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Ha ocHoBe pe3ynbTatoB paboTbl NMPOrpaMMbl MOXXHO CAenaTb ChefyroLlme
BbIBO/bI:

—  Wcnonb3oBaHne ABYX MNOTOKOB A4/ PELLEHUS AaHHOW 3a4ayu, YMeHb-
LLaeT Bpems ee BbIMOJIHEHNSA B ABa pa3a, TakK Kak KOMIMYeCTBO BXOAHbIX 3HAYEHWIA
Ha MHTepBasie pasfenserca Mexxay AByMA a4pamMu;

—  [pwn HebOoNbLIOM 3HaYeHMM BXOAHbIX AaHHbIX (N=9000) yBenuyeHwue
NMOTOKOB € 1 0 8, AaeT BbIUIPbILL BO BPEMEHW NPUMEPHO B 7 pas;

— [aHHaa 3agayva BbINOMHANACL Ha Y3Ne, cofepykallem [Ba YeTbl-
pexafepHbIX npoteccopa, No3Tomy npu yBe/MYeHUU NOTOKOB A0 16 npoucxoguT
He3HaunTeNbHOE YMeHbLUEHNE BPEMEHWN PeLLeHNs AaHHOW 3afayn, TakK Kak B AaH-
HOM C/ly4Yae Ha KaXkoe a4po npoLeccopa NpPUXoAMTCs No 2 NoTOoKa;

Cnu1CcoK NCnonb3o0BaHHOW NUTepaTypbl:

1. Tomas Petricek,Jon Skeet Functional Programming for the Real
World/Manning/2009

2. CowHmkos A.B. - nekumn (“PyHKUMOHAIbBHOE NporpaMmmmnpoBa-
Hue”)/2008/Lectl, Bugeo (“F# :  HoBbIi1 A3bIK MpOrpaMmMmnpoBaHns
KET”)/Mnatcopma/ 2009

3. Tum MaTTCOH, AHApei YepHbilleB BeefeHWe B TEXHOMOMMI napansienb-
Horo nporpammupoBaHus /Intel® So*ware Network/2009

4. Don Syme, Adam Granicz, and Antonio Cisternino Expert
F#/Apress/2010

5. Tupuyes A.A. Busyanmsaums HepOHHbIX CeTeil / wwecTaa MexayHa-
pofHasA Hay4HOo-MpakTuyeckas 3aoyHas KoHgepeHumsa "HAYKA 1 O6PA30OBA-
HVE: OTEUECTBEHHAT U 3APYBEXHATIA OMALT" / Benropog, 29 ceHTA6ps
2017 r. C. 9-12.

YK 004.652 BenokoHb KOMna KOpbeBHa
acnupaHT Kageapbl NPUKIAAHON MHOPMATUKN U
MHOPMALMOHHbIX TEXHOMOrMin VIHCTUTYTa
NHXXEHEPHbIX TEXHO/IOTNI N eCTeCTBEHHbIX HayK HNY «benlY»
(benropopg, Poccus)
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CTY[eHTKa 2 Kypca Hanpas/ieHMs NOArOTOBKM Br3Hec-MHopmaTmKa
HNY «benl"Y»
(benropopa, Poccus)

TEHAEHUW PA3BUTUNA TEXHOIOIM NI
MHOI OMEPHbIX BA3 JAHHbLIX
AHHOTaUNSA:
B cTaTbe npmBefeH KpaTKuii 0630p CYLLLECTBYIOLLMX TEXHOMOMMiA peannsa-
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LM MHOTOMEPHbIX 633 AaHHbIX. BblaeneHbl 0CHOBHbIE TEHAEHLMM U HaNpPaBNeHNs
VccneoBaHniA B aHHOI 061acTw.

KntoyeBble cnoBa:

MHOromMepHble 6a3bl JaHHbIX, MHOTOMEpPHbIE CTPYKTYPbI.

B HacTosilLee Bpemsi BO MHOTMX MPUKNaAHbIX 061acTsaX cTana akTyabHOM
npobnema KayeCTBEHHO 06PabOTKM M XpaHEHMS MHOPMaLIMK, a TaKxKe ObICTPOro
[0CTyna K Heil. BOMbLUMHCTBO COBPEMEHHbIX MH(OPMALMOHHBLIX CUCTEM KPYMHbIX
KOMMaHWi1 TPebyoT BbICTPOI BbIGOPKN AaHHBIX B PEXUME peanbHOro BpemeHu [1].
C aToi 3aayeil NOMOrarOT CNpPaBUTLCSA TEXHOOTMU MHOTOMEPHbIX 6a3 AaHHbIX,
KOTOpble Yallle BCero, NpeAcTaBnstoTCca B BuAe 0606LLeHNE BCEM MPUBLIYHBLIX pe-
NAUMOHHBIX 6a3 aHHbIX.

MHoromepHble 6a3bl JaHHbIX Ha CErOAHA peann3yoTcs B BUAE OAHOW WK
HECKO/IbKNX CNefytoLmX CTPYKTYP: MHOrOMepHbIe rMnepKyobl (CNoXKHbIe MHDOP-
MaLMOHHble 0ObEKTbI MPeACTaBNAOTCA B BMAe abCTPaKTHON MHOrOMEPHON Awmc-
KPETHOWN CTPYKTYPbl, 3KBUBA/IEHTHOW [AMCKPETHOMY MHOXECTBY, 06pa3oBaHHOMY
[eKapTOBbIM NPOU3BELEHVEM [LOMEHOB), NNOTHbIE 6a3bl C pagnaibHON CTPYKTYPOi
(Ha ocHOBe pensAuMOHHON 6a3bl faHHbLIX (hopMUPYeTCs pensumMoHHas 6asa faHHbIX
MeHbLUEA apHOCTK), MHOrOMepHble MacCuBbl ((POPMUPYIOTCS MHOropasMepHble
MacCuBbl), 6a3bl AaHHbIX TUMa XpaHUIKLA AaHHbIX (aTPUBYTbl XpaHATCA B Cneuu-
aJIbHO CO3aHHbIX NepeMeHHbIX). Kaxaasa 13 aTux CTPYKTYp MMeeT CBOW LOCTOUH-
CTBa M HepocTaTKu. [M0O3TOMY, HEKOTOpble MCCMeAoBaTeNn npeasaraloT B Lensax
MOBbILEHNA 3PPEKTUBHOCTN paboTbl NHPOPMALMOHHOW CUCTEMBI, UCMNO/b30BaTb
KOMIMNEKCHYH CTPYKTYpPY 6a3bl JaHHbIX, BK/IKOYAKOLLYH BCe CTPYKTYpbI, Nepeyunc-
NeHHble BbliLwe [5].

CTOUT OTMETUTb, YTO MHOTOMEPHbIe CTPYKTYpPbI 6a3bl JaHHbLIX MPUMEHSIOT-
CA He TONbKO Ana 6a3 AaHHbIX NMOCTPOEHHbIX Ha PENALMOHHON MOAENN, HO U AN
nepapxmyecKnx 1nmn ceTeBblx 6a3 AaHHbIX. Hanpumep, B pabote [3] npegnaraeTcs
MCMo/b30BaTb MHOMOMEPHbIA KOMMO3MLMOHHbIA 3arofoBOK, KOTOPbIA MO3BOJSET
paclwmpnTb 061acTb ONpeaeeHns AaHHbIX 3a cYeT fo6aBneHnUs AONONHUTENbHBLIX
(hYHKUMOHa/IbHbIX 3aBUCMMOCTEN BHYTPU CNYXKEOHLIX NH(POPMAaLMOHHBIX CTPYK-
Typ.

Bce CTPYKTYpb! CYLLECTBYIOLWMX CErofHs MOAeNein MHOrOMepHbIX 6a3 aaH-
HbIX XapaKTepu3ytoTca TakKMMU NPU3Hakamu, Kak: arpermpyeMocTb, UCTOPUYHOCTD,
MPOrHO3MPYEMOCTb N CTATUYHOCTb.

ArpervpyemMocTb [aHHbIX 03Ha4yaeT PacCMOTPEHME N BO3MOXHOCTb aHa/n3a
[aHHbIX Ha pPa3HbIX YPOBHAX 00606LLEHNA: AN NONb30BaTENs, aHINTKKA, PYKOBO-
anTens. VICTOPMYHOCTb AaHHbIX 0603HaYaeT MPUBS3KY MX KO BPEMEHWN U BbICOKUM
YPOBEHb HEN3MEHHOCTU (CTAaTUYHOCTM) AaHHbLIX U UX B3aMMOCBA3ed. BpeMeHHas
NpuBs3Ka Mo3BOJISET BbIMOMHATL 3aMpoChl, UMetoLMe 3HAYEHNA 4aTbl N BPEMEHMN.
A CTaTMYHOCTb - MCMOMb30BaTb CNeunann3MpoBaHHble MeTOAbl 3arpy3ku, xpaHe-
HUS, BbIGOPKK. MPOrHO3MPYEMOCTb AaHHbIX NpegnonaraeT 3afaHue PyHKUMWA npo-
FHO3MPOBaHMS N MPUMEHEHWNE UX K Pa3/INYHbIM BPEMEHHLIM UHTEPBA/IaM.

K OCHOBHbIM NpenmyLlecTBaM MHOMOMEPHbIX 6a3 AaHHbIX MOXXHO OTHECTU
P, MONOXKEHWIA:
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- CUCTEMbl Ha OCHOBE MHOrOMepHbIX 6a3 JaHHbIX TPeOYHT MeHbLLE Creun-
a/IbHbIX HAaBbIKOB MO pPa3paboTke N a4MUHUCTPUPOBAHNIO;

- CTOMMOCTb BnafeHus MHoromepHon CYB/l 0THOCUTENbHO HMU3Kas U No3-
BONAET ObICTPO BEPHYTb MHBECTULNN;

- MOWCK 1 BblBOPKa AaHHbIX OCYLLECTB/IAETCA 3HAUYMTENIbHO ObICTPEe, TaK Kak
MHOromepHas 6a3a fJaHHbIX 0becrneynBaeT ONTUMU3MPOBaHHbLIA JOCTYN K 3anpa-
LLUMBAEMbIM SiYeiKam;

- MHoromepHble CYB/], nerko cnpasnfTCa ¢ 3a4avyaMun BK/IKOUEHNS B UH-
(hopMaLMOHHYO MOfeNb Pa3HO06pa3HbIX BCTPOEHHbIX (DYHKLMIA, TOr4a Kak 06bek-
TMBHO CYLLECTBYIOLME orpaHnyeHmna a3bika SQL AenaloT BbINO/HEHME 3TUX 3a4au
Ha ocHoBe penAuMoHHbIX CYB/l AOCTATOYHO C/IOXHbIM, a MHOrAa M HEBO3MOX-
HbIM.

Ho ¢ pocTom focTtyna K AaHHbIM U aHa/IMTUYECKUM TEXHOMOrMAM, BO3pacTa-
eT N BEPOATHOCTb BO3HWUKHOBEHWA OLUMOOK, MPOTUBOPEUMBLIX Pe3y/ibTaToB U KO-
FTHUTUBHbIX UCKAXXEHWIA, HE TOBOPS Y>Ke O TOM, YTO C/IMLLKOM 60/1bLLO 06beM UH-
(hopmaLmm TpyLHO cMCTemMaTu3npoBaTb. HECMOTPSA Ha TO, YTO BbIMONHATL PYTUH-
Hble 3ampoCbl CTa/I0 HAMHOrO fierye, 06paboTKa AaHHbIX BCE eLle ABNSETCA CNOX-
HO 3aadyelt 419 60/bLUNHCTBA OpraHn3aLuii.

Ha cerogHAWHWA AeHb TEXHOMOrMMU MHOFOMEPHbIX 6a3 AaHHbIX aKTUBHO
Pa3BMBAOTCS B HECKO/IbKMX HarnpasieHnsaxX. OfHa U3 BaXKHeMLWNX TeHAEHUMA pas-
Butna CYB/, - paspaboTka "yHusepcabHbIX" CYB/l, KOTOpble CNOCOOHbLI MHTE-
rpypoBaTth B 6a3e TpagUUNOHHbIE N HETPAAMLMOHHbIE AaHHbIE - TEKCTbI, PUCYHKMN,
3BYK M BUAeo, ctpaHnubl HTML (HyperText Mar rkup Language, A3bIK pasmMeTKu
rmnepTekcra) 1 T.n. 3To 0CO6eHHO akTyasbHO g Web.

Takke paspaboTymMkam WMH(OPMALMOHHBIX CUCTEM HEOOXOAUMbI MeTOAbl U
PELLEHNs MO aHa/IMTMYECKO 06paboTke MHDopMaUun And mMano- U cpefHemac-
WrabHbix BJl. [JaHHOe HanpaefieHWe CerofHs MNpeAcTaB/ieHO pPa3BMBaOLLUMUCA
HacTo/ibHbIMU OLAP (XpaHeHue runepkyba Ha KOMMbloTepe nosb3osartens) n web
OLAP (BbINOMHEHME aHAIMTUYECKMX (DYHKLMIA B MHOTrONO/b30BaTEIbCKOM PEXN-
Me yepe3 web). [4]

[pyraa TeHAeHUMA pa3BUTMA MHOTOMEPHbIX 6a3 JaHHbIX CBA3aHa C peannsa-
LMen NOrnKn NpunoXxeHus. Kak nM3BecTHO, SIOrMKa MOXET BbIMOMHATLCA Ha CTO-
POHE K/IMEHTa, Ha CepBepe NMpUIoXKeHW, Ha cepBepe 6a3 AaHHbIX. COBPEMEHHbIE
BO3MOXHOCTM SQL no3BONAKT MepeHOCUTb Ha cepeep 6asbl AaHHbLIX OO/bLUYIO
4yacTb NIOTMKN. HO 3TO MPOTMBOPEUNT yyeHUIo OBapra Kopga, rae onucbiBaeTcs
LleNecoobpasHOCTb He3aBMCUMOCTM 6asbl [JaHHbIX OT MNPUNOXeHWA. TloaTomy,
Heo6X0AMMbI LONONHUTE/bHbIE UCCNeL0BaHUS N pa3paboTky B 061acTV METOLO/10-
MIA N TEXHONOTMIA BbIGOpa Hanboee BbIFOAHOMO NMPOEKTHOMO PeLLeHUs.

AKTya/lbHOW TEeMOW pPa3BUTUA MHOFOMEPHbIX 6a3 AaHHbIX MO-MPeXHeMy
OCTat0TCA METOA0M0MMM MPUMEHEHUA NepapXNYeCKNX CTPYKTYp Npu MoAeIMpoBa-
HUM 6a3 AaHHbIX. Takne CTPYKTYpbl NpeanosiaraloT BO3MOXXHOCTb OMNpeaesieHns B
CTPYKTYype 6a3bl AaHHbIX BOXEHHbIX TabnuL, C MPOM3BO/bHBIM YPOBHEM BNOXEH-
HocTw. [2]

B 3aKk/1t04eHUN, MOXHO CKa3aTb, YTO MHOrOMepHble 6asbl JaHHbIX aKTUBHO
pas3BMBakOTCA, HO MOKa He 3aBOeBa/IN LUMPOKOro pPacnpocTpaHeHUs cpefun paspa-
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60TUMKOB MPUIOXKEHNIA 6a3 AaHHbIX, T.K. PENAUMOHHbLIE MOAENN NPeACTaBNATCA
6onee HageXHbIMU U npopaboTaHHbIMW. AKTUBHbBIA Nepexo 0T MCNOoNb30BaHUs
PeNAUMOHHBIX 6a3 AaHHbIX K MHOTOMEPHbLIM CTPYKTypaMm SBMSETCA BONPOCOM Bpe-
MEHM 1 pe3ynbTaTUBHOCTU UCCNeL0BaHNIA B pacCcMaTprBaeMoil nNpeiMeTHON obna-
CTW.
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