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AHHOTADKA

Poct 00BeMa HECTPVKTVPHPOBAHHBIX JaHHBIX. TCHEPUPVEMBIX PAZMMMHBIMU MPUIOKCHHUAMU U
CePBHCAMM. H MPUHATHE KOMMAHHAMM (AKTA LEHHOCTH TAKHX JAaHHBIX MPUBEAH K
BOCTPEOOBAHHOCTH CHCTEM, CMOCODHBIX AHATH3UPOBATh 6O IbILIKE OObeMbI JAHHBIX §€3 VHacTUs
YEeNOBEKA. Y JOBAECTBOPUTH JAHHVIO MOTPEOHOCTD MOMVT CHCTEMB! HHTEIICKTVANBHOMO aHanusa
JAHHBIX, OJHAKO MOBBILICHHE 3PQCSKTHBHOCTH TAKUX CHUCTEM ABMACTCA aKTVAlbHOM 3aJaucil.
Hecriotpa Ha pactviyio nonyiaspHocts NoSQL pelueHuit, OCHOBHBIMU CHCTEMAMM VIIPABICHUA
Sasavu JaHHBIX Bee elwue ABnaoTea penauuonubie CYBJ. B ¢tathe 0c060¢ BHUMAHKME VIENEHO
ToMY, uTO coBpemeHHbie PCYBJ MOrvVT MCMoOIb30BaThCA HE TOIBKO B KAaYECTBE HATEKHBIX
XpAHMMML JaHHBIX. B Hactoduiee Bpema nepeoodepeIHoit 3aJadeit paseutua PCYB] aengerca
MHTErpaUMA B HHX MHTEUIEKTYAIBHONO JHAIM3A JAHHBIX. bnarojaps tomy. uto aaHHbIe
OCTAOTCA B XPAHHIHLIE, CHCTEMA HE TPATHT PECVPChl HA BBIFPY3KY AHATHIMPYEMOro Hadopa
JAHHBIX U3 Ga3dbl JaHHBIX M 3arpyaky pe3vIbTaToOR aHA.1M3a 0OparHO. JaHHBIM MOIX0A MOBBICUT
KaK CKOPOCTh pPaspaboTKH, 3a CHeT HCMONbiOBaHUA cepeucoB, Buwmthlx B CYBI, Tak u
MPOU3BOIUTENBHOCTD BCeH CHCTeMBl. B CTaThe paccMATPUBAKOTCA  OCHOBHBIE  30Ja4M
MHTE/LICKTY A ThbHOTO QHATH3 JAHHBIX H CY LIECTBY FOLIME A TMOPHTMBL MX peleHua. OnuchiBatOTCA
OCHOBHBIC METOJMKH BHCIPSHUA HHTEMIEKTValbHOro aHatmsa JaHHeix B CYBJ. Ocoboe
BHHMAHHE VICICHO MOJAXOIV, B KOTOPOM CHCTEMA aHAMW3a JaHHBIX PacCMATPUBACTCE Kak
ey TpeHHuit cepeuc CYBJl. B paGore npeacTaBIeHB! H3BECTHBIE CHCTEMbI M OMOGIHOTEKM
AHAMK3A JOHHBIX, paspadotantbie 312 PCYBJ, a Takcke BapuaHTs! paciipeHuit 4361Ka 3aMpocoB
SQL.

Knouesbte c1oBa: MHTCTICKTVANbHBIH aHA M3 JaHHBIX, penauuontbie CYBJ, knacrepusauus,
MOUCK WAGNOHOB, K1ACCUUKALIUA.
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Abstract

The growth in the volume of unstructured data generated by various applications and services,
and the acceptance by companies of the fact that such data is valuable, have led to the demand for
svstems that can analyze large amounts of data without human intervention. Data mining systems
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can satisfv this need. but improving the efficiency of such svstems is an urgent task. Despite the
growing populanty of NoSQL solutions. the main database management systems are still
relational databases. In the article. special attention is paid to the fact that modem RDBMS can be
used not only as reliable data stores. Currentlv. the primary task of RDBMS development is to
integrate data mining into them. Due to the fact that the data remains in the storage. the svstem
does not waste resources on unloading the analvzed data set from the database and loading the
analysis results back. This approach will increase both the speed of developrent. due to the use
of services embedded in the DBMS, and the performance of the entire system. The article
discusses the main problems of data mining and the existing algorithms for solving them. The
main methods of implementing data mining in 3 DBMS are descnibed. Special attention is paid to
the approach in which the data analysis system is considered as an intermal DBMS service. The
paper presents well-known data analyvsis svstems and libraries developed for RDBMS. as well as
vanants of SQL query language extensions.

Keywords: data mining, relational DBMS. clustenng. patterm mining, ¢lassification.
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BBEJEHHE

Ha ceroanswuHuit aeHb Cpoc Ha 3PHEKTHBHBIE U MOLLHBIE HHCTPYMEHTBI 415 padOThl ¢ JAHHBIMH
BbI3BAH MHOrMMH (aktopamu. K HHUM MOXKHO OTHECTH nOTPeOHOCTE B OeCnpepbIBHBIX U
BBICOKOHArpY KEHHBIX CHCTeMaxX ANA aHanu3a JaHHbIX. Takas moTpeSHOCTE OOBACHAETCA POCTOM HHCHA
MPUACKEHHN UM CEPBHCOB, MOCTOAHHO TeHEpUpYIOIWMX Oonblike OOBEMBI HECTPYKTYPUPOBAHHBIX
JdaHHbX. CKOPOCTh MPHPOCTA TAKUX AAHHBIX AN OOHOrO pecypca moxer npeebiwate | TO B aeHb.
Bonblune AaHHBIE MOTYT BKJIKOUATE B Ce0A JOKYMEHTBI, 3IEKTPOHHYIO MOUTY, HHOOPMALIMEY COLIMATBHBIX
ceteit, ayauo, suaeodaiinsl, U T.0. [1] BaxkHbiMH dakTOpaMu B aHaNH3e OaHHBIX ABAAIOTCA MX 00beM M
CKOpPOCTb HaKOTUICHHA, OOHAKO, KPUTHUHBIM SABNAETCA Hanuuue 3QQeKTHBHBIX METOROB ANA MX
0OpaboOTKH.

[Mon MHTENNEKTYANBHBIM AHAM3OM AAHHBIX MOHUMAKT COBOKYMHOCTb ANTOPHTMOB, METOAOB M
aporpaMMHOre obecnedyeHus O OOHApYKEHHA B JaHHBIX paHee HEH3BECTHBIX, HETPUBHANbHBIX,
(paKTHYECKH MOME3HBIX W AOCTYMHBIX HHTEpPNpeTaUMH 3HAHHI, HEOOXOAMMBIX ANMA MPHHATHA
CTPATErMHECKH BAXKHBIX PEILICHHI B Pa3IMMHBIX ¢hepax 4enoBeHeckoi neaTenbHOCTH. [2]

Jns u3BneveHHS OAHHBIX, T.€. MOME3HbIX 3HaHuM, W3 BOMBIIMX JAHHBIX HCMONB3YHTCA
ETL-cuctemsl, koTOpbie BKAKOUAlOT B ce0i mpouecchl TpaHChoOpMauUMK M OYMMCTKM AaHHbIX. Takue
npouecchl NPUBOOAT K 0Opa30BaHUI0 MACCHBHBIX XpaHMMMLI JaHHbIX. OfuH U3 paspabGotuukos CYB]
Ingres u PostgreSQL numer [3], 4uro ana pewieHus jaHHOU npodnembl HEOOXOIUMO MOMB30BATHCA
TexHonorusamu, npeaoctasnaemeivu CYBL.

[lo paHHBIM aBTOpHUTeTHOro mnoptana DB-enginescom (4], cobupaiouiero gaHHble ©
pensaunoHHbiX U NoSQL CVYB, Ha anpenb 2021 roaa caMbiMU MONYASPHBIMEH CHCTEMaMK ABASIOTCS
Oracle, MySQL, Microsoft SQL Server, PostgreSQL u MongoDB (puc. 1).

M3 370it CTATHCTHKHM MOXKHO COENATH BBIBOA, HTO, HECMOTPA HA PacTyLLy o nonyaapHocTe NoSQL
pelueHHuit, paspaboTuuKH BCe ellie OTIAOT Donblliee NpeanouTeHHe penaLUMOHHBIM 023aM AaHHBIX.

Ha kourpecce [5] cneunanuctamu B chepe o0paboTkH W aHANK3a JAHHBIX ObUT MOAHAT BOMPOC
FeHepUpOBaHUA OONBLIOrG oOObeMa JaHHBIX B npouecce uubpoBoit TpaHchopmauuu OOIECTEA.
OCHOBHBIM pelIeHHEM JAHHOM MpodMieMbl CTaNl MOMHBIA KOHTPONb BCEX MPOLECCOB OT MOMY4EHHA
JaHHBIX 0O M3BAECYEHHUS U3 HUX MONE3HBIX 3HAHHUIL.
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Puc. 1. Peittunr CYB]] noprana DB-engines.com
Fig. 1. DB-Engines Ranking

Ha ceronHAlHuit 3eHb BHEIPEHUE METOJIOB HHTENNEKTYaNbHOrO aHANK3a JaHHBIX BO BHYTPEHHUE
MPOLECChI CHCTEM YMPaBNeHHUs da3aMH JAHHBIX CTAHOBHTCA OCHOBHOI Tpaektopueii passutua PCYBJL
Mo pacueram aBTopa paboThl [6] pasmeLueHHe BEPHO MOZOOPAHHBIX ANMOPUTMOB 0OPabOTKH JAHHBIX B
HeMOoCPeICTBeHHOIT  OMM3OCTH K aHanu3upyeMblM  JaHHbIM  CMOCOOCTBYET  YBENHUEHHIO
NpOU3BOOUTENBHOCTH cucTeMbl. Takas MHTerpauus no3ponseT AOCTHYb MUHMMH3ALMH PacXojoB Mo
BBITPY3KE AHANIU3HUPYEMBIX JAHHBIX M3 Da3bl JAaHHBIX H 3arpy3Ke pe3yibTaToB aHanu3a obpatHo [Tomumo
Toro, npu oOpaboTke JaHHBIX BHYTPH XPaHHIMLLA, MPOrPAMMHCT MOWKET BOCMONB3OBATHCA
BHyTpeHHUMH cepBucamu CVYBI, Hanpumep, MeXaHU3MOM penIUKaUMH, LEROCTHOCTH H
OTKa30yCTOMYMBOCTH. YCKOpHTb 00paboTKy OAaHHBIX MOXHO C NOMOLUBIO HHAEKCAUMH Noneit,
ANINOPUTMOB ONTHMU3ALMH M JPYTHX CPEACTB, KOTOPbIE 3anoxeHbl B apxutektypy PCYBJ]

Llenbto CTaThH ABAAETCA HCCNEAOBAHHE CMOCOOOB HMHTErpaluHHd HHTEMIESKTYANbHOrO aHamH3a
JaHHbIX B pensunoHHblie CYBJ, OCHOBHBIMH 32Ja4aMK HCCNEAOBAHUSA ABMAIOTCA:

1. OG30p CyLECTBYIOWNX aNrOPHTMOB peLieHUs HauOoNee YacTo BCTPEYAIOWMXCA 3agad
MHTETEKTY ATBHONO AHANM3A JAHHBIX, TAKHX KAK, KNACTEPH3ALMA H MOUCK LAONOHOB;

2. INMouck noaxoaos K BHEAPEHHIO HHTEMNEKTYANBHOrO aHanu3a aanHeix B PCYB/I,

3. OnpeaeneHue M aHANM3 CYLIECTBYIOLIMX METOOOB MHTENMEKTYaNlbHOTO aHalH3a JaHHBIX B
PCYB/,

OCHOBHAA YACThD

3apauu KnacTepU3aLHK K MOKCKA WAGa0HOB

[Mon sanaueit KNACTEPH3ALMM MOAPA3YMEBAETCA pa3OHEHHE MHOXECTBA OOBEKTOB, HMEHOLUMX
MOXOXKYIO CTPYKTYPY, Ha HEOMpPEAeNeHHbIE 3apaHee rpymnmbl (KNacTepbl) B 3aBUCHMOCTH OT CXOXECTH HX
CBOHCTB. 3aja4a KnacTepH3alUUH MPHUMEHAETCA MOBCEMECTHO: CErMEHTHpOBaHHe M3oOpaxeHHit, aHanu3
COLMHaNbHbIX HCCneJoBaHuii M T.A. B anroputMax knactepusauMM HCMOMB3YIOTCA CReRyloLlHe
CTATUCTHYECKHE JAHHBIE. KOMHHYECTBO TOUEK B AUEHKE, & TAKKE Pe3yNbTaThl arperaTHbX ¢yHKuUuMi (min,
max, avg H T.4.).

OCHOBHBIE aNrOPUTMBI KNacTepU3aLHH NEPEeUHCNeHbl HIDKE:

®  ANropUTM YETKOI knacTepusauuu,

®  AJrOpUTM HEYETKOH KNACTePH3ALIMM,

e  Anroputm pa3aenbHoii (partitioning) KNacTepH3aLMH,
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AnroputM k-cpeanux (k-means);

Anroputmsl k-medoids u PAM;
ArnomepaTHBHbII HEPAPXHUHECKHIT ANTOPUTM,
JUBU3UMHBI HepapXHYECKHiT aNrOpUTM;
[InoTHocTHas (density-based) knacrepusauus;
Peweryarasn (grid-based) knacrepusauus,

[MpumepoM arOMEPATHBHOIO MOAXOAA KNacTepu3auuu aBnserca anroput AGNES, B 10 Bpems
Kak AN IUBM3HMHOTO moaxoja peanusoBaH anroputM DIANA. OmHUM M3 NpHUMEPOB MAOTHOCTHOL
knactepusauuu asnserca anroputv DBSCAN, a ana peweruatoil KnactepusauMd MOXHO BbLIEMUTH
anroputm STING.

3anava NOMCKA WAOMOHOB 3aK/TIOHACTCS B HAXOXKISHHUU ABHBIX 3aKOHOMEPHOCTEH HA HMEIOLLEMCS
Habope oObekToB. [louck WaGNOHOB “acTO MPHUMEHAETCA B PasHOOOpasHBIX 00MacTAX Henopeveckoit
AEATENbHOCTH, HaUHHaA ¢ METHLIMHBI, 3aKaHYHBas aHAMH30M 3BYKOBBIX AOPOKEK.

TpaaHUHOHHO AJiA pELIEHHA 3aJa4M MOHCKA Y4CTO BCTPEHAROLUMXCA 3ABHCHMOCTEH Mexkay
JAHHBIMH MPUMEHAT anroputv Aprion. CyTe AeHCTBHA JAHHOMO ANCOPHUTMA 3AK/KOMAETCA B
nocnenoBaTeIbHOM MpeobpasoBaHHi HaOOPOB KAHIMAATOR B HE3aBUCHMbIE MHOXECTBA ¢ MOCNeay IOLLHM
OTOOPOM 3THX KaHOHOATOB MO YIOBAECTBOPAKOLIEMY YHCHY noagepxkku. OXHaKO, Y AAHHOrO aNropHUTMa
€CTh HEJOCTATOK: MPH GOMBLIOM 3HAYEHHM TAKHX HAOOPOB M HU3KOM MOPOrOBOM 3HAUEHHH MOJAEPIKKH
MOABNAKOTCA 3HAUHTENbHBIE Pacxoibl BO BpeMeHH. Mexoas u3 3Toro dvuin paspadoTaHbl ynyHLLEHHbIE
anroputMel Aprion: AprienTid, DHP, DIC, Eclat, Partition.

Ewe ooHuM cnocodoM moucka wabnoHoe seasercs anroputM FP-Growth, kotopbiit
OCHOBBIBaeTC Ha nocTpoeHuun FP-mepesa. B Takoit CTpykType AaHHBIX HAOOpPBI M 3HAYEHHA HX
MOAJEPKKH XpPaHATCA Gonee KOMMAKTHO. JIaHHBIR aNroputM Takoke Obln J0paboOTaH — MOABMIIMCH
anroputMel OpportuneProject u AFOPT.

Moaxoaw K HHTErpANHH HHTELIEKTYANBHOrO AHANK3A AaHubIX B PCYB/I

CTaHOBNEHHE HHTEMIEKTYANIBHONO AHANM3A JAHHBIX, KAK OTAENbHON AHCLMIUIHHBL, AA0 HA4ANO
Hay4HbIM H3bICKAHHAM B OONACTH BHEIPEHHUA HMHTENNEKTyalNbHOro aHanusa ZaHHbX B PCYBJ, HO Ha
CeroJHALIHMIT NeHb JaHHOE HampaBlieHUe He nepectaer ObiTh akTyanbHbiM. B HayuHbx Tpyzax (7, 8]
BBIAENAIOT MOHATHE «CBA3BIBaHHEY. JIaHHBIA TEPMHH MOIPA3YMEBAET MOA COOOH HHTErpPaLHIo Mexay
MHTEUTEKTYANbHBIM AHAH30M AAHHBIX M CHCTéMOIt ynpaBneHus Oazamu  aaHubix [ToHaTHA
«CBA3bIBaHUE» MPHHATO AENAUTh Ha cnaboe, cpedHee U CUNbHOE CBA3bIBaHHUE.

Cnaboe cBasbiBaHHe NpencTaBiseT codoil pacrpeleNeHHYIO CHCTEMY, B KOTOpOi MOACHCTeMa
MHTEIEKTY ATBHONO AHANU3A AAHHBIX CYLIECTBYET ABTOHOMHO H He 3aBUCHT OT CYBJ. Ananusupyowas
cucTema noablyerca cpeacreamu CYBJL ana Beirpy3ku JaHHBIX M3 0a3bl JaHHBIX H OOPATHOM 3arpys3ku
pe3ynbTaToB aHanusza B a3y NaHHbIX. JaHHbI MOAXOA MCMONB3YIOT TaKHe Open-source CHCTEMBbI
aHanu3a JaHHbIX kak RapidMiner, Pentaho u 1.4.

[MpuHuMn CpeaHero CBA3BIBAHUA OCHOBBIBACTCA HA TOM, HTO CHCTEMA HHTEMIEKTYANbHOrO
AHANM33 JAHHBIX MMEET BO3MOXHOCTE BBIMOMHATH MPHMHTHBHBIE OMEPaLHH, KOTOpbIE HacTo
UCTIONB3YIOTCA Ha CTaauM MpejaHaiu3a OaHHbIX, ¢ nomolubto cpeacts CYBM. Takumu onepauuamu
MOXHO CHMTaThb OMepaLui HHIeKCalUWH, COSOUHEHHs OTHOLUEHHIl, 2 TakXke HCMOMHEHHe arperaTHbIX
dyHkumit. OoHakG NpU JAHHOM MOAXOAE BCE €l MOAPA3YMEBAETCA OTACNEHHE AHANM3HpYHOLUert
CHCTEMBI OT CHCTEMBI YnpaBneHusa 6azamu JaHHbX. 30ech CYDBJl ucnonb3yercs B KaHeCTBE XPaHUIHLLA
3apaHee BbIMHCAECHHBIX MPOMEXYTOUHBIX PE3YNbTaTOB HHTEMNEKTYaNbHOrO aHanMsa, UCMOMb3yeMblX
Haubonee yacTo.

Haes TOro, 4To CHCTEMa MHTENNEKTYANBHONO AHANMM3A OAHHBIX 3aKNMAJBIBAETCA B APXUTEKTYPY
CYB/l u pacCMAaTPHBAETCA KAK €€ BHYTPEHHHEl CEPBUC, OCHOBBIBAET MPUHLIHM CHJIBHONO CBA3bIBaHHA. OH
3aKJII042ETCA B HCMONb3OBAHHU CPEACTR, 00eCNeYHBAIOLUMX BBIMOXHEHUE 3aMPOCOB HA aHANMK3 JaHHBIX Ha
caMoM cepeepe 0a3bl JaHHbIX. ONTUMHU3ALMA U BbIMONHEHHE QYHKUMI aHANU3a JaHHBIX OCHOBBIBAETCS
Ha BcTpoeHHbrx B CYBJl cepeucax u merozax obpadorku sanpocos. Hcnonb3oBaHHe METOMMKH
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CHNBHOTO CBA3bIBaHHA CMOCOOCTBYET MOBBIWEHHID CKOPOCTH paspaboTKH M MPOU3BOAMTENbHOCTH
IKCTUTYATALHH BCeit HHPOPMALMOHHOM CHCTEMBI, OAHAKO B TO XK€ BPeMs ABMACTCA TAKENO PEANHUIYEMBIM.

[MpHHUKMN CHNBHOIO CBA3BIBAHHA CHCTEMBI HHTENEKTYANbHOrO aHanu3a JauHbx U CYB]] mower
ObITh peanu30BaH ¢ MOMOLUBIO ABYX MOAXOJOB: HHTEMNEKTYaNbHbI aHaNU3a JaHHBIX, kak cepBuc CYB]I,
U HWHTeMNEeKTYaNbHBIii aHanM3a MNaHHBIX, kak (YHKUMS, HanucaHHas Ha sa3bike SQL unam ero
paciuupeHuax. B ¢Bow ouepeap kaxaplii MOAXOA AENAT HA PasfiHuHbIE CMOCOOBI peaNu3aLHH, KOTOpbIe
CXEMATHYHO MPEACTABNEHBI HA PHUCYHKE 2.

BHegpenHas B CVYBJ] noacuctemMa npeacrapiaser codoi MeXaHH3M, MNOXAepKMBAROLLIL
CTOPOHHMIT A3bIK aHaNM3a JaHHBIX WM pacwupawuit a3pik SQL nobabneHueM HeOOXOAMMBIX AN
aHanmu3a QyHKLUKI, ONEPATOPOB U T.AO.
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Puc. 2. Tloaxonst K pea3aLMu «CHIBHODO CBA3BIBAHHA»

Fig. 2. Approaches to the implementation of "tight coupling" approach

Menuatop peanusyerci B BHIe MOCPEIHMKAa MEXAY apXHUTeKTOpoM a3 AaHHBIX U CHCTEMOit
ynpaBieHus dazamu JaHHbIX. DYHKUHEH MEAHATOPA ABNAETCA MPEJOCTABNEHHE HEKOTOPOro uHTepdeiica
MM A3bIKA 3AMPOCOB ANA MPOrPaMMHCTA, TO €CTh ODECMEUHBAST MpPeodpa3oBaHHE 3aMpOCOB
UHTENNEKTY2bHOTO aHaNK32a JaHHbIX B 3anpochl Ha SQL.

BuGnuoteka XpaHuMbIX mpouenyp paspabaTbiBaeTcs MPOrpaMMHCTOM U MpeacTaBiseT codoit
HAa0Op XPaHHMBIX MPOLEAYP, XPAHAWINXCA B BUAE MOAMPOrpPamMM H KOMMHUIHPYHOLUHXCA OJHOKPATHO.
[Tocne koMOUMALMA MpoUEAypa MOCTOAHHO XPAHMTCA Ha cepeepe Oasel AaHHbX. [IpH nogknrOueHUH
OudAuOTEKH XpaHUMBIX MpoUEdyp K MPHICKEHHIO 6a3bl JaHHBIX MPOLECC HHTEMNEKTYaNbHOrO aHaNnK3a
BbINONHAETCA BHYTpH sopa CYB,.

Pa3padoTka nmonb30BaTeNbCKUX (PyHKLHI MPEANONaraeT HaMUCaHUE MOAMPOrpaMmbl-QyHKLHH,
KoTopas 3aTem xpaHutea Ha cepeepe CYB/L. [Toab3oarenbckan PyHKLHS BBI3BIBAETCA HA HCMONHEHHE C
MOMOILBIO BCTaBKH BbipaxkeHHsa B onepatop SQL. Pesynbtat paccuuThiBaeTCs B MpoLIECCe BHIMOMHEHHS
KOHKpPETHOrO 3ampoca M MOXeT ObiTb MpPeICTaBAeH B BHMAE CKAMAPHOro, NMOO0 TadNu4HOro THNA.
[MonesoBatensckas QyHKUHA OOBIMHO peanusoBbiBaeTcs Ha SQL unu ero pacuiupeHuu, OJHAKO B
donbuiMHCTBE coBpeMeHHbIX CYB/ BO3MOXKHA Peani3aLHa HA A3BIKAX BBICOKOrO YPOBHA.

MeToabl HHTEANEKTYANbBHOr0 AHANHK3A AaHHbIX B PCYB/L

IMepeiiaem k 0630py H3BECTHBIX CHCTEM H DMOMHOTEK ANA UHTE/UISKTYANBHOIO aHAMU3A OAHHBIX,
KoTOpble ObUTH paspadoTanbl ana penauuoHHbX CYBJl, a Takke BAPHAHTOB pacLIMpeHMit A3bIKa
3anpocos SQL.

3aHuMaLWas OJHO H3 NHUIHPYIOLIHX MECT CpeaH MHCTPYMEHTOR AN paboThl ¢ GasaMM JaHHBIX
CYBJ Microsoft SQL Server (puc. 1) noamepxusaer c¢raHgapt OLE DB for Data Mining u
CMeLMANU3HPOBaHHbIH A3bIK 3anpocoB Data Mining Extensions (DMX). Aseik DMX 6asupyerca Ha
s3bike SQL, oaHako noamep>kHBaeT TONbKO YacTh BO3MOXHOCTel ctaHaapta SQL:2009. OcoleHHOCThIO
aspika DMX saBnsierca npeacrasneHue ero onepaHiob. MMu sBAsiOTCA HE TPaAHLMOHHBIE PeNSLHOHHbIE
TaOMHLBL (OTHOLISHHA), & COUETAHHA JAHHBIX, MAPAMETPOB, ANTOPHTMOB, MPHMEHAIOLIUXCA A1 AHAMH3A,
1 PuUIBTPOB, 3a8aK0LIKX X0 00padoTky AaHHbIX. Ha pucyHke 3 npeacraBneH npumep 3ampoca Ha A3bike
DMX, a nMeHHO 3anpoc KAacTepU3aluy JAaHHBIX MO 3aXaHHBIM SHAYEHUAM.
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SELECT PredHist(Cluster())
FROM [TM Clustreing)
NATURAL PREDICTION JOIN
(SELECT 1998 AS [Birth_Year],
*Kingisepp” AS [City],
1 AS [Childrens]) AS ¢

Puc. 3. MMpunep kracTepusaumu JaHHBIX HA a3bike DMX
Fig. 3. Example of data clustering using the DMX language

[Moxoxas peanusauua npucytcteyer B CYBI Oracle, paspadoTaHHoil OAHOMMEHHO# koMMaHHeit,
B Buge wmoayns Oracle Data Mining [10]. [Mpu nocrpoeHuu 3anpoca kK ©Oaze OAHHBIX HA
MHTENNEKTYANbHbIR  aHANH3 JaHHbX ucnonbsyercs PL/SQL APl peanusosaHHelit  nakerom
DMBS DATA MINING. [Ipumep 3anpoca knaccudukauuu AaHHbIX Ha s3blke Oracle Data Mining
MpeacTaBneH Ha pucyHke 4. B nepsyto ouepenb NpoucXoauT cosfanue mogenu “covid_risk”, mocne uero
MPOUCXOIUT BHIDOPKA MO MONYHeHHOMY B Moenu npeackasanurd (PREDICTION).

DBMS DATA MINING.CREATE MODEL (
model name =>covid risk model’,

function => DBMS_DATA_MINING.classification,
data_table_name =>’covid_country_data’,
case_id_column_name =>country id’,
target_column_name =>covid risk’,

settings_table_name => "¢redit_risk_model_settings’);

SELECT country_name
FROM covid_country_data
WHERE PREDICTION (covid_risk_model USING *) ='LOW’

Puc. 4. Tpumep knaccupukaUMy JaHHBIX Ha 23bike Oracle Data Mining
Fig. 4. Example of data classification using the Oracle Data Mining language

CaMbiM 3aMETHBIM CPEeOCTBOM HMHTE/UIEKTYAIbHOIG aHANH3a JaHHBIX B penaumonHbix CYBJL
PostgresSQL u paspaborannoii Ha ee ocHore Greenplum aensercs open-source Subnuoreka MADIib.
Iupokuit Habop MEXaHH3MOB, MPeIOCTaBAAEMbIi JAHHOM NOACHCTEMOM, JaeT BOIMOXKHOCTb MPOBOAUTH
KNacTepu3aLUui0 U KNacCH(UKAUMIO JaHHBIX, OCYILECTBATh PErPECCHOHHBIA aHAMHM3 M MONb30BATHCA
APYruMH  METOJAMH AN  aHANM3a CBONHCTB  AaHHBIX. (COGEHHOCTBIO OHONHOTEKH ABMAETCH
ANANTHPOBAHHOCTE 3THX AMTOPHUTMOB K PENALHOHHON COCTABAAIOMWIEH CHCTEMBI 0€3 YHACTHA CTOPOHHHX
aHANUTHYECKHX NpunoxeHuil. OdpauleHne k 6asze DaHHBIX MPOMCXOAMT 3a CHET HCMONHEHUS 3apaHee
HaMUCaHHBIX Ha A3blke NporpammupoBaHus Python nonb3loparenbckux dyHKLUH, KOTOpbIE BBICTY MAKOT B
PO  KOHHEKTOpA H GQOPMHPYIOT KOPPEeKTHYK CTpykTypy Tabnuu. Ilpumep BBI30BA ¢YHKUMH
oudnauoreku MADIib, kKnaccupHUHPYIOLLYIO JAHHbBIE, MPEICTABNEH HA PUCYHKE 5.

SELECT madlib.create nb_probs view (

‘example_feature_probs', -« TAOMMLA BBIXOJHBIX BEPOATHOCTERH
‘example_priors', -« TAOMMLIA BBIXOJHBIX KMNACCOR
‘class_example topredict’, -- Tabnuua ¢ JaHHBIMU ANg KnacCUuUKALUK
id', -- UMs1 KJIFOUEBOro cTondua

attributes’, =« ums cTondua aTpudyToB

3, =+ KOJIHHECTBO ATPHOYTOB

‘example classified' -- Ha3BaHHE HOBOTO MpeAcCTaBAeHUs (View)

);

Puc. 3. [Ipumep knaccuUKIALMH JAHHBIX ¢ NoMoLULbO dudnuoteku MADIb
Fig. 3. Example of data classification using the MADIib library
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OaHuM K3 BapHaHTOB pacliupeHHs sasbika SQL ans knacTepusaUMM JaHHBIX ABASETCA
ucnonesoeaHue onepatopa CLUSTER BY, kotopsiit 6bin npeanoxen B ¢ctatbe [11]. Pabora onepatopa
3AKMIOHAETC B [PYMMHPOBKE pPE3YJABTHPYIOLUIMX CTPOK ¢ MOMOLIBK) BCTPOEHHONO ANroOpHUTMA
knactepusauuu. JaHHbI MeXaHH3M TPYMMNUPOBKH OTAHYAETCA OT TPAAHLMOHHOrO, MpeaycMOTPEHHOro
ctanpaptoM SQL, onepatopa GROUP BY, koTopblit BLINONHSAET MPYNMHPOBKY MO TOUHOMY COBMaSEHHIO
3HAYEHHI B CTPOKAX Pe3yNbTHPYIOLIEH BLIOOPKH. OMHOI U3 CHCTEM, B KOTOPOIl HCMOMB3YETCA ONePaTop
CLUSTER BY, senserca PosgGIS - pacuupenune CYBI PostgreSQL ans pabotel ¢ re0IaHHBIMM.
[Ipumep HCMONB30BAHHA OMepaTopa MpHBEIEH Ha pUCYHKe 6. CYIeCTBYIOT aHANOMM ANS PasnUYHBIX
CYBJ, peanusyloliye airopuT™ knacTepusaliu ¢ NOMOLbIO paciuperus asbika SQL. K HUM MoXHO
otHecTr SIMILAR GROUP BY ansa PostgreSQL, DISTRIBUTE BY ana SPARK u ap.

SELECT country_name
FROM counties

WHERE mainland = ‘Europe’

CLUSTER BY population

Puc. 6. TTpunep KI1acTEpU3aLMU JaHHBIX ¢ nomowbio onepatopa CLUSTER BY
Fig 6. Example of clustening data using the CLUSTER BY statement

[Tomumo nOpHBEeNEHHBIX paHee CMoco0OB HHTENNEKTYaNbHONO aHaNM3a OaHHBIX CYLUECTBYET
HCCMENOBATENILCKOE HAMpPABNGHHE peanus3allu anroputmMor aHanusza fgaHHeix B PCYBM. JdaHHble
peaNu3aLrH NO3BONAT 03 NOMOMHMUTENbHBIX MAHHMYMAUMI HAL KOZOM MEPEHOCHTDH ANTOPUTMBL MEXIY
paznuunbiMi CYBI. B Tabnuue 1 npuseaeHsl Haubonee 3ameTHble B HayuHbX Tpyaax SQL-peanusauuu
3aJauH MOUCKa LAONOHOB.

Tadnuua |
SQL-peanusauuu 3a3a4 NOUCKa WadbnoHOB
Table 1
SOL implementations of pattern mining tasks
Hcnoabiyembiii aaropntm | SQL-peaauszauus
Apriori K-Way-Join
Three-Way-Join
Subquery
Two-Group-Bys
Set-oriented Aprion

RDB-MINER
Universal quantification Quiver
FP-Growth Propad

FP-TDG

[Tomumo nmpedcTaBNeHHBbIX paHee 3ajad, ¢ nomolbio SQL Takke nmpeanaraercs pellath 3agadu
knaccudpmkauun [12). Knaccupukauua takke, kak U KIacTepU3aLMs, ABNSETCA 3ajadeit pasmeneHus
KOHEHHOIO 4HCTa OOBEKTOB HA rpymmbl (KNACChl), OMHAKO B OTIIMYHMH OT 333a4H KNACTEPHU3ALUH HMEET
3apaHee OMpPeNeNeHHYI0 CTPYKTYPY M CeMAHTHKY KnaccoB. OQIHHUM H3 OCHOBHBIX MOOXOJOB K
knaccupkaLUH ABNAETCA MOCTpOeHUe OepeBa pelneHuil. HecMOTps Ha TO, UTO JaHHbIE, MOCTPOSHHbIE
Ha rpadax, UMEKT He PEeNALUHOHHYIO MpPHPOdY, HCMONB3OBAHUE HHTENNEKTYaNbHOrO aHamH3a TakHX
daHHbx B PCYB/ sipnserca aktyansHbiM HanpaeneHuem. Tak, Hanpumep, B padore [13] Spin npennoxex
ANrOPUTM aHANM3a CTPYKTYp AepeBbeB ¢ nmomopid SQL, a B cratee [14] apTopl onucanu anropuT™
noucka MOoAHOTo noArpada, KOTOpblit OCHOBBIBAETCA Ha NpuMeHeHuH cpeacte PCYBL
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SAKTIOYEHHE

Ha ceroausiHuit aeHb HabMOAACTCA TEHACHUMA YCKOPEHHOrO pocTa ob6bemMa JaHHBIX.
HectpykTypHpoBatHble OaHHbIE MEHEPHPYIOTCA PasAMYHBIMH CepBHCAMH M MPHUNOXKEHUSAMH, KOTOpble
ABAIOTCA 4acTbiO XH3HH OonblunHCTBa Moneit. Bee donblle kOMNaHuit yaenstoT BHUMaHUE HE TONBKO
MPUBIEUSHHIO KIHEHTOB, HO H cOOpYy AaHHBIX O HHX, a Ans uUx 00paborTku Oe3 yuacTHs 4enoBeka
MCMONB3YIOT CPEACTBA HHTEIEKTYANIBHOMO aHanmu3a JaHHbix. Pensuuondele CYBJ no oueHkam
CMeUHANHCTOB M MHEHHIO COOOLIECTBa 3aHUMAKT MHAMPYIOLYIO MO3ULUHI0 CPeAM HHCTPYMEHTOB
ynpasneHus JaHHbiMU. [lepcnektusho#t Tpaektopueit passutus PCYBJ senserca BHeApeHHe B HUX
CPeACTB MHTEUIEKTYANBHONO aHANH3A JaHHbIX. MHTErpauus noBbICHT CKOpOCTh 0OpadOTKH OaHHBIX, 34
CHET MHUHHUMH3ALMH PECYPCHBIX PACXOJOB MO BBIMPY3KE AHAMM3HPYEMBIX BHIOOPOK M3 Oa3bl MAHHBIX H
3arpyske pesynbTaToB aHanusza odpatHo. [IoMHMO 3TOro, MpOrpamMMHCT CMOXKET BOCMONB3OBATHCA
sHyTpeHHUMH ceparcamu CYB], 3an10keHHBIMH B €€ apXUTEKTYpY.

B cratbe ObIIH PAcCMOTPEHBI CYLUECTBYIOLIME ANMOPHTMbI PEILCHHA 3a0a4H KNACTEPH3aLUMHK H
3ajavH MOMCKa WadnoHoB. OnpeneneHbl OCHOBHBIE MOAXOAbI K HHTErPALIMH HHTENEKTYANBHOMO AHAMH3A
JaHHBIX: MOAX0J cAadoro, cpemHerc M CHUNbHOrO cBa3biBaHMA. HauGonbluiee BHHUMaHHE YyaeneHO
nocaenHeMy noaxony, Gonee ynoGHOMY ¢ TOUKH 3peHHs MPUKNATHOrO MPOrpaMMUCTa, HO Tpedyolemy
s uHTerpauru donsiunx ycunuit. [IpnpeaeHs! npuMepsl TakOH UHTErPaLIHM, PEATU30BAHHON HA OCHOBE
OHONMMOTEK XpaHUMBIX Mpoueayp H noab3oBatenbckux ¢yHkuuit. Takke B pabore npeacrapneHbl
HekoTOpble MpHMepb! paciuuperHs ssbika SQL ¢ nomolupto nodapneHus cneuHanbHbIX OMNEpaTopoB, a
Takoke ONHCcaHbl H3BecTHble SQL-peanusauuy anropUTMOB aHaMH3a JaHHBIX.
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