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Cy1iecTByeT MHOXECTBO areHTCTB I10 CO3/IaHUIO0 PeUTHHIroB. KoianuecTBo moaxonoB K
CO3JIaHUI0 PEUTHHTAa MEXKIY 00beKTaMH O4YeHb Beianko. Co3gatoTcst (OpMyIibl, IO KOTOPHIM
TOT WJIA HHON OOBEKT MCCIIEIOBAHUS CTABUTCS HA TO WJIM MHOE MECTO B peiTuHre. B manHoi
paboTe TmpenyoKeHa albTEpPHATUBA «UCKYCCTBEHHBIMY», MPHUAYMAHHBIM PpEHTHUHIaM.
[TpoBoauTCsS paboTa Mo CO3aHUI0 «OOBEKTUBHOTO» PEUTHHTA cpenr OaHKOB, AEHCTBYIOLIHX
Ha TeppuTopun Poccuiickoit @enepaiiuu, He 3aBUCSIIETO OT BbIOOpa MmoKka3areneil 0aHKOB, OT
Kakol-mn0o He 00BeKTUBHOU (opmynbl. C MpUMEHEHHWEM HEIWHEHHOTO MOJCITHUPOBAHUS,
UCIOJIB3YIOIIEr0 METOJI TJIaBHBIX KOMIIOHEHT M TJaBHBIE MHOIro00pasus ObUT COCTaBJICH
pelTHHT OaHKOB, NeHCTBYIOLUX Ha TeppuTopuu Poccuiickoit denepannu.

EcThb HEcKONbKO MOAXOJOB K CO3JaHHIO PEUTHHTA MEXIY KaKUMHU-THOO OOBEKTaMHU.
OOBeKTHI KAKIM-TO 00pa30M pacrojararoTcs B IPOCTPAHCTBE CBOMX TOKa3aTeNel, KOTOPhIMU
OHM XapakTepu3yroTcs. OIUH U3 MOJX0J0B — 3TO CO3[JaHMUE HEKOM NMPSMOM IIKajbl pEUTHUHTa,
Ha KOTOPYIO TPOCUUPYIOTCS OOBEKTHI B IMPOCTPAHCTBE TOKa3areneld. DTOT MOAXOA HE
ABIIIETCS  «ECTECTBEHHBIM». Ajekcanapom HukomaeBuuem ['opGanem u  AHapeeMm
IOpreBruem 3uHOBBEBBIM ObliIa IPEUIOKEHA UIES APYTrOro MOAX0/a K CO3/1aHNI0 PEHTHHIOB,
KOTOpasi IPUMEHSETCS B TEX CIIydasiX, KOTJa JUHEHHas allpoOKCUMalusl JaHHbBIX HE SIBISETCA
yOBJIETBOPUTENbHON. Ecinu 00beKThl pacrnonararorcss B MPOCTPAHCTBE BIOJIb HEKOTOPOM
KpUBO#, TO OoJlee €CTEeCTBEHHBIH CHOCOO pACMOJOKUTh OOBEKTHl B pPEUTHHTE -
arnmpOKCUMUPOBATh 00JIak0O OOBEKTOB B IMPOCTPAHCTBE IMOKa3aTeliel HEKOTOPOM TIIIaKou
KpHUBOU U IPOEIUPOBaTh OOBEKTHI HA HEE, a HE Ha MPUIYMaHHYIO IIKaly. DTa TUHUS —
HaTypaJibHas IKajia peltuHra. OHa OyneT ydMThIBaTh HEIUHEHHBIE CTPYKTYpbI OOJiaka
MaHHBIX. Takyro TUHUIO MBI Oy/IeM Ha3bIBaTh TJIAaBHBIM MHOTOOOpa3ueM.

Jannblii moaxox mO3BONsET HE H300peTarh (OpMyN s ONpPENENeHHs] MO3ULUHU
o0BbeKTa B pEeHTHHTE, a TaK K€ IMO3BOJSET OTKa3aThbCs OT BBIOOpa mokaszareneil. [laHHas
KpUBasi MOSIBISIETCS Kak ammpokcumanus obsaka Touek. Mecto oObekTa B pEHUTHHIE
ONPEAENAETCA KOOPANHATON Ha 3TOU «HATYPaJIbHON» KPUBOM.

Llens paboOTHL: MPOBEPUTH JAEHCTBUTEIBHO JIM OOJIBLION HAOOp [aHHBIX MOXKET OBITh
annpoKCHUMUPOBAH JIMHEHMHBIM MHOroo0OpasueM MeHbllel pasmepHocTH. W B pamkax
pUMepa: CO3/1aTh PEUTHUHT MEXKAY OaHKaMH, UCIIONIb3Ysl METOJI YIIPYTUX KapT.

MeTol TJIaBHBIX KOMIIOHEHT - 3TO OJIMH U3 CIOCOOOB MOHMKEHUS Pa3MEpPHOCTH
JTAHHBIX, COCTOSIIMH B Iepexoje K HOBOMY OPTOTOHAJbHOMY 0a3ucy, OCH KOTOpOIO
OpPUEHTUPOBAHBI 110 HAMIPABJICHUSIM MaKCUMaJIbHOW JUciepcuy Habopa BXOIHBIX JaHHBIX.
[Tocnme Toro kak gBa BEKTOpa TJIaBHBIX KOMIOHEHT OYyIyT HaWIeHbl, TOUYKH MPOCTPAHCTBA
nmokazatenei (0aHKM) MOYXHO CIIPOCIMPOBATh HA IIOCKOCTh, OOpPa30BaHHYIO BEKTOPAMH
IJIaBHBIX KOMITOHEHT.

Jlns mpuMeHeHus MeTojia TJIaBHBIX KOMIIOHEHT JIaHHBIE JOJDKHBI OBITh 3amucaHbl B
Bujae Matpunbl. OTAenbHas CTpOKAa TaKOW MAaTpPUIbl — 3TO KOHKPETHBIM OOBEKT
WCCJIEIOBAHMS; BEKTOP, C KOOPAMHATAMU-TIOKA3aTEIIIMH.

3ayacTyio OOBEKTBHI HCCIEAOBAHUS HMEIOT CHJIBHO pa3iMyarolivecss 3Ha4YeHUs
nokasareiel mo TOMY WM HMHOMY IDokazaremto. Jlyigs Toro 4troObl YpaBHOBECUTH 3TH



3HAYeHMs, JlaHHble HEOOXOJUMO HOPMHUPOBaTh MO cronluaM. Tak e MeTOJ TJIaBHBIX
KOMITOHEHT MPEANOJaraeT, YTo BEKTOpa JAHHBIX SBJISIIOTCS LIEHTPUPOBAHHBIMH.
Takum oOpasom, BekTop-cTONOEN P; j-ro mHokasarels cCieayeT HOPMHUPOBAThH IO

crenyrolel Gopmye:
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Bekropa rnaBHBIX KOMIIOHEHT MAJIsi IOKas3areied ObUIM HalJieHbl KaKk COOCTBEHHBIE
BEKTOpa  OMIIMPUYECKOM  KOBAPUALMOHHOM  MaTpPHIIBL. bimaronaps  HOpmMupOBKe
KOBapuallOHHasi MaTpulia cTajla KOppelsiUOHHOW. Bekropa um coOCTBEHHBIE 3HAYEHUS
MaTpHIIbl OBUTH HAWACHBI C TIOMOIIBIO METO/1a BpalleHui SIkoou.

VYhpyrass kKapTa CIYKMT A HEJIMHEHHOrO COKpAllleHUs pa3MEpHOCTH JaHHbIX. B
MHOTOMEPHOM IPOCTPAHCTBE JAHHBIX PACIOJaraeTcsi MOBEPXHOCTb, KOTOpas MpUOIMIKAET
UMEIOIMECs] TOYKM JAHHBIX W IpPU ITOM SBJISIETCSA, IO BO3MOXHOCTH, HE CIHIIKOM
M30rHYTOH. JlaHHBIE MPOELUPYIOTCS HA ATY MOBEPXHOCTh U IOTOM MOTYT OTOOpa)arbcsl Ha
Hell, kak Ha kapTe. Ee MOXHO npeacTaBisATh ce0e Kak YIpyryio MJIacTUHY, MOIPYKEHHYIO B
IPOCTPAHCTBO JAHHBIX M MPUKPEIUICHHYI0 K TOYKaM JaHHBIX HOpyXUHKaMu. CiayxuT
00001IeHneM MeToJa TIJIaBHBIX KOMIIOHEHT (B KOTOPOM BMECTO YHPYrol IIJIaCTUHBI
UCTIONB3YeTCs a0COTIOTHO JKECTKAs IIIOCKOCTB ).

[To moctpoenuto, ympyras kKapra HpeACTaBiIseT co00il cucTeMy YNpyrux MNpYXKHH,
BJIO’KEHHYI0O B MHOTOMEPHOE MPOCTPAHCTBO JTAaHHBIX. JTa CUCTEMa alllIPOKCUMHUPYET 00JIaKo
naHHbIX. Metoa Obl1 pa3paboTas npod., 1.¢.-m.H. A. H. ['opbGaneM, k.T.H. A. 3UHOBBEBBIM U
K.T.H. A. [Tutenxo B 1996—2001 rr.

PaccMoTpuM JByMEpPHYIO MpSAMOYTOJBHYIO CETKY Y3JIOB, B KOTOPOH P Y3JIOB IO
TOPU30OHTAIM U (| y3JIOB MO BEPTUKAIU. Y3JIbl CETKH HYMEPYIOTCS C IOMOIIBIO JBYX
HHJIEKCOB yij,i = ﬁ,j = Tq
Omnpenenenue 1. Vnpyzoii cemkou 6yaeM Ha3bIBaTh MHOXKECTBO Y3JIOB TAKHX YTO:

1) V316l ceTKH OJU3KH K TOYKAM JaHHBIX;

2) Cerka g0/KHA OBITH YIIPyTa MO OTHOLICHHUIO K U3rHOY. DTO CBOWCTBO J0 HEKOTOPOM
CTENEeHH 00ECIIEUUT IIaJIKOCTh PE3YIbTUPYIOIIEr0 MHOT000pa3us;

3) Certka nomKHa OBITh PABHOMEPHA, TO €CTh YIIPYTa M0 OTHOIICHHIO K PACTSIKCHUIO.

MeHsisi mapaMeTphl YIPYTOCTH U PACTSDKEHUS MOXHO TOJIydYaTh CETKY C Pa3THYHBIMH
CBOMCTBaMH.
Onpenenenne 2. Taxcon K;j y3na y" — 510 MHOXECTBO TOUeK X € X, TaKHX 4TO:

.. 2
K;j = {x EX| ||y” — x|| - min},
riae X — MHOXECTBO TOYEK JaHHBIX, ||-|| — EBkingoBa HopMa.

q)yHK]_[I/IOHaJ'I CTCIICHU KaueCTBa CE€TKH, KOTOpI)H\/'I HeO6XO}II/IMO MI/IHI/IMI/I?;I/IpOBaTB:
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| X| — uncmo Toyek gaHHBIX, A, U - KOOPPHUIUEHTHI YIPYTOCTH, OTBEYAIOIINE 33 PACTSKECHHE
I/I30FHYTOCTB CCTKU.
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KPUBU3HBI CETKHU.

Tak kak MeTpHKa SBISETCS €BKIUIOBON, TO (yHKIMOHANT D sABIseTCS KBaJApaTUYHBIM
no oTHOmEHMIO K y3mam yY. ClemoBaTenbHO, JUIS €r0 MUHHMHU3ALHEH OyleT MpHeMIeM
CIEAYIOLIUNA AJITOPUTM:

[Har 1. Y31bl ceTku, Tak WK UHAYe, PaclojaralTcs B IPOCTPAHCTBE.

[ar 2. [Ipu 3a7aHHBIX MOJOKCHHSIX y3JIOB JaHHbBIE pa30MBaIOTCS HA TAKCOHBI.
[Mar 3. Ilpm 3agaHHOM pa30MEHUU MHOXKECTBA TOYEK JAHHBIX HA TAKCOHBI

aD
MPOU3BOIUTCS MUHUMU3aUs GyHkunoHana D u3 ycnosus rrerie 0

[Haru 2 1 3 NOBTOPSIIOTCS 10 T€X MOp, IoKa BeIMYMHa (yHKIMOHaMa D He cTaHeT Mana
(B mpenenax 3agaHHOW TOYHOCTH).

B mnacrosmeit pabore Obutn uccienoBanbl nepBble 100 OaHKOB, NEHCTBYIOIIMX Ha
tepputopun  Poccuiickoit ®Denepauuu, #u3 pelTHHra, OMYOJMKOBAaHHOTO Ha CcalTe
LlearpansHoro Oanka P®. Kaxnpiii O6ank xapakrepusyercs 74 3HAYEHUSIMHU IOKa3aTeJeH.
[TokazaTrenu BKIIOYAIOT B ce0S KpEOUTHI, BBIJAHHBIE KaK (PU3MUECKUM IMIAM, TaKk |
pPa3IUYHBIM  KOMMEPUYECKMM OpraHM3alMsM, Ha pas3JIMyHble [E€PUOJbl,  JIENO3UTHI
KOMMEPUYECKHUX, HEKOMMEPUECKUX OpraHu3aIuii, (GPU3MUECKUX JIUI, OCHOBHBIC CPEJCTBA U T.II.

Takum 00pa3oM, MBI MOXKEM NpPEACTaBUTh MHOKECTBO HCCIEIYeMbIX OaHKOB Kak
007ako B 74-pa3MepHOM MPOCTPAHCTBE MOKA3aTENECH.

C nomouipio MeToJa Ynpyrux KapT Oblia MOJydeHa anmpokcumanus objaka OaHKOB
KpHUBOI1, Ha KOTOPYIO OaHKU OBLIN CIIPOCLIUPOBAHBI.

[locne Toro kak BEKTOpa TIJIABHBIX KOMIIOHEHT OBLIM HAWJIEHbI, JaHHBIC OBLIN
CIPOCIUPOBAaHbl Ha TIUIOCKOCTh, OOpa30BaHHYIO TIEPBBIMU JBYMsS BEKTOpa TJIaBHBIX
KOMITIOHEHT.

[Tocne onepanuu npoenrpoBaHus ObLI MOJIy4eH PUCYHOK 00JaKa JaHHBIX Ha MIOCKOCTH
raBHBIX KoMmroHeHT (Puc. 1).

Puc.1: HpOGKHI/Iﬂ TOYCK JAaHHBIX HA INIOCKOCTH I''TaBHBIX KOMITIOHCHT. Taxk xe Ha PUCYHKE
peaACTaBJICHA KpUBasd, alllIPpOKCUMHUPYIOLIas obnako JaHHBIX.

[Tocne Toro kak MHOTOOOpa3wWe MOCTPOCHO, /I BU3yaJM3aIluU JTaHHBIX HEOOXO0JIUMO
yKa3aTh IPaBUIIO, C TOMOIIBIO KOTOPOTO AaHHBIE U3 UCXOAHOTO MPOCTPAHCTBA MEPEHOCATCS



Ha YOpyryio KpuByto. [/[nnHa BekTopa mepeHoca He OyIeT CIMIIKOM BEJHKa, MOCKOJIbKY
KapTa anmpoKCUMUPYET JIAHHbIE U JOCTATOYHO IJIOTHO K HUM MPUJIETACT.

Wnes, koTopasi NpUMEHSIETCS NPU NPOCUUPOBAHUU — COINOCTABICHHUE TOYKE JAHHBIX
Oyvkaiiiiel TOYKU OTpe3Ka, COSAMHSIIOIIETO JIBa OMMKANIINX K TOYKE y3JIa Ha KapTte. MecTto
00BbeKTa B pEHUTUHIE OINpPEAETATCS KOOPAWHATOM TOUKM HA KPHUBOW, aNMpPOKCHMHUPYIOLIEH
00J1aKO TaHHBIX.

Onpenenenue 3. Paccmosanue OyneM ONpeAensaTh CIETYIOIUM 00pa3oM: BBINOJIHUM
OPTOTOHAJILHOE TPOCIUPOBAHUE HA MPSAMYIO, COJEpKallyl0 oTpe3ok. Eciam mnpoekuus
MIPUHAJIEKUAT OTPE3KY, TO MCKOMOE PACCTOSIHUE — 3TO PACCTOsIHUE N10 npoekuuu. Muaue
HMCKOMOE PacCTOSIHUE — 3TO PACCTOSIHUE JI0 OJIKalIIero KoHIa oTpeska. Torma koopauHaToi
TOYKM Ha KpUBOH OyneT nuOO0 KOOpAMHATa 3TOM TOYKM Ha OTpe3Ke, JTUOO KOOpAWHATa
Omkaifiero K Heil y3ia.

Tak kak OTpe30K SBISETCS JMHEHHOW KOMOWHAIMEeld KOOpIMHAT JBYX TOYEK, TOTAa
YCJIOBHEM MPUHAJIEKHOCTH TOUKH OTPE3Ky OyeT cylecTBoBanue takoro p € [0, 1] uro:

{Px1 +(1—plx; =x

py1+ (1 —ply, =y
rae (x, y)— KOOpAMHATBI TOYKH JaHHBIX, (X1,V; ), (X1, X5) — KOOpAUHATHI ONMKANUIIMX K HEH
Y3JI0B.

Paccmorpum Puc.2. Toukn Ha KpUBOH — MPOEKIMM TOYEK-OAHKOB Ha JIMHEWHOE
MHOrooOpasue. Bce OaHKM BBICTPOWJIMCH OJMH 32 JPYTMM. BBIIpAMIIss KPUBYIO, MBI
MIOJIyYUM «ECTECTBEHHBIN» PEUTHUHT OaHKOB.

Puc.2: [Ipoexkuun ToUeK AaHHBIX HA KPUBOH.

Takum 00pazom, IPUMEHSS METO]I IVIABHBIX KOMIIOHEHT U METOJI YIPYIHX KapT MOXKHO
MOJIy4yaTh PEUTHHT, HE3aBUCUMBIH OT YbEW-THMOO0 TOYKH 3peHHus. ANMPOKCUMHPYsS 00JaKo
JAHHBIX KpHUBOM, MBI TII0JIy4aeM «HATypaJbHYIO» IIKaly pPEUTHHIra, KOTOPOM MOXKHO
MIOJIB30BATHCA.



