyeM u JOKAXKEM CJIEAVIONIEE YTBEPXK ICHUE:

Teopema 3.1. Ilpedaoorcennoiti memod npu Yeaosult amomaphoti NEPe3antct HOSbMU SHAYEHU-
AMU AYEEK NGMAMU 80 6PEMA HUKCAUUY MPAHIGKUUL NO3BOAACT 24PGHMUPOSHHHO OOHAPYIHCU-
BG4 60 GPEMA BBINOAHEHUA PACNPEIEACHH020 CEMETICMBH ACURHTPOHHO 63GUMOCEAZUHHBIT MPAH-
saxuuti RW-xondauxmo, no 0aHHbM, KOTOPbIE MO2YM NPUSECTIU K CUMYAUUL HECOZAACOBUHHOZ0

YIMEHUA.

Hoxasameavemso. Honycrum, uro 310 He Tak. Torma jjis HekoTOpol Tpauzakuuu 1) yzna BC
Ny B BBITOJTHEHUN FY PACIPeIeIEHHOTO AJITOPUTMA, PEATU3YIOIMIEro MPEJIOKEHHBI METOI, CyIIe-
CTBYeT coOBITHE HecornacoBanHoro urenus e sueiikn y € G ¢ sepeumeit ts;, € T'Sset : TS(s;) =
(j,tsn®) u VCi[j] > tsn®, 1.o. nocne e’ samunanus Rsely ne npoussoputcs. [Ipu 5T0M B BbI-
nonuennu E nns T, ecTh Tak:Ke npeamecTByiomee cobbitne urenns e’ aueiiku @ € G ¢ Bepcuei,
coznaunoil Tpanzaxiueii T, ts?, € T'Sset : TS(tsh) = (i, tsn”) Taxoe, uro e’ < e’.
CymecTBoBanne COOLITHS HECOTIACOBAHHOIO drenus e gdeiiku y € G 03HaUaeT TO, 4TO 3
apa cobbrrus sanucu [’ u f” rpansakiuu T ysna nj: f' — cobbirne samucu siueiiku x € G, a f”
— co0pITHE 3amucH A4eiikn § € (' ¢ COOTBETCTBYIONMMI BepcusaMu 18y, ts, € T'Sset : T'S(ts;) =
TS(tsy) = (j,tsn®) Ats; > ts,. [Ipaaem Tpu yCIOBHE ATOMAPHOCTH NEPE3aNNCH HOBBIMU 3HAMe-
HUSIME ST9€eK MaMATH BO BpeMst (DUKCAIIMM TPAH3AKIMil Bemonngerca: 1) e <™ f/ el < ¢/
mmbo 2) e <™ [ 7 <wr e’ Tlpm srom f/ < [V f < f'. B nepsom cnyuae cobwitue e me
ABJIACTCA CO6])ITI/I€M HECOIVIaCOBAHHOI'O YTEHHd, YTO IPOTUBODECHUT NNEPBOHAYAJIBHOMY YCJIOBHUIO.
Bo BTOpoM ciiyuae, Tak Kak 1mocse coobitus urenns ¢ poimonusiercs coornomenne V Cx[j] >
tsn®, To n1a Tpanzaknun T}, 10KHO J coOBITHE uTennus ¢ aueiiku z € G ¢ sepeueit ts7 € T'Sset :
TS(tsl) = (j,tsn?) A VCy[j] = tsn? > tsn®. T.e. ts? npoussenena nexkoropoii Tpanszaknueit Ty.
Torna, ecm tsn? = tsn®, ro T, — 310 U ecTb Tpanzakuus 1, HO3TOMY IIPH YTEHNH d4elikn 2 € G
Banuganug Rsety M0/KHA OTCIEINThL H3MEHEHNe Bepcun sueikn x € (G u panbHeiimee coObITHe
HECOIVIACOBAHHOTO YTEHHS €’ HEeBO3MOMKHO: T.0. IPUXOANM K IPOTHBOpednto. Ecau tsnd > tsn,
to T, n Ty pa3uble TpaHsakun oaHoro yana BC n;, Ho Ty 3aBepmunack nozxe T, caeq0BaTeb-
HO, Basjuaanus Rsely mocse coObITHs YTeHUsI § TaK¥Ke JOJYKHA OTCIEIUTh U3MEHEHNe BEPCUU 1
gueiikn 2 € G, CIeI0BATEIBHO JaIbHENmee COOBITHE HECOMIACOBAHHOTO YTeHUs €’ HeBO3MOMKHO.
Onsdarh NPUXOAUM K TPOTHBOPEYMIO. U

CTOUT OTMETHUTDL, UTO VCIOBHUE QTOMAPHON MMePe3alnuc sSUeeK MaMITH IPH NKCallill TpaH-
) y
3aKIINH O0OLIYHO BLIIOJHIETCSI B CUJIy MCIIOJIL30BaHUd CIIEIINaJIbHBIX ITPOTOKOJIOB (1)I/IKCE)J_H/H/I7 Ta-

KUX Kak AByxdasubiii mpotokon dpukcanun (2PC).
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4. IlporpammHas peajim3alius MPeIJIO2KEHHOTO METO/Ia

Ha ocHore paspaboTaHHOTO METOHA MPEJIOMKEHBI AJIFOPUTMBI M CO3/aHA TPOrpaMMHAasi CH-
cTeMa pacrpeneneHHoi Tpansaknuonnoit mamstn DSTM P1 (23, 24|. Haunas cucrema peasiu-
30BaHa Ha sA3bike C+-+ U IPeIHA3HAYEHA JJIs 3AITYCKA 1 KOHTPOJIsi HaJl BBIIOJHEHUEM MHOTOIIO-
TOYHBIX NPUJIOXKEHU I, HATUCAHHBIX HA f3biKe CH € MCIOJIB30BAHUEM METOJI CHHXPOHU3AIMYN Ha
OCHOBE PaCIpEIeIEHHON KIIMUPYEMOIl TPOTPAMMHO-0PTIaH3yeMOil TPAH3AKIIMOHHONW TaMsITH, Ha,
KJIACTEPHBIX BBIYUCIUTE/IbHBIX CHCTEMAX II0J] YIIPABJEHHEM ONEPANMOHHON cucTeMbl Linux.
DSTM P1 M02KHO YCJIOBHO Pa3JEuTh HA JIBE OCHOBHBIE YACTH: CPEJY GHINOAHEHUA NPUAO-
orcenuti U npuKaaonots npozpammmoit unmepgpetic (API), nocTymHBI A/151 HATHCAHKST MHOTOIIO-
TOYHBLIX OpuaoykeHni. Cpena BLIMOJIHEHUs SBISETCA CBOETO POAa IPOrpPaMMHON “necownuuet:”
JITST TIPUJTIOYKEHU I TTOMB30BATENT 1, 10 BRIOOPY nonb3osarens. API cucremsr DSTM P11 noapas-
JIEJIAETCs Ha!
o pnTEpdeEiic JJ1 paboThI C pacupeneseHHol pasaensaeMoi NaMATBIO
Idstm_malloc;

e unrepdeiic A 3anycka W YyOPABJIEHHS BBITOJHEHHEM PACIPEJIETEHHBIX IIOTOKOB
Idstm_ pthread;

e unrepdeiic JLIS DapbepHOit CUHXPOHU3AIIH pacrpe/iesieHHbIX MOTOKOB
Idstm_ barrier.

Obmasg cxema paborsr DSTM P11 moxer ObITh omucana ciemyomumM obpasom: (1) mosn3o-
BaTE/b CUCTEMBI 3ArPYXKAET MCXOIHBIE KOJbl MHOTONOTOYHOIO MPUJIOXKEHUS, HATHCAHHOTO Ha
sa3bike C ¢ ucnonb3oBanueM Oubnuoreku Pthread m npumeneHneM aToMapHBIX KOHCTPYKITHiT
(__tm_atomic) B MecTax J0OCTYNa K PA3IEIIeMbIM JaHHBIM; (2) TPUIOKEHNE KOMITUIHPYETCS ¢
nomotsio DTMC [8] B si3bIK MTPOMEKYTOUHOTO MPECTaBIeHNUs; (3) Aajee Moy YeHHOe MTPeCTaB-
JieHue TpaHcOPMUPYETCs B MPEACTABICHUE, COAEPKAITEE COOTBETCTBYIONINE BBI3OBLI (DYHKITHT
OubJIMOTEKH TPAH3AKITMOHHOM MAMSTH JJIsd BCEX MHCTPYKITHI JTOCTYIIa K TaMATH ATOMAPHOro 0J10-
Ka; (4) mpeacTaBieHne, TOMYICHHOE HA MTPEIBIIYINEM Iare JTHHKYETCs ¢ He0OXOAMMbIMI GHbI1H0-
TeKaMi (TPAH3aKIMOHHON MaMsTH, «obepTKamMuy» cucTeMHbIX Ondmmorek pthread m malloc); (5)
Ha JIETy KOMIHJIHPYETCs U HCTOTHSAETCS Main-hyHKIUsT TPUIOXKeHust; (6) Bce BBI30BBI (DYHKIHIT
oubsuorexku pthread u malloc nepeaspecyroTcs B COOTBETCTBYIONIME BhI30BBI (DYyHKIHI OUbI1MO-
TeK «00epTOoKy. Bo BpeMs ucnoynenus main-pyukiunu npu BoizoBe pthread create onpenensiercs
KOJ (DYHKIIHU [TOTOKA, KOTOPHIH PACIPEAE/IAETCH B CHCTEME C MOMOIbBIO MOAY/Is DATaHCHPOBKY
HATPY3KH U HCIOJHSETCs B OTAEIbHOM OTOKE HA MEHEE 3arPyKEHHOM y3JI€ KJIacTepPa.

C npenBapuTeIbHBIMU PE3YJIbTATAME JKCIEPUMEHTAJIbHBIX HCCAEIOBAHUE MOXKHO O3HAKO-

MHTBHCs B [24].

5. 3akJrouyeHue

B pabore npencraBieHo onucanue METOAA, KOTOPBIH MOMKET OBITH MCIONBL30BAH JJIs paspa-
DOTKM aJIrOPUTMOB CHHXPOHU3AIIMKA KOHKYPEHTHOIO BBINIOJIHEHNS HADOPA PACIIPE/IE/IEHHBIX ACHH-
XPOHHO B3aMMOCBSA3aHHBLIX TPaH3aKui. OTIHduTe bHOH O0CODEHHOCTHIO METO/A SIBJISIETCS €0

COOTBETCTBUE CTPOTOMY KPUTEPHUIO COTIACOBAHHOCTH TPAH3AKIWI: KPUTEPUIO CKPBITHOCTH.

46 Becrauk HOYpI'Y. Cepus «BbruucaurenbHas MmareMaruka u nHGOPMATUKA»



N.T'. JaaniaosB

Jlutepatypa

1. Herlihy M., Moss J. E. B. Transactional memory: architectural support for lock-free data
structures // SIGARCH Comput. Archit. News. 1993. Vol. 21, No. 2. P. 289-300.

2. Lomet D. B. Process structuring, synchronization, and recovery using atomic actions //
SIGOPS Oper. Syst. Rev. 1977. Vol. 11, No. 2. P. 128-137.

3. Liskov B., Scheifler R. Guardians and Actions: Linguistic Support for Robust, Distributed
Programs // ACM Trans. Program. Lang. Syst. 1983. Vol. 5, No. 3. P. 381-404.

4. Hoare C. A. R. Monitors: an operating system structuring concept // Commun. ACM. 1974.
Vol. 17, No. 10. P. 549-557.

5. Saad M. M., Ravindran B. HyFlow: a high performance distributed software transactional
memory framework // Proceedings of the 20th international symposium on High performance
distributed computing. HPDC ’11. 2011. P. 265-266.

6. Saad M. M., Ravindran B. Transactional Forwarding Algorithm: Tech. rep.: ECE Dept.,
Virginia Tech, 2011.

7. Bocchino R. L., Adve V. S., Chamberlain B. L.. Software transactional memory for large scale
clusters // Proceedings of the 13th ACM SIGPLAN Symposium on Principles and practice
of parallel programming. PPoPP ’08. 2008. P. 247-258.

8. Tenw 7K. Beenenue B pacupenenentbie ajroputmbl. M.: Uzn-so MIIHMO, 2009. 616 c.

9. Eswaran K. P., Gray J. N., Lorie R. A., Traiger I. I.. The notions of consistency and predicate
locks in a database system // Commun. ACM. 1976. Vol. 19, No. 11. P. 624-633.

10. Bernstein P. A., Goodman N. Concurrency Control in Distributed Database Systems //
ACM Comput. Surv. 1981. Vol. 13, No. 2. P. 185-221.

11. Dice D., Shalev O., Shavit N. Transactional locking II // Proceedings of the 20th
international conference on Distributed Computing. DISC’06. 2006. P. 194-208.

12. Guerraoui R., Kapalka M. On the correctness of transactional memory // Proceedings of
the 13th ACM SIGPLAN Symposium on Principles and practice of parallel programming.
PPoPP ’08. 2008. P. 175—184.

13. Kung H. T., Robinson J. T. On optimistic methods for concurrency control // ACM Trans.
Database Syst. 1981. Vol. 6, No. 2. P. 213-226.

14. Lamport L. Time, clocks, and the ordering of events in a distributed system // Commun.
ACM. 1978. Vol. 21, No. 7. P. 558-565.

15. Zhang B., Ravindran B. Brief Announcement: Relay: A Cache-Coherence Protocol for
Distributed Transactional Memory // Proceedings of the 13th International Conference on
Principles of Distributed Systems. OPODIS ’09. 2009. P. 48-53.

16. Sridharan S.; Vetter J. S., Kogge P. M. Scalable Software Transactional Memory for Global
Address Space Architectures: Tech. Rep. FT'GTR-2009-04: Future Technologies Group, Oak
Ridge National Lab, 2009.

17. Peluso S., Ruivo P., Romano P. et al. When Scalability Meets Consistency: Genuine
Multiversion Update-Serializable Partial Data Replication // Distributed Computing Systems
(ICDCS), 2012 IEEE 32nd International Conference. 2012. P. 455-465.

2014, T. 3, Ne 3 A7




MeTO,[[ JAJI COTJIaCOBaAaHHOTO BBIIIOJIHEHU A cemMmeiicTBa paciipeJeJIeHHbIX aCMHXPOHHO...

18. Peluso S., Romano P., Quaglia I'. SCORe: a scalable one-copy serializable partial replication
protocol // Proceedings of the 13th International Middleware Conference. Middleware '12.
2012. P. 456-475.

19. Mattern F. Virtual Time and Global States of Distributed Systems // Proc. Workshop on
Parallel and Distributed Algorithms / Ed. by C. M. et al. North-Holland / Elsevier: 1989.
P. 215-226.

20. Manassiev K., Mihailescu M., Amza C. Exploiting distributed version concurrency in a
transactional memory cluster // Proceedings of the eleventh ACM SIGPLAN symposium on
Principles and practice of parallel programming. PPoPP ’06. 2006. P. 198-208.

21. Mishra S., Turcu A., Palmieri R., Ravindran B. HyflowCPP: A Distributed Transactional
Memory Framework for C++ // 12th IEEE International Symposium on Network Computing
and Applications. NCA 2013. Boston, USA: IEEE Computer Society, 2013.

22. Herlihy M., Sun Y. Distributed transactional memory for metric-space networks //
Proceedings of the 19th international conference on Distributed Computing. DISC’05. 2005.
P. 324-338.

23. Hanumor W.I. llpororun pacnpefenennoii MTPOrpaMMHON TPAH3AKIUOHHON MTaMATH
DSTM_P1 // BoicokonpousBognTenbHble NapasieNbHble BEIUUCIEHNs HA KIACTEPHBIX CH-
cremax. Marepuasnr XI Beepoccuiickoit koudepennu (H. Hosropon, 2-3 wosibpst 2011 ) /
ITox pexn. npod. B.I1. I'eprens. - Huxxuuit Hosropom: Usn-eo Hikeropoackoro rocyHuBepcu-
tera. - 2011. - C. 102-107.

24. Hauwuyios U.I". O6 onHOM HOAX0/E K PEATU3AIUK TPOIPAMMHON TPAH3AKIIMOHHONH TAMSTH JIJIs
pacrpenenénnbix Beraucaennii // Uzsectns KODY. Texunveckne nayku. Temarudeckuii Bbi-
nyck «IIpobreMbl MaTEMaTHYIECKOTO MOJETUPOBAHNUS, CYNIEPBLIYUCIEHNH 1 HHPOPMAITHOHHBIX
rexnosoruity. - Taranpor: Uzn-so TTU HODY, 2012. - Ne 6 (131), C. 91-95.

Hanmnos Urops lemmanbeBnd, mporpammuct, Haydno-ucciaeloBaTenbCKuil MeHTP Cynep-
9BM u neiipokommnbiotrepos (Taranpor, Poccuiickas ®enepanns), vainamon@gmail.com.

Hocmynuaa 6 pedaxuuio 4 aszycma 2014 2.

Bulletin of the South Ural State University
Series “Computational Mathematics and Software Engineering”’
2014, vol. 3, no. 3, pp. 37-50

METHOD FOR DISTRIBUTED AND CONSISTENT
TRANSACTIONS EXECUTION

I1.G. Danilov, Supercomputers and Neurocomputers Research Center (Taganrog,

Russia)

This paper proposes a method for detecting RW shared data conflicts, which encountered
during execution of competitive set of distributed transactions. This method is designed to prevent
runtime anomalies associated with this type of conflicts in distributed transactional memory
systems.

Keywords: distributed transactional memory, partitioned global address space.
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