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Moays 1

33I[a‘ll/l U MCETO/AbI HHTCJUVICKTYAJIbHOT0 aHA/JINU3a JaHHbIX

Jlekuus 1. BBenenune B Data Mining

OcHoBHBIE onpeae/IeHus

Tepmunr Data Mining mosydnsi CBO€ Ha3BaHUE M3 JBYX TOHSITHI: MOMCKA
1eHHOM mHpopMau B Oombioi 0a3e maHHbIX (data) m J0OBIYM TOPHOU PYIIBI
(mining). O0a mporecca TpeOYIOT WU MPOCEHUBAHUS OTPOMHOTO KOJIMYECTBA ChI-
poro matepuana, Wik pa3yMHOTO UCCIIEI0BaHUS U MOMCKA UCKOMBIX [IEHHOCTEH.

Tepmun Data Mining yacto nepeBoAUTCS Kak 100blYa JaHHBIX, W3BJIEYE-
HUe WH(OpMAIUHU, PACKOTKA JAaHHBIX, HHTEIUICKTYAIbHbBIN aHAIW3 JaHHBIX, CPEIl-
CTBa MOMCKA 3aKOHOMEPHOCTEH, U3BJICUEHNE 3HAHMM, aHAJIU3 1abJIOHOB, "U3BJIE-
YCHHUE 3€PCH 3HaHMI W3 TOP JIaHHBIX'", pacKoIlka 3HaHWK B 0a3ax JaHHBIX, HHPOP-
MallMOHHAs TIPOXOJKa JaHHBIX, "TIpoMbiBaHue" HaHHBIX. [loHsATHE "0OHaApYy)KEHUE
3HaHu# B 0a3ax naHHbIX" (Knowledge Discovery in Databases, KDD) MoxHO cuu-
tath cuHOHMMOM Data Minin. TTonstue Data Mining, nosiBuBmieecs B 1978 rony,
MPUOOPENIO BHICOKYIO MOMYJISPHOCTH B COBPEMEHHOM TPAKTOBKE MPUMEPHO C TIep-
BOM 1oJ0BUHBI 1990-X romoB..

Data Mining - 3TO mporiecc MOAEPKKN MPUHATHS PEIICHUN, OCHOBAHHBIN
Ha TIOVICKE B JJAHHBIX CKPBITHIX 3aKOHOMEPHOCTEH (11abI0HOB MH(POPMAIIHH).

Data Mining - 3TO mpouecc 0OHApy>KEHUsI B ChIPBIX JAHHBIX paHEE HEU3-
BECTHBIX, HETPUBHAIBHBIX, TPAKTUYECKH TIOJIC3HBIX U JIOCTYIHBIX HHTEPIPETAINH
3HAHWK, HEOOXOIUMBIX IS MPUHATHS PEUICHUN B Pa3IMUHBIX cepax yermoBede-
CKOM NeATEILHOCTH.

CyTb u nenb TexHonoruu Data Mining MOKHO OXapaKTepH30BaTh TaK: 3TO
TEXHOJIOTHSI, KOTOpasi MpeJHa3HaueHa g MOUCKAa B OOJBIINX OObeMax JaHHBIX
HEOUYEBHJIHBIX, 0ObEKTUBHBIX U MOJIE3HBIX HA MPAKTUKE 3aKOHOMEPHOCTEH.

HeoueBuaHbBIX - 3TO 3HAYHT, YTO HAMJICHHBIE 3aKOHOMEPHOCTU HE OOHApY-
KUBAIOTCSI CTaHJIAPTHBIMU METOJaMH 00pabOTKH MH(POPMAIMK WU SKCIEPTHBIM
MyTEeM.

OOBEKTUBHBIX - 3TO 3HAYUT, YTO OOHAPYKEHHbIE 3aKOHOMEPHOCTH OyAyT
MOJTHOCTHIO COOTBETCTBOBATH JICUCTBUTEIILHOCTH, B OTIIMYHE OT IKCIIEPTHOTO MHE-
HUSI, KOTOPOE BCET/IA SIBISIETCS CyOBEKTUBHBIM.

[IpakTUyecKkHn MOJE3HBIX - 3TO 3HAYUT, YTO BHIBOJBI UMEIOT KOHKPETHOE
3HaYeHHEe, KOTOPOMY MOYKHO HAWTH MPAaKTHYECKOE MPUMEHEHHE.

3HaHUS - COBOKYIHOCTh CBEJICHMM, KOTOpas 0Opa3yeT IeJIOCTHOE Omuca-
HUE, COOTBETCTBYIOIIEE HEKOTOPOMY YPOBHIO OCBEJOMJIEHHOCTH 00 OMUCHIBAEMOM
BOIIpOCE, IpeIMeTe, MpodIemMe H T.1.

Data Mining - 3To mpolecc BbIICTICHUS U3 TaHHBIX HEIBHOU U HECTPYKTY -
pUPOBAHHOW MH(OpPMAIUU U TIPEJICTABIICHUS €€ B BUJIE, TPUTOJHOM JJIsl HCTIOB30-
BaHMUS.

Data Mining - 3T0 mponiecc BBIJCICHUSI, UCCIAEAOBAHUSI U MOJICITUPOBAHUS
00abImMX 00BEMOB JTAHHBIX JIJISI OOHAPYKEHUS HEU3BECTHBIX JI0 OTOTO CTPYKTYP
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(patterns) ¢ 1enBIO JOCTHKEHHUS MPEUMYIIECTB B Ou3Hece (ompeneneHue SAS
Institute).

Data Mining - 3T0 mpotiecc, 1eb KOTOPOTo - OOHApyKUTh HOBBIE 3HAUM-
MBbI€ KOPpEJSINU, 00pa3ibl U TEHACHIIMU B Pe3yJbTaTe MPOCEMBaHUs OONBIIOTO
o0BbeMa XpaHUMBIX JJAHHBIX C HCIIOJIH30BAHHEM METOAMK pacro3HaBaHUs 00pa3IoB
IUTFOC TIPUMEHEHUE CTAaTHUCTUYECKUX M MAaTeMaTHYECKHMX METOJIOB (OmpeaesieHue
Gartner Group).

B ocHoBy Texnomormm Data Mining monoxeHa KOHIEHIHS IabJOHOB
(patterns), KOTOpbI€ TPEACTABIAIOT COOOM 3aKOHOMEPHOCTH, CBOMCTBEHHBIE MO/I-
BBIOOPKAM JJaHHBIX, KOM MOTYT OBITh BBIPAKEHBI B (hOpMeE, MOHSATHOMN YETOBEKY.

Orpannuenus npucymue Data Mining

1. TexHonoruss HE MOXET JaTh OTBETHI Ha T€ BOIPOCHI, KOTOPHIE HE
ObLTH 3aaHbl. OHA HE MOYKET 3aMEHUThH aHAJUTUKA, a BCETO JIMIIbL JAET MYy MOIII -
HBI HHCTPYMEHT JIJIsI OOJIETYCHHSI M YITYUIIICHUS €T0 PaOOTHI.

2. CHoXHOCTH pa3pabOTKH M dKCIUTyaTaluu npuioxenus Data Mining.
[TockonpKy MaHHAs TEXHOJOTHS SBISETCS MYJIbTUIUCIUIUIMHAPHONW 00JACThIO,
JUsl pa3paboOTKU MpUIIOKEHUs, BKitovatomero Data Mining, HeoOxoaumMo 3ajei-
CTBOBATh CIICIUAIMCTOB U3 Pa3HBIX 00IacTel, a TakKe 00eCeYNTh UX KaueCTBEH-
HOE€ B3aUMOJICHCTBHUE.

3.  Ksamudukamums mons3oBarens. Pasznuunele wHCTpymeHTHl Data
Mining UMEIOT pa3IMYHYI0 CTENeHb "IpyxkenoOoHocTH" uHTEepdeiica U TpeOyroT
OTpeeNIeHHON KBanuduKanuu mnoyib3oBatens. [loatomy mporpammuoe obecrieye-
HUE JIOJDKHO COOTBETCTBOBATH YPOBHIO MOATOTOBKH MOJIH30BATEIS.

4.  HM3BrmeueHue MOJIE3HBIX CBEJICHHI HEBO3MOXXHO 0€3 XOpOIIETo MOHH-
MaHUs CyTH JaHHBIX. Heo0XoauM TIHIaTeNnbHbIN BEIOOP MOJEIN M MHTEPIPETAIIS
3aBUCUMOCTEH WM 11abJI0HOB, KOTOphIe 0OHapykeHbl. [loaToMy paboTta ¢ Takumu
cpeacTBaMH TpeOyeT TeCHOTO COTPYIHHYECTBA MEXAY JKCIIEPTOM B MPEAMETHOM
00J1aCTH M CHEeUAINCTOM IO HHCTpyMeHTaM Data Mining.

5. Cl0)XHOCTh TOJATOTOBKM JAaHHBIX. YCHEIIHBIN aHanmu3 TpeOyeT Kade-
CTBEHHOM Mpeno0pabOTKu JaHHBIX.

6. BonbIION MPONIEHT JOXKHBIX, HEAOCTOBEPHBIX WM OECCMBICICHHBIX
pe3yJIbTaTOB.

7.  BbICOKasi CTOMMOCTb.

8.  Hannume 10cTaTOYHOrO KOJUYECTBA PENPE3CHTATUBHBIX JAHHBIX.

Jdannbie

JlanHbie — 3TO HEOOPaOOTAHHBIA MaTEPHAII, IPEIOCTABISAEMBIN MOCTABIIH -
KaMU JJAaHHBIX U UCIIOJIb3YEMBbI MOTpeOuTeNsIMu g (pOopMHUpOBaHUS HHPOPMAIIH
Ha OCHOBE JIaHHBIX.

Kak nmpaBuio, jaHHbIe COCTOST U3 00bEKTOB. OOBEKT ONMMCHIBAECTCS KaK Ha-
60p atpuOyTOB. ATpUOYT - CBOMCTBO, XapaKTepU3yloiee 0ObEKT.

[lepemennas (variable) - cBOWCTBO MM XapaKTEPUCTUKA, 0OIIast JUIsl BCEX
U3y4aeMbIX OOBEKTOB, MPOSIBICHHE KOTOPOU MOXKET HU3MEHATHCA OT O0OBEKTa K
o0bekTy. 3HaueHue (value) nepeMeHHOM! ABIIAETCS MPOSBICHUEM MTPU3HAKA.



[Ipu aHanM3e NaHHBIX, KAK MIPABUJIO, HET BO3MOYKHOCTH PacCMOTPETH BCIO
MHTEPECYIOIIYI0O HAC COBOKYMHOCTh OOBEKTOB. BIoyiHe 10CTaTOUYHO paccMOTpPETh
HEKOTOPYIO YacTh BCEH COBOKYITHOCTH, TO €CTh BHIOOPKY, U MOJYYUTh HHTEPECYIO-
IIY10 Hac MH(POPMALIMIO HA €€ OCHOBaHUH. OJIHAKO pa3Mep BBIOOPKH JTOJKEH 3aBU -
CETh OT pa3HO00Opa3usi 0OHEKTOB, MPE/ICTABICHHBIX B FT€HEPATbHON COBOKYITHOCTH.

I'enepanbHas coBOKYnmHOCTh (population) - BCS COBOKYIMHOCTh M3y4aeMbIX
00BEKTOB, MHTEPECYIOIIAs KCCIIEIOBATES.

Boi6opka (sample) - yacTh reHepaibHOM COBOKYIHOCTH, ONpPEIEICHHBIM
Croco0OM OTOOpaHHAsI C LENbI0 UCCIEAOBAHUS W IMOJYYEHUS BBIBOJOB O CBOM-
CTBAX U XapaKTEPUCTUKAX T€HEPAIbHON COBOKYITHOCTH.

[TapameTpsbl - UUCIIOBBIE XapaKTEPUCTUKU F€HEPATbHON COBOKYITHOCTH.

CTaTUCTUKH - YUCIIOBBIE XapaKTEPUCTUKHU BHIOOPKH.

Yacto mccnenoBaHMs OCHOBBIBAIOTCS Ha runore3ax. ['Mmoressl mpoBepsi-
I0TCSl C IOMOUIBIO JaHHBIX. ['MnoTe3a - npeanoyioKeHUe OTHOCUTEIBHO MMapaMeT-
POB COBOKYMTHOCTH OOBEKTOB, KOTOPOE JJOJHKHO OBITh MPOBEPEHO HA €€ YaCTH.

['unore3a - 4acCTUYHO OOOCHOBAaHHAs 3aKOHOMEPHOCTh 3HAHWM, CIIyKallas
100 JUIS CBSI3M MEXK]Ty Pa3IMUHBIMU AMIIUPUYECKUMU (dakTaMu, JTUOO0 JJIsi 00BsC-
HEHUs (paKTa WK rpymIbl PaKkToB.

N3mepenne - mporecc MPUCBOCHHS YHMCENl XapaKTEPUCTHKAM HM3y4aeMbIX
00BEKTOB COIJIACHO OMNPEEICHHOMY ITPABUITY.

B nporecce moaroToBKku AaHHBIX U3MEPSETCS HE caM OOBEKT, a €ro Xapak-
TEPUCTHKHU.

[Ikana - mpaBmiIO, B COOTBETCTBUM C KOTOPHIM OOBEKTaM MPUCBANBAIOTCS
qHClIa.

CyliecTByeT MATh TUIOB IIKAJI W3MEPEHUN: HOMHUHAIbHAS, MOPSIKOBas,
WHTEpBaAJIbHASI, OTHOCUTEbHASA U TUXOTOMUYECKASL.

1 Homunanshas mikana (nominal scale) - mikama, comepskariasi TOJIbKO Ka-
TErOpUM; JAaHHbIE B HEH HE MOTYT YNOPSAOYMBATHCA, C HUMU HE MOTYT OBITh
MIPOU3BEJEHBl HUKaKUe apupmeTndyeckue aerctBud. [IpuMep Takol MIKajibl: Ipo-
dbeccun, ropol MPOKUBAHUS, CEMEHOE MmojoxkeHue. s 3To 1mIKajibl IpUMEHHU-
MBI TOJIBKO TaKH€ OIEpalnu: paBHO (=), HE paBHO ().

2 TlopsakoBas mkana (ordinal scale) - mikaia, B KOTOpO# uMcia NpUCBau -
BalOT 00BEKTaM JjIsi 0003HAYEHHUsI OTHOCUTENIbHON MO3UIIMKA OOBEKTOB, HO HE BE-
JUYUHBI paznuuuil Mexay HuMu. [llkana nsmepeHuii 1aet BO3MOKHOCTh PaHKUPO-
BaTh 3HaUE€HUsS nepemMeHHbIX. [IpuMep Takoi mkanel: Mecto (1, 2, 3-€), koTopoe
KOMaH/Ia MOJIy4WJIa Ha COPEBHOBAHUSAX, HOMEP CTYyACHTA B PEUTHHIE yCIEBAEMO-
ctu (1-i1, 23-i1, u T.0). s 3TON 1MIKaabl NPUMEHUMBI TOJIBKO TaKHE OIEpallH:
paBHO (=), He paBHO (), 60mbI1Ie (>), MeHBbIIIE (<).

3 NnrepBanpHas mikana (interval scale) - mikana, pa3HOCTH MEXKIy 3HAYe-
HUSMH KOTOPOM MOTYT OBITh BBIYHUCIIEHBI, OJJHAKO UX OTHOIIEHUS HE UMEIOT CMBbIC-
na. [IpuMep Takoi mKajbl: TEMIIEpaTypa BOAbl B MOpE yTpoM - 19 rpagycos, Beue-
poM - 24, T.e. BEUEpHsA Ha S5 TpaAycoB BhIle. J[JIst 3TOM MIKaIbl IPUMEHUMBI TOJIb-
KO Takuhe Oomepaluu: paBHO (=), He paBHO (), OombiIe (>), MeHblIe (<), ONepaluu
cinoxeHus (+) ¥ BeluuTaHus (-).



4 OtHOocuTenbHAas mKana (ratio scale) - mkana, B KOTOPO €CTh ONPeIeIIeH-
Has TOYKa OTCYETA U BO3MOXKHBI OTHOILIEHHS MEXJy 3HAUECHUAMM IKaibl. [Ipumep
TaKOW LIKaJIbl: BEC HOBOPOXKJIEHHOTO peOeHka (4 xr u 3 kr). Ilepssiii B 1,33 pasa
TspKenee. JlJig 3TOW WIKaibl MPUMEHUMBI TOJIBKO TaKHE ONEpalru: paBHO (=), HE
paBHO (), Oousbiie (>), MeHblIe (<), onepanuu cioxeHus (+) U BblYUTaHUA (-),
yMHOXeHus (*) u nenenus (/).
5 Huxotomuueckass mkaina (dichotomous scale) - mikana, coaepxarias
TOJIBKO JiBe KaTeropuu. [Ipumep Takoi miKaibl: Mo (My»KCKOH U JKEHCKU).

Tunbl HAOOPOB JTAHHBIX
1. JlaHHBIE, COCTOSIINE U3 3aIKCEH
* TabnuuHble TaHHBIC - JAHHBIE, COCTOALINE U3 3aMUCEH, KaXKaas U3 KO-
TOPBIX COCTOUT U3 (PUKCUPOBAHHOIO Habopa aTprOyTOB.
» TpanzakiuoHHbIE AaHHBIC MPEACTABISIOT COOOM OCOOBIM THMN JlaH-
HBIX, TJI€ KaKJas 3alucCh, SBJSIONMIAACS TPaH3aKIMEH, BKIIOYAEeT Ha-
00p 3HAYCHUI.
2. TI'paduueckue nanHbie
* I'padmr
* Kaprthsl
* [ uneprekcroBbie
3. XUMHYECKHUE JAHHbBIC
dopmatbl XpaHeHHsI TaHHBIX
Bo3MoHBI 4eTbIpe acrnekTa paboThl ¢ JAHHBIMHU: ONPEJCICHUE JTaHHBIX,
BBIYHUCJICHUE, MAHUITYJIUPOBaHKUE U 00paboTKa (cOop, repeaaya u ap.).
[Tpr MaHUTIYTUPOBAHWUHU JTaHHBIMH MCIOJB3YETCS CTPYKTYypa JaHHBIX THIIA
"(aiin". @alapl MOTYT UMETh pa3auvHble (HOPMATHI.
HaubGonee pacnpoctpaneHHbie ¢GopmMarthbl, corjacHo orpocy "dopMmarsl
XpaHEHMs JaHHBIX'", IpEJICTaBIEHbI Ha pucC. 1.

Pall
What are your preferred methods for storing data for data mining? [403 votes
total]
Text, C5Y (comma-separated) (72) I (-
Text, space or tab separated (55) [ Era
Excel (38) 9%
SAS (57) I 1
SPSS(31) 5
S-Plus/R (15) B 4«
YWeka ARFF (23] 6%
Dther data mining toal format (11) kL
In a datahase system (93) . pKmn
Other - please comment (3) o

Puc. 1 — Haubonee pacnipoctpaneHHbie (opMaThbl XpaHEHUSI TAHHBIX




Metoawbl u ctaauu Data Mining

Meton (method) mpencraBnser co0oii HOPMY WM TIPABUIIO, OMPEICIICH-
HBIN My Th, CIIOCO0, TPUEM PEIICHUH 3a/1a4l TEOPETHIECKOTO, MTPAKTUIECKOTO, T10-
3HABATEJIHHOTO, YIPABICHUYECKOTO XapaKTepa.

Data Mining cOCTOUT U3 TPEX CTAIUM.

Cranus 1. BeisiBiaenue 3akoHOMepHOCTEN (CBOOOAHBIN MOUCK).

Cramus 2. Vicmons30BaHKE BBISBICHHBIX 3aKOHOMEPHOCTEH IS TpejIcKa-
3aHMS HCM3BECTHBIX 3HAYCHUH (MPOTHOCTUYCCKOE MOJICTUPOBAHHE).

Cranus 3. AHaNW3 UCKIIOYEHUH - CTausl peIHa3HaueHa ISl BbISBICHUS
1 OOBSICHEHHUSI aHOMAJINi, HAMJIEHHBIX B 3aKOHOMEPHOCTSIX.

1. CBobGoansIii mouck (Discovery)

Ha craguu cBOGOIHOTrO TMOWCKA OCYIIECTBIISIETCS HCCIeoBaHUE Habopa
JAHHBIX C IEJIBIO TTIOMCKA CKPBHITHIX 3aKOHOMEPHOCTEH.

3akoHOMepHOCTh (law) - cymiecTBEHHass W TOCTOSIHHO ITOBTOPSIIOIIASICS
B3aMMOCBSI3b, OMPEACIIAIONIAs 3Tambl U (OPMBI MPOTIECCa CTAHOBICHHUS, PA3BUTH
Pa3TUYHBIX SBJICHUHN WM MPOIIECCOB.

CB0OOIHBIN MTOUCK MPEJICTABICH TAKUMU JACHCTBUSIMU:

*  BBISBJIEHHUE 3aKOHOMEpHOCTEN ycinoBHOM oruku (conditional logic);

*  BBISBJICHME 3aKOHOMEPHOCTEW acCOLMATHMBHOM JIOTMKM (associations
and affinities);

*  BBIABJICHUE TPEHIOB U KojebaHui (trends and variations).

2. IIporaoctuyeckoe monenupoBanue (Predictive Modeling)

Bropas cramus Data Mining - mporHOCTUYECKOE MOJEIHPOBAHUE - HC-
MOJIB3YET PE3yNbTaThl PabOTHI MEPBOIl cTaANH. 3/1eCh OOHAPYKEHHBIE 3aKOHOMED-
HOCTH HCTIOJB3YIOTCSI HETIOCPEACTBEHHO JIJIS1 IPOTHO3UPOBAHMSI.

[IporaocTudeckoe MOJASTMPOBAHNE BKIIFOYACT TAKUE ICHCTBUS:
npeacKa3aHue HEM3BECTHBIX 3HaUeHUH (outcome prediction);
IPOTHO3UPOBAHKE pa3BUTHS mporieccoB (forecasting).

B mporiecce mporHOCTHYECKOTO MOAETUPOBAHUS PEIIAIOTCS 3a7aud Kiac-

cu(UKaIIU ¥ IIPOTHO3HPOBAHUSI.

3. Anainm3 uckimodeHuit (forensic analysis)

Ha tpetbeit ctaguu Data Mining aHaIM3upyrOTCsl UCKITIOUSHUS WITH aHOMa -
JIUY, BBISIBJICHHBIC B HalJIEHHBIX 3aKOHOMEPHOCTSIX.

JlericTBUE, BBINOJHSAEMOE HA HSTOM CTAAWM, - BBISBIICHHUE OTKJIOHCHUH
(deviation detection). J1yis BBISIBJICHUS! OTKJIOHEHHN HEOOXOIUMO OMPENETUTh HOP-
My, KOTOpasi PaCCUUTHIBAETCS HA CTAJNN CBOOOHOTO MOUCKA.

Bunpr knaccudukanmii metonoB Data mining

. 0O OTHOLIEHUWIO K TAHHBIM

 JIaHHBIE COXPAHSAIOTCA MOCIIEe UCTIOIB30BAaHUS METOa (METO/I KIacTep-
HOT'0 aHaJI13a)
* JIaHHBIC KOPPEKTUPYIOTCS IS TIOCIEAYIOIIETr0 UCITOIb30BaHuUs (MaTe-
MaTUYECKHE METO/IbI).
2.  ToAXoHbl K 00y4EeHUIO MOJAEIU



e CTaTUCTUYECKHE METO]Ibl, OCHOBAaHHBIE HA MCIOJIb30BAHUH YCPE/I-
HEHHOI'0 HAaKOIUICHHOTO OIbITa, KOTOPBIA OTpPa)XeH B PETPOCHEKTUB-
HBIX JIaHHBIX;
s KHUOEpPHETUYECKUE METO[IbI, BKIIIOYAIOIINE MHOXKECTBO Pa3HOPOI-
HBIX MaTEMaTUYECKUX MOJIXOIO0B.
3. mo 3amadaMm Data mining
* 3a/1a4d CerMEHTAaIluU
* 3aJ]a4u MIPOTHO3UPOBAHUS
CgoiicTBa MeTon0B Data mining: TOYHOCTh, MAacIITAOUPYEMOCTb, UHTEP-
MPETUPYEMOCTh, TPUTOJHOCTh K HCIOJIB30BaHUIO, TPYJIOEMKOCTh, Pa3HOCTO-
POHHOCTB, OBICTPOTA, MOMYJIIPHOCTD, ITUPOTA UCIIOJIH30BAHMUSI.

Jlexkuus Ne2. 3agaum u odsiactu npumenenust Data Mining

3agaym Data Mining

Knaccuduxanus (Classification). B pesynbrare perieHus 3ajiadd KiIacCH-
¢dbukam 0OHApPYKUBAIOTCS MPU3HAKU, KOTOPbIE XapaKTEPU3YIOT IPYIIbI 00bEK-
TOB UCCJIElyeMOro Habopa JaHHBIX - KJIACCHI; IO ATUM MpU3HAKAM HOBBIN OOBEKT
MO>KHO OTHECTH K TOMY WJIM UHOMY Kiaccy. i pereHus 3aaaun KiaccupuKaim
MOTYT MCIOJIb30BaThCsl METOIBI: Ommkaiiiiero cocena (Nearest Neighbor); k-6mu-
xkammero cocena (k-Nearest Neighbor); GaitecoBckue cetn (Bayesian Networks);
WHAYKINS JE€PEBbEB PEIICHMIT; HepoHHBIE ceT (neural networks).

Kinacrepuzanus (Clustering) sBisieTcsi TOTMUECKUM MPOJOJLKEHUEM HUJEU
Kjaccudukanuu. ITo 3agavya 0oJiee CI0XKHAsl, OCOOEHHOCTh KJIacCTepU3aluu 3a-
KITIOYaeTCs B TOM, YTO KJIACChl OOBEKTOB M3HAYAIBHO HE IMpEOTNpeseieHbl. Pe-
3yJIbTAaTOM KJIACTEPH3AIlUU SBISICTCS pa30ueHne oOBEKTOB Ha rpymmbl. [Ipumep
METO/Ia PEIICHMS 3aJjauu KJjlacTepusaluu: ooyuenue "6e3 yuutens" ocoboro Bujaa
HEHUPOHHBIX ceTel - camoopranuzyronmxcs kapt Koxonena.

Acconumarus (Associations). B xoje perenus 3a1aun MoucKa acCoraTHuB-
HBIX MPABUI OTHICKUBAIOTCS 3aKOHOMEPHOCTH MEXKIY CBS3aHHBIMH COOBITHSIMU B
HaOope naHHbIX. Hanbosiee U3BECTHBIN alrOpUTM peIIeHUs 3aJaud MOMCKa acco-
IIMATUBHBIX MPABUII - AITOPUTM APTiori.

ITocnenoBaTenbHOCTh (Sequence), WM IOCIEaOBaTEIbHAS acCOIMaIs
(sequential association). [Tocen0BaTeTbHOCTH MO3BOJISECT HAUTH BPEMEHHBIC 3aKO0-
HOMEpPHOCTH MEXAY TpaH3aKUWsAMHU. 3a/ada MOCIeI0BaTENbHOCTH MOJ00Ha acco-
[IUAINH, HO €€ IIeJIbI0 SIBISETCS] YCTAHOBJICHHE 3aKOHOMEPHOCTEH HE MEXIy OJi-
HOBPEMEHHO HACTYIAIOIIUMH COOBITUSMH, & MEXKIY COOBITHSMH, CBSI3aHHBIMH BO
BpEMEHHU (T.€. MPOUCXOAIIMMHU C HEKOTOPHIM OIPECIICHHBIM HHTEPBAJIOM BO Bpe-
MeHH). DTy 3anauy Data Mining Takke Ha3bIBAlOT 3aJa4yel HAXOXKACHUS MOCIE]0-
BaTeJIbHBIX I1a0JIOHOB (sequential pattern).

[IporunosupoBanue (Forecasting). B pe3ynbrare pernieHust 3a1aqu MporHo-
3UpPOBaHUS Ha OCHOBE OCOOCHHOCTEW UCTOPUUYECKUX JTAHHBIX OLIEHUBAIOTCS MPOITY -
IIEHHBIC UJTK e Oy/yllue 3HaueHUs 1IeJIeBhIX YMCICHHBIX MoKaszatenen. s pe-



IIEHUST TAKUX 33J1a4 MIUPOKO MPUMEHSIOTCSI METOJIBI MAaTEMAaTHIECKON CTAaTHUCTHKH,
HEUPOHHBIE CETU U JIP.

Omnpenenenue otkinoHeHui wiam BeIOpocoB (Deviation Detection), anamu3
OTKJIOHEHU Wi BbIOpocoB. Llenb pemienns 1aHHOM 3a/1auu - OOHapyKEHUE U aHa-
JU3 AaHHBIX, HAanOOJee OTIMYAIOIIMXCS OT OOLIEr0 MHOXECTBA JIaHHBIX, BBISBIIC-
HUE TaK Ha3bIBAEMBIX HEXaPAKTEPHBIX MTAOJIOHOB.

OuenuBanue (Estimation). 3ajaya olleHMBaHUS CBOJIUTCS K MPEICKA3aHUI0
HENPEPHIBHBIX 3HAYCHHI MMPU3HAKA.

Ananmus cBszert (Link Analysis) - 3aga4a Hax0XXI€HUS 3aBUCUMOCTEH B Ha-
0ope TaHHBIX.

Busyanuzamnus (Visualization, Graph Mining). B pe3ynbrare Bu3yainza-
MU co3naercs rpaduyueckuii 00pa3 aHaAIM3UPyeMbIX JaHHBIX. [t pemenus 3aaa-
YY BU3yaJIM3aIlUU UCTIONB3YIOTCA Tpaduueckre METObl, MOKA3bIBAIONINE HATNYUE
3aKOHOMEPHOCTEH B JJaHHBIX.

[TonBenenune uroroB (Summarization) - 3agava, 1eib KOTOPOH - ONMHMCAHHE
KOHKPETHBIX TPYIIT 00bEKTOB M3 aHATM3UPYEMOTro Habopa JaHHBIX.

Bunp! knaccudukanuii 3agau
1 mo crparerusim, 3amaun Data Mining noapa3ienisitoTcss Ha CIIEIYIONINe
TPYIIIIB:
e oOyueHue ¢ yuutesneM (kiaccudukaiys, olieHKa, MpOrHO3UPOBAHMKE);
e o0OyueHue 0e3 yuurtens (KIacTepHU3alM);
e gpyrue (BXOAAT 3aJaud, HE BKIIOYECHHbIE B TMPEAbIAYIIHNE JBE
CTpaTEeruu).
2 OT THUMAa UCTIOIB3YEMbIX MOJIENICH
e  JIMCKPUNTHBHBIC (OMHUCATENbHBIC). AHAIUTUK TMOTy4YaeT MabIOHBI, OIHU-
CBHIBAIOIIME JAHHBIC, KOTOPHIE TOIAI0TCS NHTEPIIPETAIINH;
«  mporHo3upytoue (predictive) OCHOBBIBAIOTCS HAa aHANU3€ JAaHHBIX, CO-
3laHU MOJCINH, TIPEACKA3aHUM TCHICHIIUHA WM CBOMCTB HOBBIX WM HEH3-
BECTHBIX JIAHHBIX.
3 1o BHJIaM UCTIOJIB3yEeMbIX MOEIEH
* UCCJIEIOBAHUE U OTKPBITHE
* IPOTHO3UPOBAHUE U KIaCCUPUKAITISI
* 00BSICHEHUE U ONUCAHUE
CBsi3b NOHATHIT

PaccmoTpum aBa mmoroka:

JNAHHBIE - UTHOOPMAILIUA - SHAHUA U PEIHEHUA

3AJIAYM - IEMCTBUA U METO/IbI PEINEHUS - ITPUJIOKEHU A

OTH MOTOKU SABJISAIOTCA "ByMSI CTOPOHAMU OJIHOM Mefanu", 0ToOpakeHueM
OJTHOTO TIpOIlecca, Pe3yJbTaTOM KOTOPOTO JOHKHO OBITh 3HAHWE U MPHHSITHE pe-
IICHMS.

Jlyis Hayana paccMOTpUM NepBbId OTOK. Ha puc. 2 mokazaHa cBs3b MOHS -
Tt "nanneie”, "undopmanus" u "pemeHus", KOTopass BOZHHKAET B IIPoIIecce MpH-
HATHUS PELICHUM.
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PeweHnAa
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Hudopmayma

GCHOBAHA HA A
v ohecneYngakT

OaHHBIEe

Puc 2 — Pewmenus, uadopmais u 1aHHbIE

Kak BuaHO W3 pUCYHKa, JaHHBIA IPOILECC SABISIETCA HNUKINYECKUM. [IprHs-
The peuieHu TpeOyeT uHdOpManuu, KOTOpas OCHOBAHA Ha JaHHBIX. JlaHHbBIE
o0ecreynBaoT HHPOPMALINIO, KOTOpask MOAJECPKUBAET PELICHUs, U T.]I.

PaccmoTpeHHbIE MOHATHUS SBISIIOTCS COCTABHOM YacThIO TaK HAa3bIBAEMOU
MH(GOPMAIIMOHHON MUPaMUbl, B OCHOBAHWU KOTOPOW HAaXONATCS JaHHBIE, CIEIY -
IOIIMNA YPOBEHb - ATO MHGPOPMAIIHS, 3aT€M HJIET PElIeHUE, 3aBepIIaeT MUPaAMUILy
ypoBeHb 3HaHuA. [lo Mepe mpoaBUKEeHHs BBEPX MO WH(DOPMAIMOHHON MUpPaAMU/IE
00BEMBI TAHHBIX MEPEXOMAT B IEHHOCTh PEIICHUM, T.€. HEHHOCTh JUIsl Ou3Heca. A,
KaK W3BECTHO, Ienbio Business Intelligence siBnsiercs mpeobpazoBanne oObEeMOB
TAHHBIX B [IEHHOCTH OM3HECA.

Cnenyer OTMETUTD, YTO YPOBHM aHanu3a (JaHHbIE, HH(DOpMALIKs, 3HAHUS)
MIPAKTUYECKA COOTBETCTBYIOT JTalmaM »HBOJIOLMM AaHAIW3a JaHHBIX, KOTOpas
MIPOMCXOINJIA HA MPOTSKEHNUH TTOCIETHUX JIET.

BepxHuli - ypoBEHb IPUI0KEHUMN - SIBIISETCSA YPOBHEM PELICHUS.

Cpennuii - ypoBeHb JEHCTBUM - TIO CBOEH CYTH SABJISETCS ypOBHEM UH(OD-
Mallii, UMEHHO Ha HEM BBINONHSAI0TCA AeicTBus Data Mining.

HwxHnuii - ypoBeHb onpesnenenus 3agadu Data Mining, koTopyo Heo0xo-
JUMO PEIINTh TPUMEHUTENBHO K TaHHBIM, HMEIOIIUMCS B HAJTMYUU.

Nudopmarus - nmo6ble, HEU3BECTHBIE paHEE CBEICHUS O KaKOM-JTMOO CO-
OBITHH, CYIIHOCTH, MPOIECCEe U T.I., SABJISIOLIMECS OOBEKTOM HEKOTOPBIX oIepa-
WM, JUISI KOTOPBIX CYIIECTBYET CONEPKATENbHASI HHTEPIIPETALUS.
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CaoiicTBa uHpopMaunu

1.ITonrOTa MHDOpMAaIUH.

DT0 CBOMCTBO XapakTepu3yeT KauecTBO HH(POPMALIMU U ONpeesieT 10CTa-
TOYHOCTb JAAHHBIX JIJIS1 IPUHIATHUS PELICHUH, T.e. THPOPMALIMS JTOJKHA COJIepKaTh
BECh HEOOXOIUMBII HA0OP JTAHHBIX.

2.JlocToBepHOCTH UH(pOPMAITUH.

Nudopmanust MoxxeT ObITh JOCTOBEPHOU U HEJOCTOBEPHOU. B HEegocToBep-
HOM MH(OpMaUU NPUCYTCTBYET MHPOPMALMOHHBIM ITyM, U Y€M OH BBILIE, TEM
HIDKE JJOCTOBEPHOCTh MH(POPMALIHH.

3.1lenHOCTH MHpOPMALIUY.

lennocts uHGOpMaNMK HE MOXET ObITh alOcTpakTHOM. MHpopMmanus
JOJDKHA OBITH TTOJIC3HOM 1 IIEHHOM JIJIs1 OTIPEICICHHOM KaTerOPUH MOJIb30BaTEICH.

4. AteKkBaTHOCTH MH(GOPMAIIHH.

DTO CBOMCTBO XapaKTEPHU3yeT CTENEHb COOTBETCTBUS MH(POPMAIIUU peallb-
HOMY OOBEKTHMBHOMY COCTOSHUIO. AJeKBaTHas MH(OpMAIHs - 3TO MOJHAA U JO-
CTOBEpHAasi HH(POpPMaLIHSL.

5. AKTyanbHOCTh HH(POPMALIMH.

Nudopmanust nomkHa ObITh aKTyalbHOM, T.€. HE yCTapeBIIEWH. DTO CBOMi-
CTBO MHGOpPMAIMKM XapaKTepU3yeT CTENEHb COOTBETCTBUS MH(OpPMALMK HACTOS-
[IEMY MOMEHTY BPEMEHH.

6.5lcHoCcTh HH(pOpPMALIUHL.

WNudpopmanus 10mKHA OBITH OHATHA TOMY KPYTY JIMIL, JUIsi KOTOPOTO OHA
[peHa3Ha4YECHa.

7.JlocTynmHOCTh MH(OPMAIIUH.

JIOCTYyITHOCTh XapakTEPU3YET MEPY BO3MOXKHOCTH IOJIYYUTh OIpPENEIECH-
Hyto uHopmanuio. Ha 310 cBoiicTBO MH(pOpMaLUK BAUSIOT OJHOBPEMEHHO JO-
CTYNHOCTb JAaHHBIX U JOCTYITHOCTbH aJIEKBaTHBIX METO/IOB.

8.CyObEeKTUBHOCTh UH(OpMALUH.

Nudopmanuss HOCUT CyObEKTUBHBIM XapaKTep, OHA ONpPENENsieTCs CTerne-
HBIO BOCHPUATHS cyObekTa (mosyyatens uHpopmaluu). 3HaHHUS - COBOKYITHOCTb
(hakTOB, 3aKOHOMEPHOCTEN U IBPUCTUUECKUX MPABUII, C TOMOILbIO KOTOPBIX peria-
€TCsl IOCTABJICHHAS 3a/a4a.

3agaum kinaccupuxkanuu

Knaccudukanus - cucteMHOE pacrnpeesieHue U3y4yaeMblX IPeaIMETOB, sB-
JICHUH, MPOLIECCOB MO pojJiaM, BUAAM, TUIIAM, IO KAKUM-JINOO CYIIECTBEHHBIM MpH-
3HaKaM JJIs1 yA0OCTBa UX MCCIIEIOBAHUS; TPYNIIUPOBKA UCXOJHBIX MOHATUN U pac-
MIOJIOXKEHUE UX B ONPENEIECHHOM NOPSAJKE, OTPAKAIOIIEM CTEIIEHb 3TOT0 CXO/CTBA.

Knaccuduxkarus tpedyer coOnoaeHns CaeayONX TPaBmil:

1. B KQXJOM aKTe JeJeHUss HE0OX0IMMO NMPUMEHATh TOJBKO OJIHO OCHOBA-
HUE;

2. JIeTIeHUE JTOJKHO OBITh COpa3MEpHBIM, T.€. OOLIUA 00BhEM BUJIOBBIX TIO-
HATUN JOJIKEH PABHATHCSA 00bEMY ACIUMOI0 POJIOBOTO MOHSITHS;

3. WJIEHBI JEJICHUs JIOJDKHBI B3aMMHO MCKIIIOYATh APYT JIpyra, uX 00beMbl
HE JIOJDKHBI IEPEKPEIIUBATHCS;
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4. NeNeHue IOJDKHO OBITh MOCIIEI0BATEIHHBIM.
Paznuuaror:

s BCIIOMOTaTebHYIO (MCKYCCTBEHHYIO) KIacCU(PUKALINIO, KOTOpask MPOU3-
BOJIUTCS MO BHEUIHEMY MPU3HAKY U CIYXKUT JIJIsl PUJIAHUSI MHOXKECTBY MPEIMETOB
(TIpo11eCCOB, SIBICHUI) HYKHOTO MOPSIKA;

s ECTECTBEHHYIO KJacCHU(PUKAIMIO, KOTOpash MNPOU3BOJIUTCA IO CYIIe-
CTBEHHBIM MPHU3HAKAM, XapaKTEPU3YIOIIUM BHYTPEHHIOIO OOIIHOCTh MPEAMETOB U
SIBJICHUM.

B 3aBucuMOCTH OT BBIOpAaHHBIX MPU3HAKOB, UX COYETAHUS U MPOUEHYPHI
JICJICHHs] TIOHATUI KJTacCU(PUKALIUS MOXKET ObITh:

* TMPOCTOM - AEJEHUE POJIOBOIO MOHITHUS TOJBKO MO MPU3HAKY U TOJIBKO
OJIMH pa3 JI0 PacKphITHs BceX BUIOB. [Ipumepom Takoi kiaccupUKAIMK SIBISETCS
JTUXOTOMUS, TIPH KOTOPOM WiIeHAMHU JIeJICHUSI OBIBAIOT TOJIBKO JBA MOHSTHS, KaXK-
7I0€ W3 KOTOPBIX SIBISIETCS MPOTHUBOpPEUAIIUM JAPyroMy (T.€. COONIOAAETCS MPUH-
ui: "A u He A");

s CIOXHOW - MPUMEHSIETCA JUIsl JIEJICHUS] OJHOTO TOHSITHUS IO Pa3HbIM
OCHOBAHHUSIM M CUHTE3a TaKWUX MPOCTHIX JCJICHUI B eAuHoe 1enoe. [Ipumepom Ta-
KOM KjacCU(UKALNY SIBISETCS MEPUOIUUECKasi CUCTEMa XUMUYECKUX DJIEMEHTOB.

Kinaccudukaropom Ha3pIBaeTCs HEKas CyIIHOCTh, ONPEEAIoNniasi, KakoMy
U3 MPEIONPEACIICHHBIX KIIACCOB MPUHAICKHUT OOBEKT MO BEKTOPY MPHU3HAKOB.

Jliist mpoBenieHus KiaccUpUKAIMKU C MTOMOIIBI0 MaTEMaTUYECKUX METOOB
HEO0OXO0IUMO UMETh (OpMaNIbHOE OMHCaHUE 00BEKTA, KOTOPHIM MOKHO ONEPUPO-
BaTh, UCIOJIb3YsI MATEMATHUECKUI anmnapar KiiacCu(pUKaluu.

Ha6op ncxonHbIX TaHHBIX (MU BEIOOPKY JaHHBIX) pa30UBAIOT HA JBA MHO-
’KECTBa: 00ydJaromiee 1 TeCTOBOE.

Jlns kimaccuukanuyu MCHONB3YIOTCS pa3indHble MeTOAbl. OCHOBHBIC W3
HUX:

KJ1accuuKaius ¢ MOMOUIBIO IEPEBLEB PEILICHUI;

OaiiecoBckasi (HauBHasA) Kiaccuukanus;

KJ1IaccuUKaIs Mpy MOMOITY UCKYCCTBEHHBIX HEHPOHHBIX CETEH;
KJ1IaccuUKaIMs METOJIOM OITOPHBIX BEKTOPOB;

CTATUCTUYECKUE METO/IbI, B YACTHOCTH, JIMHEHHAS PEerpeccusi;
KJaccuuKanus mpyu MOMOIIN METOoIa OJIMKANIIIEro Cocena;
knaccudukarus CBR-meronom;

KJaccuUKaIus P MOMOIIIN T€HETUYECKUX AITOPUTMOB.

OueHKa TOYHOCTH KJIACCU(DUKAIIUU MOXKET MPOBOJIUTHCA TMPHU TMOMOIIU
kpocc-tipoBepkn. Kpocc-tipoepka (Cross-validation) - 3To mporeaypa OLECHKH
TOYHOCTH KJIAaCCH(PUKAIMKA HA JAHHBIX W3 TECTOBOIO MHOXKECTBA, KOTOPOE TAKKE
HAa3bIBAIOT KPOCC-TTPOBEPOYHBIM MHOKECTBOM. TOYHOCTH KIJIACCU(DHUKAIIUU TECTO-
BOI'0 MHO>XECTBa CPAaBHUBAETCSI C TOUHOCTHIO KJIacCHU(UKAIMKU 00YUYaroIIero MHO-
xectBa. Eciu knaccudukaiiysi TECTOBOIO MHOXKECTBA JAaeT MPUOIN3UTEIIbHO TaKue
e pe3yJIbTaThl MO TOYHOCTH, KaK W Kiaccuukanus oOydyarolero MHOXKECTBA,
CUMTAETCS, YTO JIaHHAsI MOJIENb IPOIILTIa KPOCC-ITPOBEPKY.

0 NO U AW
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3amaya KiacTepu3aunu

3amaya KilacTepu3aluyl CXOJHA C 3aJadedl KiacCU(UKAINMH, SBISETCS €¢
JIOTUYECKUM TPOIODKCHUEM, HO €€ OTINYHNE B TOM, YTO KJIACCHI M3ydaemMoro Habo-
pa JaHHBIX 3apaHee He MPEONPEICIICHBDI.

Kinacrepuszanusi npeaHazHaueHa Jjis pa30MEHUs COBOKYITHOCTH OOBEKTOB
Ha OJIHOPOJIHbIC TPYNIbI (KJacTepbl WK Kiacchl). Ecau naHHble BHIOOPKH Mpe-
CTaBUTh KaK TOYKH B MPU3HAKOBOM MPOCTPAHCTBE, TO 3a7a4a KJIaCTepU3allUh CBO-
JUTCS K ONPENICIICHUIO "CTYIIEHUI TOYeK' .

enp knacTepu3anum - MOUCK CYIIECTBYIOIIUX CTPYKTYP.

Kitacrepuszanus siBisieTcsl ONMUcaTeNIbHOW MPOLIEAypOil, OHA HE JEJAeT HH-
KaKUX CTaTHCTUYECKUX BBIBOJAOB, HO J1A€T BO3MOKHOCTb IIPOBECTU Pa3BEIIOYHBIIMI
aHaJIU3 U U3y4HTh "'CTPYKTYPY JAHHBIX'.

Krnacrep — rpynmy 00beKTOB, IMEIONTUX OOIIHE CBOWCTBA.

XapakTepUCTUKAMU KJIacTepa MOXHO Ha3BaTh J[BA MPU3HAKA:

*  BHYTPEHHSISI OJTHOPOJAHOCT;

*  BHEIIHSAA U30JINPOBAHHOCTb.

Fraccudunanun: xigccw
8 BEe npeaHPeOeTeHb
O LS O 15 '8 LTHAY LTHD
o e %
5 ¥ v " & @ Bb
o O e
O oo m <
o O
0 O

Flnacmepusanyua: pigeen
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Hduﬁﬂﬂig‘-@ HOX MU,

: O O COHOPOANBIX SpymA

0 0o i
El & O
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Kitactepsl MOryT OBITh HENEpPECEeKAIOIMMMUCS, WU YKCKIIO3UBHBIMU (NON-
overlapping, exclusive), u nepecekaromumucs (overlapping).

B pesynpTaTe mpUMEHEHUS Pa3IUYHBIX METOJOB KIIACTEPU3AIMH MOTYT
OBITh MOJYYE€HBI HEOJUHAKOBBIE PE3yJIbTaThl, 3TO HOPMAJILHO U SIBJIAETCS OCOOEH-
HOCTBIO PAaOOTHI TOTO WJIM MHOTO aJTOPUTMA.

['pynmel anropuTMOB KJIACTEPHOTO aHAN3A:

*  WUTEepaTUBHbBIC

*  HepapxuvecKue

*  METOJIbl KOHIICHTPAIIMH OOHEKTOB
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3apauf nporuo3upoBanus

[Iporno3upoBanue — 3TO YCTAaHOBJICHHE (PYHKIIMOHAIBHOW 3aBUCHUMOCTH
MEXK]ly 3aBUCUMBIMH W HE3aBUCHUMBIMHU TMEPEMEHHBIMU C IEJbIO0 OMPEACIICHUS
HEU3BECTHBIX JAaHHBIX.

BpeMeHHOH psii - MOCIIEI0BAaTENbHOCTh HAOIIOJAEMbIX 3HAUYEHUHU KakKo-
ro-nmu0o mpu3HaKa, yrnops104eHHbIX B HECITyUailHble MOMEHThI BPEMEHHU.

B npouecce onpeneneHus CTPyKTYypbl W 3aKOHOMEPHOCTEH BPEMEHHOIO
psana mpeamnosiaraeTcsi oOHAapy»KEHHE: IIIYMOB M BBIOPOCOB, TpEHJA, CE30HHOMU
KOMIIOHEHTBI, LIUKJIMYECKON KOMIIOHEHTBI. OmpeneneHue Mpupoibl BPEMEHHOTO
psna MoXKeT OBITh MCIOJIb30BAaHO Kak cBOeoOpasHas "pasBeaka'" NaHHBIX. 3HAHUE
AHAIMTHUKA O HATMYUU CE30HHOW KOMIIOHEHTHI HEOOXOAMMO, HapUMep, JJI OIpe-
JICJICHHs] KOJIMYECTBA 3alucel BHIOOPKHU, KOTOPOE JOJKHO MPUHUMATh y4acThe B
MIOCTPOCHUU ITPOTHO3A.

Tpenn — 310 dyHKIUS, KOTOpas GOPMHUPYETCS MO ACUCTBUEM TCHICHIIUN
BIIASIOIIMX HA BPEMEHHOU PALI.

Ce30HHOCTh MPEJIONaraeT, 4YTo Yepe3 ONnpe/eIeHHbBIE TPOMEKYTKH BpeEMe-
HU (opMa KPUBOM, ONMKCHIBAIOIIECH 3aBUCUMYIO MIEPEMEHHYI0, TTOBTOPSIET CBOU Xa-
pakTepHbie ouepTaHusi. KpoMe Ce30HHOCTH psAJl MOKET ObITh HUKINYECKUM. [[uk-
JIbI HE UMEIOT OTPeIeTICHHON MPOA0IAKUTETLHOCTH.

[Tepuoa mporHo3upoBaHusi — OCHOBHASI €IMHUIIA BPEMEHH, Ha KOTOPYIO Jie-
JIaeTCs MPOTHO3.

["'Opu30HT MPOTHO3UPOBAHUS — YUCIIO TIEPUOIOB B OyAyIIEM, JJII KOTOPOTO
JEaeTCs MPOTHO3.

NHTEepBasl NPOrHO3UPOBAHUS — YACTOTA, C KOTOPOM JAENaeTcs HOBBIM
MPOTHO3 (MOKET COBNAAATh C IEPUOIOM).

Bu bl mporuo3os

KpaTtkocpouHsbIit TporHo3 MpeAcTaBiIsieT OO0 MPOrHo3 Ha HECKOIBKO Ia-
TOB BIIEpE/l, T.€. OCYILECTBIISIETCSI MOCTPOEHUE MPOTHO3a He Ooiiee uem Ha 3% OT
o0bema HaOMoIeHU Uiy Ha 1-3 1iara Brepe/.

CpenHecpOoYHbBIM TPOTHO3 - 3TO MPOrHo3 Ha 3-5% OoT oObeMa HaOICHUH,
HO He Oosee 7-12 maroB BIiepes; TaKXKe IMOJ 3THUM THIIOM MPOTHO3a MOHUMAIOT
IIPOTHO3 Ha OJIMH WUJIY TTOJIOBUHY CE30HHOTO IUKJIA.

JIoNTOCpOUHBIi MPOTHO3 - 3TO MPOrHo3 Oojiee yeM Ha 5% oT oObema Ha-
OJIFOIEHU .

3anaya Bu3yaamzanumn

Busyanmzanusi - 370 MHCTpyMEHTapui, KOTOPBIM MO3BOJIAET YBUIETh KO-
HEYHBIN pe3yJIbTaT BBIYMCIIEHUN, OPraHU30BaTh YIIPABICHHUE BHIYUCIUTEIbHBIM
MPOIIECCOM U JTaK€ BEPHYTHCS Ha3aJ K MUCXOTHBIM JIaHHBIM, YTOOBI OMPEICITHUTH
HanOoJiee parMoHaIbHOE HAPABIICHUE JATHHEHIIIETO BYKCHHUSI

Buzyanuzaiuu gaHHBIX MOKET OBITh NpEACTaBiI€HAa B BHJE: TpadUKOB,
CXEM, TUCTOTpaMM, Juarpamm 4 T.1.
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Cdepsbl npumenenus Data mining

Texnonorus Data Mining ucnonb3yercsi IpakTHYECKH BO BceX cepax ze-
ATEIILHOCTH YEJIOBEKA, /1€ HAKOIJIEHBI PETPOCIIEKTUBHBIE IaHHBIE.

Paccmotpum yeThipe OCHOBHBIE c(epbl NPUMEHEHHs TexHojoruu Data
Mining: Hayka, OM3HEC, UCCIIEeI0BaHMs 11l IpaBUTENbCTBA M1 Web-HanpaBlieHHE.

1 Ilpumenenne Data Mining nns pemeHus OusHec-3aiad. OCHOBHBIE
HarpaBjeHusi: 0aHKOBCKoe Jieno, (puHaHcwl, cTpaxoBanue, CRM, nmpousBoiacCTBO,
TEJIEKOMMYHUKAIIMH, AJIEKTPOHHAs KOMMEpPLUs, MApKETUHT, (POHIOBBIM PHIHOK U
ApyTHE.

2 Ilpumenenue Data Mining ass pemieHus 3aiad rocyapCcTBEHHOTO YpOB-
Hs. OCHOBHBIE HAIIPABJICHUS: TIOMCK JIUL, YKJIOHSIIOIMXCS OT HAJIOTOB; CPEJCTBA B
0opb0e ¢ TEPPOPU3MOM.

3 Ilpumenenne Data Mining mis HaydHbIX wuccienoBaHuil. OCHOBHBIC
HaIpaBJICHUS: MEIUIIMHA, OUOJIOTHUS, MOJIEKYJISIpHAsl TeHETUKA U TeHHasi MH)KEeHe-
pusi, OnonHpOpMaTHKa, ACTPOHOMHUS, MPUKIIAJAHAS XUMUS, UCCIEA0BaHuUs, Kacaro-
[IMecsl HAPKOTHYECKOU 3aBUCUMOCTH, U JIpYyTHE.

4 Tlpumenenue Data Mining st pemienuss Web-3agau. OCHOBHbIE HalpaB-
JIEHUS: TIOMCKOBBIE MAIIMHbI (search engines), CHETUUKHU U APYTHE.

- Web Content Mining nojapazyMeBaeT aBTOMAaTHUYECKUN MOUCK U U3-
BJICUCHHE KAueCTBEHHOW MH(pOpMAIMU U3 PAa3HOOOpPA3HBIX HUCTOYHU-
koB UMHTepHera, mneperpykeHHbIX "HH(OOPMAIIMOHHBIM IIyMOM'".
31ech Takke HJIET peub O Pa3IUYHbIX CPEACTBaX KiacTepu3aluu U
AHHOTHPOBAHUU JOKYMEHTOB.

- Web Usage Mining nmoapazymeBaeT oOHapyKeHHE 3aKOHOMEPHOCTEH
B JIeMcTBUSIX moJib30BaTenst Web-y3i1a uiin ux rpymnibl.

Text Mining oxBaTbhIBa€T HOBbIE METO/IbI JIS1 BHIIOJHEHUSI CEMAaHTHYECKO-
ro aHaJIu3a TeKCTOB, MHPOPMAIMOHHOTO MOUCKa U yrnpaBieHUs. CHHOHUMOM I0-
Hatusa Text Mining sBasiercss KDT (Knowledge Discovering in Text - nouck nmm
oOHapy’KeHHE 3HAaHUM B TEKCTE).

Texnonorust Call Mining o0beuHseT B ce0s pacrio3HaBaHUE PEUH, €€ aHa-
mu3 u Data Mining. Ee uenp - ynpouieHue noucka B ay/ino-apXuBax, CoAepkKaIinx
3aMKCH MEPEroBOPOB MEXKY ONeparopamMu U kiueHtamu. [Ipu momoinu 3Toi Tex-
HOJIOTUH ONEPaTOpPbl MOTYT OOHApPYKUBAaTh HEAOCTATKU B CUCTEME OOCITyKMBaHMSI
KJIMEHTOB, HAXOJUTh BO3MOXKHOCTH YBEJIMUEHUS MPOAAXK, a TAK)KE BBISBIISTH TEH-
JEHIIUU B 0OpallleHUsIX KIMEHTOB.
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Jlekuuss Ne3. Meroabl KiIacCH(PUKAIUU U IPOTHO3UPOBAHUS

OcHOBBI aHAJINM3A TaHHBIX

K cratuctrueckoMy aHallv3y OTHOCSITCS ONHMCATEIbHAs CTATUCTHUKA, KOP-
PEIALMOHHBIN U PErPECCUOHHBIN aHAJINS.

OnucatenbHas cratuctuka (Descriptive statistics ) - TexHHKa cOopa U CyM-
MUPOBaHUS KOJMYECTBEHHBIX JAHHBIX, KOTOpPAas UCIOIb3YyETCA Uil MIPEBPALCHUS
Macchl IU(PPOBBIX IAHHBIX B (OpMY, YIOOHYIO JIJIsl BOCHPUSTHS U OOCY>KICHUS.

[{enb onucaTenbHOM CTATUCTUKU - 000OLIUTH IEPBUYHBIE PE3YJIbTATHI, MO-
Jy4YeHHbIE B Pe3yJIbTaTe HaOIIOIEHUN U SKCIIEPUMEHTOB.

B cocraB onucarenbHOl CTATUCTUKY BXOAAT TAKUE XapaKTEPUCTUKU: CPE.l-
Hee; CTaHJapTHas omMOKa; MeJIMaHa; MOJIa; CTAHIapPTHOE OTKJIIOHEHUE; TUCIIePCUs
BBIOOPKH; DKCLECC; ACUMMETPUYHOCTh; UHTEPBAJ; MUHUMYM; MaKCUMYM; CyMMa;
CYET.

Menuana - ToyHasi cepeiiHa BbIOOPKH, KOTOpasi ACJIUT €€ Ha JBE€ PaBHbIC
YacTH IO YKUCITY HAOIIOICHUM.

DKclecc MOKa3bIBAET "OCTPOTY MHKA' pacnpeAcsieHUs, XapaKTepU3yeT OT-
HOCHUTEIBHYIO OCTPOKOHEYHOCTh WJIA CIJIaKEHHOCTh PACIpENEICHUs MO CpaBHE-
HUIO C HOPMaJIbHBIM pactpezeneHremM. [1o10KuTenbHbIi 3KcIecc 0003HaYaeT OT-
HOCHUTEJIbHO OCTPOKOHEYHOE pacmpesenenre (MUK 3aoctpeH). OTpuiatenbHbIi
sKcIecC 0003HAYAEeT OTHOCUTENBHO CIVIAKEHHOE pacipe/ienieHne (MK 3aKpyTJIeH).
DKcIiecC HOPMAJIBHOTO PACIPEEIICHNs PABEH HYJIIO.

AcrMMeTpusl WM aCHMMETPUYHOCTh MOKa3bIBAE€T OTKJIOHEHUE pPACIpENe-
JI€HUSL OT CUMMETPUYHOro. ECiin acuMMeTpusl CyIlIECTBEHHO OTJIMYAETCS OT HYJIA,
TO pacHpeneseHue HECUMMETPUYHO, HOPMAJIBHOE paCIpeiesIeHHe aOCOJIIOTHO
CUMMETpUYHO. Ecnu pacnpenenenne nMeeT JJIMHHBIA NpaBblid XBOCT, ACUMMETPHUS
MOJIOXKUTENIbHA; €CJIN JUIMHHBIN JIEBBI XBOCT - OTPUIIATEIbHA.

Bri6pock! (outliers) - gaHHble, pe3KO OTIMYAIOIIMECS OT OCHOBHOI'O YHCIIA
JTaHHBIX.

KoppensunoHHbIi aHanu3 NpUMEHSETCs 111 KOJTMYECTBEHHOM OLIEHKH B3a-
MMOCBSI3H JIByX HaOOPOB JIaHHBIX, NPEACTABICHHBIX B Oe3pazMepHoM Buie. Koppe-
JSIUUOHHBIA aHAIU3 JaeT BO3MOXKHOCTh YCTaHOBUTb, aCCOIMUPOBAHBI JIU HaOOPbI
MaHHBIX 10 BenuwuuHe. KoaddumueHnt koppensiuu, Bcerna o0O3HAYaeMbld Jia-
TUHCKOM OYKBOH I, UCIIOJIB3YETCs JAJIsl ONPECIICHNS] HaJIMUUs B3aUMOCBSI3U MEXKIY
JIBYMs CBOMCTBaMH.

Ces3p Mexay mpuszHakamu (mo mkane Yemmnoka) MOKET ObITh CHIIHHOM,
cpenHeil u cnaboi. TeCHOTY CBsI3U ONPEAETAIOT MO BeMUYuHEe KO3 ULIMeHTa KOp-
peNALMU, KOTOPBIA MOXET MPUHUMATh 3HA4Y€HUA OT -1 10 +1 BKIFOUMTENBHO.

PerpeccroHHBIN aHanu3 MO3BOJISIET MOJYYUTh KOHKPETHBIE CBEICHHS O
TOM, KaKylo (JOpMy M XapaKTep UMEET 3aBUCMMOCTh MEXK]y UCCIEAyEMbIMU Mepe-
MEHHBIMHU.

Kak npasuio, npoBoauTcs B 3 srana:

1 ycraHoBieHHE POPMBI 3aBUCUMOCTH;

2 ompenaeneHue QyHKIMHA PErPECCUU;
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3 OIIEHKA HEM3BECTHBIX 3HAYCHUW 3aBUCUMOU TTIEPEMECHHOM:
* pacyer NponyHIeHHbIX 3HAYEHUN (MHTPOIOJISIHSA);
* pacyeT OyaylIuX 3HAYCHHUM (SKCTPATIOJISIIIHS).
Bennuuna R-kBagpar, Ha3bIBaeMasi TakKe MEPOU OIPEIEICHHOCTH, XapaK-
TEpU3yEeT KA4eCTBO PErPECCHOHHOTO aHAIN3a. B MpoCTOM JINHEMHOM PErpeCcCHOH-
HOM aHaJIN3€ MHOKECTBeHHBIN R paBeH ko durmenty xoppemnsuu [Tupcona.

Metoab! K1accu(puKalUM U NPOrHo3MpoBaHus. /lepeBbs pemieHuit

Merton nepeBbeB penieHuil (decision trees) sIBASETCS METOIOM PEIICHUS 3a-
Ja4 KiIaccu(PpUKaluy ¥ MPOTHO3UPOBAHUS.

Ecnu 3aBucumas, T.€. 1iesieBasi iepeMeHHasi IPUHUMAET TUCKPETHBIE 3HAYE-
HUS, TIPU MOMOIIM METOoJia JIepeBa PEIICHUM pelraeTcsl 3ajiaya KiaccuUKaIuu.
Ecnu 3aBrcuMas nepeMeHHasi MPUHUMAET HEMPEPBIBHBIE 3HAYEHUS, TO AEPEBO pe-
LIEHUM YCTAaHABJIMBAET 3aBUCUMOCTD 3TOW NIEPEMEHHOM OT HE3aBUCUMBIX IIEPEMEH-
HBIX, T.€. pEIIaeT 3a/1auy YMCICHHOTO IIPOTHO3UPOBAHUS

BayTpeHHu# y3en nepeBa SBISIETCS Y3J0M IIPOBEPKH, T.€. yciaoBuem. llpu
ITOJIO’KUTEIIBHOM OTBETE Ha BOIIPOC OCYLIECTBIIAECTCS NEPEXO] K JIEBOW YaCTH Jiepe-
B4, HA3bIBAEMOM JIEBOW BETBBIO, IIPH OTPULIATENILHOM - K IIPABOM 4acTu aepesa. Ta-
KUM 00pa3oM, BHYTPEHHUI y3€ll IepeBa SBISETCS Y3JI0M MPOBEPKH ONPEIEICHHO-
ro ycnoBus. KoHeuHblil y3en 1epeBa sBIsSETCs Y3JI0M PEIICHHUSL.

Koneunslii y3en Tak ke Ha3bIBaIOT JIUCTOM WIIM BEpIIMHOW. Eciu pemaercs
3ajlaya OMHApHOM KiacCU(PUKALMK, TO MOJEIb HA3bIBAETCA JTUXOTOMUYECKOM.
BetBiienne MoxeT ObITh B IByX HallpaBJIEHUSAX — Ja, HET.

[IpeumyiiecTBa 1epeBbEB PEICHUI

1 HuTyuTHBHOCTH NepeBbeB pemieHuil. KiaccudukanuonHnas Monens,
pEeACTaBICHHAs B BUJAE JEpEBa PEUICHUM, SBJISIETCS UHTYUTUBHOM U YIPOIIAET
NOHMMAaHUE perraeMon 3ai1aun. Pe3ynbrar paboThl aIrOPUTMOB KOHCTPYHUPOBAHUS
JEPEBBEB PEILIEHUN JIETKO UHTEPIPETUPYETCS TOJIB30BATEIIEM.

2 [lepeBpsl pelIEHU JAIOT BO3MOXKHOCTh M3BJIEKATh NpaBuja U3 0a3bl
JAHHBIX Ha €CTECTBEHHOM SI3BIKE.

3 JlepeBbs penieHuid MO3BOJISIIOT CO3/1aBaTh KiIacCU(UKAIIMOHHbBIE MOJIE-
JIM B T€X 00JIaCTAX, IJI€ AHAIUTHKY JIOCTATOYHO CIIOKHO (DOpMaNM30BaTh 3HAHMUS.

4  ANroput™m KOHCTPYUPOBAHMS JE€peBa pELICHUN HE TpeOyeT OT MOjb-
30Baressi BbIOOpa BXOAHBIX aTpuOyTOB (HE3aBUCHUMBIX NepeMeHHbIX). Ha Bxon an-
rOpUTMa MOKHO MOJJaBaTh BCE CYIECTBYIOIIUE aTPUOYThI, AITOPUTM CaM BbIOEpET
HauboJee 3HaYUMble CpeId HUX, U TOJILKO OHU OYIyT MCIIOIb30BaHbI JJIs TOCTPOE-
HUS JIepeBa.

5  ToYHOCTH MOAENEH, CO3AAHHBIX IIPY MIOMOIIU JEPEBLEB PEIIECHUN, CO-
MOCTaBUMa C JPYIMMH METOJIaMU IOCTPOEHUS KJIacCU(UKALMOHHBIX Moenei
(CTaTUCTUYECKUE METObI, HEHPOHHBIC CETH).

6 PaspaGoran psg MacmTaOMpyeMbIX aJITOPUTMOB, KOTOPHIE MOTYT
OBITh UCTIOJIB30BAHBI ISl IOCTPOEHUS IEPEBHEB PEIICHUS HAa CBEPXOOIBIINX Oa3ax
JaHHBIX.

7 BbicTphlii mponiecc oOy4deHus.
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8  BOJBIIMHCTBO QJIrOPUTMOB KOHCTPYMPOBAHUS JEPEBBEB PELICHUN
UMEIOT BO3MOKHOCTb CIIELUATbHON 00pabOTKH MPOMYICHHBIX 3HAUCHUH.

9  JlepeBbs pemieHuil paboTalOT U C YUCIOBBIMU, U C KaTerOpUaIbHBIMU
TUIIAMH JAHHBIX.

10 /JlepeBbsi pelIEeHUH CTPOSAT HemapameTpuuecKue Mojenu. Takum 00-
pazoM, JIepeBbsl PEIICHUN CIIOCOOHBI peliaTth Takue 3agayu Data Mining, B KoTo-
PBIX OTCYTCTBYET alpuopHas MHQOpMalKs O BUJIE 3aBUCUMOCTH MEXAY UCCIEaye-
MBIMU JJAHHBIMU.

[Iponecc KOHCTPYHPOBAHUS I€PEBA PEIUICHUI COCTOUT U3 ABYX ITAINOB: CO-
31aHUE U COKpalIECHUE JEPEBA.

IIpouecc co3nanus AepeBa NPOUCXOIUT CBEPXY BHU3, T.€. SBIIECTCA HUCXO-
namuM. B xoJe mporecca aaropuTM JI0JKEH HAWTH TaKOW KPUTEPUN pacilerie-
HUS, UHOT/Ia TaKXKe Ha3bIBAEMbIN KpUTEpUEM pa30ueHus, 4ToObl pa30UTh MHOXKE-
CTBO Ha IMOJMHOXXECTBA, KOTOpbIE Obl acCOIMHUPOBAINCH C AAHHBIM Y3JIOM IPO-
BepkH. Kaxxaplii y3en INpoBEpKH JOJHKEH OBbITh MOMEUYEH OIpPENEIEHHBIM aTpuoy-
toM. CyllecTByeT MpaBujio BbIOOpa aTpuOyTa: OH JOHKEH pa3OuBaTh MCXOAHOE
MHOKECTBO JIAHHBIX TAKUM 00pa3oM, 4TOObI OOBEKTHI IIOJIMHOKECTB, MOJIy4aEMbIX
B pe3yJibTaTe 3TOr0 pa3OMEeHus, SIBISUIMCH MPEACTaBUTENIIMH OJHOIO Kiacca WM
ke ObUIM MaKCUMaJlbHO NMPUOIMXKEHBI K TakoMy pazouenuto. [locnenuss dpaza
03HAYaeT, YTO KOJUYECTBO OOBEKTOB U3 JAPYrMX KIIACCOB, TaK HA3bIBAEMBIX "MpH-
Mecel", B KaXKJI0M KJIacce JOJKHO CTPEMUTHCS K MUHUMYMY .

CymiecTByIOT pa3fiuyHble KpUTEepUH paciuerienus. Hanbosee n3BecTHbIe -
Mepa SHTponuH 1 uHjaekc Gini.

OcTaHOBKa - TAKOI1 MOMEHT B MPOLECCE MIOCTPOCHUS JAEPEBA, KOTA CIEAdY -
€T NPEKPATUTH JATbHENIIINE BETBICHUS.

[lepBoe mpaBUIIO OCTAaHOBKHM - "paHHsSs OCTaHOBKA" (prepruning), oHa
OTIpe/IeTISieT 1eNIecO00Pa3HOCTh pa3OreHus y3na.

Bropoe npaBuiio octTaHOBKH OOy4€HHsI - OTpaHUYEHUE IyOUHBI AepeBa. B
ATOM CITy4ae MOCTPOECHUE 3aKAHYMBAETCS, €CIIM JIOCTUTHYTA 3a/laHHas rTyOuHa.

TpeTbe MpaBUIIO OCTAHOBKH - 33JJaHUE MUHUMAJIBHOTO KOJIMYECTBA MPUME-
POB, KOTOpbIE OYyT COJEPKAThCSI B KOHEUHBIX y3iax aepesa. [Ipu aTom Bapuanre
BETBJICHUS MPOJOHKAIOTCS 0 TOTO MOMEHTA, TI0Ka BCe KOHEUYHbIE Y3JIbl JepeBa He
OyIyT YUCTBIMH WJIK OYIyT COJEPKATh HE OoJiee YeM 3aJJaHHOE YUCIIO 0OBEKTOB.

PemenneM mpoOeMbl CIUIIKOM BETBUCTOIO JE€peBa SIBISETCS €ro COKpa-
IICHHE IyTeM OTCeUeHHUs (pruning) HEKOTOPHIX BETBEH.

KadecTBO KiTaccmpuKallMOHHONW MOJIENIH, TIOCTPOSHHOW TPH MTOMOIIH Jie-
peBa peuIeHUi, XapaKTepu3yercs JIBYMs OCHOBHBIMU IPU3HAKAMU: TOYHOCTHIO
pacrio3HaBaHUs U OIIUOKOM.

ToyHOCTh pacno3HaBaHHsA PACCUUTHIBAETCS KaK OTHOIICHHE OOBEKTOB,
MPaBUWJIBHO KJIacCCU(DUIIMPOBAHHBIX B IMpoIlecce 00yUeHHs], K O0IIEMY KOJIUYECTBY
00BEKTOB Ha0Opa JaHHBIX, KOTOPbIE MPUHUMAIIA YYaCTHE B O0YUEHUU.

Ommbka pacCUUTHIBAECTCS KAK OTHOIIEHHE OOBEKTOB, HEMPABHIIBHO Kiac-
cu(ULIHUPOBAHHBIX B Mpoliecce 00yUeHus, K 00IIeMy KOJIMYECTBY 0ObEKTOB Habopa
JaHHBIX, KOTOpPbIE MPUHUMAJIU y4acTue B 00yUYEHUH.
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OtceveHne BETBEH WM 3aMEHY HEKOTOPBIX BETBEH IMOAIEPEBOM CIIETyET
MPOBOJIUTH TaM, TJIe 3Ta MPoLeaypa HEe MPUBOANUT K Bo3pacTaHuio ommuobku. [1po-
IIECC TTPOXOJIUT CHU3Y BBEPX, T.€. SABIISICTCS BOCXOISIIIAM.

Ha cerogusiminuii feHb CyIecTBYeT OOJIBIIOE YKCIO aJrOPUTMOB, pealiu-
3yromux jepeBbs pemeHuii: CART, C4.5.

Anroputm CART (Classification and Regression Tree) pemraer 3amauu
KJ1accupuKauu U perpeccuu. ATpuOyThl HabOpa JaHHBIX MOTYT UMETh KakK JHC-
KpETHOE, TaK U YKCI0BOe 3HaUeHHe. CTPOUT TOJIBKO OMHApHbIE AEPEBbSI.

Anroputm C4.5 CTpOWT AEpEBO PEUICHUN C HEOTPAaHUYEHHBIM KOJIMYE-
CTBOM BETBEH y y3ia. JlaHHBIN anropuT™M MOXKET padoTaTh TOIBKO C JUCKPETHBIM
3aBUCUMBIM aTpUOyTOM M MOSTOMY MOXKET peliaTh TOJIbKO 3ajauM Kiaccuduka-
1017078

MeTtoa OOPHBIX BEKTOPOB

Merton omopHbIX BeKTOpoB (Support Vector Machine - SVM) otHocHTCS K
rpyIIe TpaHUYHBIX MeToA0B. OHa ONpeAeseT KIacChl IPH TOMOIIY TpaHuIl 00J1a-
creit. [Ipn moMomu JaHHOTO METOJa peniaroTcs 3a7adu OWHApHOW Kiacchuduka-
uuu. B OCHOBE METOIA JIEKUT MOHATHUE TIJIOCKOCTEN PELICHUIA.

[Tnockocth (plane) perenus pazaenseT 0ObEeKThI C pa3HON KJIACCOBOM MpH-
HAJIEKHOCTBIO.

[lens MeToma OMOPHBIX BEKTOPOB - HAWUTHU IIJIOCKOCTb, Pa3/IEISIONLYIO J1BA
MHOKECTBa 00BEKTOB; Takasl MJIOCKOCTh Moka3zana Ha puc. 10.1 u 10.2. Ha sTtom
PUCYHKE MHOXECTBO 00paslloB MOJIEJICHO Ha JBa Kiiacca: >KeNThle 0OBEKThI MpH-
HaJUIeKaT Kiaccy A, KOpUYHEBHIE - Kiaccy B.

OnopHBIMU BEKTOpaMU HA3bIBAIOTCS OOBEKTHI MHOXECTBA, JICXKAIIUE HA
rpaHuiax odJacTei.

OnopHElE
BEXTOPS

Pucynok 3 — OnopHbie BEKTOpa
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Pucynoxk 4 — Onopnsie BEKTOpA.

3anauy MeToJia MOKHO cpopMyIHpoBaTh Kak MOUCK PpyHKuu f(X), mpuHu-
Marollel 3Ha4YeHUs MEHbIIIE HYJIA JUIsl BEKTOPOB OJHOIO Kilacca U OOJbIIe HYJIS -
IUTsl BEKTOPOB JIPYTOro Kiacca.

OnHoit 3 mpo6JieM, CBSI3aHHBIX C PEIICHUEM 3a/lay KJIacCU(PUKALUA METO-
JIOM OTIOPHBIX BEKTOPOB, SBJISIETCSI TO OOCTOSITENBCTBO, YTO HE BCETJ]a MOXKHO JIET-
KO HalTH JINHENHYIO TPAHUILY MEXKIY IBYMS KJIaCCaMH.

HenocraTok MeToga COCTOUT B TOM, 4TO JJIs KiIacCU(UKAIIMK UCTIONb3yeT-
Csl HE BCE MHOKECTBO 00PAa3IOB, a JIUITh WX HEOObIIAs 4aCTh, KOTOPAst HAXOIUTCS
Ha TpaHULAX.

JIOCTOMHCTBO METOJa COCTOUT B TOM, YTO JJIsl KJAcCU(UKALMU METOIOM
OMOPHBIX BEKTOPOB, B OTJIMYUE OT OOJIBIIMHCTBA IPYTUX METOJOB, TOCTATOUYHO HE-
00JBp1I0T0 HA0OPA TAHHBIX.

Metoa 0imaxaiiniero cocena

Merton "Omwmxammero cocema" ("nearest neighbour") ocHoBbIBaeTcs Ha
XpaHEHUH TAHHBIX B MaMSTH JJIs CPAaBHEHUS C HOBBIMHU 3JieMeHTaMu. [Ipu nosiie-
HUU HOBOM 3aliCH JIJIsl IPOTHO3UPOBAHUS HAXOAATCS OTKJIOHEHUS MEX]Ty ITOU 3a-
MUCHI0 U MOJOOHBIMU HAOOpaMH JaHHBIX, U Haubosee MmogaoOHas (Uau OIVDKHHMA
cocel) HACHTU(DUITUPYETCS.

[Ipu TakoMm moaxone mcnonb3yercs TepmuH "k-Ommkanmmuii cocen” (k-
nearest neighbour"). Tepmun o3Hawaer, uyto BwIOMpacTcs k "BepxHux" (65m-
KaANIINX) COCeIeN ISl UX PACCMOTPEHUS B KAYECTBE MHOXKECTBA "OJIMKAUIINX CO-
cenen'.

JlaHHBI METOJ MO CBOEM CyTH OTHOCHUTCS K Kareropuu "oOyueHue Oe3
yuutens". KauecTBo 3aBUCHUT OT HAMOJHEHHOCTU 0a3bl JAHHBIX.

[IpeumymiectBa MeTona

- IlpocroTa McOIB30BaHMS MOTYUYEHHBIX PE3YIbTaTOB.

- Pemenus He yHHMKalbHBI JJIsi KOHKPETHOM CHUTyalluH, BO3MOXKHO X
UCIIOJIb30BaHUE JIJISL IPYTUX CITy4YaeB.

«  llenpro moucka sIBISETCS HE TapaHTHPOBAHHO BEpPHOE pEIICHUE, a
JydIee U3 BO3MOKHBIX.
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Henocratku metona "oOnmxkaiimero cocena”

- JlaHHBIN METOM HE CO3JACT KAaKUX-TMO0 MOJeNeH Wi MmpaBmil, 0000-
MAIONTUX TPEABIYIIANA OMBIT, B BEIOOPE PEUICHUS OHM OCHOBBIBAIOTCS Ha BCEM
MacCHBE JOCTYMHBIX MCTOPUYECKUX JAHHBIX, MO3TOMY HEBO3MOXKHO CKa3aTh, Ha
KaKOM OCHOBAHHH CTPOSITCSI OTBETHI.

. Cyl1ecTByeT CII0KHOCTh BbIOOpa Mephl "0m3ocTu' (MeTpukn). Takxke
CYIIECTBYET BBICOKAs 3aBUCHUMOCTh PE3YyJIbTAaTOB KJIacCH(UKAIMKU OT BHIOPAHHOM
METPHKH.

- Ilpu wucnonb30BaHUM METOAA BO3HUKAET HEOOXOAMMOCTH IOJIHOTO
nepebopa oOy4aronieil BEIOOPKU MpU pacro3HABAHUM, CIIEJICTBUE 3TOTO - BBIYUC-
JUTENbHAS TPYAOEMKOCTb.

. TunuuHble 3a/1a41 JAHHOTO METO/JIA - 3TO 3aJa4H HEeOOJIBIIION pa3Mep-
HOCTH 10 KOJIMYECTBY KJIACCOB U IEPEMEHHBIX.

C moMomipl0 TaHHOTO METOJ[a PEIIAl0TCs 3a/ladu KiacCuPUKaluu U pe-
rpeccuu.

Kiaccudukanys HOBbIX 00bEKTOB

Pucynok 5 — Knaccuduxaius 00beKTOB MHOXKECTBA IIPU Pa3HOM 3HAYCHHUH Tapa-
metpa k

PesynbTaT paboThl METOAA C UCIOJIB30BAHUEM OJIHOTO OJIMKAWIIIEero coce-
na. B aToM cilyyae OTKIMK TOYKM 3ampoca OyleT KiacCU(pUIMPOBaH Kak 3HAK
IUTIOC, TaK Kak OJuKaiIiasi coceHsIsl TOUKa UMEET 3HaK ILTIOC.

YBenuuum 9nciio Omkaimmx cocenent 10 1syx. Meron k-Ommkaimmx co-
celiel He CMOXKET KJIaCCU(PUITMPOBATh OTKIMK TOYKH 3aIPOCa, MOCKOIBKY BTOpAs
OnmvKkaiIas Touka UMEET 3HaK MUHYC M 00a 3HaKa paBHOIICHHBI.

Jlanee yBeIMYUM YKCIIO UCHOJIb3YEMBIX OJMKaliunX coceneit 1o 5. Takum
oOpa3om, OyaeT ompeneeHa mefas OKPECTHOCTh TOYKH 3ampoca. Tak kak B 00Ja-
CTH COJEP>KHUTCS 2 TOYKH cO 3HaKOM "+" u 3 Touku co 3HaKoM "-" | anroput™m k-
OKaNIIKMX coce/iel MPUCBOUT 3HAK "-" OTKJIMKY TOYKH 3aIpoca.

B 3agade mporHo3upoBaHUs pELIEHUE MOy4yaeTcsl ycpeaHeHueM k Omm-
JKaUIIIIX cOCeJiei:

22



k Bnuekadiume cocegem =2

E ]

k Brcsaiimy cocrgen =1

Pucynox 6 — PemnieHue 3a1a4un MpoOrHO3UPOBAHUS MIPU Pa3HBIX 3HAUCHUSAX Tapa-
metpa k

BaiiecoBckas kiaccupuranus
[Ipennonaraer ucnoib30BaHUE JIsl pEIICHU 3a/lau Kiaccudukanuu Oaiie-
COBCKHUX ceTell. ICXOUT U3 MpeanoyioxKeHUs: 0 B3aUMHOM HE3aBUCUMOCTH MPU3HA-
KOB, a TaK ke 00 UX OJMHAKOBOM BaxkHOCTH. [Ipenmomnaraercs, 4To 0OBEKT MOKET
MPUHAJICKATh K OINPECIICHHOMY KJIAcCy € 3aJlaHHOM BEPOSITHOCThIO. OCHOBHOE
npuMeHeHne MeToa baliecoBckoi Kiraccupukanum — criaM-QuibTPh.

HeiliponHbie ceTn

Heiiponnsie cetu (Neural Networks) - 370 Moaenu OHONOTHYECKUX HEM-
POHHBIX CE€Tel MO3ra, B KOTOPHIX HEMPOHBI UMUTUPYIOTCS OTHOCUTENILHO MPOCTHI-
MU, 4aCTO OJTHOTUITHBIMHU, dJIEMEHTaMU (MCKYCCTBEHHBIMU HEHPOHAMH).

Cpenu obnacteit mpuMeHEeHHs] HEHPOHHBIX ceTel - aBTOMaTH3alus MpoIlec-
COB pacIio3HaBaHMs 00pa30B, MPOTHO3UPOBAHUE, JANTHBHOE YIIPaBICHUE, CO3/Ia-
HUE DKCIEPTHBIX CHUCTEM, OpTraHU3aIlis acCOIMAaTUBHOM MaMsTH, oOpaboTKa aHa-
JIOTOBBIX U NU(DPOBBIX CUTHAIOB, CUHTE3 M UICHTU(DHUKAIMS SJIEKTPOHHBIX IIETICH U
CUCTEM.

Mopnenu HEHPOHHBIX CETEN MOTYT OBITH MPOTPAMMHOIO U aIlapaTHOro UC-
MTOJIHEHHS.

Cpenu 3amay Data Mining, pemaemMbIX ¢ IOMOLIBIO HEHPOHHBIX CETEM, Oy -
JIEM paccMaTpUBATh TaKHeE:

- Kiaccudukanus (oOydyenue ¢ yunureneMm). [Ipumepsl 3a1au kiaccudu-
KalluM: pacrio3HaBaHUe TEKCTa, pacliO3HaBaHUE PeyH, UACHTUPUKALNS TUYHOCTH.

. [Iporno3upoBanue. s HEMPOHHOW CETH 3ajaya MPOTHO3UPOBAHUS
MOJKET OBbITh TIOCTABJIEHA TAKUM 00pa30M: HAMNTH HawITy4lllee MPUOIMKeHne PyHK-
IIUY, 3a/IaHHOM KOHEYHBIM Ha0OpOM BXOJHBIX 3HAYCHUH (00yYaronux IpruMepoB).
Hanpumep, HelipOHHBIE CETU MO3BOJISIOT PELIaTh 3a7a4y BOCCTAHOBIICHUS MPOITY-
LICHHBIX 3HAYCHHM.
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. Knacrepuzanus (o6yuenue 6e3 yuutens). [Ipumepom 3amaum kiacre-
pU3alKA MOXET OBITh 3aj7a4a C:KaTus WHGOPMAIIMKA MyTEM YMEHBIIECHUS pa3Mep-
HOCTH JIaHHBIX. 3aJaud KJIACTEPU3alUH PEHIAroTCs, HApUMEpP, CaMOOpPraHU3yIo-
nmucs kapramu Koxonena. 9Tum ceTsim Oy1eT NOCBsIIEHa OTAENIbHAS JIEKIHS.

DJIeMEHTBI HEMPOHHBIX CETEN

HckyccTBeHHBIH HEUPOH ((OpMalbHBI HEHPOH) - AIEMEHT MCKYCCTBEH-
HBbIX HEUPOHHBIX CETeH, MOJAEIUPYIOIUNA HEKOTOpble (YHKIHMH OMOJIOTHYECKOTO
HEHWpOHA.

Bxoanble curHanel o0palaThIBalOTCS aJaNTUBHBIM CYMMaTOpPOM, 3aTeM
BBIXOJIHOM CHUTHAjJ CyMMaTopa MOCTYIaeT B HEJIMHEWHBIH MpeoOpa3oBaTelb, Ie
npeoOpazyeTcs GyHKIHUEH aKTUBAIlMU, U PE3YyJIbTAT MOAAETCS Ha BBIXOJ (B TOUKY
BETBJICHMUS ).

AKCOH - BBIXOJHYIO CBS3b JAHHOTO HEWpPOHA, C KOTOpOW cUTHad (BO30Y-
KJACHUS WIA TOPMOYKEHUSI) OCTYIIAEeT HA CUHAIICHI CIIEYIOUIUX HEUPOHOB.

AxTUBalMOHHAs (DYHKIHMSA, KOTOPYIO Takke Ha3bIBAIOT XapaKTepUCTUYe-
CKOM (pyHKUHMEH, - 3TO HEIMHEHAas (PYyHKUMS, BBIUMCISAIOMIAS BBIXOJHON CHUTHANI
(hopmMaIbLHOTO HEMpOHA.

Henuneiinpiii mpeoOpa3oBaTenb - 3TO 3JIEMEHT UCKYCCTBEHHOI'O HEMpOHa,
npeoOpa3yroluid TeKyllee COCTOSTHUE HeWpoHa (BBIXOAHOM CHTHAJ aJanTHBHOTO
CyMMaTopa) B BBIXOJHOM CUTHAJl HEWPOHA MO HEKOTOPOMY HEIMHEHHOMY 3aKOHY
(axTUBaAIMOHHON (DYHKITUN).

Hetiponnble ceTu MOTYT ObITh CHHXPOHHBIE U aCUHXPOHHBIE.

B CMHXpPOHHBIX HEMPOHHBIX CETAX B KAXIbII MOMEHT BPEMEHHU CBOE COCTO-
STHHE MEHSIET JINIIb OJIMH HEWPOH.

B aCMHXpOHHBIX - COCTOSIHUE MEHSIETCA Cpa3y Yy LEJIOM TPYIIbl HEMPOHOB,
KaK IIPABUJIO, Y BCETO CJIOS.

OpHocnoitHblid niepcenTpoH (mepcentpoH Po3eHOsarTa) - OJHOCHOWHAS
HEWpOHHAs CEThb, BCE HEUPOHBI KOTOPOl MMEIOT KECTKYIO MOPOTOBYIO (PYHKIIHIO
AKTHUBALIUH.

Muorocnoiinbsiii iepcentpod (MLP) - HelipoHHas ceTh MpsSMOro pacrpo-
cTpaHeHus curHaia (6e3 oOpaTHBIX CBs3el), B KOTOPOM BXOJAHOM CUTHAN IIpeolpa-
3y€Tcsl B BBIXOJIHOM, IMTPOXO/S MTOCIEA0BATEIBHO Y€PE3 HECKOJIBKO CIIOEB.

Camoopranusywmuecsi Kaprsl Koxonena

Heliponnble ceTu ObIBAIOT C OOPATHBIMU CBSI3IMU U 0€3 0OpaTHBIX CBS3EH.

Cetu ¢ 0OpaTHBIMU CBSI3SIMU

«  Ceru Xondwunaa (3a1a4u acCOLMATUBHON MAMSITH).

«  Ceru KoxoHeHa (3a1auu KJIaCTEPHOTO aHAIIN3A).

Kapter Koxonena (Self-Organizing Maps, SOM).

OcHoBHOI1 npuHIUI paboThl ceTelt KoxoHeHa - BBeJeHUE B MPABUIIO 00Y-
YeHUs HelpoHa HH(POPMAIIUU OTHOCUTEIBHO €r0 PACIIOIOKEHHUS.

CaMooOpranu3yromuecs: KapTbl MOTYT MCIIOJIB30BAThCS AJISl PEIICHUS TaKHX
3a/a4, KaK MOJICJIMPOBAHHUE, IPOTHO3UPOBAHUE, IOMCK 3aKOHOMEPHOCTEN B
OONBIIMX MacCUBaX JAHHBIX, BBIIBJICHHE HAaOOpPOB HE3aBUCUMBIX MPU3HAKOB H
coKaThe MH(POPMALIMH.
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Haubonee pacnpoctpanenHoe npuMeHenue cereir Koxonena - pemienue 3a-
nauu Kiaccupukanum 0e3 yIuTens, T.€. KIacTepru3allui.

Cetp Koxonena npejncraBisieT coOOM JBa C0s: BXOJHOW U BbIXOJHOU. Ee
TaKX€ Ha3bIBAIOT CaMOOPTaHU3YIOMIEH KapTOW. DIEMEHTHI KapThl PaCIIoNaratoTcs
B HEKOTOPOM IPOCTPAHCTBE, Kak NnpaBuiio, nisymepHoM. Cerb KoxoHeHa n3obpa-
’eHa Ha puc. 12.1.

de_'__,_f
X ";-O
X
An O _____/—ﬂ"'frf

EXOOHEIE EbIX0OHEIE

HEHpOHE HERpOHE

Pucynok 7 — Cetb Koxonena

Cetp KoxoHeHa oOy4daeTcss METOIOM NOCIEA0BAaTENbHBIX NpuOnkeHuil. B
nporecce 00ydyeHus: TAKUX CETel Ha BXOJIbl OJAIOTCS JIaHHBIE, HO CETh MPU 3TOM
MOJICTPAUBAETCA HE MOJ TAJIOHHOE 3HAYEHHE BBIXO/1a, a MO/ 3aKOHOMEPHOCTH BO
BXOJIHBIX JaHHbIX. HaunHaercs oOyueHue ¢ BBIOpaHHOTO Cily4yailHbIM 00pa3oM BbI-
XOJITHOTO PACIOJIOKEHHUS LIEHTPOB.

OOyueHue Tpw 3TOM 3aKIIOYAeTC HE B MUHUMH3AIUU OIMUOKHA, a B
MOJICTPOIKE BECOB (BHYTPEHHHUX MapaMeTPOB HEUPOHHOW CETH) JJI1 HAMOOJBIIErO
COBIIAJICHUS C BXOJHBIMU JTaHHBIMH.

TemMHO-cHHHME WU CBETJIbIE YYAaCTKM Ha KapTe COOTBETCTBYIOT HAUMEHb-
[IMM 3HaYEHUSM TI0Ka3aTels, KpaCHbIC WIM TEMHBIC - CAMBIM BBICOKHM.

MeTtoabl KjIacTepHOro anaau3a. Mepapxuuyeckue MeToaAbl

TepmuH KiacTepHbI aHaiIu3, BIepBble BBeAeHHBIH Tpuonom (Tryon) B
1939 rony, Bkitouaet B ce0s 6osiee 100 pazmuyHBIX aIrOpUTMOB, 00bE/ICHEHHBIX B
JIB€ TPYIIIBL: HEPAPXUUECKUE U HEMEPAPXUUECKUE METOIBI.

Knacrepnsiii ananus3 He TpeOyeT ampHOpPHBIX MPEANONOKEeHU o0 Habope
JAHHBIX, HE HAKJIAJIGIBAET OTPAHWYCHUS HA MPEACTABICHUE MCCIEIYEMBIX O0OBEK-
TOB, IO3BOJISIET AHAJU3UPOBATH IMOKA3ATENIM PA3NMYHBIX THUIOB JAHHBIX (MHTEp-
BAJIbHBIM JIAHHBIM, 4acTOTaM, OMHApHBIM JaHHBIM). [Ipum 3TOM HEoOXoauMMO mo-
MHHUTb, YTO IEPEMEHHBIE TOJKHBI U3MEPATHCS B CPABHUMBIX IIKAJIAX.

Kpurepuem mist onpeneneHusi CX0KeCTH U Pa3inyuus KIacTepOB SBISIETCS
pPAcCTOSIHME MEXIY TOYKAMHM Ha JUarpaMMe paccerBaHUs. DTO CXOACTBO MOXKHO
"U3MepUTh', OHO PAaBHO PACCTOSIHUIO MEXIy TOukamu Ha rpaduxe. Kak mpaBuio
0]l pacCCTOSTHUEM MOHUMAIOT €BKJIMJA0BO PACCTOSTHUE MEXKY JBYMSI TOUKAMU 1 U ]
Ha MJIOCKOCTH, KOTJa U3BECTHBI UX KOOPAUHATHI X U Y:

.Dg_?' = V"'-I:rlrg — I_?';:Ij + [ii‘.,f-_' — __ij;:lj,
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Knactep numeer cienyromnye MaTeMaTHYECKUE XapaKTEPUCTUKU: LIEHTp, pa-
JNYC, CPEAHEKBAAPAaTHIECKOE OTKIOHEHHUE, pa3Mep KiacTepa.

IlenTp xmacrepa - 3TO CpeAHEE T€OMETPUUYECKOE MECTO TOYEK B IPO-
CTPaHCTBE TIEPEMEHHBIX.

Pannyc knactepa - MakCUMallbHOE PACCTOSIHUE TOYEK OT LIEHTpPA KIIacTepa.

Knactepsl MoryT OBITH NIEpeKpHIBAIOIIUMUCS. B 3TOM ciiydae HEBO3ZMOKHO
IpU TTOMOIIM MaTEMaTHUYECKHUX MPOIETyp OJHO3HAYHO OTHECTH OOBEKT K OJHOMY
U3 JABYX KjacTepoB. Takue 0ObEKThI Ha3bIBAIOT CHOPHLIMIUL.

CropHblii 00BEKT - 3T0 0O0OBEKT, KOTOPBIHA MO MEPE CXOJICTBA MOXKET OBITh
OTHECEH K HECKOJIbKUM KJIacTepam.

Pasmep knactepa MOXxeT ObITh OIpejaeseH JuO0 MO paauycy Kiacrepa,
anb0 MO CpeaHEKBAPAaTUYHOMY OTKJIOHEHHI0 OOBEKTOB IJIsi 3TOr0 KiacTepa.
OOBEKT OTHOCHUTCA K KJIaCTEPY, €CIIM PaCCTOSIHUE OT 0OBEKTa /10 LIEHTpa KiacTepa
MEHBIIIE pajauyca KiacTepa. Eciam 3To ycrmoBue BBINOJMHSETCS ISl IBYX M Oojee
KJIACTEPOB, OOBEKT SBIIACTCS CIIOPHBIM.

HeonHo3HauHOCTH JAaHHOM 3aa4i MOXET ObITh YCTpaHEHA SKCIIEPTOM HITU
aHAJINTUKOM.

Pabora xmactepHOro aHaiv3a OMHMpaETCs Ha JBa Mpenanoyiokenus. [lepBoe
MPEOJIOKEHNE - pacCMaTpuBaeMble MPU3HAKA 00BEKTa B MPUHIUIIE JOMYCKAIOT
XKeJaTeabHoe pa3OueHue myJsa (COBOKYMHOCTH) OOBEKTOB Ha kiacTephl. Bropoe
NPEINOJIOKEHUE - MPABUIILHOCTh BHIOOpA MacIlTada WiIu €IUHULL U3MEPEHHUS TIPH -
3HAaKOB. B cilyyae HEOTHOPOIHOCTHU €IUHUIl U3MEPEHUS MPU3HAKOB MPOBOIUTCS
npeBapuTeIbHAs CTaHIAPTU3AIUS TIEPEMEHHBIX

CyTb uepapXW4yecKol KiIacTepu3alMl COCTOMT B IIOCJIEI0BAaTEIbHOM
00BEIMHEHUU MEHBIIIUX KJIACTEPOB B OOJIBIIINE WK Pa3/IeJICHUN OOJBIITUX KIIacTe-
POB Ha MEHBIIIHE.

Hepapxuueckue arnomepatuBHble MeToasl (Agglomerative Nesting,
AGNES). B nauane pa®oThl alroputMa Bc€ 0OBEKTHI SBISIOTCS OTIEIbHBIMU KJla-
crepamu. Ha mepBoMm miare HauOoiiee Moxoxue oOBEKTbl OOBEIUHSIOTCS B Kia-
ctep. Ha mocienyromux marax o0beIUHEHHE MPOI0JDKAETCS 10 TeX MOop, TOKa BCe
00BEKTHI HE OYIyT COCTABJIATh OJIMH KJIACTED.

Uepapxuueckue nuBuzumHble (nenumbie) Metoasl (DIvisive ANAlysis,
DIANA). DT MeTobl SBISIOTCS JIOTUYECKON MPOTUBOIOJIOKHOCTBIO arjoMepa-
TUBHBIM MeToAaM. B Hayane paboThl anropurMa Bce 00BEKThI MPUHAAJIEKAT OJTHO-
My KJIacTepy, KOTOPbII Ha MOCIEAYIONINX IIarax JIeIUTCs Ha MEHBIIUE KIacTephl,
B pe3yJibTaTe 00pa3zyeTcs MOoCIe10BaTeIbHOCTh PACHICTIISIONINX TPYI.

[TpuHuMn paboThl OMUCAHHBIX BBIIIE TPy METOIOB B BHAE JEHAPOTpaM-
MBI ITOKa3aH Ha puc. 8.
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Pucynok 8 — Jlenaporpamma arnoMepaTUBHBIX U IUBU3UMHBIX METO/IOB

JIJ1s1 BBIUMCIICHHUS] PACCTOSIHUSI MEXKIY OOBEKTaMHU HCIOJIB3YIOTCS pa3jind-
HBIE MEPBI CXOCTBA (MEPHI TOA00MS):

1 3BKIUIOBO PaCCTOSIHHE;

2 KBajapaT 3BKIU0BA PACCTOSHUS;

3 MaHX?TTEHCKOE PacCTOsSHHE (PacCTOsIHUE TOPOJCKUX KBApTaJIOB). DTO
PAcCTOSIHUE PACCUUTHIBAECTCS KaK CPEHEE PA3HOCTEN MO KOOPAUHATAM;

4 paccrosiHue YeOpieBa. DTO pacCTOSIHUE UCTIONIB3YIOT, KOT/Ia HE00XO0-
JIUMO ONPEACNIUTh J1Ba OOBEKTa Kak "pa3inuHble", €CJIU OHU OTIUYAIOTCS M0 KaKo-
MY-TO OJTHOMY U3MEPEHUIO;

5  MPOIEHT HEcorjacus. DTO PACCTOSIHUE BBIYHUCIISICTCS, €CJIM JaHHBIC
SIBJITFOTCS] KaTETOPUATLHBIMU;

MeToabl 00beIUHEHUS WIN CBSI3H

Metoa OauM:KHEro cocela WiIM OAUHOYHAS CBSI3b. 3JIeChb PACCTOSHUE
MEXIy ABYMS KJIacTepaMu OMPENEseTCsl pacCTOSHUEM MEXIy ABYyMsi HaubOosee
OM3KUMU 00beKTaMM (OJHKAUIIIMMH COCENISIMHU) B Pa3IMYHBIX KJIacTepax.

MeTtoa HanboJs1ee yaajJeHHbIX cocelell UIu MOJIHAs CBA3b. 31€Ch PacCTOs-
HUS MEX]Ty KJIACTEPaMH OMPEEISIIOTCS HAMOOIBIIIUM PACCTOSHUEM MEXKTY JTFOOBI-
MU IBYMsI 00bEKTaMU B pa3IMYHBIX KilacTepax (T.e. "Hanbosee yaaieHHbIMH COCe-
asamu'").

Meton Bapaa (Ward's method). B xauecTBe paccTostHuS MeX Oy KiiacTepa-
MU OEpeTcsl MPUPOCT CYMMBI KBaJpaTOB PACCTOSHUI OOBEKTOB /10 YEeHmMpPOs8 Kid-
cmepos, NoJdydaeMblil B pe3yibTare ux oobeaunenus (Ward, 1963), ucnonb3yror-
Csl METO/IbI TUCTIEPCUOHHOTO aHaJIu3a.

MeToa HeB3BELIEHHOT0 MOMAPHOr0 cpeaHero. B kauecTBe paccTosHUA
MEXIy JABYMS KJIacTepaMu OepeTcsi CpejHee PACCTOSHUE MEXKAY BCEMU IMapamu
00BEKTOB B HUX. DTOT METOJI CJIEYET UCIOIb30BaTh, €CJIM KJIACTEPhl HEMPaBUIIb-
HOU (OPMBI
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MeToa B3BeLIEHHOI'0 NONAPHOIO cpefHero. B kauecTBe BecOBOro Ko3¢-
bunueHTa UCHOJb3yeTCs pa3Mep Kiactepa (UHCI0 OOBEKTOB, COJACPKAIIMXCS B
KJIacTepe).

HeB3BemeHHbI HEHTPOMAHBIA MeTOA. B KadecTBe pacCTOSHUS MEXAY
JIBYMS KJIaCTEPaMHU B 3TOM METOJE OEpeTcs pacCTOSIHHE MEXy MX LIEHTpaMu Ts-
KECTHU.

B3BeumieHHbIN HEHTPOUAHBIN MeTOA. /I yyeTa pa3HULBI MEXIY pazme-
pamu kracmepos (4uciie 00bEKTOB B HUX ), UCTIOJB3YIOTCS Beca.

HNrepaTuBHbBIE METOIBI

IIpu GomnpiiomM KoJiMuecTBe HAOMIOJCHUN HCMOJB3YIOT HEHEpapXUUeCKue
METO/Ibl, OCHOBAHHbIC Ha pa3/ICICHUH, KOTOPhIE MPEJCTABISIOT COOONH UTEpaTUB-
HBIC METOIbI IPOOICHHS UCXOAHOW COBOKYITHOCTH.

CymectByet nBa nojxoja. [lepBblit 3akitovaercst B ONpeIeeHUU TPAHMUI
KJIACTEPOB KaK HanOoJiee MIOTHBIX YYaCTKOB B MHOTOMEPHOM IMPOCTPAHCTBE HC-
XOJIHBIX JaHHBIX, T.€. ONpPEe/IeTICHUE KilacTepa TaMm, TJie uMeeTcs 0obIioe "cryiie-
Hue Touek". BTopoil moaxon 3akirovaeTcss B MUHUMHU3AIMH MEPHI Pa3iuydus
OOBEKTOB.

Anzopumm k-cpeonux cTpout K KaacTepoB, pacoIOKEHHBIX Ha BO3MOXK-
HO OOJIBIITUX PACCTOSHUSIX APYT OT Apyra. OCHOBHOM THM 3a/1a4, KOTOPBIC PeIiaeT
aneopumm k-cpeonux, - Hanmu4uue NPeArnoa0XeHu (TUIOTe3) OTHOCUTEIBHO YUCTa
KJIACTEPOB, MPU 3TOM OHU JIOJDKHBI OBITh Pa3jIMYHBl HACTOJIBKO, HACKOJIBKO 3TO
BO3MOXHO. BriOop unciia k MoxeT 6a3upoBaThCs Ha pe3yiabTaTax MPEAIIeCTBYIO-
X UCCICAOBAHUM, TEOPETHUECCKUX COOOPAKEHUAX WIIH UHTYHUITUH.

Onucanue anroputMa

1. TlepBoHauanbHOE pacrpesesieHne 00bEKTOB MO KilacTepam.

Boi6upaercs uncno k, 1 Ha mepBoM I1are 3TU TOYKH CUMTAIOTCS "LIEHTpa-
mu" knactepoB. Kaxxomy knactepy coOTBETCTBYeT OAMH IIeHTp. BriOop Hauaib-
HBIX [IEHTPOUJIOB MOKET OCYIIECTBIIATHCS CIECTYIONTUM 00pa3oM:

o BBIOOP k-HaOmroeHui 1711 MaKCUMU3AIMA HAYaIbHOTO PACCTOSHUS;
o CITy4alHbIN BBIOOp k-HaOMI01eHNI;
o BEIOOP TIEPBBIX K-HAOIIOIEHUT.

B pesynbraTe Kaxbiii 00bEKT Ha3HAYEH OMPEICICHHOMY KIIaCTepy.

2. HUreparuBHBIN nIpoLECC.

BeraucisiroTess 1eHTphl KJIACTEPOB, KOTOPHIMH 3aTEM M JAIee CUUTAIOTCS
MMOKOOPANHATHBIE cpeaHue KiaacTepoB. OOBEKTHI OMATh MEPepacpeIeTIIOTCA.
[Tporecc BBIUMCICHHS LIEHTPOB M TepepachpeacsieHus: 00bEKTOB MPOI0KACTCS
710 T€X TOp, MOKa HE BBIMOJIHEHO OAHO U3 YCIOBHI:

o KJIACTEPHBIEC LEHTPHI CTAOMIIN3UPOBATIUCH, T.€. BCE HAOIIOJACHUS TPHU-
HaJJIekKaT KIacTepy, KOTOPOMY MPUHAJJIEKAIN 10 TEKyIIeH UTepallny;
o YHCJIO UTEPALMUA PABHO MAKCUMAJIbHOMY YHCITy UTEPALUH.

JlocTouHcTBa aneopumma k-cpeoHux:

«  TPOCTOTA UCTIOJIH30BAHMSI;

- OBICTPOTA UCITOJI30BAHUS;

«  TIOHATHOCTH W TIPO3PAYHOCTH AITOPUTMA.

28



HenocraTtku areopumma k-cpeonux:

«  QITOPUTM CITUIIKOM YYBCTBUTEJICH K BHIOpOCAM, KOTOPHIC MOTYT HC-
KaXaTb cpeaHee. Bo3MOXXHBIM pEelIeHHEM 3TON MPOOJIEMBbI SBIISCTCS HCIIONIh30Ba-
HUE MOJIM(PUKALINY aIrOPUTMA - AITOPUTM K-MeauaHsbI;

. QITOPUTM MOXKET MEIJICHHO paboTaTh Ha OOJblIMX 0Oa3ax JaHHBIX.
B0O3MOXHBIM pernieHrueM JaHHON MPOoOJEMBbI SBISIETCS HCIOJIB30BaHUE BBIOOPKH
TaHHBIX.

PAM sBnsercs monudukamnuet areopumma k-cpeonux, anroputMom k-me-
muanbl (k-medoids). AaropuT™M MeHee YyBCTBUTENICH K IITyMaM M BBIOpOcaMm JaH-
HBIX, YeM alIropuTM k-means, MOCKOJIbKY MeIHaHa MEHbIIE TOJIBEPKEHA BIUSHU-
SIM BBIOPOCOB.

Pemenuem Gomnpinmx 0a3 TaHHBIX SBIISIECTCA:

. MIpeIBApPUTEILHOE COKPAIIIEHUE Pa3MEPHOCTH, T. €. IPOBOAUTCS (hak-
TOPHBIA aHAIM3 JUISI W3yYCHHUSI B3aMMOCBSI3U MEXIY MEPEMEHHBIMH, TOCIE YEro
OOJIBITIOE YHUCITO TIEPEMEHHBIX CBOJIUTCSA K MEHBIIIEMY YHUCITy HE3aBUCUMBIX (PaKTO-
POB;

. UCII0JIb30BaHME HE BCEH 0a3bl JaHHBIX, a KAKOW TO €€ YacCTH.

CymiecTByeT psJl CIIOKHOCTEH, KOTOPBIE CIeAyeT MPOoIyMaTh Mepe mpoBe-
JICHUEM KJIaCTepH3aIiu.

«  CnoxxHOCTB BBIOOpA XapaKTEPUCTHK, HA OCHOBE KOTOPBIX MPOBOIUTCS
kinacrtepuzauua. HeoOqymanHblid BEIOOp NPHUBOJIUT K HEAJEKBATHOMY pPa3OMEHHUIO
Ha KJIACTEPHI U, KaK CICJCTBUE, - K HEBEPHOMY PEIICHHIO 3a1a4H.

«  CrnoxHoCTh BbIOOpa METO/1a KJIaCTepU3aluU. DTOT BEIOOP TpeOyeT He-
IJIOXOTO 3HAHUS METOIOB M MPEANOCHIIOK UX UCITOIh30BaHUA.

- IIpobnema BbIOOpa umciia kjaacTepoB. Ecau HET HUKAKWUX CBEJACHUMN
OTHOCUTEIHHO BO3MOKHOTO YHMCJIA KJIACTEPOB, HEOOXOIMMO MPOBECTU DSl IKCIIE-
PUMEHTOB U, B pe3yJibTaTe nepedopa pa3iMyHOrO YKcia KJIACTepOB, BHIOPATh OIl-
TUMaJIbHOE MX YHCIIO.

- IlpoGnema mHTEepHpeTaluu pe3yabTaToOB Kiactepusanuu. @opma Kia-
CTEpOB B OOJIBIIUHCTBE CIyYaeB OMPEACIIIETCS BEIOOPOM METO/1a 00bETUHECHHUS.

PazpaboTanbl airOpuT™MBI, B KOTOPBIX METOJBI UEPAPXUIECKON KIIACTEPH -
3aIlii HHTETPUPOBAHEI C IPYTUMH METOIaMHU.

Anroputm BIRCH (Balanced Iterative Reducing and Clustering using
Hierarchies). B aToM anroputme peain3oBaH JIBYXd3TaIlHbINA MPOIECC KilacTepu3a-
iy, B xozxe mepBoro stama GopMHpPYETCS MPeaBapUTENbHBIA HAOOP KIACTEPOB.
Ha BTOpOM 3Tame K BBISBICHHBIM KJacTepaM MPUMEHSIOTCS APYTHE aJTOPUTMBI
KJIACTEPH3aIlUH - TIPUTOTHBIE I PaOOTHI B OTIEPATUBHOMN MaMSTH.

Anroputm WaveCluster nmpencrapiisieT co00il allrOpUTM KJIacTepU3alK Ha
OCHOBE BOJIHOBBIX IpeoOpa3zoBanuii. B Hauane pa®oThl anroputMma AaHHbIE 0000-
IIAFOTCS IMyTEM HAJIOKEHHUS Ha IPOCTPAHCTBO JAHHBIX MHOTOMEpHOM pemeTku. Ha
JABHEUIINX IIarax airOpuTMa aHaJTU3UPYIOTCS HE OT/IETbHbIE TOYKH, a 0000IIIeH-
HBbIE XapaKTEPUCTUKU TOYEK, MOMABIIUX B OJHY SYEHKy permeTku. B pesynbrate
Takoro 00001meHnst HeoOxoauMas HH(pOpPMAIUs YMEIAETCsl B ONIEPATUBHOM TTaMsi-
ti. Ha mocnemyromux miarax mjisi ONpeAesieHus KJIacTepOB aTOPUTM MPUMEHSET
BOJIHOBOE ITpeoOpa3oBaHre K 000OIIEHHBIM JaHHBIM.
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Anroputm CLARA (Clustering LARge Applications). Anroputm CLARA
ob11 pa3zpaboran Kaufmann u Rousseeuw B 1990 romy mns xmacrepusarviul JaH-
HBIX B Oosbmux 0a3zax maHHbIX. AnroputM CLARA u3BnekaetT MHOXKECTBO 00pa3-
1IOB U3 0a3pl JaHHBIX. KiacTepusaiys MpuUMEHseTCS K KaKIoMy W3 00pas3IioB, Ha
BBIXO/I€ aJITOpUTMAa Ipe IaracTcs Tydlnas KiiacTepu3aliusl.

Anroputm Clarans (Clustering Large Applications based upon
RANdomized Search) ¢opmynupyet 3amauy kiacTepu3aluu Kak CIy4alHBIN IO-
uck B rpade. B pe3ynbrare paboThl 3TOTO aaropuT™Ma COBOKYIHOCTh Y3JI0B Ipada
Npe/ICTaBIsAeT co00i pa3OueHre MHOXKECTBA JaHHBIX Ha YHCIIO KJIACTEPOB, OIpe-
JICJICHHOE TI0JIb30BATEIIEM.

Jlekuus Ne4. MeToapl MOMCKA aCCOUMATUBHBIX NPABUJI U Me-
TOJAbI BU3YAJIU3AIUU

MeToabl MOMCKAa ACCONUATUBHBIX MPABUJI

[lenpro momcka accOMAaTUBHBIX MpaBMII (association rule) siBIsieTCs HaXO-
’KJIEHNE 3aKOHOMEPHOCTEN MEX/1y CBSI3aHHBIMH COOBITHSIMH B 0a3ax JaHHBIX.

YacTto BCTpeyarlmuecs MPWIOKEHUS C MPUMEHEHUEM AacCOLUATUBHBIX
MIpaBUII:

+ PO3HUYHAs TOPrOBIISL: ONPEEICHUE TOBAPOB, KOTOPbIE CTOUT MPOJIBU-
raTb COBMECTHO; BBIOOP MECTOIOJIOKEHHS TOBapa B Mara3uHe; aHajiu3 MOTpeOu-
TEJIbCKOM KOP3UHBI; IPOrHO3UPOBAHUE CIIPOCA;

« TEpEeKpPecTHbIE MPOJAXKH: €ClIU €CTh UH(POPMAIU O TOM, YTO KIIMEHTHI
npuoOpenu npoayktel A, b u B, To kakue U3 HUX BEPOATHEE BCETO KYIAT MPOAYKT
?

« MApKETHHT: MOMCK PBIHOYHBIX CETMEHTOB, TEHJICHIIMW TOKYMaTelb-
CKOTI'O ITOBEJCHUS;

« CEeTrMEHTallMs KJIMEHTOB: BBISBICHUE OOIINX XapaKTEPUCTUK KIMEHTOB
KOMITaHWH, BBISIBIICHUE TPy OKYTaTeNeH;

+ o¢opMIIEHHE KaTaJIOroB, aHAU3 COBITOBBIX KaMITaHUN (PUPMBI, OTpe-
JIEJICHHE MOCJIEI0OBATENBHOCTEN MOKYNOK KIMEHTOB (Kakas MOKYIKa MOCIeayeT 3a
MOKYIIKOM ToBapa A);

- aHanu3 Web-J10roB.

PpIHOYHAsI KOP3MHA — 3TO HAOOP TOBAPOB, MPUOOPETEHHBIX MOKyIATEIEM
B paMKax OJIHOM OTJENbHO B35ATOM TpaH3aKIUU.

Tpan3akuusi — ’T0O MHOXECTBO COOBITHI, KOTOPbIE MPOU3OIILIN OJTHOBpE-
MEHHO.

Tpan3zaknuonHasa wi onepanmuoHHas ©6a3a manHbIx (Transaction
database) nmpencraBiser co0oit AByMEpHYIO TabIUIly, KOTOpas COCTOMT M3 HOMeEpa
tpar3aknuu (TID) u mepeuHs moKymnok, MpuoOPETEHHBIX BO BPEMs 9TON TpaH3aK-
1017078

TID - yHukanbHbIA UACHTHPUKATOP, ONMPEACTSIONINN KaXAYI0 CACIKY WU
TpPaH3aKIHIO.
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Ta6muma 1 — Tpan3zakinoHHast 6a3a JaHHBIX
TID TnpuobpereHHblie Nokynkn — P TID MNpuo6peTeHHble NOKYNKH

100 Xneb, MONIOKO, MeyeHbe 100 a, b, c
200 Monoko, cMeTaHa 200 b, d

300 Monoko, xneb, cMeTaHa, NevyeHbe 300 b, a,d, c
400 Konbaca, cMeTaHa 400 e, d

500 Xneb, MONOKO, NeYyeHbe, CMETAHA 500 a, b, c, d
600 KoHdeThl 600 f

Ilo00epotckoni HA3BIBAIOT KOJWYECTBO WJIW MPOLEHT MpaH3axyui, COaep-
KaIUX OMpeJIeICHHbIA HAa00OP TaHHBIX.

SUP(abc)=3.

AccoyuamusHnoe npasuno umeet Bua: "3 coObitus A cienyer coObITHE
B".

B pesynbrare Takoro Bujaa aHaiu3a Mbl YCTAaHABIMBAEM 3aKOHOMEPHOCTb
cienytomero suaa: "Eciau B TpaH3aKIuu BCTpeTHIICS HAOOp TOBapoB (Wiiu HabOp
AJIEMEHTOB) A, TO MOKHO CJI€JaTh BbIBOJI, YTO B ATOM K€ mpaH3axyuy JOJKEH MO-
SABUTHCSI HAOOp 27eMeHTOB B)" YcraHoBIeHre TakuX 3aKOHOMEPHOCTEH JaeT Ham
BO3MO>KHOCTh HaXOJUTh OYE€Hb MPOCTHIE U MOHATHBIE MPABUJIA, HA3bIBAEMBIE ACCO-
YUAMUBHLIMU.

OCHOBHBIMM XapaKTEPUCTUKAMU ACCOYUAMUBHO20 NPABUIA SIBISIOTCS NOO-
0epaicka U 00CmMOB8epHOCHIb TIPABUIIA.

[IpaBuiio umeet noodepacky s, ecinu s% mpan3akyuii U3 BCero Habopa co-
Jep>KaT OJHOBPEMEHHO HAOOPHI JIeMeHTOB A U B uiu, 1pyrumMu cioBaMu, coliep-
*aT 00a ToBapa.

JIOCTOBEpPHOCTh TIpaBUJia MOKA3bIBAE€T, KAKOBA BEPOSITHOCTH TOTO, YTO M3
cobbITus A cienyer coobiTre B.

Ecnu 3Hauenue nodoepoicku mipaBuiia CIUIIKOM BEIMKO, TO B pe3yjbTaTe
paboThl anropuT™Ma OyIyT HaWJIeHbl MpPaBUJIa OUYEBHUJIHBIE M XOPOIIO H3BECTHHIC.
ChaumkoM HU3KOE 3HAYEHHE N000epicKu TIPUBEIET K HAXOXKICHUIO OYCHD
OOJBIIIOT0 KOJUYECTBA MPABHII, KOTOPHIE, BO3MOXKHO, OyayT B OOJbINEH YacTH
HEO0OOCHOBAaHHBIMU, HO HE U3BECTHHIMHU W HE OUEBUIHBIMU TSI aHATUTHKA. TaKuM
o0pa3oM, HEOOXOIMMO OTIPECIUTh TAKOW WHTEPBAJ, "30JI0TyI0 CepearHy", KOTO-
pBIil ¢ OJTHOM CTOPOHBI OOECTIEUUT HAXO0XKICHUE HEOUEBUIHBIX MTPABUIL, a C APYTOM
- UX 000OCHOBAHHOCTb.

Ecnu ypoBeHbs docmoseprocmu CAIUIIKOM Mall, TO IIEHHOCTh MpaBUia BbI-
3bIBAaCT Cephe3HbIe COMHeHus. Hampumep, mpaBuio ¢ docmoseprnocmovio B 3%
TOJILKO YCJIOBHO MOKHO Ha3BaTh MPABUJIOM.

MeTo/1bI TOMCKa aCCOIMATUBHBIX TTPABUII
Anroputm AIS. IlepBblii AITOPUTM MOUCKA ACCOYUAMUBHBIX NPABUT, HA3bI-
Bapmmiicst AlS, (nmpennmoxxennsiii Agrawal, Imielinski and Swami) 6su1 B 1993
rony. B anropurme AIS xaHmuaaTel MHOXKECTBAa HaOOPOB TEHEPUPYIOTCS U TOJ-
CUHMTHIBAIOTCS "HA JIETYy", BO BpeMsl CKaHUPOBAHUS 0a3bl TAHHBIX.
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Anroputm SETM. ®@opmupyer KaHIuWIaTOB "Ha JieTy", OCHOBBIBAsSCh Ha
npeobpazoBaHusax 0a3bl JaHHBIX. YTOOBI MCIOJIB30BAaTh CTAHIAPTHYIO OINEPAIHIO
oobenunenus s3pika SQL mis popmuposanus kanaunara, SETM otnensier gop-
MUpPOBaHUE KaHIuAaTa OT UX MMOJCYETA.

Anroputm Apriori (1999). MHO»XkecTBO KaHIMIaTOB B HA0OpE TaHHBIX CHA-
qayia opMUPYIOTCS U3 0a3bl JAHHBIX U TOJBKO MOCJE ATOr0 (OPMHUPOBAHUS HAUU -
HaeTcs nojacuet. [Ipu nanpHelmemM nojacyeTe KaHIUIATOB OCYIIECTBIISIETCS OTCE-
YyeHrue Habopa ¢ YpOBHEM MEHbIIIE MUHUMaIbHOro. OTCeYeHHe MPOUCXOJUT Ha
OCHOBE IPEATNOIOKEHUS O TOM, YTO y YacTO BCTpeYarollerocs Habopa ToBapa Bce
HOJMHOKECTBO JIOJIKHO OBITh 4aCTO BCTPEYAIOILIUMCH.

AprioriTid. Oco6eHHOCTh ATOrO ajaropuTMa - TOo, 4yTo 0a3a naHHbIX D He
UCIIOJIB3YETCS ISl OJICUETa HOO0ePIHCKU KaHUIaTOB Habopa TOBapOB IOCIIE Mep-
Boro npoxoza. C 3ToW LENbI0 MCHOJIB3YETCS] KOJMPOBAaHUE KAaHIUAATOB, BBIIOJI-
HEHHOE Ha MpeAblaylIHuX Mpoxoaax. B mocienyronmx npoxogax pasMep 3aKoIu-
POBAaHHBIX HAOOPOB MOXKET OBITH HAMHOI'O MEHbINE, YeM 0a3a JaHHBIX, U TaKUM
00pa3oM PKOHOMSTCS] 3HAYUTEIbHBIE PECYPCHI.

AprioriHybrid. Anroputm AprioriHybrid o0benunsieT nydmme cBoiicTBa
anroputmoB Apriori u AprioriTid. AprioriHybrid ncnons3yer anroputm Apriori B
HayaJIbHBIX MPOXOJax W MepexoauT K aiaroputmy AprioriTid, korga oxumaercs,
YTO 3aKOJAMPOBAHHBIN HAOOP MEPBOHAYAIBLHOTO MHOKECTBA B KOHIE Mpoxoja Oy-
J€T COOTBETCTBOBATh BO3MOKHOCTSIM ITaMSTH.

MeTtoabl BU3yaJau3anuu
B 1987 rony Ot chopMyIMpOBaHBI COOTBETCTBYIOIIUE 3a4a4K HaIlpaB-
JIEHUS BU3YyaJlU3aliu.
K cmocobam Bu3yanbHOTO MM TpadUyeCcKOro MPeACTaBICHUS TaHHBIX OT-
HOCST TpaduKH, AWArpaMMBbl, TAOJHIIBI, OTYETHI, CIIUCKHA, CTPYKTYPHBIC CXEMBI,
KapThl U T.1.
TpaauiMoHHBIE METOJIbI BU3YAJIU3AIMA MOTYT HAXOJUTh CIIEIYIOIIEE MPH-
MEHEHHUE:!
«  TPEACTABIATH MOJIH30BATEIO MHPOPMAITUIO B HATJISIHOM BUJIE;
+ KOMITAKTHO OIIMCHIBATh 3aKOHOMEPHOCTH, MPHUCYIIUE HCXOTHOMY
HaOOpy JIaHHBIX;
+ CHIDKATh Pa3MEPHOCTh WIH CKUMATh UH(POPMAIIHIO;
«  BOCCTaHAaBIIUBATh MPOOEIBI B HAOOPE TAHHBIX;
« HaXOJHWTh IIyMBI U BEIOPOCHI B HAOOPE TaHHBIX.
Kaxnprit u3 anroputmoB Data Mining uCronb3yeT ONpeneIeHHbIN MOAXO0/
K Bu3yanu3anuu. Bce 3Ti cmocoObl BU3yalbHOTO MPEICTABICHUS WU OTOOpake-
HUS JAHHBIX MOTYT BBITIONHATH OJHY U3 (PYHKITHIA:
« SBISAIOTCSA WJUIIOCTpAllMed MOCTPOCHUsI MOAENH (Hampumep, Ipe-
CTaBJI€HUE CTPYKTYpbI (Tpada) HEHPOHHOM CETH);
«  TIOMOTAIOT UHTEPIPETUPOBATH MOTYUCHHBIN PE3yJIbTaT;
«  SIBJISIFOTCSI CPEJICTBOM OIIEHKH KaueCTBa MOCTPOCHHOM MOJIEIH;
«  COYETAIOT MEPEUYHUCIICHHBIC BhINIC PYHKIIUU (EPEBO PEIICHUH, JICH-
Iporpamma).
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MeTtopl BU3yanu3aluu, B 3aBUCUMOCTH OT KOJIMYECTBA UCIOJB3YEMBIX U3-
MEpEeHU, TPUHATO KJIacCU(UIMPOBATH HA JBE TPYIIIIHL:
+ TpeACTaBJICHHE JaHHBIX B OJJHOM, ABYX M TPEX U3MEPECHUSIX;
+ TPEJCTaBJICHUE JAHHBIX B YETHIPEX U 00JI€€ U3MEPEHUSX.
IIpencraBiieHre JaHHBIX B OJTHOM, JIBYX M TpeX u3MepeHusax. K arou rpyn-
1€ METOJIOB OTHOCSATCS XOPOILO M3BECTHBIE CIOCOOBI OTOOpaKeHUs MH(pOpMaLuHy,
KOTOpBIE JOCTYMHBI JJII BOCHPUATHS YEIOBEUYECKHM BooOpaxkeHueM. IIpaktude-
CKHU JII000M coBpeMeHHbIN nHCTpyMeHT Data Mining BKiIIo4aeT criocoObl BU3yaslb-
HOTO MPEICTaBICHMSI U3 3TOM IPYIIIBL.
B cooTBeTcTBUM € KOJIMYECTBOM HM3MEPEHMH NPEICTABIECHUS 3TO MOTYT
OBITH CJICTYIOIINE CTIOCOOBI:
« ogHOMEpHOe (univariate) usmepenue, uim I1-D;
- nBymMepHoe (bivariate) usmepenue, unu 2-D;
« TPEXMEPHOE WJIH MPOCKIIMOHHOE (projection) uamepenue, wiu 3-D.
[IpencraBinenuss uHGOPMAIUU B UYETHIPEXMEPHOM M 0Oo0jee H3MEPEHMSIX
HEJOCTYITHBI JJI1 4Y€JOBEYECKOro BochpusaTusa. OJHAKO pa3paldoTaHbl CIELHAIb-
HBIE METOJBI JJIi BOBMOXXHOCTH OTOOpPaXEHHUS M BOCIHPHSITHS UYETOBEKOM TaKOMH
uHpopmanuu.
Hauboinee u3BecTHble CIOCOOBI MHOTOMEPHOIO MpEACTaBICHUSI UH(OpMa-
117178
- napanienbHvle KOOPOUHAMDbL;
. "1uya Yeprnosa",
+  JICIECTKOBBIE IMAarpPaMMBbl.
B napannenvuvix koopounamax nepeMeHHble KOJUPYIOTCS 110 FOPU30HTA-
JM, BEpTUKaJbHas JUHUS OIpenesser 3HaueHue nepeMmeHHoul. [Ipumep Habopa
JAHHBIX, MPEJICTABIECHHOIO B JIEKAPTOBBIX KOOPAWHATAX U NAPANNEAbHbIX KOOPOU-
Hamax, AaH Ha puc. 16.1. DTOT MeTO MpeACTaBICHUsSI MHOTOMEPHBIX JAHHBIX OBLI
n3obpereH Anbdpenom Mucendeprom (Alfred Inselberg ) B 1985 roay.

-5

Pucynok 9 — HaGop maHHBIX B IEKAPTOBBIX U MapajuIeIbHBIX KOOPAMHATAX
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Jlumta YepnoBa. OcHOBHas ujesi MpeaCcTaBiIeHUsT WH(OPMAIIUU COCTOUT B
KOJIMPOBAHUM 3HAYEHUMN PA3TMYHBIX EPEMEHHBIX B XapaKTEPUCTUKAX WIIA YepTax
YEJI0BEYECKOI0 JINIIA.

[Mpunuunsr Tadra (Tufte's Principles) rpadudeckoro npeacraBieHus naH-
HBIX BBICOKOTO KaueCTBa IJIaCsIT:

« MIPEAOCTABIISINTE MOJIB30BATEN0 CaMO€e OOJIBIIOE KOJIMUYECTBO MIEH, B CaMOe
KOPOTKO€ BpeMs, C HAUMEHBIIIMUM KOJIMYECTBOM YEPHWI HAa HAUMEHBIIEM TpPO-
CTPaHCTBE;

« TOBOPUTE MPaBAy O JAHHBIX.

OCHOBHBIE TTPUHLHUIBI KOMIIOHOBKH BU3YAJIBHBIX CPEJICTB MPEICTABICHUS
uH(pOpMaITIH:

[TpyuHUIMIT TAKOHUYHOCTH.

[TpuHnmun 0600meHNs U yHUDHUKAITHH.

[IpuHUMT aKIIEHTa HA OCHOBHBIX CMBICTIOBBIX 3JIEMEHTAaX.

[IpyHIMT ABTOHOMHOCTH.

[IpyHIMT CTPYKTYpPHOCTH.

[IpyHIMD CTAAMITHOCTH.

[IpuHIMT UCTIOJIB30BAHMS IPUBBIYHBIX ACCOIUAIINI U CTEPEOTUIIOB.

Nk L=
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Monyas 2

Hpoueccm U CTAHAAPTBI HHTC/IVICKTYAJIBHOI'0O aHAJIU3a JaHHbIX

Jlexkuus NeS. dransl npouecca Data Mining

KoMiuiekcHbIi moaxoa k BHeApeHu 0 djaeMenToB CIITIIP

[Ipomecc Data Mining, KOTOpbI 3aKIIOYaeTCsl B JIBMYKEHUU BBEPX IO WH-
dbopMalmoOHHON THUpaMuUIe, HEPA3pPBHIBHO CBSA3AH C MPOLIECCOM MPUHATHUS PEIICHU,
€ro MOKHO pacCMaTpHUBaTh KaK HEOThEMJIEMYIO YaCTh CUCTEM MOACPKKHU MPUHS -
tus pemennii (CIIIIP).

Data Mining MO>XHO paccMaTpHBaTh Kak MPOLECC MOIIAEPKKH MPUHATHS
pELIeHU, IPU 3TOM HAKOIUICHHbIE CBEICHHUSI aBTOMAaTUYECKH 00001Iat0TCs 10 UH-
(dbopmarm, KoTopasi MOKET OBITh OXapaKTepU30BaHa KaK 3HAHUSI.

CIIIIP - uHTepakTHBHAsi KOMIIBIOTEpHAsI CHCTEMa, MpeAHa3HauyeHHas JJis
NOJJICPKKU TPUHATUS PEIICHU B CIIa0OCTPYKTYPUPOBAHHBIX U HECTPYKTYPHPO-
BaHHBIX NMPOOJIEMax pa3IMYHbIX BUJIOB YEJIOBEYECKOMN JESATEIHHOCTH.

Briaenstor cnenyromue komnoHeHTsl CIITIP:

— CepBep XpaHWIMILA JAHHBIX;

— wuHcTtpyMeHTapuii OLAP;

— wuHcTpyMeHTapuii Data Mining.

Ot xomnoHeHTsl CIIIIP paccmaTpuBaroT Takue OCHOBHBIE BOIIPOCHI: BO-
IPOC HAKOIUICHUS JAHHBIX U UX MOJEIMPOBAHUS Ha KOHIENTYyaJIbHOM YPOBHE, BO-
npoc 3pPeKTUBHON 3arpy3KH JaHHBIX U3 HECKOJbKUX HE3aBUCHUMbBIX MCTOUYHUKOB
U BOIIPOC aHAIN3a JaHHbIX.

Knaccuduxamnus CIIIP no cxonctBy HekoTophix npusHakoB (D.J. Power,
2000).

— CIIIIP, opuentupoBannsie Ha nanuble (Data-driven DSS, Data-oriented
DSS);

— CIIIIP, opuentupoBanusie Ha Moaenu (Model-driven DSS);

— CIIIIP, opuentupoBanubie Ha 3HaHus (Knowledge-driven DSS);

— CIIIIP, opuentupoBanHble Ha JoKyMeHThl (Document-driven DSS);

— CIIIIP, opueHTHpoBaHHbIE Ha KOMMYHUKanuu u rpynmnoBbie CIITIP
(Communications-Driven ? Group DSS);

— MWurep-opranuzoBannsie u MuTpa-opranuzoBannsie CIIIP (Inter-
Organizational wiu Intra-Organizational DSS);

- Crnemndunuecku pynkimonaabubie CIITP wmm CIIIIP o6mero naznaue-
Hus (Function-Specific mnu General Purpose DSS);

— CIIIIP na 6aze Web (Web-Based DSS).

B 3aBucuMocTH OT 1aHHBIX, ¢ KOTOpbIMU padoTtatoT CIIIIP, BeIaenstoT nBa
ocHOBHBIX ux tuna CIIIIP:

- EIS (Execution Information System) - undpopmanmonsas cucrema Py-
koBojcTBa, MCP. CIITIP 3TOro THma ABISIIOTCA ONEPATUBHBIMH, OPUEHTUPOBAHBI
Ha HEMOJrOTOBJIEHHOTO MOJIb30BATENs, IOTOMY UMEIOT YNPOIIEHHBIH UHTEpEIiC,
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0a30BBI HA0Op TpeaiaraéMbIX BO3MOXKHOCTEH, (UKCHUpPOBAaHHBIE (OPMBI TIPEI-
cTaBjeHUS HHGOPMAITNH U TIEPEUYCHB PEIIaeMbIX 3a1ad.

- DSS (Decision Support System). K cuctemam 3TOoro THHa OTHOCST
MHOTO()YHKIIMOHAJIbHBIE CUCTEMbBI aHAJIN3a U UCCIIET0BAHMS TaHHbIX.

OO6m1as cxeMa NOJAEPKKY MPUHATHS PEIICHUIN BKJIIOYAET:

— nomomp JIIIP mpu oneHke COCTOSIHUS ynpaBisieMOW CHCTEMBI M BO3-
JNCVICTBUH HA HEe; BbIsBIEHUE nTpeanourenuit JIIIP;

— TEHEpalHIO BO3MOXXHBIX PEIIEHUN;

— OLICHKY BO3MOXHBIX aJIbTEPHATUB, UCXOd U3 npeanoureHuu JIIIP;

— aHajgu3 MOCJEACTBUI NMPUHUMAEMbIX PEIICHUH U BBHIOOpP JyUIIEro ¢
TouKH 3peHus JIIIP

OLAP-cucremsl 1 OLAP-npoaykrsl

B ocnoBe konuenuuu OLAP, win onepatuBHOW aHAIMTUYECKOH oOpa-
6otku manHbeiXx (On-Line Analytical Processing), J€XUT MHOTOMEpPHOE KOHIIEI-
TyasbHOE TipejacTaBienue nanubix (Multidimensional conceptual view).

Tepmun OLAP Beeaen Kopnom (E. F. Codd) B 1993 roay. I'naBHast uaes
JAHHOM CHCTEMBbI 3aKJIIOYAETCs B MOCTPOEHWU MHOTOMEPHBIX TaOJIMIl, KOTOpHIE
MOTYT OBITh JOCTYIIHBI JJIS 3alIPOCOB IMOJIb30BaTENCH. ITH MHOTOMEpHBIE TaOJIH-
I[bl WJIM TaK Ha3bIBA€MbIE MHOTOMEPHBIE KyObl CTPOSITCS Ha OCHOBE UCXOJHBIX W
arperupoBaHHbBIX JaHHBIX.

CymectByer Tpu cniocoba xpaHenus qaHHbIX B OLAP-cuctemMax minu tpu
apxutextypsl OLAP-cepBepoB:

- MOLAP (Multidimensional OLAP). Mcxogasie 1 MHOTOMEpHBIC JTaH-
Hble XpaHATCS B MHOroMepHoil b/l niam B MHOromepHoM jokanbHOM KyOe. Takoii
croco0 XpaHeHUsl 00ecreunBaeT BBICOKYIO CKOpOCTh BhinmoiaHeHUus: OLAP-onepa-
uuii. Ho MmHOTOMEpHas 0a3a B 3TOM ciiydae yaiie Bcero Oyaet uzobitounoi. Kyo,
MIOCTPOEHHBIN Ha €€ OCHOBe, OyJeT CHJIbHO 3aBUCETh OT uuciia usmepeHuil. [lpu
YBEJIMYEHUU KOJIMYECTBA U3MEPEHUN 00beM KyOa OyJIeT IKCIIOHEHIIMATBHO PACTH.

- ROLAP (Relational OLAP). Ucxonanbie qaHHBIE XPAHATCS B PEIISIIMOH -
HbIX B/ Wau B MI0CKUX JIOKaNbHBIX TaOnuIax Ha (aiti-cepBepe. ArperatHbie JaH-
HbIE€ MOTYT MOMEIIAThCS B ClIykeOHble Tabnuibsl B Toil ke BJl. IIpeobpazoBanue
JTaHHBIX W3 pensionHor bJl B MHOroMepHble KyOBI NMPOUCXOJUT IO 3alpocy
OLAP-cpenctBa. [Ipu 3TOM CKOpOCTH MOCTpPOCHUS KyOa OyJeT CHUIHHO 3aBHCEThH
OT THUIIa UCTOYHUKA JAHHBIX, U MMOATOMY BpEMs OTKJIMKA CHUCTEMBI MOPOMl CTaHO-
BUTCS HEMIPUEMIIEMO OOJIBIIIHUM.

- HOLAP (Hybrid OLAP). Ucxonuble faHHBIE OCTAIOTCS B PEIISILIMOHHOM
0a3e, a arperarsbl pa3meniatorcs B MHoromepHoil. [loctpoenne OLAP-ky6a BbImo-
HaeTca no 3anpocy OLAP-cpeacTtBa Ha OCHOBE PENSIIUOHHBIX U MHOTOMEPHBIX
naHHbIX. Takod MOJXOJ MO3BOJISIET M30€KaTh B3PBHIBHOTO pocTa JaHHBIX. [Ipu
TOM MOKHO JIOCTUYb ONTHMAJIBHOTO BPEMEHM MCTOJHEHHS KIMEHTCKUX 3aIrpo-
COB.

Crnenyromias kinaccudukaius - mo mecty pazmenieHuss OLAP-mamuns. 1o
stomy npu3Haky OLAP-nipoaykTel gensrcs Ha:
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—  OLAP-cepBepbl (BBIYUCIIEHUS U XPAHEHHUE arperaTHhIX JAHHBIX BBINOJI-
HSIOTCS OTZEIBHBIM MPOLIECCOM — CEPBEPOM, KIMEHTCKOE MPHUIIOKEHUE MOTydaeT
TOJIBKO PE3YJIbTAThl 3aIIPOCOB K MHOTOMEPHBIM Ky0aM, KOTOpBIE XpaHsTCS Ha cep-
BEpe).

—  OLAP-knuentsl (mocrpoenue MmHoromepHoro kyoa u OLAP-Bbiuucie-
HUS BBITMOHSIOTCS B MTAMSITH KIIMEHTCKOTO KOMITBIOTEPA).

HNurerpauus OLAP u Data Mining

O6beaunenue nousituit OLAP u Data mining MOXXET OCyIIECTBISTHCS TPE-
Msl CITOCOOAMU:

"Cubing then mining". Bo3MO0OXXHOCTb BBINOJHEHHUS WHTEIIEKTYaJIbHO-
ro aHajau3a J0JHKHA 00eCTieurBaThCsl HaJ JIOOBIM Pe3yJIbTaTOM 3ampoca K MHOTO-
MEpPHOMY KOHIENTYaJbHOMY IpPEACTaBICHUIO, TO €CTh HaJ JIIOObIM (pparMeHTOM
0001 MPOEKINK TUTIEPKYOa MoKa3aTee.

"Mining then cubing". Ilomo0HO naHHBIM, W3BJICUYECHHBIM U3 XPaHUIIU-
14, pe3yibTaThbl WHTEIJICKTYyaJbHOTO aHalIMW3a JOJDKHBI TMPEACTaBISATHCS B THU-
nepKyOnyeckoit popme i MOCIEaYIONEr0o MHOTOMEPHOT'O aHAIN3a.

— "Cubing while mining". 10T ru0kuii cnmocod MHTETPALUK MTO3BOJISIET
ABTOMATHUYECKH aKTUBU3UPOBATH OJTHOTHUITHBIE MEXAHU3MbI MHTEIUIEKTYaIbHOM 00-
pabOTKM HaJ pe3ysNbTaTOM KaXKIOro Ilara MHOTOMEPHOTO aHaiu3a (mepexoja
MEXIy YPOBHSIMH 0000IIIEeHNs, U3BJICUCHUS HOBOTO (pparMeHTa rumnepkyoa u T.11.).

XpaHWJInma JaHHBIX

Ecnu nannple xpanarcs B 0a3ax JaHHBIX Pa3TUYHBIX HHPOPMAIIMOHHBIX
CUCTEM TPEINPHUITHS, TIPU X aHAJN3e BO3HUKAET PsAJ CI0KHOCTEH, B YACTHOCTH,
3HAYUTEIBHO BO3pPACTaeT BpeMs, HEOOXOauMoOe Juisi 00pabOTKH 3alpoOCOB; MOTYT
BO3HUKATH MPOOJIEMBI C MOAIEPIKKON Pa3IMIHBIX ()OPMATOB JaHHBIX, a TAKXKE C UX
KOAMPOBAHUEM; HEBO3MOXHOCTh aHANIM3a JJIUTEIBHBIX PSJOB PETPOCIEKTUBHBIX
JaHHBIX U T.]I.

Ota npobiiemMa pemraeTcsi myTeM CO3JaHMsS XPaHWIIUINA JaHHBIX. 3ajadeit
TAaKOr0 XpaHWIHINA SBIACTCS MHTETPAIlUs, aKTyaIn3alus U COTJacoBaHUE orepa-
TUBHBIX JaHHBIX W3 PA3HOPOJHBIX UCTOYHUKOB s (DOPMHUPOBAHUS €IUHOTO He-
POTUBOPEUUBOTO B3IJIsAa HA OOBEKT yIpaBiieHuUs B 11eioM. Ha ocHOBe XpaHMIHII
JAHHBIX BO3MOXHO COCTaBJIEHUE BCEBO3MOKHOM OTUETHOCTH, & TAK)KE MPOBEACHHUE
ONepaTUBHOM aHAIUTHYECKOW 00padoTku 1 Data Mining.

bunn Uamon (Bill Inmon) onpenenser xpaHuwiuiia JaHHBIX KaK "TpeaMeT-
HO OpPUEHTUPOBAaHHBIC, WHTETPUPOBAHHBIC, HEU3MEHUMBHIEC, MOAEPKUBAOIINE
XPOHOJIOTHIO HAa0OphI JTaHHBIX, OPIraHU30BAaHHBIE C IIEJIbI0 MOAJEPKKU yIpaBiie-
HUS" ¥ IPU3BaHHBIC BBICTYNATh B POJIX ""€IMHOTO M €MHCTBEHHOTO UCTOYHUKA UC-
TUHBI", KOTOPBII 0OecrieunBaeT MEHEKEPOB U aHAIIUTUKOB JIOCTOBEPHON HHGOP-
Maren, HeoOX0IMMOM JJI ONIEPATUBHOTO aHAJIN3a U MPUHATHS pEIICHUH.

IIpeaMeTHasi opueHTAUMS XPAaHUIUINA JTAHHBIX O3HAYAET, YTO JAHHBIC
00BbEIMHEHBl B KAaTETOPUU U COXPAHSIOTCS COOTBETCTBEHHO O0JACTSIM, KOTOpBIE
OHHU ONMCHIBAIOT, @ HE IPUMEHEHUSM, UX UCIIOJIb3YIOLIUM.

NHTerpnpoBaHHOCTb O3HAYAET, YTO JAaHHBIC YIOBJIETBOPSIOT TPeOOBAHMU-
SIM BCETO MPENPUATHS, a HE OJHOM (QYHKIIMN OU3HEcAa. DTHUM XPaHUIHIIE JAHHBIX
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rapaHTUpPyeT, YTO OJWHAKOBBIC OTYETHI, CTCHCPUPOBAHHBIC JJISI PA3HBIX AHAJUTH-
KOB, OyJIyT COZIEpP>KaTh OJJUHAKOBHIC PE3yJIbTATHI.

IIpuBsizka KO BpeMeHHM 03HA4YaeT, UTO XPAHWINILE MOXKHO PacCMaTpUBaTh
KaK COBOKYITHOCTh "MCTOPUYECKUX' JaHHBIX: BO3MOKHO BOCCTAHOBJICHUE JTAHHBIX
Ha JIF00O MOMEHT BpeMeHU. ATpUOYT BPEMEHHU SIBHO MPUCYTCTBYET B CTPYKTYpax
XPaHWJINILA TAHHBIX.

Heun3MeHHOCTBh O3HA4YaeT, YTO, MOMAaB OJWH pa3 B XPAHWIMUIIE, TaHHBIE
TaM COXPaHSAIOTCA U HE U3MEHSIOTCS. JlaHHbIE B XpaHUJIUIIE MOTYT JIMIIb J100aB-
JISTHCS.

Henb Xpanumuny JJaHHBIX - 00eCeunTh Il OpraHu3aluy "euHbIN 00pa3
CYIIECTBYIOIIEH peaibHOCTH".

XpaHWIHILE JaHHBIX MPEACTABISET COO0N CBOCOOPA3HbIN HAKOMHUTENb UH-
dhopmanum o ACITSIBHOCTH MPeAnpusATrs. JlaHHBIC B XpaHUIUIIE ITPECTABICHHI B
BHJIE MHOTOMEPHBIX CTPYKTYp IO/ Ha3BaHUEM '"3Be3/a" uinu "cHexuHKaA".

Jranbl npouecca. HayajibHble 3TaNbI

[Ipouecc Data Mining cTpoUT MOJi€b, @ B MPOLECCE MPUHATHUS PEIICHUM
3Ta MOJICTh IKCILTyaTHPYETCS.

PaccmoTpum TpanuuuoHHbI npouecc Data Mining. OH BKIIIOYaEeT cieny-
IOIIUE ATAIbI:

- aHaIM3 NMpeaIMEeTHOU 00J1acTH;

- TIOCTaHOBKA 3aJ1a4H;

- TOATOTOBKA JAHHBIX;

- IMOCTPOEHHE MOJICIIEH;

- TPOBEPKa U OIIEHKA MOJIETIEH;

- BBIOOp MOJENH;

- TNPUMEHEHUE MOJICIIH;

- KOppEeKIHs U OOHOBIICHUE MOJICIIH.

Oran 1. AHanu3 npeaMeTHoil o0nacTu

[IpeameTHas 007aCTh - ATO MBICICHHO OTpaHWYEHHAs 00JacTh pealbHON
JICHCTBUTEIHLHOCTH, TIOJIC)KAIAs OTMCAHUIO WJIM MOJICIUPOBAHHUIO M MCCIIEIOBA-
HUIO.

B mporiecce u3ydeHus nmpeaMeTHON 001acTH JI0/bKHA OBITH CO3/1aHa €€ MO-
JeNib. 3HAHUSA U3 Pa3IUYHbIX UCTOYHUKOB JIOJDKHBI OBITH (hOPMAM3UPOBAHBI TIPH
MTOMOIIIM KaKUX-TN0O CPEJICTB.

Oramn 2. [loctaHoBKa 3a1aun

ITocranoBka 3ajgaun Data Mining BKIIFOYaeT CIIEIYIOIIHE IIIary:

. (hopMyIUpOBKa 3a71a4H;

- dopmanuzarms 3aaa4m.

[TocTaHoBKa 3a/1aun BKJIFOYAET TAK)KE OMUCAHWE CTATUYCCKOTO W JWHAMU-
YECKOTO TTOBEACHUS UCCIIETYEMBIX O0OBEKTOB.

Oran 3. [ToaroroBka gJaHHBIX

[ToaroToBKa MaHHBIX SBJISETCS BXKHEHUIIMM 3TArloM, OT KauyecTBa BBIMOJ-
HEHUS KOTOPOTO 3aBHCHT BO3MOXKHOCTH ITOJYUYEHHS KAYCCTBEHHBIX PE3yJIbTaTOB
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Bcero mporecca Data Mining. Kpome Toro Ha 3Tam mMOATOTOBKH JTaHHBIX MOXKET
ObITH TTOTpaueHo 10 80% Bcero BpeMeHU, OTBEICHHOTO Ha MTPOECKT.

CopnepuT cienyromue maru

1. Onpenenenue u aHaau3 TPEOOBAHUM K TAHHBIM

2. COop naHHbIX (OmpenenseT He00X0IMMOE KOJIMYECTBO JTAHHBIX)

3. IlpenBaputensHas 00paboTka naHHbIX. [IpenycMaTrpuBaeT OlEHUBAHUU
KauyeCcTBa JIaHHBIX U MPU HEOOXOAMMOCTH UX ounieHne. OUncTKa nmpeaycMaTpuBa-
eT paboTy ¢ MPOMYIIEHHBIMHA 3HAUYCHUSMU (yAaJIeHUE 00BEKTOB, pacueT, HTHOPH-
poBaHue), 00padboTka JyOIUPOBAHHBIX TaHHBIX, 00pa0OTKA IIIyMOB U BHIOPOCOB.

OuHncTKa JaHHBIX
OuncTKa JaHHBIX 3aHUMAETCS BBISBICHHUEM M YIAJICHUEM HECOOTBETCTBUM
JAHHBIX C LIEJIBIO YIyUIIeHUs uX KadyecTBa. Kak mpaBuiio, COCTOUT U3 5 3TaIoB:

1 aHaJIu3 JaHHBIX;

2 ompeneneHue MOpsaKa U MPaBWI MPeoOpa3OBaHMsl TaHHBIX;
3 NOATBEPKICHHUE;

4  mpeoOpa3oBaHuUE;

5

MPOTUBOTOK OYHUIIICHHBIX TAHHBIX.

Bce uHCTpyMEHTBI OUHUCTKHU JAHHBIX IPUHATO OOBEIUHATH B 3 KATETOPUH:

1. CpenctBa aHanu3a U MOJIepHU3AIMU JaHHBIX. OOpabaThIBalOT JaHHBIE C
LEJIbIO BBISIBJICHUSI OIIMOOK, HECOOTBETCTBHUM M ONpeneseHus HEOOXOAUMBIX OYH-
HIAIOIINX MTpeoOpa3oBaHui

2. CnenuanbHble CpelcTBa OYUCTKU. PaboTaloT ¢ KOHKPETHBIMU 00JIaCTSI-
MU - B OCHOBHOM 3TO UMEHA U aJipeca - WM K€ C UCKIIIOUCHUEM TyOJIMKaTOB

3. Unctpymentsl ETL. TlpenycmaTpuBaeT pacmmpenue, Tpanchopmaiuio
1 3arpy3Ky. J[aroT BO3MOXKHOCTH IOJIH30BATENIO ONPEACHATh (HYHKIIMOHATHLHOCTH
API pyHKumii.

NHCTpyMEHTBI OYUCTKHM JAaHHBIX Pa3/IeNIOTCS HA JIBE YCJIOBHbBIE KaTero-
puu:

— YHHBEpPCaJIbHBIC CUCTEMBI, MPEIHa3HAYEHHbIE JJIsI OOCITY>KMBAHUS BCEi
0a3bl JaHHBIX ICJTUKOM;

- Bepu(dukaTOpbl UMEHH/apeca Il OYMCTKU TOJBKO JAaHHBIX O KJIMCH-
Tax.

OrnpeneneHue KayeCTBEHHOM MpOrpaMMbl OUYMCTKU JIAHHBIX COCTOUT U3
YeThIpex d1eMeHToB. [Iporpamma qoimKHa:

—  HE 3aTparuBaTh NIPaBUJIbHbBIC JTAHHBIC;

—  UCIPaBIATHh HEBEPHBIE;

—  co3/7aBaTh HEOOJIBIIION 10 00BEMY OTYET O MOIO3PUTEIBHBIX 3aMUCIX;

—  TpeboBaTh MHUHHUMAJIbHBIX 3aTpaT Ha YCTaHOBKY, OOCIy>XMBaHUE U
pY4HbBIE IPOBEPKHU.

NHCTpyMEHTHI OYMCTKH TAHHBIX OOBIUHO BBIMOJHSIOT OJIHY WJIM HECKOJIBKO
U3 CJIeyomuX (PyHKITHN:

— ITapcuHr.

— Crangaptu3zanus.
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— IIpoBepka 1OMyCTUMOCTH.
- YnydieHue.
— CornacoBaHH€ ¥ KOHCOJIMAAIIUSI.

Jtansbl padoThl ¢ MOJEJIbIO

MopenupoBaHue - €IUHCTBEHHBIH K HACTOSIIIEMY BPEMEHU CHUCTEMATHU3H-
pPOBaHHBIN CMOCOO YBHIETh BapUaHThl OyIyIIETO W ONPEACIUTh MOTEHIIMAIbHbBIE
MOCJICJICTBUS aJIbTEPHATUBHBIX PELICHUMN, YTO MO3BOJIAET UX OOBEKTUBHO CPABHU-
BaTh.

Mopenu ObIBalOT MpOrHO3Upyronme (KiaccuprKalMOHHbIE) U JIECKPHII-
THUBHBIE (OTMCATENBHBIE).

[Iprmepsl POTHO3UPYIOIUX MOJEIIEH - 3TO MOJIENIA JUHEMHON perpeccuu
(mpocreiiirie MOAENH) U MOJAEIM Ha OCHOBE HEUPOHHBIX cereil. C MOMOIIBIO
JECKPUNTUBHBIX MOJIENIEH PEelIaloT 3a/1aud MOMCKa acCOIIMAaTUBHBIX MPaBUJl, 3a/a-
YH KJIACTEPU3ALNH, TPYIIHPOBKU, 000OIICHHS.

Jran 4. [locTpoeHue moaean

C ucnoyib30BaHUEM PA3JIMYHBIX METOJIOB M aJITOPUTMOB CTPOSITCS MOJEIH,
OMKCBHIBAIOIINE MPOLIECC pelIeHus 3a1aun. BeiOnparoTcss METOAbl WM aJITOPUTMBI,
KOTOpbIE MPUBOJAT K MpHEeMIIEMbIM pe3yJsibTataM. Data Mining siBiasieTcst utepa-
TUBHBIM MpoueccoMm. Mtepalus - 370 HUKIMYECKasl yIpaBIsiionias CTpyKTypa, OHa
COJIEP>KUT BHIOOP MEXKy allbTepHATUBAMU U CJI€I0BaHUE U30paHHOM.

Jran 5. IIpoBepka u oueHka Mojaeei

IIpoBepka MoAenu moApazyMeBAaeT MPOBEPKY €€ JOCTOBEPHOCTH WIM aje-
KBaTHOCTH. OJTa IPOBEPKA 3aAKIKOYAECTCS B ONPEACIICHUH CTENEHH COOTBETCTBHS
Mozenn peanbHOCTH. OLIEHKa MOJENN MOAPa3yMEBAET MPOBEPKY €€ IMPaBUIbHO-
cti. O1leHKa TOCTPOEHHOM MOJIEIHN OCYIIECTBIISIETCS ITyTEM €€ TECTUPOBAHUS.

Jrtan 6. Be10op Moaen

Ecnu B pesynbpTaTe MOAETMPOBAHMS HAaMH OBUIO MOCTPOEHO HECKOJBKO
Pa3IUYHBIX MOJIENIEH, TO HA OCHOBAHMM MX OLICHKHM Mbl MOYKEM OCYILLIECTBUTDH BbI-
0op syumieit u3 HuUX. OCHOBHBIE XapaKTEPUCTUKUA MOJENIH, KOTOPbIE ONPEAETSIOT
ee BbIOOP, - 3TO TOUHOCTh MOJIENHU U 3P(HEKTUBHOCTH pabOTHI aIrOpUTMA.

Jran 7. IlpumeHeHune Moaeu

[Tocne TecTupoBaHus, OLEHKH M BbIOOpa MOJAENU CIEAYET dTall MPUMEHe-
Hust Mojienu. Ha aTom srtarne BeiOpaHHas MOJIETh UCIOIB3YETCs MPUMEHHUTEIBHO K
HOBBIM JIaHHBIM C LIETIbIO PEIICHUS 33714, TOCTABJICHHBIX B Hayaie npoiecca Data
Mining. [ns xknaccudUKamOHHBIX U MPOTHO3UPYIOIMIUX MOJIETIEH Ha 3TOM dTare
MPOTHO3UPYETCS 1eNIeBOM (BBIXOAHOM) aTpHOYT (target attribute).

Jran 8. Koppekuusi 1 00HOBJIEeHHE MO

OCHOBHBIMM NPUYUHAMU SBIISIIOTCS CJICIYIOIIHE:

—  HM3MEHWIUCh BXOJAIIME JaHHBIEC WU UX MTOBEJCHUE;

—  TOSBWINCH JIOTIOJHUTEIBHBIC TAHHBIC 17151 O0yUCHMUS;

—  HM3MEHWIUCh TpeOOBaHUA K (OpME U KOIMYECTBY BBIXOJHBIX JAHHBIX;

- W3MEHWJIUCH 1eJM OM3Heca, KOTOPhIe MOBIHUIM Ha KPUTEPUU TPUHSI-
THS PELICHUM;
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—  HM3MEHWIOCHh BHEIIHEE OKPYXXEHUE WIM cpella (MAaKpO3IKOHOMMKA, IO-
JUTAYECKask CUTYyalusl, HAYYHO-TEXHUYECKUU ITPOTPeCce, MOSIBJIEHNE HOBBIX KOHKY-
PEHTOB ¥ TOBAPOB U T.1I.).

Horpemnocrtu B npouecce Data Mining

—  HEBEpHBIC WM HEJOCTOBEPHBIE UCXOIHBIE JOMYIIECHUS

—  OrpaHUYEHHbIE BO3MOXXHOCTHU ITPH cOOpEe HEOOXOIUMBIX JAHHBIX

—  HEYBEPEHHOCTb I10JIb30BaTeIICH

—  HEONpPaBJaHHO BBICOKASI CTOMMOCTh

Jlekuust Ne6. OpranusanuoHHblie U yessoBeueckue paxropsl Data
Mining

OpranusanuoHHbie GaKTOPHI

HeoOxomumo co3aTh OMpeNeeHHYI0 OpPraHM3aIllMOHHYI0 OKPY>KaIOIIyIO
cpeny.

- Ilorox nanuwix (flow of Data) B opraHuzauuu I0JKEH OBITH TPH-
cnocobned k Data Mining, T.e. COTpyAHUKU OJKHBI OBITh 3aMHTEPECOBAHbI B
OTKPBITOM COTPYIHUYECTBE 110 OOMEHY MH(POpMALIHEH.

— Opra"uzalMoHHasi KyJbTypa MOAPa3yMEBAeT aKTUBHOE OTKPBITOE CO-
TPYZHUYECTBO MO OOMeHy HMH(poOpManuend Mexay OTAeslaMd KOMIIaHWM U €€ CO-
TPYJHUKAMHU.

- JlenoBasa oxpyxaromas cpeaa. Hanpasisite Bamm aeiicrBus no Data
Mining nomxeH OusHec. B opraHuzaiuu J0KHA MPUCYTCTBOBATH TOTOBHOCTH
OTKPBITH JOCTYII K JAHHBIM U MOKA3aTeNsIM, a TaAKXKe K JPYTHM acleKTaM JeSTelb-
HOCTH.

YesoBeuyeckne (paKkTopbI

Yenoeueckuid ¢aktop npu BHeapeHun Data Mining - 3TO HaJIMYME U KBa-
T (UKAIMOHHOE COOTBETCTBUE CHEIMAINCTOB, TOTOBBIX padoTath ¢ Data Mining.

CrennanucTbl KOMIIAHUM, BOBJIEUYECHHbIE B nporiecc Data Mining, ucnosss-
FOT OJIHY U3 POJICH:

- Croeunanmct npeameTHol obnactu (Domain experts) - crneruaiucr,
MMEIOIIMN 3HaHUS O OKPY>KEHHU OM3Heca, IMpoleccax, 3aKa3uuKax, KIMeHTax, 1o-
TpeOuTENsIX, KOHKYpEHTaX, T.€. O IPEIMETHON 00JacTH.

- Anmunuctpatop 6a3 ganHbix (Database administrator) - cnernuanmcr,
MMEIOLINI 3HaHUS O TOM, IJIe U KaKUM O00pa3oM XpaHSTCS JaHHBIE, KaK MOJYYUTh
K HUM JIOCTYN U Kak CBSI3aTh MEXIY COOOW 3TH AaHHbIE. AAMHUHHCTPATOp 0a3bl
JaHHBIX OTBEUYAET 3a BbIPaOOTKYy TpeOoBaHMI K 0a3e JaHHBIX, 3a €€ MPOEKTUPOBa-
HUE, peann3annio, 3QPpeKTUBHOE UCTIOIB30BAHUE U COMIPOBOXKICHUE.

- Cnenuanuct o no0brue qaHHbeix (Mining specialists) - crienuamucT mno
aHaNM3y JaHHBIX, KOTOPbIA UMEET, KAK MUHHUMYM, OCHOBBI CTaTUCTUYECKUX 3HA-
HUL.
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Pucynok 10 — Ponu B Data Mining

YacTo B mpoLece TakKe BOBJIEUYEHBI IPYTrye CIeHHATUCTHI IO HH(OpMAIIH -

OHHBIM TCXHOJIOTHAM U MCHCIKCPBI ITPOCKTOB. Cpezu/I HUX MOT'YyT OBITh:

— MeHepkep npoekToB (Project Manager);

— cnenuanuct 1o IT Apxurekrype (IT Architect);

— cneuuanuct no Apxutektype Pemenuii (Solution Architect);
— cnermanuct mo Apxurekrype Jlanasix (Data Architect);

— cnernuanuct no MoaenupoBanuto qanHbix (Data Modeler);

- skecnept Data Mining (Data Mining Expert);

— nenoBoit AHanuTuK (Business Analyst).

Jlekuus Ne7. Cranaaprel 1 mHCTpyMeHThl Data Mining

1. CRISP-DM.

The Cross Industrie Standard Process for Data Mining — CtangapTHbIN Mex-

otpacieBoil mpoiecc Data Mining — siBisieTcss HanbOosiee TOMyJISIPHOW B pacmpo-
cTtpaHeHHOM Merogosiorueil. Ynenamu koncopuuyma CRISP-DM seisitorest NCR,

SPSS u DaimlerChrysler.
B cootBercTBUmM co cranmaprom CRISP, Data Mining Bkito4aeT ciemyto-

e ($assbl:

1. Ocmbicinenue 6usneca (Business understanding).

2. Ocwmpbicnenue nannbix (Data understanding).

3. TloaroroBka nanubix (Data preparation).

4. MonenupoBanue (Modeling).

5. Omenka pe3ynbratoB (Evaluation).

6. Buenpenue (Deployment).

K atromy Habopy a3 nroraa 1o0aBIIsIFOT cebMoi mar - KoHTpoJib, OH 3aKaHYHMBA-
€T KpYT.

42



P— e
Business (_}= Data |
Unrlﬁ'nandmm{ Understanding|

.~

Data
Preparation
Deployment | VI
"~ Modeling

Evaluation

Pucynok 11 — ®a3s1, pekoMenayembie Mojiesibio CRISP-DM

2.  SEMMA wmerononorus peanu3oBaHa B cpeae SAS Data Mining
Solution (SAS). Ee ab6peBuatypa obpazoBana ot cioB Sample ("Or6op manabIX",
T.. co3manue BBIOOpKH), Explore ("MccremoBanue OTHONICHWH B JTaHHBIX'),
Modify ("Momudukanus narasix"), Model ("MonenupoBanre B3auMO3aBHCHMO-
creil"), Assess ("OueHka noixy4yeHHbIX MOJIENIEN U Pe3yJIbTaToOB").
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Pucynoxk 12 — Metononorusi pazpabotku npoekra Data Mining B cooTBeT-
cTtBuM ¢ Metononorueit SEMMA
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3. PMML (Predictive Modeling mark-up Language) — s13bIk onucaHus
MPEAUKTOPHBIX (MJIM MPOTHO3HBIX) MOJIEIEH MM S3bIKE Pa3METKH ISl IPOTHO3HO-
ro MmojenupoBanus. OCHOBA ATOTO CTaHIapTa - s3bIKk XML.

OcHoBHas nenp crangapra PMML - obecrnieueHue BO3MOXXHOCTH OOMEHa
MOJEJIIMH JTAHHBIX MEK/y POTPaMMHBIM 00€CIIEYEHUEM Pa3HbIX Pa3padOTUYNKOB
[Ipn nmomowmwm crangapra PMML-coBMecTUMBIE NPUIIOKEHUS MOIYT JIETKO
0OMEHMBATHCS MOACIIAMHU JaHHbIX ¢ ApyrumMu PMML-unctpymentamu. Takum 00-
pa3oM, MOJENb, CO3AAHHAS B OJHOM IIPOTPAMMHOM IPOAYKTE, MOYKET HCIOJb30-
BaThCA ISl IPOrHO3HOTO MOJIEIUPOBAHUS B IPYTOM.
Crangapt PMML Bxito4aer:
+  OIMCAHUE aHAIU3UPYEMBIX JAHHBIX (CTPYKTYpa U TUIIBI JAHHBIX);
OIMCaHUE CXEMbI aHaau3a (MCIOJIb3yEMbIE OIS TAHHBIX);
« omnucaHue Tpanchopmanmii JaHHBIX (HapUMep, MpeoOpa30BaHMs TUIIOB
JAHHBIX);
+ OINKMCAaHWE CTATUCTHK, IPOTHO3UPYEMBIX ITOJIEV U CAMUX IIPOTHO3HBIX MOJE-
nen.

4.,  JDM (The Java Data Mining standard - Java Specification Request
73, JSR-73). Crannapt, pazpaboranssiii rpynmnoit JSR 73, Java Data Mining API
(JDM) - 310 mepBas nmombITKa co3/aTh cTaHaapTHHIN Java API (mporpaMMHbIi WH-
Tepdeiic NpUIoKeHus ) A MOJydYeHUs A0CTyna K nHcTpyMmeHtaMm Data Mining u3
Java-npunoxeHuii.

5. SQL/MM mnpexacrasmisieT co00it HAOOp OMpeIeICHHBIX MOJIb30BATEIEM
SQL npouenyp st BO3MOKHOCTEN BBIUMCICHUI U UCIIONIb30BaHUN Mojieneld Data
Mining

6. The OLE DB for Data Mining standard of Microsoft. OtoT cran-
napT no3Boiiger, nogooHo SQL/MM, npumensts Metoasl Data Mining B CTpyKTY-
pe peNSLMOHHBIX 0a3 JaHHBIX. DTOT cTaHaapT sABisercs pacmmpenueM OLE DB

CrangapTbl, UMEIOIIME MPSIMOE WM OMOCPEAOBAHHOE OTHOIIeHHe K Data
Mining, MO)XHO OOBbEIMHUTD B TPYIIIIHI:

« cTaHJapThl, Oazupytronmecs Ha yciayrax Data Mining (yciayru co3aHusi MO-
7N YTIpaBJIEHUSI, CKOPUHTOBBIE YCIIYTH, YCIYTH aHaju3a JaHHBIX, YCIYTH
MCCJIeIOBAHUS IAaHHBIX, CTATUCTUYECKUE YCIYTH MOJICTUPOBAHMUS );

- craagaptel  web-cayx06er  (SOAP/XML, WSRF, u t1.n1), Grid-Ycnyru
(OGSA, OGSA/DAI, un T1.1.), Cemantuueckue Cranmaptei Web (RDF,
OWL,urt.n.);

CTaHJAPTHI, KOTOPHIC JOKHBI TTOSIBUTHCSA B OJIVDKaiIIee BpeMs: CTaHIAPThI
Ui TEXHOJIOTMYECKOTO TpoIlecca, CTaHAApThl IJs mpeoOpa3oBaHUi JaH-
HBIX, CTaHAAPTHI AJis1 onepatuBHoro (real time) Data Mining, cranapThl 15
cetelt naHHbIxX (data webs).
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