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BBEJEHUE

AKTyanbHOCTb nNpo6nembl

Llenbto MHTErpauum faHHbIX ABNAETCA UCMONb30BaHWE COAEPMMMOro AByX uan bonee
MCTOYHUKOB faHHbIX (6a3 AaHHbIX) B paMKax bonee KpynHoii, BOSMOMKHO BUPTYyanbHoM, 6asbl
AaHHbIX C Uenbto obpalleHna K Heli C 3anpocamy Kak K YHUDULMPOBAHHOMY
MHPOPMALIMOHHOMY MpOCTpaHCTBY. WHTerpauuoHHaa cuctema [omKHa NpeaocTaBnATb
nonb3oBaTento yHUMPULMPOBAHHbIN B3MNAJL Ha MHOMECTBO HEOQHOPOAHbLIX WCTOYHUKOB
“HpopmaLmm, HasbiBaeMblil 2106anbHoU cxemod.

OCHOBHbIMX TEXHONMOTMAMM, WUCMOMb3YEMbIMMA TMPU  PELLeHNN 3afayqn WHTerpaumun
AaHHbIX, ABNAIOTCA heOepamusHbie 6a3bl OaHHbIX, Meduamopbl U xpaHunuuwja 0aHHbIx. [pu
ncnonb3oBaHuK pepepaTmBHbIX 6a3 JaHHbIX MCTOYHMKKM WMHpOpMaLMM HE3aBUCKMbI, HO
Kamablii 13 Hux crnocobeH nonyyatb Tpebyemyto MHopmaumto us ppyrux. [lpumepamm
COBPEMEHHbIX MPUNOMKEHNIA, WCNONb3YIOLWMX TexHonornn denepatuBHbix 6a3  JaHHbIX,
asnatotca IBM DB2, Oracle Data Integrator n GoldenGate.

Mepunatopbl npepcraBnAloT U3 ceba NMporpammHble KOMMOHEHTbI, obecneynBaroLLme
NOAAEPHKKY BUPTYyanbHbIx 6a3 paHHbIx (virtual databases), kotopble “BHeliHe” BbIrnApAT
TaKk, CNOBHO OHW MaTepuanu3oBaHbl (T.e. CKOHCTpPyMpoBaHbl U3NYECKM, MOJOOHO
XpaHunvam aaHHbix). Megmatop cam no cebe He coxpaHAeT MHPOPMaLMIO — BMECTO 3TOrO
OH TpaHCIMpyeT 3anpoc Nonb3oBaTend B OAMH WM HECKONbKO 3arpocoB, ajpecoBaHHbIX
NepPBUYHBIM UCTOYHMKaM. [lonyyas pesynbTaTbl 06paboOTKM HacTHbIX 3anpocoB, MeauaTop
CMHTE3MpPYeT Ha WX OCHOBE OTBET Ha MCXOAHbI 3anpoc. Cuctembl MHTErpauum JaHHbIX
dopmanbHO onpepenaloTca B BUAE TPOWNKM 0 YD) § roe "O- rnobanbHaa cxema (cxema
megmatopa), Y- MHOMKECTBO CXeM WCTOYHMKOB, a U — oToOpameHune Mempay 3anpocamn Hap,
rnobanbHON cxemoii M cxemamum WCTOYHMKOB. B apxuTeKkTypax, OCHOBaHHbIX Ha wupee
MegmaTopa, WMEHYeMblX TaKMe apxXUTEKTypamum C MOCPEAHWUKOM, WCMONb3YOTCA TpU
Pa3HOBUAHOCTW NpPeAcTaBNeHNA MHTErpMpoBaHHbIx gaHHbIx — Global as View (GAV), Local as
View (LAV) a Takme nx coBmeleHne, nmeHyemoe GLAV. CornacHo GAV [1], [2], rnobanbHan

CXema OMnpepenAeTca Kak B3MNAA Haf, UCTOYHMKaMM AaHHbIX, B TO Bpema Kak LAV [1], [2]



npepnonaraet, YTO WCTOYHUKKU AaHHbIX OMpefeneHbl Kak B3rnAfg, Haf rnobanbHOW CXeMOW.
Mopxon GAV umeet nyywiyro npousBoguTenbHoCTb 06paboTku 3anpocoB yem LAV, Ho LAV
nmeet nyywyto pacumpaemoctb yem GAV. [Ina coBmeLLeHMA MpenMyLLecTB YNOoMAHYTbIX
TexHonornii 6bin npepnoMeH cmellaHHblii nopxop, [3], HasbiBaemblii GLAV. Cyuwiectsyer
meTon, Komnunauum cuctembl GLAV B skBuBaneHTHyto et cuctemy GAV [4]. TMopxop K
WHTEerpauuy AaHHbIX, Npegnaraemblii B faHHoi pabote, oTHocuTcA K pasHoBugHocTn GLAV.
Cpenn coBpemeHHbIX UccnefoBaHuii B 06nacTu BUPTYyanbHOW MHTErpauuy JaHHbIX cnepyet
BblaenuTb pabotbl rpynnbl SYNTHESIS [5], [6], KoTopble aBnatoTca nuoHepamy B obnactu
NccnefoBaHNA METOLOB WMHTErpauum HEOJHOPOAHbIX UCTOYHUKOB MHdopmauuu. [ pynnoid
SYNTHESIS 6binv npepnoeHbl KOHUEMNUUA KaHOHMYECKOW MOAENM [JaHHbIX U MPUHLMM
KOMMYTaTVBHbIX OTODOpameHuii mojeneil [paHHbix [7], KOTOpbI ABNAETCA OCHOBOWA
npeanaraemoro B faHHoi pabote nopxofa K MHTerpauuun faHHbix. Takke cnegyert BbIAenunTb
nccneposaHua lNaono Atuenu [8], [9], KoTopble opueHTUpPOBaHbI Ha 3afa4n UHTErpaLmmn Kak
CTPYKTypupoBaHHbIX, Tak u NoSQL 6a3 paHHbIX.

[Mpn uncnonb3oBaHUM XpaHUAWULL, [aHHbIX KOMWM dparMeHToB WHdoOpMauUm U3
HECKONIbKMX ~ UCTOYHUKOB COXpaHAIOTCA B  eAuHOi 6a3e [aHHbIX, BO3MOMHO, C
npeaBapuTenbHoit obpabotkoir - cpunempayued (filtering), coeduneHuem (joining) wnm
azpezuposaHuem (aggregating). Copgepxvmoe xpaHunuLia, Kak npasBuno, obHOBNAETCA Ha
nepuoamyeckoil ocHoee. B npouecce KonmpoBaHWA AaHHble NOABEPratoTCA ONPEefEeNeHHbIM
npeobpa3oBaHMAM C LENbl COrnacoBaHWA MX CTPYKTYp C oOLieil cxemoi XpaHunuiia.
OCHOBHbIM HEJOCTaTKOM XPaHWIMLL, JaHHbIX ABAAETCA MX MOTEHLMaNbHOE HECOOTBETCTBUE
peanbHOMy BpPEMEHM, TaK KaKk W3MEHEeHMA B WCTOYHMKAX [aHHbIX MOryT He ObITb
cBOEeBpeMeHHO B Hux oTpaeHbl [10]. BaxHbiMy Knaccamy npunoeHuii cUcTem UHTErpauum
MHpOpMaLLMM, OCHOBAHHbIX Ha TEXHONOTMMW XPaHWIMWLL, AaHHbIX, Ha CErOAHALUHWIA AeHb
agnaotca  npunomenna OLAP (ot  on-line analytical processing - onepaTvBHaA
aHanuTMyeckaa obpaboTKa [aHHbIX) U NPUNOKEHNA UHMENIeKMYaNbHO20 aHAMU3a OGHHbIX
(data mining).

Bo3HuKHOBEHME HOBOW nNapaguMrMbl B HayKe W PasiUYHbIX  NPUIOHKEHUAX

MHPOPMaLMOHHbIX TEXHONOrUIA CBA3aHO C mpobnemamun 0bpaboTkn bombuwiux OaHHbIX (big



data). KoHuenuua 60nblumMx JaHHbIX OTHOCUTENBHO HOBA, U ClefytoLlne NATb XapaKTEPUCTUK
06bI4HO MCMoNb3yrOTCA B KadvecTBe onpegenatowmx: obbem (volume), ckopoctb (velocity),
MHoroobpasue (variety), [poctoBepHocTb (veracity) u 3HaummocTtb (value) [11]. OpgHoli un3
KNHOYeBbIX 3ajad B [aHHON 0bnacTu ABNAETCA MHTErpauuA HEOLHOPOAHbIX WMCTOYHUKOB

nHcpopmaLum.

Llenb u 3apaun pa6otbl

Llenbto  puccepTaumMoHHOl paboTbl ABAAeTCA WCCNefoBaHWE 3afjady  WMHTerpauuu
AaHHbIX, pa3paboTka MoAXxofa K WMHTerpauuy LaHHblX, a TaKKe anropuTMOB MOALEPHKM
BUPTYalIbHOW M MaTepuannm3oBaHHOW MHTErpaLuu.

[locTuxenve uenv npegnonaraeTt pelleHne CepyroLLMX 3afay:

1. Pa3pabotka dpopmanbHbIx OCHOB MOAXOAA K MHTErpauuun AaHHbIX;

2. PaspaboTka megmatopa A NOAAEPHKM BUPTYaNbHON UHTErpaLun faHHbIX;

3. Pa3spabotka xpaHunuwa pnAa nNOAAEPHKKM MaTEPUANN30BaHHON MHTErpaumun

OaHHbIX.

MeToapbl nccnepoBanua
Mpu pelueHun noctaBneHHbIx B paboTe 3agay MCnonb3oBanucb meTopbl Hotauuu
AbcTpakTHbIX MawumH (Abstract Machine Notation — AMN) [12], Teopun MHOMeCTB 1 norukmu

NnpeanKaTos.

HayyHas HoBu3Ha

B anccepraunoHHoli paboTte nonyyeHbl cneaytolme pesynbratbl:

1. PaspabotaH nogxop k UHTErpauuMu faHHbIX Ha OCHOBE MPUHLMNA KOMMYTaTUBHbIX
oTobpameHunii mogenei JaHHbIX;

2. [pepnoseHa pacumpaemas XML-kaHOHMYeCKaa Mofenb faHHbIX;

3. TMoctpoeHbl AMN-MaLLVHbI 1A KAHOHUYECKOW U PENALUOHHOW Mogeneit AaHHbIX U

nx obpatnMoro otobpameHna N gokasaHa ero KOPPEKTHOCTb;



4. PaspabotaH nopgxop K MOCTPOEHUIO XpPaHUAULLA [aHHbIX, OCHOBaHHbIN Ha
AMHAMUYECKOW CTPYKTYpe WHAEKCa [JIA MHOTOMEPHbIX [aHHbIX, MPenJIOKEHDI
3ppeKTUBHbIE aNrOPUTMbI 1A €€ NMOALEPHKKN U NMPUBELEHbI OLEHKN CNOMHOCTM
MPeLNOMEHHbIX anrOpUTMOB;

5. PaspabotaH ¥ peanu3oBaH NPOTOTMM  XpPaHUAWULLA [AaHHbIX Ha OCHOBE

NPEANOKEHHOW JUHAMUYECKOW CTPYKTYpPbl MHAEKCA.

MpakTnyeckoe 3HayeHue

[pepnaraembiii B paboTe MOAXOA, K MHTErpauuMu faHHbIX MOMET ObITb MCNONb30BaH
ANA UHTErpaumMm HeOLHOPOLHbIX UCTOYHUKOB MHPOPMALLMK B NPUIOMEHUAX aHANIUTUYECKON
06paboTKM B peMMME peanbHOro BPEMEHU, MNPUIOMEHUAX WHTENNEKTyalbHOro aHanm3a
OaHHbIX, a TakKe B obnactu OonbWNX [aHHbIX. JDKCNEPUMEHTbl, MNPOBEAEHHbIE C
ncnonb3oBaHWeM  pa3paboTaHHOro  MpPOTOTUMA  XpaHuAWULLA,  MOKa3blBalT,  4TO
MCNONb30BaHWE NPELJIOMEHHOrO MOAXOAa MOMET MPUBECTU K 3HAYUTENBHOMY YMEHbLLEHUIO

pa3mepa AVPEKTOPUM UHAEKCA U BPEMEHM NMOUCKA AN1A MHOTOMEPHbIX AaHHbIX.

MNonoxeHusn, BbIHOCUMbIE Ha 3aLLUTY

1. Pacwwupsaemaa XML-kaHOHMYeckaa MOAENb JaHHbIX;

2. [llopxop K BUPTyanbHOW UHTErpaLMmn JaHHbIX;

3. lNopxop k MaTepranM3oBaHHOW MHTErpaumm faHHbIX;

4. TpoTtoTMn xpaHWAWMLWA [aHHbIX Ha OCHOBE MPELJIOKEHHOr0 Mnogxoja K

MaTepVIaﬂVI3OBaHHOl7I MHTErpaunn naHHbIX.

Anpob6auus pa6otbi

OcHoBHble pe3ynbTaTbl [AUCCEPTaLMOHHON paboTbl obCyKpanucb Ha CemmHapax
Kadeapbl  cuctemHoro  nporpammupoBaHua  Poccuiicko-ApmaHckoro  (CnaBAHCKOro)
Yuusepcuteta (PAY) u kadpeppbl uHdopmaumoHHbix cuctem ObpasoBatenbHoro u
nccnefoBaTenbCKOro LeHTpa MHPOPMaLIMOHHbIX TEXHONOTNiA EpesaHckoro

[ocypapctBeHHoro YHusepcuteta (EIY). OcHoBHble pe3ynbTaTbl guccepTauMoHHON paboTbl



poknagbiBanucb Ha cumnosnyme First Workshop on Programming the Semantic Web B
pamkax koHbepeHuum International Semantic Web Conference 2012r, a Tak:e Ha roguyHbix

Hay4HbIx koHdepeHumax PAY 2011, 2012, 2015rr.

My6nukauuu
OcHoBHble pesynbTaTbl UCCNEROBAHWI OTpaMeHbl B 6 Hay4dHbix nybnukaumax [13],

[14], [15], [16], [17], [18].

Crpykrypa u o6bem pa6oTbi
[ucceptauma cocTouT U3 BBELEHUA, YeTbipex [NaB, 3aKIoYeHWA U CrucKa
ncnonb3oBaHHoOW nutepatypbl (92 HaumeHoBaHuA). O6wmit obvem pucceptauun - 102

CTpaHuLbl.

BnaropapHoctu
ABTOp BblpamaeT rnybokyto bnarogapHoctb K.(p.-M.H., goueHty M. . MaHykaHy 3a
HeoLleHUMble COBEeTbl, MOAMLEPHKY M Momowb B paboTe Ha NPOTAMEHWM BCEX ITaros

ncenepoBsaHUA.



1 OCHOBHBbIE NOAXOoAbl K UHTErPALWUN OAHHbIX

3agayn MHTErpaummn faHHbIX geTanbHo obcyieHbl B nuTepatype, Hanpumep B [19],
[20]. UHTerpaumoHHble cuctembl MOryT obecneymBaTb UHTErpaLmio JaHHbIX Ha PU3NYECKOM,
NIOTMYECKOM U CEMaHTUYeCKoM ypoBHe. MHTerpauua Ha pM3M4eckom ypoBHe nojpasymeBaeT
npeobpasoBaHMe [aHHbIX M3 WCTOYHMKOB B Tpebyemblii copmaT uX MpefcTaBleHunA.
WMHTerpauma Ha normMyeckom ypoBHe mnpefycmaTpuBaeT BO3MOMHOCTb AOCTyNa K [aHHbIM
pa3HbIX UCTOYHUKOB B TEPMUHAX €fVHONM rNobanbHOW CXxeMbl, OMUCHIBAKOLLEN UX COBMECTHOE
NpefcTaBNe€HNE C YHETOM CTPYKTYPHbIX U MOBEAEHYECKMX CBOWCTB AaHHbIX. [lpyn aTom He
YYMTBIBAIOTCA CEMaHTUYECKWE CBOWCTBA MAaHHbIX. WHTerpaumio [aHHbIX C Y4eToM WX
CEMaHTMYECKNX CBOWCTB B KOHTEKCTE efMHOro WHGOPMaLMOHHOro nona obecneymBaeT
WHTErpauma Ha CEMaHTUYECKOM YPOBHE.

OCHOBHbIMKM MOAXOAAMM K PELLEHUIO 3aJa4un UHTerpauun gaHHbix asnatorca [10]:

1. ®PedepamusHble 6a3bi OaHHbIX (federated databases);
2. XpaHunuwa OaHHbix (data warehouses);
3. Meduamopsi (mediators);

[Mpu BbiboOpe nObON U3 3TUX TEXHONOIMIN BO3HUKAKOT Mpobnembl, CBA3aHHblE CO
CMbICNIOBOW MHTepnpeTauneid JaHHbIX, MOCKONbKY UCTOYHUKM MHGOpMaLuy B obLiem cnyyae
AaBnaroTca HeogHopogHbiMKn (heterogeneous). B nocnepyrowmx naparpadax faHHON rnaebl
npeAcTaBieHbl 0630pbl KaXL0ro U3 3TMX NOAXOA0B U CBA3AHHbIE C HUMWU TEXHOMOTUU.

[Mpn uWHTErpauum HEOLHOPOIHbIX WMCTOYHUKOB [aHHbIX pasfnuyaroT chepyroLime
OCHOBHble nNpobnembl:

1. Pasnudua 8 munax OaHHbIX. [laHHble WMEIOLLME CXOMYHO CEMaHTUKY MOryT
XPaHUTbCA B WUCTOYHMKax MHcpopmauun B Bupe 0ObEKTOB pas3nnyHbix TUMoB. Hanpumep,
cepuiiHble Homepa aBTOMOOMNEN MOryT XpPaHUTbCA B OJHOM WCTOYHUKE BUAE CTPOK
NepemMeHHON LVHbI, a B APYrom B BULE LENOYUCNEHHbIX 3HAYEeHWI

2. Pasnu4us 8 mHoxecmsax donycmumbix 3HaveHul. OpuvH n TOT e aTpubyT B

pa3nnydHbiX WUCTOYHUKAX MOMKET ObITb npencrtaBie€H pa3iMvdHbIMU Ha60paMl/I KOHCTaHT.



Hanpumep, 3Ha4yeHuto YepHOro LBeTa B OJHOM Cliyyae MOMeT ObiTb MOCTaBNEHO HEKOTOpOe
Llenoe y1cno, a B gpyrom ctpoka “black”.

3. CemaHmu4veckue pasnuyua. OBHO M TO HEe MOHATUE MOMET Mo pasHOMy
TpaKkToBaTbCA B pamKax KaMoro M3 WUCTOYHMKOB. Hanpumep, oTHoweHue Cars momer
npeacTaBnATb U3 ceba Kak MHpopmaumio 060 Bcex TPaHCMOPTHbIX CPEACTBAX, Tak U TONbKO
O NIErKOoBbIX aBTOMOOUNAX.

4. Omcymcmsyrowue 3Ha4yeHus. B HeEKOTOPbIX WCTOYHMKAX [AHHbIX MOMET
OTCYTCTBOBaTb Kakaa-nmbo nHpopmauma, NpUCyTCTBYHOLLAA B APYruX.

[Mpn Hanuuum noboi 13 3TUX CMTyauuini Ha HavanbHOWN CTaguKn npoLlecca MHTerpauun

cnenyeTr npenycMoTpeTb N pean3doBatb T€ UIN UHbIE MEXaHU3MbI TPAaHCIALNN OAaHHbIX.

1.1 depepaTuBHbie 6a3bl AaHHbIX

®edepamusHbie 6a3bl 0aHHbix (federated databases) — uCTOYHMKM He3aBUCUMBI, HO
Kamablil M3 HMX cnocobeH nonyyatb Tpebyemyto nHdopmauuto us gpyrux. lpyu atom pns
KaMJoil napbl MWCTOYHWMKOB TpebyeTcA MOCTPOEHME TpaHCNATOpa 3arpocoB, WTOroBOE

KONNYeCTBO KOTOpbIX OyaeT nopAgka U € npu € UCTOYHMKAX.




[MprMepamn COBPEMEHHbIX MPUNTOMEHNI, UCMONBL3YIOLLMUX, B TOM YMCIe, TEXHONOrUIO
cdepepatmBHbIX 6a3 paHHbIX, AaBnatoTca npoaykTbl Data Integrator [21] n GoldenGate [22]
komnaHun Oracle. Apxutektypa Oracle Data Integrator (ODI) opranmszoBaHa BOKpyr
MOJYNAPHOrO penosnTopua MeTafaHHbIX, AOCTYM K KOTOPOMY OCYLLECTBAAETCA B PEMUME
KNWEHT-cepBep MPU MOMOLUM CrneumanbHbix KOMMOHEHT. OObekTbl, pa3paboTaHHble nmbo
CKOH(pUrypMpoBaHHblEé C MOMOLLbIO MONMb30BATENbCKUX UHTEPEiCoB, XpPaHATCA B
penosutopuax. B ODI cywectByeT gBa BuMAa pPenosMTOpUEB: [NaBHble PEMNO3UTOPUM U
paboune penosutopun. B nnatchopme ODI momeT ObiTb CKOHPUIypUpOBaH TONAbKO OAMH
rNaBHbI PENO3UTOPUIN U MHOMECTBO paboymXx.

B rnaBHOM penosutopun xpaHATCA cneaytoLlmne MeTafaHHble:

1 Wndopmauuna, kacarowasaca obecneyeHna 6esonacHoctn nnatgopmbl ODI -

nonb3oBartenu, Nnpoduan n nNpasa;

1 WHdopmauma o Tomomormm - ucrnonb3yemble TexHonoruu (nnatcopmbl 6a3

AaHHbIX), A3bIKW, HACTPONKN CEPBEPOB;

1 WHdopmauma o KoHTpone BEpPCUIA.

Paboune peno3ntopum xpaHAT cneayroLne MeTajaHHble:

f Mopgenu paHHbIX — CXeMbl, OrPaHUYEHNA U T.[4.

| MMpoeKkTbl — nHTEpdeliChI, NaKkeTbl, NPoLesypbl, MOAYAN 3HAHWIA;

I CueHapuu BbINONHEHMA — NaHbl 3arpy3ku, pacnucaHua, norv u T.4.;

[pachnuecknini nonb3oBaTenbckuini  MHTepdoeiic umeetr HasaHue ODI  Studio, wu
ucnonb3yetca pnA  poctyna K rnaBHomy u  pabouum penosutopuam. Cnepyrowme
KOMMOHeHTbl, npepoctaBnaemble ODI Studio, ucnonb3ytotca pna agMUHUCTPUPOBaHUA
MHPaCTPYKTypbl, pa3paboTKN NPOEKTOB, NIaHMPOBaHNA U YNPaBAE€HUA CUCTEMON:

f Designer - komnoHeHT ODI B KkoTopom onpepensetca 6onbluas 4acTb
mMeTajaHHbIx npoekTa. Mcnonb3yetca pna onpepeneHvsa MCMonb3yeMblx Mopeneil AaHHbIX,
oTobpameHnii 06bEKTOB U MeTafaHHbIX MPOEKTOB;

f Operator - no3BonAeT OCyLLECTBAATb MollaroBoe HabntopfeHne 3a paboToit
MHTEpdeiicoB, MNaKkeToB NporpaMm, CLEHapueB W 3arpy3oyHbIXx MiaHoB, a TaKke

UCNONIb3YETCA NPU OTNAOKE;

10



1 Topology Manager — ucnonb3syerca gaa onucaHua apxuTeKkypbl MHGOPMaLMOHHOM
cuctembl. Topology Manager paboTtaer TONbKO C rnaBHbIM PEMNO3UTOPUEM, C €r0 MOMOLLLbHO
ODI umeeT BO3MOMHOCTb MCMONb30BaTb OQHU U TE M€ WMHTErpauuoHHble MHdpepdelicbl B
pa3nnyHbIX PU3NYECKNX cpepax;

1 Security Manager - obecneunBaer 6e3onacHoctb ODI. Wcnonb3yetca pns
co3JaHuA MoAb30BaTENbCKUX NMpodouneil n Npu3BoeHUA UM npusunernii. Pabotaet TonbKo
rNaBHbIM PEMO3NTOPUEM.

Oracle GoldenGate noppepmuBaeT pennmKauuio LaHHbIX MeMay HeOLHOPOLHbIMM
UcToyHMKamm paHHbIX. GoldenGate npepnaraet pasnvyHble BuAbl TOMOMOMWiA, KOTOpble

UCNONb3YyKOT Kak TEXHONOrnu (beﬂ,epaTl/lBHbIX 6a3 AaHHbIX, TaK U TEXHONOIMN XpaHUNULL,

OaHHbIX:
Unidirectional Bi - Directional Peer - to - Peer
Query Offloading Hot Standby or Load Balancing
Zero-off;pading Migration Active - Active for HA Multi - Master
Broadcast Integration Consolidation Data Distribustion
Data Distribution Data Warehouse Via Messaging

g P )'
3-8-8 8- 0

Message Bus'\,

8
8 87

Puc. 1.2. Tononoruu Oracle GoldenGate

8

Apxutektypa Oracle GoldenGate coctout 13 cnepyroLLMx KOMMOHEHT:
1 Manager - aBnAeTcA rnaBHbIM MPOLECCOM, 3aryCKaloLLUM OCTa/lbHble MPOLECChI

GoldenGate. [aHHbIli npouecc AOMKEH BbINOMHATLCA Ha WCXOLHOW W LieneBoi
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cucTemax C Lenbio KoHdurypauum u 3anycka octanbHbix npoueccos GoldenGate,
a TaKkMe ynpaBneHnA NamATbHO.

1 Extract - oTBeyaet 3a cbop TpaH3akumii u3 noros Oracle Redo v nocnepytoLyto
3anucb COOTBETCTBYHOLLMX U3MeHeHUIA paHHbIx B Trail/Extract Files.

1 Replicat - BbInoNHAETCA B KOHEYHOM MYHKTE LENU nepefayv faHHbIX Ha Lenesol
6a3ze paHHbIX. [laHHbI Npouecc OocyLUecTBAAET U3MEHEHUA OaHHbIX Ha LeneBbiX
cucTemax.

M Trail/Extract Files — oTBeyaeT 3a wu3BNeYeHME [JaHHbIX M3 MUCTOYHUKA WU UX
nepegavy B yfaneHHyto cuctemy nmbo B ee NOKalbHYHO pennKaLmio;

71 Collector - BbInonHAETCA Ha LUeneBoii cuUCTEME U  OCYLLECTBAAET 3anucb

N3MEHEHWUIA AaHHbIX NCTOYHUKOB B LLENEBYHO CUCTEMY.

Datasource for initial load: Network

source tables [l\

| m _)w INITIALLOAD ’\,{MDB
*

- -@-F-t

Datasource for change ‘ Trail or File
Synchronization :
transaction log or (optional)
vender access module , (HANGE SYNCHRONIZATION

Puc. 1.3. Apxutektypa Oracle GoldenGate
Lpyrum npumepom COBPEMEHHBIX MPUNOKEHUIA, UCMONB3YIOLLMUX  TEXHONOT MO

depepatmBHbIX 6a3 AaHHbIX, ABNAETCA CEMENCTBO MPOrpamMMHbIX MPOAYKTOB B 0bnactu

ynpasneHua uHdgopmauueii komnaHun IBM - IBM DB2[23]. DB2 6bina nepsoit CYB/, B
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KoTopoii ucnonb3sosanca asbik SQL. B ocHoe DB2 nemut Teopua penaunoHHbix 6a3 faHHbIX
[24], [25], [26], pa3paboTaHHaa u onybnukoBaHHaa Darapom Kogpom B Hane 1970-x rr.
OTtnnuutenbHbiMu ceomcTBamn DB2 aBnAatotca ucnonb3oBaHue guanekta asbika SQL,
B KOTOPOM, 3a PEAKUMU WCKIIOYEHUAMU, OMPEAENAEeTCA YUCTO [eKnapaTVMBHbIN CMbICH
A3bIKOBbIX KOHCTPYKUWIA, WM UCMONb30BaHWE MHOropasoBoro OMTUMM3aTOpa, KOTOPbIN
cTpouT 3hPEKTUBHDBIA MNaH  BbIMOMHEHMA 3ampoca C  MCMOMb30BaHMEM  [JaHHbIX
AeKnapaTuBHbIX KOHCTpyKumit. Takxe B guanekte SQL DB2 noutu oTcyTcTBYHOT Mopckasku
ONTUMMU3ATOPY U Mano pasBUT A3bIK XpaHWMbIX npouenyp. Vicnonb3ytotca gononHUTenbHble
MeXaHM3Mbl MaHWUMyIMPOBaHWA AaHHbIMW, Hanpumep — TabnnyHble BblpaXeHua, CTaTUCTUKA
pacnpegeneHva gaHHbIX. B 3aBUCMMOCTM OT CTaTUCTUYECKUX XapaKTEPUCTUK JaHHbIX, OAUH U

TOT e 3anpocC MOMKET ObITb TPaHCINUPOBaH B pa3/indHbl€ MJ1aHbl BbIMOJIHEHUA.

1.2 XpaHunuwa gaHHbIX

XpaHnunuwa OaHHbix (data warehouses) — konuu dparmeHTOoB UHGOPMaLUM U3
HECKONIbKMX UCTOYHWKOB COXPaHAIOTCA B  efuHOii 0a3e [fdaHHbIX, BO3MOMHO, C
npepnBaputenbHoii obpaboTkoit — dunbTpauueit (filtering), coepmHennem (joining) wnu
arpermpoBaHuem (aggregating). Copep#umoe xpaHunvLLa, Kak npasuno, obHoBnAETCA Ha
nepuoanyeckoii ocHose. B npouecce KonupoBaHuA AaHHble MOABEPraloTCA ONpefeneHHbIM
npeobpasoBaHUAM C LENbIO COMNacoBaHWA WX CTPYKTYp C OOLUeil CXemoil XxpaHunuLua.
OCHOBHbIM HEAOCTaTKOM XpPaHWIMULL, AAHHbIX ABAAETCA UX MOTEHLMaNbHOE HECOOTBETCTBUE
pealbHOMY BpPEMEHW, TaK Kak W3MEHeHWA B WCTOYHMKax JaHHbIX MOryT He 6biTb
CBOEBPEMEHHO B HUX OTpameHbl. [lanee npuBeaeHbl ONMCaHWA HEKOTOPbIX COBPEMEHHbIM

CUCTEM, NCNONb3YHOLWNX TEXHONIOIMIO XpaHUINULL, faHHbIX.
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SciDB [27], [28], [29], [30] sBnaetca cuctemoin ynpaBneHNA AaHHbIMU C OTKPbITbIM
NCXOLHbIM KOAOM, HalueneHHas MPenMyLLEeCTBEHHO Ha WCMonb3oBaHMe B obnactax, B
KOTOpble BOB/I€YEHbI MacCKBbIl [aHHbIX O4eHb bonblumx (neTabaiiTbl) pasmepos; Harmpumep,
HayYHble MPUNOKEHNA, TaKWE Kak acTPOHOMWA, [AWUCTaHLUMOHHOE 30HAMPOBaHWE WU
MOLennpoBaHue Knumara, ynpasneHue bno-Hay4yHol nHpopmaLmeit, a Takke KoMMmepyeckKmne
MPUNOMEHNA, TaKMe KaK CMCTeMbl YrpaBleHUA pPUCKOM B ycnyrax (OMHaAHCOBOro cekTopa W
aHanusbl jaHHbix Bed noros. SciDB ncnonb3yetr mopenb AaHHbIX, OCHOBAHHYIO Ha MaccuBax
(array data model). basbl paHHbix SciDB opraHu3oBaHbl B BUAE KONNEKUUIA N-MEPHbIX
maccmBoB. Kampaa advelika B SciDB maccuBe xpaHUT KOpTem 3HauyeHuid, a oTAenbHble
3HAYEHNA B KOPTENKE acCoOUMpPYIOTCA C pasfMyYHbIMM MMeHamu aTpubyToB. 3HayeHus
atpubytoB SciDB moryt npuHapnexatbs K ntobomy M3 onpepeneHHbIX YUCNoBbIX MO0
CTPOKOBbIX TUMOB (puKcMpoBaHHON AnnHbI. Mopgenb paHHbIx SciDB aBnaetca snoxeHHoU
(nested); Aveiika maccua SciDB moseT B cBoto ouepenb copep#atb apyroii SciDB maccus.

[Mpn paboTte c paHHbIMM 6a3bl paHHbIx SciDB nonb3osatenam npepocraBnaeTcs
AeKnapaTuBHbI A3blk 3anpocoB. B ocHoBe faHHOro A3blka 3ampocoB NeMMT HeOOMbLUON
Habop anrebpavyeckux MNPUMUTUBOB, OMEPUPYIOLLUMX C MaccMBamu. ITW MPUMUTUBLI B
obLuem cnyyae mMoryt 6biTb OXapakTepu3oBaHbl OCHOBbIBAACb Ha TOM, paboTatoT i OHU C

MacCnBaMM Ha YPOBHE UX CTPYKTYP — paHI MaCCuBa, MHOEKCbI M3MepeHMVI — nnbo Ha YPOBHE
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MX KOHTEHTa — 3Ha4yeHWi [aHHbIX aTpubyToB B AYelikax. HekoTopble nNpUMUTUBBI
3aTparusatoT oba ypoBHsA.

SciDB 06bl4HO ycTaHaBNIMBAETCA Ha CETU KOMMbIOTEPOB, Ha KaMAOM W3 KOTOPbIX
paboTaeT nNonyaBTOHOMHbIW dK3emnnAp MawwunHbl SciDB, npepgocTtaBnatoLmii KOMMyHMKaLLWK,
06paboTKy 3anpocoB M ynpaeneHve NokanbHoi namATbro. [Npoueccbl SciDB, pabotatowyme
Ha KaMOoM y3Ne, MMEIOT COBMECTHbI AOCTYN K (NOrMYecku) LeHTpanu3oBaHHOW 6ase
CUCTEMHOro KaTanora, Kotopaa XpaHWT uHdopmMauuto ob y3nax, pacnpepeneHuy [JaHHbIX,
onpefeneHHbIX Nonb3oBaTeneMm pacwmpeHunax u T.4. [laHHasa apxuTeKkTypa co3paHa Mof,
BAUAHNEM apXUTEKTYP  COBPEMEHHbIX pacrnpefeneHHbIX KOMMbIOTEPHbIX  CUCTEM,
ncnonb3yrowmx mogenb Map/Reduce [31].

ApxuTektypa cuctembl xpaHeHua SciDB wucnonb3yetr cBoiicTBa  HEKOTOpbIX
kommepyecknx CYB[l, HO BKNtOYaeT TaKmKe HEKOTOPOE KOAMYECTBO HOBbIX OCOBEHHOCTEN,
oTpasarowmux  TpeboBaHuMAa  obpaboTkM  maccuBoB  paHHbIX.  SciDB  ucnonbsyert
pacnpefeneHHyto cucteMy xpaHeHus AaHHbix. [laHHble B MaccuBax, aHaloOrMyHO cucTeMam,
OpPUEHTMPOBaHHbIM Ha XpaHeHue cTonbuoB (column-store), pasfenAlTcA BepTUKaNbHO.
Menepsep xpaHeHua SciDB pacwiennser atpubytbl B e€fMHOM NOMMYECKOM MaccuBe WU
obpabatbiBaeT 3HauyeHMA Kamporo atpubyta no otgenbHoctU. WHbIMM cnoBamu, Bce
onepaumMnm Huskoro ypoeHA B SciDB wumeror peno c maccuBamu, copepmaliumm
€AMHCTBEHHble 3Ha4YeHNA B Kaxjoi Adeiike. [lonb3oBaTenu-yyeHble YacTo hOKyCUMpYHOT CBOE
BHUMaHWe Ha OrnpefeneHHbIX MOAMHOMecCTBax aTpubyToB MaccuBoB. BepTukanbHoe
pasgeneHue, Takum obpa3om, yMeHbLUaeT CTOMMOCTb BBOAA/BbIBOAA. TakMe, MeHemmep
xpaHeHua SciDB, paccmatpuBas paHHble Kawporo atpubyta, pasnaraeT COOTBETCTBYHOLLME
MaccuBbl Ha HEKOTOPOE KOMYECTBO PaBHbIX MO pa3Mepy M NMOTEHLMaNbHO NepeceKaroLLmnxca
cermeHToB  (chunks). B SciDB cermeHTbl aBnatotca  QU3NYECKUMM  €AMHMLLAMU
BBOJAa/BbIBOAa, 00paboTkM M Mexy3noBoro coobuieHna. CermeHTbl MMEHT CpPaBHUTENBHO
6onblume pasmepbl, nopagka 64 Mb. B cuctemHom Katanore SciDB pna kamporo cermeHTa
XPaHUTCA ero MeCTOHaxoMaeHve B Npeaenax 1ormyeckoro Maccuea. [lepeceyeHne cermeHToB
No3BONAET pacnapannennBatb HekoTopble onepauuv. OTpuuaTenbHOW CTOPOHOW JaHHOro

noAxopa ABnAeTCA yBENMYEHNE 3aTpaT Ha XpaHeHne nHdopmaluu.
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B nocnegHve rogbl monyymn LUMPOKYHO NMONYAAPHOCTb PAA MOAXOAOB K peanv3auuu
xpaHunuw, 6a3 paHHbix, oTHocAwmxca K cemeiictBy NoSQL [32], [33], [34], koTopble
OpPUEHTUPOBaHbI Ha obecrnedyeHne macluTabupyemocTu [35] 1 BbICOKOW NPOU3BOAUTENBHOCTU
[36]. B otanumne ot TpagMLMOHHBIX CUCTEM, OCHOBAHHbIX Ha PENALMOHHOW MOLENV AaHHbIX,
cuctembl NoSQL obbluyHO noppep#uBatoT Habop OTHOCUTENBHO MPOCTbIX OMepauuii, npu
aTom obecneumBas rMOKOCTb CTPYKTYpbl XpaHWMbIX JaHHbIX. [lanee npuBopuTCcA onucaHue
HekoTopbIx coBpeMeHHbIx NoSQL cucrem.

Couchbase [37], [38] aBnAaetca [OKyMEHTHO-OPUEHTUPOBAHHOW pacnpeneneHHown
NoSQL 6a3oi1 gaHHbIX BiA MHTEPAKTUBHbIX MPUIOMEHUI C OTKPbITbIM MUCXOAHBIM KOLOM.
Couchbase  npepoctaBnaer  nerkyto  macliTabupyemocTb,  CTabUlIbHO  BbICOKYHO
npov3BoauTeNbHOCTb U pocTynHocTb 24/7. Cepsep Couchbase xpaHut gaHHble B Buge JSON
AOKYMeHTOB nnbo B buHapHom dopmate. [lOKYMEHTbI paBHOMEPHO pacnpepenAroTca Mo
KnacTepy M XpaHATCA B KOHTelHepax [aHHblX, WMEHYeMbIX CermMeHTamu, C MOMOLLbIO
KOTOPbIX OCYLLECTBAAETCA NOrMYeckoe rpynnupoBaHne (OU3MYECKUX PecypcoB B KnacTepe.
CermeHTbl pa3fenAroTca Ha NOrMYeckne CeKTopbl, KOTOPblE COOTBETCTBYIOT OMPEAENEHHbIM
cepBepam Knactepa. WpeHtudpmkatopbl (ID) poKymeHTOB XewwmpyroTcA, U [OKYMEHTbI
XpaHATCA Ha cepBepax, cooTBeTcTByloWMM xewam ux |D. [lokymeHTbl, XpaHUMble Ha
cepsepe Couchbase, moryTt 6bITb NponHaeKcpoBaHbl. BropuyHbie nHaekcbl onpepenatotca
C MOMOLLbIO MPOEKTHbIX AoKymeHToB (design documents) u B3rnagos (views). Kampgbiii
MPOEKTHbIN [OKYMEHT MOMET MMETb MHOMECTBO B3rnAfoB, U kampaplii cermeHT Couchbase
MOMET WMETb MHOMECTBO NpPOeKTHbIx pAokymeHToB. WHpekcbl Couchbase asnatotca
pacnpeaeneHHbIM1, MPU 3TOM Ha KamLoM CepBepe XPaHATCA TONbKO UHAEKCbI, KacaroLuecs
AAaHHbIX, KOTOPbIE Ha HEM XPaHATCA.

PopoHauyanbHUKOM OpUEHTUPOBaHHbIX Ha ctonbubl (column-oriented) 6a3 paHHbIX
asnaetca Big Table komnanum Google [39]. Mopenb paHHbIX OCHOBaHa Ha pa3pemeHHOM
Tabnuue, YbM CTPOKM MOFYT COAepiaTb MPOM3BONbHbIE CTONOLbI, KNHOUYM KOTOPbIX
NPeAOCTaBNAOT eCcTeCTBEHHOE MHAeKcupoBaHue. OCHOBHBIMM MOHATUAMU, UCMOb3yEMbIMM
ANA opraHM3auun JaHHbIX B JaHHOW mogenu, Aasnarotca: cronbel, (column), cocToAwmii n3

napbl MMA-3HadveHue; cynep-ctonbel, (super column), ABAAIOWMICA YNOPAZOYEHHbIM
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MHOMECTBOM MPOM3BOILHOIO KOAMYECTBa CTONOLOB; CTONbLblI XpaHATCA B CTpOKax (raws),
Ha3bIBaeMbIX Takme cemeiictBammn ctonbuos (column families), a cynep-ctonbupl xpaHatca B
CTpOKax, M3BECTHbIX Kak cemelicTBa cynep-cTonbLoB. YnpaBneHue [OCTYNOM W YYeT Ha
YPOBHE JMCKa U NaMATW OCYLLECTBAAIOTCA Ha YPOBHE CeMeWCTB CTonbuoB. Kampasa Adelika
BigTable moxer copepmaTb MHOMECTBO BEpCUA OJHUX UM TeX e [aHHbIX,
NMPOMHAEKCMPOBaHHOE MO BpeMeHU. Pa3nuyHble 3HauyeHWA AYelikn XpaHATCA B MOpALKe
yObIBaHWUA MO BpPeMeHW, 4TO No3BoNAET Honee HOBbIM 3anMUCAM ObITb CYUTAHHLIMK B MEPBYHO
oyepeab.

Apache Cassandra [40] no3BonseTr obpabatbiBaTb [faHHble Mo bonbLuMMu
Harpyskamum Ha MHOrOYMCNEHHbIX y3nax 6e3 Touyek oTkasa. B Cassandra npobnema oTkasa
pellaeTca nyTem YCTaHOBNEHUA [AeLeHTPalM30BaHHOW pacnpefeneHHoin no OfHOPOLHbIM
y3nam cUCTeMbIl. Y3/ibl ABNAIOTCA OCHOBHbIMU KOMMNOHeHTaMu MHdpacTpykTypbl B Cassandra.
[laHHble pacnpepenatoTca MO BCEM y3Nam Khnactepa, MHOEKCUPYHOTCA M 3anucbiBatoTcA B
XpaHUMyto B MamATU CTPYKTypy, umeHyemyto memtable. [lpu ee 3anonHeHuu, paHHble
nepeHocatca Ha pauck B copmate SSTable. Crpyktypoii mHpekca SSTable aBnatoTcs
pa3pemeHHblE MHIEKCbI, COMOCTaBANOLLME K/OYaM CTPOK COOTBETCTBYHOLLME OTCTyMbl B
daiine paHHbIX.

Neod| [41], [42] sBnaetca npepctaBuTenem rpadoBbix 6a3 paHHbIX. [laHHble
NPeACTaBNAOTCA B BUAE Y3M0B M UX OTHOLLUEHWI, KOTopble MoryT obnapatb CBOWCTBaMM.
Y31bl 06bIYHO UCMONB3YHOTCA ANA NPEACTABAEHUA CYLLLHOCTEN, XOTA OTHOLLEHWUA TOME MOTyT
ObiTb MCMONb30BaHbl C 3TON LENbIO B 3aBUCUMMOCTM OT npegmeTHol obnactu. lNMomumo
OTHOLLEHWUIA Y3bl MOTYT TaKKe WMMETb HEKOTOpPOe KONMYecTBO MeToK. 3anpocbl B Neodj
OCYLLLECTB/IAKOTCA C MOMOLLbIO AeknapatuBHoro Asbika Cypher gna onvcaHua wabnoHoB Ha
rpadax. MIHAeKCbl co3atoTCA Ha OCHOBE KOMOMHALLMIT METOK U CBOIACTB.

MongoDB [43] ABnAeTcA LOKYMEHTHO-OPUEHTUPOBaHHOIN 6a30ii JaHHbIX C OTKPbITbIM
MCXOAHBIM KOLOM, MNpPefOCTaB/AIOLLEN BbICOKYO NPOU3BOAUTENBHOCTb, [LOCTYMHOCTb W
nerkyro  Macwrabupyemoctb. basa paHHbix  MongoDB  coctout u3  Konnekuui,
NpeacTaBnAoLWwmMx coboii MHOMECTBA AOKYMEHTOB. Konnekuna cyLlecTByeT B pamKkax €AuHON

6a3bl AaHHbIX WU HE NoApa3dyMEBAE€T Ha/M4MA CXEMbI. Ka}K,D,bIVI OOKYMEHT ABNAETCA
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MHOMECTBOM Nap  KMouY-3HayeHne U xpaHutca B ¢opmate BSON  (6uHapHO
cepuanusoBaHHblii JSON). PasnnyHble JOKYMEHTbI B KOMNEKLUW MOTYT MMETb pasNnyHble
nonAa, XoTA OObIYHO [OKYMEHTbl OJHON KOMNEKUMM WMEIOT OJUHAKOBYHO WAN  CXOMYHO
CTpyKTypy. MongoDB noppep#uBaer pasnuyHble TWMbl MHOEKCOB, & MMEHHO: MO OfHOMY
nonto (single field), cocraBHble (compound), no Heckonbkum nonam (multikey),
reonpocTpaHCcTBeHHble (geospatial), TekcToBble M xelwumpoBaHHble WMHAEKCbl. MHpeKkcbl B
MongoDB peanu3oBaHbl ¢ nomoLLbio B-nepeBbes.

Wcnonb3oBaHne 3ddpeKTUBHONW CTPYKTYypbl WHAEKCa B KavyecTBe afeKBaTHOro
chopmanusama [nA ynpaBneHWA [aHHbIMM ABNAETCA O[HOW M3 OCHOBHbIX 3ajay npu
MOCTPOEHUN XpaHuAWLLA JaHHbIX. [nA ee pelweHua B rnase 3 AuCCEpTaLMOHHON paboTbl

npegnoMeHa AgUHaMU4YeCKaAa CTPYKTypa WHAOEKCa, OCHOBaHHaA Ha KOHUEMNuUUU CETOYHbIX

cpaiinos [44], [45].

1.3 Mepuatopbl

Meduamopsr  (mediators) ABnAOTCA NPOrpaMMHbIMKM  KOMIMOHEHTaMW, KOTopble
obecneynBaloT NoaaepHKy BMpTyanbHbix 6a3 paHHbIx (virtual databases) [10]. Meguatop He
coxpaHAeT uHdopMaumio cam Mo cebe - BMECTO 3TOMO OH TPaHCAMPYeT  3anpoc
nonb3oBaTeNA B OLWH WM HECKONbKO 3arpocoB, afpecOBaHHbIX MEPBUYHBIM UCTOYHMKAM.
[Mocne nonyyeHua pesynbTaToB 0O6PabOTKM HACTHbIX 3arMpocoB, MeLMaTop C UX MOMOLLbIO

CUHTE3MpYeT OTBET Ha UCXOAHbIN 3anpoc.
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CucTeMbl MHTErpaLum faHHbIX hopManbHO OnpeaenatoTca B Buae Tpoiikn 0GTYD §
roe "O- rnobanbHaA cxema (cxema mepmatopa), Y- MHOMECTBO CXEM UCTOYHMKOB, a U -
oTobpameHne Memay 3anpocamn Hap rnobanbHoOl CXemol UM CxemaMy WUCTOYHMKOB. B
apXMTEKTypax OCHOBaHHbIX Ha uaee MefuaTopa, MMEHYEMbIX TaKMe apXMTEKTypamu C
MOCPEAHVNKOM, WCNONMb3YIOTCA TPU Pa3sHOBUAHOCTU MPEACTABNEHUA UHTErPUPOBaHHbIX
AaHHbIx — Global as View (GAV), Local as View (LAV) a Take nx coBmelleHne, nmeHyemoe
GLAV.

Cuctema GAV [1], [2] nogpa3ymeBaeT onpepeneHune rnobanbHoii cxembl "OB TEPMUHAX
"Y B atom cnyyae U conocTaBnAer Kampomy anemeHTy u3 "OHeKoTopblii 3anpoc Hapg Y B
pe3ynbTaTe yero obpaboTKa 3ampocOB CTaHOBUTCA OTHOCUTENBHO MPOCTO onepauueit. B
3TOM CNyYae BCA CIOMHOCTb JIOMMTCA Ha npouecc [o00aBNeHUA HOBbIX WCTOYHUKOB K
cUCTeMe, MOCKONbKY OOHOBNEHME CXeMbl MefuaTopa ABNAETCA [JIMTENbHbIM MPOLLECCOM.
[Mostomy nopxon GAV npepgnoututeneH, Korga WCTOYHWMKM WMHAOPMALUN HE CUIbHO
U3MEHAIOTCA B TEYEHNE BPEMEHU.

Hanpotus, B cuctemax LAV [1], [2] ucTo4HMKM unHdoOpMaLuuy npepcraBnAaloTcA B
TepMMHax 3af,aHHOro MHTerpupytowero rnobanbHoro npepcraBneHua. B atom cnyvae 0
COMOCTaBNAET KamaoMy 3nemMeHTy U3 "YHeKoTopblit 3anpoc Hag "Q [Mpu atom pacwmpeHue "O
CTaHOBUTCA OTHOCUTENBbHO NErkoi 3agadeil, ogHako npouecc obpaboTkm 3anpoca B obLuem

cnyyae ctraHoButca NP-nonHoit 3apgayeii.
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[Mpu GAV MHOecTBO [aHHbIX, NPeACTaBUMbIX B UCTOYHMKax MHGOPMaLUU, MOMET
ObiTb LWMpPE, 4YeM BO3MOMHO nNpencTaBuTb B Meguatope. Hanpotus, B LAV 6Gonee
OrpPaHNYeHO MHOMECTBO AaHHbIX, MPEACTaBUMbIX B WCTOYHMKaxX, NoaTomy cuctembl LAV B
HEKOTOPbIX CyYaAax MOryT ObITb HE CMOCOOHbI BbIMOAHUTL ONpPefeneHHbI 3anpoc.
Mopxon GLAV [3] coBmewyaer B cebe npeumywiectea LAV u GAV, npepocraBnas
MPAMON [JOCTYN U MCTOYHMKaM WHOpMaLuU, B TO HE BPEMA COXPaHAA BO3MOMHOCTb
onpepeneHna rnobanbHoll CxeMbl B TEPMMHAX CXeM UCTOYHMKOB. [logxopn, M3NOMeHHbl B
AaHHol paboTe, cnepyeT OTHECTUM UMEHHO K kaTeropun GLAV.
B pabotax [laono Atuenun wn pp. [32], [46], [47], [48], [49] npepnoxeHa cucTema
nuterpaumn HeogHopoaHbix NoSQL 6a3 paHHbix SOS (Save Our Systems). Lenbto paHHOro
nopxoja ABNAETCA CO3[aHVWE OLHOPOAHOro WHTepdelica, MpefoCcTaBAAIOLLEro [OCTYN K
AAaHHbIM, XPaHUMbIM B pPas3/lIMyHbIX CUCTEMax YMNpaBleHUA [aHHbIMA (B OCHOBHOM U3
cemeiictBa NoSQL, ogHako uHTerpauma penAuMOHHbIX PECYPCOB TaKkXe BO3MOMHA), a TaKKe
MCNONb30BaHWA PasIMyHbIX CUCTEM B paMKax €4UHOro MPUNOHKEHNA. APXUTEKTYpa CUCTEMbI
SOS, npepcraBneHHas Ha puc. 1.6, opraHu3oBaHa C NMOMOLLLbIO CNefyHOLLUX MOLYNEN:
1. Obwwmii nHtepdpeiic, npegnaratrowmii NnpuMnTUBLI Ana B3aumogeiictena ¢ NoSQL
MCTOYHUKAMKN JaHHbIX;

2. Merta-ypoBeHb, xpaHALLMI1 MHPOPMALMIO O BOBNEYEHHbIX AAaHHbIX;

3. KoHkpeTHble 06paboTuMKKM, reHepupyloLLMe COOTBETCTBYHOLLME BbI3OBbl K
KOHKPETHbIM cucTemam 6a3 JaHHbIX.

UnTepdpeiic SOS npepcraBnser onepauuv BbICOKOTO YPOBHA OTHOCUTENbHO OBLLMX
KOHCTPYKLMIA, onpefeneHHbix Ha MeTa YypoBHe. MeTa ypoBeHb XpaHWUT [JaHHble U
npepocTaBnAeT uHTepdeiic OfHOPOLHOW MOLENV AaHHbIX ANA OCYLLECTBAEHMA onepauuii
Hap obbekTamn. KoHKpeTHble 06paboTUMKM  MOALEPKMBAIOT  B3aMMoOLelCcTBME C
KoHKpeTHbIMM NoSQL cuctemamm xpaHeHuAa nytem oTobpameHuA obLiMX BbI30BOB MeTa
YPOBHA B 3anpocbl, cneumguryHble faHHbIM CUCTEMaM.

Meta ypoBeHb cnpoekTupoBaH Ana acbdekTnBHOI paboTbl ¢ pasnnyHbiMu NoSQL
MOLENAMM  [aHHblX, MO3BONAA TMOALEPHUBATD  KOMNEKUUM  OOBEKTOB,  MMEHOLLMX

MPOU3BONbHYIO BNOMEHHYIO CTPYKTYpy. TpemA OCHOBHbIMW BUAAMW KOHCTPYKLMIA [aHHOW
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MOLenu ABNAIOTCA CTPYKTYPbl, MHOMECTBA U aTpubyTbl. Kamablii ak3emnnap 6a3bl faHHbIX
NPeAcTaBnAeTCA B BUAE MHOMECTBA KOMNEKUMIA. Kampasa Konnekuma, B CBOK oOuvepefp,
ABNAETCA MHOMECTBOM, COEPHALLMM MPOU3BOIbHOE KONNYECTBO 06beKTOoB. Kamablii 06beKT
MAEHTUPULMPYETCA YHUKaNbHbIM [NA COOTBETCTBYIOLLEN Konnekumn Knroyom. [lpocTbie
3NeMEHTbI, TaKMe Kak napbl Kntoy-3HayeHne nmbo oTaenbHble cneumdguKkaTopbl, MOryT ObITb
npeactaBneHbl Kak atpubyTbl. [pynnbl aTpubyToB, Takue Kak cemeiicTBa ctonbuos Hbase
nmbo xeww Redis, npepcraBnatoTcA B BUAE CTPYKTYyp. HakoHew, KonneKkuun snemeHToB,
Takne Kak Tabnuupl HBase nnbo konnekumn MongoDB, mogenupyrotca nocpepcTsom
MHOMecTB. CornacHo KOHKpETHbIM CTPYKTypam, peanusoBaHHbIM B pa3nnyHbix NoSQL
cucTemax, onpepenAeTca MpoLecc TPaHCAALUN KOHCTPYKUMI MeTa YPOBHA B KOrepeHTHble,

cneumuyHble JaHHbIM CUCTEMAM, CTPYKTYpbl.

MpunoxeHune
put(object)
get(id)
delete(id)
e ™
A 4
4 N\
06wt nHTEepdeic
. J
'd N\
8 MeTa ypoBeHb
0
(N J
p
O6pabotunk| |O6paboTumk| [Ob6paboTumk
Redis HBase MongoDB
N\
N J
v y v
HBase MongoDB

Puc. 1.6. Apxutektypa SOS
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Bbin paspaboTtaH pAp MHTErpauLMOHHbIX CUCTEM, B OCHOBE KOTOPbIX NEXWUT MOLENb
AaHHbix XML [50], [31], [92], [53], [54], [55], v ncnonb3yetca asbik 3anpocos XQuery [56]
(usHavanbHo - XML-QL [57]) [19]. B npoekte Tsimmis [58] Bnepsbie 6binu
MPOVNNIOCTPUPOBaHbI  NMPENMYLLECTBA WCMOAb30BAHUA MONYCTPYKTYPUPOBAHHOW Mopenu
AAaHHbIX NPU UHTErpaLun faHHbIX.

HeobxopmumocTb noppepskn MHTEpornepabenbHOCTM  HEOLHOPOAHbIX CUCTEM  Ha
OCHOBe oToDOpaskeHWi momeneii n cxem Obina ykasaHa bepHwTeiiHom u MenbHukom [59].
HekoTopble npepnomeHna B 3TOM HanpaBlAeHUWM [NA TPajULMOHHbIX (PEenALMOHHON 1
obbekTHOI) mogeneit 6binn cchopmynuposaHbl Tepsunnurepom n ap. [60] 1 Mopkom u gp.
[61]. C meTopgonormyeckoli TOYKM 3peHUA, HEOOXOLUMOCTb OAHOPOAHOWN KnaccudpuKkaumum u
0606LeHna npuHumnos gna NoSQL 6a3 gaHHbIx HaxoauT Bceobluee npusHaHue; B pabote
Kattenna [62] Obina npepcraBneHa petanbHaA XapaKTEPUCTUKA HEPENALMOHHbBIX CUCTEM.
CroyHbpeiikep [63] npuBoguT aprymeHTbl B nonb3y ocnabneHuna saxHoctn NoSQL cuctem B
HayyHoM  KoHTekcte. B uactHoctn,  CroyHbpeiikep  AEHOHCMpPYeT  OTCYyTCTBUE
KoHconupmpoaHHoro craHgapta ana NoSQL mopeneit. Takie OH ucnonb3yeT OTCyTCTBUE

q)opmaanoro A3blKka 3arnpocoB B Ka4€CTBE AOMNOMHUTENBbHOIO aprymMeHTa.

1.3.2 MpuHUMNDbI CUHTE3a KAHOHWUYECKOI# Mmoaenu

B Teopetuyeckoil ocHoBe npepnaraemMoro B JaHHOM paboTe moaxoja K MHTerpauumu
AaHHbIX nexat pabotbl rpynnbl SYNTHESIS (UMW PAH) [64], [65], [66], [67], [68], [7]
KOTOpble ABNAIOTCA NWOHEpaMM B 06NacTM UCCNEAOBaHWA METOLOB  WHTErpauuu
HEOLHOPOLHbIX WCTOYHUKOB WHopmauun. MOoKHO BbIgENUTb TpW 3Tana pasBUTHA
nccnefoBaHnin B 3Toit obnacTu:

1. Tlepuop, CTPyKTypUpOBaHHbIX MOAENel faHHbIX (LOMUHUPOBABLUUI [0 CEpenuHbI

80x rogos XX Beka);

2. Tlepuop obbekTHbIX Mogeneit U MHTeporepabenbHOro KOHCTPYMpPOBaHUA CUCTEM

(Havanca B koHue 80x ropos);
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3. [llepvop noBegeHYecknx, NpoLeccHbix mopeneii (Havyanca B cepepuHe 90x ropos).

[pynnoit  SYNTHESIS 6bin BnepBble npepnomeH MeTod, CUHTE3a KaHOHWYECKOM
mogenn u bbb  cchopmynmpoBaHbl NPUHLMMBI, obecneynBaloLLLe 3SKBUBANEHTHOCTb
mogeneil faHHblX. B ocHOBe 3TUX MPUHLMNOB NEeMUT WUAEA PacLUMPEHUA KaHOHWYECKOM
MOLEenu AaHHbIX Takum obpa3om, YTobbl CTano BO3MOMHbLIM OTObpameHne MHdopmauum u
onepaTtopoB B Hee W3 Mopeneil JaHHbIX UCTOYHMKOB. [lomnmo 3TOro, BCE Onmepauuv Hap,
CXeMaMn U MOJENAMM JAaHHbIX MPOU3BOJATCA Ha YPOBHE HEKOTOPOI MeTamofenu AaHHbIX —
cdopmanbHoOro Asbika, obnapfaroLLEero JOCTaTOYHOW MOLLbIO, YTOObl MMETb BO3MOMHOCTb
NPeACTaBNATb BCEBO3MOMHbIE KOHLEMUMM pasnnyHbiX Mogaeneil faHHbiX. B kayecTee Takoi
MeTamofenv nepBoHavyalbHO UCMONb30BaNach JEHOTALMOHHAA CEMAHTMKA, OAHAKO B CKOPOM
BpemeHM Obina 3amellieHa HoTaumelt abeTpakTHbix MawunH [12], [69]. B pamkax aToil HoTauun
MOHATUE  SKBMBAIEHTHOCTM MoOfeneil  AaHHbIX CBOBUTCA K MOHATUIO  YTOYHEHUA
cooTBeTCTBYtOLUMX crneuncpukaumii. OCHOBHbIM npeumyLLecTBOM ucnonb3oBaHua AMN
asnaetca B-texHonorua [12], [70], [71], [72], npepocTaBnAalowas BO3MOMKHOCTb
MnonyaBTOMaTMYECKOroO JoKasaTenbcTBa hakTa yTouHeHua. Hannume nofobHoi BO3MOMHOCTH
AOKa3aTeNbCTBa CyLLECTBOBAHUA OTOOpaMeHWn U3 UCXOAHbIX MOAenel faHHbIX B LieneByto
ABnAeTcA npuunHoi Bblbopa nopxoga rpynnbl SYNTHESIS B kauectBe ocHoBbl pna
npeanaraemoro B AuUccepTaLMoHHON paboTe Noaxofa Kk MHTErpauum AaHHbIX.

B pabotrax rpynnbi  SYNTHESIS 6binu  BnepBble onpepeneHbl  MOHATUA
3KBMBANIEHTHOCTM COCTOAHMIN 6a3 AaHHbIX, CXeM U Mofeneil AaHHbIX U OMuCaHbl NMPUHLMIbI
coXpaHeHua onepauuMii 1 uHdopMauuM B MPOLECCE KOHCTPYMPOBAHMA OTOOpaKeHui
HEOLHOPOLHbIX MCTOYHUKOB WH(popMauMn B KaHOHMYeckyto mogenb. CornacHo 3stomy
nopxony, B pamkax CYBJ] Kampaa mofenb [aHHbIX ONPefenAeTcA CUHTaKCUCOM U
CEeMaHTUKOI BYX A3bIKOB — A3blKa onpefeneHna pganHbix (A0 L) n A3bika MaHUNyAMpoBaHUA
AaHHbiMu (AMJ]). OcHoBHbIMM NpUHLUMNaMK 0TObpaKeHNA NPOU3BONbHON UCXOAHOI Mofenu
AaHHbIX B Lenesyto asnatoTca [/]:

1. [llpuHyun akcuomamuyeckozo pacuwiupeHus modeneli 0aHHbix. CornacHo 3Tomy
NPUHLMMY, KAHOHMYECKaA Mofenb AoM#Ha ObiTb paclumpaemoii. [pu aTom ee pacluvpeHve

Mpy PaccCMOTPEHUMN KaMfJoW HOBOW MOAENM JaHHbIX HOCUT aKCMOMATUYeCKUi xapaKkTep:
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uenesas Mofenb [aHHbIX paclumpsaerca nytem pobasneHva k ee HOJl Habopa akcuom,
onpepenAtoLLMX NOrMYECKME 3aBUCUMOCTU JaHHbIX UCXOLHOW MOAENN B TEPMUHAX LLENEeBOM.
[MonyyeHHoe pacluMpeHne AON¥HO ObiTb 3KBUBANEHTHO UCXOLHON Mofenu

2. [lpuHyun KommymamusHo:o omobpaxieHus moleneli 0aHHbIX. CornacHo 3Tomy
MPUHLMNY, COXPaHeHMe onepaunii 1 MHpopmaLnm NCXOAHOW MOAENn Npu ee oTobpameHnn B
KaHOHWYECKYIO [OCTUraeTcA Mpu YCIOBUM KOMMYTaTMBHOCTM Auarpammbl otobpameHna HO [
(cxem) n AMIL (onepauwid).

MHoxectBo Bcex cxem, Bbipasumbix B A0 mogenn paHHbIx U , obo3Havaetca 7Y, a
MHoxecTBo onepatopoB AMJL mopenn U obosHavaetca U . [lpocmpaHcmso donycmumbix
cocmosHuli, BblpasuMbix B U , obosHayvaetca O . Torpga

0 i DYO O ectb cemaHTnyeckas yHkuma S0 O

D0EDG O 6 O 6 ectbcemaHTuyeckas dyHkuma AMI O

Mpn 3TMx obosHaueHnax, otobpamerne "Q @ h-A Omopenn O B paclmpenne O
mojenn 0 KOMMYTaTMBHO, €CU BbIMOMHAIOTCA ClefytoLue YyCoBuA:

- lnarpamma otobpameHna cxem ABNAETCA KOMMYTaTVUBHOIA:

Yo O i 0

\4

- [narpamma otobpameHna onepaTtopoB ABAAETCA KOMMYTaTUBHOM:

o b ¢ 6 6

\ 4

- OTtobpameHne —OMEKTUBHO.
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3pecb LI obo3HavaeT MHOMECTBO CXEM aKCMOM, BblpaMaroLmMxX 3aBUCUMOCTU AaHHbIX
mogenn 0 B TepmuHax mogenn U , a U obo3HayaeT nocneaoBaTenbHoCTb onepatopos M/
mogenu 0

3. [llpuHyun cuHmesa yHugpuyupyroweli KaHoHu4eckol modenu OaHHbIX. CUHTE3OM
KaHOHMYeCKOl MOAEenV HasblBaeTCA MNpOLLECC MOCTPOEHUA pacluMpeHuii ero Apapa,
3KBMBANEHTHbIX Pa3/IMYyHbIM MOLENAM [aHHbIX, BKIIOYaeMbIXx B Cpefy, a TaKie npouecc
CNUAHWUA 3TUX paCLUMPEHUii C KaHOHMYecKoil Mmopenbto. CornacHo 3Tomy npuHUMMY, B
co3paBaemMoli YHUULMPYHOLLEN KaHOHUYECKOW Mopeny pasHoobpasHble UCXOAHbIE MOAENN
AAaHHbIX UMEIT OLHOPOLHOE SKBUBANEHTHOE NpefCTaBNeHue.

Takum 0bpa3om, MOMHO BbILENUTb CNEAYHOLLME OCHOBHbIE 3afiayv, BO3HUKatoLLue
Mpy MHTErpaLun JaHHbIX:

1 TocTpoeHune paclunMpAemMoil KaHOHUYECKOW MOAENN JaHHbIX;

1 OnpeneneHve mogeneii fjaHHbIX C MOMOLLbIO hOpManbHOI MeTaMogeniu;

1 TocTpoeHune oTobpameHnii U3 NCXOAHbIX MOAENEN AaHHbIX B KAHOHNYECKYHO;

1 [oka3atenbCTBO KOPPEKTHOCTU MOCTPOEHHbIX OTOBPAKEHWIA.

[nAa peweHna paHHbIX 3agady B rnaBe 2 pucceprauuoHHoOl paboTbl npepnaraercs
pacluMpAeMas KaHOHMYecKaa Mopfenb JaHHbix. B KauvectBe dpopmanbHoit meTamopenu

OaHHbIX UCMOJIb3YETCA HOTaUMA a6CTpaKTHbIX MallnH, onncaHune KOTOpOﬁ NPUBELEHO HUMKE.

1.3.2 HoTauusa abcTpakTHbIX MaLLUUH

Hotauma abcTpakTHbix MawuH Obina BrnepBble KCNonb3oBaHa kak dopmanbHaa
meTamogenb faHHbix B Havane 90-x rogos [70]. AMN obecneunBaer maHunynupoBaHue
TEOPETUKO-MHOMKECTBEHHbIMM  crieundmKaumMamMm B JIOTUKE MEepBOro nopsagka U
AOKa3aTenbCTBO yTOYHeHuA cneundpukaumii. C MNOMOLLbIO TEXHUKM YTOYHEHMA CTano
BO3MOMHbIM PacLUMPUTb OCHOBHble OMNPEAeNneHnA OTHOLUEHWUI MemAy Tunamu [aHHbIX,
CXemMaMM W MOLENAMM [aHHbIX TaK, 4YTOObl BMECTO 3KBMBANEHTHOCTU COOTBETCTBYHOLLMX
cneundmKaumii - MoxHo 6bino  paccyxpatb 06 ux ytouyHenun [73]. CneumanbHble

MHCTPYMEHTAJIbHbIE CPENCTBA (B—TeXH on OFMFI) NPeacTaBNAOT BO3MOMHOCTb [0Ka3aTebCTBa
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KOMMYTaTUBHOCTM Juarpamm OToOpaMeHuA MoAeneil nonyaBTOMaTUYECKMM CrMOCObOM:
Teopembl, Tpebyemble [nA [oOKasaTeNbCTBa YTOYHEHUA Mopgeneil, reHepupytotca B

aBTOMaTMYECKU, HO MX [OKa3aTenbCTBO MOMeET TpeboBaTb BMeLLATENbCTBa Yenoseka [74].

AMN kak abcTpakTHas meTamopenb

AMN,  Kak  TeopeTuMKo-mopenbHad  HOTauuA,  MO3BONAET  paccMmaTpuBaThb
MHTErpMpoBaHHO creunuKaumMo NPOCTPaHCTBa COCTOAHUI U NoBefeHua (onpepeneHHoro
onepaumamu Ha coctoAHuAx). CocToAHWE MalluMHbl OnpependeTcA 3HayeHuAMM ee
NepeMeHHbIX, a MHOMECTBO [OMYCTUMbIX COCTOAHMWIA 3afaeTcA C MOMOLLbIO MHBapuaHTa —
orpaHuYeHnsa, KOTOpoe AOMKHO BCEra yAoBNETBOPATLCA.

Kntouebim noHATMEM AMN aBnAeTca ymoyHeHue, KOTOPOe MO3BOAAET COMOCTaBAATb
cneundmKaumm cUCTeM pasfiMyYHbIX YpOBHeW abcTpakuun. YTouHAwowaa cneundmkauma
MoeT ObITb HamHOro 6onee AetanbHOW, Yem yTouHAemaa cneumdumKkauma. YTOoYHAlOLLaA
cneundmKaumMa CTPOUTCA Ha OCHOBE alrOPUTMUYECKOrO YTOYHEHUA WM YTOYHEHWA AaHHbIX.
dopmanbHO noHATME yTouHeHuA onpepensercA B AMN ¢ nomoLbio MHOMECTBA TEOpPEM
cneumanbHoro Bupa, umeHyemblx proof obligations. C ucnonb3oBaHuem cneuuanbHbIX
MHCTPYMEHTaNbHbIX CPELCTB MOAAepkn B-texHonoruu, paHHble Teopembl MoryT ObiTb
cchopmynupoBaHbl  aBToMaTMyeckn. Wx pokasaTenbCTBO MOMET ObiTb  MPOU3BELEHO
NnonyaBTOMaTUYECKN — B HEKOTOPbIX CMyYyasX MpPOLECC AoKas3aTenbCcTBa MOMET TpeboBaTb

BMeELLaTENbCTBa YENOBEKa.

Cneuundmrauua coctosnuii cuctemol B AMN
A3bIK cneumdmrKaLmMm COCTOAHUIN OCHOBaH Ha Teopun MHoMecTB Llepmeno-dPpeHkena
C aKcMoMoi Bblbopa U TUMU3MPOBAHHOM A3blKe MEPBOro MOpALKa CO BCTPOEHHbIMU TUMaMu

M KOHCTPYKTOpamm CnoMHbix TUnoB [/]. [pumepamy KOHCTPYKTOPOB CNOMHbIX THUMOB

ABNAIOTCA:
 § O - pekapToBO NPOU3BELEHVNE MHOMECTB i U O
T ~{ - MHOXECTBO BCEX MOOMHOMECTB MHOMECTBA | ;
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~
5

1 GEON i T U W - BblgeneHWe M3 MHOMECTBa | MOAMHOMECTBA 3/IEMEHTOB,

YAOBNETBOPAIOLLMX MPEAnKaTy U;

i, O - nepeceyeHne MHOMECTB i U O

T {° 0 - obbeguHEHNE MHOMECTB | 1 O

i O - pa3HOCTb MHOMECTB i u O

f  KOHCTPYKTOPbI PENALUOHHbIX copToB | P 0O,

I  KOHCTpyKTOpbI (PyHKLMOHaNbHbIX copToB { © 0.

T KOHCTPYKTOpbI YNOPALOYEHHOI Napbl 0603HAYaETCA Kak GId nbo kak O™ @ .

OTHOLWEHNE MeMAy MHOMEecTBaMu i M O npepcraBnAeT coboii aNeMEHT MHOMecTBa
n 0 8 Obnactb onpepeneHua oOTHoweHWA | obo3HavyaeTcAa Kak Q€ & , a obnactb
AOMYCTUMbIX 3Ha4yeHWin Kak | WE . PyHKkuma "Q M3 MHOMecTBa | B MHOMECTBO O

NnpencTaBnAeTcA B BUAE OTHOLIEHMA MEMAY LaHHbIMU MHOMECTBAMU, MPU 3TOM Kam[oMy
anemeHTy Q€ GQ P i conoctaBneH PoOBHO OfMH 31eMEHT MHoMecTBa O. CyllecTBytoT
obo3HayYeHMA ANA YaCTUYHbIX PYHKUMA "QY { 9 O M nonHbIx cpyHKkumin "V { © O [na
pyHKUMM "Qu anemeHTa WN Q€ GQ onpepeneHbl Tepm "Qw, 1 ero 3HadeHne W W QW
Takoe, 4TO W  WN "Q

B tabnuue 1.1 npencraBneHbl OCHOBHbIE TEOPETUKO-MHOMECTBEHHbIE 0003HaYeHUA
AMN. 3pece "WYY D aBnalotca mHomecTBamm, Takumm 410 { N "Yu ON “Y ih A WM
ABNAIOTCA OTHOLIEHMAMM 13 “YB "Y a I] ABNAETCA OTHOLLIEHMEM U3 “YB Y.

Asbik npegnkatoB AMN couyeTaeT TEOPUIO MHOMECTB M UCYUCIEHUE MNpenuKaToB
nepBoro nopsAgka (c obbl4HbIM Habopom cBazok™ Nh h hkeaHTOpamu cyuiectBoBaHMA M 1
BCeoOLHOCTM | 1 NpeanKaTtoMm NPUHALNEKHOCTM N) C NPOCTOi apudMETUYECKOW TEopUei.
WHTepnpetauna coctoaHUA abCTPaKTHOW MalLUWHbl OCYLLECTBIAETCA NEPEMEHHBIMU MaLUVHbI

- Ka)K,D,Oﬁ nepemeHHof/’l npucBanBa€eTCA NEMEHT U3 ONpPEefENEHHOro JOMEHa.

Tabnuua 1.1. TeopeTnko-mHoMeCTBeHHble 06o3HavyeHna AMN
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O6ozragenne ANN Bnagenue obozpageHns

ST PSS xT)

dom (r) {z |z 'ES""\HUI‘.U Thz—yer)}
ran (r) {lv|lyeTrnJze(zreShz—yer)}
Poq fz—z|lz—zelf—=Un

dyes{yeThz—yephy—zeq)}

id (5 lz—=ylz—yeSxSnrnz=y}
s<r r—y|lz—yerizes}
ST [z ylz—yernyet)
s<r {x—yl|lz—yerirzel—s)
SET {'rn—-u|'r—-u riye T —t}
r—1 lyr 3 r;n—-*.-, T\.b“'r—-a,r-rr}
r[s] {[ylye TAndze(zeshz— yer)}
STy (dom () am)Um

s+ t [rlres—ta(rl r)Cid(t)}

Cneuundmrauusa onepaumii AMN

Onepauun abcTpakTHbIX MalUWMH OMWUCbIBAKOTCA NPW MOMOLUM A3blKa O060OLLEHHbIX
nopctaHoBok (Generalized Substitution Language, GSL) n umerot cnepyromii Bug;:

i Bh € NN B M Y

3necb £ - uma onepauuu, | B A - BbixogHble napameTpbl onepauuu, 1) B A -
BXOfHblE NMapameTpbl onepauuu, “Y— NoAcTaHOBKa, onpeaenAtollan nelicTBME onepaummn Ha
NPOCTPaHCTBE COCTOAHUIA.

GSL nosBondAet onucbiBaTb Nepexofbl MeEmAy COCTOAHMAMM cucTembl [/]. Kampan
obobLieHHaa nopctaHoBka Y onpepenseTr npeobpasoBaTenb MpepukaTta, CBA3bIBAOLLMIA
HekoTopoe mnocTycnoeue Y co csoum cnabeiilumm npepycnosvem Y'Y, 4To rapaHTupyet
coxpaHeHue Y nocne BbINoNHeHUA onepauuun. B Takom cnyyae rosopat, 4to “YycTaHaBnuBaet
Y. "Cnabeiiwee" npepycnoBue o3Ha4yaeT, 4TO npepguKkat "HayanbHOrO CcOCTOAHMA",
CBA3aHHbIN C HEKOTOPbIM MPEANKATOM "3aKNIOYUTENBHOIO COCTOAHMA", QOMKEH pa3peluaTb
MakcumanbHO 6onbluoe u4ucno coctoAaHuin. B Tabnuue 1.2. npuBeaeHbl OCHOBHblE BUAbI
0606LLEeHHbIX NOACTAHOBOK U cnabeiilune npenycnoBuA, KOTOpble UM COOTBETCTBYHOT. 34eCh
"WYIYAYRYRY senatotca noacraHoskamn, GIudd - nepemerHbiMn, ‘ORO - BbipaseHnaAmM,
"GIORORCN - npeankatammn. O GO 'Q ecTb npeamkat U, B KOTOPOM BCe CBOGOAHbIE

BXOMJ,EHNA NepemMeHHol () 3ameHeHbl Ha O.
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Tabnuua 1.2. O606LLEHHbIE MOACTAHOBKM U UX CEMAHTUKa

| O6obmennas nogcranoexa S | [S]P |

z:=F Plz — E}

skip P

z:=E||y:=F z,y:=E,F|P

ST S|P A [T|P

SELECT G, THEN T, (Cr = [T1]P) A

WHEN G; THEN T, END (G2 = [T P)

PRE ¢ THEN T END G A TP

ANY t WHERE G THEN TEND | Vte (G = [T|P)

5. T STTIP

IF ¢ THEN § ELSE T END (G =[S]P) A
(-G = [T]P:

Buabl KOHCTpYKUMii n CTpyKTypHble MexaHu3mbl AMN

B AMN cyLuecTByeT Tpu BUa KOHCTPYKLMIA:

1 abcrpakTHaa mawmHa (abstract machine),

1 ytouHeHue (refinement),

1 peanusauma (implementation).

AbcTpakTHaa MawmMHa MOMeT ObiTb  UCNONb30OBaHa TONbKO Kak YTOYHAEMas
KOHCTPYKLMA, NPy 3TOM B €e ONucaHuM He JOMKHbl NPUCYTCTBOBaTb NOCNEeAoBaTeNbHble U
UMKIMYecKkue nopcTaHoBku. Peanusauma moxeT ObiTb Mcnonb3oBaHa TONbKO — Kak
YTOYHAIOLLLAA KOHCTPYKUMA, MPU 3TOM B €€ OMUCaHUM He [JONMHbl NPUCYTCTBOBATb
HepeTepmuHupoBaHHble nopctaHoBku (SELECT, ANY), napannenbHble nopctaHoBKkW W
npepycnosua. Peannsauua take He JONMHa UMETb COOCTBEHHbIX NMEPEMEHHbIX. YTOYHEHME
ABnAetca bonee yHMBEPCANbHOW KOHCTPYKUMEW, T.K. OHO MOMeT ObITb MCMOAb30BaHO W B
KayecTBe YyTOYHAEMOI, U B KaYeCTBE YTOUHAIOLLEN KOHCTpykuun. OrpaHnYeHmnin Ha onucaHve
onepauuii, NOfoOHbIX OrpaHUYeHuAM [nAa abCTpakTHON MalluuHbl W peanu3auuun, ond
YyTO4YHeHMA He cywectByeT. [lo 3Toii npuynHe YyTOYHeHWe ABnAeTcA Haubonee
NPEANOYTUTENbHON KOHCTPYKUME [NnA  OLHOPOJHOro NpeAcTaBneHna cneundmkaumii
kaHoHu4Yeckoi mogenn B AMN.

KoHCTpyKUMA YyTOYHEHNA ONUCbIBAETCA CNeAyOLLUM 0bpa3om:
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REFINEMENT i
REFINES &

SEES | &
INCLUDES "Qé
SETS i
CONSTANTS &
PROPERTIES 0 i
VARIABLES ¢
INVARIANT "0
INITIALISATION Y
OPERATIONS G 8 hj
END

[Mpn nomowim nepemeHHbIX, onucaHHbix B paspgene VARIABLES, onpepensetca
coctoAHune cuctembl. WMHuumanmszauma nepeMeHHbIX  OMNpPeaenAeTca  NOACTAHOBKOW,
onucaHHo B paspene INITIALISATION. CoctoAaHue cuctembl MOMET OblTb U3MEHEHO Mpu
nomoLwim onepauuii, onpegeneHHbix B pasgene OPERATIONS. [locne wHuumanusaumu, a
TaKk¥e MpU BbINOMHEHUN KamOoON onepauuun, COCTOAHWE CUCTEMbI JOMKHO YLOBNETBOPATb
uHBapuaHTy, onucaHHomy B pasgene INVARIANT. B paspene SETS copepatca
onpepeneHna MHoxecTB, B pasgene CONSTANTS - HavMeHOBaHMA KOHCTaHT, KOTopble
ncnonb3ytoTca B yTouHeHuu, B paspene PROPERTIES - npepukaTt, ¢ MOMOLLbIO KOTOPOro
onucbiBaroTca cBoicTBa KoHcTaHT. C nomowpto pasgenos SEES n INCLUDES Bo3moMHO
OCYLLLECTBNIEHNE KOMMO3ULMN YTOYHEHUA C JPYrUMM KOHCTpyKuuamun. Komnosmuma SEES
MCNONb3yeTcA B TOM Cly4ae, KOrja HEKOTOPOMY MHOMECTBY KOHCTPYKLMII HEOBXOAMMO AaTb
BO3MOMHOCTb  YTEHMA 3HAYEHUW MEPEMEHHbIX, MHOMECTB W KOHCTAHT HEKOTOpPOM
cneuncpukaumnn. Komnosmuma INCLUDES vcnonb3yetca B TOM cnyyae, KOrfa KOHCTPYKLMK
HEeOOXOAMMO BK/IOYUTb HEKOTOPYHO KOHCTPYKLMIO B KayecTBe cBoeli nogcuctembl. [pu atom
NMepemMeHHble  BKIKOYAaeMOW  KOHCTPYKLUMW  CTAHOBATCA MEPEMEHHbIMA  BKIHOYaHOLLLeld
KOHCTPYKLMWN, OAHAKO W3MEHEHMe WX 3Ha4YeHUi MOMET ObITb OCyLLECTBAEHO TONbKO C
MOMOLLbIO Onepauuii BKNHOYaeMO KOHCTPYKUMW. WHBapuaHT BKIKOYaeMON KOHCTPYKLUK

CTaHOBUTCA 4YaCTbKO MHBapKMaHTa BKJ'II-O‘-IaI-OLLI,eVI KOHCTpPYKUNN.
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Popmanusauma NOHATUA yTouHeHus B AMN
PaccmoTpum meTop, chopmanusaumm akta yTOHHEHNA KOHCTPYKLMM U KOHCTPYKLIMEN
O B AMN [7]. daKkT yTO4yHEeHMA MoeT ObiTb YCTaHOBNEH TONbKO B TOM Clyyae, ecnu
KOHCTpykuMn U u 0O (tabnuua 1.3) cornacoBaHbl, T.e. YLOBNETBOPANT CNELYHOLLMM
TpeboBaHuAM:
f Paspen REFINES koHcTpykuum O ponxeH copepsatb uma O .
1 [na Kampoii onepauuu KOHCTPYKUMM U, KOHCTpyKuma 0 [OnMHa Copepatb
ornepaumio C TOYHO TaKOW e CUrHaTypoi.
f WHBapuaHT KOHCTpYyKUMM U [ONMEH CopepiaTb Tak Ha3blBaeMblii CKneuBaroLLuii
WHBapWaHT (MHBapuaHT yTouHeHusa) Y,

3a[al0LLNIA  COOTHOLLEHWNE  MEMAY

COCTOAHUAMM YTOYHAEMOW U YTOUHAIOLLLEW KOHCTPYKLNIA.

Tabnuua 1.3. Cneumndpukaumm 0 v 0O

REFINEMENT 0
MACHINE © REFINES ©
CONSTANTS 6 CONSTANTS 6
PROPERTIES § PROPERTIES §
VARIABLES 0 VARIABLES 0
INITIALISATION "O¢ Q6 INITIALISATION "0¢ Q0
INVARIANT 'O INVARIANT 'O
OPERATIONS OPERATIONS
ON £ A ON £ AG
PRED i Q PRED i Q
THEN THEN
0Q'Q 0Q'Q
END END
END END
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Onpepenenne 1.3.1. O yTouHAeT U, ecnu BepHbl cnepylowme Teopembl (proof

obligations).
1. Teopema HenycTtoTbl obbeauHeHHoro cocToaHuA. CyllectByeT obbegMHEHHOe

coctoaHue U u U, ypoBneTBopAtoLlee nHBapmaHtam 0 u 0 .

0~ 0 mof t 0”0
2. Teopema  yTOYHEHMA  uHMUManu3aumu.  WHuumanusauma 0 YyTOYHAET
NHUUManu3aumio U .
0”0 ‘0¢ Q6"'0¢ Q060
3. Teopema yTouHeHuA onepaumii. HKaxpaa wn3 onepaumii 0 yTOuHAeT
COOTBETCTBYHOLLLYIO onepauuto U , T.e. Npy YCNOBUM BbINOAHEHWUA UHBapUaHTa YTOYHEHUA U
NpeaycnoBmna yTO4HAEMO onepawum, BbIMONHAETCA NPERyCNoBUe YTOYHAOLLLEl onepauuu; 1
ANA  Kaxporo cnydaa wucnonHeHna O'Q'Q, cywectsyeT wucnonHenne OQ'Q  u3
COOTBETCTBYIOLLLErO  HayalbHOrO COCTOAHMA (33 aBaeMOro MWHBapWaHTOM YTOYHEHWA),
KOTOpOE yCTaHaBNMBaeT TOYHO TaKue e 3HaYeHWUA Ha NOCT-COCTOAHUAX.
0" 0"0"0° 0 "0l Q
01 Q- 00Q 0 o0 OV w

1.4 BbiBOAabl NO rnase

B rnase 1 6b1n NpepioMeH aHanM3 OCHOBHbIX MOAXOAOB K UHTErpauuun faHHbIX.

' CdpopmynmpoBaHbl 3aayv, BO3HUKAOLLME NpY BUPTYalbHOW U MaTepuann3oBaHHOM
WHTErpaumn JaHHbIX;

f M3nomeHbl OCHOBHblE MPUHLMMNbI OTOOpaMeHna Mopeneil faHHbIX, NPensoMEHHbIE
rpynnoin SYNTHESIS;

1 [llpuBegeHbl poBofbl B nonb3y Bblbopa nogxopa rpynnbl SYNTHESIS B kauectse
OCHOBbI A4 NpefiaraeMoro B JaHHol paboTe Nogxofa K MHTErpaumm AaHHbIXx;

f OnucaHa HoTauma abCTPaKTHbIX MalLWH, WCNoNb3yemas B KayecTBe MeTamopenu

JNaHHbIX.
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2 XML-KAHOHMYECKAA MOJEJIb A AHHbIX

B pamkax npepnaraemoro nogxoga kK MHTErpauMu [aHHbIX CO34aHa pacluvMpsaemasn
KaHOHW4YecKaa mopenb, ocHoBaHHaa Ha XML. [pepnaraetcA npuHuuMn paclumMpeHuna agpa
KaHOHW4Yecko mogenu. B uenax cospaHua obOCHOBAHHOrO OTODpamMeHnA [nA UHTEerpauuu
HEOLHOPOAHbIX 6a3 [aHHbIX, KOHLENUWA MOAENN AaHHbIX chopmanu3yetca MOCPenCcTBOM
HOTauMn abCTpaKTHbIX MaliMH. [lnAa Kamjon ucxopHon mopenu cospaetca obpaTtumoe
oTobpameHne B pacluMpeHne KaHOHWYeckol mopenu. B-texHonorma ucnonb3yerca pana
AokaszatenbctBa Toro, 4to AMN-cemaHTMKa WCXOQHOW Mogenu npeacraBnAeT coboi
yTouyHeHne AMN-ceMaHTUKM pacLUMpPEeHHON KaHOHWYecKon wmopenu. Takum obpasom
A0Ka3blBAETCA KOPPEKTHOCTb OTOOPaMeHUA M BO3MOMHOCTb MCMOAb30BaHUA PacLLUMPEHHON
KaHOHMYeCKOW Mopenu pnA npepcraBneHna cxem ucxogHoit mogenu. CospaHbl AMN-
MalUUHbl [ONA KaHOHWYECKOW W PenALUMOHHON Mopenei, a TakKe AnA PenAuUOHHOro

YTO4YHEHUA KaHOHMYECKOW Mogenun.

2.1 Mopenb paHHbix XDM

B kauyecTBe Afpa KaHOHWYECKOW MOJENM AaHHbIX AnA Meguatopa bbina BbibpaHa

moens aanwerx XDM [75], (76
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