Ypok 3

Ilonu>kenue pa3zMepHOCTHU U OTOOP
IIPU3HAKOB

3.1. 3auem oTOUpATH ITPU3HAKU?

3.1.1. 3amaua oTbopa MPU3HAKOB

DTa Heless MOCBAIIeHa 0TOOPY MTPU3HAKOB U OHUKEHUIO pa3MepHOCTH. B mepByio ouepeh HeoOXOMMO Pa30bpaTh-
¢, 3a9eM paboTaTh ¢ MPU3HAKAMU U OTOMPATDL UX.

Bo-niepBbix, IpU3HAKOB MOXKET OBITH CJUIITKOM MHOTO, OOJIBIIIE YeM HY?KHO. DTO MOYKET BOSHUKHYTH B CUTYaIlU-
SIX, KOTJIa MCIIOJIb3yeTCsl BCsI MMEIOIAsICs HA MaHHBI MOMEHT MH(MOPMAIUs, TIOTOMY YTO HEM3BECTHO, KaKas e€ 4acThb
MOXKET MOHAJ00UTHCs, a Kakas — HeT. B Takux caydasix MOXKHO MOBBICHUTH Ka4eCTBO PEIIeHUs 3aJadu, BhIOMpasd
TOJBKO JEHCTBUTEIHLHO BaKHbIe TTpu3Haku. CyIecTByeT Apyrod MoJIXo/I: MOKHO ¢(hOpMUPOBATH HOBbIE MPU3HAKHI
Ha OCHOBE CTapbIX, TAKUM 00OPa30M IPU3HAKOB CTAHET MEHbIIE, HO UX MH(MOPMATUBHOCTH COXPAHUTCH.

Bo-BTOpPBIX, CyIIECTBYIOT NMPU3HAKU, U3-38 KOTOPBIX IPU PEIIeHWH 33Ja49i BO3HMKAET MHOI'O MPOb6JeM. DTO
[IyMOBBIE IPU3HAKN — IIPU3HAKHU, KOTOPhIE HE CBSI3aHBI C IeJIEBO TIePEMEHHOI 1 HUKAK HE OTHOCSTCS K PeraemMoi
zamade. K coxxaseHuro, He Bceria MOXKHO MTOHATH 110 00y Iaroiiell BEIOOPKe, 9TO B Hell IPUCY TCTBYIOT TAKUE TPU3HAKH.

[Tose3rO paccMOTperh HECKOJHKO MPUMEPOB MIPUCYTCTBUS IIYMOBBIX IPU3HAKOB B MAHHBIX. 1lycTh B BBIOODKY
nobassaor 1000 npu3nakoB. 3HAYEHMsT KaXKIOTO MPU3HAKA TeHEPUPYETCs U3 CTAHIAPTHOIO HOPMAJILHOTO pacipejie-
JIeHnd. HOHHTHO, Y9TO 9TU IIPU3HAKN 66(31'[0.]'[63H])I7 OHHM HUKaK He IIOMOT'YT PEHIUTH 3aJaqy. HO, IIOCKOJIbKY UX MHOTI'O,
MOXKET TaK OKa3aTbCsd (U3 COOOParkeHU TeOPUU BEPOATHOCTEH ), UTO OJUH U3 HUX KOPPEIUPYET C HEJICBOi epeMeH-
uoii. [Ipu aTOM OH OyZeT KOppeIMpoBaTh TOJBKO HA 00yUaroIieil BEIDOPKE, a HA KOHTPOJILHOM BEIOOPKE KOPPEJIAIAn
HaOITIONATHCA He OyIeT, MOCKOJIBKY TPU3HAK abCOIOTHO cirydaitabiit. OIHAKO BHYTPH MOJIEIN STOT MPU3HAK MOXKET
OBITH yUITEH KaK BaXKHBII 1 MMeTh Kakoi-TO Bec. Ilosryuaercs, 9T0 MOJE/Ib 3aBUCHT OT NIPU3HAKA, KOTOPHI HUKAK
He TIOMOTAeT PEIuTh 3a/1a9y. I3-3a 9TOro KauecTBO MOJE/n U ee 0DODIAIOINIAsT CITIOCOOHOCTD OKaYKyTCs HUXKE, UeM
XOTEJIOCH OBbI.

Hpyroit mpumep. IlycTs s perieHust 3aja9u KCIOJIB3YETCS PEIIAOIiee JIepeBo. B BBIOOpKE MPHUCYTCTBYIOT
1000 mpusnakoB, Bce onm mHMpoOpMaruBHble. HO mpm 9TOM, YTOOBI yYecTh KarKIbIl M3 HUX XOTs OBl OIUH pas3,
moHaI00uTCd AepeBo rayOmubl Kak MunuMyM 10. ¥V sroro mepesa Oymer okosno 1000 suctbeB. s Toro 9rodnr
TIOCTPOUTDH XOPOIIHE MPOTHO3BI U M30€KATh MepeodydeHusi, HeOOXOINMO, 9TOObI B KaXKIbIH JINCT IOTAJIO OOJIBITIOE
KOJITYECTBO IIPUMEPOB, a 3HAYNT 00ydYalonias BbIOOPKa JOJIKHA ObITh O4YeHb OostbInoil. IIpn sToM HyKHO 00paTUTH
BHUMAHME Ha CJIEJYIOINee: TaKOe JIEPEBO YUTeT KaXKJIbI NpU3HAK OauH pa3. [yt Toro 4robbl ydyecTh MPU3HAKA
6oJIbIIIee IUCIIO Pa3, MOHAI0OUTCs 6ojIee TIIyOOKOe IepeBo, N HeOOXOAMMBIH /115t 00y YeHUsT TAKOTO aJrOPUTMA Pa3Mep
BBIOOPKW yBEJIUIUTCS €IE CUIIbHEE.

Emme omna mpuymHAa, 0 KOTOPOH MOXKET MOHAI00UTCsT OTOMpATh MPU3HAKKA — ITO ycKopeHue mozenu. Jlemo
B TOM, 9TO UeM OOJIbITIe TTPU3HAKOB, TeM 0oJjiee C/IOKHAS MOJEb MOJYyJIaeTCsd, U TeM OOJIbIIe BPEMEHN HEOOXOINMO,
9T00BI TOCTPOUTH NMPOrHo3. CyIIecTBYIOT 3a1a49i, B KOTOPBIX IIPOrHO3bI HY?KHO CTPOUTb OY€Hb OBICTPO, HAIIPUMED,
BBIJIaYa PEKOMEH AT TOBAPOB Ha caiiTe nHTepHeT-Marasuaa. 11ob30BaTe/ b 9TO-TO UIET, HAXKUMAET Ha CCBLIKY B
TTOMCKOBO# BBIZAYUE U MEPEXOIUT Ha CTPAHUILY MHTEPECYIOIIEro ero ToBapa. Ha 3Toil cTpanuiie ecTh moJie, B KOTOPOM
[MOKA3BIBAIOTCA PEKOMEHAINK K 9TOMY TOBApY, HAIIPUMED MTOXOXKHE TOBAPbI, KOTOPHIE OJ2KHA BBIJIABATH MOJIENb.
Baxkmuo, 9T06BI OHA BbIIaBajia PEKOMEHIAIIMH OYEeHb OLICTPO, CTPAHWIA HE JOJIZKHA JIOJTO 3arpyKaTbCs, ITOOLI
[10JIb30BATEIb HE IMOJyMaJl, YTO ¢ CAWTOM YTO-TO HE TaK, U He YIIeJ K KOHKYpeHTY. B 3roM ciiyuae HeOOXOIMMO,



9TOOBI MOJIE/Tb ObLIa OYeHb OBICTPOM, M OMUH M3 MTOAXOJ0B K YCKOPEHUIO MOJEIN — 9TO 0TOOP MPU3HAKOB, KOTOPBIX
JIOCTATOYHO, IYTOOBI MTPOTHO3bI OBITU XOPOITAMHU.

3.1.2. Metona orbopa mpu3HAKOB

OrmuiireM HEKOTOPBIE MTOJIXOJIBI K 0TOOPY Mpu3HakoB. CaMblil IPOCTON — 9TO OJTHOMEPHbIN ToIX0,. B HEM oreHIBaeTCSA
CBsI3b KayKJIOTO MMPU3HAKA C [EJIEBON IEPEMEHHOM, HAIIPUMED, U3MEePAeTCs KOPPeJIsius. Tako# moaxo — JTOBOJIBHO
[IPOCTOM, OH HE YYUTHIBAET CJIOXKHBbIE 3aKOHOMEPHOCTH, B HEM BCE MPU3HAKK CYUTAIOTCS HE3aBUCUMBIMU, TOTIA KaK
B MAIIUHHOM OOyYeHMM MOJIEJIN yUYUTHIBAIOT B3AaWMHOE BJIMSIHUE MPU3HAKOB, WX AP WU Jaxe 0oJiee CJIOXKHBIE
JIECTBUs HA TEJIEBYIO TIEPEMEHHYI0. DTOT IOIXOJ HE BCErJa XOPOIl, HO WHOT/IA ero MOXKHO HUCIIOJb30BATh, ITOOBI
paHXKUPOBATH MPU3HAKN, HANTH HAMOOJIEe MOIIHBIE CPEU HUX.

Bonee ciaoxxuble mOaX0abI K 0OTOOPY MPU3HAKOB MOTYT OBITH YCTPOEHBI CJIEIYIOMIIM 00pPa30M: HEKOTOPBIM CIIOCO-
6OM 1IepedUPATOTCs PA3TUIHBIE TIOAMHOXKECTBA IPU3HAKOB, JIJIS KaXK/I0T0 TAKOI'O HOAMHOXKECTBA 00y IaeTcs MOJIeb,
KOTOpasl WCIOJIb3yeT TOJbKO 3TH IPU3HAKHU, U OIEHUBAETCS €€ KAadyeCcTBO. B mTOre BHIOMPAETCSI TO IMOIMHOXKECTBO,
KOTOpOe JIaeT HAWIydIlee KadecTBO. Takue MOoaXo bl OKa3bIBAIOTCS CJIOKHBIMU M3-3a TOI'0, YTO HYXKHO IepedupaTh
MTOIMHOXKECTBA MPU3HAKOB. [IOHATHO, 9TO BCEX MOAMHOMXKECTB OYEHb MHOTO, ITO9TOMY IOWCK JOJI?KeH OBITH Oojiee
HAIIPABJIEHHDBIM.

Mo2KHO HUCITOSIH30BATEH CAMY MOJIE/b, YTOOBI OIEHNBATH BasKHOCThH TPU3HAKOB 1 0TOMpaTh nxX. Hampumep, B Kypce
y2Ke IILIa pedb 0 Merojie Lasso, Li-peryiaspusaiuu, KoTopas M03B0JiseT 0TOUpaTh IPU3HAKHU C IIOMOIIbIO JIMHEHHBIX
mozeseir. [Toxoxkue MeTOIbI UCIOJIB3YIOTCS U B PEIIAIONINX JEPEBbsIX, CJIyJAHOM Jiece U I'PAIUEHTHOM OyCTHHIe —
00 3TOM OyZEeT paccKa3aHO JaJiee.

Haxkonerr, MOXKeT CJIOXKUTLCA CATYaIldsl, KOTJIa BCe MPU3HAKY BAYKHBI, HO WX CJIUINKOM MHOTO. B aToM cirydae
HCIOJIB3YIOTCST METO/TbI TIOHUKEHUST PA3MEPHOCTH — TAKOe MOCTPOEHUE HOBBIX MPU3HAKOB HA OCHOBE CTAPBIX, YTOOBI
[P 9TOM COXPAHAJIOCh MAKCUMAJIBHOE KOJIMYECTBO NH(MOPMAIIUU U3 UCXOIHBIX [TPU3HAKOB.

3.2. OgHoMepHBIiT OTOOP IMTPU3HAKOB

CamMble IPOCTBIE W HAWBHBIE METOBI OTOOPA MPU3HAKOB — 3TO OIHOMEDHBIE METOIbI, O HUX MONIET pedb B ITOH
YaCTH.

3.2.1. ITocranoBKa 3aga4u
Heobxoanmo BBecTH ciremyromnye 0003HATEHNS:
® 1;; — 3HAYEHNe IPU3HAKA j Ha OOBEKTE 7,
e T; — cpejHee 3HaUeHHe IPU3HAKa j 1O Beeil BHIOOPKE,
e y; — 3HaYEHUE TEJEBON MePEeMEHHOI Ul OTBETa HA OOBHEKTE 1,
e 7 — cpejiHee 3HAYUEHUE TIEJIEBOI TTEpEMEHHOM Ha BCeil BHIOOPKE.

3ajaua — OIEHUTD [IPeJICKA3aTeIbHYI0 CHly (MH(DOPMATHBHOCTD) KaKJIOr0 IPU3HAKA, TO €CTh HACKOJIBKO XOPO-
IO 10 JJAHHOMY IPHU3HAKY MOXKHO IIPEICKa3bIBaTh IEJIEBYIO IepeMeHHyo. /lanHble OleHeHHOIl MHMOPMATUBHOCTI
MOXKHO HCIIOJIb30BaTh, YTO0BI OTOOpATh k JIydlInX TPU3HAKOB WJIU IMPU3HAKHU, Y KOTOPBIX 3HAaUYeHne WH(MOPMATUB-
HocTH GoJiblie opora (HapuMep, HEKOTOPOH KBAHTUIN Pacupeeienus nHMHOPMATUBHOCTH ).

3.2.2. OT60p NPU3HAKOB C HMCIIOJIb30BAaHUEM KOPPeJasIuu

O,HI/IH U3 CaMbIX IIPOCTBIX METO/J0B U3MEPEHNS CBA3b ME2K/Y IIPU3HAKOM U OTBETAMHN — 3TO KOPPEJIAIUAd:

Yem 6oJIbIITE TIO MOJTYJIIO KOPPEJISIUS MEXK Ty IPU3HAKOM U IEJIeBOI TEPEMEHHON, TeM 60siee nH(MOPMATHBHBIM siB-
asercs maHHBIL npusHak. [Ipu sToM oHa MakcmMasbHa o Moxmymio (R; = £1), ecan MexKIy IPU3HAKOM U IeJIE€BOM



IIepeMEeHHOH eCcThb JIMHeiiHas CBA3b, TO €CTh €CJU IeJIeBYI0 IEPEeMEHHYIO MOXKHO CTPOI'O JIMHEWHO BBIPDA3UTh 4depe3
3HAYEHME MTPU3HAKA. DTO O3HAYAET, YTO KOPPEJISIUs U3MepsieT TOJIBKO JUHEHHYI0 NH(POPMATUBHOCTD, TO €CTh CIIO-
CODHOCTH IIPU3HAKA JIMHEHHO IPEeJICKa3bIBATh IIeJIEBYIO ITlepeMeHHYI0. Boobiie roBops, KOppessius pacCYnTaHa Ha
BEIECTBEHHBIC TPU3HAKY U BEIIIECTBEHHBIE OTBETHI. €M He MeHee, €€ MOXKHO UCIOIb30BaTh B CIyYae, €CJIU MPU3HAKA
U OTBeThbl OUHADHBIE (MMeeT CMBIC KOJMPOBATH OMHAPHBII IIPU3HAK C IOMOIIBIO 3HavYeHuil +1).

3.2.3. Ucnonnb3oBaHMe OMHApPHOrO KJjlaccudukaropa s oTdopa IIpU3HAKOB

[Iyctn pemraercsa 3amgatia 6uHapHON KIacCupUKAIINE, U HEOOXOAUMO OIEHUTH BAXKHOCTDH MPU3HAKA j /IS PEIeHUs
UMEHHO 3TOM 3a/1a49u. B 9TOM ciIydae MOXKHO TOIPOOOBATH TOCTPOUTH KJIACCU(MDUKATOD, KOTOPBI HCIIOJIB3YeT JIUIIb
9TOT OJIVH NPU3HAK j, U OLEHUTh €ro KayecTBo. Hampumep, MOXKHO pacCMOTPETh OY€Hb IIPOCTOM KJacCupUuKaTop,
KOTODBIN 0epéT 3HadeHHe NPHU3HAKa j Ha OObEKTe, CPABHUBAET €0 C IIOPOTOM ¢, W eCJIM 3HAYeHHe MEHbIIe ITOTrO
mopora, TO OH OTHOCHT OOBEKT K IEePBOMY KJACCY, €CJIM K€ MEHBIIE [MOpora — TO K JAPYyTOMY, HYJIEBOMY WJIA
MUHYC TIEPBOMY, B 3aBUCHMOCTH OT TOT'O, KaK MbI ero obo3naqusm. Jlajee, MOCKOJIbKY 9TOT KJIACCU(DUKATOD 3aBUCUT
OT Topora t, TO ero KadecTBO MOXKHO M3MEPHUTH C MOMOIIBI0 TAKUX METPHK Kak Iomaas mog ROC-kpuBoit niu
Precision-Recall kpuBoii, a 3areM 110 JaHHON ILIOIIAIUA OTCOPTUPOBATDH BCE MPU3HAKYU U BBIOMPATH JIyYIIIUE.

3.2.4. Ucniomb30BaHNE METPUK Teopuu MHPOpMaNUU AJs OTOOpAa NPU3HAKOB

CymecTByeT €Ié OauH MOIX0M B OMHOMEPHOM OIEHWBAHWYN KAYeCTBA IPU3HAKOB, KOTOPHI OCHOBAaH HA METPHUKAX,
HCIIOJIb3YEMBIX B TEOPUH WHPOpMAaInuu. IIpumMepoM TakKoil METPUKHU SBJIAETCA B3anMHasa wHMOpMalus, mwin mutual
information. Ona paccuurana Ha ciydail, KOrja U MPU3HAK, U TeJIeBas epeMeHHast — JUCKPETHBIE.

[IycTh HEOOXOMMMO PEnuTh 3aJady MHOTOKJIACCOBOH KiaccuduKanuu. B sToM ciydae riesieBas HepeMeHHast
MPUHUMAET 1M PA3JUIHBIX 3HAYEHUI:

a IIpU3HAK — 7 3HAYCHU:

[TockoabKy 119 METPUKY B3aUMHOM MHMOPMAINN HE BaXKHBI KOHKPETHBIE 3HAYEHUsI IPU3HAKOB, MOYKHO 0003HAYATH
WX C TIOMOIIBIO HATYPAJIbHBIX Uncesl. BEpOATHOCTHIO HEKOTOPOTO COOLITHSA OymeM 00603HATATH JOJI0 OOHEKTOB, /IS
KOTOPBIX 9TO CO6bITI/Ie BBIIIOJTHEHO. HaHpI/IMep, BEPOATHOCTL TOI'0, YTO IPU3HaK IIPpUHUMaET 3HaYCHUE U, a Ie/IeBad
nepeMeHHas — k, BBIYUCJISIETCH CJIeIYIOMUM 00pa3oM:
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W, nampuMep, BEPOATHOCTDH TOTO, UYTO MPU3HAK PABEH V:
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Bzanmvuas nndopMmarms Mex Iy IPU3HAKOM j U IEJEBOM MEPEMEHON BBIYUCISIETCA TO ciemyomnieil hopmyiie:
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I'maBuas ocobeHHOCTH B3aMMHON MHMOPMAIMKA COCTOUT B CJIELYIOIIEM: OHA PaBHA HYJIIO, €CJU IPU3HAK U IeJIeBast
repeMeHHasl He3aBUCUMBbI. ECiin 2Ke MeXK /[y HUMU €CTh KaKasi-TO CBsI3b, TO B3aUMHAasi nH(MOpMAaIus Oy1erT OTimdaTb-
Cd OT HyJs, IPUIEM OHA MOYXKeT OBITh KaK OOJIbIlle, TAK W MEHbBINE HYyJid. DTO O3HAYAET, UITO WHMOOPMATHUBHOCTH
MIPU3HAKOB HY2KHO OIEHUBATDH 10 MOJYJIIO B3AaUMHON HH(MOPMAIIWH.

3.2.5. IIpobsieMbl OJTHOMEPHOTO OTOOPA MPU3HAKOB

V nmoaxona, mpu KOTOPOM BasKHOCTH BCEX NPU3HAKOB OIEHUBAIOTCS 110 OTIEJbHOCTU, €CTh CBOM HejocTaTkKu. Ha
pucytke 3.1 m3obparkeHa JByMepHasi BBIOODKA, NI KOTOPOl HEOOXOIMMO PeIuThb 3ajady Kjaccudukarmmu. Keim
CIIPOEIMPOBATH TAHHYIO BBIOOPKY Ha OCh abCIuce, TO OHa OyAeT pa3ienMa, XOTd U OyIyT IPUCY TCTBOBATDH OITHOKH.
Eciu ke copoenupoBarh JAaHHYIO BBIOOPKY HA OCh ODJMHAT, TO BCe OODBEKTHI PA3HBIX KJACCOB MEPEMEIIAlOTCs,



Puc. 3.1: Ilpumep BBIOOPKH, J1Jisi KOTOPOH HEOOXOAMMO PEINUTH 3a[a9y KJIACCU(DUKAIIAN

n BBIOOpKaA OyeT HepazaennMa. B 9ToMm ciaydae MpU UCIOIB30BAHUN JIIOOOTO METOMa OTHOMEPHOTO OICHUBAHUS
nHMOPMATUBHOCTU TEPBBIA NpU3HAK OyaeT WHMOpPMaTUBEH, & BTOPOl — COBEPIIEHHO HEMH(MOpPMATUBEH. TeMm He
MeHee, BUJIHO, YTO €CJIU MCIIOJIb30BaTh 3TU MPU3HAKUA OJIHOBPEMEHHO, TO KJIACCHI OYIyT pas3ienuMbl uiaeajbHo. Ha
caMoM Jiejie, BTOPOIl IPU3HAK Ba)XEH, HO OH BAXKEH TOJIBKO B COBOKYITHOCTH C IIEPBBIM, W METOJIbI OJHOMEDPHOI'O
OIeHMBaHUA WHPOPMATUBHOCTU HE CIIOCOOHBI 9TO ONPEIE/IATD.

Puc. 3.2: IIpumep BbIOOPKH, /1151 KOTOPOl HEOOXOAMMO PEIINUTH 33849y KJIACCHMUKAIINN

Ha pucynke 3.2 nokasana BBIOOpPKa, HA KOTOPOI OJHOMEpPHbBIE METOIbI OIEHKU WH(MOPMATHBHOCTH PabOTAIOT
emé xyxe. B sTOM ciydae, ecim CIIPOEIUPOBATH BBIOOPKY Ha OCh aOCIMCC WJIA OPJAWHAT, TO OOBEKTHI KJIACCOB
[IEPEMEIIAIOTCs, U B 000X CIIydasX JAHHBIE OyIyT COBEPIIECHHO HePas3JAeauMbl. V1 cOryiacHO JII0OOMY M3 OIMCAHHBIX
MeTOJI0B, 00a Npu3HaKa HeMH(MOPMATHBHBL. TeM He MeHee, eC/id WCIOJb30BATh UX OJHOBPEMEHHO, TO, HAIIPUMED,



pelaoIee 1epeBo MOXKET HJICAJILHO PEIIUTD JAHHYIO 33341y KJIACCHMUKAIUN.

3.3. 2Kasgable MmeToabl OTOOpAa MPU3HAKOB

3.3.1. Ilpuniun paboThl >KaHbIX METOI0B

2Kanubre MeTonbl 0T00pa MPU3HAKOB, IO CYTH CBOEH, ABJISIOTCH HAJACTPOUKAME HAJ METOJIAMU OOyYeHMS MOJIEJIEH.
Onu 1epebupaloT pasindIHbe MOJAMHOXKECTBA ITPU3HAKOB U BEIOMPAIOT TO U3 HUX, KOTOPOE JaeT HAMILYUIIee KAIeCTBO
OIIPEJIEJIEHHON MOJIC/TH MAITMHHOTO OOy IeHMSI.

Jauublii porece ycTpoeH ciemyonmM obpazoM. ObyueHne MOIE/U CIATAETCH YEPHBIM SIIUKOM, KOTOPBIA Ha
BXO/T IPUHAMAET WHPOPMAIIIO O TOM, KAKHE U3 €r0 TPU3HAKOB MOXKHO HCIOJIB30BATH IIPH 00y IECHUN MO, 0Dy Ia-
€T MOJIeJIb, U JAJIbIe KAKUM-TO METOJOM OIEHMBAETCs KAYeCTBO TAKON MO/IEIN, HAIIPUMED, [0 OTJIO0KEHHON BHIOOPKE
WU KPOCC-BATUIAIMH. TakuM 00pa3oM, 3a/1a9a, KOTOPYIO0 HEOOXOIMMO PEIIUTh, — ITO ONTUMUA3AIN (DYHKIIMOHAIA
Ka4vecTBa MOJIEJIH II0 ITOJMHOYXKECTBY ITPU3HAKOB.

3.3.2. IlepebopHblie MeTOIbI

Camblit mpocToit criocob perteHust JAHHON 38191 — ITO MOJIHBIH 1epebop BCeX MOIMHOXKECTB IPU3HAKOB U OIICHUBA-
HIE Ka9eCTBa Ha KarKJIOM MOJIMHOKeCTBe. VITOroBoe mMoJIMHOYKECTBO — TO, HA KOTOPOM Ka9eCTBO MOJIE/IN HAWTYJIIIee.
DToT mepebop MOXKHO CTPYKTYPUPOBATH U TIEPEOUPATH TIOJMHOXKECTBA TIOCIIEI0OBATEIBHO: CHAYAJIA T€, KOTOPbIE NMe-
10T MOITHOCTH 1 (HaGopbl u3 1 mpusHaka), TOTOM HAGOPBI MONTHOCTH 2, M TaK Jajee. ITO MOIXO/ OUeHb XOPOIIHI,
OH HaJIET ONITUMAJIbHOE TTOJMHOYKECTBO IIPU3HAKOB, HO IIPUA 3TOM OY€Hb CJIOXKHBIN, TTIOCKOJIBKY BCETO TAKUX TTOJMHO-
xkects 2%, e d — uwmcso npusHakos. Ec/u IPU3HAKOB MHOTO, COTHH HJIM TBHICSYH, TO TAKOH HepebGOp HEBO3MOYKEH:
OH 3aifiMeT CJUIIKOM MHOT'O BPEMEHHU, BO3MOXKHO, COTHU JieT win 6oJibire. [losTomy Takoit Mmeron mogxoaut b0 mnpu
HEOOJIBIITOM KOJIMYECTBE MMPU3HAKOB, JUOO €CJIU M3BECTHO, YTO WH(MOPMATHBHBIX IIPU3HAKOB OY€Hb MAJIO, €IUHUIILI.

3.3.3. Meron >kaaHoro mobaBjieHUS

Ecin 2xe mpu3HaKOB MHOTO ¥ U3BECTHO, YTO MHOTHE U3 HUX MH(MOPMATUBHBI, TO HY?KHO IIPUMEHATH KaJHYIO CTpaTe-
ruto. zKajiHast cTpaTerus UCIOJIb3yeTCs BCErIa, KOT/Ia MOJHBIN 1epedbop He TIOJIXOUT JJTd pernennsd 3aiadu. Hampu-
Mep, MOXKET OKa3aThCsl HEILJIOXOH CTpaTerus »KaJHOoro HapamuBanus (:KaaHoro nobasienus ). CHava s HAXOIUTCA
OJIVH [PU3HAK, KOTOPBIA Jaer HamIydilee KauecTBO MO/ (HAMMEHbIIYIO ommbKy Q):

i1 = argmin Q(7).
Torma MHOKECTBO, COCTOSIIIEE U3 STOTO IPU3HAKA!
Ji={ir}

ﬂaﬂbﬂle K 9TOMY MHOXKECTBY ,ZLO6aBJIHeTCH eme OJUH IIPU3HaK TakK, qTO6bI KaK MO?KHO CHJIbHEE YMEHbBIINTDH OH_H/I6Ky
MOJICIN:
iz = argmin Q(i1, i), Jo = {i1, iz}

Jasee KarXx aplit pa3 100aBISeTCH 10 OJHOMY IPU3HAKY, 00pa3yI0TCs MHOXKeCTBA J3, Jy, . . . . Eciu B Kakoit-Tro MoMeHT
HEBO3MOXKHO JI00aBUTH HOBBII IPU3HAK TaK, 4YTOOBI yMEHBIIUTH OIIMOKY, IIPOIE/ypa OCTaHABIUBaeTCH. 2K aIHOCTh
MPOIEAYPHl 3aKJIFOYAETCS B TOM, YTO KAaK TOJBKO KAKOW-TO MPU3HAK IIOIAJIaeT B ONTUMAJBHOE MHOXKECTBO, €ro
HEJIb3s OTTY/Ia Y/IAIUTh.

3.3.4. Agroputrm ADD-DEL

OrnucaHHbIi BBIIIE TOAXOJ], TOBOJBHO OBICTPBII: B HEM CTOJBLKO UTEPaIiii, CKOJIHKO IPU3HAKOB B BbibOpKe. Ho mpu
9TOM OH CJIMIIKOM KA HBIN, MepedupaeTcs CJAUIIKOM MAaJio BApUAHTOB. lIporemnypy MOXKHO yciokHUTb. OuH u3
MMOJIXOJIOB K ycJioxKHeHnt0 — 310 ajropurm ADD-DEL, KoTopsiii He TOJIBKO J100aBJIsieT, HO U YIaJsieT MPU3HAKA
73 ONTUMAJIBHOIO MHOXKECTBa. AJITOPUTM HAYMHAETCH C MPOIEAYyPhI KaTHOro jobasieHus. MHOXKECTBO IPU3HAKOB
HapAaIUBaETCA 10 TEX MOP, TOKA MOJyIAeTCsl YMEHBIINUTH OIMUOKY, 3aTeM ITPU3HAKH YKAHO YIAJIAIOTCH U3 TOIMHO-
2KECTBA, TO €CTh IepebMPAIOTCs BCe BO3MOYXKHBIE BAPUAHTHI YIAJIEHA [IPU3HAKA, OIEHUBAETCH OIMNOKA U YIAIIeTCs
TOT MPHU3HAK, KOTOPBIN MPUBOJIUT K HAUOOJIBIIEMY YMEHBIIEHUIO OIMIMOKN Ha BBIOOPKE. DTa MPOIEIypa MOBTOPSET



nobaBJieHre U yIaJleHue IPU3HAKOB 10 TeX IIop, IIoKa yMeHblnaercsa ommbka. Asropurm ADD-DEL Bcé eme xka-
HBI, HO IPU 9TOM OH MEHee KA IHBIA, YeM PEJbLIYINil, TOCKOJbKY MOXKET HCIPABJATH ONUOKHU, CJACaHHBIE B
HagaJie mepebopa: ecju BHa4aJse ObLT 100aB/IeH HEeMH(MOPMATHUBHBIN TPU3HAK, TO HA dTAIE YIAJEHUS OT HETO MOXKHO
n30aBUTHCS.

3.4. OTbop MpU3HAKOB HA OCHOBE MoOjeJiei

3.4.1. Ucnosp30BaHue JUHENHBIX MoOJeJieil JJid oTOopa NMPU3HAKOB

Ilisi otleHKEM MHMOPMATUBHOCTY IPU3HAKOB U WX OTOOpPA MOXKHO KCIIOJB30BATh OOyUYEHHBIE MOJIEJIH, HAIIPUMED,
JIMHETHBIE.
JIumeitnas MoIe/Ib BBIUHACIAET B3BENIEHHYIO CYMMY 3HAYEHUI MPU3HAKOB Ha 00DbEKTE:

d
a(x) = Zw]fljj

[Ipu sToM BO3BpalmmaeTcs cama B3BEIIEHHAT CyMMa, €CJIA 9TO 3aJada PEerpecCHy, W 3HAK ITOU CyMMBI, €CJIH ITO
3aada Kiaaccuukanmu. Kcan Ipu3Haku MacurradupOBAHbI, TO BECA MPU MPU3HAKAX MOXKHO HHTEPIPETHPOBATH
KaK MHOOPMATUBHOCTH: YeM OOJIbIIIE [0 MOJIYJIIO BEC IIPU IIPU3HAKE j, TEM OOJBIINN BKJIAJ STOT IPU3HAK BHOCUT
B orBeT Mojesu. OIHAKO ec/ii IIPU3HAKU HEe MAaCIITabDMPOBAaHbI, TO TaK KMCIIOJIb30BAThH Beca yKe Hejib3si. Hampumep,
€CJIn eCTh JIBa, NpU3HaKa, u oauH 1o MacimTady B 1000 pa3 MeHbIlle Apyroro, TO BeC IMepBOro IPU3HAKA MOYXKET ObITh
OYeHb OOJIBIINM, TOJBKO 9TOOBI MIPU3HAKY OBLIN OJUHAKOBBIMU 110 MACIITA0Y .

Ecin HE06X0MMMO OOHY/IMTH KAaK MOXKHO OOJIbIIIE BECOB, YTOOBI JIMHEIHAS MOJE/Ib YIUTHIBAJIA TOJIBKO T€ IIPU-
3HaK’, KOTOPbIe HanbOJIee BayKHbBI [IJIA Hee, MOKHO MCIOIb30BaTh Ll-perynapusanuio. Yem 6osbiite KoadduimeHT
npu L1-perynsapuzarope, TeM MeHbIIE IPU3HAKOB OyJI€T MCIIOJIB30BATH JIMHEHHAS MOJIEJIb.

3.4.2. IlpuMeHeHUe pelIaoInX AepeBbeB [Jisi 0TOOpa MPU3HAKOB

Eme omua Bug mozeseit, o0CyKIaeMbIX B IPEIBIIYIIEM Kypce, — 3TO PeIlaiolie JepPeBbs. Pernatomniue aepeBbs
CTPOATCST «XKATHO»: OHU PACTYT OT KOPHS K JIUCThsIM, M Ha KaXKJIOM JTalle IPOUCXOIUT MOMBITKA Pa30UTh BEPIIUHY
Ha ae. YToObI pa3dUThL BEPIIMHY, HY?KHO BBIOPATH MPU3HAK, 10 KOTOPOMY OyIeT MPONCXOIUTh pa3bueHme, u mopor,
C KOTOPBIM OyJeT CPABHMBATLCS 3HAYEHME JAHHOTO MpHU3HaKa. Kciu 3HaYeHWe MPU3HAKA MEHBIIEe 3TOTO IO0pora,
TO O0OBEKT OTHPABJILETCS B JIEBOE TOJJIEPEBO, ecyu OoJibllle — B MpaBoe MOJIepeBo. Buibop mpu3Haka u mopora
OCYIIIECTBJIAETCS TI0 CJIEIYIONEMY KPUTEPHUIO:

_ x|
| X

Xy :
X H(X,) — min,

Q(Xmajvt) ‘Xm| it

H(X))+

rae H(X) — a0 kpurepuit nadopmarusaocT. Panee B Kypce ObUIM PACCMOTDEHBI PA3JIMUHble KpUTepuu nHMOP-
maruBHOCcTH. Hanpumep, B 3aj1a4e perpeccuu UCIoJIb3yeTcs: (DyHKIMOHAJ CPETHEKBAIPATUIHON OMMUOKY, a B KJIac-
cuduranyyn — Kpurepuit [LKUHN Wi SHTPOTUIHBIN KPUTEPHIi.

Kpurepuii () Boraucisier B3BerieHnyo cyMmy kpurepues utdopmarusaoctu H (X) B 06eux J09epHIX BEPIITHAX
— JieBoit m mpaBoil. UeM MeHbIlle JaHHAs B3BEIIEHHAs CyMMa, TeM OOJibllle IPU3HAK j U IHOPOr ¢ IMOAXONAT JJId
pasbueHusl.

Eciu B mamHOl BepiumHe MpoucxoauT pa3dueHue 1o MPU3HAKY j, TO YeM CHJIbHEe YMEHBIAETCsl 3HAYEHNe KPU-
Tepust MHOOPMATUBHOCTH, TEM BalKHee ITOT IMPU3HAK OKA3aJICs IPHU MOCTPOCHUH JepeBa. TakumMm 00pa3oM, MOYXKHO
OIIEHMBATH Ba’KHOCTH IIPU3HAKA, HA OCHOBE TOI'0, HACKOJILKO CHJIBHO OH CMOT' yMEHBIITUThH 3HAYEHNE KPUTEpus HHMOP-
MaTuBHOCTHU. IlyCcTh, B Bepuinne m npousBeeHO pa30ueHue 0 IPU3HAKY j. 10r1a MOXKHO BBIMHUCJIATDH YMEHbIIIEHNE
KpuTepus nHOOPMATUBHOCTH B HeEl IO CJIeAyIOINIei dhopmyiie:

X
| X

[ Xo|

H(Xm) “IX|

H(X)

H(X)

R; - cymMa JaHHOTO yMEHBIIEHHd 10 BCEM BEPITHMHAM JlepeBa, B KOTOPBIX MPOMCXOINTIO Pa3bnueHne 1o PU3HAKY J.
Yem 6ompme R;, TeM BaxkHee JAHHBIM MPI3HAK OBIT IIPH TTIOCTPOEHUN JIePeBa.



3.4.3. Ncnosp30BaHne KOMIIO3UINI aJITOPUTMOB JJisi OTOOpa MPU3HAKOB

Camu 110 cebe peraroliye 1epeBbsi He OYEHb T10JI€3HbI, HO OHU OY€Hb aKTHBHO UCIIOJIb3YIOTCS [IPU TIOCTPOEHUH KOM-
MMO3UIWH, B YaCTHOCTH, B CJIyJalHBIX jlecaX M B IPAJUEHTHOM OYCTHHIE HAJ JIePEeBbsiMU. B JaHHBIX KOMIIO3UIUSX
W3MEPUTH BayKHOCTH ITPU3HAKA MOXKHO aHAJOTUIHBIM 00PA30M: CYyMMUPYETCsl YMEHBbITEHNEe KPpUTepusi WHMHOPMATHB-
HOCTH I TIO BCEM AEPeBbAM KOMIIOBUIAHN, U TeM OOJIbINe JaHHas CyMMa, TeM BarkKHee IPHU3HAK j JId KOMIIOSHITIH.
To ecTp IpU3HAKHU OIEHUBAIOTCS C IIOMOIIHIO TOr'O, HACKOJIBKO CHUJIBHO OHHM CMOTJIM YMEHBIIUTDH 3HAYEHNE KPUTEPUs
nH(AOPMATUBHOCTHA B COBOKYITHOCTH II0 BCEM JIEPEBbAM KOMIIO3HUIIIH.

JIJist cJTy9aifHOTO Jieca MOYKHO MPEJJIOKUTh €Ile OJIMH WHTEPECHBIN CII0CO0 OleHWBAHUsI MH(DOPMATUBHOCTH TTPHU-
3HAKOB. B 3T0il KOMmo3umuu Kaxgoe 6a30Boe nepeBo b, 00ydaeTcs MO MOIAMHOXKECTBY OOBEKTOB OOYUAONIEH BbI-
6opku. Takum 0O6pa3oM, ecTb 0OBEKTHI, HA KOTOPBIX JIEPEBO HE 00yYaJIOCh, U HADOP ITUX OOBEKTOB SBJISETCH BAJIM-
JAIMOHHON BBIOOPKOI 1ist mepeBa n. Takas BeiOOpKa HasbiBaercs out-of-bag. Mrak, MeTo 3akJovaeTcs B CJIeLy-
fomeM: omubdKy @, 6a30Boro aepera b, oneHuBaroT 10 out-of-bag-BriOOpKe M 3amoMuHaiOT. [loce 3Toro MpusHaK
j mpeBpaIaiT B abCOIOTHO OECIIOJIE3HBIN, [IyMOBOW: B MATPUILY OObEKTHI-IIPU3HAKUY BCEe 3HAYEHUS B CTOJIOIE
J mepeMemuBaT. 3aTeM TO XK€ caMoe JEePeBo b, MPUMEHSIIOT K JAHHON BBIOODKE C IePEMENIaHHBIM ITPU3HAKOM j
U OIEHMBAIOT KadvecTBO JepeBa Ha out-of-bag-nomsbibopke. @), — omubka out-of-bag-nonseibopke, oxa Gymer TeMm
6oJIbIle, YeM CUJIbHEE JIEPEBO MCIOJB3YEeT IPU3HAK j. ECin OH aKTUBHO HCIIO/IB3YETCd B JEPEBE, TO OMIMOKA CHIIBHO
YMEHBIIINUTCS, TIOCKOJbKY 3HAUEHUE TAHHOTO IIPU3HAKA UCIIOpYeHO. Eciu 2kKe TaHHbI IPU3HAK COBEPIIIEHHO HE BaXKeH
JIJIsL JIepeBa M He UCIOJIB3YeTCsl B HEM, TO OIIMOKA MPAKTUYIECKH HE U3MEHUTCs. TakuM 06pa3oM, nH(MOPMaTUBHOCTD
MPpU3HAKA j OIEHUBAKT KaK PA3HOCTH

Q;z - Qn
Hamnee 3tn nHGOPMATHBHOCTH YCPEIHAIOT IO BCEM JEPEBLSIM CJIYIaHOTO JIeca, U IeM OOJIbIe OYIeT cpeIHee 3HAe-
HHUe, TeM BarkKHee Tpu3Hak. Ha mpakTrke 0Ka3bIBaeTCs, 9T0 MH(MOOPMATHBHOCTH, BEIYUCIEHHDBIE OIIMCAHHBIM 06pa30M,
¥ MHGPOPMATUBHOCTH, BBIYMCJIEHHBIE KAK CyMMa yMEHbBINEHUs KPUTEepUsi MH(MOPMATUBHOCTH, OKa3bIBAIOTCS OYEHb
CBsI3aHBI MEXKJIy COOOM.

3.5. Ilonu>keHue pa3zmMepHOCTU

3.5.1. IlpumMepbl UCIIOJIB30BaHUS METOOB MOHUKEHUSI PAa3MEPHOCTU

3adyeM HYKHO MMOHM2KATH PA3MEPHOCTDb W 9€M ITOT IOIXO0/I OTJIMIaeTcss oT oTbopa mpusHakos?! [ljis orBeTa HA STOT
BOIIPOC TIOJIE3HO PACCMOTPETH HECKOJILKO ITPUMEPOB.
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Puc. 3.3: Ilpumep BBIOOPKH, [1JIsT KOTOPO HEOOXOAMMO PEINATH 33a9y KJIACCU(DUKAIIAN

Ha pucynke 3.3 m3ob6pazkeHa BBIOOpKa € TpeMs pa3MepHOCTAMHU. BuaHo, 9TO ecam yOpaTh W3 Hee MPU3HAK,
OTJIO?KEHHBIN 110 OCU Z, MOJIyYUTCs JBYMEpPHAs BbIOOPKA, B KOTOPOI CUHUM, 3€JIeHblil U KPaCHbBIA KJIacTepbl Oy Iy T
pa3ie/iuMbl JIaXKe JTUHEHHBIMA METOIAMU.
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PCA 1st Dimention
2-510 -8 -6 -4 -2 0 2 4 6

Puc. 3.4: Ilpumep BLIOOPKU C JTUHEHHO 3aBUCAMBIMU [TPU3HAKAMEI

Ha pucynke 3.4 nokazan 60jiee CIOXKHBIN caydail. B mannoit BbIOOpKe 00a NMpru3HAKa 3HAYMMBIE, HO IIPU STOM
OHU JIMHEHHO 3aBUCHUMBbIE, ¥ STUM MOXKHO BOCIIOJIb30BATHCSI, YTOOBI YCTPAHUTH U30BITOYHOCTH B JaHHBIX. OIHAKO
0TOOpa MPU3HAKOB I STOTO HE XBATUT: HEOOXOIUMO CPOPMUPOBATH HOBBI IPU3HAK HA OCHOBE JIBYX MCXOIHBIX.

Variance

unexplaine

23.23%
e @ SOM 6.86%

Puc. 3.5: Ilpumep maHHBIX, KOTOPbIE HEOOXOIMMO CIIPOEIIUPOBATEL HA KPUBYIO

BeiBator u erre 60see CIOXKHDBIE CIydan, Kak, HAIPUMeED, Ha PUCYHKe 3.5. 3/1ech TakyKe MOXKHO CIIPOENUPOBATH
BBIOOPKY Ha HEKOTOPYIO KPUBYIO, HO IIPU 9TOM KPHUBas OYeHb HeJIMHEHAsI, U €€, CKOpee BCero, OyJIeT CJI0KHO HANTH.

OTu NpUMephl TOABONAT K 3ajade MOHWXKEHUsS PA3MEPHOCTH, KOTOpas COCTOUT B (DOPMUPOBAHUU HOBBIX IIPU-
3HAKOB HA OCHOBE MCXOIHBIX. [Ipm 9TOM KOJIMYeCcTBO IPU3HAKOB CTAHOBUTCS MEHbIIE, HO OHU JOJI2KHBI COXPAHSATDH B
cebe KaK MOXKHO 60JbIe nH(MOPMAITIMH, TPUCYTCTBYIONIEH B UCXOIHBIX TPU3HAKAX.



3.5.2. Metoa ciy4vallHBIX NPOEKIIHUi

OuH M3 OCHOBHBIX ITOAXOJOB K IOHUKEHUIO PA3MEPHOCTH — 9TO JUHEHHBINA IOIX0J, B KOTOPOM KAaXKILIN HOBBII
MIPpU3HAK TIPEJICTABJIsIeT cODO0i JIMHEHHYI0 KOMOMHAIMIO NCXOIHBIX Tpu3HaKoB. HeoOxomumo BBecTH 0003HAUEHUS:

e D — KOJIMYECTBO MCXOHBIX IIPU3HAKOB;

® I;; — 3TO 3HAYEHHE NCXOJHOTO IIPU3HAKA j HA 00BEKTEe BBIOOPKH %)
® ( — YKCJIO HOBBIX IIPU3HAKOB;

® 2;; — 9TO 3HAUEHHE HOBOTO NPU3HAKA j HA 00BbEKTE BBIOOPKH %

Hosgrit IIpU3HaK _] Ha 00beKTe ¢ JTUHEHHO BbIpazKaeTCd depe3 UCXOAHbIE IIPU3HAKU Ha 3TOM 2Ke 00bEeKTE:

D
Zij = E WKLk
k=1

rje Wj, — BEC, KOTOPbIA IMOKa3bIBAET, KAKOW MMEHHO BKJI&J[ MCXOJHBIA IPU3HAK k nmaéT B HOBBIM MPHU3HAK ] HA
KaXKJIOM O0bEKTE.
OpuH U3 TpoCTEeRIUX MOIXOJ0B K TAKOMY HOHUXKEHHUIO PA3MEDHOCTH — 3TO METOJ, CJIYUANHBIX ITPOEKINN, B
KOTOPOM BeCa I'€HEPUPYIOTCA CIIy4ailHO, HAIpUMED, U3 HOPMAJIbHOTO PACIPE/ICJICHUA:
1
wik ~ N (0, =),

rae d — 9TO KOIMYeCTBO HOBBIX NMpu3HAKOB. JlanHbIil moaxom obocHoBBIBaeT jiemma Jlxkoncona-JIlunaermrpaycca.

Jemma (otconcona-JIundenwmpaycea) Ecau 6 6bi60pke Maso 066eKmos, Ho MHO20 NPUSHAKOS, MO €€ MOHCHO
CNPOEUUPOBAMD 8 NPOCTNPAHCNGEO MEHBULET PAZMEPHOCTIU MAK, YMO PACCTOAHUL MEHCIY 00BEKMAMU NPAKMUYECKU
HE UBMEHAMCA (MO €CMb MON0A0US 6 HOBOM TPUSHAKOBOM NPOCTNPAHCINGE COTPAHUMCA).

IIpu sToM, eciim HEOOXOAUMO, UTOOBI PACCTOSHUS M3MEHW/INCh HE OOJIbINE, 9eM Ha €, TO PAa3MEPHOCTh HOBOT'O
MIPU3HAKOBOTO TIPOCTPAHCTBO JTOJKHA YIOBJIETBOPSITH yCJIOBHIO

8lnt

g2’

d >

rae | — KOIm4ecTBO OOBEKTOB B BHIOODKE.

B niemme yTBEp:KIa€TCA TOIBKO, YTO CYMIECTBYET TaKasl MIPOEKIH U IYTO OHA OyJIET COXPAHSITH PACCTOSHUS MEK-
Jy napamu npusHakoB. OHAKO Ha MIPAKTUKE OKA3BIBAETCS, YTO €CJIM UCIIOIB30BaTh d, COOTBETCTBYIOIIEE OIMCAHHOMN
BhIle (GoOpMyJIe, TO JaxKe METOJ CIyYailHbIX MTPOEKIHl TaK MOHUKAET PA3MEPHOCTb BBIOOPKHU, YTO PACCTOSTHUS CO-
XPAHAIOTCSH HEIJIOX0, U 9TO IMOHMKEHNE OKA3bIBAETCS KAaYeCTBEHHBIM.

Takoil moxx0/, XOPOIo paboTaeT Jjisi TEKCTOB, KOIJa IPOCTPAHCTBA OKA3bIBAIOTCA OYCHb OOJIbIMMEU (OOBIYHO
TEKCTHI KOAUPYIOTCS [IPU IIOMOIIY MEIIKA CJIOB, U KOJUYECTBO IPU3HAKOB — TO YUCJIO PA3JIUYHBIX CJIOB B TEKCTE).

3.6. MeTO,Z[ IVNIaBHBbIX KOMIIOHEHT: IIOCTAaHOBKaA 3a/JaYNi

3.6.1. Metoa ryiaBHBIX KOMIIOHEHT KaK JIMHEWHBIN METOJ HOHUKEHU: Pa3MepPHOCTU

Metoz, rIaBHBIX KOMIIOHEHT — ITAPOKO MCIIOJIb3YyEeMbIil CIIOCO0 MOHMKEHUsT Pa3MEPHOCTH. 3a/1a9y MeTOJia IJIABHBIX
KOMIIOHEHT MOKHO BBIBECTU HU3 JIMHEMHOT'O IIOIXOJa K IIOHUXKEHHUIO Pa3MEPHOCTH, IJle KaxKJblii HOBBII IIPU3HAK
JIMHEWHO BBIPAXKAETCS Yepe3 MCXOHbIE:
D
Zij = ijk%’ik
k=1

Ecau npoussectu HebOJIBbIINE TTPEOOPA3OBAHUS:

D D

T

Zij = E WjKlik = g TikWh s
k=1 k=1



TO 9TO Bpra}KeHI/Ie MOZKHO 3aIlucaTb B ManI/I‘{HOM BHUIIE:
Z=XxXwT.

Y0661 y 9TOr0 ypaBHEHUS CYIIECTBOBAJIO €IMHCTBEHHOE PEITIeHNEe, HEOOXOIMMO BBECTU OTPAHUYECHIE HA MATPUILY
BECOB, OHA JIOJI2KHA OBITH OPTOTOHAJILHOIA:

Wrw =1.
Wrak, eciim mamnuHoe TpeboBaHme OYAET BBIMOJHEHO, TO MOYKHO TOJIYIUTH (DOPMYJTY st MATPUIHI X :
X =W

IlockombKy B MaTpuiie Z OyIeT MEHbINEe TPU3HAKOB, UeM B X, TO €C/u PAaHr MATpUIbl X OOJIbINE, €M YUCTIO
HOBBIX IIPU3HAKOB d, TO JAHHOE PABEHCTBO TOYHO HEJIb3s OyJleT BBINOJHUTH CTPOro. B srom ciydae Tpebyercs,
9T00BI OTKJIOHEHNE MCXOIHON MaTpHUIlbl Mpu3HakoB X or ZW OBLIO KaK MOXKHO MEHDIIE, YTOOBI 3TH MATPHUIILI ObLIN
KaK MOXKHO CHJIbHEE TOXOXKHW Jpyr Ha Jpyra. PadMep 3TOro oTKJIOHEHHsT OyIeM BBLIUYHUCIATDH C MOMOIIBIO0 HOPMBI
®pobenmyca:

IX — ZWH2 — min
ZW

Hopma ®@pobennyca MaTpuiibl — 9TO CyMMa KBaJIPATOB €€ 3HAYCHU, aHAJOr BEKTOPHON HOPMBI [2.

TTonyuuBimasics 3amada — 3TO 331898 MATPUIHOTO Pas3yiokeHusd. HeobxoanMo mpeacTaBuTh MaTpuity X B BHUIE
npousBeJieHnst ByX marpull Z u W, KoTopble OyJyT MMeTh MEHbIIWI panr. 10 ecTb HYKHO yMEHBIIATH PAHT
MaTPUIIbI, IIPU ITOM IIOTEPsIB KAK MOXKHO MEHbIlle HH(pOPMAIIUK B HEl.

3.6.2. Meroa rjIaBHBIX KOMIIOHEHT KaK CIIOCOO MpPOeKIHNU JAaHHBIX Ha TUMIEPILIOC-
KOCThb

CymrecTByeT MHON TIOXO0J, K TIOCTAHOBKE 33149l METOJA TJIABHBIX KOMIIOHEHT.

IIycTb nmeercs BuIOOpKa, n300pakeHHasi HA PUCYHKE 3.6, U €€ HeOOXOAMMO CIIPOEIUPOBATH Ha, HEKOTOPYIO IIPsi-
Myto. B aTom ciydae psamast OyIeT TeM JIydine, 9eM MeHbIe OyAeT omubKa MPOenpoOBaHdsa CyMMa, IO BCeil BLIOOPKE
paccTOdgHUIl OT 00BEKTA [0 €r0 IMPOEKINU Ha ITY UPAMYI0. UeM MEHBIE STH PACCTOSHISS, TeM JIydIlle IpsSAMasi IPH-
OsmKaeT JaHHbIe, TeM MeHbIe Oy/eT omubka W TeM 0oJibllle mH(pOpMAIMH coxpaHseTcd. B maeanbHOM ciydae
npsiMast JIOJIZKHA, IIPOXOJIUTh depe3 Bce OObEKThI BLIOOPKM, HO B PACCMATPUBAEMOM CUTYAIIMHA STO HEBO3MOMXKHO.

B obiiem cityuae, korja mpu3HaAKOB MHOTO, BEIDOPKA IIPOEIIUPYETCs Ha, TUIEPILIOCKOCTD. V3 aHaanTuaeckoit reo-
METPHUHU U3BECTHO, YTO €CTh JBa CIIOCO0a 3a/IaHUs TMIIEPILIOCKOCTU. [IepBbhIii — ¢ MOMOIIBIO BEKTOpa HOPMAJIHU, OH
WCITOJIH30BAJICH B JIMHEHHBIX MeTOmaX. BTOPOil — ¢ IOMOIIBIO HAIPABJILIONX BEKTOPOB. IlycTh B mcxomnom mpo-
CTpaHCTBe pa3MepHOCTH [ CTPOUTCH T'UIIEPILIOCKOCTh padMepHocTu D — 1, Torna ecsin BHIOpATh HA ITOM IJIOCKOCTH
D jiuHeiiHO HE3aBUCUMbBIX BEKTOPOB, TO OHM OYILyT OJHO3HAYHO 33/1aBaTh 9Ty I'MIIEPILIOCKOCTD. ey Hampasistone
BEKTOPBI COCTABUTH B MATPUIly W, Tak UTO KaXKJblil CTOJIOEI] 3TOI MAaTPHUIIBI — 3TO OIWH HAIIPABJISIONIANA BEKTOD,
TO MIPOEKIWS TOYKHU T; HA JAHHYIO TUIIEPILIOCKOCTH OYIEeT BBIYUCIATHCs 110 hopmyiie x; * W. Torma myist Toro 9roost
YMEHBIIATH OIMUOKY IIPOEIUPOBAHUS HA TUIIEPILIOCKOCTD, HEOOXOIMMO MUHUMU3NPOBATD CJIEIYIONIEE BhIPAYKEHIE:

14
Z ||1‘1 — $1W||2 — mwi/n.

=1

Baavua cTaBUTCS aHAJIOTMYHO IIPY [TPOEIMPOBAHNT 00BEKTOB Ha I'MIIEPILIOCKOCTD Jitoboi pazmeproctu d < D—1.
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Puc. 3.6: IIpumep BBIGOPKH, KOTOPYIO HEOOXOMMMO CIIPOEIUPOBATE HA MPAMYIO

3.6.3. MaKCI/IMI/IBaHI/IH Anuciiepcmn BI::IﬁOpKI/I II0CJI€ IIOHMN>K€EHUA Ppa3MEepHOCTHU

Ecrp u Tperuit B3I HA METOH IVIABHBIX KOMIOHEHT. [lycTh mMeercs BBIOOpKA, MOKa3aHHAS HA PUCYHKE 3.7, U
TpebyeTcst BBIOPATh MPSMYIO, HA KOTOPYIO MOXKHO OyJIeT ONTUMAJIBHO CIPOENUpPOBATH 3Ty BBIOOPKY. CuHsisa mpsi-
Masl JIydIle TOJXOUT JJIs PelieHns JAHHON 3a/1a491, TIOCKOJIBKY IIPY [TPOEIMPOBAHNN HA HEE COXPAHSIETCS MOPA3/Io
GoutbIie HHPOPMAIIUA BHIOOPKU.

®DopmMan30BaTh MOHATHE UH(MOPMAIMA MOYXKHO C TIOMOIIBIO JIMCIIEPCUU: YeM OOJIBIIE MUCIIEPCUsi BBIDOPKHU TIOCTIE
MMPOENMPOBAHUS HA MPIMYIO, TeM OoJIbIlie coxpaHsercda nadopmarmu. /1 faHHOrO Ciiydas 9TOT KPUTEPUU XOPO-
10 TTOJIXO/IUT: JIACTIEPCUsT BHIOOPKU TOCJIE TIPOENNPOBAHIS HA CUHIOK MPAMYIO OyIeT ropasio OOJIbIne, 9eM MoCIe
[TPOEIUPOBAHUS Ha KPACHYIO MPAMYIO.

DopMaJIbHO JIMCIIEPCUIO BBIOOPKU IIOC/IE TIPOENPOBAHNS MOXKHO 3aIiCaTh CJIEIYIOIMM 00pa30M:

d
T
E wX Xw — max
= J w

Yem Oouibllie 3HAUEHUE ITOU CyMMBI, T€M OOJIbIIIE OKA3BIBAETCS IUCIIEPCUsT BBIOOPKHU IOCJIE TTPOEIIMPOBAHNS HA, TH-

MEPILIOCKOCTD, KOTOPpasd 3amaercs marpureil BecoB W. Takum 06pa3oM, 9TO BhIpaKeHNE HYKHO MAKCHUMUA3UPOBATD,
9TOOBI COXPAHUTH KaK MOXKHO 00JIbIlle WHMOPMAITUH.
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Puc. 3.7: Ilpumep BbIOOPKH, JIJIsT KOTOPOI HEOOXOIUMO PEITUTH 33Ia9y MOHUKEHU PA3MEPHOCTU

3.7. MeTon riiaBHBIX KOMIIOHEHT: pPeIlleHue

3.7.1. BbeiBoa perireHusd 3aJjady MeTOA IVIaBHbIX KOMIIOHEHT

Panee Obu1a onmcana popMyIMpPOBKa 3a/1a9KM METOJIa TJIABHBIX KOMIIOHEHT, Telepb HeobxoauMmo eé pemurhb. OmgHa
U3 TMTOCTAHOBOK 33Ja91 METO/Ia TJIABHBIX KOMIOHEHT — 3TO MaKCUMU3AIUA TUCTIEPCUN:

d

> WJTXTXWJ' — max
j=1

WTw =1

B nepBoii cTpoke 3amnmcaHa JIMCIEpPCHUst 1I0CJIe IIPOEIMPOBAHNUSI, a BO BTOPOil — OrpaHUveHMe, 00eclleunBalollee Ha-
JInYVe eJMHCTBEHHOTO PEIeHU.

B meTo/ie Ty1aBHBIX KOMIOHEHT €CTh OJIMH HIOAHC: BBIPAyKEHUE, Yepe3 KOTOPoe 3alrcaHa JUCIepCcrsd, OyaeT O3Ha-
YaTh UMEHHO JIUCIIEPCHUIO BBIGOPKU TOJIBKO B TOM CJIYYae, €CIM MATPUIA 00 beK ThI-IIPU3HAKY [IEHTPUPOBaHa (cpejHee
KaxKJIOro IpU3HaKa paBHO HyJO). lajee cauraercs, 910, BLIOOPKA IEHTPUPOBAHA, U CPEJHEE U3 KAaXKJOI'0 CTOJIONA
B MaTpHUIle O0bEKTHI-IIPU3HAKYU Y7Ke BbIUWIH.

Wrak, 4T00BI pa306paThbcs, KaK yCTPOEHO PeEIeHMe ITOH 3a/1a4u, HEOOXOIUMO CHA4YaJa PACCMOTPETh IPOCTOM
YaCTHBIA Cirydail: Tpebyercs HAlTH POBHO OJHY KOMIIOHEHTY, Ha KOTOPYIO IIPOENUPYETCs BCs BLIDOPKA, TaK, ITOOBI
JICIEPCHUs [T0CJIE ITPOEIUPOBAHIs OblIa MaKCUMAJILHOIL:

wi XTXw; — max
w1

Ty —
wiwy =1
Jlia pemennda 1moJOOHBIX 38189 yCIOBHOI ONTUMHU3aINN HEOOXOAUMO BBIIIUCATD JIaTDaHKHIAH:

L(w,\) = wXTX w —A(ww —1).
1 1 1 11
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Hamee 3ToT marpam:kuan HeoOX0AUMO MTpoanddepeHnmpoBaTh M0 NCKOMON BETUIIHE:

oL _ 2XTXw -2 w =0
owq 1 1

[Tocsie npeobpazoBaHmii OJIYIAETCsI CJIELYIOIIEE BBIPAYKEHUE:
XTXw = \w.
1 1

13 HEro ClIeyer, 9To W, — TO COOCTBEHHEBI BEKTOP MATPHILI X | X, H UHCIIO A sBJISETCS COOCTBEHHBIM 3HAUCHHEM,
COOTBETCTBYIOIIUM 3TOMY BeKTOPY. llocjie moACTaHOBKYU IOy Y€HHOTO BhIPAXKEHUs B (PYHKIIMOHAJ 3aJ1a9U, OKa3bl-
BAETCs, ITO JUCIEPCUS BEIDOPKU ITOCJIE TIPOEIIUPOBAHNS OyIeT paBHA COOCTBEHHOMY 3HAYEHUIO, COOTBETCTBYIOIIEMY
BBIOPAHHOMY COOCTBEHHOMY BEKTODY:

VTVXTlev — A

Takum 06pazoM, MOCKOIBKY TpedyeTcss MAKCUMU3UPOBATD JAUCIEPCUIO, HEOOXOIMMO BBIOMPATH MAKCHMAJLHOE COD-
CTBEHHOE 3HAYeHUe M COOCTBEHHBIN BEKTOP, KOTOPBI COOTBETCTBYET ITOMY 3HAYEHUIO.

rax, B METOJIE IVIABHBIX KOMIIOHEHT IepBas KOMIIOHEHTa, — TO COOCTBEHHBIH BEKTOP MATPHILI X - X, KOTOPBIi
COOTBETCTBYET MAKCUMAILHOMY COOCTBEHHOMY 3HAUEHMIO 5Toif MaTpuipl. Crout o6paruts BHUManUE, 910 X © X —
9TO MATPUIA KOBAPHUAIMH, TO €CTh UMEHHO Ta MATPHUIA, KOTOPas XapaKTepU3yeT JUCIEPCUI0 BEIOOPKH.

[lepsas rnaBnas
KOMIIOHEHTA

Puc. 3.8: IIpumep BuIOOPKH, J1J1st KOTOPOil HEOOXOAMMO PEIUTH 33a1y METOJA [JIABHBIX KOMIIOHEHT

BusyaJsibHO 9TO BBINIAIUT CJEAYIOMMM 06pa30M: ecTh 006JIako TOYeK (pUCYHOK 3.8), U HEOOXOIMMO BLIODATH
VMEHHO TO HAIIPABJIEHUE, IPH MPOENUPOBAHUU HA KOTOPOE COXPAHSIETCA KAK MOXKHO OOJIBINE JUCIEPCHH. DTO Ha-
npasJieHue u Oy/IeT 3a/aBaThCsl IIEPBbIM COOCTBEHHBIM BEKTOPOM MATPUIIHI KOBAPUAIIMHN.

Eciiz ipoo/KuTh BBIKIAIKY U JAJIBIIE UCKATH ONITUMAJIbHbBIE HAIIPABJIEHNUSI, TO OOHAPYKUTCS, UTO, Wa, W3, - - . , Wy
— cobCTBEHHbIE BEKTOPBI MATPHIB X ¢ X, COOTBETCTBYIONINE HANOOIBIINM COOCTBEHHBIM 3HAUCHUAM Ao, A3, . . . , Ad.
Orciofa ke MOXKHO TOJIyUUTh, KaKas J0Js JUCIEPCUN COXPAHWIACH TIOCTE MPOENNPOBAHNS BBIOOPKHU Ha TJIABHBIE
KOMITOHEHTBI: .

Zi:l Ai

ZZ1 Ai

3.7.2. Ucniomb30BaHNE CUHTYJITPHOTO Pa3JIO>KEHUS
HpI/I perennn 3aJa9 MeTO1a TJIABHBIX KOMIIOHEHT OKAa3bIBACTCA MOJIESHBIM CUHIYJIAPHOE Pa3JIOZKEHUE:

X =UDVT,
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rie U u V' — 310 opToronaiibubie MaTpuilbl, a D — auaronanbras Marpuna. Cronabis marpuiibl U — 310 cOOCTBEH-
Hble BEKTOPBI MaTpuiibl X X ©, CTOIOIBI MATPHIE! V — 3TO COBCTBEHHBIE BEKTOPHE MATPHILI X ¢ X, a HA AUATOHAJIN
MaTpuiibl D cTodT cOOCTBEHHBIE 3HAUEHUS STUX MATDUIL, KOTOPBIE, OKA3BIBAETCsI, COBIAJIAIOT (C TOYHOCTHIO [0
HEKOTOPOr0 KOJIMIECTBA HYJIEBBIX COOCTBEHHBIX 3HAYEHUII y TOM MATPUIIbI, KOTOPas UMeeT GOJIBIIYI0 PA3MEPHOCTD ).
Cob6ersennbie 3nadenns Marpun X - X u X X7 HA3ZBIBAIOTCA CHHTYJISPHBIME YHCJIAMI.

Wrak, mjs pemrennst 3a/1a9u IJIABHBIX KOMIIOHEHTHI HEOOXOIUMO COBEPIIHUTD CJIEIYIOIINe IeHCTBUS: HANTH CHUH-
rysnsgpHoe paszJioxkenue marpurpl X, chopmuposarh Marpuily BecoB W u3 coGCTBEHHBIX BEKTOPOB (U3 CTOJOIOB
MaTpPHIBL V', COOTBETCTBYIOIUX MAKCUMAJBHBIM CHHIYJISIPHBIM YUCJIAM), U II0CJIe TOr0 IPOU3BECTH Ipeobpa3oBa-
HUe

Z=XW,

rae 7 ABJISIETCS ManI/IHGﬁ O6”beKTI)I—HpI/13HaKI/I JJId HOBOT'O COKPAIIEHHOI'0 IIPU3HAKOBOI'O OIIMCAHUA.
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