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OBIIAS XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTb NIP00J1eMBbl

Ilenpro wWHTErpanmuu MaHHBIX SBISIETCS HCIIONB30BaHUE COJCPKMMOIO JABYX WIH Oolee
HCTOYHHUKOB JTaHHBIX (0a3 IaHHBIX) B paMKax OoJiee KpYITHOH, BO3SMOXKHO BUPTYaJIbHOM, Oa3bl JaHHBIX
¢ memplo ofOpamieHWs K HeW ¢ 3ampocaMH Kak K YHH(DUINPOBAHHOMY HH(MOPMalMOHHOMY
MpoCTpaHCTBY.  MHTerpanmoHHas  cucTeMa  JOJDKHA — TPEJOCTaBIsTh  IOJI30BATEINIO
YHAGUIPOBAHHBIA B3I HA MHOXKECTBO HEOXHOPOJHEIX HCTOYHUKOB HH(OPMANUK, Ha3bIBaEMBIit
27100anbHOU cXeMOll.

OCHOBHBIMU TEXHOJIOTUSIMU, HCIONb3yeMBIMU MHpPH PEIICHUH 3aJaydl HWHTETPally JaHHbIX,
SIBIISIFOTCSL (hedepamustbie 6a3bl OAHHBIX, MeOUuamopvl U Xpanuiuwa oannsix. [Ipu UCTIONBE30BaHUU
(enepaTHBHBIX 0a3 JaHHBIX NCTOYHHKH WHYOPMAIMK HE3aBUCHMBI, HO KaXIBI U3 HUX CIIOCOOEH
noirydyate TpeOyemyio unHbopMmanmuio u3 Apyrux. I[lpumepamMu COBpEeMEHHBIX IPHIIOKEHHUI,
WCTIONIB3YIOINX TEXHOJOTHH (QenepaTuBHBIX 0a3 maHHBIX, sBisaioTcs IBM DB2, Oracle Data
Integrator u GoldenGate.

MenuaTops! IPEACTaBIAIOT U3 ce0sl MPOrpaMMHBIE KOMITOHEHTHI, 00€CIIeYHBAIOLIHE MTOICPIKKY
BUPTyalbHBIX 0a3 maHHBIX (Vvirtual databases), koTopele “BHEIIHE” BBITTISAAT TaK, CIOBHO OHH
MaTepHaIn30BaHbI (T.€. CKOHCTPYHUPOBaHbI (PU3MUYECKH, TI000HO XPaHIIMIIAM JaHHEIX). MenuaTop
caM 1o cebe He COXpaHAeT HH(POPMAIHIO — BMECTO ITOTO OH TPAHCIHUPYET 3aIpocC IOJIB30BaTels B
OIIMH WJIM HECKOJBKO 3allPOCOB, aJpPECOBAHHBIX NMEPBHYHBIM HCTOYHHMKaM. Iloirydas pe3ynbTaThl
00pabOTKM YacTHBIX 3aIPOCOB, MEUATOP CHHTE3MPYET Ha MX OCHOBE OTBET Ha MCXOMIHBIN 3aIpoc.
CucTeMbl MHTETpalliK JAHHBIX (OPMAIBHO ONpENeNsioTcs B Buuae Tpoiiku (G,S,M), toe G —
rinobanpHas cxema (cxema MeauaTopa), S — MHOXKECTBO CXEM HCTOYHUKOB, a M — oToOpakeHue
MEKTy 3alIpocaMy HaJ II00aIbHOM CXeMOt U cCXeMaMHt HCTOYHHKOB. B apxuTekTypax, OCHOBaHHBIX
Ha HAee MeAuaTropa, MMEHYEeMBIX TaKXKe apXUTEKTYpaMH C IOCPEIHUKOM, HCIONB3YIOTCS TPH
Pa3HOBUIHOCTH NPE/ICTAaBIICHUS MHTETPUPOBaHHBIX NaHHBIX — Global as View (GAV), Local as View
(LAV) a Ttakxke mx coBmemenne, umenyemoe GLAV. CormacHo GAV, rinobanpHas cxema
omnpezeNnsieTcsl Kak B3IV HaJl HCTOYHHMKAMH JaHHBIX, B TO BpeMs kak GAV mpeamnonaraer, 4to
WCTOYHUKH JaHHBIX OTIPeeNICHbI KaK B3I HaJ rio0anbpHoi cxeMoil. [Tonxox GAV uMeeT Jrydiryro
MIPOM3BOUTENBHOCTD 00paboTKH 3anpocoB yeM LAV, Ho LAV uMeeT IydIryio paciupseMocTb 4eM
GAV. [Ing coBMenIeHUs NPEHMYIIECTB YIIOMSHYTHIX TEXHOJOTHHA OBUT NMPEUIOKEH CMEIIaHHBIA
noaxox', HaspiBaeMblit GLAV. CymiectByet Metoa KoM cucteMbl GLAV B 9KBUBaJIEHTHYIO
el cuctemy GAV?2. TToaxon K WHTETpaliH JaHHBIX, TPEIIaraéMblii B TaHHOW paboTe, OTHOCHUTCS K
pasnoBuaHocTH GLAV. Cpenn coBpeMEHHBIX UCCIIEIOBAaHMI B 001aCTH BHPTYaIbHOI HHTETpaliy

Im Friedman, A. Y. Levy and T. D. Millstein, "Navigational plans for data integration," in Sixteenth National
Conference on Artificial Intelligence and Eleventh Conference, Florida, USA, 1999

2 A. Cali, "Reasoning in data integration systems: why lav and gav are siblings," in ISMIS, Maebashi City,
Japan, 2003.
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JIaHHBIX CIIEAYET BLACIUTH paboThl rpymmsl SYNTHESIS?#, koTopble SBISIOTCA NHOHEPAMH B
o0J1acTH McClIeI0BaHNs METOI0B HHTETPallii HEOAHOPOHBIX UCTOYHUKOB HH(opManmu. I'pynmoit
SYNTHESIS O0butn mpeasioxXeHbl KOHLETLHUS KAaHOHHYECKOW MOJEeNH MaHHBIX M MPUHIIMII
KOMMYTATHBHBIX OTOOPaXKEHHI MOJIENEN MaHHBIX?, KOTOPBIH SBISETCS OCHOBOMN IIPEIaracMoro B
JTAaHHOW paboTe MOAXOAa K MHTErpalMi AaHHBIX. Takke ClieqyeT BBIACIUTH UccienoBaHus Ilaomo
Artnenn®’, KOTOpble OPHEHTHPOBAHBI HA 3a]1a4l MHTETPAIUU KaK CTPYKTYPHPOBaHHBIX, Tak 1 NoSQL
0a3 JaHHBIX.

Tlpy MCHoNb30BaHMM XPAHWIMIL JAHHBIX KONMHM ()parMeHTOB HMHGOPMALMM W3 HECKOJIBKHX
HCTOYHUKOB COXPAHSIOTCS B IMHOW 0a3e JaHHBIX, BO3ZMOXKHO, C IIPEABapUTEILHON 00paboTKOH —
¢unpTpanueii (filtering), coenquuenuneM (joining) i arperupoBanueM (aggregating). Comepxumoe
XpaHWIHIIA OOHOBISIETCS Ha IEPHOJMYECKON OcHOBe. B mpoliecce KONMPOBaHUS JaHHBIC
MIOIBEPTalOTCsl ONpPEEICHHBIM MIPeo0pa3oBaHUsIM C LENbI0 COTJIACOBAHUS UX CTPYKTYp C oOIeH
cxeMoit xpaHminma. OCHOBHBIM HEIOCTaTKOM XPaHWJIMIL JAHHBIX SBISETCA MX IOTCHIMAIbHOE
HECOOTBETCTBHE PEaNTbHOMY BPEMEHH, TaK KaKk M3MEHEHHs B MCTOYHHMKaX JaHHBIX MOTYT He OBITh
CBOEBPEMEHHO B HHX OTPAKEHBI ° . BaKHBIMH KIaCCaMH TIPHIOKEHHH CHCTEM HHTETPAIIHH
nH(opMaIyy, OCHOBAaHHBIX Ha TEXHOJOTHH XPAHWIMIL JAAaHHBIX, HA CETOMHSIIHUI JEHb SIBISIIOTCS
npwioxkeHnss OLAP (ot on-line analytic processing — omepaTUBHas aHalIWTHYecKas oOpaboTka
JTAaHHBIX) U IPHJIOKEHUS UHMENIeKMYaIbH020 ananusa oanuvix (data mining).

Bo3HuKHOBEHHE HOBOHM MapaJurmMbl B HayKe W Pa3IMYHBIX MPUWIOKEHHUIX HH(OPMAIIMOHHBIX
TEXHOJIOTHH CBA3aHO ¢ MmpobiaeMamu oO0paboTku boavuux oanneix (big data). Konuenmus Gompmmx
JTaHHBIX OTHOCHUTEJILHO HOBA, Y CJIEIYIOIINE MTh XapaKTEPUCTHK OOBIYHO UCHONB3YIOTCS B KaUeCTBe
ompenensomux: 00beM (volume), ckopocts (velocity), MmHOrooOpasue (variety), IOCTOBEpHOCTB
(veracity) m 3HaummocTh (value)®. OmHOM M3 KIIOYEBBIX 3a7ad B JaHHON OONACTH SABJIAETCS
HHTETpalys HeOHOPOIHBIX HCTOYHUKOB HH(POPMAILIIH.

Leanb padoTbl
Ienpto paboThI SBISETCST MCCIIEAOBAHKME 3a/ad MHTErPAlK TaHHBIX, pa3paboTka moaxoma K
WHTETPAIlMK JaHHBIX Ha OCHOBE MPUHIIMIA KOMMYTAaTHBHBIX OTOOpaXCHUH Mojesell JaHHBIX,

3 http://synthesis.ipi.ac.ru

4 c CrynaukoB, H. Cksopmo, B. Bysako, B. 3axapos, JI. Kammamdenko, “Mertonsl yHu(pUKamu
HeTpaJUIHOHHBIX Mofienell TaHHbIX ’, Cucmemvl gbicokoll docmynnocmu, c. 18-39, Mocksa, Pagnotexunka, 2014

SIL Kamunnuenxo, C. Ctynuukos u H. 3emios, “MeTosisl cCHHTE3a KAHOHHMIECKHAX MOJETICH, TPeIHA3HAYCHHBIX
JUISL JIOCTHD)KEHHSI CEMaHTHYECKOH HHTepornepabenbHOCTH HEOJHOPOIHBIX HCTOYHHKOB HH(popmarmu”, UITN
PAH, Mocksa, 2005

6 L. Bellomarini, P. Atzeni and L. Cabibbo, “Data integration with many heterogeneous sources and dynamic
target schemas (extended abstract)”, in Proceedings of AMW2015, pp. 148-155, Lima, Peru, 2015

7 P. Atzeni, L. Bellomarini and F. Bugiotti, “Exlengine: Executable schema mappings for statistical data
processing” in Proceedings of EDBT’13, pp. 672-682, New York, NY, USA, 2013

8 H. Garcia-Molina, J. Ullman and J. Widom, “Database Systems: The Complete Book”, Prentice Hall, 2009.

°S. Sharma, U. S. Tim, J. Wong, S. Gadia and S. Sharma, “A Brief Review on Leading Big Data Models” in Data
Science Journal, 2014.
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BKJIIOUAIOIIETO B ceOsl pa3paboTKy pacuInpsieMOil KaHOHHYECKOH MOJEIH W MeToJla BepH(pUKaILIH
KOPPEKTHOCTH OTOOpaXXeHWH MoJeliell TaHHBIX, a TaKKe AITOPUTMOB IOANEPKKH BUPTYAITbHOH H
MaTepuaIn30BaHHON HHTETPaliH.

MeToabl uccie10BaAHUS
IIpn pemennn mocTaBiaeHHBIX B paboTe 3a1ad NCIIOIB30BAINCH MeTo A6 HoTanmm AGCTpakTHEIX
Marun (Abstract Machine Notation — AMN)!, Teopun MHOKECTB U JIOTHKH MPEIUKATOB.

Hayuynasi HoBU3HA

B nucceprannonHoit paboTe MOIy4YeHbl CIEAYIOIUE PE3YIbTaThL:

1. PaszpaboraH momXoJ K HMHTETPallMd JAHHBIX Ha OCHOBE NPUHIUIA KOMMYTATHBHBIX
0TOOpaXCHUIT MOJIENCH TaHHBIX;

IIpennoxena pacmmpsiemass XM L-kaHOHHYECKast MOJICNb TaHHBIX;

3. Tloctpoenst AMN-ManIvHbl Uis KAHOHUYECKOW U PEJISILMOHHONW MOJENed JaHHBIX M UX
00paTUMOTO 0TOOPaXKCHUS U JIOKa3aHa ero KOPPEKTHOCTD;

4. Pa3paboraH moaxon K MOCTPOEHHIO XPAHWIUINA TAHHBIX, OCHOBAHHBIA Ha ITUHAMHYECKOU
CTPYKTYpE MHJCKCA TSI MHOTOMEPHBIX TAHHBIX, TIPEII0KEHBI 3PP EKTUBHBIC AITOPUTMBI JIJISI
ee MOJICPKKU U MPUBEICHBI OIICHKU CJI0KHOCTH MPEJIOKCHHBIX alTOPUTMOB;

5. Pa3pabotan W peaJM30BaH TPOTOTUI XPaHIWIHWIIA JAHHBIX Ha OCHOBE MPEATI0KECHHOMN
JTUHAMHYECKOH CTPYKTYpPBI HHICKCA.

IIpakTHYecKoe 3HAYEHHE

IIpenmaraemerit B paboTe mOAXOJ K WHTETPAlMM JAHHBIX MOKET OBITH HCIIONB30BaH JUIS
HHTETpalvy HEOAHOPOIHBIX HCTOYHHKOB HH(OPMAIMU B IPUIIOKEHHAX aHATUTHUECKOH 00paboTKH
B PEXHME PEanbHOTO BPEMEHH, NMPUJIOKEHHIX HHTEIUICKTYyalbHOTO aHaln3a JAaHHBIX, a TaKkKe B
oGnacti OOJBIIMX JaHHBIX. DKCIIEPUMEHTHI, MPOBEICHHBIE C HCHOJIB30BAaHUEM pa3pabOTaHHOTO
MIPOTOTHUIIA XPAHWJIMINA, IIOKAa3bIBAIOT, YTO MCIOJIb30BAaHUE IPEUIOKEHHOTO MOAX0Ja MOXKET
MIPUBECTH K 3HAYUTEIHHOMY YMEHBIICHHIO pa3Mepa IWPEKTOPUH MHIEKCAa W BPEMEHH IOHCKa JUIS
MHOTOMEPHBIX JIaHHBIX.

IloJs10:keHus1, BHIHOCHUMBbIE HA 3aIIUTY

1. Pacmupsiemas XML-kaHoHHUYECKast MOJIEIb JaHHBIX;

2. Tlogxon x BUPTyaJbHOW MHTETPALIUH JAHHBIX;

3. Tloaxon Kk MaTepUaTM30BaHHON MHTErPAIlMK JAHHBIX;

4. TIpoToTHN XpaHWIHUINA JAHHBIX Ha OCHOBE MPEAJIOKEHHOTO MOAX0Aa K MaTepHUaIn30BaHHON
WHTETPAIUH JaHHBIX.

10§ _R. Abrial, The B-Book - Assigning programs to meaning, Cambridge University Press, 1996.
5
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Anpodanusi padoTbI

OCHOBHBIE pPe3yJbTaThl ANUCCEPTALMOHHON paboTHl OOCY)KHanmMCh Ha CeMHHapax Kadempsl
CHUCTEMHOT0 nporpaMmupoBanus Poccuiicko-Apmsackoro (CrnaBsiHckoro) Yuuepcurera (PAY) u
kadenpsl HMHGOPMAIMOHHBIX cHucTeM (OOpa3oBaTeNILHOTO W HCCIIENOBATENBCKOTO  IIEHTpa
nHpopManoHHbIX TexHonoruid EpeBanckoro ['ocynapcreennoro Yuausepcutera (EI'Y). OcHoBHEIE
pe3yiabTaThl UCCEpPTAl[MOHHON paboThl JOKIaibIBAINCH Ha cuMmmosumyme First Workshop on
Programming the Semantic Web B pamkax xoHdepennun International Semantic Web Conference
2012r, a Taxoke Ha TOOAMYHBIX HayuHBIX KoHMepeHmusax PAY 2011, 2012, 201 5rr.

Hyéaukanuu
OCHOBHBIE pe3yJIbTaThl HCCIEIOBAaHNH OTPaXKeHBI B 6 HayYHBIX ITyOnuKanmusx [1-6].

CTpykTypa U 00BHeM padoThl
Jluccepranust COCTOMT M3 BBEICHUS, YSTHIPEX IJIaB, 3aKIIOUCHHS M CIHCKA HCIIOJIb30BAHHOM
nutepatypsl (92 HaumeHnoBanust). O0mwmii 00beM nuccepranuu — 102 cTpaHUIbL.

Baaropapuoctu
ABTOp BBIpa)kaeT rry0oKyIo OarogapHocTs K.¢).M.H., goneHTy M. I'. MaHyKsHY 32 HEOIICHUMEBIC
COBETEI, ITOJ/ICP>KKY U TOMOIIb B paboTe Ha MPOTSDKEHUH BCEX 3TAIlOB UCCIICIOBAHMSI.

COJIEP’KAHME TUCCEPTALINA

Bo BBeeHHH 000CHOBaHA aKTyabHOCTh M IPAKTHUYECKAs 3HAUNMOCTD TEMBI UCCEPTAIIMOHHOI
paboTHI, KPaTKO M3JI0KEHO COCTOSIHHE MPEeAMETHOH 001acT, copMyTHPOBAHBI IEH U OCHOBHBIE
3aJjauyl UCCJIeI0BAaHMs], BbIJIEJICHbI HAy4YHbIE pe3yJIbTaThl, OTIHYAIOIUECsS HOBU3HOM, BEBIHOCUMBIC Ha
3aIIUTy HayYHbIE TTOJI0KEHNS M TIPAKTHIECKasl [[EHHOCTh MMOTYYCHHBIX Pe3yIIbTaTOB.

B nepsoii riaee quccepTannu ObUI IPOBENEH aHAM3 OCHOBHBIX IOJIXOAOB K HHTErPaId
JTaHHBIX. PaccMOTpeHBI OCHOBHBIE TEXHOIOTMH HHTETPAlluK JaHHBIX — (efiepaTuBHBIE 0a3bl JAHHBIX,
XpaHWINIIA JaHHBIX ¥ MexuaTopbl. CHOpPMyIHPOBaHbI 33/1aui, BO3HUKAIOLINE PH BUPTYaIbHON U
MaTepuaIn30BaHHON MHTETPAIlMU JAHHBIX.

B §1.1 onucana TexHonorus ¢enepaTUBHBIX 0a3 JAaHHBIX, PACCMOTPEHBI IPUMEPSI
UCHOJIB3YIOMIUX €€ COBPEMEHHBIX NPUIIOKEHHUH.

B §1.2 npuBeneHo omnucaHWe TEXHOJOTMM XpaHWIHI] JaHHBIX. PaccMoTpeHa cucrema
YIPABIEHNs] [AHHBIMH C OTKPBITBIM KojoM SciDB !! | HaueneHHas mnpenMyliecTBEHHO Ha
UCIOJIb30BaHKE B 00JIACTAX, B KOTOPHIE BOBIECUEHBI MACCUBBI JaHHBIX OYEHb OOJIBIINX Pa3MEPOB.

B §1.3 paccMoTpeHa TexHonorus MeauaropoB. OnucaHbl TPH Pa3HOBUAHOCTHU NPEACTABICHHS
UHTETPUPOBAHHBIX JaHHBIX, NPHMEHJIEMBIX B apXUTEKTypaX, OCHOBAHHBIX HA HJee MeAUaTopa

1 http://paradigm4.com

© National Library of Armenia



(apxutextypax ¢ mocpeanukoMm) — Global as View, Local as View a Takxke X COBMELICHHE,
nmenyemoe GLAV. IIpusenen 0630p uccnenoBanuii [1aomo ATneHn, onucana apXUTeKTypa CHCTEMBI
SOS'™2.

Ocoboe BHHMaHHE yHENeHO IOAXONy K HHTETpaluH [aHHBIX, NPEATIOKCHHOMY TpyIOoit
SYNTHESIS. B pa6orax rtpynnet SYNTHESIS Opun  BmepBble OIpeleleHbl OHSTUS
SKBHBAJICHTHOCTH COCTOSHHMH 0a3 IaHHBIX, CXEM W MOJENeH MaHHBIX W ONMCAHBI HPUHIUIIBI
COXpaHeHUs onepanyii 1 HHPOpPMAIMHK B IIpoIiecce KOHCTPYNPOBaHHS 0TOOPaKEeHNI HEOJTHOPOTHBIX
HCTOYHUKOB MH(OPMAIMH B II€NeBYI0 (KAHOHHMYECKYI0) MOJIENb. B OCHOBE 3TUX MPHUHIUIIOB JTEXKUT
uzesl pacuIMpeHHsT KaHOHWYECKOH MOMIENM IaHHBIX TaKUM 00pa3oM, YTOOBI CTajJo BO3MOKHBIM
oToOpakeHHe HHPOPMALUK U OIEpaTOPOB B HEe U3 MOJelel JaHHBIX UCTOYHUKOB. Bee omepanun
HaJl CXeMaM{ M MOJEISIMU JaHHBIX IPOHM3BOMATCS HAa YPOBHE HEKOTOPOW METaMOJENH JaHHBIX —
(dopManmbHOrO  s3bIKa, OOJNANAIOMIET0 JOCTATOYHOW MOINBIO, 4YTOOBI HMETh BO3MOXKHOCTH
MIPE/ICTABIIATE BCEBO3MOXKHBIC KOHLETIMM pPA3IMYHBIX MoOJeneil JaHHBIX. B KkauecTBe Takoit
METaMOJIeNI JTAHHBIX HCIOJNB3yeTCcs HOTalus a0CTpakTHBIX MamuH. B pamkax 3Tod HOTamun
MOHSTHE SKBUBAJICHTHOCTH MOJENICH JTaHHBIX CBOJUTCS K MOHATHIO YTOYHEHHUSI COOTBETCTBYIOMINX
cnenuukanuii. OCHOBHBIM IIPEMMYIIECTBOM Hcronb3oBaHuss AMN sBisiercs B-texnomnorus,
MIPEIOCTABISIONIAsE BO3MOXKHOCTh IIOJyaBTOMATHYECKOTO HOKa3aTeNbCTBA (aKTa YTOUHEHHS.
Hamndne mogoOHON BO3MOXKHOCTH JIOKA3aTENbCTBA CYIIECTBOBAHHSA OTOOPaXKEHHH M3 HMCXOIHBIX
MOJIeNel JaHHBIX B LENEBYIO SBISETCS IPUIMHOM BBIOOpA JaHHOTO MTOJX0/a B KA4YeCTBE OCHOBBI JUIS
MIPeIaraeéMoro B JUCCEPTAMOHHON paboTe MOAX0a K HHTETPAIHN JaHHBIX.

CornacHo mnoaxoxy rpymmel SYNTHESIS, B pamkax CVYBJl kaxnas Mojenb JaHHBIX
OIPEAENSETCS] CHHTAKCUCOM M CEMAHTHKOM JBYX SI3BIKOB — sI3bIKa ompeaesieHust naHHbIX (SI0/1) u
sI3pIKa  MaHUMyIupoBaHus gaHHBIMA  (IM/I). OCHOBHBIMH TpPWHOWNAMH  OTOOpPaKEHUS
MPOU3BOJILHON UCXOIHON MOJIEH JAHHBIX B LIEIEBYHO ABISIOTCS':

1. Ilpunyun axcuomamuueckoeo pacuupenus mooenei danneix. COTIacHO 3TOMY NPHHIUILY,
KaHOHHYEeCKasi MOJIEINb JI0JDKHA OBITh pacummpseMoid. [Ipu 5ToM ee pacimpeHue mpu pacCMOTPEHHN
Ka)XZ0H HOBOM MOJIENH JaHHBIX HOCHUT aKCHOMATHYECKMH XapakTep: IieleBas MOJENb JaHHBIX
pacmmpsiercss myteM noOasieHus kK ee SO/l HaOopa akCHOM, ONPENENSIOMNX JIOTHYECKHE
3aBHCHMOCTH JIAaHHBIX HCXOIHOW MOJENU B TEpPMUHAX IieneBoil. [lomyueHHOe pacmmpeHue I0JDKHO
OBITh SKBUBAJIEHTHO HCXOJHON MOJIEIH.

2. [lpunyun xommymamuerno2o omobpascenus mooenell oannvix. COTIaCHO 3TOMY MPUHIIUITY,
COXpaHeHHUe omnepanuii 1 HHGOpPMaIMU HCXOJHOW MOJENH IPH ee OTOOPKEHNUH B KAHOHHYECKYIO
JIOCTHTAETCSl TPH YCIOBHH KOMMYTAaTHBHOCTH Iuarpammbl otoOpaxkenus SO/ (cxem) u SAMJ
(omeparuit).

12p, Atzeni, F. Bugiotti u L. Rossi, “Uniform access to non-relational database systems: The SOS platform”,
Advanced Information Systems Engineering, pp. 160-174, 2012

By, Kanunangenko, C. CtynmaukoB u H. 3emioB, “MeTozbl CHHTE3a KAHOHUYECKUX MOJIENeH, TPeAHa3HaYCHHbIX
JUIS JIOCTIDKCHUSI CEMAaHTHUYECKOH HMHTEpONnepadenbHOCTH HEOAHOPOAHBIX MCTOYHMKOB HMH(popmauuu”, UITA
PAH, Mocksa, 2005
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MHoxecTBO Beex cxeM, BelpasuMsbiX B 1O/] Mmonenu nanneix M;, o603Hayaercs S;, a MHOKECTBO
omeparopoB SIMJI momemu M; obGosnawaercs O; . [lpocmpancmeo Odonycmumvix cocmosHuil,
BBIpa3sUMBbIX B M;, o603Hauaercs B;. Toroa

Ms; : S; = B; ectb cemanTnueckas Gynkuust 10/ M;.
Mo; : 0; - [B; - B;] ectb cemantuueckas ¢pyuxuus IMJ M;.

Ipu 5THX 0603HAYCHIIX, 0ToOpaxenue f = (o, 8, f) moxenu M; B pacumpenne M;; moxemn M;
KOMMYTaTHBHO, €CITH BBITTOHSFOTCS CICTYIONIHE YCIIOBHS:

- Jlmarpamma OTOOpaKEHHS CXEM SBISICTCS KOMMYTATHBHOM:

Si X {'QU} MSU' -~ BU
A A
o 0

- JlmarpamMma oTOOpa)XeHHs OIIEPaTOPOB SBISIETCS KOMMYTAaTHBHOM:

0 Mo [Bij = By
B T
\ 4 :‘V
Py Mp; [B; > B;]

- Orobpaxenue 6 OUEKTHBHO.

3meck ();; 0003HAYAET MHOKECTBO CXEM AKCHOM, BBIPAKAKONIMX 3aBMCUMOCTH JAHHBIX MOJEIH
M; B TepmuHax Mojienu M, a P; 0003Ha4aeT NocyienosaTebHoCTh onepartopos SIMJI Mosenmu M;.

3. Illpunyun cunmesa yuuguyupyrowel KaHoOHuueckou mooenu Oanuvix. CHUHTE30M
KaHOHUYECKON MOJIETH HA3bIBAeTCS MPOIIECC IMOCTPOCHUS PACIIMPEHHUH €ro supa, SKBHBAJICHTHBIX
Pa3IMYHBIM MOJIEIISIM JaHHBIX, BKJIIOYAEMBIX B CpeJly, a TAKXKe MPOLECC CINSHUS 3THX PaCIIUPEHUH
¢ KaHOHHYECKOH Mogenbio. COrjacHO 3TOMY MPHHIMITY, B CO3[aBaeMoOi yHH(UIHpYIOMIEH
KaHOHHYECKOH MOJENN pa3sHOOOpasHble HWCXOAHBIE MOJEIH JaHHBIX HMEIOT OJHOPOJHOE
9KBUBAJICHTHOE TIPEICTaBICHHUE.

Janee ciexyer onrcaHre HOTAWU aOCTPAKTHBIX MAIIWH, KOTOpas ObUIA BIIEPBBIC IPUMCHEHA B
KadecTBe (OpPMaJbHOW MeTamoaend MAaHHbIX B Havane 90-x rogoB. AMN obecneunBaet
MaHHITYJIHPOBAHHE TEOPETHKO-MHOKECTBEHHBIMU CIEIU(PHUKAMUSIMH B JOTHKE TIEPBOTO MOPSIKA H
J0Ka3aTeJIbCTBO yTO‘[HeHI/IH Cl'[eL[H(l)MKaLIHﬁ. Texnuka yTO'-lHeHI/Iﬂ ITO3BOJIMJIA pacumpvm; OCHOBHBIC
OTIpeIeNICHHs] OTHOIICHUI MEXy THIIAMHU TAHHBIX, CXEMaMH, MOJICTISIMH TaHHBIX TaK, YTOOBI BMECTO
9KBUBAJICHTHOCTH COOTBETCTBYIOIINX CHEHU(PHUKANNI MOXKHO OBUIO PacCyKIaTh 00 HX yTOYHEHHUH.
CrienuanbHble HMHCTPYMEHTalbHBIE CpeAcTBa (B-TexHomorus) npeacTaBiIsIOT BO3MOXKHOCTH
JIOKa3aTeNlbCTBa KOMMYTATHBHOCTH JHarpaMM OTOOpaKEHHs MOJENeld I0yaBTOMAaTHIeCKOM
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Croco0OM: TeOopeMbl, TpeOyeMble I JOKa3aTelbCTBA YTOUHEHHs Mojeiell, renepupyrorcs B
aBTOMATHYECKH, HO UX JJOKa3aTeILCTBO MOXKET TPeOOBATh BMEIIATEIbCTBA YSIOBEKA.

Bropasi riaBa mOCBAIEHa CO3JaHUIO PACIIMPSIEMOH KAaHOHHYECKOM MOJENIM B paMKax
MpeIaraéMoro MOAXoJa K MHTeTpaluu JaHHBIX. lIpelyokeH NPUHLHUN pPacUIMpEeHHs SApa
KaHOHHYECKOH Monenmu. B menmsx cosgaHus OOOCHOBAaHHOTO OTOOpaXKEHHs Ul WHTETPaIun
HEOJHOPOJHBIX 0a3 JaHHBIX, KOHIENIHUSI MOJETH TaHHBIX (opManu3yeTcsi IIOCPEACTBOM HOTAIUH
a0CTpakTHBIX MamuH. [ KaXIOoW HCXOTHOH MOAeNIH co3maercsi oOpaTHMoe OToOpakeHHue B
pacmmpenne KaHOHHYECKOi MoJenn. B-TexHonorus ncrosb3yercst Uil JOKa3aTeslbCTBa TOTO, YTO
AMN-cemMaHTHKa HUCXOOHOM Moxenu mpeacrasasier coboii AMN-ceMaHTUKY pacIIMPEHHON
KaHOHHYECKOH MoJienH. TaknM 006pa3oM J10Ka3bIBaeTCs KOPPEKTHOCTH OTOOPaKEHUS 1 BO3MOXKHOCTh
HCIIOJIb30BAaHMS PaCIINPEHHON KaHOHHYECKON MOJIENH JUISl IPEACTABICHHS CXeM HCXOIHON MOJIETIH.
Co3znansl AMN-MaImuHbI 7151 KAHOHUYECKOW M PEeNSIIIMOHHON MOJeNeH, a TaKkKe IS PEeSILUOHHOTO
YTOYHEHHS] KAHOHHYECKOH MOJICIIH.

B §2.1 npuBeneHo onucanue Mojeau AaHHbX XDM'4, koTopas Oblla BRIOpaHa B KA4eCTBE SIpa
KaHOHHYECKOH MOJENM JaHHBIX Ui MeauaTopa. BeiGop oOyclioBieH psSaoM NPEenMyLIECTB ATOH
MOZENM JaHHBIX. B  d9acTHOCTH, OHa TpeacTaBIsieT u3 ce0sf KOMIPOMHCC —MEXIy
CTPYKTYPHUPOBAaHHBIMH (pEIIMUOHHAsL, O0BbEKTHAS) M MOTYCTPYKTypHpoBaHHBEIMU (XML) Moaensimu
naHHbIx. XDM nosiBuiack B pe3ysbTare pacliMpeHust Moaenu JaHHbIX XML B nensx moanep:kku
KOHIIETIIIMHY 0a3bl JaHHBIX. B pamMKkax 3Toi MO#eNnu paccMaTpUBAIOTCS 0a30BbIe OOBEKTHI, TAKHE KaK
LeNble YHCa, CTPOKH, IEPEMEHHBIC pa3IMYHBIX THIIOB, CHUMBOJIBL, M COCTAaBHbIE OOBEKTEHI,
OTIPEIENICHHBIC B TEPMHHAX A-HCUHCIICHHUS.

B §2.2 mpeanokeH moAXox K WHTETPAMH JIAHHBIX, OCHOBAaHHBI Ha OHTOJNIOTHH. B pamkax
JTAaHHOTO MOJXOJa pacCMaTPUBAETCs KaK BHUPTYyalbHAas, TaK W MaTepUAIM30BaHHAs WMHTETrPaLHs
MAaHHBIX B TMpefenax KaHOHMYeckod Mozemn. TakuMm o0pa3oMm, BO3HHKAeT HEOOXOJMMOCTD
(bopManu3anuy NOHIATHH TaHHOI NpeIMETHON 00IacTH, TAKMX KaK MEaTOp, XPaHMJIMILE JaHHbIX 1
cxemMa 0a3pl JaHHBIX. B JaHHOM cilydae OHTOJIOTHS WHTETpallMd JaHHBIX OcHoBaHa Ha XML
(bopManM3anuu STHX HOHITHH.

B §2.3 chopmynipoBaH IpHHIMI paclInpeHns sapa KaHOHWYecKoit Moaenu. Pacmmpenue sapa
KaHOHWYECKOH MOJENN MPOU3BOJAWUTCS TPH PACCMOTPEHHH MOJeNel JaHHBIX HOBBIX MCTOYHHKOB
nHdopmamu myTeM 00aBIeHHsS HOBBIX CHUMBOJIOB (moHsATHI) Kk ee SIOJ] B 1ensx BbIpaKeHHs
JIOTUYECKUX 3aBHUCHUMOCTEH HCXOAHOM Mojaenu cpeiactBamu leneBoil. IlomydeHHoe pacuupenue
JIOJDKHO CTaTh DKBMBAJICHTHBIM HCXOIHOM MopAenu IaHHbIX. Jlis peanu3anuy paciIMpeHHs
KaHOHUUYECKOH MOJIENTH UCIONb3YeTCs CeAyIollee MPaBuiIo:

Concept < Symbol ContextDefinition

Hanpnmep, JUI TIOAJACPIKKU TaKUX TOHATHH peﬂﬂuHOHHOﬁ MOJCJIN KaK KJIH4Y M CChIIOYHAas
HEJIOCTHOCTD, AAPO KaHOHUYECKOMN MOJECIIN JOMTOJHACTCA CIIEAYIOINMU CUMBOJIAMU key, foreign key,

M. G. Manukyan, “Extensible Data Model”, in Advances in Databases and Information Systems, 2008
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unique, constraint, on update, on delete, cascade, set null. B obmem ciydae, pacmiperue sapa
CBOAMTCSA K J00aBJIEHMIO HOBBIX CHMBOJOB B TaK Has3bIBaeMbIe crosapu Kowmenma (content
dictionaries), mpezacraBienHbie B Buge XML T0KyMEHTOB, U ONpPEICICHUI0 KOHTEKCTa IPUMEHEHHSI
JIaHHBIX CUMBOJIOB. CyIeCTBEHHO, YTO AJIS OIPEeNICHHUsI KOHTECKCTA UCIIOIb3YETCS BEIYMCIUTEIBHO
HOMHBIHA s361K . CIIOBapH KOHTEHTA UCTIONB3YIOTCS IS IPUCBOEHHs (HOPMATBHON U HeOpMATBHOI
CEeMaHTHKH BCEM IMOHATHSM, HCIIOIb3yEMbIM B MOJENAX JaHHBIX. B pesynbraTe naHHOro moaxoja
HCIOJIb30BaHKe HOBBIX cuMBOJIOB B SIO/] He mpuBoauT K n3MeHeHuto napcepa SO/,

B §2.4 npennoxen mero hopManu3auu Moaesel JaHHbIX. B paMkax mpearaeMoro moaxoja
K MHTETpaliM JAaHHBIX, MOJAENU IaHHBIX U OTOOpaKCHMS MEXIy HUMH PacCMaTpPHBAIOTCS Kak
9K3EMILIIPBI MeTaMozenu. B kauecTBe MeTaMOJIENH HCHONb3yeTcs HOTAIHs aOCTPAaKTHBIX MAIINH.
Wubimu cioBamu, AMN-(hopMain3M HCIIOIb3yeTCsl JUTS ONIPEAEICHNs KOHIIENINI Mo/ieTIell JaHHBIX.
Kaxnas ucnons3yemast MoJieIb JaHHEIX (Gopmamm3yercss B AMN B Bujie HEKOTOpOH abCcTpakTHOH
MaIIuHbl (TH00 Mepapxuu aOCTPaKTHBIX MalIMH), mpeacTaBisitomeii AMN-ceMaHTHKY A 3TOH
Mozenu. AGcTpakTHas MammHa Mchy ans Monenu AaHHBIX M JoykHA OBITH MOCTPOEHA TaKUM
00pa3oM, 9ToOBI MHOXKECTBO CX€M MOJENH M HaxOIMIOCh B OMEKIINH ¢ MHOKECTBOM IOITyCTHMBIX
COCTOSIHMH MamuHel Mchy,, OrpaHMYeHHBIM ee MHBapHaHTOM [y . OToOpakeHWe W3 HCXOIHOM
MOJIENH B IIEJEBYI0 CBOAUTCS K MOJAECIHPOBAHUIO TIOHATHH IIEIE€BON MOJEIH TOCPEACTBOM HMOHITHH
ucxoaHou moxaenu. Jns stol uenu crpoutrcs AMN-mamuvHa, siBistomascs paciupenuem AMN-
MaIlUHbI UCXOJHON Mosiesiu U yrouHeHueM AMN-MalluHb! 11e71€B0il MOJIeNIN JAHHBIX.

[pennoxensr cneayrone npuHIUns AMN-dopmanu3anny Moaeneil JTaHHBIX:

1. Ba3oBble mOHATHS MOJieNel TaHHBIX (GOPMATHU3YIOTCS C OMOIIBIO CHCcTeMbl TUITOB AMN;
2. CnoxHble TOHATHSA MOJENEH TaHHBIX (OPMaTU3yIOTCS ¢ TOMOIIBIO A0CTPAKTHBIX MAIIIHH.

[Tycts nocTpoeHs! abcTpakTHBIE MAIIHHBI M chy U1 KaHOHHUEeCcKoH Moenu u M chg i Mozenu
JTaHHBIX NCTOYHUKA. KaHOHMYeCcKas MOJIeNTb pacInpseTCs! C ITIOMOMIBIO MaIuHBI Extgr, cogeprkamnieit
KOHIIETIIIMH MCXOJHOM MOJENH, OTCYTCTBYIOIINE B IIENEBOH. DTH IOHATHS HPECTaBICHBI B BUE
MHOXECTB M KOHCTaHT MamuHbl Extsy . Huxe npusenensi AMN-mpencraBieHUs HUCXOOHOH U
KaHOHUYECKOI MOJeNen:

MACHINE Mchy MACHINE Mchg

SETS Setst SETS Setss
CONSTANTS Consty CONSTANTS Constg
PROPERTIES Pr PROPERTIES Ps
VARIABLES Vary VARIABLES Varg
INITTALISATION Inity INITTIALISATION Initg
INVARIANT I INVARIANT Ig
OPERATIONS Opr OPERATIONS Ops
END END

M. Drawar, “OpenMath: An Overview”, ACM SIGSAM Bulletin, vol. 34, no. 2, 2000
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Crnenyromas AMN-cxema npencrasisieT co0oil paciiupeHne KaHOHUIECKOM MOJIETIH:

MACHINE Extgr
EXTENDS Mchy
SETS Setsgr
CONSTANTS Consty
PROPERTIES Psr
END

Ilycts pns ucxogHod wmogenun Mg W KaHOHMYECKOM Monaenu Mgy yXe IOCTPOEHBI
COOTBETCTBYIOIINE a0CTpakTHBIE MaIIMHEL B pamkax mpeayaraeMoro Ioaxoia K HHTETpaIlyun
JIAHHBIX, JUIs JOKA3aTeIbCTBA KOPPEKTHOCTH OTOOPaXKEHHs U3 UCXOAHOI MOJENN B KAaHOHUYECKYIO,
CTpoUTCs abCTpaKTHAs MalllMHa, KoTopas pacumpser AMN-MalvHy HCXOIHOW MOJIENH U YTOYHSET
AMN-MmamMHy KaHOHMYEeCKOH Mojenu. B cekuuu MHBapHaHTa AaHHON MAaIllMHBI ONpPEEISOTCS
YCIIOBUSL COOTBETCTBUSI CXEM HCXOJHOM M KaHOHMYECKOM Mopeneil. B cexkuumm onepauunit
MIOCPEJCTBOM OMNEpalii MOJEIM HCTOYHHKA MOJCIUPYIOTCS OIepalul KaHOHWYECKOW MOIEIH.
Hwxe npencraBnena AMN-cxema 17151 9TOH MaIIuHBL:

REFINEMENT Extg Ref
REFINES Extgy
EXTENDS Mchs
INVARIANT I
OPERATIONS Opg

END

Bepudukanus ¢axra yTouHEeHHs MPOU3BOIUTCS IMOTYaBTOMATHUECKH C HCIIONh30BaHHEM B-
TEXHOJOTHU. TakuM 00pa3oM IOKa3bIBACTCS KOPPEKTHOCTH MOCTPOCHHOTO OTOOpaxkeHWs. Buumn
moctpoeHbl AMN-MaIIMHBI 7151 KAHOHUYIECKOW U PEIAIIMOHHOM MOJIeNIeH JaHHBIX U UX 00paTUMOro
0TOOpaXeHHUS U JI0Ka3aHa er0 KOPPEKTHOCTD.

B mnpennaraemoM moaxoae k uHTerpanuu wHbopMmanuu ¢dopmanmzm AMN uMeeT ABOIHOE
MpUMeHEHHE. Bo-TIepBBIX, OH HCIIONB3YeTCs IS JO0Ka3aTelbCcTBAa KOPPEKTHOCTH OTOOpaKeHHUS
HUCXOJAHOM MOJEeNM B KAaHOHMYECKYH0. Bo-Bropbix, Ha ocHoBe AMN-MalmIMH HMCXOJHOH U
KAaHOHMYECKOW MoJened ¥  MAallMHBI-YTOYHEHHST KAHOHWYECKOW MOJENH T'eHEPUPYIOTCS
KaHOHUYECKHE CXeMBI. J{JIs MoAnep KK KaHOHHYECKAX CXEM MpEAToiaraeTcsi pa3padboTKa cloBaps
naHHBIX (B BuAe XML npunoxeHus) st KaHOHHUECKOH Mozenu. [laHHbIH cl1oBaph JaHHBIX JODKEH
coJlepKaTh TPH THIIA METaJAHHBIX:

1. MeragaHHble B KOHTEKCTE TPAJUIMOHHBIX 0a3 [aHHBIX (maHHbIE 00 o0OOBEKTax
KaHOHMYECKOW MOJIEIIN );

2. MertanaHHbIe 715 TPUCBOSHUS He(OPMAaTbHON U (popMaITbHOI CEMAaHTHKU BCEM TOHSATHSM,
UCTIONIb3yEMBIM B KAHOHUYECKOW MOJENH;

3. Mertaganaple Uil (GOPMaNTH3AlUH CUTHATYP TIOHATHH KAHOHWYECKOW Mopend (Iis
MPOBEPKH CEMaHTHYECKOI KOPPEKTHOCTH MPEACTABICHUS 00BEKTOB KAHOHUIECKON MOJIEITH ).
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TpeThs Ty1aBa MOCBsNIEHa pa3pabdOTKe XPaHWINIA JAHHBIX IS IPEATI0KCHHONH KaHOHHIECKOH
MOJIENHU JAHHBIX HA OCHOBE MHAEKCA, MPECTABISIONIET0 cO00H pacIIupeHne KOHIEIMH CETOTHBIX
daiinos'S. TpeaoKeHHbI TOAX0 K OCTPOSHUIO XPAHMIIHILA JJAHHBIX B OCHOBHOM OPHEHTHPOBAH
Ha noanepxkky OLAP mpunoxenuii. B kadecTBe dopmanmszMa Ui ynpaBiIeHUS MHOTOMEPHBIMU
JTaHHBIMA HCIIOJIb30BaHA KOHIETIINSI CETOYHBIX (haiiioB, KOTOPAs SBISETCS OJHHUM M3 aJIeKBATHBIX
(dopman3MoB 3G (HEeKTHBHOTO yIpPaBICHNSI MHOTOMEPHBIMHI JaHHBIMU M MOXKET OBITh HCIIOJIb30BaHA
115t 5pPEKTUBHOTO XpaHEeHUs KyOOB JIaHHBIX B XpaHWiHmax'’. Mozenb ceTo4HOro (aiina MOKHO
MIPE/ICTABIATE TaK, OyATO MPOCTPAHCTBO TOYEK-OOBEKTOB pa3OMBaeTcs Ha 4acTH BOOOpaXkaeMou
ceTkoi. JIMHMM ceTKu, MapasuieNbHble OCSM KOOPIWHAT, PA3[eisioT MPOCTPAHCTBO HA MOJOCH
(stripes). KonmudecTBo JIHHUIA CETKH IO pPa3MYHBIM HU3MEPEHHSIM MOXKET BapbHPOBATHCS, TAKXKE
MOXKET Pa3InyYaThCsl IIMPHHA MOJNOC — JaXke B Ipenesiax oJHoro miMepeHus. [lepeceueHust sTux
mojioc  00pasyloT MpsSMOYroJbHBIE OOJIACTH, WMEHyeMble Auellkamu CETOYHOro (aiina.
[MpuHamIexaye ssyeike TOYKH MPEACTAaBISIOTCS 3aHCIMH, XPAHAIUMHUCS B COOTBETCTBYIOIIEM i
6710Ke, yKazaTeNnb Ha KOTOPBII B CBOIO OYepeb XPAaHUTCA B sSTUEHKe.

Ha puc. 1 npuBenmen mpumep 3-mepHOro cerouHoro ¢aiina. 3mecy X,Y u Z sBisrorcs
HU3MEPEHMsIMH PAacCMaTpPUBAEMOTO IPOCTPAHCTBA, KOTOPOE pa3JeleHO Ha IOJNOCH Vg, V,, V3 B
HU3MEpEeHNHU X, Wi, W, B U3MEPEHHUH Y U Uq, Uy, Uz B U3MEPEHUU Z.

OmHMM W3 HEJOCTAaTKOB, HPHUCYLIHMX

bnoku Y
. CETOUHBIM (paiimamM, sBIsIEeTCS mpodiemMa
Hed((PEKTHBHOTO HCIIOJIL30BAHUS  HAMSTH

TpyINaMH ST9eeK, CCHUTAIOIIIXCS Ha OJTHH U T
I o
T Y \ ke OJIOKM JaHHBIX. B maHHO# pabote

IpeAjaraeTcss aJbTepHATUBHAS CTIPYKTypa

w \
lI \/ WHIEKCA, OCHOBaHHAS HAa  KOHIICIIUH
WZI cerouHoro (¢aitma u uMeromas  IeIbio

U - n30eKaTh ~ XpaHEHHS  ITOBTOPSIOLIUXCS
yKaszaresieil Ha OJIHU U Te K¢ OJOKU JAaHHbIX,
/ DN a TaKKe MOJNCPKUBATh IUIABHBIH POCT

v, v, \/3\\ pa3Mepa AUPEKTOPHH MH/eKca U 00eCTIeYnTh
Honocer /Z pa3yMHbIe CTOUMOCTHU OIepalui.

o B §3.1 npemnoxeHa MomuduKanus
Puc. 1. IIpumep 3-mepHOTO ceTouHOTO (haitna § pen AuguKan

CTPYKTYpBl ceTo4yHOro (aiina. B manHOM
MTOJIXOJIE CETOYHBIH (haiil He XpaHHUTCS B BUJIE MHOTOMEPHOTO MaccuBa. [IpudnHa 3TOro 3aKirodaeTcs
B TOM, YTO TPU KaKIOM Pa3IEeICHUN CETMEHTa JAaHHBIX OJHA M3 MEPECEKAIONINX €r0 IMOJIOC TaKKe

pasaessaeTCsa Ha ABE I1OJIOCHI, TAKUM o6pa30M yABanBas KOJIMYECTBO SAYECK HCXOHOM I10JIOCHI, IIpU

165N ievergelt and H. Hinterberger, “The Grid File: An Adaptable, Symmetric, Multikey File Structure”, ACM
Transactions on Database Systems, vol. 9, no. 1, pp. 38-71, 1984

17¢, Luo, W. C. Hou, C. F. Wang, H. Want and X. Yu, “Grid File for Efficient Data Cube Storage”, Computers
and their Applications, pp. 424-429, 2006
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9TOM MHOTHE U3 HOBBIX SUEEK COJEPIKAT MOBTOPSIOIIHECS YKAa3aTeIH Ha OHH U T€ e OJIOKU TaHHBIX.
BMmecto 3TOTO0, BCE STYCHKH, I KOTOPBIX COOTBETCTBYIOIINE 3AIUCH XPAHATCS B OJTHOM H TOM XKe
0JI0KE TaHHBIX, O0BEIUHAIOTCA B ceamenmul (chunks), mpencTaBiIseMble eANHBIME SUCHKaMU TaMSTH
C OJIHUM yKa3aTelleM Ha COOTBETCTBYHOIIMI OJMOK. CErMEHTHI SBISIFOTCS OCHOBHBIMU CIMHUIIAMUA
BBOJA/BbIBOJA IaHHBIX, a TaKkKe HCHONB3YIOTCS M KiacTepu3alud JAaHHBIX. CerMeHThI
HCTIONIE3YIOTCSL B KQUECTBE MEXaHHM3Ma Pa3pelICHUs MPOOJIEMBI IMMyCTHIX SYEEK B CETOYHOM (haiiie.
JIis kaxa0ro M3MepeHuss HHPOPMAIUS O €0 Pa3NCICHUH XPaHUTCS B JIMHEHHOH IIKalie, Ka)IbIid
JJIEMEHT KOTOPOil COOTBETCTBYET IIOJIOCE CETOYHOro (aiiia M MPEACTABIASTCS B BUIE MacCcHBa
yKazaTeJell Ha IepeceKaeMble 3TOW IMOJOCOW cerMeHThl. Kakias moioca paccMaTpuBacTcs B
KavecTBe JIMHEeiHOM xenr-Tabauipl. C [ebpl0 YMEHbLISHHS KOJIMYeCTBAa CETMEHTOB CETOYHOTO (aiiia
WCIONIE3YIOTCSL OJIOKM TepenoyHeHus. Konnm4ecTBo OJOKOB IMEPEHOTHEHHS MOXKET Pa3indaThCst
cpenu cerMeHTOB. [IpH 3TOM OHO MOAJEPKUBACTCS HA TAKOM YPOBHE, YTOOBI ISl KaXKIOW TOJIOCHI
cpe/iHee KOJMYECTBO OJIOKOB MMEPEMOHEHUS UISl MEepPeceKaeMbIX €0 CEerMEHTOB ObLIO MEHbIIe
CJIMHUIIBI. JTO TMO3BOJICT 3HAYUTEIHHO YMEHBIIUTH OOIICEe KOJHMYSCTBO CETMECHTOB, TapaHTUPYS
BBIMIOJIHEHUE He 00Jiee JBYX AUCKOBBIX OIMEPAIMi ISl JOCTYIA K JAHHBIM.
Ha puc. 2 npuBemeH mnpuMep CeTOYHOro (aiiia, MOCTPOCHHOTO C MPUMCHEHUEM
MOAUGHUIUPOBAHHON KOHICTILHH.
Cerounblii ¢aiin (opmansHO
CermMeHTbI MHuuMsble pa3zneneHus OpEACTAaBIACTCS B BUIC TpOﬁKPI
A \ F=(D,S,C) rtme D eCTh
X MHOKECTBO ~ M3MEpeHuit, S —

|
— MHOXeECTBO momoc, a C —

MHO>XCCTBO CEIMCHTOB. Ka)K)IaH

Tlonocer

I10J10Ca COOTBETCTBYET B TOYHOCTHU

OJJHOMY M3MEpPEHHUIO U IepeceKacT
vy y p p

|
v

> HEKOTOPOEC HENYCTOC

le—
\

HOIMHOKECTBO MHOKECTBa

Y | cerMeHToB. Jlanee paccMOTPEHbI
bnoku '.'ﬂ
JIaHHBIX ] Buokn MOJUDHUIUPOBAHHOW  CTPYKTYPBI
TICPENOTHCHIT  ceToUHpBIX (DAMIOB, M MPHUBEICHBI

HEKOTOpBIE XapaKTepPUCTUKU

OIICHKH WX BEIMYHH. AHAIHN3

Puc. 2. TIpumep 2-MepHOTr0 MOIUGHUIMPOBAHHOTO [POBEIICH IpU NPCIION0KECHUH,
cetouHoro (aiina YTO BCE M3MEPEHHs MOJIS AaHHBIX

ceroyHoro  (ailma  ABISAIOTCS
HE3aBUCHUMbIMU U 5KBUBAJICHTHBIMH (paBHOIpaBHbIMHU). KonndyecTBo u3MepeHuii 0603HayaeTcs Kak
n, a cpeHee KOJIMIECTBO ONEpalnii pa3aeneHns], OCYIIECTBICHHBIX B KX /JOM U3MEPEHHH, KakK M.
Konuuecmeo siueex 6 cemxe. Tak Kak KaxJ0€ U3 1 N3MEPEHHH pa3AeNeHo Ha m JacTeil B cpesiHeM,
o011iee KOJIMYECTBO SYEEK B CTPYKTYPE CETOYHOrO (aiiiia B cpeiHeM paBHO m™.
Konuuecmeo nonoc 6 oonom uzmepenuu. Ilpy IpoBeIeHNH OJJHON ONepaIuu pa3ieneH s MOXKET
BO3HHUKHYTh He Ooyiee OJHOM HOBOH mosochkl. KoMM4YecTBO MOJOC MOXKET OBITh YMEHBIICHO MpPH
orepanusax causHusA. TakuM 00pa3oM, KOJHMYECTBO II0JIOC B OXHOM H3MEPEHUH OTPaHUIEHO CBEPXY
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KOJIMYECTBOM OIIepalUil pa3esieHHs, OCYLIECTBICHHBIX B JIAHHOM HM3MEPEHHUM, U MOXET OBITh
orneHeHo kak 0(m).

Obwee konuyecmeo nonoc TakuM odpazoM umeeT nopsnok O (nm).

Obwee konuuecmso ceemenmos. HoBble CerMEHTHI BO3HHKAIOT TOJIBKO IPH OCYLIECTBICHUU
oneparuii pa3JieneHus, Ipyu 3TOM B Pe3yJIbTaTe OAHOH onepaluu pasieIeHns KOJIMYeCTBO CEIMCHTOB
YBEIMYHUBAETCS POBHO HA €AMHHMIYy. DTO O3HAJYaeT, YTO 00IIee KOINIECTBO CETMEHTOB OIPaHMYECHO
CBEpXY KOJIMYECTBOM IIPOU3BEICHHBIX OIEpaIiii pa3eleH s 1 MOXKeT ObITh onleHeHo kak O (nm).

Cpeonee koauuecmso Adeexk 6 ceemenme SBIAETCS OTHOLICHUEM OOIIEro KOJNMYECTBA SYCEK K
KOJIMYECTBY CETMEHTOB U NMeeT IOPSIOK

mn mn—l)

ol—])=o0
nm n

Cpeonsn eenmuuuna cmoponvl ceemenma. JIns OLEHKM B KayecTBE EAWHUIBI H3MEPEHUS
HCTIONB3YeTCsS CpeIHsAs BEIMYMHA CTOPOHBI SMEHKH ceTKH. be3 HapymeHHs OOLIIHOCTH MOXKHO
MIPEIONIOKHTE, YTO CpeHel popMoii cerMeHTa SIBIsIeTCsl n-MepHBI Ky0. B TakoMm ciydae cpemHsis
BEJINYMHA €T0 CTOPOHBI OYIeT UMETh OPAI0K

nmtl) 0( m )
n | 7 \Wnm

Cpedﬁee KOJU4ecmeo cecmeHmos, nepecekaemoblx nonocotu. Tlonoca umeer CPEOHIO NJINHY M
sgeek B — 1 U3MEPCHUU. Tak kak Cp€aHsAsA BEJIMIMHA CTOPOHBI CErMEHTa UMECT IOPAA0K

°(5w)

TO KOJIMYECTBO CErMEHTOB, IEPECEKACMBIX HOHOCOﬁ, 6yz[eT HUMETH NOPAI0K

o\ ) |=olemm™)
T

JIy1st IPOCTOTHI NATHERIIMX PACCYKACHUM MBI OCIa0UM 3Ty omleHKy g0 O (nm).

Pasmep oupexmopuu undexca. Tak kak kaxaas u3 0(nm) mojoc nepecekaet B cpeanem 0 (nm)
CEerMeHTOB, 00llee KOJMYECTBO XpaHHUMBIX ykasaTeneil Gynaer mmeTs nopsgok O(n?m?). Takxe,
Ka)XIbIH CeTMEHT XpaHWUT OAMH yKa3aTellb Ha COOTBETCTBYIomHMii eMy Omok maHHBIX. OOmiee
KOJIMYIECTBO TakuX ykasareiei - O(nm). TakuM o6Gpa3oM, BeNMYHHA AUPEKTOPUM MHIEKCA HMEEeT
nopsanok 0(n?m?).

Hanee B §3.1 omucaHbl onepanyu HaJ CETOYHBIMU (hailiaMu, aganTrpoBaHHbBIE K TPUMEHEHHUIO
HaJ TPEeATI0KEHHOH MOIU(PHUINPOBAHHOW CTPYKTYpoi. I[IpHBEICHBI CIIOKHOCTH OIEpanyii B
KOHTEKCTe MOIU(UKAIINY NHJEKCA U IUCKOBBIX OIIEpannii.

B §3.2 mpeasnoxeHa ajpTepHATHBHAsI CTPYKTypa ceTo4HOro (aiina, sBistomasics fanbHeinen
MoAuGUKAIMEH CTPYKTYpbl, IPEMIOKEHHOH B TpenpIaylieM maparpade, U II03BOJISIONIAs
YMEHBIIUTH pasmep jaupekTopun unaekca ot 0(n?m?) no 0(n?m). Jins NOCTHXEHUs 3TOH Ieu
MIPOBOJIUTCS pEOPTAaHNU3AINS CHCTEMbI XpaHEHHS! yKa3aTeJIel Ha CETMEHTHI, TO3BOJIIONIAS CETMEHTaM
XPaHUTh yKa3aTelu Apyr Ha Apyra. @opMaibHO, MHOXKECTBO yKa3aTeseil Ha CErMEHTHI ONlpeeNsieTcs
CJIeTyIOIUM 00pa3oM:
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Omnpenenenue 3.2.1. [TycTs Ha MHOKECTBE CETMEHTOB OIPE/IEIEHO OTHOILIEHHE [TOJTHOTO MOpAAKa

<. OGo3HaYMM MPOEKIMIO CerMeHTa ¢ Ha u3Mepenue d 4yepes My (c). MHOXKECTBO ykasarenei Ha
CerMEHTHI R ompeessercs ClIeAyonuM 06pa3om:

1. [Jlas moGoli mapbl cerMeHTOB a,b, T.4. a <b W cymectByer m3MmepeHue d , T.4.
my(a) cmy(b), u He cymecTByer cermenTa ¢, T.4. a < ¢ < b ung(a) cmy(c) cmy(h),
cymectByer ykaszatens (a,b) € R. HazoBem ero ykazamenem 6 usmepenuu d. JlaHHbIi
yKa3aTesb XpaHUTCS B CIIUCKE yKa3aTeNel cerMenTa a.

2. Jlns mo6oro cerMeHTa @ U MOJIOCH S u3MepeHust d, eciii B R He CyIIeTByeT yKa3arels Ha
CErMEHT @ B U3MepeHud d, TO CyllecTByeT ykasartenb (S,a) € R. JIaHHBIA yKa3aTelb
XPaHUTCSI B CITUCKE yKa3aTeel MOJIOCH S.

[Ipumep SKBHUBANEHTHBIX CETOYHBIX (DAIIOB, TOCTPOEHHBIX COTJIACHO HCXOJHOW |
MOIMGHUIUPOBAHHOHN CTPYKTYypaMm, IIPHBEIeH Ha pucC. 3.

314 5 6 7 910 11 12 9101112

X
Si={A}  Si={ALAAL si={A} Si={A}
Sh={A:,A;} SS={A21A4} Si={As} S€={A2}
Sg:’{Aqu} Si={A1}

Puc. 3: AnbrepHaTHBHASA CTPYKTYpa CETOUHOTO (paiina

Jloka3aHo, 94TO pa3Mep JUPEKTOPUH HHJEKCA, TOCTPOSHHOTO COTJIACHO JAHHOMY OTIPENENIeHHIO,
umeer nopspok O(n?m). IlpoussesieHo cpaBHEHME TOMYYEHHOH OIEHKH pasMepa IUPEKTOPUH
HHJEKCA C ABYMS METOJAaMH OpPraHH3al[MH CETOYHBIX (DaiiloB — MHOTOMEPHBIM IWHAMHYECKHM
xemmpoBanueM (Multidimensional Dynamic Hashing — MDH) u MHOroMepHBIM pacuIupsieMbIM
xemmposanneM (Multidimensional Extensible Hashing — MEH)!®. [Tokasano, 4to B mpeaaraeMom
HO/IXO/le K OpraHM3allMM CETOYHBIX (ailoB pa3Mep IMPEKTOPUH HHJEKCa I0 CPABHEHUIO C

18 M. Regnier, “Analysis of Grid File Algorithms”, BIT, vol. 25, no. 2, pp. 335-358, 1985
15
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1 n-1

srs  sras—1
noaxogamu MDH u MEH wmensbine B wH

pa3 COOTBETCTBEHHO, I'I€ " €CTh KOJIMYECTBO

3amucelt, s — pasmep 0JIoKa, a N — KOIMYECTBO U3MEPEHHH.

Ipeanaraemas CTpyKTypa MHAEKCA TTO3BOJISIET €CTECTBEHHBIM 00Pa30M MPEICTABUTE CETOUHBIN
(aiin B BUIE OPUEHTHPOBAHHOTO AIMKINYECKOTO rpada. [10106HOe MpeaCTaBIEHUE HCTIONB3YETCS B
KauecTBE pealn3aliy HHIEKCA.

Ompenenenue 3.2.2. Ckaxem, uro rpad G = (V, E) npexacrasiser cetounsiii ¢paiin F = (D, S, C),

HMMEIOIINHA MHOXKECTBO yKa3aTenel R, eciy OH MOCTPOEH COTIACHO CIEAYIOUINM YCIOBUSAM:
1. Jlng xaxxgoro cerMeHra a € C CylmecTByeT COOTBETCTBYIOIIAsl eMy BeplluHa v, € V;
2. Jlng xaxJoH moylockl s € S cylecTBYeT COOTBETCTBYIOIIAs eif BepiuiuHa v € V.
3. s kaxporo ykazarens (a,b) € R cymectByet pedpo (vg, V) € E, rie a — momnoca
100 CErMEHT, b — CErMEHT.
Ha puc. 4 npuBesieH npuMep ceToYHOro (ailyia 1 COOTBETCTBYIOIIET0 eMy rpada.

e E s & & &

Sﬁ A, - A,

s? Al > Ay > \‘ @
Al (sD—~{ay(A)

s: A, \

X
Puc. 4. [lpencrasnenne ceTognoro ¢aiina B Buze rpaga

B §3.3 npusenena ¢opmanuzanus KOHIENUUH cetoyHoro ¢aitma ¢ momomsro XML. Iensio
XML-dpopmanu3zaniy KOHIEMIINA CETOYHOTO (aiiina SBISETCS CO3JaHUE S3bIKA OIPENEIICHUS
JUPEKTOPHUHU, HE3aBHCHMOTO OT MapajurM YHpaBlieHUs AaHHbIMH. PopManusaiys KOHLENIUH
cerouHoro ¢aitna mocpencrBom XML mnpenamonaraer paspabotky XML mpunoxenus. B stom
MPHUIOKEHUH MOHSTHS M3MEPEHNUS, OJIOCHI U CErMEHTa CEeTOUHOTO (ailia onpenenstorcs kak XML
aneMeHTsl. XML-npeacTaBiieHHe KOHLENIMU CETOYHOro (hailla onpepensercss Nnpu MOMOLIN
cooteercTBytomeit DTD. Ha puc. 5 npuseneH npumMep npeactapieHus B Buie rpada XML cxemsr,
ynosierBopsitomieil nanHoit DTD. Metku pebGep rpada Ha 3TOM PUCYHKE MMEIOT ABe (YHKIHH,
o0beanHSAIOMIEe HHYOPMAIHIO, CONEpPIKAIYIOCS B dJIEeMEHTaxX M 0OBsBIeHHAX oTHomeHuil. ITycts
pebpo, Beaylee u3 BepuMHbI N B BEpIIMHY M, IMeeT MeTKy L.

1. Bepumna N MOXeT ObITh paCCMOTPEHA Kak OOBEKT MJIM CTPYKTYpa, a BepIInHa M Kak OJuH

u3 aTpuOyTOB 00BEKTA MM TIOJIE CTPYKTYPHL. B 3TOM cirydae L siBisieTcst HIMEHeM aTpubyra
WJIM TIOJISt COOTBETCTBEHHO.
2. Bepmmabl N 1 M MOTYT OBITh paCCMOTPEHBI KaKk OOBEKTEI, a L — KaKk OTHOIIICHUE MEX Ty HUMH.
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5 0 ;
o) i
5 %3
= 5)
D, & F
@ w el
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Ry =] o) B ©
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@ Sl ref_to_chunlk ref_to_chunk ref_to_chunk S-; @
1S T T B o i 2
A >3 - = = oL &
T8 &\ v v 73 B\
S rg’ iz N R/ zl \© 3 zl ¢ £ r;J 5 \a
S 8 \& ‘% o S 8 \&

E Gl E

Puc. 5. Tpa XML DTD

YerBeprasi rjiaBa JUCCEpPTAllMM IOCBSIICHA pa3pabdOTKe MPOrpaMMHONM peaan3aludl U1
9KCIICpHMEHTAIBHBIM HCClefoBaHusIM. Ha OcCHOBe mpemiokeHHOH B riaBe 3 JHHAMUYECKOM
CTPYKTYpBI MHAEKCA ISl MHOTOMEPHBIX JTAHHBIX OBUI PEeaM30BaH IPOTOTHI XPAHWIHIIA JaHHBIX.
Jlns peanm3anuy mporpaMMHOTO obecriedeHust ObLT HCTIONB30BaH s3Ik C++. Bein mpoBeneH psan
SKCHEPMMEHTOB ISl CPAaBHEHHSI NPOU3BOAMTENLHOCTH MOCTPOEHHOro mpoTotuna ¢ MongoDB !°.
MongoDB 6buta BbiOpaHa ajisi CpaBHEHHS 0 NMParMaTHYeCKUM COOOPaKEHMSIM, T.K. SBISETCS Ha
CETOHSAIIHAHN JIeHb 0THOHN U3 Hambosee BocTpeOoBaHHBIX NoSQL 6a3 TaHHBIX.

B §4.1 ommcana apXuTeKTypa peali30BaHHOTO NPOTOTHIA XPAaHWIHUIIA AaHHBIX. [IpuBeneHO
JIeTaJbHOE OIMCAHWE HCIIONBb3yEeMBIX KaccoB ¢ HHpopmanued 00 uX (QYHKIHOHAIHHOCTH,
MIPeIoCTaBIsIeMOM HHTep(deiice N HCIOIb3YeMBIX aITOPUTMAX M CTPYKTYpax JaHHBIX.

B §4.2 mpuBeneHsl pe3ynbTaThl IPOBEICHHBIX OSKCIIEPUMEHTAIBHBIX WccienoBaHmit. s
OCYIIECTBIIEHHSI 3KCIEPHMEHTOB OBUIM pPAcCMOTPEHBI TOYKH B TPEXMEPHOM EBKIHIOBOM
MIPOCTPAHCTBE, KOOPJMHATHI TOYEK IMPEICTaBICHbI 32-0MTHBIMU O€33HAKOBBIMH LIENBIMU YHCIAMH.
OKCHEepPUMEHTHl OBUTH OCYIIECTBIIEHBI C HCIIOIb30BAaHHUEM OIEpaliii BCTABKH, a TAKKe UYETHIPEX
OCHOBHBIX KaTEropuii 3anpocoB?’ — MOMCK 3aJaHHOM TOYKH, 3alPOCHl K JaHHLIM C COBNAJEHHEM
OTIENBHBIX KOOPAUHAT, 3alIPOCH B MAla30HaX 3HAYEHHH, TONCK OJIIDKaHIINX COCEAHHX OOBEKTOB.
Jlanee mpuBeeHBI HEKOTOPEIE PE3YJIBTAThl IPOBEACHHBIX AKCIIEPHIMEHTOB.

19 https://www.mongodb.org/
20 H. Garcia-Molina, J. Ullman and J. Widom, Database Systems: The Complete Book, Prentice Hall, 2009.
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Ha puc. 6 (a) npexcraBiensl rpadvku pocTa pazmepa AUPEKTOPHH HHIEKCA [IPU OCYIIECTBICHUN
2 muiH. omepanuii BctaBkd. Och abcuucc HpencTaBisieT KOJIMYECTBO XPAHMMBIX B 0ase TaHHBIX
3amucelf, a OChb OpAMHAT — pacxolyemas MHAEKcoM HamaTh (B M6). Ha puc. 6 (b) uzobpaxeHs
rpaduKy, OTpakarolue BpeMs BbinoiHeHus (B cek.) 10 omeparnmii mowcka 3aIaHHOM TOYKH B
3aBHCHMOCTH OT KOJIMYECTBA XPAaHUMBIX 3anuceil. MOKHO BUZICTh, YTO IpeularaeMast JUHAMH4ecKas
CTPYKTYpa MHJIEKCa 3aHUMAaeT ropa3io MEHbIIE TaMsITH, YeM Hcroib3yeMble MongoDB B-nepesss,
a Taoke nMeeT Ooliee OBICTPYIO CKOPOCTh 00pabOTKH 3aIPOCOB ITONCKA 3aJlaHHON TOUKH.

16 3
14 _1’-- 2.5 N ) Ao
12 --I r’\v' ~’\~I— v
5 -/ =z PR
S 0 g 2
3 s e g 15
a /, 5]
) ’= =3
S 6 7~ m 1
4
) 0.5
0 0
0 025 05 075 1 125 15 175 2 0 025 05 075 1 125 15 175 2
Konnuecto 3amnmceit (MiH) KonunuecTBo 3anuceii (miiH)
[IpotoTHn =====-= MongoDB — Ilporotun ====-=- MongoDB

Puc. 6. (a) Pasmep aupexropun unnexca; (b) [lonck 3amanHoil TOUKH

3ampoc B Anana3oHe 3HAYSHUH OIpeesieT MPSIMOYTOJIBHYIO 00J1aCTh CETKH, i OTBETOM HA HETO
SIBJISIETCS. MHOXKECTBO TOYEK, MPHHAUICKAIINX CETMEHTaM, KOTOpbIe MOKPBIBAIOT 3Ty obnacth. Ha
puc. 7 mpuBencHbl IpadMKM, OTpaxarolue Bpems o0pab6oTku 10° 3ampocoB B cilydasx, KOrua
3aJIaHHBIE JTUAMA30HBl UMEIOT cpenHon mmHy 10° 1 10%. MoXHO BHIETH, YTO TIPH yBETHYEHHH
JIMaNa30HOB IIOMCKa OBICTPOAEIHCTBHE MOCTPOSHHOTO IPOTOTUIIA XPAaHWIMIIA OTHOCHTEIBHO
MongoDB 3HauntensHO BO3pacTaer.

6 12
5 10
54 5 s
5 =
3 3 6
= Y
2 4
1 2
0 0
0 0.102030405060.70809 1 0 0.102030405060.70809 1
KomnunuectBo 3anuceit (MiH) Konuuectso 3anuceii (MIH)
[Mporotunm =====- MongoDB ——— [lporotun ====== MongoDB

Puc. 7. (a) Ilouck B 1uana3zoHax cpeaHei IIHMHbBI 103; (b) INonck B auana3oHax cpenHeil JIMHBL 100
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Ha

OCHOBE IPOBEACHHBIX 3KCIIEPUMEHTOB MOKa3aHa 3()(EeKTHBHOCTh OCTPOSHHOTO NPOTOTHIIA

XpaHWIMIIa 1o CpaBHECHUIO C MOHgODB B ClIydasX IIOUCKa 3aZ[aHHOﬁ TOYKH, IMOUCKA B IMIUPOKUX

[Uana3oHax 3HAYCHHUH, MOMCKa ONMMKAMIIMX COCeOHUX 3HA4YCHHWil, a Takke Oonee addexTnBHOE

HUCITOJIb!

30BaHUC IIaMATH.

OCHOBHBIE PE3YJIbTATHI JUCCEPTALIMOHHOM PABOTHI

1.

CIuc

(1]

(2]

(3]

(4]

(3]

(6]

Pa3zpaboran moaxox K MHTErpaluy JaHHBIX Ha OCHOBE MPHUHIMIA KOMMYTaTHBHBIX
0TOOpaXeHUI MoJenel JaHHbIX;

IIpennoxena pacmupsemass XML-kaHoHHYecKast MOJIEIb TaHHBIX;

TToctpoerst AMN-MamuHbl A1 KaHOHHYECKOH M PEeAUOHHON Mozenel TaHHBIX M UX
o0paTnMoro 0ToOpakeHHs 1 I0Ka3aHa €ro KOPPEKTHOCTD;

Pa3paboran moxxoJ K IOCTPOSHUIO XPAHWIMINA TAHHBIX, OCHOBAHHBIA Ha JUHAMHYECKOMN
CTPYKTYpE HHAEKCA JUIi MHOTOMEPHBIX JJaHHBIX, IIPEJI0KEHBI () () eKTHBHBIE aNTOPUTMBI IJIS
ee MOJICP’KKU U IIPUBEJICHBI OLICHKHU CI0XKHOCTH IIPEJIOKEHHBIX aJITOPUTMOB;

Pazpabotan m peann3oBaH MPOTOTHI XPAaHWINIIA ITAHHBIX HAa OCHOBE MPENTIOXKEHHOMH
JUHAMHYECKOH CTPYKTYphl HHICKCA.

OK OIIYBJIMKOBAHHBIX PABOT I10 TEME JTUCCEPTAIIUN

M. T'. Manyksa u I'. P. TeBoprsan, “O0 omHOM mOAXoAe K 3agade HHTETPAIHN
unapopmarun”, Céoprux cmamei VI I'oouunou Hayunoti Kougpepenyuu PAY, c. 85-93,
2011.

M. G. Manukyan and G. R. Gevorgyan, “An XML Mediator Based on the AMN
Formalism”, Russian-Armenian (Slavonic) University Bulletin, vol. 1, pp. 3-18, 2012.

M. G. Manukyan and G. R. Gevorgyan, “An Approach to Information Integration Based
on the AMN Formalism”, in Proceedings of First Workshop on Programming the
Semantic Web, Boston, 2012.

G. R. Gevorgyan, “An Approach to Support Grid Files”, in Proceedings of X Annual
Scientific Conference of RAU, 2015.

G. R. Gevorgyan and M. G. Manukyan, “Effective Algorithms to Support Grid Files”,
Russian-Armenian (Slavonic) University Bulletin, vol. 2, pp. 22-38, 2015.

G. R. Gevorgyan, “An Effective Dynamic Structure for Grid File Organization”, Russian-
Armenian (Slavonic) University Bulletin, vol. 1, pp. 5-17, 2016.
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Gphgnp (knipkuh Glunpgyut
SYjwjutph htntgpuwi vh Uninkgdwt dwuhit’ dnnpl), wignphpdibp b JEppbhljughw
Udihnthnud

unph wpphwlwim pynibp

SYjujubkpph htwnbkgpdwi bywwnwl £ oquugnpsty tphnt jud wyl) wdjuutph
puquiikp (fjuybibph wnpmpibp) dh Uks (htwpudnp b Jhpnniwy) wjjujibph puqugh
oppwiwlnud b pput ghuk] hwpgnudubpn]’ npybu nuhdpiugqus hudnpuughnt
nwpwdnipjul: budnplughwyh hnnkgpuut jpughptbpp (nwkne hwdwp oquuugnpdynn
hhdtwljut mkjpunnghwkpt th $inkpwnpy ndjujubph puqukpp, dinhwwnnputpp b
wnjuukiph wwhngubpn:

dtnbpwwnphy wndjujubph puquubph wnkhtnnghwt Gupunpmd E np wdjujubpp
wnpmipubpp wiup Bh, wwluyt gpuughg jmupupwisinipp Jupnn Lounwbug
wihpwdbton  hudnplughw  duwmgwsubphg:  dtnhpuwnhy wfjujubph  pwquubph
nbktninghwubp oqguugnpénny dudwhwlwlhg Yhpwonipmniuutp Ea IBM DB2-p, Oracle
Data Integrator-n b GoldenGate-n:

SYjwjutph  wuwhngubp oquwgnpétihu dh  pwuh wdujukph  wnpmnipubiphg
hubnpuwghuyh $puqutunubtph Yplhtophtiwlutp wwhynmd tu vh wwfjujubpnh puquynud:
SYjujukpph wwhngubph hbuph Jpuw Juemgws wdjujubph hunbgpdwt Jupbnp
Yhpuwrnipiniiiph nuubp &b hwinhuwind wdjujibph wngug dpwljuwtt b npubg
hunbknniuwg yhpnisnipjut jhpunmpiniutbpp:

Utnhwwnnpubpp hpkughg ubpjuyuginid & Spwgpuyhtt pununphsttp, npntp
wwwhnynud &b Jhpnniw) ndjujtkph puquikph Ynugbyghwi: <hpunniwg ndjuubph
hunbgpuut  ptwqujuenid  dudwiwlulhg hbnwgnunipibibiphg Jupkh L
wnwbdtwgul] dwuttwynpuwtiu SYNTHESIS fudph wipuwwnwiputipp (npnp ywhnukipubpu
k. wihwdwubn njjuutph puquikph hwdwp wyujutph dngbjubph hhdbwdnpus
wpinuwuwinljEpnidibph pugqujuenid) b NMwnin Ungkuhh hbnwgnunnipniutitpp, npnp
Ynnuunpnodws ku hswyhu Junnigyuspuyhl, wjiybu k) NoSQL wyjwjutph puquubkph
huntgpuwlb pmughpubphte

Qhunipjut b hupnpuwughnt nbpuuninghwibph ptwquuonid tnp wwpunhquh
wnwowgnidp Juuwyws t qhipdks wnjjujubph nEjudupiwt punhpttph htwn: Upu
puwquiupnid  hhdtwlwt  puinhpubphg b wbhwdwubn  wfjuiutph  wnpmoiptibph
hunkgpughwi:

Uojuwwnwbiph twuwwnwln E hbunwgnunb] wfjujubph htnbgpuwt  junhpubpp,
Jwnnigh] wjujikph hnkgpuwl Uninkgnid” hkfws wyujiikph dngljikph §ndninwnpyg
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wpinuwuwinljpnidubph uljgpniiph Jpw, htyybu bwb dowll) juinbwlwb ndyuutph
Unnt), juwnwpbk] myjujukph dnpljubph wpnuwyunibpdwt Yneknnipjut uinnignud, b
wnwewnlk) Yhpiniwy nt impujubugus htnbkgpiut wowlgdw wignphpdubkp:

Ghpupwlwb tywbwlmpmiitp: Unwownplyws nfjujubph hinkgpuwt dninkgnidp
Jupnn E ogquuugnpéyby hsybu njjujubph wnguig dowljdwb b ngputg htnbkjunniug
Jtpnidnipjut Jhpwempniutbpnud, wjtybu b ghpdts nyjuukph phuquyunnid:

Uwntiwjununi pniinid vinugqué ki hknlyuy wpnyyniiptpn.

1. Uowljyty E wdjuyubkph uUnpkjukph Yndninwnhy wpunuwunltpnudubph
uljqpniuph htuph Ypu myjujutiph hunkgpdw Uninkgnid:

2. Unwowplyt) k puyujuynny XML-jubuntwljut widjujutph unnby:

3. Twnmgyl) kit AMN-dbphuwutp juuntwlut b nkjughnt wjjuikph dnnkjkph b
npuig vhol  hwwnupdbh wpnwywnlbpdwt hwdwp, wywugnigyl] £ wyy
wpunuyunlipdut §nokljunpemniun:

4. Upulyb k puquuswth myjuubph hwdwp ghtudhl hugtpuh urnigqusph htuph
Ypw nyjuutph ywhngh jurnigdwt dninkgnid, mpwewnlyt) Eu npu wowljgdue
hudwp  EpEywnpd  wignphputtp b phpdlp b wyn wignpppedubph
quwhwwnwlwhtbpb nt pupnmpnibaubpp:

5. Unwowplyws nhtwdhly hugtpuh Junnigqusph htiuph ypu dowldty L mdjuukph
wwhngh twhiwwnhu:

Grigor Gevorgyan
An approach to data integration: model, algorithms and verification
Summary

Actuality of the problem

The aim of information integration is to use two or more databases (data sources) in the frame of
a large database, possibly virtual, containing information from all sources, so the data can be queried
as a unit. The main technologies, used to solve information integration problems, are federated
databases, mediators and data warehouses.

Federated databases technology assumes that data sources are independent, but each of them can
retrieve necessary information from the others. Examples of modern applications using federated
databases technologies are IBM DB2, Oracle Data Integrator and GoldenGate.

Mediators represent software components that provide support of virtual databases. Mediator
does not store information itself; instead it transmits the user request to one or more request, addressed
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to primary sources. Among the current research in the area of virtual data integration we should
distinguish the works SYNTHESIS group (IPI RAS) who are pioneers in the area of justifiable data
models mapping for heterogeneous databases integration, research of Paolo Atzeni, which is oriented
to integration of structured, as well as NoSQL databases.

When using data warehouses copies of information fragments from several sources are saved in
a single database, possibly with preliminary processing. Important classes of information integration
systems application based on data warehouses technologies are the OLAP (on-line analytic
processing) and data mining applications.

The emergence of a new paradigm in science and various applications of information technology
(IT) is related to issues of big data handling. One of the key problems in this area is integration of
heterogeneous data sources.

The purpose of the work is to investigate problems of data integration, to develop an approach
to data integration based on the data models commutative mappings principle, including development
of canonical data model, method of data models mapping correctness verification, and algorithms for
supporting virtual and materialized integration.

Practical significance. The proposed data integration method can be used for heterogeneous
information sources integration in OLAP applications, data mining applications, and in the area of big
data. Experiments conducted using the constructed data warehouse prototype show that usage of the
proposed method can lead to significant reduction of index directory size and lookup time for
multidimensional data.

The main results of the work are the following:

1. A method of data integration based on the principle of commutative mappings of data models
is developed;

2. An extensible XML-canonical data model is proposed;

3. AMN-machines for canonical and relational data models and their reversible mapping are
constructed, correctness of that mapping is proved;

4. A method of data warehouse construction, based on a dynamic index structure for
multidimensional data, is developed, effective algorithms for its support are proposed and
estimations of complexities for proposed algorithms are provided;

5. A data warehouse prototype based on the proposed dynamic index structure is designed and
developed.
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