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An"orauusa

JleneHTpanu3oBaHHOe YNpaBjaeHHe pe-
3epBUPOBAHMEM, JOKaJbHBIMU Ilepe3amyc-
KaMd UM OOHOBJIEHHMEM MCIIOJHAEMOro B
pacnpeleséHHOM KOMIIBIOTEPHOH  CHCTeMe
Koga IpUJaéT cucTeMe TaKHe KadecTBa
UHTEepHeTa KaK BbICOKAs JOCTYIHOCTb U
KaracTpogoycroiiunocts. CHcTeMa CcTaHO-
BUTCSl 3KJEKTHUYHOH, MOABEPXKEHHOH MoTepe
[eHTPa/JM30BaHHOTO YIPAaBJEHHsS U HeNpo-
THBOPEUHBOCTH.

OnHako TOJIBKO 3KJEKTHUYHBbIE CHCTEMBI
AT BO3MOXKHOCTb OIEPeTbCs Ha  Je-
LeHTpa/ln3aluio pa3paboToK [J/5 pelleHHs
CJIO2KHBIX MEXIHUCUHUIJIMHAPHBIX 3anady.

Onucana mnpobsiema obecrieyeHUss [0-
CTYNHOCTH W COIVIACOBAHHOCTH [AaHHBIX B
9KJIEKTHUHBIX KOMIIbIOTEPHBEIX CHCTEMAX, pe-
maemasi MAeHTHU(UKALUKeld BepCHUH MaHHBIX
BpeMeHeM H3MeHeHHS.

[Ipepnaraemasi mosMpuUTMHYHAA CUCTeMa
aBTOMATUYECKOTO BEPCHUOHHUPOBAHUS 00DBeK-
TOB pasfesssieMOd TNaMATH BKJ/OYaeT B
cebs1 crnocob KOMMAKTHOrO eIUHO0OPa3HOro
Npe/iCTaB/JeHUs MEeTOK BpeMeHM C pasHbIM
paspellieHHeM U crocob obecreyeHus corya-
COBAHHOCTH HH(OpMallMU Ha OCHOBe TaKHX
METOK.

BBenenue

Jlns  TOBBIIEHHWS HaAEXHOCTH W KayecTBa 00-
CJIyKUBAHUS MYJBTUIIPOLECCOPHBIX KOMIIbIOTEPHBIX
CHUCTEM LIHPOKO HCMOJb3yeTcs JelleHTpaJu30BaHHOe
aIMUHUCTPHUPOBaHHUE.

bBe3 06bsiBIeHNS TEXHOJIOTHYECKHUX MEPEPHIBOB B
06C/IYy>KUBAHWH BO MHOTHX CHCTeMax MpPOBOASTCS
JIOKaJIbHble Tepe3alyCKu IOACHUCTEM, MepeKJye-
HUSI Ha pe3epBHbBIE CEPBUCH, aBTOMAaTUYeCKHE
00HOBJIEHUS HcIOJHSeMoro Kona. Hepenko ucmodib-
3YIOTCSl pe3epBHblE KOMHUU AAHHBIX U OTKATBHIBAKOTCSA
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Puc. 1: IlpumMep acuHxpoHHOro c6os1 (ycmapesuiue
daHHble nomeueHvl KPACHbIM KOHMYPOM)

aBTOMaTH4YeCKHe OOHOBJIEHHUSI.

JlenenTpanusanus ynpaBieHHs TOTOKAMH JaH-
HBIX CO3[aéT IpobJeMy CHUCTEMHbIX HapylleHHH
nopsinka coObrtHit. Pucynok [I] mosichser eé Ha
npuMepe NpocTeilllell ceTH W3 JIBYX Y3J0B, paclo-
JIO)KEHHBIX B YAaJleHUH Jpyr OT APYra, CBA3aHHBIX
JBYMSI KaHaJaMH.

Y3en A BbIAET MO OAHOMY KaHa/ly TeKyLIHH
yac 0,1, ..., 23, 0, ..., a mo nOpyromy - TeKyllue
muHyTh: 0... 59, 0,...

Ysen B 3To uachl, 3alpallMBamllle JaHHblE Y
A v BBIIAOIINE BpeMs.

Mbl Gynem cunTaTb, UTO BCE COCTaBJSIOLIME CH-
CTeMbl ¥ KaHaJbl CBS3U pabdoTalT 6e3ynpedyHo. DTo
He OTMeHsleT BO3MOXKHBIX 3aflepKeK H3MeHUUBOH
NPOJOJI)KUTENIBHOCTH, HeH30eXHbIX INpU Mepefade
JaHHBIX Mexay y3aamu. Ilostomy okoso mosyaHs
BO3MOXKHbI nokasanus 12.59 uau 11.00 ¢ oumm6koi
Ha yac.

[Tpumep wnimocTpupyer ocobblii kjacc c6oeB B
KOMIIBIOTEPHBIX CHCTEMaXx, CBSI3aHHBIH C HapylleHH-
eM CHHXpOHHOCTHM mnpoueccoB. C6oil Taxkoro popna
croco6eH paspyllaTb CBSI3M POJCTBEHHBIX HAaHHBIX
B CJOXKHBIX pachpefeNéHHBIX cHcTeMax. B posan
4acoB M MMHYT MOIYT 0Kas3aTbCsl JloOble CHH-
XPOHHO H3MeHSIIOIINeCs] JNaHHble TPH BO3MOXKHOCTH
pacrnpocTpaHeHHs Mo pasHbM nyTtsaMm. Ilox yrposoit
paspylleHHsl OKa3blBAlOTCS HE TOJbKO CBS3U NAHHBIX
HaOJIl0fleHUH WM uX 00paboTKH, HO M CBS3H (par-
MEHTOB MCIIOJHSIEMOr0 KOAa, MeTaJaHHBIX H(MJIH)
HCXOJHOTO KOJA.

Bo3M0oxKHOCTb KOH(JIMKTHOTO COYeTaHMsl He3a-
BUCHMBIX H3MEHEHHMH J[aHHBIX MOXeT YCKOJb3aTb
OT BHUMaHHUSI pa3paboTuyukoB. HepasymHO yciox-
HSITb CHCTEMY paiy NpeHeOpeXHMO MaJloBEPOSATHOH
CUTYyaLUHU.
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1 ¥Yrposa acuHXxpoHHOro c6os

Onpenenenne. bydem Ha3vieams ACHHXPOHHBIM
cboeM (asynchronic failure) HecamusHbie nociaeo-
cmeus HenpedycmMOmperHvlX 3a0epicex UAL CXOMUX
Odegpexmos cunxpoHudauuu OaHHbLX.

AcCHHXpPOHHBIH COOH BBHIpa)KaeTcsl B MOTepsX:

COIJIACOBAHHOCTH — KOI'Ja I/IH(I)OpMaL[I/IH pasauny-
HbIX BepCI/Ifl 06beKTa CMEIIKWBAETCH,

nopaaKka — Korga 3a0epPKKH rnepenaydu HJIHn
JIOKAJIbHOTO BOCCTAHOBJIEHUSA HEINPOHU3BOJBHO
CMEHSIOT HOBO€ 3HAY€HHUE CTapbIM;

JaHHBIX 10 TaWM-ayTy MNpU Nepefadax MU CJI0XK-
HBIX pacyérax.

B pesysbrate cucteMa MOXET MOTEPSITh aleKBaT-
HOCTb, TPOAYKTHBHOCTb WJIK OT3bIBUMBOCTH BILJIOTh
[0 HEMPUrOfHOCTH.

1.1 Pakropsl pucka

[Ipumep BckpbiBaeT (hakTOpPBl aCMHXPOHHOTO c6OS:

1. Henoanoma owmoaoecuu CHCTEMBl, IOMYCKalo-
Lled Hey4YTEHHYIO CBfI3b MEXAY HNAHHBIMH.

2. HO/ly%@Hue no pa3vbim KaHaiam HEABHO
CBfISAHHLIX JAaHHBIX H3BHE CHCTEMBbI.

3. Pasbpoc npodoascumervHocmi TPOXOXKIEHUS
uH(opmanuu o603HauuM d. Torna BeposATHOCTh
ACHHXPOHHOro c6ost paBHa g, rie 7 3TO
CpelHssl NPOAOJIKUTEIbHOCTb BPEMEHH MEXIY

CBA3AHHBIMH H3MEHEHHAMH OaHHBIX.

1.2 Xapakrep yrpossl

Ocofoe KOBapCTBO aCHHXPOHHBIX C6OEB COCTOHUT B
UX CIIOCOOHOCTH YCKOJb3aTh OT TECTHUPOBAHHS U B
HEeBO3MOXXHOCTH BOCIIPOU3BENEHHUS.

B orsnune ot cayyadHBIX c60€B UX BepPOSITHOCTh
npeHebpexxkMMO MaJia. B mraTHOM pekuMe 3a1epKKU
Majsbl W CTaOWJbHBl, TMO3TOMY CTaTHCTHUECKHE
OLEHKH Ppe3y/NbTaTOB TECTHPOBAHHUS AaCHHXPOHHBIX
c6oeB He 3aMedaloT. B HewTaTHBIX CHUTyalUsx
BpeMeHHble JIOKAJbHble Tepe3arpysku, IOTEpH,
o4epen, GJIOKUPOBKHU MECTAMH YIJIMHSIOT 3a1ePKKH
00pabOTKH WM Tepefayd JaHHBIX B MHOTHe
TBICSIUM Pa3, CO3/aBasi MPAKTHUYECKHU HEMOBTOPUMbIE
COUETAHHUs] JIOKAJNbHBIX 3ajlepkKeK, MPUBOLSIINE K
ACUHXPOHHBIM COOSIM.

JluarHocTHka ¥ BOCIIPOHM3BelNeHHe 3aTpyIHEeHbI
OTCYTCTBHEM JIOCTATOYHO TIOJNHBIX CBEIEHHH O
BPEMEHHBIX JIOKAJbHBIX MeperpysKax.

B pesynbraTe, cnpoeKTHUPOBaHHAS U UCIBITAHHAS
MO0 BCeM MpaBUJaM cHcTeMa COOUT B HeLITATHOH
CUTyalUWH TaK, 4YTO BOCIPOU3BECTH Je(eKT B
JabOpaTOPHBIX YCJOBUSIX OKa3BIBAETCS MPAKTHUECKH
HEeBO3MOXKHBIM.

Takasi CKPbITHOCTb ACHHXPOHHBIX COOEB BBIBOAUT
UX 32 PaMKH COBPEMEHHOH TEeOpHUM HaNEXKHOCTH,

paspenswolleid nedeKTbl TeXHUYECKOHM CHUCTeMbl Ha
c/lydaliHble, BepOSITHOCTb KOTOPbIX MOXKHO Olle-
HUTb C TIOMOLIbIO TEOPUH U MpPedBapUTENbHBIX
UCTIBITAHUH, U CUCTEMaTUYecKHe, BbIsIBJseMble TIA-
TeJbHBIM TEeCTHPOBAaHMEM KOMIIOHEHT M CHCTEMBI
B UesoM. [losyyaercsi, 4TO [AOCTATOYHO CJIOXKHAS
pacnpefeséHHas CcUCTeMa, [a)ke [OCTPOeHHass o
BCeM KaHOHaM TeOpPUH HaA&XKHOCTH Ha OCHOBe
JeACTBYIOIIMX CTaHAapToB, TpeOyeT 0COObIX apXu-
TEKTYPHBIX pelleHHH uToObl He OKa3aTbCsl (haTabHO
MOJBEPKEHHOH aCHHXPOHHBIM cOosim [1]].

2 Tlogxonpl

Teopust u mpaxTHka paspaboTKH HH(POPMALHOHHBIX
CUCTEM HACTOSITe/JbHO DPEKOMEHAYIT 0a3HpoBaThCs
Ha cTaHnaprtax (2], ocHOBaHHBIX Ha MaTeMaTHUeCKOH
TEOPHH MPEIMKATOB M HaA&XHO MPOBEPEHHBIX
LIMPOKOH NMPAKTHKOH CO3JaHHUS CHCTEM BUepalIHEro
W CerojHsilIHero JHs. PaluoHanbHBIH HOAXOA
K ofecrneyeHMI0 KadecTBa MH(OpMalLHUHU HMeeT
LeHTPaJ/bHbIM CTepXKHEM

1. TwaTenbHy0 LEHTPaJU30BAHHYI MPOPaGOTKY
JIOTUYECKOH MOfIe/Ih CHCTEMBI.

2. Uétkyo opraHusauusi paspaboTKH, TOUYHO
cJiefyIolled BBIBEPEHHOH JIOTHYEeCKOH MOIeJIH.

B kaxnaplii MOMEHT BpEMEHH CHCTeMa HMeeT
(hopMaJibHO HENPOTUBOPEYHBOE B 3ITOH MOIEJHU
COCTOSIHHE, KOTOPOE MOMEHTAaJbHO H3MeHsieTCs Ha
HOBOE CTOJIb K€ JIOTHYECKH LIeJIOCTHOE COCTOSIHHE.

DTo O03HayaeT, 4YTo J00e COOBITHE HEMOo-
CPENCTBEHHO MOpPOXKAAeT TpPaH3aKIMI, Kak Obl
MTHOBEHHO BHOCSIIIYI0 BCe COMYTCTBYIOIHE H3-
MeHeHHMs BO BCe YacTH cucreMbl. [lapanjesnbHo
MOTYT BBINOJHSITBCSA TOJBKO TakWe TPaH3aKIIMH,
KOTOpble HHKAK He B3aUMOAEHUCTBYIOT IO NAHHBIM.
Pesynbrat noskeH ObITh TakKWM, Kak ecau Obl Bce
TPaH3aKIMKU BBIMOJHSAJIUCH T[OCJAEN0BATENbHO, YTO
npo6aemarnyno [3,/4]. Takas H30MALUKSA CTPOTHX
TPaH3aKIMH UMeeT IeJbl0 CO3JaHHe [IJs Tpo-
rpamMmucra usao3uu (view serializability), uto on
paboTaeT ¢ CHCTeMOH OAMH, 4TOObl H30aBHUTb €ro
OT CJIOXKHOCTEH KOHKYPEHTHOTO B3aHMOIEHCTBHSI.
Bo MHOTHX MpakTHUeCKHX 3amadyax Takas HJJI03Us
JOMYCTUMa W pallMOHAJbHBIH TONXON OKAa3bIBaeTCs
BHEe KOHKYpEHIIMH.

2.1 OrpaHUYEeHHOCTh PALMOHAJBHOIO MOAXOHA

Psin  BocTpeGoBaHHBIX B OuMKadiieM OymylieMm
NPUJIOXKEHUH CTpajiaeT OT MPHUHUUIIHAJIbHBIX Orpa-
HHUYEHUH pPALHOHAJBHOTO TOAXOAA:

e Enuuniit jor Ttpansakuuit [5] orpanmumeaer
MacmTaGupyeMocTb.

e Jlns cucTeMbl, KOTOopas MO CYTH JOJX-
Ha 0a3upoBaTbCsl Ha HEYCTOHUMBOH CeTH
(HampuMep, MeXIJaHeTHble WJM apMeHCKHe



CUCTEMbl) LEHTpPadM30BaHHasg o06pPaGoTKa
DaHHBIX HeNpHUeMJ/eMa: BPEMEHHO Tepsiiollie
CBSI3b YaCTH OUEBHIHO [OJIKHBI MPOAOJIKATH
(YHKLHOHUPOBATh KOPPEKTHO U MO BO3MOXKHO-
ctu 3¢ dexTnBHO. PacnpocTpaHéHHOe MHeEHHE
0 ToM, uTo u3BecTHas Teopema CAP bprose-
pa [6] mpoTHBOPEUYUT BO3MOMXKHOCTH CO3AaHHS
TaKuX cucteM, ommubouno [7,[8].

e [6KOCTh, aNANTUBHOCTb U JpyTHe IOJe3HbIE
CBOHCTBa B IOJNHOH Mepe peaju3yeMbl JHIIb
MHOTMMH CHJIbHBIMH He3aBUCUMbIMH KOMaH-
IaMd pa3paboTYMKOB MPHU AEeMOKPaTHYECKOM
B3auMopelicTBuM. 2KECTKMIA ymop Ha LeH-
TpaJu3anuio pa3paboTKU U CONPOBOXKAEHUS
Pe3Ko OorpaHU4yMBaeT AOMYCTUMYIO CJIOKHOCTb
CUCTeMBbl OJHOH TO0JIOBOH T'eHepasbHOro KOH-
crpykropa [9].

e HeusmeHHOCTP MOpmeaHm [JaHHBIX He CBOH-
cTBeHHa nosroxuBylum cucremam [10].

e MoHomnosus IEHTPaJN30BaHHON pa3padort-
KU OrpaHHYMBAET I[IPUTONHOCTb CHCTEM K
He3aBUCHMOU JIOKaJbHOH MOOU(UKAUUU (UH-
dopmMallMoHHasi cHUcTeMa KPYTHOH Kopropa-
L[MH, MEXKTOCYyIapCTBEHHAs] CUCTEMa B3aUMHOH
6e30MacHOCTH, HWHTEJJIeKTyalbHasi CaMOBOC-
craHaBauBatomasics [11] uan sBosounonupy-
omas [[12] cucremsbr).

Jlio6oe OTKJIOHEHHe OT palUoHAJbHOTO TOAX0Aa
obocTpsieT mpobJseMy H3y4eHHUs] U TpefyIpeKAeHHs
ACUHXPOHHBHIX cOOeB.

2.2 DBopbba c 3agepxkKamu

[Tocnennuit aktTop pHcKa — HepaBHOMEPHOCTb
3ajlepKeK — yMeHbllIaeTcss TAKUMH MepaMH Kak

e Mcnosb3oBaHHe HOBEHIIMX TeXHOJIOTHH YCKO-
peHusl oOMeHa U 00pabOTKHU AAHHBIX.

e Ympexknaiomas 6ajaHCUPOBKA PeCypcoB, CHHU-
XKaroliasi pucku neperpysok [13].

e [lopnepKaHue 3amaca CHCTEMHBIX PeECYpCOB,
o0ecreyuBallero ycTOHUUBOCTb K Ieperpys-
KaM.

OTH Mepbl CHUXKAIOT PUCK BO3MOXKHO B COTHH pas
KpoMe CHCTeM, KOTOpble (CaMO)BOCCTAHABJIHUBAIOTCS
UM PEKOHCTPYHPYIOTCA B XOHe 3KCIIyaTalMH:
BOCCTAHOBJIEHHE BCerfa O3HauyaeT CYLIeCTBEHHYIO
HEHCKOPEHHUMYIO 3a[epXKKY.

Ecid  BO3MOXHO TrapaHTHUPOBAHO OTPAHUYHUTD
BpeMsl 3alepKKH MaJjod BeJUYMHOH, TO PHUCK
ACUHXPOHHBIX COOEB MOXHO IOJIHOCTBIO HCKJIIOYEH
TUCTEPEe3UCHOU (pUJIbTpaLMel HeyCTOWYMBBIX H3Me-
HeHUH. N7 3TOro pesyabTaThl KaxKAOrO 3alpoca
JOJKHBl CBEpATbCA C MpedblAyLIHM [OKa3aHHUeM.
Ecin OHO H3MEHMJIOCH, TO HALO CKa)KeM KaxKAyio
CeKyHIy WJIH C OPYyTUM NepuogoM A 3ampaiinBaTth
BpeMsl CHOBa M II0Ka [IOJYYeHHOe 3HayeHHe He
[IOBTOPUTCS, CUYUTATb €ro HeyCTOMYUBBIM M He

nokaseiBaTb. EcsiM pasHuua B 3amepkkax J He
MPeBBICUT A, TO TaKOH (PUABTP HUCKAIOYUT OLIHOKY.

Jns monHoro mnopaBseHHst OLIMOOK Tpebyercs
A > §. Ilpu sToMm uyacel 6ynyT BCerAa OTCTaBaTb He
MeHee 4yeM Ha A. YMeHblleHHe A TMOBBICUT PHUCK
OLIMOKH 4acoB, YBeJUUYEHHE YCHJIUT UX OTCTaBaHMUe.
Ecan ke yckopeHue JOCTUTHYTO ONTHUMM3alLuel
B IUTaTHBIX CHUTyalWsiX, TO OHO BIpaBe He
cpaboraTb B 0COOOM cJjydae, 3ajep:KKa IpPeBBbICHT
TUCTEPe3UCHYI0 U COOH NPOU30HIET.

Takum o00pa3om, ructepesucHass (QUAbTPALUSA
noJie3Ha JHILIb Ha BXOAE CHUCTEMBI.

Ocraéress myThb BEPCHOHHPOBAHHUS NAHHBIX K-
JIEKTUYHOH CHUCTEMBI.

3 IKIEKTUUYHOCTH

OKJIEKTHYHOCTb ~ MOJEJBbHOTO  MpHMepa  JIHIIAEeT
3((PeKTUBHOCTH  BepU(PULHUPOBAHHbIE  I[IPOTOKOJBI
o6MeHa M 00pabOTKM HH(pOpPMAUUM U CTPOTUX
TpaH3aKLHUH.

3.1 AnoJorus 3KJEeKTUYHOCTH

[TonynsipHasi uaesi eMUHOH YHUBEPCAJbHOH OHTOJO-
THH, Ha KOTOPOH GasUpYIOTCS CTAaHIAPThl U TEOPHUS
paspaboTKu HWHMOPMALMOHHBIX CHUCTEM, IPOEKThI
Semantic Web, Web 2.0 u Web 3.0, kK coxa-
JIEHHI0 TNPUHLUUNHAIBHO He peannsdyema. Teopema
I'énenss o HemosHOTe TMOACKA3bIBAeT, UTO IOJHAs
HEepPOTHBOPEUHBAasi OHTOJIOTHSI BO3MOXKHA JIULIb /51
NPUMHUTHBHBIX CHUCTEM.

UTo6bl MOKa3aTb, 4YTO OHTOJOTMH H3MEHUMBBI
B JI000H MNpakKTHYeCKH 3HAauyMMOH 0O0JacTH, pac-
CMOTPUM CHMBOJ ACTPOHOMHUYECKOH TOYHOCTH —
HU3MepeHHe BpPeMEeHH.

B cyrtkax 24 yaca. OpHako B CHCTeMe, yUYHTHI-
BalOILEH Mepexol Ha JeTHee MOSICHOE BpeMs, BCE
ropasio CJ0XKHee M KOJHUUECTBO 4YacoB B CYTKax
HWHOIa OKasbiBaThCsl 23 WM 25, 4YTO 3aBHCHUT OT
aJIMUHUCTPATUBHOrO ToOAUMHeHHs. C ceKyHIaMH B
MHUHYTE CJ0XKHee. B mocjeqHol0 MHHYTY TMOJNYTO-
Ids MHorga (HO MOYTH KaXKABIH Tof) 10 HTOoram
ACTPOHOMHUECKHUX HaO/IOIeHUH BBOLUTCS JOMOJ-
HUTeJbHAsi BHUCOKOCcHasi 61-a cekyHma. Hukrto He
3HaeT, OyleT JiM TOCJefHsIsl CEeKyHIa CJefyIOIIero
roma BHCOKOCHOH. Dosee Toro, MexnyHaponHbiii
ACTPOHOMHUECKHH COI03 BCepbE3 0O6CyKAaeT BO3-
MOXXHOCTU OTMEHBI BUCOKOCHBIX CEKYHJI B YaCTHOCTH
C 3aMeHOH HMX BHCOKOCHBIMHM YacaMH.

Jaxxe B MareMaTHKe OOIIeN3BeCTHble (DAKTHI
YTOYHSIIOTCS C HOBBIX Mo3ului. [ludaropeiins
XpaHUJU B TallHe HPPALMOHANBHOCTb KOPHS U3 JBYX
MOCKOJIbKY 3TO MPOTHBOPEUUJIO MOHSTHIO YHCJA KaK
otHoueHusi. Ewmé po poxpeHuss Xpucrora Oblio
W3BECTHO, 4YTO CyMMa YIJIOB B TpeyroJibHUKe
paBHa pa3BEPHYTOMY, a KBajgpaT JboOro dYucsaa
nojioXuteseH. Bcé 3To HeBepHO B TreoMeTpUsiX



Jlo6aveBckoro u [lyankape u anrebpe KOMIJIEKCHBIX
gyuces. B yue6HMKaX MO MaTeMaTHUYECKOMY aHaJNU3Y
HaMMCcaHo, UTO pa3pbiBHble (DYHKIUHU MPOHU3BOAHBIX
He wuMeT. Ho Teopus 0O6OOLWIEHHBIX (QYHKUHH
U3y4yaeT UX MPOU3BOIHLIE.

B nmnpenmeTHeIXx 00/acTX, OTJIMYHBIX OT Ma-
TeMaTHKHM U aCTPOHOMHM, YTOUHEHHE OHTOJOTHH
ellé ObiCTpee BBIBOAMT Ha IMepefHHH Kpal Hayku
U Hay4yHO-TeXHHMYeCKOH MOJUTHKM W CTAHOBHUTCS
3bIOKMM M HEyCTOHUYMBBIM. B uacTHOCTH, 3TO BepHO
U JJIs CeTeBBIX TexXHoJorui [14].

BesynpeuHoCTb OHTONOIMH OKa3bIBAETCSH KECTKO
OTPaHMYEHHOH BO BPEMEHHM M IIPUBSI3AHHOH K
KOHKPEeTHOH cdepe NpUIIOKEeHUH.

‘HpaBI/IJII)HOG NNIOHMMaHHe HeOoOoJr0OBEe4YHO

Ho wuMeHHO mnpaBu/ibHOE TOHHMAaHHEe SIBJSETCS
OCHOBOH CTaHIApTOB pa3pabOTKH KOMIbIOTEPHBIX
cucteM. BbiBon mapajgokcajeH M HeyTelluTe-
JIEH: UMnepamueHovie KOMNbIOMEPHbLE CUCMeMbl 8
obo3pumoti nepcnexkmusge obpeuerHv. NPOOOANAMD
pasouaposvisams nosvsosameseti [19].

Brixon mnopckasbiBaeT oOlIeNprU3HAHHBIE TPUH-
LUUIbl  pasfeseHus Tpyda M pasiesneHuss 30H
BHUMaHHUs1 (separation of concerns). DBynyiee
3a HaI€XHBIMU COIVIACOBAHHO pPa3BUBAIOLIUMHUCS
B3aUMOINPOHUKAIIIUMH CHCTEMaMH, YJIy4lllaeMbIMH
He3aBUCUMBbIMH TPYMNIaMH, KOMIETEHTHBIMH B CBOMX
obmactax [16H18]. Takue cucteMbl MpaBUIbHO
Ha3blBaTh 3KJEKTUYHBIMU. MHTepHET B LesoM —
3TO NpPHUMep 3KJEKTUYHOH CHUCTEMBI.

HeratuBHoe oOTHoOlleHHWe, 3akpenuBlieecs 3a
TEDMHUHOM M CHCTEMAaMM, HCXONUT OT HaUBHOH
MeuThl 00 abCoO/IIOTHOM 3HAaHUM W OTCYTCTBUSA
TEOPHUH, TEXHOJNOTMH M MPUMEPOB COrVIACOBAHHBIX
9KJIEKTHYHBIX CHCTEM.

He wuckitoyeHo, UTO TEXHOJIOTMU 3KJIEKTHUHBIX
CUCTEM OTKPOIOT MyTb K 3((eKTHUBHOH JelieH-
Tpa/JM30BaHHOH pa3paboTke Ha (OHe MOCTOSHHO
JIOCTYITHOTO KayeCTBEHHOrO CepBHCa.

[lopo6Ho TOMYy, Kak O0OBEIMHHUB TBOpYECKHE
CUJbl  MHpa Bukunemus 1npeB3ollia [0 LIM-
poTe, TMOJHOTE, MAOCTYMHOCTH, aKTyaJbHOCTH H
MOMYJSIPHOCTH BCe JIyUllMe JHUHMKJONEAUH MHPa,
COBMECTHOE TBOPUYECTBO HE3aBUCHMBIX TPYyMI pas-
pa6orunkoB [21]] cnocoGHO MpHBECTH K pe3yJbTary,
npeBocxofsiiemMy Jaydiine oxupauus [22]. Peub
UIET O KayeCTBEHHO MNPEBOCXONHOH TOYHOCTH, Ha-
OEXHOCTH U JPYKeNOOHOCTH B3aHMOAEHCTBYIOLINX
KOMIBbIOTEPHBIX CHCTEM, O CaMOBOCCTAHABJIMBAKO-
IMXCS, 3BOJIOLHOHUPYIOLIUX W MYyJbTHAaT€HTHBIX
cUCTeMax, O KaueCTBEHHOM CKayke (PYyHKLHOHAJ/b-
HOCTH, Hal&XHOCTH M yHnoOCTBa MOJb30BaTeNbCKHX
UHTepdecoB.

3.2 Mogeib 3KJIEKTUYHON CHCTEMBI

OKJNEKTHYHbIE CHCTEMBl HE IIOXOXKH Ha KOHEeuHble
aBTOMaThl: MX COCTOSIHME MEHsIeTCsl He MIHOBEH-
HO. DTo OJMXKe K peasbHOCTH paclpenesnéHHbIX
CHCTEM, B KOTOPHIX JOMYCKAIOTCS TMepeKJIrYeHHe
Ha pe3epBHBIH CepBUC, Tepe3amyck JOKaJbHOTO
cepBHCa, BOCCTAHOBJIEHHE U3 PE3EpPBHOM KOMHH
W HWHbIE BHe3alHble I[PUOCTAHOBKU aKTHBHOCTH.
Hnst skpexktnynbix cucreM (DC) Gosee amekBaTHOM
NpeNCTaB/IsieTCsl MOfeJb, OCHOBaHHAas Ha HIesIX
KOHTeKCTHOH aBToHOMHOCcTH u3 [19] u [20]:

o DC MOXKeT COCTOSTh W3 IOACHUCTEM, SBJSIO-
muxess JC, ¥ BXonuTb B Apyrue IC.

e DC MOXKeT CUHTHIBATb MH(OPMALHIO AATUHKOB,
NOJIb30BATEJNbCKUX HHTep(eHcoB M HHBIX
UCTOYHUKOB.

e JC mpepnocraBsieT JOCTYH

(1) x akTyanpHOM Ha yKa3aHHbIH MOMEHT
BEPCUM KaxXJAOro BBIPaBGOTAHHOIO €0
HMH(pOPMaLlUOHHOTO 00BEKTA,

(2) k omucaHusiM GesibIX MSTEH HUCTOPHH, T.e.
MPOMEXYTKOB BPEMEHH TMEePeXOfoB K CO-
JIaCOBAHHBIM COCTOSIHHSIM B yKa3aHHOM
KOHTEKCTE NAHHBIX.

[Ipo6sema pacnpeneseHUss pecypcoB  MexIy
HalpaBJ/leHUsIMU U TeMIaMH OOHOBJEHUS U MOA-
NEPKKOH (PYHKIHOHUPYIOLUIMX CEPBHUCOB CJOXHA U
MHOTOIJIaHOBa, HO JeJUTCS Ha O4YeBHJHble UaCTHU:

1. ¥YTouHeHUe cTpaTeruu pas3BUTHS.

2. Onpenesnenve MPHOPUTETOB BHYTPEHHHX IIPO-
LI€CCOB.

3. Opranuzanus o6paboTKH HH(YOPMALUH B COOT-
BETCTBUH C YCTAHOBJIEHHBIMH TPHOPHUTETAMH.

PaccmoTpenue mnepBeIX ABYX 4YacTed BBIXOAHUT 3a
pamMKd Hacrosimled crathd. E€ 3agaya onucartsb
CUCTEMY IIPUOPETH3UPOBAHHOH 00paboTKH HHQOP-
MaLHH, MOJHOCTbIO HCKJ/IOUAMLLYI aCHHXPOHHbIE
coowu.

3.3 PeTpoCneKTUBHOCTb U OOHOBJIEHUS

Jlro6ble faHHBIE MOCTYNAOT B IKJAEKTHUHYIO CHCTe-
My C YyKasaHueM BpeMeHH. [loJjie3Hbl NPOTOKOJIBI
CBOEBPEMEHHOro MoJy4eHHs: HHpopMaluuH 00 H3Me-
HeHusx (comet).

Ecsu B ucTOUHUKe ecTb MH(OpPMaLUs O BpeMeHU
aKTya/JbHOCTH JaHHBIX, TO OHa JOJxKHa OBITh
KOPPEeKTHO HCIOJb30BaHa. MHaue HIeHTHU(HUKATOPLI
BepCUH MOTYyT ObITb CreHepUpPOBAaHbl Ha OCHOBe
TeKyLlero BpeMeHH.

BbiBOA [aHHBIX M3 3KJIEKTHYECKOH CHCTeMBl I10
3ampocy MOXKeT B OCHOBHOM OCYILLECTBJISITbCS ABYMS
crocob6aMu:



IIpocieKTUBHBINH 03HaYaeT OXKHAAHHEe KOrga Io-
SIBUTCSI  BepCHs, akKTyajbHas Ha MOMEHT
3ampoca unn 6osee MO3AHHUH.

PerpocnektuBubiin  [19] o3HauaeT HeMenJIeHHYIO
BbIflauy MOCJeIHel Ha MOMEHT 3ampoca Bepcun
JAHHBIX.

[IpocnieKTHUBHBIH BapHaHT IMPHUBBIYHO BKJIOYAeT
OXHJaHKe 3aBeplleHusi 06paboTKHU BCeX BHECEHHBIX
Ha MOMEHT 3ampoca JaHHbIX. PeTpOoCleKTHBHbIN
HeNpHUBbIYEH TeM, 4YTO MCKJKYaeT OXHUAAHHUS
00paGoTKH. DTO HAalNOMHHAaeT 4YTeHHEe MNAaHHBIX HX
K3lla WM pPeaKLUI0 NIOUCKOBBIX CepBepOB MHTEpHeT.

MexaHusM aBTOMaTH4eCKOro BepCHOHHPOBAHHUS
3aMeHsieT HWJJII03UI0  U30JSILMH  HeOOXOAHUMOCTBIO
KOPPeKTHOH MIEHTH(PHUKALHUU BepCHH O0OBEKTOB.
[TponcxonuBliiee B cUCTeMe CTAHOBHUTCS AOCTYIHBIM
He yepes JIOT, a uepe3 MallUMHy BpeMeHH, [0Ka3blBa-
IOULYI0 BXOJHbIE M BBIXOAHBIE JAHHbBIE B JHHAMHUKE
o6paboTku. O6paboTKa MOXKeT MPOrpaMMHPOBATHCS
Ha JIOOBIX A3bIKaX INPOrpaMMHpOBaHusi, a eé
KOPPEKTHOCTb JHMArHOCTHPOBATbCS U OTJaXKMBATbCSH
CpelcTBaMH 3THUX $I3bIKOB. TpelyeTcs JIMIIb YTOOBI
BbIXOJHble JI@aHHbBle [PABUJbHO COOTBETCTBOBAJH
BXOJLHBIM.

[nankoe oOHOB/IeHHe eCTecTBEHHO OyfeT MpOHUC-
XOIUTb MO3TAIHO:

e MOATOTOBKA M OTJafKa HOBOH BEepCHUU HCIIOJN-
HAEeMOro Kojga CHUCTEMBI,

e 3aMlyCK ero B napaJJjenb ¢ paboTalIKM C aB-
TOMATHYECKHM H3BEIIEHHSIMH O PACXOXKAEHUIX
B BBIXOJHBIX NaHHbIX,

® BKJIIOUEHHE B Ka4YeCTBe 6eTa-BepCI/II/I C BO3MO2XK-
HOCTbIO MTHOBEHHOTO IEPEeKJ/JIIYEeHHUSA MEXAYy
BepCHUsAMH,

e (eTa-TeCTUPOBAHHE MOTPeOUTEAMH,
e roJsiydyeHHe cTaTyca 6a30BOH BepCHH,
e MOJyYeHHe CTaTyca pe3epBHOH BepCHH,

® OTKJ/IIOYEHHWE MO0 INpHYHHE lIJIHTeJIbHOﬁ HeBOC-
TpebOBaHHOCTH.

Ot mnporpaMMHUCTOB TOTpeGyeTcsi HE TOJBKO
TEeCTUPOBAaHHE CBOEH CHUCTeMbl, HO W CpaBHUTEJb-
HOe TeCTHpOBaHHE BEPCHH CHUCTEM-IIOCTABIIMKOB
BXOAHOH HH(pOpPMaALHUH.

OpraHusanusi WCIOJNHEHHS B  3KJEKTHUHBIX
cUCTeMax MOXKeT OCHOBbIBAaTbCS Ha cCJjefylollel
cxeMme:

e ABTOMaTHYECKOe BEPCHOHUPOBAaHHE 3aKJaibl-
BaeTCs Ha HU3LEM YpOBHe, a K HeMy
aJaNnTHUPYIOTCA CTPYKTYpbl AAHHBIX W HHTep-
(helichl.

e Mcnosb3oBaHue LITaMIla BPeMeHU B KadecTBe
METKH BepCcUM obecrneunBaeT CHHXPOHHOCTb
JAHHBIX PA3HOH NPHUPOABl U IPOUCXOXKACHHSA.

e [Ipu oOmeHe wuHpoOpMaLUEd MexAy y3JaaMu
nepenanTcs (GparMeHTh HCTOPHHM H3MeHEeHHH,
a 1npu o6paboTKe COBMECTHO 006pabaThIBAIOTCS

HJKW TI0Ka3blBalOTCA OdaHHbIE, OTHOCALIHUEeCHd
TOJIBKO K OJIHOH BepCHUHU.
Ha OyTHh peaJjiu3aliuu 9TOH HJeH Jexar

MHOTOYHMCJIEHHBI€ IIOABOAHbIE KaMHH.

4 TpyaHocTH aBTOMaTH4YeCKOI0 BepCHO-
HUpPOBaHUSA

4.1 OpHOBpeMeHHOCTH

[lepBasi mpo6jeMa COCTOUT B OINpefeJeHUH TOro,
Kakhe NaHHblE CYUTATb OJHOBPEMEHHO aKTyaJsbHbI-
MH, TO €CTb OTHOCSILIUMHUCS K OIHOMY COCTOSIHHIO
CHUCTEMBI.

Knaccruueckue wnccnefoBaHHsl MOKasaau 3arnpe-
JIeJIbHYI0 TeXHHYECKYI0 CJIOKHOCTb CHHXPOHM3ALUU
BCEX H3MEHEHWH B paclpefes€HHOH KOMIBIOTEPHOH
cucreme. Cucrema paccmaTpuBajach TIpPH 3TOM
KaK Habop KOHEUHBIX aBTOMAaToB, OOMEHHBAIOILHX-
c  coollleHUsAMU O coObITHsIX. Bpemss B Hel
TPaKTOBaJOCh KaK BCIIOMOTraTesJbHOE CPEACTBO MJIf
BbICTPAUBAHHUS BCEX COOBITMH B €OUHBIH JUHEHHBIN
TIOPSLI0K.

B wuHTepecywolledl Hac 3KJEKTHUHOH MOAEJH
BpeMsl 3TO [OKa3aHWUs JIOKaJbHBIX 4YacoB, TO €CThb
(pu3nyeckass BeJHMUMHA, H3MEpEHHass C HeKOTOpOH
TOYHOCTbIO.

Beigennts  akTyasbHble B OOLUIMH  MOMEHT
BpeMeHH JaHHble J[ajekKo He MPOCTO MO MHOTHM
NpPUYHHAM.

Bo-niepBbIX, OKOHYaHHe aKTyasJbHOCTH IaHHOTO
X wmoxeT OBITb HACTONBKO OJHM3KO K Hadamdy
aKTyalbHOCTM JaHHOro Y, 4YTO MOMEHT HX
OIHOBPEMEHHOH aKTyaJbHOCTH CyIlecTByeT JHIIb C
HEKOTOPOH BePOSITHOCTBIO.

Bo-BTOpbIX, MOrpelIHOCTh yKa3aHUsl BpeMeHH A
MOXKeT BapbHpOBaTbCsl OT HAHOCEKYH[ MAJsl NaHHBIX
OBICTPO TPOTEKAILIMX TMPOLECCOB [0 THICAYEJeTHH
NI apXeoJIoTHYeCKHUX NaHHBIX.

B-TpeTbuX, KOHKpeTHas pa3HHLA BO BpeMeHH
COOBITUH MOXKeT CBHOeTeNbCTBOBATH 00 OQHOBpe-
MEHHOCTH WJH O HEOJHOBPEMEHHOCTH COOBITHH B
3aBUCHMOCTH OT IIOCTAHOBKH 3ajauH.

B-ueTBépTHIX, pa3auuyalOTCsd aKTyaJbHOCTb B
HEKOTOPBIH MOMEHT MpPOMeKYTKa U aKTyaJbHOCTb B
TeyeHHe BCEro MpOMeXKyTKa.

B-nATblX, mnpo6/jeMaTHYHO KOPPEKTHO COBMe-
CTUTb JaHHBble, OTHOCALIMecs K MNpUOJIUKEHHO
M3BECTHOH OOlled rpaHHlle MPOMEXYTKOB LIKaJbl
BpeMeHH C OJHUM H3 3TUX MPOMEXYTKOB.

B-wecTsiX, c/aydaercs, UTO akTyaJbHash OOCTO-
BepHasi MH(poOpMaUUs HeNOCTYyNHAa W MOJb30BaTeJNsIM
NOpoH HyXeH JOCTYN K HOBEeHLIMM HeNOJHbIM
UM HeNpoBepeHHBIM AaHHBIM. B Takux cuTyauusx



pa3yMHO TPEeNOCTaBJATL OCOOBIH HHTepdelc K
HEToJIHOW CBOOHOH HH(OpPMAalHH.

Hyxxen npospaunblii crnoco6 Oe3ynpeyHo aBToO-
MaTH4eCKH BbIAEJATh OJHOBPEMEHHO aKTyaJ/bHble
BepCUU AaHHBIX. MneHTU(pUKaLKs MOMEHTaMH Bpe-
MEeHH [0JIKHa

e ObITb IOCTATOYHO yHUBepCaJbHOH,

® OTpaxaTb 3HAY€HHE U TMOrPelIHOCTL IIpoMe-
KYTKa akKTyaJbHOCTH B LIMPOKUX OHala3oHax,

e M03BOJISATH OBICTPO M NPOCTO  COOUPAThb

nocJjaenHrue OOJHOBPEMEHHbIE NaHHBIE.

OpraHusanusi UCIOJNHEHHs NOJKHA 10 Mpenesa
CHMXKAThb BEPOSTHOCTb CHUTYyallMH, B KOTOPOH
00paboTKa 3a/lep:KUBAeTCs M3-32 HeCNOCOOHOCTHU
CHCTEMBbI BbIACJUTL OAHOBPEMEHHO dKTyaJlbHbl€
IaHHBbIE.

4.2 3I¢P¢PeKTUBHOCTH M AJTOPUTMBI

Pa6ora 3KJIEKTUYHOH CHCTEMBI AOJKHA ONHPATbCS
Ha 3((eKTUBHblE AJTOPUTMBl pELIEHUS] NPUHLUIIH-
aJlbHO HOBBIX, paHee He pacCMaTpUBABLIMXCA 3ajad,
TaKUX Kak

® [oAaepxKaHhue U COXpaHEHHE UCTOPHUU NATHUPO-
BaHHbIX I/ISMeHeHI/II:I,

e oOMeH (parMeHTaMHd HCTOPUU H3MEHEHUH B
CceMaHTHKe 06anbHON pasfesisieMol MaMsTH,

e 0TOOp COrVIACOBAHHBIX BEpPCHH BXOAHBIX JaH-
HBIX [JI51 COBMECTHOH BbIIa4¥ HJH 00paboTKH,

® 3BOJIIOLUS CTPYKTYP AAHHBIX BO BPEMEHH.

B noc/enHeM nmyHKTe COeIUHSIIOTCS ABa HaMpas-
JleHHs Tnoucka. Bo-mepBbiX, MopLepkKKa HCTOPUH
U3MeHEHUH CTPYKTyp TpalMLUMOHHO Benércs 6e3
NpUBSI3KK KO BpeMeHW. OObIYHast CTPYKTypa B
naMaTH Ju00 He XPaHUT HCTOPHUIO H3MEHEeHHH
00beKTa, MO0 XpaHUT (PUKCHPOBAHHOE KOJNHYECTBO
MOoCAeHUX HW3MeHeHWH, Ju6o (persistent data)
XPaHUT MOJHOCTbIO, HO TOJBbKO IMOPSILOK COOBITHH
6e3 TpUBA3KH KO BpemeHHU. [locsienHee mpakThye-
CKH O3HauaeT IKCIOHEHLHa/bHbIH pOCT TpefyeMbIX
pecypcoB NaMsATH.

[lpuBsiska Ko BpeMeHH Mo3BoJMJa Obl 6e3 ny6-
JIMPOBAHHS MH(OPMAaLMH MOCTOSHHO MOINEPXKUBATh
JOCTAaTOYHOE YHMCJIO0 CHHMKOB HNaHHHIX (snapshots),
CUHXPOHHO 3a0blBasi NaHHbIE MPOMEXYTOUYHBIX H3-
meneHu# [23].

Hanpumep, MoxHO COXpaHUTb Bce exeuac-
Hble CHMMKH IpOLLJIOro Mecsila, BCe exelHeBHbIE
NPOLIJIOrO  rofa, 4YToObl CYLIeCTBEHHO C3IKOHO-
MHUTb pECypChl MaMSITH, OCTaBJss AOCTYNHOW MJs
pasHooOpasHoil 00paboTKH (Takod Kak MalluHa
BpeMeHu [24},2628]]) sHauumylo yacTh ucTOpUH.

Bo-BTOpbIX, 3TO MoAAepKKa 3BOJIOLHUH CTPYKTYP
IaHHBIX. JlJIsl MepapXudecKOH CTPYKTYpHI (CKazKeM,
nepeBo XML-nokymeHTa) 3TO mpexjae BCEro MOsiB-
JieHHe TIPOMEXKYTOYHOro ypoBHS Hepapxuu. CkaxeM,

Oblaa KJaccU(pHKaLMs AaHHBIX Mo ropopam Poccuw,
a MOHaJo00MJIOCh BBECTH aMHHHUCTPATUBHBIE OKpYyra
W paclpelesuTb JaHHble FOPOLOB IO HUM.

Cetiuac Takasi CTPyKTypHas mepecTpoiika Tpedy-
eT YJaJeHUs BCeX BETOK MH3MEHSIOLIerocst ypOoBHS
U [00aB/eHHs UX K J00aBJeHHbIM y3JaM IpoMe-
’KYTOUHOTO yPOBHf. DTa ONepalys HapyllaeT CBSI3H
MeX/Jy 3JeMeHTaMU CTPYKTYPbl, IIOPTUT MPEAbICTO-
pPHUI0 BETOK M TeM caMblM Je/aeT HEeBO3MOXKHBIM
rinagkoe (6e3 TepepelBOB B 0OCHYXKHBaHUM) 00-
HoBJleHHe. [l TpejcTaBJ/ieHUs] JAHHBIX, KOTOpble
JOJKHBl ~ OBbITb ~ HENOCPelCTBEHHO JOCTYNHBl C
JIJIUTEbHON HCTOPHEH CTPYKTYPHBIX H3MEHEHHH,
HeoOXoouMa AaJjbHelas npopaboTka yHHBepCasb-
HbIX U 3(PQPEeKTUBHbIX TMOKUX CTPYKTYp [aHHBIX,
IO/ AEPKUBAIOLINX 3BOJIOLHUIO, CM., Hanpumep, [25].

4.3 IIpoaoskuTejbHble M3MEHEHHS U COIJACo-
BaHHOCTb

Iloka oOpaGoTka HCIOJb3yeT BepPCUU [aHHBIX,
aKTyaJsbHble Ha OOLIMH MOMEHT BPeMEHH, pe3y/bTaT
OIHO3HAYHO OMNpefessieTcs 3THUMH JaHHBIMH U
UAEHTU(HULHUDPYeTCS TeM e BpeMeHeM, YIpo3bl
paccorjiacoBaHusl JaHHBIX He BO3HHMKHeT. [Tostomy
CKOMbKO Obl HM [JMJach Takasi oOpaboTka, eé
pesyJbTaT OTHOCHTCSI K TOH XKe BepCHH NAHHBIX U
NOJ2KeH ObITb IIOMEYeH TeM Ke BpeMeHeM, UTOObI
He HapyLIUTb JOTHUYECKUH MOPSLOK.

Yrposa paccorjacoBaHHe CTaHeT SBHOH TOJIBKO
ec/d 00paboTKa COeJMHUT JaHHble, He aKTya/bHble
Ha OOIIMH MOMEHT BpeMeHH. DTO MOXKET CJIYUYUThCS
U U U3MEeHeHUH, MOMeueHHbIX OOLIUM BpeMeHeM
ecqd OOHO U3 [aHHBIX CHOBAa H3MEHMJIOCh, a
JONYCTHMO€e OTCTaBaHHUe JIOKaJbHBIX 4acOB OTHECJO
3TO COOBITHE K CJIEYIOLIEMY MOMEHTY.

Eciu npu anroputmuyeckoil o6paboTke ecTb
HajexxJa K306exxaTb BCEro 3TOro, TO B IM0Jb30Ba-
TeJbCKUX HHTepdelicax mpobsaema ocraéres. Kak
Obl TLlaTeNbHO HHU OB  OT(UIBTPOBAHBl AJS
N0/1b30BaTeJsl COIVIACOBAaHHble AaHHBblE, MPUBBIUHOE
HCIIOJIb30OBAHHE HOIIOJHUTEJbHBIX HCTOYHHUKOB aK-
Tya/JbHOH HH(OPMALUK MOXKET CHAeJaTb pe3yJbTaT
HeaJeKBaTHBIM.

OT0 NpUAETCS YUYUTHIBATH INIPH CO3MAHHUU IOJb-
3oBaTesnbCcKUX HHTep(eiicoB. HemocraTouno mpocto
NpUHUMaTb BCE Mepbl K TOMY, 4TOObl HHQOP-
Mauusi B HHTepdelice /s ToJb3oBatesss Oblia
npefesbHO aKTyaJbHOH W MOJHONU. BaxkHO mpaBuJib-
HO MIEeHTHU(ULUPOBaTh peaynabTar. MueHTUdHKaTOp
JOJI2KEH OCTaTbCsl MPEXHHUM JIMILb B cjydae, KOraa
M0JIb30BaTeNb NEHCTBOBAJ MO paHee YCTaHOBJIEH-
HOMY aJIFOPHTMY U He MHCIOJb30Bal CTOPOHHEH
6osee moszpHedl uH(popMauuu. MHaue mpu coxpaHe-
HUM HUIEHTU(UKATOP AOJKEH KOPPEKTHO OTPas3uTh
BO3HUKIIMHA pa3bpoc BpeMeHU W BeposiTeH KOH-
(JIUKT [J8  pa3pelleHdss KOTOPOro MoTpedyTcs
aJeKBATHbI€e WHCTPYMEHTHI.



5 Cucrema M nmepcrneKTUBbI

5.1 Cnoco6 KoxgnpoBaHUSI BpeMeHU

Olkanolt S HaszoBéM pa3bueHHe UYHCJIOBOH MpPSMON
Ha TOJYCerMeHThl pPaBHOM [JIMHBI, Ha3blBaeMOH
waroM auckperusauuu. Illar auckpeTrusauuu ornpe-
JesseTcs NPUK/IaJHBIMH 3a4adaMM M JOJKeH OblTb
NpaKTHYeCKH HecyllecTBeHHbIM. Hampumep, s
MONyuYeHHbIX M3 BeO-(hopMbl HAHHBIX He HMeeT
NPaKTHYeCKOr0 3HayeHHsl, HaxKas Jd M0Jb30BaTellb
KHOIIKY OTIIPAaBKH [ECATOH [OJed CEeKYHIbl pPaHblle
UJIH TI032Ke.

[IpaBblli KOHell B MOJyCerMeHT He BXOAHT,
3TUM H3 MPENbICTOPUM HCKJIOYAIOTCS COOBITHS, Ha
06paboTKy KOTOpbIX He ObLIO BpeMeHHW. DasoBbiii
npuMep fAaét pasbueHHMe Ha  LeJOYUCJEeHHbIe
MPOMEXYTKU [n,n + 1),n € Z.

Mbl GyneM ucnosb3oBaTh ro0ajbHblE OTMETKH
BpeMeHu (HoBwifi rom, mosHOUB ¥ T.O.) Kak
pasnenutend. IlockosbKy mnoTpebyeTcss OTY4ET 3a
rol, TO KaxKJoe COOBbITHe MOJKHO OIpe/e/EéHHO
OTHOCUTCS /MO0 K MpolIoMy Tomy, Jub6o K
Oynyuiemy. CJa0KHOCTb € COOBITHEM, TPOU3OLIEALINM
B MOMEHT TaKOro pasiefuTess: AONyCTHMas
TMOr'PeLIHOCTb YacoB M03BOJSET OTHECTH ero B OLHUX
NOACHCTEMaX K MpeAllecTBYIOLIEMY pa3fesuTellio
NONyCerMeHTy, a B [APYyTHX K MOCJelYILeMy 3a
pasgenuTesieM.

B rakux cayyasx JIOrMYECKH HENpaBOMEpHO
IPOU3BOAUTb 0OpabOTKY AAaHHBIX Ha MOMEHT KOHLA
rola M HYXKHO BblOMpaTb MOMEHT, Ha KOTOPBIH
yepega U3MeHeHMH mpuocTaHoBusach. I[losb3oBa-
TeJlsl OfHAKO MOXET HHTepecoBaTb COCTOSIHUE Ha
KoHell ropa. [lo-BuaMMOMYy, Jydllee, UYTO MOXKET
clesaTb CHCTEMa B 3TOH CHUTyalMH, 3TO BBIAATH
KOPPEKTHBIH OTBeT Ha OJIM3KUH MOMEHT BpeMEHH.
B cutyauumu npomo/iKUTEJbHOH BBICOKOH HMHTEH-
CUBHOCTH KOH(JUKTYIOIIUX H3MEHEHUH BXOIHBIX
JaHHBIX, B KOTODOH MO0JIb30BaTe/sl HMHTepecyeT He
TOJILKO (BEPOATHO OTHANEHHBIN) MOMEHT MCTHHBI, HO
3aBeIOMO JIOTHUeCKH Hebe3ynpeyHasi olepaTHBHas
OlLleHKa TeKYLIero COCTOSIHUS AeJl.

Jlasi mosyueHHs Takod OLEHKH MOMKHO WIHOpH-
poBaTb HeCyleCTBEHHble PACXOXKAEHHS BO BPeMeHH,
HO IMpH 3aMHCH pes3y/bTaTa yKasaTb OLEHKY Hedek-
Ta (BpeMeHH pacCOrJIaCOBAHHOCTH) 7. JTa OLEeHKa
JOJI?)KHa OBITb HCIIONb30BaHA IIPH Bblaye IM0Jb30-
BaTe 0 IpefylpexAeHUs O pasMepe BO3MOXKHOH
HEKOPPEeKTHOCTH AaHHBIX.

OnHoBpeMeHHOe HCIOJb30BAHWE MHOTHX MIKaJ
Hy>K[aeTcsi B HX COIVIACOBAHHOCTH, O3HaYalolled
YTO H3 [BYX IepeceKalolluXcs I0JYCEerMeHTOB
OfIMH 00si3aTesbHO cofepKUT aApyrod. O6o3HaYUM
B = {k-2!|k,l € Z} MHOXKECTBO BCEX IBOMYHBIX
npobell U Ha30BEM OUHAPHbIM Cemelicmsom TaKoe
CeMeHCTBO LIKaJ, BCE CErMEHTbl KOTOPOr'O HMEIOT
BUnL [t —6,t) = [k- 2!, (k+1)-2'), rne k,1 € Z.

Ilpennoxenne 1. [loryceemenm 6unapHozo ce-

Mmeticmea 00HO3HAUHO onpedeasiemcs cgoell cepedu-
Hou. MHoacecmso cepedun MmMaxKux noAYcezmMeHmos
cognadaem ¢ B

[IpocTorta wnpgeHTHUKALUKA TOJYyCErMEHTOB OH-
HAapHOTO CeMelcTBa [e/aeT WX MPHBJEKATeJbHbIMU
NI MCTOJb30BaHUS B KadyecTBe HIAEHTU(PUKATOPOB
MOMEHTOB COOBITHH C Y4Y€TOM MOTPELIHOCTH Ompefe-
JeHus BpeMeHH. Hanpumep, MoMeHT coObITHS, Mpel-
IIECTBOBABIIEr0 MOMEHTY 2 ¢ TOUHOCTBIO MPUMEPHO
0.1%, nnentuduuupyercs kak 1.11111111111 ).

Js ycKopeHHsi TOWMCKa HYKHOH BepCHH B
OMHapHOM JepeBe BaXKHO 4YTOOBl MIEHTH(UKATO-
pbl  OBbLIM  JIEeKCUKOTpa(UUECKH YIOPSIOUEHBl 110
akTyanbHOoCcTH. HecMoTpss Ha mNpOCTOTYy U ecTe-
CTBEHHOCTb, TOPSIIOK MPH TaKOM MpPeICTaBJIeHUN
He coryiacyeTcsi C KeJaeMblM JIeKCHUKOrpauyecKuM:
npaBblll KOHeLl MoJiycerMeHTa ¢ CyllecTBEeHHO GoJee
3HaUMM, 4YeM JIeBBIH t — J.

K coxaneHuto, KonM4ecTBO [HeH B ToAy H
JPYyTHe COOTHOLIEHWs Mep BpeMeHH He SIBJSIOTCS
CTETEeHsIMH JTBOUKH (M, K TOMY K€, He BCe SBJISIOT-
csi 3apaHee (PUKCHPOBaHHBIMU dncjaaMu). MoMeHTH
BpeMeHH MpaKTHYeCKH 3a[aloTcs KOHEeYHBbIMU Habo-
pamu t = (Y, M, D, h,m,s, g, f41,...) U3 yKaszaHU#
roga Y, Mmecsaua M, gHa D, 4daca h, MUHYT m,
CEKYHJ S, MUJIJIUCEKYH]L [tg, MUKPOCEKYHI (i1 ¥ T.[I.

Ipennoxenne 2. Qynxyus
r(t) =273y +27" (M - 1) +273(D - 1)
+2718h 42724 m 4 27305

n Z 27307101@%
k>0

MOHOMOHKHO U OOHO3HAUHO Npedcmasisem MOMeH-
molL 8pemenu 080UUHbIMU OPOOAMU.

3ameuanue 1. Pynkuus meopemo. 2 nepesodum
npusblyHble WKAAbl 8pemeru (200bl, mecsaybl, OHU,
Hedeau, wuacol U m. 0) 8 WKaAbL OUHAPHOEO
cemeiicmaa.

Hanpumep, 13:35 30 wuionss 2014 roma c ce-
KYH/HOH TOYHOCTbIO HAEHTU(PHULHUPYETCs IBOUUHOH
Npo06bIO

x=2014-2"2429.277413.2712
+35-2718 4 05.272 49738
=11111011.1100101 11101 01101 100010 111111 1 5
=2"" —100.001 101000010 10010 011101 000000 1 5.

Crenyioliee yTBep:KIeHHe ONUCHIBAET YCKOPSIIO-
LN CpaBHEHUE Mepexof OT YHUCeJ MPOU3BOJIBHOU
JJIMHBI CO 3HAKOM K OUTOBBIM MacCHBaM (CTpOKaM
MPOU3BOJILHON [JIHHBI).

Ipennoxenne 3. Kycouno-runeiinas yuxyus
1 sgn(x) 3 14 |z
B(z) =3 + 5 <1 ~ M@ 92k ,e0e
k(x) = ceil (logy (1 + |21)) ,




HenpepuleHa, MOHOMOHHA U B3AUMHO-OOHOZHAUHO
omobGpasicaem  mHoxcecmso B scex 0souurbix
dpobeti na (0,1) N B.

Jns npomexyTtka ¢ 1984 mo 2112 romwl 3To
BbIpaXkKeHHe yHoOHO Maciutabupyercss B(z(t) — 211
n ynpomaerest 10 B(xz(t) — 2 =1 + £1)2 noromy
yro |z — 1| < 1. Jas padrtesnbHOCTH § ynoGHee
CyTouHBI# Macwita® Bpemenu 2B(—2'2x(0)) —1, a
15 medekta T MHHYTHBIE 2B(—2%42(0)) — 1.

3ameuanue 2. O6pamnas Kk y = B(x) ¢yuxkuus
svliucAsemes no gopmyae

z=1+sgn(2y — 1) (3o — 20?2y — 1| — 1), ede
a(y) = 22X,
k(y) = — floor (logy (1 — |2y — 1])).

3ameuanue 3. Koauuecmso 3Hauaujux uugp
nocae 3anamoil 8 Osouunoti 3anucu B(x)
pasno cymme |k(x)| wu Koauuwecmsa yugp 8
sanucu Osouuroil Opobu |x| + 1, e3amozo 6es
3AKAIOUUMENbHBLX HYAELL.

B yactHocTH, o6pas B(z(t) — 2'1) 34-3nauHoi
JIBOUUHOH Ap0o6M M3 INOCJENHEro MpuMepa AJHHHee
3aliCcH caMol Apo6H Ha JBa 3HaKa MOCKOJNBKY AJISA
Heé k(z) = 2.

Iasi monycermeHToB [t — §,t) u OedeKToB T
TpefyeTcsi MOHOTOHHO 3aKOAMPOBATh JEKCHKOTpadu-
YeCKH YIOpsiIoYeHHble BEKTOPA U3 3aMHUCH JBOWYHBIX
npobeit B(x(t)), B(22x(—0))B(2%4x(—7)),).

3ameuanue 4. MoxiHO MOHOMOHHO 3aKOOUPO-
samb AeKcukoepaguueck ynopaoouenHble 8eKmopa
u3 3anucu 0gouunvblx Opobeil (x1,x2,x3) € [0,1]

3 .1 [ length(z; .
oo, cel (%) + 2 baim,
NPUHUMAIOWUX 65 PASAUUHbLY 3HAYEHUL.

cmpokamu U3

Jns sroro OUTOBBLIE MaccHB pas0uBaeTcsl Ha
TPyNIbl 10 6 OUT, TIOCAENHSS AOMOJHAETCS HYJASAMH,
Ka)kgasi rpynna OuT komupyercsi Gaiitom (Base64)
U x; TPENCTaB/sieTcs CTPOKOH (B HalleM IMpuUMepe
oavHel 6 6ait). Ilycts «!» - 6aliT ¢ MeHbLIUM
KOIIOM, 4YeM HCIoJb30oBaHHble B Base64. Torma
KOHKaTeHaUusi x1.«!».zo.«!».x3 HaéT 3PPeKTUBHYIO
KOOUPOBKY [Jsl 3aMeuaHus 4.

HcTopusi uaMeHeHUH HH(pOPMALHOHHOIO OObeK-
Ta MpeAcTaéT YNOPSAOUEHHBIM [0 aKTyaJbHOCTH
cnuckoM Bepcuit. [lpencrtaBiieHHe 3TOro CHHcKa B
Buse CcTpykTypel B1Tree [31432] o6ecneunsaer
OBICTPBIN OCTYI K aKTyaJbHOH Ha J1I000H 3aaHHbIN
MOMEHT BepCHU. Bepcuu ¢ HeLOCTaTOUHO BHICOKMMH
3HAYEeHUSIMU IIPU 3TOM OBICTPO MPOMYCKAIOTCH.

5.2 Cnoco6 opraHu3anU¥M MCHOJHEHUS

ODYHKUHOHUPOBAHHE 3KJIEKTHUHOH CHCTEeMBl pac-
najgaercsi Ha mpouecchl 00pab0TKH JAaHHBIX. ITO
KaK IIPUKJ/aJHble CepBHUCHble MPOLECCh, TaK H

12.00/4)
11 59|/

Puc. 2: YcToHUHBOCTD CHCTEMBI K aCHHXPOHHBIM
cbosiM (ycmapesuwine darntbie nomeueHbl KOHMYPOM)

CUCTeMHble, oOeclleyuBalollle COIPOBOXKIEHHE CO-
rJ1aCOBaHMS CTpaTeruu pPa3BUTHSA, NJIAHUPOBAHUS U
peanusaluyd OOHOBJIEHUH, MOHUTOPUHIA COCTOSIHHUSA
CUCTEeMBl U YTOYHEHHS MNPHUOPUTETOB HCIIOJHEHHS.
CHucTeMHasi apxuUTeKTypa J[IOJKHA He3aMeTHO MJisl
NPUKJAAHBIX MPOrPaMMHCTOB 00ecrnedynBaTh, UTO
CTapblil COrJIaCOBaHHBIM pe3y/abTaT OCTaHeTCs B
NEeUCTBUM W OyneT OOHOBJEH JHLIb KOrAa MoJ-
HOCTbIO cobepéTcs Tpebyemasi 1Sl COTJIACOBAHHOIO
0GHOBJIEHHsT MH(OPMALHsT, CM. PHCYHOK [2]

[Iponieccy mOCTYMHBI yTOpPsiTOYEHHbIE CIHCKH
BEPCUH Ka)KI0ro 00beKTa BXOAHBIX MAHHBIX [J5
o6pab6oTku. CHCTeMHbIH MJIAHUPOBLIUK ONpefeJssieT
UIEeHTU(UKATOP BepcUU OOBEKTOB pe3ysbTata o00-
paboTku u obecreynBaeT 006paBOTUYHKY OBICTPHIN
JIOCTYyN K BepcUsiM OOBEKTOB, KOTOpbIE HOJIXK-
Hbl OBbITb BKJIOUeHbl B o00paboTky. IlpuknanHas
nporpaMma-o0paboTunK (GUHAPHBIN KOI WM CKPUIIT
Ha JI060M sI3bIKe TPOrpaMMUpPOBaHHUs) ob6pada-
ThIBA€T MAaKeT M3MEHUBILUHUXCS BXOAHBIX MAAHHBIX.
[TaketHasi o006pa6oTKa H3BECTHA KakK CPEACTBO
peskoro yckopeHus o6paboTku nanHbix [30].

3anyck ouepenHOH 06pabOTKM HAHHBIX OCY-
IIeCTBJSETCS CHUCTEMHBIM MJAHUPOBIIMKOM B yCTa-
HOBJIEHHOM 11151 TIporiecca putMe (anajoruddo [29]).
Ecau mpepbinyiias o6paboTka 3TOro mpolecca He
3aBepLIK/Iach, TO 3aMyCK OTMeHSEeTCs.

Pesynbrar MoxeT OBITh COXpPaHEH C BepcHel
(t,0,7) ecau BepcHs JIIOGOTO HCIOJb30BAHHOTO MPU
o06paboTke 0OBEKTa o0 YHOBJETBOPSET YCJOBHIO,
3aBUCALLEMY OT MOJIOXKHUTEJNbHOCTH T.

7>0,t—0<t,—0<t,+7,<t+T

7T=0,t—0<t,—d <t,=1t,+7, <t U HEKOTOPOE
BpeMs Tocsie t,; 00BbEKT He MeHsJIcs

[Tpu 3anycke 06paboTKU NpaBblil KOHeL[ OTpe3Ka-
ueHTH(HKaTOpa pe3ysabTaTa BbIOMpaeTcs Ha LlKaJje
C PUTMOM 3anycka 00paboTKH Tak, 4TOObl 0Ka3aTbCsl
Ha WIKajge ¢ HauboJjblIMM mmaroM. MpeHTtudukarop
Bcerga JAo/KeH ObITb  0oJblie  MpegblAyLIero
COXpaHeHHs, HO MeHbllle TeKYyLIero MOMEeHTa.

JnvHa mnosaycermeHTa J uW3HadagbHO Oepétcs
BIBOE MeHblle, YeM OBblJIO B TMpPeIbIAyLIEHd CO-
XpaHEHHOH BepCUM pesyJbTaTa 3TOro Ipolecca U
7 =0. Ecin asa Takoro pesy/braTa He XBaTaeT
aKTyaJIbHbIX BXONHBIX JAHHBIX, TO J YBeJHUYHBAETCS
BABOE, €C/JM He I[IOMOraer, TO el BABOE, a ec/u
U 3TO He IOMOraeT M eCTb Apyrde BapUaHTHI



BEIOOpA I/ ¢, TO MPOBEPSIIOTCS OHU U €CJIH BepCHsi
He BbIOWpaeTCsl W €CTh [aBHO HeoOpaboTaHHBIE
BXOJHble JlaHHble TO mosiBaseTcs 7 > 0,

[TocnenHee obecrneunBaeT MSArKYI0 JAerpajfaluio
KauecTBa CEPBHCOB MPH Meperpy3kax U aHOMasbHBIX
3alepkKax (mepenadyu ¥ UCIIOJHEHHUsI) U He3aMelJd-
TeJIbHOE TI0JTHOE BOCCTAHOBJIEHHE KayeCcTBa CEPBHCOB
MPY HUCUE3HOBEHHUH MEPErpy30K M 3a/ieprKek.

6 BreiBoasl

1.

. KondaukTsl

. Onucansl

IKJIEKTHYHbIE KOMIBIOTEPHBIE CHCTEMBI 00e-
LIAI0T KauyeCTBEHHOE IMPEBOCXOACTBO IO BaXK-
HEeHIIUM ITOKa3aTeJsM.

BepcUil  Heu3OexXHbl
CJIO2KHBIX 3KJIEKTHUYHBIX CHCTEM.

BHYTPH

ABTomaTtuyeckoe BEepCHOHHWpPOBAaHKWE Ha OC-
HOBE METOK BpEMEHH OTKpbIBa€T MYyTb K
HCKJ/IIDYEHHIO TaKHX KOH(pJII/IKTOB.

B nayane 3Toro myTH TeopeTHuecKas Ipo-
paboTKa M CO3JaHHEe HOBBIX aJrOPUTMOB H
CTPYKTYp HaHHBIX.

crnoco6  MapKHpOBKH MOMEHTOB
COOBITHH U croco® KOPPEKTHOH OpraHMu3anuu
UCIIOJIHEHHST B 3KJEKTHUYHBIX CHCTEMaX.
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Timestamps for a global version
identification
Sergej Znamenskii
Decentralized management of data restore, local
restarts and code updates for a distributed computer
system gives the system some of such the Internet’s
qualities as high availability and disaster recovery.
The system becomes eclectic, prone to loss of
centralized control and consistency.

However, only the eclectic systems make
it possible to rely on the decentralization of
development to solve complex interdisciplinary
problems

The article describes the problem of ensuring
the data consistency and availability in eclectic
computer systems to be solved with timestamp-
based versioning.

Proposed polyrythmic system of automatic
versioning of shared memory objects includes short
uniform presentation of timestamps with different
resolution and a timestamps-based way to ensure
consistency.
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