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PaccMmoTpeHb! criocoObl OpraHu3aliy XpaHEeHHs! JUIMHHBIX peai3aliii BAOPaMIOHHBIX CHTHAJIOB,
a TaKkXKe CIOCOOBI KOMIDIEKCHOTO aHajIH3a OOJIBIIMX OOBEMOB CHTHAJBHBIX JAHHBIX. [IpHBEICHBI
CIoco0bl M METOIbl OPraHM3alM{d CHTHAJIBHOIO M aHATMTHYECKOTO XPAaHMIUI] JAHHBIX JUIS
CHCTEMbl TNOAJCPKKH INPHHATHA PpELICHHH, OLCHUBAIOIICH BHOPAIIMOHHBIC XapaKTEePHCTHKU
UccIeyeMbIX OOBEKTOB. PaccMOTpeHBl CHocoObl pacHIMpeHHss W BCTPaUBaHUS CTOPOHHEH
¢yukiuonansHocT B CYBJ] MS SQL Server.

Kiouesvie cnosa: mudpoBas o0paboTka CHUrHaJIOB, 0a3bl JAHHBIX, aHAJMTHYCCKUAC XPAHUJIMIIA
JIAaHHBIX, U3BJICUCHUE U OYUCTKA NaHHbIX, MS SQL Server.

BBeaenne

PazButne cpencts cOopa u mepenaur MH(DOPMAIIUH TO3BOJISIET XPaHUTh M 00padaThIBaTh BCE
Oomnbiie 00bEMBI TAHHBIX. Y ICIIEBICHUE YCTPOMCTB XpaHEHWs JaHHBIX (TaKMX KaK JKECTKUE IHCKH)
MO3BOJIACT OCYLICCTBIATL ITPAKTUYCCKU HereprBHLIP'I MOHUTOPUHI" HUCCIICAYCMBIX O6’BCKTOB WJIn
sBrieHni. OTHaKo XpaHeHHe Bce OOMbIIero o0beMa JaHHBIX HAPSIMYIO HE PEIIacT 3a1ad AUarHOCTHKU
aHaJM3a COCTOSIHHMS HCCIIEIYeMBIX OOBEKTOB, TaK KaK 3a4acTyi0 JIaHHbIE, ITOJTy4aeMble B PEKHME
peabHOTO BpEMEHH, He MOTYT OBITh TIOJTHOIIEHHO MPOaHAIM3UPOBAHBI B Mpoliecce OIM(PPOBKU U 3aITHCH
Ha HOCUTEb MHPOPMAIMU. A MX HECTPYKTYPUPOBAHHOCTb, B CBOIO 0YEPE/lb, HE IMO3BOJISET MPOU3BOAUTH
KOMIUTEKCHBII aHaJIN3 BCeX COOPAHHBIX JIAHHBIX BBHIY X OOJIBIIOr0 00beMa.

CymiecTByeT HECKOJIBKO IOJIXO0B JUI PEHICHUS MpoOJeMbl KOMIUIEKCHOTO —aHallnu3a
OOJIBIINX 00BEMOB JAHHBIX:

— MapReduce — Mozienb pactpe/esIeHHbIX BBIYHCICHU, OPUSHTHPOBAHHAS Ha KOMILICKCHBIH
aHaiu3 OOJBIIMX 00BEMOB JAHHBIX B ACHHXPOHHOM pesxume [1];

— aHAINTUYECKOE XpaHWJIMIIEC JaHHBIX — Ha0Op Mojeneld o0paOOTKM M OpraHH3aluH
CTPYKTYPUPOBAHHBIX JTAHHBIX U1l KOMIUIEKCHOTO aHalTi3a 0OJIbIINX 00bEMOB AaHHBIX [2].

Kaknplif M3 TOIXOZOB MMEET CBOM NpeuMyIlecTBa, ecid Uit Mozxenun MapReduce — ato
OTCYTCTBHE KECTKUX TPEOOBAHWI K CTPYKTYPHPOBAHHOCTH JAHHBIX M TMPaKTHYECKH HEOTpaHUYCHHAs
MaCIHTa6I/IpyeMOCTB pemeHus, TO I AaHAIMTHYCCKOI'O XpaHUIUIIa JaHHbIX — 9TO BO3MOKHOCTh aHaJIN3a
JaHHBIX B PEATbHOM BPEMEHH M OTCYTICTBHE HEOOXOIMMOCTH pa3pabOTKH W TPOrPaMMHUPOBAHMS
CIIOKHBIX AITOPUTMOB aHANW3a JIAHHBIX JUISl QHAIUTHKA (HO IMPW TpeJBAPUTENHLHON HEOOXOAUMOCTH
HaC’I’pOﬁKH " ONITUMHU3alIUN aHATIMTUYCCKOT'O XpaHWJIMIIA ZIaHHBIX).

Tak kak BuUOpalMOHHBIE CHUTHAIBI, NOJJEKamue o0paboTke M aHanu3y Oonee
CTPYKTYpHPOBaHHI (B CPAaBHEHUU C TEKCTOBBIMH JaHHBIMH, ayAHO- WM BUACOCUTHAJIAMHU), U 1O HUM
MOKHO CPaBHHTEIILHO OBICTPO MOCTPOUTH BEKTOP MPU3HAKOB (Cpe/iHee KBaJpaTHYecKoe 3HAYCHUE,
MakCHUMajJbHOE 3HAUE€HHE CHUTHajda M T.J.), a 00beM TNOIydaeMbIX [aHHBIX B pPaMKax OJHOH
OpraHu3ally Bce K€ He JOCTHUraeT rmerabaiT, To Hanboyiee MPUEeMIIEMBbIM M aJ€KBATHBIM peIleHHEM
NpeJICTaBIsIeTCS Pa3paboTKa aHATUTHYIECKOTO XpaHWININA JaHHbIX [3].
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Pa3paboTka aHaTUTHYECKOTO XpaHWIWIIA JaHHBIX JJIS  BUOPAI[MOHHBIX  CUTHAJIOB
Mpearnoaraet pa3paboTKy psaa KOMIIOHEHTOB, B3aMMOIEHCTBYIOIINX MEXIY COOOM:

1) KOMIIOHEHT TIEPBOHAYAIBHOTO COOpa MCXOMHBIX CHTHAJIOB;

2) XpaHWJIHIIE UCXOHBIX CUTHAIOB ((aiioBoe XpaHuunIIe);

3) KOMITIOHEHT PEOOPa30BaHKsI CUTHATIOB B BEKTOPHI IIPH3HAKOB;

4) XpaHWIHIIIE BEKTOPOB MPU3HAKOB;

5) KOMITOHEHT aHaJN3a BEKTOPOB MPU3HAKOB;

6) KOMITOHEHT BU3yaIM3ali{ U IPOCMOTPA OTJCILHOIO CUTHANA;

7) KOMIIOHEHT BH3yaJIH3alliK PE3yIbTaTOB aHATH3a BEKTOPOB MPU3HAKOB.

JmarpamMma KOMIIOHEHTOB M X B3aMOJIEHCTBUS MEXKIy cO00i mokazaHa Ha puc. 1.

chopa

MCXOOHEIX 5 XpaHunuUwe XPaHWNKLWE

CHrHanos WCXOOHBIX BEKTOpOB
CWrHanoe NPWaHaKOoB

aHanuaa
npeofpasoBaqHnA ﬁg:;ﬁgﬁga
CWTHANoE B
BU3YANn3aLlnn v BEKTOPLI NPU3HAKOE
NpocMoTPa
OTAEMNLHOM
cHrHana BU3Yanu3avum
pe3ynLTaToR
aHanuaa
BEKTOPOB
T
NPU3HAKOR
AHANUTHK

Puc. 1. KomroHeHTHas quarpaMMa aHaIUTHYeCKOTO XPaHWIIUIIA JAaHHBIX ¢ HaACTPOHKOM A XpaHeHHs,
00paboOTKH U aHAJIN3a BUOPOCUTHAIIOB

Cnenyer oOpaTuTh BHMMAaHHE, YTO OOJIBIIMHCTBO ONMCHIBAEMBIX KOMIIOHEHTOB CHCTEMBI
(XpaHWnHIIE WCXOMHBIX CHUTHAJIOB, KOMIIOHEHT MpeoOpa30BaHUsl CUTHAJIOB B BEKTOPHI MPH3HAKOB,
XPaHWINIIE BEKTOPOB MPU3HAKOB, KOMIIOHEHT aHAIN3a BEKTOPOB NPH3HAKOB M YAaCTUYHO KOMIIOHEHT
BU3YaJIM3alMM PE3yJbTAaTOB AHAIN3a BEKTOPOB IIPU3HAKOB) B 3HAYUTEIILHOM Mepe Peasi30BaHbl B PaMKax
Bl-cuctem BeaymmMmu mocTaBIIMKaM MporpaMMHOTo o0ectieueHus1, Takumu kak Microsoft, Oracle, IBM, a
TaKKe PSIOM OTKPBITBIX CBOOOIHO pacipocTpansieMbix poekToB (Mondrian, PALO u ap.).

OnnHuMm w3 Hambosiee HOMYJSIPHBIX U (YHKIMOHANBHBIX pelieHuid Ha pbiHKe Bl cucrem
sBisieTcst Komrieke MS SQL Server [4], npeacTaBasiomuii TOMUMO PENAIIHOHHON MOIETH XpaHEeHUs
JAHHBIX TaKXKe PsAJ KOMIIOHEHTOB JJISl 3arpy3Kd, OYUCTKH, TpaHC(HOpPMAallMu W aHanu3a JaHHbIX. K
npenMylnecTBaM perreHuss Ha 0aze MS SQL Server MOXXHO OTHECTH HAIEIEHHOCTh JaHHOW
pa3pabOTKH HEMOCPENCTBEHHO Ha CEKTOP KOPIOPATHBHBIX NPHIOXKEHWH, MHTETPUPOBAHHOCTH C
pSIOM APYTHX MporpaMMHBIX pa3padotok oT Microsoft (Excel, Sharepoint, Dynamics CRM), kpome
TOTO, PSI MPEINPUATHH YK€ UMEET JIMUEH3UU JUI JaHHOH MPOTrpaMMHON CHCTEMBI, COOTBETCTBEHHO
BHE/IPEHHUE €I1I€ OJHOTO pelIeHHs Ha 0a3e JaHHOW CHUCTEMBI HE MOBJIEUYET 32 COOON JOMOTHUTEIBHBIX
¢uHaHCcOBBIX wm3nepxkek. Kpome Toro, cymecrtByer OecruiatHas Bepcust MS  SQL  Server,
MPEOCTABIISIONIAS XOTh W yCEUYEeHHbIH HaO0Op (QyHKIMOHANA, HO JOCTATOYHBIN JUISI MUHHUMAIbHOM
paboThl mpeanoxXeHHoW cucteMbl. B cpaBHeHun ¢ OoTkpeIThIMH Bl-pemenusmu, Beibop MS SQL
Server oOycioBieH OoJblIed HaAEKHOCTHIO JaHHOW MHOTOKPATHO TPOBEPEHHOW M OTJIAXEHHOMH
CHUCTEMBI TI0 CpPaBHEHHIO C 3a4acTyl0 HEIOCTAaTOYHO 3pPEJbIMH OTKPHITHIMH pa3paboTKamu, u
HINYMEM HWCUEPIIBIBAIOUICH JOKYMEHTAIlMM [0 apXUTEKType M HacTpoiike cucrtembl. B Ttabm. 1
yKa3aHO COOTBETCTBHE MEXAY (PYHKIHMOHAILHBIMA KOMIIOHEHTAMH CUCTEMBI, IOKa3aHHBIMU Ha pHc. 1
u komnoneHTamu MS SQL Server.
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Tabnuna 1. CooTBeTcTBHE MeK1Y PYHKIMOHAILHBIMH KOMIIOHEHTAMH cHcTeMbl U KoMnoHeHTaMu MS SQL Server

KoMIoHEHT CHCTEMbI Kommonent MS SQL Server
KOMIIOHEHT 1epBOHaYaIbHOTO cO0pa HCXOAHBIX CHIHAJIOB OrcyrcTByer
X paHmIIIIEe NCXOIHBIX CUTHAJTIOB ((airoBoe XpaHHIUIIE) FileStream
KoMIoHeHT npeoOpa3oBaHHs CHIHAIOB B BEKTOPHI - .
Integration Services
[PU3HAKOB
XpaHWIHIIe BEKTOPOB MPU3HAKOB MS SQL Server database
KoMnoHeHT aHasi3a BEKTOPOB NIPH3HAKOB Analysis Services
KOMIIOHEHT BH3yalIM3alliy CUTHAJIOB OrcyrcTByer
KOMIOHEHT BU3yallH3alliy Pe3yJIbTATOB aHAIN32a YacTHYHO MPE/ICTaBICH KOMIIOHEHTAMH BH3YyallH3alliH
BEKTOPOB MPU3HAKOB anroputMoB Analysis Services

XpaHnJmme 61/1Hapm>1x CHTI'HAJbHBIX JaAHHBIX

IIpu xpaHeHUN HECTPYKTYPHUPOBAHHOTO COAEPKUMOIO (BHIEO, ayAnuo, JOKYMEHTH! U T.1.) B
PEISIIMOHHOM 0a3e KJIaCCUYECKH PACCMAaTPUBAIOTCS BE OMLIUU:

— XpaHEHHE COACPKUMOro B OMHAPHBIX O0BEKTHBIX XPaHWIINIIAX;

— pa3feneHHOE XpaHEHUE COACP)KUMOT0, KOT/Ia CKaJIsIpHbIE aTPUOYTHI COACPKUMOTO (THIL,
Ha3BaHWE, aBTOP, MyTh B (ailIOBON CUCTEME) XPAHSATCS B PEISIIMOHHON TabIHUIIE, a CaMO COAEPKIMOE
HaxoauTcs B (ailyioBoil cucreme.

Kaxplii 13 ykazaHHBIX [IOJXOJ0OB MMEET CBOM HEOCTaTKU. B mepBoM citydae — 3To TsbKemnast
Harpyska Ha KypHaJl cepBepa 0a3 JaHHbBIX, OTPaHHUEHHOCTh pa3Mepa XpaHUMOoro cozxepxumoro B 2 I'b;
BO BTOPOM CIIydae HET HHKAKOH CBSI3M MEXAy TaOJUIEl cO CKAISIPHBIMU aTpuOyTamu U (aitnamu, Ha
KOTOpBIE OHa cchutaeTcsi. Palnbl MOKHO TIEPEHOCHTH, NIEPEUMEHOBBIBATE, YAAISATH, IPH 3TOM CEpBEP
0a3 IaHHBIX HE MOXET OTCJIEKHUBATh YKAa3aHHBIC N3MEHECHUSI — IPOUCXOAMT MOTEPS LIEJIOCTHOCTH.

[osBuBmmiics B SQL Server 2008 ¢ynkumonan FileStream mo3BonsieT coBMeCTHTH 00a
MOJIX0/1a, TPEOAOJIEB HENOCTATKH KaXKAOTO: XPaHUTh OWMHApHBIE OOBEKTHl B (hailIoBO cucTeMe,
o0ecrieyrB KIMEHTY K HUM JOCTYN B Buje motokoB. C Apyroil cropoHsl, Bcia padora c ¢aiinamu
MPOMCXOOUT IOJ IOJHBIM KOHTPOJEM cepBepa 0a3 JaHHBIX, KOTOPBHIA oOecreyuBaeT MO HUM
TPaH3aKLUUOHHOCTb, PE3EPBHOE KOIHUPOBAHUE, IIOJHOTEKCTOBBIM MOHMCK (IIpU HEOOXOIUMOCTH),
PEIUIMKAIINIO, JIOTUPOBaHUe, Kiactepu3anuo u ap. FileStream goctyrnen Bo Beex mznmanusix MS SQL
Server, Bkimouast Express.

[ToMnmoO yKka3aHHBIX IPEUMYIIECTB, 32 CUET TOTO, YTO BCA PadOTa C XpPaHUMBIM COJACPKUMBIM
MPOMCXOJUT HeTocpelcTBeHHO depe3 cpenactBa MS SQL Server, mexanusMm FileStream mozBosnsieT
BCTPOHTH PsJI CIIEHU(PUIHBIX CUTHAILHBIX TPe00pa3oBaHuil HEMOCPEICTBEHHO B cepBep 0a3 aHHBIX.
Taxolt moaxon yHupUIUPYET MpoLecC aHATN3a XPAaHUMBIX CUTHAJIOB, a TaKXKe 00JerdaeT nolydeHue
BEKTOPOB MPHU3HAKOB CUTHAJIOB, 2 COOTBETCTBEHHO M HEIMIOCPEJCTBEHHOE CO3JIaHHE aHATMTUYECKOTO
XpaHWINIIA JaHHBIX.

Mexanu3m BetpoeHHBIX (yHkuumii MS SQL Server mo3Bonsier pa3zpabaTbiBaTh COOCTBEHHBIE
MOJIb30BaTENIbCKUE (PYHKIMM Ha JI000M U3 S3BIKOB, mNozjepkuBaeMbix mnargopmoit NET c
BO3MOXKHOCTBIO UX JAIBHEUIIIET0 ucnoip3oBanus B SQL-3ampocax k 6a3e maHHbIX. Ha puc. 2 mokazan
MPUMEpP HMCIOJIB30BaHUs BCTPOESHHOH OMOIMMoTekn curHaibHbIX npeoOpazoBanmii DST (Digital Signal
Transforms) juist osTy4eHust CPEAHEKBAIPATHYECKOTO 3HAYCHHUSI CUTHAITBHOI BHIOOPKH.

MS SQL Mogyne Query
Server CHIHaNLHLIX
npeoGpasoBaHui Aok P
D&ET
Fle
PK uniqueld SELECT
- DST.BMS{fileStream) as RMS
filename FROM File

Where uniqueld = @id

Puc. 2. TTony4yenue cpeHeKBapaTHIECKOTO 3HAYSHUS CUTHAIIBHOM BBIOOpKH cpenctBamu MS SQL Server
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Ha puc. 2 mokazana BctpoeHHas Oubnmoteka DST, nanmcanHas Ha C#, m copepskamas
GyHKIMK 00pabOTKH OMHAPHBIX CHTHAIBHBIX BBIOOPOK. OmHOM M3 TakuX GyHKIMH sBisieTrcs RMS —
MOJTyYCHUE CPEAHEKBAIPATHIHOTO 3HAYCHUsI BEIOOPKH [5].

Bce BoiOOpku xpansTcs B Tabmuie File m comepkaT mOMUMO OMHApHBIX NAaHHBIX TaK XKe
cBefieHns 00 WMEHH W (popMare XpaHMMBIX JAaHHBIX: YacTOTY JUCKPETH3alliW CUTHAaIA, TOYHOCTh
XpPaHUMBIX OTCYETOB, KOJHMYECTBO XpaHUMBIX KaHamoB u T.a. C momompbio SQL-3ampoca,
COJIEPIKAIIer0 BBI30B TOJb30BATECILCKON (YHKIIMM, MOXKHO TOJYYHTh BEKTOP NMPU3HAKOB CUTHAJA,
CoOJIepIKaIlUi C TOM YUCIIC U CPEAHCKBAIPATHUSCKOE 3HAYCHHE CUTHANA, KaK [TOKa3aHO HA PUCYHKE.

Opranu3anus B3auMoAeiCTBUS XPAHUIUIL JTAHHBIX CHCTEMBbI

OnHoif M3 O0COOEHHOCTEHW Ipollecca IOCTPOCHHS XPAHWIIWI MAaHHBIX SBJISETCSA CIOCO0
OpraHu3aliy AAaHHBIX B HUX, B 3aBHCUMOCTH OT MX Heneil. CyllecTByeT OBa OCHOBHBIX CIOCO0a
OpraHU3aluy JaHHbIX.

1. OLTP (amrm. Online Transaction Processing, TpaH3akunoHHas cucTteMa) — 0OpaboTKa
TpaH3akuuWi B peanbHOM BpeMeHu. Cnoco0 opranmzauuu bJI, mpu koTopoMm cucrtema paboTaeT c
HEOONIBIIMMH 110 pa3MepaM TpaH3aKIUSIMHU, HO UIYIIUMH OOJBIINM MOTOKOM, M MPH 3TOM KIHEHTY
TpeOyeTcst OT CUCTEMbl MUHUMAJIbHOE BPEMsI OTKIIHKA.

2. OLAP (anrm. Online Analytical Processing, aHamuTuueckas o0OpabOTKa B pealbHOM
BPEMEHH) — TEXHOJOTHs OOpabOTKM JaHHBIX, 3aKIIOYAIOIIAscs B MOJATOTOBKE CYMMapHOI
(arperupoBaHHOW) WH(pOpPMAIIMA HA OCHOBE OOJBIIMX MACCHBOB IAHHBIX, CTPYKTYPHUPOBAHHBIX IO
MHOT'OMEPHOMY IPUHIIMITY.

Taxum oOpasom, ecnmu OLTP-momxon xapakrepeH Juisi Tpoliecca cOopa JaHHBIX, TO
ncronszoBanne OLAP-monxona HeoOXoamMo Ui Tporecca KOMIUIEKCHOTO aHalln3a COOpaHHBIX
TaHHBIX (B OCHOBHOM BEKTOPOB MPU3HAKOB). TakuM 00pa3oM, B Ka4yecTBE OCHOBHBIX TPEOOBAHMMA IS
OpraHu3aliy CMHOW CHCTeMbI cOOopa W aHalln3a BUOPAIIMOHHBIX XapaKTEPUCTUK OOBEKTOB MOXKHO
BBIJEJIUTD CIIEAYIOLINE:

— CHCTeMa JIOJDKHA COCTOSATh U3 JIBYX Pa3JIMYHBIX MO apXUTEKType W HA3HAUYCHHUIO XPaHMIIMII
JIAHHBIX;

—00a XpaHWIHIIA JaHHBIX TOJDKHBI OBITH W30JUPOBAaHBI APYr OT Jpyra (Ui TOTO, YTOOBI
MOBBIILICHHAS HArpy3Ka Ha OJJHO U3 XPAaHWIHIL HE CKa3bIBalIOCh HA paboTe APYroro);

— JIOJDKEH OBITH pa3paboTaH JIETKOBECHBIH MPOLIECC BHITPY3KH, OYHCTKH, NPeoOpa3oBaHUs U
3arpy3ku qaHHbIX U3 OLTP B OLAP xpanumnuiue;

— JIOJDKEH OBITh pa3paboTaH mporecc 00pabOTKH OMIMOOK aBTOMATHUECKON 3arpy3KH AaHHBIX
W3 OJHOTO XPaHWIUILA B IPYTOE;

— IOJDKEH OBITh pa3paboTaH MeXaHHM3M ONpEAeTICHUST BPEMEHHOTO cpe3a, Ha OCHOBaHUU
KOTOPOTO BIIOCJIEACTBUU MPOBOIUTCS 3arpy3ka nanHbeix u3 OLTP u B OLAP-xpanumnuie.

Juarpamma 1oToka JaHHbBIX, IOCTPOSHHOT'O Ha OCHOBE yKa3aHHBIX TPeOOBaHUI, MOKa3aHa Ha
puc. 3.

DnpenengHne
M3MEHEHHBIX
OaHHLIX

onyYeHne
BEKTOPOE
npuaHakoe

PaapgenexHune
HOBLIX W 0GHOBNEHHLIX
OaHHLIX

Pyunan
___obpaGoTka

OLWEoK
SAMPYIKK

OWKUBKK 3arpyaku

Norvpoeaxne
owwbok 3arpyakmn

Puc. 3. luarpamma notoka aaHabix Mexxay OLTP u OLAP xpanunumamu

OpHoii u3 HaumOoJee CIOXKHBIX 3a1a4 MpHU BHIrpy3ke aaHHbIX Mmexay OLTP u OLAP
XpaHWINIAMH SIBIIAETCS 3ajladya OMpEAENICHHs] MHO)KECTBAa W3MEHEHHBIX JaHHBIX CO BpPEMEHH
npenpiaymeil  ycnemHoi 3arpy3ku. CyIecTByeT HECKOJIBKO CIIOCOOOB OIpeneNeHus JaHHOTO
MHOJKECTBA!
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— [IEPECEUCHUE [BYX COOTBETCTBYIOIIMX MHOXECTB W3 JBYX XpaHWIMII [JIs IIOHMCKa
HeTepecekaroterocs moamMaoxkectsa n3 OLTP-xpannmumia;

— ounctka OLTP-xpanmmuia mociae Kaxmaoro mpoiecca MATPAiA JaHHBIX;

— UCIIOJIb30BAaHUE MHKPEMEHTAIBHBIX KiIoued u Mexanusma ucropun B OLTP-xpanumurie
BMECTE C BDEMEHHBIMH METKaM{ MUTPAIAi JaHHBIX.

IlepBrIii cioco0 YpeBaT CHIIBHBIMH Harpy3KaMH Ha cepBep 0a3 MaHHBIX U, KaK CIEICTBHE,
BEpPOSITHOCTBHIO YACTBIX OTKA30B CHUCTEMBI MPHU POCTE KOJIMYECTBA NaHHBIX. K HemocTaTkaM BTOPOTO
croco0a MOXXHO OTHECTH HEOOXOAMMOCTh CO3/IaHMsI TPEThETO XPAHUIIMINA, JUIsl 00CCIICUCHHS JTOCTYTIA
KO BCEM MCXOJHBIM CUTHAJIFHBIM BEIOOPKAaM KOHEYHOMY MOJB30BATEI0, YTO B CBOIO O4Yepeab TpedyeT
YCHIINH TI0 00ECTIEYeHHIO COTIACOBAHHOCTH JaHHBIX MEXTy MHOKECTBOM XpaHWJHII. TpeTuii crmocod
MPECTaBISIeTCs HanOoJiee ONTUMAIIbHBIM, XOTh B OOIEM BHUJIC W CTABHT CPABHUTEIBHO CIIOKHYIO
3a/1aqy OpTraHU3alliy XpaHEeHUsI UICTOpHUU BeeX n3MeHennit B OLTP-xpannmme.

B mporpammuOM cTeke Microsoft cymecTByeT HECKOIBKO CIIOCOOOB OpraHHM3alH HCTOPUHU
M3MEHEHUH JaHHBIX TOJB30BaTENs B 3aBUCHMOCTH OT YPOBHS OpraHU3allid, HArPYy3KHW Ha PECypChl
CHUCTEMbI M TMOJHOIICHHOCTH IPEIOCTaBISEMBbIX MaHHBIX. lIpenMyIrecTBa U HEAOCTATKH KaXIAOTO
crioco0a onwucaHbl B Tab. 2.

Tabnuna 2. Cioco0bl OpraHM3anuy HCTOPHU U3MEHEHUI JaHHBIX M0JIb30BATes

Mexanuzm YpoBeHb IlonHOIIEHHOCTD Henocratku
. Bce HeoOxoauMBbIe HecornacoBanHocTh. Peanu3syercst BHEIIHIMUI
Cpencrea ORM Bricokuit A Y
JIaHHbIE CpencTBaMu
. Bce HeoOxoauMBbIe 3HAYUTENBHO CHIKAET IIPO3PAYHOCTE PabOTHI
Tpurrepst Huzkuit
JIaHHBIE 0a3bl JTAHHBIX
: . Bce HeoOxoaumMBbIe N30BITOYHOCTD AaHHBIX
MS SQL Server Audit Log | Huskuii A A
JIaHHBIC IToBbllICHHAS] HATPY3Ka
. Bce HeoOxoauMBbIe
Change Data Capture Huskuit A [MoBsiIeHHAst HATPY3Ka
JIaHHbIe
HenocraroueH, ecii HEOOX0MMa MUTPAIIHAS
. . Tonbko dakr N
Change Tracking Huzknii HEMOCPEICTBEHHO HcTOprH n3MeHeruit 8 OLAP-

HU3MCHCHUSA TaHHBIX

XpaHUIIHIIE

Tak kak mpolecc MUTpalUH JAaHHBIX MEXKAY XpaHWIHIAMH JOJDKEH MPOU3BOIUTHCS
perynspHo, a OLTP-xpaHwiuie He MpeanojiaraeT 4acToro pPeAakTHPOBAHMS XPAaHUMBIX JIaHHBIX,
ONTHMANBHBIM  CIIOCOOOM  OTpeAeNieHHus] MHOXKECTBAa W3MEHEHHBIX  JaHHBIX (HOBBIX W
OTpeJaKTHPOBaHHBIX) mpezcTaBisercss Mexanusm Change Tracking. Takum obpasom, mporecc
BBITPY3KHU JIaHHBIX TIPEICTaBIISIET COOOM CIIEYIONIYIO MOCIEI0BATEILHOCTD:

— Brmoyenne Mexanm3ma Change Tracking mist HeoOXOAUMBIX TaOIUI (BBITOTHSAETCS OJUH
pa3 Ipu HACTPOWKE XPaHWIHIIA);

— CO3/1aHUe TAOJIHUIIBI CHHXPOHH3AIUI B HCXOHOM XpaHWIHIIE, CoepKalield nHGopMaIuio o
BPEMEHHU Haualla Ka)JIOW BBITPY3KH, YCIICIIHOCTH JaHHOW BBITPY3KH JaHHBIX M WAEeHTH(UKaTOpe
MOCIIEIHETO W3MEHEHUs B cucTeMe (CrenuuYHbIA UIs JaHHOTO MeXaHW3Ma aHaJloT BPEMEHHOW
METKH);

— OIPEJCIICHNE BPEMEHHON METKH IIOCIEAHEN YCIIEITHON BBITPY3KH;

— BBITPY3Ka, OYUCTKA, TPe0Opa3oBaHUE TaHHBIX;

— oOHOBIIeHHE (h1ara yCIenTHON BHITPY3KH B TAONMUIle CHHXPOHU3AIMH B CIIydae KOPPEKTHOM
BBHITPY3KHU JIaHHBIX.

B cnyuae, ecnmu B mporiecce MUTpanM JaHHBIX Ha KaKOM-THOO W3 3TalloB MPOU3OUIET
omunoOKa 00pabOTKU YacTH JaHHBIX, HE BIUSIONIAs CYIIECTBEHHBIM 00pa30M Ha MUTPAIUIO TAHHBIX B
L[EJIOM, STH JIAHHBIE BCE PABHO JOJDKHBI OBITh COXPaHEHBI B OTJCIbHBIN JIoT-(paiii 1yl mocieayrolei
PYYHOH WM TONyaBTOMATHYECKOH 00paboTKH. YKa3zaHHbIE MEpbl HEOOXOJWUMBI JJISl YCTPaHEHUS
MOTEPh TAaHHBIX MIPU MUTPAIUH, a TaK Ke JUIS OTIAJKH MPOLECCOB MUTPAIUH JJAHHBIX, a TaK e KaK
MOJKHO paHHETO OIpeJIeNICHNs] N3MEHEHHI (hopMaTa BXOIHBIX JaHHBIX.

3akiaoyenue

Pa3paGoran psini apXHTEKTypHBIX IOAXOJOB JJIsi OpraHW3allil CHCTEMBI TOJICPKKH
MPUHSATHS PEIICHUH Ipu 00padOTKe JIMHHBIX pealin3aluii BHOPOCHUTHAIOB Ha 0a3e CHUCTEM
ynpasieHus 6azamu naHHbiX. Mcnonb3oBanne MS SQL cepBepa B kauecTBe 0aszuca Jiisl MOCTPOSHUS
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TaKOW CHUCTEMBI TOJJCPKKU TMPUHITHS PEIICHUS HAa OCHOBE aHalM3a BHOPAIIMOHHBIX CUTHAJIOB,
OTPAXKAIOIIUX COCTOSTHUE UCCICYEMBIX 00BEKTOB, pelIacT MHOXKECTBO MPOOJIEM, B UUCIIE KOTOPBIX:

— COTJIACOBAHHOE XpaHEHHE CUTHANBHBIX JIaHHBIX BMECTe C UX aTpuOyTamu H
XapaKTePUCTUKAMU 00CIICTyEMbIX 00BEKTOB;

— TOJ/Iep>)KKa BCTpamBaeMbIX (YHKIUI CHTHAJIBHBIX TPEOOPa3OBaHUN (YTO TIO3BOJSET
MIPOU3BOJUTH COTIIACOBAHHBIN aHAIN3 JIAHHBIX M 3HAYMTENBHO YIPOINAST MPOIECChl TPAHCHOPMAITUH
JAHHBIX [TPY UX MUTPAIUH);

— HOJyIep)KKa WHTETpalliy Pa3eliCHHBIX XPaHWIWIL cOopa W aHauM3a BUOPAI[MOHHBIX
XapaKTepUCTHK.

OmnucaHHBIC TMOJXOMbI TO3BOJIIIOT OPraHW30BaTh PACHpECICHHOES XpaHCHHEe W aHallu3
CPaBHUTEIBHO OOJIBITNX 00BEMOB JaHHBIX (HECKOJBKO JECATKOB MUILIMOHOB BEKTOPOB MPU3HAKOB),
YTO TPEACTABISACTCS JOCTATOYHBIM JUIS OONAacTH BHOPOJMATHOCTHKH OOBEKTOB, HO TIpH
BO3HUKHOBCHHH HEOOXOJMUMOCTH aHaju3a 00BEMOB JIAHHBIX, TPEBBIIIAIONINX YKA3aHHBIM Mpenen Ha
HECKOJIBKO TOPSIKOB, PEKOMEHAYETCSI MCIOIh30BAHUE ACHHXPOHHBIX METOJIOB aHAJIM3a JIaHHBIX,
Takux kak MapReduce.

DISTRIBUTED WAREHOUSING FOR VIBRATIONAL
SIGNALS ANALYSIS SYSTEM

V.E. BAZAREVSKY

Abstract

Avrticle covers the methods of vibration signals long implementations analysis as well as
complex analysis of large amounts of signal data. Several architectural pattern applications of signal
and analytical data warehouses for decision support system that evaluates the vibration characteristics
of the objects are proposed. The ways of extending and embedding third-party functionality in MS
SQL Server engine are recommended.
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