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BBEJIEHHUE

BBoaHble 3amMeuyanust

1. D10 He BU3yanbHBIC 00pa3bl! AHAIN3 H300paKEHUN YACTO YIIOMUHACTCS PSIAOM C
PO, HO 3TO nuIIb YaCTHBIN CiIy4aid, mpuueM BecbMa crienudpuieckuii. PO — moaxon k
YUCJICHHOMY PELICHUI0 MPUKIAJAHBIX 33Jad, MO YPOBHIO AHAJOTWYHBIM, Hampumep,
UMUTALMOHHOMY MOJEIIMPOBAHUIO.

2. B nByx ciioBax: pacrno3HaBaHHe 00pa3oB — 3TO OJWH M3 MPUHIIUIHAIBHBIX MO/I-
XOJIOB K UCIOJIb30BAaHUIO Pa3HOOOPA3HOI0 MAaTEMAaTUYECKOIo arapaTa B pEelIeHUU pe-
JIbHBIX 3371a4 (C peaIbHBIMU MCXOJIHBIMU JAHHBIMU U TIPEANOIOKEHUSIMU O TTPOUCXO-
JSIIIUX MpoIleccax, B MOCTaHOBKAX, KOTOPhIE peanbHo unrepecytot JIIIP).

T.e. nuneitHas anreOpa, METO/IbI ONTUMHU3ALINH, TEOPUST BEPOSITHOCTENH, KOMOUHATO-
puka, Teopusi rpadoB, GyHKIMOHATBHBIA aHANIN3, aredpa JIOTUKU U T.J. — 3TO Ha0Op
MaTEMaTUYECKUX HMHCTPYMEHTOB Il paOOThl HaJl aOCTPAKTHBIMH OOBEKTaMHU B a0-
CTPAKTHBIX MOCTAHOBKaX 3aJlayd (B COOTBETCTBYIOIIMX KypcaxX TEXHOJOTUs Nepexoaa
OT peajbHOM 3aJaul K MaTeMaTHYeCKOW ymanuuBanach), a PO — cnocod npuMeHeHus
TUX MHCTPYMEHTOB B PeaIbHbIX 3ajadyax (IPOrHO3MPOBAHUE, BHIOOP HAWITYUILIEro pe-
IIEHUS], OLIEHKA CUTYalluy U T.11.)

3. Ananor kypca MU (Ha 5 kypce 2204¢, 0102) — 310 pa3Hble aceKThI 3a7a4 0OHa-
pyJcenun 3axkoHomeprocmei (data mining), HO He «B KapTHUHKaX» (B CTPYKTYPHBIX
cxemax), a «B (hopmyaxy.

4. Inan neicTBUI Ha JICKIUAX: CHavalja (B IiaBe 1) KpaTKoO pacCMOTPUM BO3HHKA-
IOLIME TOCTaHOBKH 3a/1a4, UJIeH, JeKallie B OCHOBE UX PELICHUS U IPUMEPhI PUKIIA/-
HBIX 33/1a4 U3 pa3HbIX oOjacTel, KoTopble cBOAATCS K 3anadam PO. 3atem HauHeMm Oo-
jee MoApoOHO pa30MpaTh OTAEIbHBIE METOABI — CKOJBKO YCIIEEM B paMKax JIEKUIUH
(1+0,5 maper) — s ynTarO NEPBHINA pas.

5. JlaGopatopHble (MPeAnoa0KUTEIBHO): pean3aus OTAEIbHBIX (TPOCTHIX) METO-
noB PO uwa Matlab. He B roroBoM nakere — 4T0ObI ObLIHA SICHBI MEXaHU3MBbI. VICXOaHbIE
JlaHHBIE — OT cocefia 1o Opuraje (4ToObl pa3ragaTh €ro 3aMbICeN).

Jlureparypa

OTedecTBEHHBIX MHOI'O, HO BCE€ CTaparoTCs MOAOTHaTh MHOrooOpa3ue BO3HHUKAIO-
[IMX 3a71a4 10 CBOM MOIXO.I.

HNHocTpaHHble (Ha aHTJIMHCKOM — CBEKHE, HA PYCCKOM — CTaphie) — €CTh OOIIENpH-
3HAHHBIC CTAHJAPTHHIC KHUTH.

1)  Duda R.O., Hart P.E., Stork D.G. Pattern classification. N.Y.: Wiley Inter-

sciences, 2002. 680 p. — Beu10XkY B «YueOHble MaTepuaibl\KHuru\POy»

2) Ty Ox., Toncanec P. IlpunHnmmnel pacniosnaBanusi oopasos /Ilep. ¢  aHri.

/Mon pen.tO.U. Kypasnesa.-M.:Mup,1978. 41 1c.
3) ®op A. Bocnpusitue wu pacnosHaBanue oOpaszoB /Ilep. ¢ dp. /Ilox pen.
I'.I1. Kateica. M.: Mammnoctpoenue, 1989. 272 c.

4) ['openuk A.JI., Ckpunkun B.A. Metoas! pacniozHaBanus. M.: Beiciias mko-

na, 1989. 222 c. — TOJIIBKO BEPOSTHOCTHBIE

5) Cepust coopaukoB. PacnosnaBanue. Knaccudukanus. [Ipornos. Beim. 1-4.

M.: Hayka, 1989-1994. — pa3ubie HaIU OAXOBI.
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I'masa 1. 3ATIAYHN OBYUYEHUA 11O NIPENEAEHTAM

1.1. OcHOBHBIC NOHATHA ¥ MOCTAHOBKA
3aJauM pacno3HaBaHusi 00pa3oB

Knaccuuecxkoe u ungpopmayuonnoe mooenuposanue

Oco0eHHOCTh MHOTHUX MPUKIAJHBIX 33/1a4 — HEBO3MOXKHOCTh UCIIOJIb30BAHUS a/ICK-
BAaTHOM MaTeMaTUYeCKOM MOJAENHU. DTO MOXKET ObITh BBI3BAHO CIEAYIOIMIMMHU IMPUYKUHA-
MU:

— TIpHUpOAA MPOLECCOB, KOTOPBIE MOABEPratOTCs aHAIN3Y, HEU3BECTHA;

— aJIeKBaTHBIN IpoIieccaM BUJ MOJIEIHM U3BECTEH, HO 3Ta MOJIENb CIUIIKOM CIIOKHA
C TOYKH 3PEHUS BBIUUCIUTEIHHOU CIIOKHOCTH, TPEOYeT MCTOIB30BaHMS JaHHBIX (M3Me-
pEHMIT), KOTOPBIE CIOKHO MOJIYUYUTh, TPEOYET CIMIIKOM OOJIBIION TOYHOCTH U3MEPEHHUS
WCXOJIHBIX JAHHBIX U T.II.

DTta cuTyanusi BOSHUKACT PETYIIPHO B TaKWX TPYAHO (HOPMAM3YEeMBIX O00JIACTSX,
KaK MEJIMIIUHA, T€0JIOTHSs, TICUXO0JIOTHSI, COIIMOJIOTHS, SKOHOMUKA. J[ake B TEXHUYECKUX
CUCTEMaX CO3JIJaHUE U MPUMEHEHUE KIACCHUEeCKOM (PU3MUECKON MOJENIN 3a4acTyr0 OKa-
3bIBAETCSI HEBO3MOKHBIM, HECMOTpPSI Ha TOJIHOE 3HAHWE BHYTPEHHETO YCTPOWCTBA CHU-
CTEMBI.

Ha mpakTuke 4acTo MOXKHO OTKa3aThCsl OT BCECTOPOHHETO M3YYECHHS] CUCTEMbI WUITU
sByieHus. OCHOBHAs 11€JIb — HAYYUTHCS PETYJIAPHO peliaTh HEOOJIBION KPYT 3aj/1ay, CBsI-
3aHHBIX C MPOTHO3UPOBAHUEM M MPUHATHEM YIIPABICHUYECKUX PEIICHUN B 3TOM CHUCTe-
Me. B Takux ciiydasx mMeeT CMBICI MOJEIUPOBATh HE CaMy CHCTEMY, a JIUIIb HEKOTO-
pBIC e MPOSBIICHUS C TOYKH 3PCHUS B3aUMOJCHCTBHUS C JIUIIOM, TPUHUMAIOIIAM PEIIIe-
HUSI, M C BHEITHEW Cpeaoi.

BooO1ie, mporiecc mocTpoeHus: MaTeMaTHIeCKUX MOJeNiel B MPUKIAIHBIX 3a7adax
MO>KHO Pa3feuTh HA JIBa dTana.

IepBblii 3Tan — popMann3anys SKCIEPTHBIX 3HAHUIN O MPEeIMETHON 00J1acTH, B pe-
3yJibTaTe KOTOpor GopMupyercs CTpykrypa Mozaenu. [Ipu mocTpoeHHH KIACCUYECKUX
(«puznyeckux») Mojaenel ITOT ATan Haubosiee BakeH. B xopormeii husudeckoit Mmoje-
JIM OCTaeTCsl, KaK MpaBujIo, HEOOIBIIIOE YUCIO CBOOOAHBIX MAPaMETPOB, UMEIOITUX YET-
KYIO COJICpKATEIbHYIO UHTEPIIPETAINIO. ITH MOJIETH Y3KO CIIEUATU3UPOBAHbBI U UMe-
10T (PUKCUPOBAHHBIC TPAHUIIBI TPUMEHUMOCTH.

Bropoii 3tan — HacTpoiika (MaeHTUUKaIKMs) MapaMeTpoB MOJEIU MO dMIHpUYe-
CKUM (PKCIEPUMEHTAIbHBIM) MaHHbIM. OH CYIIECTBEHHO OoJiee BaxeH sl nHpopma-
IIMOHHBIX MOJIENICH, KOT/1a OMEepPEThCS MOKHO TOJIBKO Ha JaHHBIC, IOCKOJIBKY CYTh IPO-
1eccoB HescHa. MHpopMamoHHbIE MOJIETH UMEIOT 3HAYUTEIBLHO OO0JIbIIE CBOOOHBIX
napameTpoB, 3a4acTyl0 HE MOJAONIMXCA COAEp)KaTeabHON HHTeprpeTanuu. OgHako
KOHKpeTHas nH(pOpMaIMoHHas MOJICTh KaK MPaBUJIO MPUMEHUMA K JOCTAaTOYHO IITHPO-
KOMY KJIacCy MPUKJIAJIHBIX 3a/1a4.

Opna u Ta ke nHOOPMAITMOHHAsT MOJICIIb, HAIpUMEp, HEUPOHHAS CETh, MOXKET OBITh
WCITIOJIB30BaHA ISl PEIICHUS COBEPINIEHHO Pa3HbIX MPUKIIAIHBIX 3a7a4: KIacCu(UKAIUU
3aeMINUKOB OAaHKa W JMArHOCTUKU Ooyie3HU. MHorue mHGOpPMAIIMOHHBIE MOJENN HC-
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MIOJIB3YIOT UJCOJIOTHIO «UEPHBIX SIIUKOB» — OHU CITIOCOOHBI HEIJIOXO PeIIaTh MPaKTU-
YeCKHe 3a/1a4d, HO BHYTPEHHSS JIOTHKA ATUX PELICHUI 0CTaeTCsd HEM3BECTHOM JaXKke IS
HKCIIEPTOB B JAHHOU MPUKIIATHON 00JIaCTH.

Yerkoro paznuuus Mexay (GuandeckuMu W UHOOPMAIMOHHBIMU MOJEISMH HET.
Uewm Oosbliie 3HaHUM O MPEAMETHOM 00J1acTh ynaéTcs MpUBIIEYh HAa MEPBOM dTaIe Mo-
CTpOEHUS MOJIeIIU, TeM OoJiee oHa (pu3nyHAa.

OcHogHble nOHAmMUSA pacno3naeanun oépasoe

PacnosnaBanue 00pa3oB — OJWH W3 MOIXOJOB K IMOCTPOCHHUIO WH(OOPMAITMOHHBIX
Mozeneil. OCHOBHBIE TTOJIOKEHHS 3TOT0 MOJIX0/1a 3aJal0TCs CIEAYIOIINM COOTHOIIICHHU-
€M MOHSTHUM.

[lycTh UMEIOTCS MHOXKECTBO 00BeKm o8 X, MHOKECTBO omeeno6 Y, U CyleCTBYET
ueneean ynkyua y*: X —Y , 3HaueHUsI KOTOpoH Y; = Y* (X; ) U3BECTHBI TOJIBKO Ha

KOHEYHOM TIOJMHOKECTBE 00BEKTOB { X, ,...,Xx } < X . Ilapsr «oOobekT—0TBET (X;,Y; )

Ha3bIBaIOTCS npeyedenmamu. CopokymnHocTs map X < ={( Xi,Y; ),1=1,K} HaspiBaeTcs
00yuaroweil 6b100pKoI.

3amaya pacro3HaBaHUsi 00pa30B 3aKIIOYAETCd B TOM, YTOOBI BOCCTAHOBUTH (PYHK-
ITMOHATBHYIO 3aBUCUMOCTh MEXKITYy OOBEKTaMH W OTBETaMH, TO €CTh MOCTPOHUTH OTOO-
paxenue a: X — Y , yIOBIETBOPSIOIIECE CICAYIONICH COBOKYITHOCTH TPEOOBAHUM.

1. OtoOpaxeHue a TOKHO J0MycKaTh 3(PEKTUBHYIO YUCICHHYIO peanu3ainuio. [1o
ATOM mpuYKrHE OYJIEM Ha3bIBATh €T0 AI2OPUMMOM.

2. Anroput™m a(X) T0JDKEH BOCIPOU3BOJIUTH Ha 00BEKTaX BHIOOPKH 3aJJaHHBIC OTBE-

Tel: a(X; )=Y;, =1,K. PaBeHCTBO 3/1eCh MOXKET IOHMMATLCS KAaK TOYHOE MIIM KaK

MPUOIMKEHHOE, B 3aBUCUMOCTH OT KOHKPETHOW 3a/1auHu.

3. Ha anroputm a(X) MOT'yT HaKJIaJabIBaThCs Pa3HOrO Poja alpHOPHBIC OrpaHUYe-
HUS, HanpuMep, TpeOOBaHUS HENPEPBHIBHOCTH, TJIAIKOCTH, MOHOTOHHOCTH, U T. 1., WU
X coueTaHWe. B HEKOTOpPHIX Ciydasx MOXKET 3aJaBaTbCsl MOJEIb alTOpUTMA, T.C.
(GYHKIIMOHATBHBIA BUI 0TOOpaskeHus a(X), OnpeeseHHbI ¢ TOYHOCTRIO IO Habopa ma-
pameTpoB.

4. Anroputm aoikeH o0sagaTh 00001aomel crnocoOHOCTBIO, TO €CTh JOCTATOYHO
TOYHO MPHUOJIMKATH 1IEJIEBYIO (DYHKIHIO Y*(X) HE TOJBKO Ha 00BEKTaxX 00yUaroIIeH BbI-
OOpKH, HO ¥ Ha BCEM MHOXKecTBe X.

OT10 BecbMa HeopMaabHasi TTOCTAHOBKA 33J]a4l: OCHOBHBIE TIOHSTHS HYXIAIOTCS B
YTOYHEHHUH, a HEKOTOPhIC M3 0003HAYEHHBIX BHIIIC TpeOOBAaHUN MOXKHO OCIIa0WUTh, KaK
3TO OyZIeT MoKa3aHo Jajee.

Hpocmeﬁma}l nocmaHo8Ka 3a0auu pacno3naeanusn

CHavayia yTOYHUM TOHSITHE aJrOpuTMa B paMKax 3ajJlaud paclio3HaBaHUs 00pa3oB.
Mooenvro anzopummoe Ha3pIBACTCSl TapaMETPUUECKOE CEMENCTBO oToOpaxeHui A, u3
KOTOPOTO BEIOMPAETCS HCKOMBIM aJITOPUTM:

A={a(x,y)]a: X xA >Y},
rae /' — MHOKECTBO JOIYCTUMBIX 3HAYEHUH ITapaMeTpa vy .
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Y MOJKET MPEACTABIIATH LEJbI BEKTOp mapameTpoB Y =(yq,...,Y,_ ), MO3TOMYy / B

oO0I1IeM CiTydae Ha3bIBACTCS HPOCHPAHCHIEOM PEUIEHUI.

[Ipomecc mombopa mapamMeTpoB MOJeAM MO0 0OydJaromeil BBHIOOPKE HA3BIBAOT
HACMPOUKOU UV 00yYyeHuem anropurma. B pesynbraTe HaCTpOUWKH BBIOMpPAETCS €IMH-
CTBEHHBIN aJITOpUTM & € A, KOTOPBIN JOJKEH NPUOINKATh 1IEJIEBYIO 3aBUCUMOCTD Y.

3ameuanue. B aHTIMIACKON TEPMUHOJIOTUU YETKO PA3IM4aAETCsl, YTO aJITOPUTM SIBJISI-
eTcsi oOydaembiM, yaeHUKOM (learning machine), a BpIOOpKa MaHHBIX — OOydYaroIeH,
yauteneM (training sample).

Memoodom obyuenus Ha3bIBaCTCS OTOOPAXKEHHE LI, KOTOPOE MPOU3BOJIHLHON KOHEU-

HO# BEIGOPKE X " CTaBHT B COOTBETCTBHE KOHKPETHBIN alTOpUTM a € A, T.e. TTof6Hpa-
€T 3HAUYCHUS TTapaMEeTPOB.
Wrak, 3agada pacrno3HaBanus 00pa3oB BKIIOYAET B ce0s1 1B€ OCHOBHBIE MO3aa4u:

— Ha dTane o6ydeHns MeToJ | 10 BeIGopke X X crpout anroput™ a=p( X );

— Ha 3Tafne MPUMEHEHHUS MMOCTPOSHHOMY AJIrOPUTMY @ TOJAr0TCS Ha BXOJ HOBBIC
O0OBEKTHI X, B O0IIIEM ClTydae OTJIUYHBIC OT 00YYArOIIUX; 10 TUM 00BEKTaM OH JIOJDKEH
BBIJIaTh OTBETHI Y = a(X).

Dtan o0yueHus Hanbosee ciaoxeH. Kak mpaBuio, OH CBOAUTCS K MMOMCKY IapaMmer-
POB MOJIE/IH, TOCTABJSIOMINX ONTHMAIbHOE 3HAYCHHE 3aJaHHOMY (DYHKYUOHANY Kade-
cmea (CM. HUXKe).

Paznoeuonocmu nocmaHnoeKku 3aoauu pacno3naeanusn

B 3aBHCcHMOCTH OT IPHPOJIbI MHOXKECTBA 00BEKTOB X U MHOXKECTBA OTBETOB Y 3a1a-
M pacIio3HaBaHUHU 00Pa30B JACIATCS Ha CICAYIOIINE THIIHI.

1. B 3agaue knaccugpukayuu na M nenepecekaronuxcsa kiaaccoB Y = {1,..,M} u
TpeOyeTCs TOCTPOUTH aJTOPUTM, OTHOCSIIUN 000N 00BEKT X € X K OJTHOMY M3 ATHUX
kiaccoB. Kimacchl Ha3pIBalOT Takke oOpazamu (pattern), oTkyma v IpOUCXOAUT TEPMHH
pacnosnasanue oopazoe (pattern recognition).

2. 3agava Kracmepuzayuu Ha M HenepeceKalOIMUXCs KJIaCCOB OTIMYAETCS OT 3a/1a-
9K KJacCH(DUKAIMU TEeM, YTO B OTBETHI Y; = Y* (X; ) 3apaHee HE M3BECTHBI. V3BECTHEI

TONBKO CAMM OOBEKTHI Xi, M TpeOyeTcs pa3ouTh BHICOPKY X  Ha Hemepecekarommecs
NOJMHOXKECTBA (Kaacmepbt), T.€. CTeHepUpoBaTh OTBETHI Y;(X; ), 1 =1,K Tak, 4ToOBbI

KKIBIM KJIACTEP COCTOSUT M3 CXOKHUX OOBEKTOB, 2 OOBEKTHI Pa3HBIX KJIACTEPOB CYIIE-
CTBEHHO OTJIMYAIUCh. UMCIIO KIIacTepoB MOXKET OBITh M3BECTHO 3apaHee, HO yalle Tpe-
OyeTcst onpeeuTh 1 ero. MexaHu3M 00ydeHHs 37eCh 3aMCHIETCSI Ha MEXaHU3M CAMO-
00yueHus.

3. B 3amade knaccudukanmmm M KiaacTepu3auy Ha M IepeceKarommuxcsl KJIaccoB
Y ={0,1}¥, 1.e. Kaxplii 0O0LEKT MOXKET IPUHAAJIEKATH CPa3y K HECKOJILKHAM KJIaCCaM.

4. Y = RN — 3anaua eéoccmanoenenus pezpeccuu. 3anaun kaaccupuKalyy Ha Helle-
pECEKaIINecs] KIACChl SIBISIIOTCS YAaCTHBIM CIIy4aeM 3aJad BOCCTAHOBIJICHUS perpec-
cuu. MeTo/Ibl MX pelieHus CyleCTBEHHO OTINYAIOTCS OT OOIIETo CiIy4asi, IOATOMY OHU
1 BBIJICIISIOTCS. B CAMOCTOSTEIBHBIN KJIacc.



5. 3anmava npocnozupoeanus TakxKe SBISAETCS YACTHBIM CIy4yaeM 3aJauyd Kiaccudu-
Kallui WM BOCCTAHOBJIEHMS perpeccuu. B maHHoM ciydae X — OmucaHue MPOIUIOTO
NOBEJCHHUS 00BEKTa, Y — OMHCAaHNE HEKOTOPBIX XapaKTEPUCTUK €ro OyIyIero mosese-
HUSL.

3ameuanue. 1lpu paccMOTpEHUHN aNTOPUTMOB KJIaCCHU(PHUKAIMU YAaCTO OTrpaHUYUBA-
IOTCSL CJIydaeM JABYX KJaccoB, Oosiee yIOOHBIM JUIsl TeopeTtudeckoro aHanusza. Cyuie-
CTBYET HECKOJIBKO CTaHJAPTHBIX CIIOCOOOB cBecTH 3anady ¢ M kimaccamu K 3agaue c
JBYMsI KJIaCCaMHU.

Hpu3ual<030e onucanue 00veKmoes

IlIpusnaxom HaspiBaercs oroopaxkenue f : X — D, onuceiBaromiee pesynbraT us-

MEpEHHUSI HEKOTOPOU XapaKTEepUCTUKU 00BbEKTa, rae D — 3aJaHHOEe MHOKECTBO.

B 3aBucMMOCTH OT MHOXECTBa JIONMYCTUMBIX 3HaueHU Df mpu3Haku nenarcs Ha
CJICAYIOIINE TUIIBI:

— Owunapubeiii npusnak: Df = {0,1} (Hampumep, HaM4KME WIH OTCYTCTBHE KaKOTO-
1100 CBOMCTBA);

— HOMUHAJIbHBIA Npu3HaK: D — KOHEYHOE MHOXKECTBO, MOPSAJOK Ha KOTOPOM HE
orpejiesieH (HarpuMmep, 1BET);

— TOpAIKOBBIA Mpu3Hak: Df — KOHEUHOE YMOPSIOYEHHOE MHOXKECTBO (HAmpumep,
pasMep — MaJICHbKUM, CPETHUN UITH OOJIBIION );

— KOJMYECTBEHHBIN MpU3HAK: Df — MHOXECTBO BEIIECTBEHHBIX YUCEN.

B nmpuknaaHeix 3aauax BCTpevaroTcsa U 0oJiee CIOKHBIC CIydau: 3HAUCHHUSIMU TPH-
3HAKOB MOTYT OBITh YHCIIOBBIE MOCIEA0BATEIBHOCTU, PACTPOBBIC M300pakeHus1, HyHK-
[[UU, PE3YIbTATHI 3aMPOCOB K 0a3e JaHHBIX U T. II.

[Tycts umeercs Habop npusHakoB fi,...,fy . Bekrop ( f,(x),..., fy (X)) HazpBaror

NPU3HAKOBBIM OnUcaHUuem o0vekma X. B nanpueiiem He OyneM pa3nnyaTh OOBEKTHI
3 X ¥ WX MPU3HAKOBBIC OMUCAHMS, Tojlaras X = Dy x...x Dy . COBOKyNHOCTE HpH-

3HAKOBBIX ONMCAHMI BceX 00BEKTOB BRIOOpKH XX, 3amucannyro B BUe TabaMIBI pazme-
pom KxN, Ha3pIBaIOT Mampuueil 00beKmoe—npu3HaKos.

fi(x) . fy(x)

(X ) - fu (%)

Martpuiia 00beKTOB—TIPU3HAKOB SIBJISIETCS CTAHIAPTHBIM M HauboJee pacrnpocTpa-
HEHHBIM CIIOCOOOM TIPE/ICTABIICHUS UCXOIHBIX JaHHBIX. OHAKO HA MPAKTUKE BCTpeya-
I0TCS 33/1a4d, B KOTOPBIX JAHHBIE YCTPOEHHI CIOKHEE: HAPUMEp, ONMUCAHUS OOHEKTOB
MOT'YT UMETh MEPEMEHHYIO IJIMHY. B Takux ciiy4asix 4acTo MpeAnoYUTarOT MPUBECTH
UCXOJIHbIC JaHHBIC K CTAHAAPTHOMY BUJY, BBIUMCIISIS HOBBIE XapaKTEPUCTUKU OOBEKTOB
10 UCXOJIHBIM ONMUCAHUSM. TakuM 00pa3oM, MPU3HAKKU B 3aJlau€ Paclo3HaBaHUS — ITO
XapaKTePUCTUKU OOBEKTOB, KOTOPBIE JTMOO M3MEPSIOTCS HEMOCPEICTBEHHO, JTUOO BBI-
YUCJISIOTCS MO «CBIPBIM» MCXOJIHBIM JaHHBIM. [IpeoOpa3oBaHue MCXOIHBIX H3MEpse-



MBIX TIPU3HAKOB K CTaHJIAPTHOMY BHUIY, MO3BOJISIOMIEMY C(OPMHUPOBATH MATPHILY 00B-
CKTOB-TIPU3HAKOB, HA3bIBACTCSI CUHME30M HPU3HAKOE.

3ameuanue. JIt060e 0TOOpaKEHHE M3 MHOXKECTBA X MOXKHO TaKKe€ pacCcMaTpHUBaTh
KaK TpHU3HAK, B YaCTHOCTH, JII0O0H anroputm a: X—Y, MOJyYCHHBIA B pe3yibTaTe pe-
IICHUS 3a7]a9 PACIO3HABAHMS TAK)KE MOXKHO pacCMaTpHUBATh KaK MPU3HAK JUIS 33/1a4l
pacmo3HaBaHus 00Jiee BBICOKOTO YPOBHSI.

3amaun kiaccu(puKayy U KIACTePU3ANH UMEIOT HATJISTHYI0 T€OMETPUYECKYIO UH-
TEePIPETANMIO IS CIydas JBYMEPHOTO IMPOCTPAHCTBA KOJIMYECTBEHHBIX IMPU3HAKOB
(puc. 1.1). KaxxgoMy 00beKTy 00yUaroiieil BHIOOPKH MOYKHO ITOCTAaBUTh B COOTBETCTBHUE
TOYKY Ha TUIOCKOCTH C KOOpJIWHATaMH, COOTBETCTBYIOIIMMHU 3HAYCHHUSM IPH3HAKOB.
OOBEKTHI, OTHOCSIIHUECS K OJTHOMY KJIacCy, 3aHMMAIOT Ha ATOW IMIJIOCKOCTH HEKOTOPYIO
001acTh, KOTOPO COOTBETCTBYET OJMH W3 PacCllO3HABAEMBIX 00pa30oB. AJTOPUTM pac-
MO3HaBaHUS KAaKUM-JIMOO CIIOCOOOM OMHUCHIBAET 3Ty 00JIACTh B paMKaX BBIOPaHHON MoO-
JIEJTN aJITOPUTMOB.
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Puc. 1.1. 'eomeTpuueckas nHTEpIpeTaIys 3a1a4 KiacCupukanuu
¥l KJIaCTEpU3aluK JU1s ciiydas X=R?

Bepo;lmuocmuaﬂ nOCMAaHO0BKa 3a0auu

Jlo cux mop paccmaTpuBajiach MOCTAHOBKA 3aj[aud, B KOTOPOW yIycKaeTcsl U3 BUAY,
YTO AJIEMEHThl MHOXeCTBa X — 3TO HE peajbHble OOBEKTHI, a JUIIb UX OMHCAHUS, CO-
JepIKalye MTOCTYIHYI0 4acTh uHpopManuu o0 oobekTax. [lomHbie onucanus mpakTu-
YeCKM HHUKOTJA He ObIBAlOT M3BECTHHI: HEBO3MOXKHO HCUEPIIBIBAIOLIMM 00pa3oM oxa-
paKTepu3oBaTh, HANpPUMEp, 4YEJIOBEKA, TI'€OJOTMYECKU pailoH, NPOU3BOJICTBEHHOE
OpeanpUsITHE WIK SKOHOMUKY CTpaHbl. [Io3TOMy OJHOMY U TOMY K€ OMHCAHHUIO X MO-
I'YyT COOTBETCTBOBATh PA3NUYHBICE OOBEKTHI, a, 3HAYUT, W IIEJI0€ «OOJIAKO 3HAUCHUI»
y*(X).

s Gopmanuzanmu 3TUX COOOpaKECHU BBOAMTCS BEPOSTHOCTHAS MOCTAaHOBKA 3a-
naun. Terepb BMECTO CYIIECTBOBAHWS HEU3BECTHOU IiesieBoi (pyHKIU Y*(X) Oymem
NpeIoiaraTh CyIIECTBOBAHUE HEM3BECTHOTO BEPOSTHOCTHOTO pacmpenesieHus P(X,Y)
Ha MHOXecTBe XXY, COINIaCHO KOTOpPOMY CrEHEpHpOBaHAa BBIOOpKa  map

X* =%,y )i=1K}.



BeposiTHOCTHast mocTaHOBKa 3aauu cuuTaeTcst Oosiee 0oOIIeH, Tak Kak (PyHKIIHO-
HAJIBHYIO 3aBUCHUMOCTH Y*(X) MOXKHO TPEJCTaBUTh B BHJIE BEPOSTHOCTHOIO pacIpe/e-
JICHUS

p(x.y) = p()p(yIX),
nos1okuB P(Y|X) = Ay—y*(X)), rme Kz) — nenbra-QyHKIU.

OnHaKO MPH 3TOM MPUXOAUTCS BBOJMUTH JOMOJHUTEIBHYIO THIIOTE3Y O CYIIECTBO-
BaHMM Ha MHOKecTBe X HEU3BeCTHOro pacmpenesicHus P(X). OyHKIMOHANbHAS MOCTa-
HOBKa 3aJ[a4¥, BOOOIIE TOBOPsI, HE CBSA3aHA C BEPOSTHOCTHBIMH MPEIIIOTI0KEHUIMH, TO-
9TOMY Ha3bIBaTh €€ YaCTHBIM CJIy4aeM BEPOSTHOCTHOW HE BIIOJHE KOPPEKTHO. AJEK-
BaTHA JIM THIOTE3a O CyllecTBoBaHuM pacnpenencauii P(X) u p(y|x) mpakTtudeckoMmy
OIBITY — BONIPOC CKopee (PHI0COPCKU, U 31eCh OH OCTAHETCS 3a paMKaMu O00CYKe-
HUSL.

1.2. Ilpumepnl NPUKIAAHBIX 32124 PACIIO3HABAHUS

Hcropruecku OJHUMU U3 MEPBBIX 3a/1a4, B PEIIEHUN KOTOPBIX CTaId MPUMEHSTHCS
METO/Ibl paclo3HaBaHUsl 00pa3oB, ObUIM 3a/1a4d MEIUIIMHCKON U TEXHHUYECKOW AUArHo-
cTUKU. B mociienqnee BpeMs KOJIMYECTBO MPUIIOKEHUN METOAO0B paclio3HaBaHus (TEXHU-
YECKHUX, dKOHOMUYeckux, MT, MeaIuuuHCKNX) CTpeMUTENbHO Bo3pacraeT. B naHnHoM
naparpade OTMEUYEeHbl HEKOTOPBIE U3 MPUIIOKEHUM, 11 KOTOPBIX METOAbl paclo3HaBa-
HUS YCIIEIN 3apEKOMEHI0OBATh ce0s B KauecTBe 3(PPEKTUBHOTO MHCTPYMEHTA MOJAECPK-
KW IPUHATUSA PEIICHNAN.

[Tpu paccMoTpeHUN Kaxaoro npumepa OyaeM BbIIEISITh YETHIPE OCHOBHBIX MOMEH-
Ta!

— 4TO sIBJIgEeTCA 00BEKTaMU (B TEPMUHAX 3aJ]auM paclo3HaBaHUs 00pa3oB)?

— YTO SIBJIETCS MPU3HAKAMU, OMUCHIBAIOIIUMU O0OBEKT?

— OTKyJza 6epyTcst 00beKThI Isl popMUPOBaHUS 00ydaroIel BEIOOPKU?

— Kak (opMylMpyeTcs 3ajaya pacro3HaBaHHs (B 4aCTHOCTH, B 3aJadyax Kiaccudu-
Kalliy — YTO SIBJISIETCS Kiaccamu)?

Ilpumep 1. 3a0auu meduyunckoit ouaznocmuxu. B poiau 00bEKTOB B JAHHOM CITy-
yae BBICTYNAIOT TaIMeHThl. [Ipu3HaKu XapaKTepU3YIOT pPe3yJIbTaThl OOCIICIOBAHUMA,
CUMIITOMBI 3a00JICBaHUS W TPUMEHSBITHECS METOMABI JiedueHus. [Ipumepbl OMHApHBIX
MPU3HAKOB: TIOJI, HAJIMYWE CHUMIITOMOB; TOPSIKOBBIX TPU3HAKOB: TSHKECTH COCTOSIHUS
(YIOBIETBOPUTEIBLHOE, CPEIHEH TSKECTH, TsDKEIIOe, KpalHe TSIXKENoe); KOJUICCTBEH-
HBIX MTPU3HAKOB: BO3PACT, MYJIbC, apTEPUATBHOE JaBJICHHUE, J103a MIpenapara.

OOyuaromias BbIOOpKa (HOPMHUPYETCS MO pe3ysibTaTaM ACTAIBHOTO OOCIeIOBaHUS
MAIMEHTOB KBATM(DUIIMPOBAHHBIM JKCIEPTOM, a TaKKe MO (PAKTUYECKUM JaHHBIM O
JaJbHEHUIIIEM pPa3BUTHH OOJIC3HMU.

Bo3MmoskHbBIE TTOCTAaHOBKY 33/1a4: TOJIBKO MO 3HAUYCHUSM NPHU3HAKOB (0€3 mpuBIeye-
HUS DKCIIepTa) KiaccupuimpoBaTh Bu 3a0oneBanus (quddepennnansias JMarHoCTH-
Ka); ONpeneisaTh HaubOosee IeIecoo0pa3HbId CIIOCO0 JICUCHHMS; MPEICKa3bIBaTh M-
TEJIBLHOCTh M HCXOJT 3a00JICBaHNS; OIEHUBATh PUCK OCJIOKHEHUH.



Ilpumep 2. 3a0auu mexnuueckoii OUAZHOCMUKU NPU YRPAGIEHUU CIOHCHLIMU
mexHuyeckumu Komnaekcamu. B 3amayax 3Toro Tvma BaXHO CBOEBPEMEHHO OOHapy-
KUBATh TMpeAaBapUilHble CUTyallud, YTOObl OCTAHOBHUTH TEXHOJIOTMYECKUU Mpolecc U
MPOU3BECTU PEMOHT UJIM MEPEHACTPOKY 00opyaoBanus. [Ipu3Haku B Takux 3amavax —
3TO MOKAa3aHUs JATUYMKOB TEXHOJOTUUYECKUX MapaMeTpoB. B poin 00BEKTOB JJ1s 3a1a4u
pacno3HaBaHUs BBICTYIIAIOT MOMEHTHI BPEMEHU, B KOTOPBIE MPOU3BOJIUTCS PErUCTPaAIUs
MOKa3aHUI 1aTYUKOB (11 OJHOTO U TOTO KE TEXHUYECKOTO 00BEKTA).

3amavya KiIacCU(PUKAIMU — CBOEBPEMEHHOE OOHAapy)XKEHHE CHUTYyalllil, TpeOyromux
U3MEHEHHUsl peXnMa (YHKIIMOHUPOBaHUsA 00bekTa. OOydaromas BHIOOpKAa — T€ CHTYa-
IIUH, KOTOpPbIE OBLTN BBISIBICHBI U MTPABUIIBHO KIaCCU(PUIIMPOBAHBI IKCIIEPTAMHU.

Ilpumep 3. 3adaua npedckazanus ceoiicme KOHEUHOU NPOOYKUUU RO CEOIICHIEAM
UCXOOHBIX KOMNOHEHM U RAPAMEMPAM MEXHO102u4ecKko2o npoyecca. COBpEMEHHbIE
XUMUYECKUE, METAILUTYPrUYECKUEe, TEKCTUJIBHBIE W JIPYTHE MPOU3BOJICTBA HACTOJIBKO
CJIOKHBI, YTO MOCTPOUTH JIOCTATOYHO TOYHYIO MAaTEMATHYECKYIO MOJENb 3aBUCUMOCTHU
KauecTBa MPOJYKIIMA OT MHOXKECTBA BIUAIOIMIMX Ha HEro (hakKTOpPOB MPAKTHUUECKH He-
BO3MOKHO — [MO3TOMY JIJI OLICHKHA KaY€CTBA KOHEYHOM MPOAYKIIUU IIPU UCIIOJIb30BaHUN
TeX WJIM UHBIX BAPUAHTOB €€ U3TOTOBJICHUS HCIOIB3YIOTCS METO/Ibl PacliO3HABAHUS 00-
pazos..

OOBEKTHI B JaHHOM CIIy4ae — ATO MapTUU MPOAYKIIMH, KOTOPHIE MOKHO IMOJYYUTh
MIPU Pa3HbIX YCIOBUSIX U3TOTOBJICHUS M CBOMCTBaX UCXOAHBIX MartepuayioB. [IpusHaka-
MU SIBJISIIOTCS TApaMETPbl UCXOIHBIX KOMIIOHEHT U TEXHOJIOTHYECKOro mpoiecca. O0y-
YaIOIIYI0 BBIOOPKY (POPMUPYIOT IKCIEPUMEHTAIbHbIE MapTUU MPOAYKIIUHU, U3TOTOB-
JICHHBIE TTPU (PUKCUPOBAHHBIX TEXHOJIOTUMYECKUX YCIOBUSIX.

3amaya pacrno3HaBaHUsl COCTOUT B TOM, YTOOBI OLICHUTh 3HAUEHHUE MOKa3aTeseil Ka-
YecTBa TOTOBOM MPOAYKIMHU (TI0 MOTPEOUTETHCKUM CBOMCTBAM M IO 3aTpaTaMm Ha Ipo-
M3BOJICTBO) JIJII Pa3HbIX HAOOPOB TEXHOJIOTMUECKHX ycioBuil. Ha ocHOBe 3TOM 3amaun
MO>KHO TIOCTaBUTh U 00Jiee CIOKHYIO — 3a/jady ONTUMHU3aluu. B 3ToM ciydae HEo0Xo-
JTUMO BBIOpaTh apaMeTphl, KOTOPBIE 0OecreyaT OoNTUMaIbHbIE KaueCTBa TOBAPOB.

Ilpumep 4. Knaccugpukayun mecmopoircoenuil none3nslx uckonaemovix. O0beK-
TaMU B TaKOW 3ajJlaye SIBJIAIOTCS pa3Hble TEPPUTOPUHU, Ha KOTOPBIX HIIMYTCS MOJIE3HBIE
uckomnaemble. [Ipu3Haku, OMUCHIBAIONINE COCTOSHUE OOBEKTOB — 3TO JaHHBIC T'€OJIOTH-
YECKOW pa3BeAKW: HAIMYWE WJIM OTCYTCTBHE Pa3HBIX IMMOPOJ HA TEPPUTOPHUM paioHa
(OuHapHbIC MPU3HAKH), CBOMCTBA ITHX MOPOJ (KOJUYECTBEHHBIC WM KAa4€CTBEHHBIC
MPU3HAKH).

OOGyuaroniasi BHIOOpPKa COCTAaBJISECTCS U3 MPEIEIECHTOB JABYX KJIACCOB: PaOHOB W3-
BECTHBIX MECTOPOXKJICHUN U pallOHOB, B KOTOPBIX MHTEPECYIOIIEE NCKOITaeMoe 00Hapy-
KEHO He ObLI0. 3aa4a COCTOUT B TOM, YTOObI OOHAPY>KUTh HOBBIE PaiOHBI C 3aJieKaMu
MOJIC3HBIX UCKOMAEMBIX IO TAHHBIM T'€OJIOTUYECKON PA3BEIKH.

OcHOBHAsI CJIOKHOCTh, BOHHUKAIOIIAS MPU PEUICHUU 1TOW 3a7a4M, 3aKITF0YAeTCs B
TOM, YTO KOJUYECTBO OOBEKTOB MOXKET OKA3aThCsli HAMHOTO MEHBIIE, YeM KOJIMYECTBO
MpU3HAKOB. B 3TOi cuTyanuu KiIacCUYECKHE CTAaTUCTHYECKHE METOJIbI HepaOOTOCIIO-
COOHBI, U 3a/]a4a PEIIaeTCcsl MyTeM MOUCKA CKPBITHIX JIOTUYECKUX 3aKOHOMEPHOCTEH B
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HUMCIOIIEMCA MAaCCUBE OAaHHBIX. B Mpouecce pCHICHUA BBIACIIAAIOTCS KOPOTKHC Ha60pBI
IMPU3HAKOB, 06J1ana}0mne HanOOIbIIEH I/IH(bOpMaTI/IBHOCTBIO. I1Io ananoruu c MCIUIUH-
CKUMH 3aJadaMH, MOKHO CKa3dTb, YTO C HCIIOJIb30BAHHCM MCTOAOB pPACIIO3HABAHUA
OTBICKUBAIOTCA «CUHAPOMBI MCCTOpO}KIleHI/II‘/’I.

Ilpumep 5. Aémomamuueckoe pacnoznasanue cnama. B poau 0o0bEKTOB BBICTY-
Na0T COOOIIEHHUS, TOCTYAIOLIUE Ha AIEKTPOHHYIO MOYTY. 3a/ia4ya COCTOUT B TOM, UTO-
OBl pa3eauTh MOTOK COOOIIEHHI Ha Ba Kiacca: OOBIYHBIC U HEXKeNIaTeNIbHbIE (CrlaM) —
BBISIBUB TMPEJICTABICHHSI KOHKPETHOTO MOJIb30BaTeNs 00 3THX Kareropusax. O0yJaromnyio
BBIOOPKY (DOPMHUPYIOT T€ COOOIIEHUS, KOTOPhIe KOHKPETHBIN MOJIb30BaTENb KIACCHU(PH-
IIUPOBaJ CAMOCTOATEIBHO, TEM CAMbIM HESIBHO 33]1aB CBOM MPEANOYTEHUS.

EcTecTBEHHOTO MCXOAHOTO MPU3HAKOBOTO OMHCAHHUA, B OTIUYME OT MPEABLAYIINX
3aja4, 3/1ech He cymiecTByeT. [IoaToMy B KauecTBe MPU3HAKOB MPUXOJUTCS UCIOIB30-
BaTh pa3JIMUHbIE CTATUCTUUECKHE XapaKTEPUCTUKU MOCTyNaommX cooduenui. [Ipume-
pbl OMHAPHBIX NMPU3HAKOB — HAJIMUYUE ONPEIEIIEHHOr0 KJIYEBOro clioBa WK (ppa3bl B
TEKCTE MUChMa; KOJIMYECTBEHHBIX — pa3Mep MUCbMa, pa3Mep BIIOKEHUS, YUCIIO ajpeca-
TOB B PAaCCBUIKE, YUCIIO PAHEE MOJYYEHHBIX TUCEM OT IaHHOTO OTIPABUTEIIS.

CH0XHOCTh COCTOUT B TOM, YTO CHCTEMa pacHo3HaBaHUs JIOJDKHA CAMOCTOSITEIILHO
TeHEepUpPOBaTh MPU3HAKU, HE UMesl TOro Oaraka oOIIMX 3HAHUM, Ojarogapst KOTOPOMY
YeJIOBEK JIETKO KJIaCCU(PUIMPYET MUChMa U TEKCTOBbIE IOKYMEHTHI.

Ilpumep 6. Pyopurkayus mekcmogvlx 00KyMeHmos. JTy 3a1ady MOKHO paccMart-
puBatTh Kak 00001eHue npeasiayneid. OHa BO3HUKAET NpU padoTe ¢ OONBIINM KOJIHYE-
CTBOM TEKCTOBBIX JOKYMEHTOB, OCOOE€HHO, €CIIM OHU COOMPAIOTCA U HMCHOJIb3YIOTCS
OOJBIIMM KOJUIEKTUBOM JIFOZEH, HAIpUMEpP, B paMKaxX KOMIaHUHU. B HEKOTOpBIX ciyya-
X OT CPEJHEro BPEMEHM IMOUCKA JOKYMEHTOB 3aBUCHUT 3()(PEKTUBHOCTh pabOTHI BCEH
KOMIIaHUHU.

OCHOBHasI CJIO’KHOCTb 33/1a4U B TOM, YTO KaKJJOMY COTPYJIHUKY HY»Ha CBOsI pyOpHu-
Kalus oOpabaTbiBaeMbIX JOKYMEHTOB, MpUYEM, BO3MOXKHO, HE €IWHCTBEHHas. B pe-
3yJbTaTe CO3JAETCs €IMHOE XPAHWJIUIIE TOKYMEHTOB, CHA0’)KEHHOE MHOXECTBOM IIep-
COHaJIbHBIX pyOpukaropoB. Ilpu 3TOM BO3HHMKAeT MOTPEOHOCTh ABTOMATU3UPOBATH
IPOLECC PaCKJIaAbIBaHUs U MOUCKA JOKYMEHTOB, JUIsl 0OecreueHus: KOTOpoi U mpume-
HSIFOTCSI METO/IbI PACIIO3HABAHMS.

OObexTaMu JJI 3aJ1a4d pacliO3HABAHMS SBIISIOTCS TOKYMEHTBI, C KOTOPBIMH pado-
TalT B KoMnaHuu. O0y4armuii NpeueeHT CO3JaeTcsl MOJIb30BaTEIEM B TOT MOMEHT,
KOI'/Ia OH CAaMOCTOATEIBHO MOMEIIAET JOKYMEHT B HYXKHYIO pYOpHKY.

[TepBas 3aaua — aBTOMaTUYECKOE MOMEIIIEHUE HOBOTO JOKYMEHTA B HYKHYIO PyO-
pUKY. ANropuTt™m KiaccuuKaluu JOHKEH YJIOBUTH JIOTMKY MOJIb30BATENsl U B Jallb-
HeleM KiacCu(pUUUMPOBaTh TEKCThI MO TEM € MpPUHLMNAM (IIPH 3TOM OT Camoro
M0JIb30BaTeNs HEe TpeOyeTcsl B sIBHOM BHJIE (POPMYIUPOBATH 3TU MPHUHIIHUIIBI, OOJee To-
ro, OH MOXET Jake He MOJ03peBaTh 00 UX CYIIECTBOBAHUH, MOJB3YsACh UMU UHTYUTHB-
HO). CJI0XHOCTb 3a7]aui COCTOUT B TOM, YTO KJIACCOB-PYOPHUK OYEHb MHOTO U OHH MO-
I'yT Iepecekarbesi. Posib MpHU3HAKOB 3€Ch, KAK IPAaBUJIO, BBIITOIHSIOT KIIFOUEBBIE CIIOBA.
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JIOKYMEHTBI CUMTAIOTCSI CXOKHMHU, €CJIM MHOKECTBA UX KIIFOUEBBIX CJIOB CYIIECTBEHHO
NepPEeCceKatoTCsl.

Crnenyromas 3ajja4a B paMKax pyoOpHUKaIuu — MOUCK JOKYMEHTOB. 3ampoc MoJib30Ba-
TEJs TIPU ATOM, KaK MPaBUIIO, UMEET BUJI: HAUTH BCE IOKYMEHTHI, TOX0XKHUE HA JTAHHBIH.
B sTom ciydae numeercs JBa kiacca 0OBbEKTOB: MOAXOASIINE TOKYMEHTHI U OCTAJIbHbBIE
NOoKyMeHThI. [IpaBusbHBIE OTBETHI JIJIs1 00BEKTOB 00y4Yaronieil BEBIOOPKU B 3TOM CIIy4ae
y’K€ HEM3BECTHBI, T.€. peub UJIET O 3a/aue KJacTepu3aluu (CaMOOOYyUECHHUS).

Ilpumep 7. 3a0aua pacnoznasanus pyKkonuchoz2o mexcma. Takas 3ajadya BOZHHKA-
eT MPU aBTOMAaTU4YeCKoi 00paboTke OJIaHKOB, 3aMOJIHAEMBIX OT PYKH (OJIaHKH Mepenucu
HACEJIEHUs, HAJIOrOBBIE JIEKJIapaluy U T.1). B poiau KiaccoB BBICTYyHAOT JOMYCTUMBIE
CUMBOJIBI.

[TepBas 3aga4a — pacro3HaTh CUMBOJIBI TI0 BX H300pakeHuto. O0ydaroriasi BEIOOpKa
— 3TO TEKCTbI, K KOTOPBIM MPUJIAraeTcsl paclio3HaHHBIA Y€JI0BEKOM 3JIEKTPOHHBIN Bapu-
anT. [lepBoHauaIbHBIMU MPU3HAKAMU SIBJISIETCS CKAHHPOBAHHOE PAacTPOBOE M300paxke-
Hue cumBojia. Kak mpaBuiio, mo pactpy CTpOUTCS KOHTYP M300pa)KeHUsl B BUJE JIOMa-
HOW JIMHWUU, U B KA4ECTBE NMPU3HAKOB MCIIOJIB3YIOTCS XAPAKTEPUCTUKH 3TOW JIOMaHOU
(monoxeHue, HakJIOH, JAJIMHA KaX/10TO 3BE€HA).

bnu3skas 3agada — uneHTUGUKALKA TOANNUCEN, KOTOpask MOXKET pelaThesl B ABYX MO-
CTaHOBKax:

1) off-line naeHTHDUKAINST — TIO PACTPOBOMY H300PAKECHUIO TIOITHCH;

2) on-line wneHTHU(UKAIUSA, TPU KOTOPOH MOIMUCH BBOJUTCS C TOMOIIBIO JICK-
TPOHHOI'O Mepa U B KAUYE€CTBE MCXOAHBIX JAHHBIX, IOMUMO COOCTBEHHO M300pa)kKeHus,
BBICTYTAIOT XapAaKTEPUCTUKH TUHAMHUKY ABUKEHUS TIEpa.

CymiecTBeHHO 0oJiee Cl0KHas 3a7avya U3 TOM ke 00JaCTH — pacrno3HaBAHHUE CIIHUT-
HOM peun. [[ns1 ee pelieHus METOAbl pacro3HaBaHusi 00pa30B HEOOXOAUMO MPUMEHSITh
B KOMIUIEKCE CO 3HAaHUSIMU U3 aKyCTUKH, (POHETHKHU, TEOPUU MAPKOBCKUX LICTICH.

Ilpumep 8. 3a0aua ouenusanus HAOEHCHOCMU 3AEMUUKOS BPU 6blOAYEe Kpeou-
moe. B ponu 00bEKTOB BBICTYIAIOT 3a€MITUKH, TPETEHAYIONINE HA TIOJYYCHUE KPEIU-
ta. [IpuzHaku HopMUpPYIOTCS HA OCHOBE aHKETHBIE JAaHHBIC 3asSBUTENICH M JIOMOJIHU-
TeJabHass UHPOPMAIIMK O HUX, KOTOPYIO COOMpAET KpeauTyromas opranuszamnus (0aHk).
[Tpumepsl OMHAPHBIX MPHU3HAKOB — I0JI, HAIMYUE TelepOoHAa; HOMHHAIBHBIX — MECTO
npokuBaHusi, npodeccusi, padboTogaTenpb; MOPSIKOBBIX — 00pa3oBaHME, 3aHUMaeMas
JIOJDKHOCTh; KOJTMYECTBEHHBIX — BO3PACT, CTaX padOThl, TOXOJ CEMbH, pPa3Mep TEKYIIUX
00s13aTeNIbCTB 0 KPeAUTaM, CyMMa KpeIuTa.

OOGyuaronryto BEIOOPKY (POPMUPYIOT JaHHBIE O 3a€MILUKAX C U3BECTHON KPEIUTHOU
ucropuei. 3ajadya B MPOCTEHIIEM Cilydyae COCTOUT B KiacCH(UKAIUKM 3aeMIIUKOB Ha
JIBa KJjlacca: TeX, KOTOPBIM CJIEAYET BhIAATh KPEIUT U T€X, KOTOPBIM CJIEAYET OTKa3aTh B
BbIJlaue Kpenuta. bojee CIOXHBIM BapyaHT MOCTAHOBKHM 33Ja4ll — OIICHUTH YPOBEHB
HAJISKHOCTU 3aeMIIMKa (3aa4a KpeIuTHOTO ckopuHra). CII0XKHOCTh — B 00ydJaromiei
BBIOOPKE KJIACC HEHAJIC)KHBIX UMEET rOpa3 0 MEHBIIYIO JIOJII0, YeM B TECTOBOH (T.K. HET
AKCIIEPUMEHTAILHBIX JaHHBIX O KIMEHTaX, KOTOPhIM OTKa3ajii B BbIaue KPeIuTa)
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Ilpumep 9. 3a0aua oyenueanua npueieKameabHOCHMU UHEECHUYUOHHBIX NPOECK-
moe. JTa 3a7a4a cxoxka ¢ MpeAbIaylIed 1 BOSHUKAET Y WHBECTUIIMOHHBIX KOMITAHUH,
0aHKOB, TOCYJapCTBEHHBIX CTPYKTYP, KOTOpbIE (PMHAHCUPYIOT UCCIICNOBATEIbCKIE, HH-
HOBAIMOHHBIE U PUCKOBaHHBIE OM3HEC-MPOEKThl. OOBEKTaMH NIl pACTIO3HABAHUS SIB-
JISIFOTCS 3asBKM HA TIPOEKTHI, MOIaHHbIC Y9acTHUKaMU KOHKypca. [Ipusnaku Gopmupy-
IOTCSI HA OCHOBE COJIEpKaHUs ITHX 3asBOK. Kak M B JIpyrux 3amadax aHaiam3a TEKCTOB
(oOHapyxeHus cnama, pyOpHuKaiuu), HanOoJiee CIOKHBIM 371eCh SIBJISETCS dTall Mpe-
BapUTEIHHOU 0OPaOOTKM JMAaHHBIX, B XOJ€ KOTOPOTO CO3MAIOTCS YUCIIOBBIC MPU3HAKU
3asIBKH.

OcHOBHasl CIOKHOCTh — HHU3Kasl CTeNeHb (HhOpMaTu30BaHHOCTH 3asBOK. Hambomee
BaKHAs C TOYKH 3PEHHS DKCIEPTOB MH(OpMAIUs 3aKII0YaeTCs, KaK MPaBUIIO, B He-
CKOJIBKAX TEKCTOBBIX TIOJIAX, COAEPKATEIBHO OIMUCHIBAIOIINX CYTh IpoekTa. [lomHas
aBTOMAaTHU3alIMsI TIPOLIECcCa PACCMOTPEHUS 3asiBOK HEBO3MOXKHA, OJTHAKO C TIOMOIIBIO Me-
TOJIOB pAcIO3HABaHUsI 00Pa30B MOXKHO PEIIUTH 3a7ady MPeABAPUTEIBHOIO OTCEBa 3a-
BEJIOMO IIJIOXUX 3asBOK, HA pACCMOTPEHHE KOTOPBIX IKCIEPTAM Helelecoo0pa3Ho Tpa-
TUTh BpemMsi. OOydJarouryro BEIOOPKY MpU 3TOM (GOPMHUPYIOT paHee Ki1acCUu(PHUIIMPOBaH-
HBIC 3a5BKHU.

Ilpumep 10. 3a0aua npozHo3upoeanus nOmMpeodOUmMeIbCKO20 CRpPoca 6 mop2o6bix
cemasx. 3aja4a CTaBUTCA CIEAYIOMIMM 00pa3oM: CIIPOTHO3UPOBATh OOBEMBI MPOAAX IS
Ka)XJIOr0 TOBapa Ha 3aIaHHOE YUCJIO JHEH BIepesd, YTOObl ONTUMHU3UPOBATh IJIaH 3aKy-
MOK, IICHOBYIO MOJUTHUKY, TpadUK pEeKIaMHBIX KaMmaHui. Tak Kak KOJIMYeCTBO TOBapOB
MOXET HCUUCIATHCS IECATKAMU ThICSY, MPUHATUE PEHICHUNA MO0 KaXJaoMy TOBapy
«BPYUYHYIO» HEBO3MOKHO, YTO M 00YCIIaBIMBAET HEOOXOIMMOCTb MPUBJICUCHUS MPOIIE-
Jyp aBTOMATH3alMK TMOJACPKKUA NpuHATUS penieHuid. Crneruduueckas oCOOCHHOCTH
TaKoW 3a7a4d — HECUMMETPUYHOCTh (YHKIIMU MOTEPh: MOTEpU OT M30BITKA TOBapa Ha
MpUJIaBKax CyIIECTBEHHO MEHBIIIE MOTEPh OT €r0 HEXBATKU B TAKOM K€ KOJIUYECTBE.

[Tpusnaku GopMUpPYIOT BpeMEHHBIE Psi/Ibl IIEH U 00bEMOB MPOAAXK MO TOBapam U IO
OTZEJIbHBIM MarazuHaM. [[7s yBelIM4eHUs! TOUHOCTH MPOTHO30B MCIOJIB3YIOTCS U pa3-
JUYHbIC BHEIIHWE (AKTOPHI, BIUSIONIME HA CIPOC: YPOBEHb HUHQIISIINH, TOTOIHBIC
yCIJIOBHUSI, PEKJIAMHbIE KaMIaHWH, COLUAIBHO-AEMOrpapuUYecKue yCIOBUsI, aKTUBHOCTh
KOHKYPEHTOB. B posiii 00bEKTOB, B 3aBUCHMOCTH OT II€JIel aHaIn3a, MOTYT BBICTYIaTh
100 TOBapkl, TMOO Mara3uHel, JIMOO Mapel Mara3u—toBap. O0yyaroiasi BLIOOpKa — 3TO
(hakTHYeCKUE TaHHBIC MPOUUIBIX MTPOJAK.

Ilpumep 11. Ipunamue uneecCMuUUUOHHBIX peuwleHUll HA QUHAHCOBOM DbIHKe.
BosbImol monyasspHOCTBIO TONB3YIOTCS aBTOMAaTHUYECKHE TOPTOBBIC CTPATETHH — aJiro-
PUTMBI, TPUHUMAIOIIIME TOPTOBBIC PEIICHUS 0€3 yJacTHs YesIOBEKa, B TOM YHCIIE C HC-
MOJIb30BAaHUEM METOJIOB paciio3HaBaHUsi 00pa3oB. OOBEKTaMH 37€Ch SBISETCS PHIHOY-
Hasl CHUTYyallds B pa3HbIe MOMEHTHI BpEMEHHU, a IPU3HAKAMH — MPEABICTOPUS U3MEHEHUS
1IeH ¥ 00BEMOB TOPTOB, 3a()UKCUPOBAHHAS K JAHHOMY MOMEHTY.

3amaya COCTOUT B TOM, YTOOBI BEIOPATH MO TAHHOMY BUJY IIEHHBIX Oymar ojHO u3 3
BO3MOXKHBIX PEIIEHUN: KYIHUTh, MPOAATh WM BhDKAATh. OOy4aronIyro BHIOOPKY COCTaB-

13



JISTIOT UCTOPUYECKHE JaHHBIC O JBIKEHUHU II€H U 00bEMOB MPOJIaX 332 HEKOTOPBIA MPO-
MEXYTOK BPEMEHH.

Kpurepuii kadectBa B Takoil 3ajaye CYyIIECTBEHHO OTIMYAETCS OT CTaHAAPTHOTO
dbyHKIHOHAIA cpeHeN OMMOKHU MPOTHO30B, MOCKOJIbKY Tpehepa UHTEpeCyeT He TOY-
HOCTb MPOTHO3UPOBAHUS, @ MAKCUMU3ALIUS UTOTOBOM MTPUOBLIH.

Ilpumep 12. 3a0auu ananuza kauenmckux cped. KiveHTckas cpeaa — 3TO COBO-
KYIMHOCTh KJIMEHTOB HEKOTOPOl KOMMAHWUW WA CEPBHUCA, PETYJSPHO MOJIb3YIOUIUXCS
(uKCHPOBaHHBIM HaOOPOM yCIYT WU pecypcoB. MOKHO TOBOPHUTH O KIIMEHTCKUX Cpe-
JaX TOPTOBBIX CETEH, OMEPaTOPOB CBSI3HM, YMUTEHTOB IUIACTUKOBBIX KapT, OMOIMOTEK,
AJIEKTPOHHBIX MAara3uHOB, UHTEPHET-MOPTAIOB, U T. A. CoBpeMeHHbIE MH(HOPMAIIHOH-
HbIE TEXHOJIOTHU TO3BOJISIIOT JIETATbHO MPOTOKOJIUPOBATH JACHCTBUS KIIMEHTOB B 3JIEK-
TPOHHOM BHUJIE. DTU MPOTOKOJIBI COIEPKaT NHPOPMAIIHIO, HEOOXOIUMYIO JJISl PEIICHHUS
IIMPOKOTO CIEKTpa 3a7a4d, 00bEeIMHIAEMbIX TEPMUHOM «YIPaBICHUE B3aUMOOTHOIIICHU-
amu ¢ kimeHntamu» (Customer Relationship Management, CRM). Ono noapa3zymeBaer
BBISIBJICHUE 1I€JIEBBIX TPYII KIMEHTOB, MEPCOHATN3AIUI0 PA0OTHI ¢ KIMEHTaMH, B 4acCT-
HOCTH, (POPMHUPOBAHUE TIEPCOHATBHBIX MPEJI0KEHUN, MPOTHO3UPOBAHUE BO3MOKHOTO
oTToKa KiaueHToB (churn prediction), BeisiBneHue MomeHHnuectna (fraud detection) miu
HEOOBIYHOTO MOBE/ICHUSI KIIHEHTOB.

[Ipumep 3amaunM Takoro poja — MPEICKa3aHUE PEUTHHIOB OTAECIbHBIX TOBApPOB
(Hanpumep, B MHTEpHET-MarasuHax). [IpmoOperas yepe3 callT HEKOTOPBIA TOBap (KHU-
ry, GUiIbM, U T. J.), KIMEHT UMEET BO3MOXXHOCTh BBIPA3UTh CBOE OTHOIIECHUE K HEMY,
BBICTaBUB PEUTUHT — 0OBIYHO 1ies10€ Yucio oT 1 g0 5. CucreMa ucnoias3yetr uHpopma-
M0 O BCEX BBICTABJICHHBIX PEUTHHIaX IS MEPCOHANIM3ALMM TMPEITIOKEHUN: Korja
OUYEpEeHON KIMEHT BUIUT Ha CAlTe CTPAaHUILy C ONMCAHUEM TOBapa, €My MOKa3bIBAETCA
TaKXe CIMCOK BCEX CXOXKMX TOBAPOB, MOJTYUYUBIINX BBICOKUNA PEUTHUHT Yy CXOXKHUX KIIH-
€HTOB.

3amaya CUCTEMBI PACIIO3HABAHUS COCTOUT B TOM, YTOOBI BBISIBUTH MHOKECTBa CXO-
KUX KIIMEHTOB U CXOXKMX TOBAPOB, U 3aTEM CIIPOTHO3UPOBATH UX PEUTHHTH JJI TaHHO-
ro kimeHta. Marpuiia 00beKTOB-IIPU3HAKOB — 3TO MaTPHUIAa KJIMEHTOB-TOBAPOB, 3aI0JI-
HEHHas 3HaYCHUAMH perTHHTOB. Kak mpaBuiio, oHa CHIIBHO pa3pekeHa U UMeeT Oojiee
90% mycThIX siY€eK. AJNTOPUTM KJacCH(UKAIMU JTOJDKEH JaBaTh BO3MOXHOCTH Ipe-
CKa3aTh PEUTHHT JJIs JI000M HE3aNOJIHEHHON STYSHKH ATOM MAaTPHIIBI.

1.3. Opranu3auusi peuieHus 32124 pacro3HaBaHUs

Ouenka kauecmea 00yueHun

Kak yxe oTMedanoch paHee, 00ydeHHnEe CHCTEMbI PaCIiO3HABAHKs 00Pa30B CBOIUTCS
K TIOMCKY HapaMeTpOB aJrOpUTMa, JOCTABJISIOIMINX ONTHMAIBHOE 3HAUEHUE 3aJaHHOMY
@yukyuonany kavecmsa. DopmMaan3yeM 3TO MOHITHE.

Dynkyus nomeps — 310 HeoTpunatenbHas pyHkuus L(a, X), xapakTepusyromas Be-
JMYUHY OMIKMOKH anroputMma a Ha oobekTe X. Eciu L(a, X)=0, To oTBeT a(X) Ha3piBaeTcs
KOPPEKTHBIM.

Dynkyuonan Kauecmea anroput™a a Ha seioopke X<
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Q(a,xK)=%§L<a,xi>. (L.1)

IIpu camoii o6meil mocTaHoBKe 3a1aun, korna Y = R" | HanGonee ynoTpeOHTEIbHBI
cienyomue GyHKIIUU TOTEPh:

— L(a, X)=[a(X)=y*(X)] — naauKaTop HECOBIAJCHUS C TPABWIBHBIM OTBETOM, IJIC
¢byukius [ | npuHUMaeT 3HaueHue | mpu BHINOJHEHUH ycaoBus U () B MPOTUBHOM CITy4Yac;

— L(a, x)= [Ja(x)-y*(X)|>€] — nHOUKATOP CYHIICCTBEHHOTO OTKJIOHEHUS OT MPABUIIb-
HOTO OTBETA, I/Ie € — 33JaHHBIA TOPOT TOYHOCTH;

— L(a, X)=|a(x)-y*(X)| — BenmnurHa OTKJIIOHCHHSI OT TPABHJIBLHOTO OTBETAa; (DYHKITHO-
Han Q Ha3bIBaeTCs CpeAHEN OMMOKOM anropuTMa a Ha BEIOOpKE X.;

— L(a, X)=(a(x)-y*(x))? — kBampaT OTKJIOHEHHUS OT IIPABMILHOTO OTBETA; (PyHKIIHO-
Han Q Ha3bIBaeTCs CpeAHEH KBaJApaTHUHOM OMIMOKON anroputMa a Ha BeIOOpke X. .

— Lw(a, X)=w(x)L (a, X) — B3BemiecHHass (QYHKIHS MMOTEPb, Tae W(X) — HEOTpHIIa-
TeNbHAsT BeCOBasi QYHKIUS, XapaKTEPHU3YIOIIasi CTEIEHb BAKHOCTH OOBEKTA X WIIU Be-
JMYUHY TIOTEPHU OT OIMMOKU Ha JaHHOM oObekTe; L(a, X) — HekoTopas cTaHaapTHas
GYHKIUS TIOTEPh, HAIPUMED, JTF00ast U3 TIEPEUNCIICHHBIX BBIIIIE.

OynknuoHan kadectBa Q HA3BIBAIOT TaKXKe SMIMPHUYECKUM PUCKOM, TaK KaK OH
MOXET OBITb HEMOCPEICTBEHHO BBIUMCIEH TOJBKO TI0 ASMIHUPUYECKUM JaHHBIM

{(x,y),1=1LK}.

[Ipocreitmmii Meton o0Oy4deHUs, Ha3bIBAEMbIN MUHUMU3AUUEN IMRUPUUECKO20
PUCKa, 3aKJII0YaeTCsl B TOM, YTOObI HaliTU B 33JaHHON MoJenu A aJlrOpUTM @, 10CTaB-
JSIOUIMN MUHUMAaJIbHOE 3HaueHHe QyHKIMOHATy KauecTBa Q Ha 3aaHHON oOyuaroiei
BBIOOpKE XK

u( X )=argmin Q(a, X ). (1.2)
acA

3agauy (1.2) MokHO OBUIO OBl PENIUTH CTAHAAPTHBIMU METOJAMU ONTUMHU3AIWU,
OJTHAKO BO3HMKACT CJEMYyIOIIasi MpoOyieMa: eCd aJrOpuTM @ JOCTaBISIET MUHUMYM
ynxumonany Q(a,XX) ma 3amannoii o6yuaromeii Bei6opke XK, 310 emie He rapanTupy-
€T, YTO OH OyJEeT XOpOIIO MPHUOJIMKATH IEIEBYI0 3aBUCHMOCTh Y* Ha MPOW3BOJILHON
Konmponvhoi sviooprke XM ={(x',y,' ) i=1M }.

Korna xadectBo paboThl anropuTMa Ha HOBBIX OOBEKTaX, HE BOLIEAIINX B COCTaB
oOy4eHMsI, OKa3bIBAETCS CYLIECTBEHHO XYX€e, YeM Ha oOydaronieil BeIOOpKe, rOBOPAT 00
addexte nepeodyuenus unu nepenoo2oOHKuU.

ITo cytu, 3agaua 00yyeHus: — 3TO 3a7aya anMnpoOKCUMALMH (PYHKIMOHAIBHOW 3aBHU-
CUMOCTH Y* 1Mo AaHHBIM OOy4aroiei BeIOOpKU. JlaauM reoMeTpudecKyto UHTepIpeTa-
LIUIO ATOMY YTBEPKICHUIO.

1. Ecnu 00BEeKTHI XapaKTepUu3yrTCs eAMHCTBEHHBIM TTapaMeTpoM X U Y=R, To JIerko
yKa3aTh METOJ, KOTOPbI MUHUMHU3UPYET SMIUPUUECKUI PUCK 10 HYJS, HO MPU 3TOM
abcomoTHO He cnocoOeH oOydarbes (puc. 1.2, a): momyuuB oOydaronryio BEIOOPKY X,
3alIOMHHUTH €€ U MMOCTPOUTDH AJITOPUTM, KOTOPBIN CPaBHUBACT MPEIbIBISIEMbIN O0BEKT X
¢ obyuaromumu obbekTamu X; u3 XK. B cilydae coBmameHus X = Xj alrOPUTM BBIIAET
IIPABWIBHBIA OTBET Yi, THAYE BbLAAETCS MPOU3BOJIBHBIA OTBET. DMIIMPUUECKUN PUCK IS
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TAaKOro ajJropuTMa NPHUHUMAET HAMMEHBIIEE BO3MOKHOE 3HaY€HUE, paBHOE HyI0. Ogi-
HAKO 3TOT aJIrOPUTM HE CIIOCOOEH BOCCTAHOBUTH 3aBUCHUMOCTh BHE OOBEKTOB O0YUEHUS
(Ha KOHTPOJIbHOW BHIOOPKE 3HAUCHHE SMITMPUUYECKOTO PUCKA OYJIET OUEHb BEJIMKO).

2. Ilpu X €R? u306pa3uts 0OIIYIO 3a1ady PErpecCUM Ha IUIOCKOCTH YKe HE IPej-
CTaBJICTCSA BO3MOXKHBIM, OJIHAKO MOXHO U300pa3uTh 3a7ady KiaccuuKaiuu
(puc. 1.2, 6). Meton 00y4eHHsI CTPOMUT TPAHMUIy MEXKIY MOJIMHOXKECTBAMU OOBEKTOB
oOyuarolieil BEIOOpKH, MpUHAIJIEKAIIUMU K Pa3HbIM KilaccaM (Kak HEKOTOPYIO KPUBYIO
B R?). Anropurm ompenenser Kiacc o0bekTa X €R? B 3aBUCHMOCTH OT TOTO, C KaKoOii
CTOPOHBI OT TPaHUIBI HAXOJUTCS COOTBETCTBYIOLIAsl TOYKa. [l CHIIBHO mepeMeniaH-
HBIX KJIAaCCOB MUHUMM3AIUs SMIUPUUECKOTO PUCKA, MO aHaJoruu co ciydaem (1), naer
HYJICBOW SMITMPUYECKUNA PUCK HA OOydaromeid BBIOOPKE, OTHAKO HMCKOoMasl (yHKIIHO-
HaJbHasl 3aBUCUMOCTb MO-TIPEKHEMY BOCCTAHOBJIEHA OYEHB IIJI0XO.

3. [Ipu Gomplneil pa3MEpHOCTH MPOCTPAHCTBA MPU3HAKOB MOCTABUTH 33]]a4€ PACIIo-
3HABaHUS B COOTBETCTBHE N€OMETPUUYECKHI 00pa3 yKe HEBO3MOKHO, HO IIpobiiema re-
peoOyUYeHHUsI OCTAeTCs TOM JKe caMoil.

T.e. mig ycnemHoro peuieHus 3aaadn o0ydyeHus HeoOXOIMMO HE TOJBKO 3alloMU-
HaTh, HO M 0000mmaTh uHPopManuo. Boobie, o6obimaromas cnocoOHOCTh METoa L
xapakrepusyercs Beanuunon Q(u(XX),XM), npu ycnosuu, uro BeiGopxu X€ u XM apns-
I0TCS TIPEJICTABUTEIBLHBIMU, U HE TTOIOTHAHBI CIICIIUATBLHO 110 HAMXYIIINMA CITydai.

Hckomas pyHKIIMOHATBHAS 3aBUCUMOCTb,
110 KOTOPOH CreHepHpOBaHa BEIOOPKA

cDyHI(I_[I/IOHa.]'H:Ha_SI 3aBUCUMOCTD,
3alaHHas aJITOpUTMOM PaCIIO3HABAHUA

a) 0)
Puc. 1.2. [Ipobnema nepeodydeHust
(a — U1 3a1a9K perpeccur npu X €R, 6 — 1 3a1aum kiaccupukanuu npu X eR?)

O0600marIy0 CNocOOHOCTh METOJA |[L MOKHO XapaKTepU30BATh (PYHKUUOHATIOM
CcpeoHezo pucka, T.€. MAaTEMaTUYECKUM OXKHJIaHUEM OIIUOKHU:

R(u)= MXK’XL(“(XK ):X) = MXK’XM Q(u( Xy ), XM). (1.3)
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Imnupuueckue oyenku pucka. OneHkr 0000maroIeil CrIocOOHOCTH HEOOXOTUMBI
JUTS TIPEJICKA3aHusl KaYeCTBA aJITOPUTMOB U pa3pabOTKK HAJCKHBIX METOJIOB O0OyUCHHUS.
OnHAaKoO XapaKTEPMCTUKH KOHTPOJLHOM BhIOOpkH XM 3apaHee He M3BECTHBI M BBIBOJ
TOYHBIX KOJUYECTBEHHBIX OIICHOK 0000IIaromell CnocOOHOCTH MOKa OCTaeTCs OTKPhI-
TOW MpoOIeMON. DMIMPUUECKHE OICHKH 000OIIAIONIe CIIOCOOHOCTH MPUMEHSIFOTCS,
KOTJIa HET aJICKBAaTHBIX TEOPETHUECKUX OIICHOK.

Iyctb umeetcs BoIGOpka X" ={(X,y; )i = ].,_I_}. Pa3o0bem ee N paznmuuHbiMU CHIO-

cobamu Ha e yact: X = XX UXM n=1N — obyqarontyio noxssibopky mmmnsl K
U KOHTpoJibHYI0 JnHBI M, rie K+M =L. Beruncnum cpennee mo BceM pa3OUeHUsIM Ka-
YeCTBO Ha KOHTPOJBHOM BBHIOOPKE:

cv =%§1Qn(u), Q1) = Q(u(X K ), X M), (1.4)

OTa BeIMYMHA HA3BIBACTCS OUEHKOU CKOb3aue2o konmponsa (CV — om anen. Cross
validation). B 3aBucumocTtH oT crioco6a pa3ouenus BIOOPKH X' pa3snuyaroT HECKOIBKO
Pa3HOBUIHOCTEH CKOJIB3AIIETO KOHTPOJIS.

— Konmpons no omoenwvnoit svioopke. Dopmupyercs onHo pazdouenue N=1, kak
paBuiIo, CIyYalHbIM 00pa3oM IpH JOCTATOYHO OosbioM M.

— Koumpons no omoenvuvim oovekmam. Gopmupyrorcs N=L pazOueHuii ¢ KoH-
TPOJIbHBIMH BBIOOPKAaMHU €TMHUYHOM JTHHBI, K=1.

— Koumpons no q 6aoxkam. Bribopka pa3OuBaeTcsi Ha (| OJMHAKOBBIX OJIOKOB
(oObruHO 10-20 G110K0B), ¥ hopmupyroTcst N=Q pasauuHbIX pa3oueHui. Kaxapiii 610k
MOOYEPETHO CTAHOBUTCS KOHTPOJILHOU MOABBIOOPKOM, OCTasibHbIe (—1 GJ0KOB 00pazy-
10T 00YyYaroIy0 MOBBIOOPKY.

— Konmpons no cnyuaiineim pazouenuam. Oopmupyercs 3agannoe yucio N ciy-
YalHBIX pa30ueHui.

K —_
— Konmpons no 6cem N =C pazouenusm npu K =1 B TOYHOCTU COOTBETCTBY-

€T KOHTPOJIIO IO OT/CIbHBIM 00BbEKTaM, a TIPH OONBIINX 3HAYCHUAX K TpeOyeT orpom-
HOTO 00beMa BBIYHMCIICHUHN.

CKONB3SIMI KOHTPOJb MPU3HAH JIe-(PaKTO CTaHAAPTHON METOJAMKON CpaBHEHUS Ka-
YeCcTBa Pa3JIMYHBIX METOJIOB OOyuYeHHUs Ha peajbHBIX JaHHBIX. OCHOBHOI HEIOCTATOK
CKOJIB3SIIIIEr0 KOHTPOJSI — 3HAYUTENIbHBIC BBIUMCIUTENIbHBIC 3aTpaThl, CBSI3aHHBIC C
HEO0OXOMMOCTBIO peluTh 3a1a4uy 00ydeHus: N pa3 Ha pa3HbIX 00y4aroIKUX BEIOOPKaX.

Ceoiicmea peanbHbIX OAHHBIX

B npuxnagHbeix 3aga4ax UCXOAHBIC TAHHBIE OTPAXKAIOT CIOXHOCTh U pa3HOOOpas3ue
peaTbHBIX TPOIIECCOB U sABJIeHUN. [103TOMY MaHHBIE MOTYT 00JIaJIaTh PSIIOM CHEIU(U-
YECKUX CBOMCTB, YCIOXKHSIIONIUX IMOUCK perieHusi. PacCMOTpUM OCHOBHBIC U3 HUX.

Hemounocmsb dannvix. 3HaueHus npusHakos fj(Xi) u 1eneBoit mepeMeHHo# Yi MOTyT
U3MEPATHCS C TOTPEITHOCTSIMH. B HEKOTOPBIX Cy4yasx BO3MOXKHBI TpyOble OIIMOKH,
MPUBOJISIIINAE K TOSBICHUIO PEAKUX, HO OOJBINNX OTKIOHEHUN — 8b10pocoe. OmacHOCTh
3alllyMJICHHBIX JIaHHBIX B TOM, YTO OOydYaeMble aJrOPUTMbI MOTYT HACTPaWBaThCS Ha
BOCCTAaHOBJICHHE HE TOJIHKO IIEJIEBOM 3aBHCHUMOCTH, HO U 1ryma. JIJiss KOppeKTHOU 00pa-
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OOTKH BBIOPOCOB CYIIECTBYIOT METOJbI KakK MpeABapUTEIbHON (DUIBTpaLUU JaHHBIX,
TaKk U podacmmuple mMemoowvl, B KOTOPBIX 3a7aud OOy4eHHUS U (UIBTPALMKU PEIIAIOTCS
OJIHOBPEMEHHO.

Henonnoma oannvix. 3Hauenus npusHakos fj(Xi) A1 HEKOTOPHIX OOBEKTOB MOTYT
BOOOIIIE OTCYTCTBOBaTh. Hanmpumep, B MEIUIIMHCKUX 3a/1a4ax MPOIYCKH SIBIISIOTCS CKO-
pee ImpaBuiIOM, YeM HCKJIIOYEHUEM, MOCKOJIBKY 3/1eCh HEBO3MOXKHO PACCUUTHIBATH, YTO
y KaXKJOTO MaiueHTa OyAyT MpOBEpPEHbl BCE BO3MOXKHBIE CUMITOMBI, TPUMEHEHBI BCE
BO3MOYKHBIC BUBI 00CIICIOBAaHUH U JICUCHUS.

B Takux ciaydasx MpUMEHSIOT MPEIBAPUTEIHHYIO 00pab0TKY MaHHBIX — 3aIOTHSIOT
MIPOITYCKH CITPOTHO3WPOBAHHBIMK 3HAUYCHUAMH. Mjes 3akitodaeTcs B TOM, YTOOBI IS
KOKJOTO TMpU3HAKA, UMEIOIMIETO MPOMYIIEHHBIC 3HAYCHUS, PEIIUTh BCIIOMOTATEIHHYIO
3amayy oOydeHHs 1Mo mperefeHTaM. B kadectBe oOydaromieil BRIOOpKH OepyTcs Bce
OOBEKTHI, IJI1 KOTOPHIX 3HAYCHHUE JAHHOTO MPHU3HAKA W3BECTHO. 3aTEM CTPOUTCS aJIro-
PUTM, BOCCTaHABIMBAIOIINN 3aBUCUMOCTh JAHHOTO MPU3HAKA OT OCTAJIBHBIX. DTOT aJl-
TOPUTM IIPUMEHSIETCS K OCTAaBUIUMCS 00bEKTaM JJIs 3all0JTHEHUS ITPOITYCKOB.

Ilpomueopeuusocmov oannvix. IlpenieneHTsl | 1 K MOTYT NMPOTHBOPEYHUTH IPYT
npyry. Hampumep, Xi = Xk, HO Vi # Yk. OHE TakKe MOTYT MPOTHBOPEUYHTH allPHOPHBIM
orpannueHussM. Hampumep, MokeT OBITh 3apaHee U3BECTHO, YTO 3aBUCHMOCTH Y* sIB-
JSI€TCS MOHOTOHHOM, HO B oOy4aromieit BeiOopke (Xi < Xy) u (Yi > Yk) 111 HEKOTOPOK
napel npereaeHToB (i, K). TIpoTHBOpEYNBOCTh JAaHHBIX MOXKET OBITH CJICJACTBHEM HX
HETOYHOCTH.

Pasznopoonocms oannvix. Ilpusnaku fi,...,fy MOTYT UMETh pa3nuvHbIC THIBI (M3Me-
pAThCS B pa3HbIX IKanax). Kak nmpaBuio, Bce mpu3HaKu MPEBAPUTEIBHO MTPUBOISTCS K
OJIHOMY THUITy, OJTHAKO TaKOH Mepexo]] YaCTO MPUBOJUT K MOTEPE HEKOTOPOH YacTH HH-
dbopmaru, cofepkaBIlIeiicss B UCXOHBIX Mpu3Hakax. Hampumep, B JOrHYECKUX airo-
PUTMaX KJIacCU(PUKAIIMU BCE TIPU3HAKH B KOHEYHOM HMTOTEe MpeoOpa3yrTcs K OMHApHO-
My THUITY).

Cnoscnan cmpykmypa oOanubix. JlaHHbIE MOTYT OBITH IPEJCTABICHBI B Oosee
CIOKHOU (popMe, ueM cTaHAapTHas MaTpulla 0OBEKTOB-MPU3HAKOB. DTO MOTYT OBITh
U300paKEHUsI, CUTHANbI, (DYHKLIMH, TaONMIbl 0a3bl AaHHBIX, U T.0. B 3TOM ciydae
JOJDKHA PEIIaThCs 33j]ladua 2eHepayuu npu3Hakoe. B 4acTHOCTH, B 3ajadax paclo3Ha-
BaHMS M300PKCHUHA U PEUH, KIACCU(DUKAITUU TEKCTOBBIX JTOKYMEHTOB I'€HEpaIus MpH-
3HAKOB SIBJISICTCSl HanOOJIee TPYAHBIM 3TAllOM M B 3HAYNUTEILHOM CTEMICHU TPEIOTIpeIe-
asieT 3 (HEeKTUBHOCTH pabOThI BCEH MPOLeAyPbl paCIO3HABAHMUS.

Heoocmamounocmo oannvix (npoonema manvix 6v160pok). OOGbEKTOB MOXKET OKa-
3aThCsl CYIIECTBEHHO MEHBINIE, YeM MPU3HAKOB. B 3TOM cilydae MHOTHE KJIaCCUYECKUE
METO/Ibl CTATUCTUKH U aNMPOKCUMAIIMHM CTAHOBSITCS HEYCTOMYMBBIMU WJIM BOOOIIE He-
MPUMEHUMBIMH.

H36bimounocmo oannvix (npobaema ceepxoonvuiux 6vl60pokK). B cucremax c aB-
TOMATUYECKUM COOpPOM WM HAKOIUICHHEM JaHHBIX BO3HUKAET MPOTHUBOMOJIOXKHAS TPO-
OJieMa: JaHHBIX HACTOJILKO MHOTO, YTO OOBIYHBIE METOJIbI 00pa0aThIBAIOT WX KpaifHE
MeUIeHHO. st pelreHnst 3a1a4 pacio3HaBaHus B TAKUX YCIIOBHUSIX MOTYT MPUMEHSITHCS
pasIuYHbIC METOABI (DUIIBTPAITUU WIIH arperipOBaHUs JaHHBIX.
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Omanoi peuwienusn 3a0auu PACRO3HABAHUA

[IpuBenenHas HUXE MOCIEAOBATEILHOCTh JIEUCTBUIM ONMUCHIBAET Hanbosee TUITUY-
HBIN IIUKJI UCCIIEI0BAHUMN, BBITTOJIHIEMBIX MTPU UCIOJIb30BAaHUU METOJIOB PACIIO3HABAHMUS
00pa3o0B. [Ipu 3TOM BBINOJIHEHUE KaXKIOTO Tara MOXKET BBIIBUTh IPOTUBOPEUHS], KOTO-
pbI€ BBI3BIBAIOT HEOOXOAUMOCTh BEPHYTHCS K MPEABIYIIAM dTaIlaM.

Ilocmanoeka 3ad0auu. Ha 3TO0M 3Tane 3aka3uuk U pa3pabOTUUK OMPEACNSIOT LEIH
pelieHus 3ajiauu, J0roBapuBalOTCA O COCTaBE JAHHBIX, GUKCUPYIOT KPUTEPUH KayecTBa
pelieHusl.

Coop oannwvix. JJaHHBIN 3Tall MOXKET MEHITHCA MecTaMu ¢ npeapiaymum. Hepenku
CUTYaIliH, KOT/Ia 3a/1a4M aHaJIn3a JaHHBIX CTaBsATCS MOCJE TOTO, KaK JaHHbIE COOPaHBI.

IlIpeosapumenvnasa oopadomka oanuvix. Kaxaplii anroputMm NPEIbABISIET CBOU
TpeOOBaHMs K UCXOJHBIM JaHHBIM, HAIPUMEP: HOPMUPOBAHHOCTh, OTCYTCTBHE MPOITYC-
KOB, OJTHOPOJTHOCTH (OJHOTHITHOCTH), JTMHEWHAs HE3aBUCUMOCTh, U T. 1. i mpusene-
HUS TaHHBIX K TpeOyeMOMYy BUIY MPUMEHSIOTCS Pa3IMyHbIe METOJIbI TIPEABAPUTEILHOMN
00paboTku. Eciii 1aHHbIE UMEIOT CIIMIIIKOM «CHIPYIO», CJIOKHYIO CTPYKTYPY, BBITIOJIHSI-
€TCsl TeHepalus HOBBIX NMPHU3HAKOB. BO3MOXXHO, IIPU 3TOM B NMPU3HAKOBOE OIKMCAHHE
OyJeT BKJIIOYEHO OOJBIIOE KOJIWYECTBO M3OBITOUHBIX, HEMH(POPMATUBHBIX MPU3HAKOB.
Torpa Ha crnenyromeM 3tane He0OOXOIUMO HCHOJIb30BaTh CHEIMAIbHBIE METO/bI, CIIO-
coOHbIe 0TOMpaTh Harboee HHPOPMATUBHBIC TPUZHAKH.

Pazpabomka moodeneit anzopummos u memooos ux nacmpoiitku. HeodxonumocTtb
CO3/IaHUs TIPUHIIUIIMATHHO HOBBIX MOJIENIEH U METOAOB BO3HHMKAET JOBOJHHO penko. B
TO XK€ BpeMs, HEKOTOpas aJanTaiysi TOTOBOM MOJENH, KaK MPaBUJIO, TIO3BOJISIET MOBHI-
CUTh KQ4eCTBO PEIICHHsI KOHKPETHOU 3a/1auH.

Ouyenka xkavecmea anzopummos. Ha TmpakTuke KadyecTBO alTOPUTMOB IMPHUHSITO
OLIEHWBAThH MO KOHTPOJBHBIM JTAHHBIM C TIOMOIIBIO MPOIEAYP CKONB3SIIETO KOHTPOIIS
(cMm. BbIIIIE).

Onvimnasa yxcnayamayua NpeAnonaraeT TECTUPOBAHUE MTOCTPOCHHOTO aJIFOpUTMa
Ha HOBBIX JaHHBIX. D(PPEKT MEePEenoarOHKH MOXKET MPOSBUTHCS JAkKe B TEX CIydasx,
KOT/Ia Ka4eCTBO aJIrOpUTMa MOJTBEPkKIACTCS TECTAaMHU Ha KOHTPOJIBHBIX JaHHBIX, HO
pa3paboTUuK (SBHO WJIM HESBHO) WCIIOJIB30BAN PE3YyJbTaThl dTUX TECTOB JJIA OTOOpa
HAWJIYYIIeTo aJrOpUTMa.

Aemomamusuposannoe npunamue peuwteHuii 6€3 ydactus 4elloBeKa-IKCIepTa, Kak
MPaBUJIO, SIBIIAETCS KOHEUHOM I1EJIbI0 TTIOCTPOCHHS 00y4aeMbIX allTOPUTMOB.

1.4. IBpucTHYECKHE NIPUHUIMIIBI 00yYEeHUS MO NpeneIeHTam

Bce sBpucTrueckne npuHIMBI 00y4eHHUs MO MpeleeHTaM B TOM WJIM MHOM BHUJIE
YTOYHSIOT WA MOAU(DHUIIMPYIOT HCXOIHYTO 3a1ady (1.2) MUHUMU3AIHUN SMITUPUUECKOTO
pucka. HecmoTps Ha Goiiblioe pazHooOpasue NpUMEHSIEMBIX B paMKax METOJOB pPacro-
3HaBaHUS 00Pa30B MOJIENICH aNTOPUTMOB U METOOB UX HACTPONKH, OOLTNX MPUHITUIIOB
UX TOCTPOEHUSI HEeMHOTO. MHOTHE MOJIENN COBMEIIAIOT B ce0e cpa3y HECKOJIbKO MpPUH-
umnoB. B pamkax manHOro maparpada KpaTko paccMaTpuBarOTCs Hanbosee ynoTpeou-
TEJIbHBIE U3 CYIIECTBYIOIINX 3BPUCTUUECKUX MPUHLHUIOB. [10 X01y M3m0KeHus: npuBo-
JSTCSl IPUMEPBI MTPOCTEHIINX MOJEIIEH, UCIOJIb3YIOLIUX 3TH MPUHLIUIIBI, @ BECh TOCTe-
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JYIOIIMA MaTepHall CBsi3aH ¢ 0oJiee JeTallbHBIM PACCMOTPEHHUEM HEKOTOPBIX W3 Tepe-
YUCJICHHBIX IPUHIIUIIOB.

Ilpunyun cxoocmea

[IpuHIUI CXOACTBa MPEINONAraeT, YTO Ha MHOXXECTBE X MOXKHO BBECTH TaKyIO
(GYHKITUIO paCCTOSHUS MEXKy 0ObEKTaMHU, YTO OJIU3KUM 00beKTaM OyAyT, KakK MMpaBuUIIo,
COOTBETCTBOBATH OJIU3KUE OTBETHI:

a) JUId 3a]1a4 BOCCTAHOBJIICHUS] PETPECCHH — 3TO PAaBHOCUIBLHO TPEOOBAHHIO TJ1a/IKO-
CTH LIeJIeBON (DYHKIIUU;

0) U1 3a/1a4 KIacCU(PHUKAIUU U KIaCTEPU3AIUU — 3TO 03HAYAET, YTO CXOKUE O0BEK-
ThI, KaK MPaBWJIO, JI)KAT B OJHOM Kiacce. ['paHuIla KJIacCOB MOKET OBITh JOBOJBHO
CHJIBHO M3pe3aHa, HO OHA HE MOXKET MPOXOIUTh BE3IE.

B «xoporeii» 3aade KJIacchl IpeaCTaBIAIOT co00i 001acTH, KOMIAKTHO PacIoio-
KEHHBIE B MPOCTPAHCTBE MPU3HAKOB. JTO MPENIOJI0KEHUE HA3bIBAIOT TUIIOTE301 KOM-
HNaKTHOCTH.

[TpyHLIMI CXOACTBA JIEKHUT B OCHOBE METPUYECKUX AJITOPUTMOB KiacCH(UKALUU.
[IycTh p(x,x’) — MeTpHKa B MPOCTPAHCTBE MPU3HAKOB. MeTo ] Onmkaifiiero cocena oOt-
HOCHUT OOBEKT X K TOMY KJIacCy, KOTOPOMY HPHHAMJIEKUT OJIMKaWIMi 00bEKT o0yua-
romieit BeIoopkm XK:

a(x) = Yn(x)
n(x)=argmin p(X,X; ). (1.5)
XjeX

OT0, caMOl IPOCTOW M3 BCEX AJTOPUTMOB KiacCU(UKAIMM: B HEM HET HUKAKHUX
HACTpaWBaeMbIX MapaMeTpoB. DTam OOyUYeHUS] CBOAUTCS K DIEMEHTApHOMY 3allOMUHa-
HUIO oOyyaroieit BeiOopku (puc. 1.3).

O0BexTHI 1-T0
KJiacca

OOBEKTHI 2-TO

BnoBb knaccudunmpyemsoie Kjacca

00BEKTHI

Puc. 1.3. [Ipumep paboTs! asiroput™ma KiaccupuKaluy Mo METoAy Onmkaiiiero cocena

Haubonee ToHkMiI BOnpocC A BCEX METPUUYECKHUX aJTOPUTMOB aHAIM3a JAHHBIX —
KaK MOCTPOUTh METPUKY. Eciu 0OBEKThI MpeAcTaBlIeHbl CBOUMU MPU3HAKOBBIMU OIU-
CaHUSIMU, TO MOXHO B3Tb €BKJIUJ0BO PACCTOSIHUE MEXY OOBEKTaAMMU:

p(x.X )= 2( f(x)- H(X)), (1.6)

OJIHAKO 3TO JIaJIeKO He €IMHCTBEHHBIN BapUaHT.
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Ilpunyun pecynapuzayuu

[IpoGnema nepeoOyueHUs 4acTo MPOSIBISET ceOsl MPU MCIOJIb30BAaHUU YPE3MEPHO
CJIOXHBIX MoJieeil anroputMoB. Mojienu, obsagarone n30bITOYHBIM YUCIOM CBOOO/I-
HBIX MMapaMeTpoOB, MO3BOJISIOT BOCIPOU3BOJIUTH TOYHBIE OTBETHl Ha MaTepuaie o0yue-
Hus. [Ipy 5TOM OHHU yJIaBIMBAIOT HE TOJBKO YE€PThl BOCCTAHABIMBAEMOU 3aBUCUMOCTH,
HO U OIIMOKH U3MEPEHUS MPU3HAKOB, U MOTPEITHOCTh CAMOU MOJIEIIH.

OnuH U3 croco00B OrpaHMYEHHs CI0KHOCTH — 100aBuTh K QyHkmoHany Q(a,X¥)
mrpadHOE cIaraeMoe, HaKa3bIBaloIIee Ype3MEPHO CIOKHBIC MOJICIH:

n( X )=argmin (Q(a, X ) +1C(a)), (1.7)
acA
rIe 4ucio T — mapamerp peryispusanuu; C(a) — (GyHKIHMOHA, XapaKTepH3YHOUIUii
CJIOHOCTh aJIFCOPUTMA a.

B o0miem Bujie IPpUHIUTT PETYISIPU3AIUN MOKHO CPOPMYIUPOBATH CIAEAYIOIMUM 00-
pa3oM: eciiu pelIeHHE CYLIECTBYET, HO OHO HE €AMHCTBEHHO, TO U3 MHOXKECTBA BO3-
MO>KHBIX PEIICHHM CIeIyeT BHIOPATh TaKOE, KOTOPOE€ MUHUMHU3UPYET JOMOJTHUTEIbHBIN
Kputepwuii perynspuzanuu C(a).

[Mpocteiimas 3BpucTHKa, 3aaatomas ciaraeMoe C(a) — 4mciIo HaCTpauBaeMbIX Ia-
pameTpoB anroputMma a. Hampumep, B 3aaue perpeccuu, eciu alrOpuTM BeIOUpaeTcs B
KJIACCe CTYIMEHYAThIX (PYHKITUH, B POJIM TAaKOW IBPUCTHUKHA MOXKET BBICTYIATh KOJIMYE-
CTBO CTYIICHEH B UCIOJIB3yeMoOM anmpokcuManuu (puc. 1.4).

A Y 4 Y f*(x) - BoccranaBimBaemast
*(x) — BoccranaBnuBaemas GyHKIMS

\/74 /
\ /R

Annpokcumanus

Annpoxcumanus / ¢ 6-10 CTYIICHSMU
C 3-Ms CTYNEHSIMU  y X

»

»
»

Puc. 1.4. [Ipumep ucnonab30BaHus MPUHIUIIA PETYIISPUALIIT
B 3aJ]a4€ OJJTHOMEPHOM pPErpeccuu

Ilpunyun pazoerumocmu

[TpuHIMT pa3IeTMMOCTH OTHOCHUTCS K 3a7adaM kiaccudukanuu. OH mpearoaraer,
4TO OOBEKTHI Pa3HBIX KJIACCOB B MPOCTPAHCTBE MPHU3HAKOB MOTYT OBITh pa3/e/IeHbI HE-
KOTOPO# TOBEPXHOCTBIO TaK, YTO (JIJIs CIIydas IByX KJIACCOB) BCE TOYKHU MEPBOTO Kilac-
ca Jie)xar 1o OJTHy CTOPOHY, a BCE TOYKM BTOPOTO KJlacca — IO JPYTyI0 CTOPOHY OT 3TOH
noBepxHocTH (puc. 1.5).
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Pazgensaromas
MOBEPXHOCTh

Puc.1.5. [lpunmun pa3aennuMocTy B 3a/1a4e KiIacCuuKaImm

[Mycts Y = {~1, +1}u 0ObekTHI omuchIBatoTCs npu3Hakamu fi,..., fy. JInaeitHbIM pe-

IIAFOTITUM TIPABUIJIOM HA3bIBACTCS AJITOPUTM KiIacCU(DHUKAIIMY BUA:

a(x)=sign (o, f,(Xx)+...+ 0oy fy (X)), (1.8)
rae sign(x)=1, ecim x>0, sign(x)=—1, ecmu x<0; oy ,...,0.y — BECOBbIC KOXPPHUIIHEHTHI,
KOTOpBIC SIBJIAIOTCA MapameTpaMy ajlfOpUTMa W HACTPAMBAIOTCS MO OOydarouield BbI-
oopke XX,

Cawmpblil IpoCTON METOJI HACTPOMKH — TaK HA3bIBAEMBI IEPCENTPOHHBIN AITOPUTM:

1) Beca MHUIMATU3UPYIOTCS CIIyYaliHBIMU 3HAYCHUSAMHU B mHTepBaje (—1/n, +1/n);

2) Bce 00bEKTHl 0Oydaroleil BHIOOPKH B CIy4aliHOM TOPSJIKE MOAAIOTCS Ha BXOJ]
aropuT™a a,

3) eciu 00bekT Xje XK. kmaccuduuupyercs npaBUIBLHO, TO BECa HE MEHSIOTCS, HHAYE
BCE KOA(pPuImeHTs MOAU(ULIHUPYIOTCS TIO MPABUITY:

a, =a,+ f;(X)y;, n=LN. (1.9)

JlokazaHo, 4TO €CJiM BHIOOpKA M3HAYAIBHO JIMHEHHO pa3/ieuMa, TO 3TOT ajJrOpUTM
CXOJIUTCSI 32 KOHEYHOE YMCIIO I11aroB, T.€. oOydaromias BbIOOpKa OyJeT paziesieHa Ha
JIBa KJjiacca 0e3 OmMOoK.

Ecnu npennonoxute, 4To napaMeTpbl 00BEKTOB B KKJIOM KJIACCE€ OMMCHIBAIOTCS HE-
KOTOPBIM BEPOSTHOCTHBIM paclpeielieHueM, TO BUJI ONTUMAILHON pa3Aesistolei moBepX-
HOCTH OTIPEIENSIETCS BUIOM ITHX pactpeaesieHnil. Hanmpumep, ecnu kaxaplid Kiacc OINu-
CBhIBAE€TCSI MHOTOMEPHBIM HOPMAJILHBIM pacIipe/iesICHUEeM, TO pa3Jesstoniasi MOBEPXHOCTh
Oymer kBagpatuuHoil. [yt pacmpeneneHuil ¢ OAMHAKOBBIMHU 3HAYCHHSIMU TapaMETPOB
MPUXOJHUM K BBIPOKICHHOMY CITy4ar0 — JIMHEHHOMY peliaroiemMy npasuiy (puc. 1.6).

L P o
I'pannna mexny 4 JIunuun ypoBHs
KJIaCCaMH Uit pyHKUIMN
\ Q IIJIOTHOCTHU
pacrpeneneHuin
1 X J X
} >

Puc. 1.6. Peaninzanus npuHuuna pa3aeIuMOCTH JIJIsi 0OObEKTOB ABYX KJIACCOB
C IBYMEPHBIM HOPMaJIbHBIM paclpeieICHUuEM
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Ilpunyun noxkpeimus

[TpuHIHMIT TOKPHITUS 3aKIIFOYAETCSI B TOM, YTOOBI CTPOUTH 0OJIACTH B TIPOCTPAHCTBE
IPU3HAKOB, KaX/asi U3 KOTOPBIX OTAEIsIa Obl 0OBEKTHI OTHOCSIIHECS K OJTHOMY KIIacCy
(BO3MOXHO, HE BCE) OT BCEX OCTalbHBIX. Takue 001acTH Ha3bIBAIOT 3TanoHaMu. Kak
IPABUIIO, ITAJOHBI KIMEIOT MPOCTYIO T€OMETPUIECKYIO GopMy (IIapbl, THIIEPILIOCKOCTH,
TUTNIeprapauIeIeUIIC IbI).

Otanon knacca y €Y — 1o npexukar @, @ X —{01}. Ecim ¢, (Xx)=1, To roBo-

PAT, 4TO 3TAJIOH HAKPBIBACT 00BEKT X M OTHOCHUT €T0 K KJaccy y. B IMPOTUBHOM CJIy4dac
O9TaJIOH HC AacT HUKaKOMN HH(l)OpMaHI/II/I 0 KJIaCCOBOM IMPUHAOJIC)KHOCTHU o0BeKTa X. All-
TOPHUTM PACIIO3HABAHUA CTPOHUT MHOKCCTBO 3TAaJIOHOB, KaX(I[BIﬁ N3 KOTOPBIX OTACIISACT
JINIIb H€6OJH>IHYIO 9aCTb CBOCTO KJIaCcCa, HO BMCCTC OHU JOJIZKHBI HAKPBITH BCIO BLI60p-

Ky (puc. 1.7).

O o DTaJoHbI KjIacca
O ? e
O ® /
O
()
O O
O °
O| @

Puc. 1.7. [IpuHuun NoKpbITUS — HAKpbITHE 00yJarolei BEBIOOpKU
COBOKYITHOCTBIO HTAJIOHOB

Bosiee cioHbBIN BapuaHT alrOpuTMa — UCIOJIb30BaHUE MEPECEKAIOITUXCS ITAIIOHOB
— KOrJia KaXIbli 9TaJOH MOXKET HaKphIBaThb HEKOTOPBIE OOBEKTHI «UYKOT0» Kilacca.
[Ipu 5TOM OTIENIBHBIE ATATOHBI CTPOSITCS B COOTBETCTBUH C OOIIMUM IpaBUiioM (Tpebo-
BaHHME 3aKOHOMEPHOCTH ): KaKJIbIM 3TAJOH JOHKEH HAKPhIBATh JOCTATOYHO MHOTO 00b-
€KTOB «CBOETO» KJIacca M JIOCTATOYHO MaJIO0 OOBEKTOB «UykKOro» Kiacca. KoHKpeTHbIe
napaMeTpbl 3TOTO MpaBUiIa 3aBUCAT OT 33JIa4u.

JInst Toro, 4TOoOBI COOpaTh AITOPUTM KiIacCU(pUKAIIUA U3 Ha0Opa MEepeCceKAroUXCs
ATAJIOHOB, KaK MPAaBWIO, UCIIOIB3YETCS MO0€Ab 20710CO08AHUA. OOBEKT X OTHOCUTCA K
TOMY KJIacCy, 32 KOTOPBIN TOJIOCYET HAauOOJIbIIIEE YUCIIO ITATIOHOB:

T
a(x)=argmax > ¢, (X). (1.10)
yeY t=l
JlommycTHM, B Ka4eCTBE 3TAJIOHOB BbIOpaHBI IIaphI BUIA:
o(x)=[p(x,Xo)<T151,
e Xo —LEHTp Imapa, ro — ero paauyc, p(X,Xo) — 3amanHas MmeTpuka (Hanpumep, (1.6)).
[TepeOuparoTcsi BO3MOYKHBIC TIOJIOKEHHUS I[IEHTPa — COBIMAAIONIUE ¢ 00BEKTAMHU BbI-
OopKHU:

% e{x% e X"}
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3aTeM Ipu KakKJIOM Xo [epeOuparoTcsi BO3MOKHBIE 3HAUCHUS pauyca:

rhe{p(%.%)+e, % € X"},
T.K. IMEET CMBICJI PACCMATPUBATh TOJBKO TaKWE 3HAYCHUS PAIUYCOB, IIPH KOTOPBIX IIIa-
PBI JEJAT BEIOOPKY IMO-Pa3HOMY.

O6mee koamuecTBO Takux mapoB — O(K?). Cpenn HEX OTOMPAIOTCS TONBKO TE, KO-
TOpBIC YAOBJICTBOPSIOT TPEOOBAHUIO 3aKOHOMEPHOCTH. HakoHeI, W3 HUX BBIOMpAaETCs
MUHHMAaJIbHOE KOJIMYECTBO IIAPOB, B COBOKYITHOCTH HAKPHIBAIONINX BCE OOBEKTHI BHI-
6opku o mojenu rojgocoanus (1.10) — 3To 3aga4a 0 MOKPHITHH MHOKECTBA CHCTEMOM
ero MOJMHOKECTB, KOTOpas pelleHa B paMKaxX T€OPUHU AUCKPETHON ONTUMHU3ALINH.

3ameuanue. IlpocToTa 3TANTOHOB O0ECHEUMBACT MHTEPIPETHPYEMOCTH AITOPUTMA
knaccupukanuu. Hanpumep, pe3ynpTat paboThl aITOPUTMA MOYKHO NPEJICTABUTH B BH-
1 YTBEPIKACHUS: «anropuTM a(X) OTHEC MPEeUeNeHT X K KJIaccy Y MOoTOMY, YTO OH JIO-
CTaTOYHO OJIM30K K MPELECHTY Xo — THTUYHOMY TpeAcTaBuTelNto kiacca Y. Cpenu 00b-
eKTOB, CTOJIb )K€ OJIM3KHUX K Xo, Kiaccy Y npuHaanexat 90% o0bexToBy. IIpenenenTnas
JOTHKa PabOThl AJITOPUTMA XOPOIIO TMOHSATHA JKCIEPTaM B TaKUX MPEIMETHBIX 00Jia-
CTSIX, KaK MEUIIMHA, CTPAXOBAHUE PUCKOB, KPUMUHAITUCTHKA.

Hpuuuun camoopearnusauuu

Bonpmioi mpoOiemoii sBIgeTCsS BHIOOP MOJIETU AJITOPUTMOB A, U JaJIEKO HE BCErnaa
3TOT BBIOOpP OOOCHOBaH KaKMMHU-TUOO COJEPKATEIbHBIMU COoOOpakeHusMu. Yacto
IPUMEHSETCS JTUHEWHBIN Kiaccu(pUKATOp WM JMHEWHAs perpeccusi — MpocTo MOTOMY,
YTO UX JIET4Ye CTPOUTh, U COOTBETCTBYIOUIUI METO OOYUEHHUS JIETKO JOCTYIEH.

[TpuHIMIT caMoopraHW3aMy MPEAIoIaraeT, 4To CTpyKTypa monenu a(X,y) He u3-
BECTHA 3apaHee U BBIOUPAETCS U3 HEKOTOPOTO MHOXKECTBA alIbTEPHATUB, HACTOJIBKO 00-
raToro, 4YTo ¢ €ro NOMOIIBI0O MOXHO OMUCATh MPAKTUYECKU JTHO0YI0 3aBUCUMOCTb. Me-
TOJ OOy4Y€HHs] Ha OCHOBE CaMOOPIraHM3alUU JOJKEH OJHOBPEMEHHO peuiaTh JBE pa3-
HBIE 3a]aud: BBIOMPATh CTPYKTYpPY MOJEIU U HaCTpauBaTh BEKTOP MapaMeTPOB Y B BbI-
OpaHHOM MOJICIIH.

Kak npaBwio, 3TH 3ajayu pemaroTcs IO JIBYM CaMOCTOATEIBHBIM KPUTEPUSM:
BHEIIHEMY M BHYTpeHHEeMY. MeTos1 00y4eHUs] MOPOXKIaeT LEJI0€ MHOKECTBO aJITOPUT-
MOB a;, t = 1,...,T, uMeroumx pa3Hyro CTpyKTypy. BHyTpeHHUl KpUTEepUil NCTIONB3YETCS
JUISl HACTPOMKHM MapaMeTpoB KaXXIOT0 M3 3THX AJITOPUTMOB (B MPOCTEUILIEM Cilydae —
(ynxumonan smoupudeckoro pucka Q(a,XX)). Ecam Bee anroputMel a; KOPPEKTHBIE, TO
BBIOpAThH JIyYIIUH MO ATOMY KPUTEPHUIO HE YJACTCSA, TaK KaK BCE 3HAUYECHMS dMIMUpUYE-
ckoro pucka Q(a;, XX) omunakoBsl u paBHEI Hymo. s BeIGopa nyuieii u3 T Moneneit
HEO0OXOAMMO IPUBJIEKATh BHEIIHUE JAHHbIE, KOTOPbIE HE ObLIM 3aJ€HCTBOBAHbI B MPO-
1ecce 00y4ueHus1, HampuMep C UCTIOIb30BAHUEM KPUTEPHs CKOJIB3AIIEero KOHTpos (1.4)
— 3TO BHEUIHUW KPUTEPHIL.

Ilpunyun komnozuyuu

[Ipu pemieHnn CIOXKHBIX 3a71a4 KIacCU(PUKAIINK, PETPECCUH U TIPOTHO3UPOBAHUS Ya-
CTO BO3HHUKaeT cieayromas curyauus. OnHa 3a Apyroil OpeAnpUuHUMAIOTCS MOIBITKH
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MOCTPOUTH AJITOPUTM, BOCCTaHaBHI/IBaIOHII/IfI HCKOMYIO 3aBUCUMOCTb, OJTHAKO Ka4CCTBO
pa6OTBI BCCX IMMOCTPOCHHBIX aJITOPUTMOB HEAOCTATOYHO. B takux cIy4dadax UMECT CMbBICII
06’bCILHHI/ITB HCCKOJIBKO aJITOPUTMOB B KOMIIO3UIINIO, B HAACKIC HA TO, YTO IIOI'PCIIHO-
CTH 3THUX AJIT'OPUTMOB B3aUMHO CKOMIICHCHPYIOTCA.

OCHOBHbBIC MEXaHU3MbI KOMITIO3WIINH — YCPCAHCHUC U CIICHHUATIN3aIIHA. HpOCTGﬁIHI’Iﬁ
MpuMEep YCPCOAHCHUA — B3BCIICHHOC CPCAHCC!

a(x):%élwtat(x), (1.11)

rage Wi — BECOBBIC KOB(b(i)I/IHI/ICHTBI, XAPAKTCPHUIYIOIIUC KAa4YCCTBO pa6OTI)I OTACIBHOIO
aJIroputMa d, B COCTaBE KOMIIO3UIUU.

JI1s1 HaCTPOMKHK BECOB MOKHO IPUMEHSTH, HAIIPUMED, CTaHAAPTHBIE JIMHEUHBIE Me-
TOJIBI KJIACCU(PUKAIIMUA U PETPECCUU, paccMaTpuBas BEKTOPHI a1(X),...,ar (X) kak npu3Ha-
KOBBIE OMKMCAHUS O0OBEKTOB.

[Ipy uCHONB30BaHUU MeXAHU3MA ChReyuaIu3ayuu TPOCTPAHCTBO MPHU3HAKOB JIE-
auTcs Ha T oOyiacTei, B KaXKJI0M U3 KOTOPBIX HACTpAMBAaETCsl CBOM anroput™m a;. dop-
MaJIbHO aJIFCOPUTM IPEJICTABIISICTCS TaK)Ke B BHjIe TMHEHHONM komOuHanuu (1.11), onna-
KO Terephb BeCOBbIE KOADPHUITMEHTHI Wy HE TIOCTOSTHHBI, a 3aBUCST OT MOJIO0KEHUS 00BEK-
Ta B POCTPAHCTBE IPU3HAKOB, U HA3BIBAIOTCS )YHKUUAMU KOMBRemeHmHocmu. Takum
o0paszom, 3Th PYHKIHH 33JJa0T HEUETKHUE aHAJIOTH ITAJIOHOB.

Hcemounuku mecmogvix OaHHbIX

[loka He co37aHO YHHMBEPCAIBHOIO 00Yy4aeMOIo ajJropuTMa, CIIOCOOHOrO pelaTh
JT00bIe TPAKTUYECKUE 3aa4 OJJMHAKOBO XOPOIIO, JJIsl BBIOOpa HanboJiee aJeKBaTHOTO
METO/Ia IPUXOJAUTCS MOIB30BATHCS SMIUPUUECKUMHU OlICHKaMU. J[JIsi OCTPOEHUS TaKUX
OIICHOK HEOOXOJMMBI TECTOBBIE MCXO/HbIC JIaHHbIE. PaccMOTpUM MOTEHIMATIBHBIE HC-
TOYHUKH TaKUX JAHHBIX.

1. Ikcnepumenmot na peanvuvlx 0annbix. CrielUaIbHO I TECTUPOBAHUS U CPaB-
HEHUs aJTOPUTMOB CO3/IAIOTCSI PEMO3UTOPUM TIPUKIAAHBIX 3ana4. OauH U3 Hambosee
U3BECTHBIX — peno3utopuit 3anay kinaccudukanmm UCI4, coOpaHHbIN B YHUBEPCUTETE
Npsuna (Kanudopuus, CILIA). OH coaepXut okoJI0 COTHU 3a/1a4, KOTOPbIE OXBAaThIBA-
I0T pa3jIM4HbIC BapUAHTHl MOCTAHOBKM (3aauu KiacCU(UKALUM, KIACTEPU3ALNH, pe-
IPECCUU), UCIOJIB3YIOT PA3IMYHbIC TUIBl MPU3HAKOB OOBEKTOB (JIOTMYECKHE, HOMH-
HaJIbHBIE, MOPSIKOBBIC, YUCIIOBBIE), COAEPKAT JaHHBIE C pa3IMYHBIMU CBOMCTBAMHU (He-
TOYHOCTh, HEIMOJHOTAa, MPOTUBOPEUUBOCTH, H3OBITOYHOCThH, HEIOCTATOUYHOCTH). Jlis
KaKJIOM M3 TaKUX 3ajiay Ui CPAaBHEHUS MIPUBOJATCS MOKA3aTeIM KauyecTBa paboThl U3-
BECTHBIX aJITOPUTMOB M METOJIOB OOyUCHHUSI.

2. Hecnyuaiinvie mooenbHble OanHble CO3NAIOTCA C PA3TUYHBIMU 1EISIMHU.

Bo-nepBbiX, OHU NTO3BOJISIOT HATJISIHO MPOJEMOHCTPUPOBATh, B KAKUX CIy4asX OJl-
HU METOJbI paboTatot srydiie Apyrux. OAuH U3 KIACCUYECKUX MPUMEPOB — JIBE CIHPA-
mu (puc. 1.8). Ota BeIOOpKA XOPOIIO KIACCUDHUITMPYETCS METOAOM OJIMKAUIINX COCe-
JIei, HO HEMPEeOJAOJMMO TPyAHA Jid JUHEWHBIX pa3AeiisitoluX npaBui. Eciaum BUTKH
criupalied pachoJIOKHUTh OJMXKe APYT K APYry, 3ajada CTaHET TPyAHA W JJIs METojAa
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Ommxaiiiux coceneil. HekoTopele KyCOUHO-TMHEHHBIE pa3/IeIUTENd CIPAaBISIOTCS C
3a/1a4eil ¥ B TOM ClIydae.

Bo-BTOpBIX, MOZIETIbHBIE BBIOOPKH JIETKO MAapaMeTPU30BaTh TaK, YTOOBI MPU U3MeE-
HEHUM MapaMeTpa 3ajaya IOCTENEHHO IMepexoausia M3 paspsa MpOCThIX B paspsin
OYEHb TPYAHBIX. DTO IO3BOJIAECT MCCIENOBATh I'PaHUIBI NPUMEHMMOCTH Mertona. Ha
puc. 1.9 nokaszana cepusi MOJEIBHBIX 3a/1ay «IUJIa», 00JaAaromas TakKuM CBOWCTBOM
OTHOCHUTEJIHO METOJ1a OJMMKaWIINX coceiell U HEKOTOPBIX JPYTMX METPUUYECKUX aJIro-
PUTMOB: Y€M MEHbIIIE IIar 3yOL0B MUI000pa3HOM IPaHUIBl MEXTy KJIacCaMH MO OTHO-
HIEHUIO K UX JJIMHE, TEM CIIOXKHEE PEIINTh 33/1a4y pacliO3HaBaHUS.

Puc. 1.9. MoaenbHast BHIOOpKa «IIHJIa
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I'1asa 2. JUHEWHBIN KJIACCUD®UKATOP Y ET'O OBOBIEHUS

2.1. JIuHeliHOe peliaouniee NpaBuiio

Onpeoenenue nuneninozo u aghpunnozo pewarouieco npaguia

B nanHO# T7aBe paccMaTpUBAIOTCS METOJBI pacrlio3HaBaHMs 00pa30B, B OCHOBE KO-
TOPBIX JICKAT:

1) mpeamonox)eHne O TOM, YTO BEPOSTHOCTHBIC XapPaKTEPUCTUKHU PACIPEICICHHS
3HAYCHHUM mapaMeTpoB 00beKTOB P(X) U pacmpeneiacHus o0bekToB mo kimaccam P(Y|X)
HEW3BECTHBI,

2) NPUHIMI Pa3JEIUMOCTH: OOBEKTHI Pa3HBIX KJIACCOB B MPOCTPAHCTBE MPU3HAKOB
MOTYT OBITH Pa3/eIeHbl HEKOTOPOH MOBEPXHOCTHIO, TaK YTO (7S CIIydast IBYX KJIACCOB)
BCE TOYKH IMEPBOTO KJlacca JieKar Mo OJHY CTOPOHY, a BCe TOYKU BTOPOTO Kilacca — Mo
JPYTYIO CTOPOHY OT 3TOW MOBEPXHOCTH.

CHayana paccCMOTPUM METOABI TMOCTPOEHHUS MOBEPXHOCTEHW MPOCTEHIIEro BUaa —
JMHEHHBIX, & BO BTOPOH YacTH TJIaBbl paCCMOTPUM, KaK MOXHO PaCIIUPUTH KJIacc ajro-
PUTMOB KJIaCCU(UKAIIMU, OCHOBAHHBIX Ha TAaKUX MPOCTBHIX KOHCTPYKIIHSAX, 332 CUET
TIPUHIIATIA KOMTIO3HUITHH.

Onpeodenenue. AQPUHHBIM peNIAIONIMM TTPABUIIOM HA3bIBAETCSA AJITOPUTM KJIIACCH-
dbuKanyu BUaA:

a(x)=sign(<w;x>+w, ), (2.1)
Lu>0;
rae We R — kosddumuents mureitnoit kom6uHammu, W, € R, sign(u)={0,u=0;
-1,u<0.

PaccmoTpum ocHOBHBIE cBOMCTBa ad(puHHOTO pentaroiiero npasuia (puc. 2.1).
Ecnmu addunHOe pemaroiiee mNpaBUIO KOPPEKTHO OTHOCUTENIBHO BBIOOPKHU

{(%,y;)eRVx{-11},i=1,M}, re.
a(x;)=y;, 1=1,M, (2.2)
TO B IIPOCTPAHCTBE IPU3HAKOB OHO 3aJa€T THIIEPINIOCKOCTh, KOTOpas yIOBIETBOPSI-
€T NPUHLNILY PA3AEITUMOCTH.
Ecnim  Touku  X.,X, €R"  nexar Ha  JTO  rUNpemIockocTH,  TO:
<W; X, >+W, =< W; X, >+W,. [ToaToMy W npeficTaByisieT co00i BEKTOP, KOTOPBIH ep-

MEHJIUKYJIAPEH K pa3eisoNleil TUIepIuioCKOCTH.

[lycTh X, — HMpoeKUusi MPOU3BOJBHOM TOYKM Ha THUIEPIUIOCKOCTH (pHc. 2.2), I —
JUTMHA TIPOEKIIMH C YYETOM 3Haka, T.e. I >0, ecliu x JeKUT C «IMOJOKUTEIHHOM» CTO-
POHBI OT THUIEPIUIOCKOCTU (C MPOTHUBOIMOJOXHOM OT HAmpaBJEHUsS BEKTOpa), MHAUE

< W, X > +W,
r<0. Torma r=—————— — 3T0 rIyOMHa MOTPYyKEHUsI TOYKU X BIIIyOb Kiacca. B
[Wo|
Wo
YaCTHOCTH, —‘ — pacCTosIHHE OT TUTIEPIITIOCKOCTH 10 Hadaiaa KOOpIUHAT.
W
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<
Puc. 2.1. ApdunHoe pemaroniee mpaBUiio

[ononHenHsblii BekTop mapameTpoB X =(X1) e RN*™ u nomonxennsiit BexTop Beco-

BbIX KO3(¢uimeHToB W'=(W,Wo) TO3BOJISIOT cBecTH anroput™ (12) k muHEHHOMY
(puc. 2.2):

a(x )=sign (< x,(w,w°)>). (2.3)
[TosTomy pemarorue mpaBuiia Bujaa (2.1) Takxke 0ObIYHO HA3BIBAIOT JTMHEHHBIMH.

y - ===

Puc. 2.2. CooTHomeHue TuHEHHOTO U adPUHHOTO PEIIaroIIero npaBuia

Meton oOy4eHus, UCTIOIB3YIONIHNI JIMHEHHOE pelIaroliee MPaBuiio IS pa3acieHus
O0OBEKTOB Ha JIBa Kjlacca, TOJDKEH pelllaTh 3a/1ayy Noucka 3HadyeHuit (W, W, ), KoTopble
ABJISIIOTCS PEIIEHUEM CUCTEMBI YpaBHEHU (2.2), T.€.:

sign (<W; X, >+W, )=Yy,, i=1L,M. (2.4)

Ymeeprcoenue. MuoxectBa X1 u Xz pazaenumsl adhPUHHBIM PEMIAIONIIM TPABUIOM
TOT/Ia U TOJIbKO TOT/Ia, KoTaa MHOXkecTBa X1 M Xo'={—X: X€ X2} MOTyT ObITh OTHECEHBI K
OJIHOMY KJIACCY JIMHEWHBIM pelarommM npasuiioM (2.3) (puc. 2.3).

Torna, ecu Xi={Xi: yi=1, ie1,M}, Xo={xi: yi=1, i€l,M}, to 3amenusn X;'=(X,1) Ha
Xi"=(—Xi,—1) w1 Bcex 00beKTOB 2-T0 Kiacca (y KoTopsix Yi =—1) u Ha Xi"=(Xi,1) ms
BceX 00beKTOB 1-ro Kiacca 3a7a4y (2.4) MOXHO CBECTH K BUY:

W' xi'">>0, i=1,M . (2.5)
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A
Addunnoe ’ X Addunnoe
p.IL p.IL
/ >
| Jluneiinoe Xoh/ L Jluneitnoe
p.IL. » D.IL

a) pasJenrMble MHOXKECTBA 0) Hepa3enuMble MHOKECTBA

Puc. 2.3. ApdunHas u nuHeHas pa3eTUMOCTh MHOKECTB

Jiis (2.5) MOXKHO JaTh JBOMCTBEHHYIO T€OMETPUUECKYIO HHTepIpeTanuto (puc. 2.4)
W' — TOYKa B MPOCTPAHCTBE PEUICHUH, Xi" — HOPMaJIbHBIE BEKTOpA TMIIEPIIOCKOCTEN, 3a-
JAIONIMX OTPAHUYECHUS Ha IMOJIOXKEHHE PelIeHUsl (OHO JIOJDKHO HAaXOAMUTHCS C «OTpHIla-
TEJBHOW» CTOPOHBI OT BCEX TMIEPIIOCKOCTEH, 3aJaHHBIX 00bEeKTaMU) (COOTBETCTBEHHO,
TOYKH X" — C OTPHIIATEIIBHON CTOPOHBI OT TUIEPIUIOCKOCTH, 3alaHHON W"). B coBOKyII-
HOCTU OHM 33/1al0T 00JIACTh PEIIEHUSI — MHOXECTBO, B KOTOPOE JIOJKHA TOIMACTh TOYKA
W', SIBIISIFOIIAsICS pelieHrueM cuctembl (2.5). g 3-MepHOTo citydasi MOKHO pacCMOTPETh

npoekiuio u3 (M+1)-mepHoro nmpoctpancTBa B M-MepHoe (cM. puc. 2.4).

3 IlnockocTtn

MPOEKIUU

Puc. 2.4. JIBoiicTBeHHasi rTeOMETpUUYECKasi MHTEpIIpETALUs
JIMHEWHOT0 pelIarollero npasuia (MPOCTPAHCTBO PEIICHHI)

Ha xoneuHoi BIOOpKE 00BEKTOB 3a/1a4a (2.5) MOKET UMETh OECKOHEUHOE MHOMKe-
CTBO pernieHuil (ecau BooOIie ux umeet). Jisa obecrneueHrs MakKCUMaIbHO BO3MOKHOM
00001aro111el CITOCOOHOCTH PENIAIOIIEro MpaBuiIa KeJaTeIbHO TOJYYUTh PEIICHUE «B
riyoune» mHoxkectBa W*, a He Ha ero rpanure. Torna pa3aensoniasi THIEPIUIOCKOCTh
MPOWIET Ha CYIIECTBEHHOM PACCTOSIHUM OT BCEX OOBEKTOB 00ydYaromied BBHIOOPKH U
MOKHO Oy/IeT HaJIeSIThCSl Ha MPABUIIbHYIO KIIACCU(PUKALIUIO €10 HOBBIX 00BEKTOB. DTOr0
MOYHO JTOOUTHCS, YCUIIUB 3a/1auy (2.5) myTeM 3aMeHbI €€ Ha CIICYIOIIYIO 3a1a4y:
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<W' Xi"™>> Db, 1=1,M, (2.6)
riae b — 3a30p Mexnay kinaccamu (puc 2.5).

v

Puc. 2.5. Biustaue 3a30pa Mex1y KjlacCaMH Ha MHOKECTBO pelieHuid W'

3ameuanue. MHOTHE aNTOPUTMBbI MOCTPOCHUS JTMHEHHBIX PELIAIONIUX MPaBUI M03-
BOJISIIOT TIOJIYYUTh TOJIBKO KaKOe-HUOY/Ib PEIICHUE W3 YKCa BO3MOKHBIX, HE TapaHTH-
pysl €ero onTUMaIbHOCTh. Takoe MpOoU3BOJIBHOE pElIeHue sl 3a1ayu (2.6) npu gocra-
TOYHOW BEJIMUMHE 3a30pa aBTOMATUYECKHU OYIET SBJISATHCS OJIM3KUM K ONTHUMAIbHOMY
Jutst 3aauu (2.5).

AJZZOpumel nocmpoenun JIUHEUHO20 peuiarouieco npaesujia

K 3amaue mocTpoeHuss TMHENHOTO PEIIAOIIETO MPABUIIA MOKHO MTOJOUTH C ABYX IO-
370004070

1) kak K ONTUMHU3AIMOHHOW 3aJadye — B TPOCTPAHCTBE peHICHWH g W'
(cM. puc. 2.4), rae Bce OrpaHUYEHHUsI CBEICHBI K OAMHAKOBOMY BUAY (2.5);

2) KaK K KOMOMHATOPHOMU 337a4€ — aHAIU3UPYS MEPEKPHITHUE BBITYKIBIX 000J0UYEK B
IPOCTPAHCTBE MPU3HAKOB JUIs X', T/I€ OTPaHUYEHUS UMEIOT BUJ (2.4), T.e. peacTaBIe-
HBI B JIByX BapHaHTax.

Onmumuzayuonnstii anzopumm (nepuenmponnsiit). MOXHO BOCIIOIb30BATHCS
CTaHIAPTHOM ONTUMM3ALMOHHOM MPOLIEAYPOI IpaJueHTHOTO citycka (puc. 2.6):

w(k +1) = w (k) —n(K)VQW(K)), k =12,..., (2.7)
rae n(k) — koaddumment odxura (k03PpGUIMeHT 00y4aeMOCTH), KOTOPBIA MacIITa0u-
pyeT pa3Mep O4YepemIHOTro UTepannoHHoro mara, Q(W ) — ¢yHKIImoHaAI KadyecTBa pa-
6otel anroputma a(w ) Ha oOydawmiedl BbIOOpKe, V — omeparop TpaaueHTa,

W (1) e RN*! — mpomsBobHOE HauanbHOE MPUOTIKEHHE.

[Ipouenypa (2.7) noBTOpsieTcst A0 T€X MOp, MOKa HE OyneT JOCTUTHYT KPUTEPHid
OCTaHOBA:

a) Q(wW (k))=0 —T.c. mocTpoeHa pa3aesomnas rurepIrIoCKOCTh;

0) VQ(wW (k)) =0 — T.e. TOCTUTHYT MUHUMYM (JIOKaJTBHBIN) 111 Q(W ).

Ecnu Bo3HuKIa cuTyalus, Korjaa yciioBue (0) BBINOIHEHO, a yClIOoBUE (a) — HE BbI-
MOJTHEHO, TO oOyuaromiasi BEIOOpKa MPU3HASTCS JIMHEWHO Hepa3lelnMoil (MHOXKECTBO
W’* mycro).
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Puc. 2.6. OnNTUMHU3AIIMOHHBIX TIOUCK B TPOCTPAHCTBE pELICHUI

Oo6bryrO M(k )= const, 6o (k) — 0 mpu K — o0 — 3TO MO3BOISACT U3OCSIKATH ITC-

peoOyueHust (dyem Oosibllie 0OBEKTOB OOydaromeld BHIOOPKHU YK€ 3aJeiCTBOBAHO IS
ONPEIEIICHNS 3HAUEHUM W’, TEM MEHBIINM BEC MPUIAETCA KaXKIOMY HOBOMY IPELIE/ICH-
Ty). Ha puc. 2.7 nokazansl cuTyalnuu, Korja 3HadeH’e 1| BBIOpAHO HEY1auHO.

/
< TR

=7V =

Puc. 2.7. Heynaunslii BeIOOp 3HaueHus koapduunenta odoxura

Buibop @ynkyuonana xauecmsea. ®@ynkimonan kadecta Buma (1.1) (kommuectBo
HEMPaBUJILHO KJIACCHU(PUIIMPOBAHHBIX OOBEKTOB) — 3TO CTyNeH4YaTas (PYHKIUS B IMPO-
cTpaHcTBe pemieHuit. OHa HE UMEET TpaJMeHTa, MOATOMY HMCIOJIL30BaTh €€ B JaHHOM
ciy4ae He ypaactcs. BMecTo 3Toro ucmoiib3yeMm MNeplenTpOHHBIM (PYHKIIMOHAT Kade-
CTBa:

QW) =D —<w;x">, (2.8)

iel
rie | ={iel,M :y; #a(X; )} — MHO)eCTBO 00BEKTOB OOyuaromieil BbIOOPKH, KIacCu-

(bULIMPOBAHHBIX HEMPABUIILHO.
Torma vQ(w') = Z—xi", MOATOMY METOJ] 0Oy4YeHHs] MPUHUMAET BUJI, AaHAJIOTHYHBIN

iel
(1.9):
ww(k+1)=w(k)+n(k)>X—x"". (2.9)
icl
ITo Teopeme HoBukoBa nporecc (2.9) cxoautes K perieHuto. I'eomerpuyecku Q(w')
— 9TO CyMMa BEKTOPOB, SIBJISIOIIMXCS MEPIECHINKYIIpaMu U3 Tekyiieid Touku W'(K) Ha
THIEPITIOCKOCTH, COOTBETCTBYIOIIUE HEBBIMOJIHEHHBIM OrpaHUYeHUsIM (pHc. 2.7).
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Komounamopmuwtii ancopumm 0CHOBaH Ha CIIEYIOIIEM YTBEPKICHUU.

Ymeepocoenue. JIBa MHOXKECTBa pa3aeuMbl aQGUHHBIM PEIIAIOIIUM IPABUIOM TO-
I71a ¥ TOJIBKO TOT/1a, KOT/Ia UX BBIMYKJIbIE 000JI0YKU HE MEPECEKAIOTCS.

Jljist TOro, 4TO0BI OCTPOUTH PA3IEISAIONIYI0 THIEPIIOCKOCTh, HEOOXOAMMO HaWTH
OJIv KalIIMe TOYKU BBIMTYKJIBIX 000JIOYEK JJII TOYEK M3 ABYX KiaccoB. MHOXKeCTBO ce-
PEAVHHBIX MEPIEHIUKYISIPOB K OTPE3KY, COSAUHSIONEMY 3TH TOUYKH, U OyJIeT HCKOMOMU
TUIEPILIOCKOCTHIO.

Brimyxityto 0005104Ky Ka)KIOro Kjlacca MOXHO 3aJaTh B BUJE JHMHEHHON KOMOWHAa-
IIUU BXOJIAIINX B HETO TOUYEK:

M M
vx e Conv( X" ):x:_Zlocixi,_Zloci =1,
i= i=

JIBe MCKOMBIE TOYKH JOJDKHBI JICKATh HA TPAHSAX BBIMYKJIOW 000JIOUYKH, IPUIEM TIO
KpaiiHel Mepe ojiHa U3 HUX — B BepumHe. [10aToMy 3a7ava nmovcka mnapsl OImKanimmx
TOYEK JIBYX KJIACCOB CBOAMUTCS K KOMOMHATOPHOM 3ajjaue BUA:

a=argmin| Yo, X' - ¥ a;X';eR".
Iyj=-1 Jyi=l
[IpoGyiema cOCTOUT B TOM, YTO BBIMTYKJIbIE 000JIOYKA MHOKECTB MOTYT UMETh OYEHb
MHOT'O BEpPIIMH: UX KOJUUecTBO oneHuBaetcs BenmuuHor O(e(M)). ITosromy mosHbIH
nepedop BCEX BEPIIMH BBIYMCIUTEIBHO CIIOXKEH.

Cnemnaem oOlee 3aMeuanue, OTHOCAIIEECS KO BCEM allTOPUTMaM pacro3HaBaHUs (He
TOJIBKO K JIMHEHHBIM). UeM OoJibllie JaHHBIX MPEICTaBICHO B 00yUaroiiei BhIOOpKE, TeM
y’K€ CTAaHOBUTCSI MHOXKECTBO JIOIMYCTHUMBIX PEIICHUHN U pElIeHrue UCKaTh clioxkHee. OHa-
KO YeM CIIO’)KHEE MCKaTh PEIIeHHEe, TeM OOJIbIIIe YBEPEHHOCTH B TOM, YTO OHO OyJeT Ka-
YECTBEHHBIM C TOUKH 3peHus 00001menus uapopmanun. O6br4aH0 monararor M > N2,

2.2. AropurMu4ecKue KOMIO3uIUU

OcHoBHAas Hes KOMITO3HUIINK — 00bETIMHUTH HECKOJBLKO 00JIee IPOCTHIX aJITOPUTMOB
(KaK TpaBWIIO, OJTHOTHUITHBIX ), KOKIBIM M3 KOTOPHIX B OTACIBHOCTH HE MOXET PEIIUTh
3a/1auy, B pacdere Ha TO, YTO MOTPEIIHOCTH ITHX aJITOPUTMOB B3aUMHO CKOMIICHCHUDY-
1otcs. [Ipy mocTpoeHNM KOMITO3UIIMYA BO3SHUKAIOT CIEAYIOIINE BOIIPOCHI:

— Ilpu KakuX yCIOBHSIX Ka4ECTBO KOMITO3HMIIMHM OKAXETCS JIydIle, YeM Y OTACIIb-
HbIX 0a30BbIX AJITOPUTMOB?

— Kak nactpauBaTh 6a30BbI€ aJITOPUTMBI, YUUTHIBAs, YTO OHU OyIyT padboTarh B
COCTaBE KOMIO3ULIUHU?

— Kak 000iTHCh, MUHUMATBLHBIM YUCIIOM 0a30BBIX aITOPUTMOB?

Hpocmpaucmeo OUECHOK U Koppekmupyrouiue onepauuu

Bynem paccmaTpuBaTh aaropuTMbl, UMEIOIIME BU/:
a(x) = C(b(x)),
rne b: X—R; C: R-Y.
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MHorue anropuTMbl KiacCU(PUKAIMK UMEIOT UMEHHO TaKyl CTPYKTYpy: CHadaja
BBIYHCIISTFOTCST OLICHKH MPUHAICKHOCTH 00BhEKTa KilaccaM, 3aTEeM pelIarolee MpaBUiIo
TIEPEBOJIMT 3TH OIICHKH B HOMEp KJiacca. 3HaUCHHE OICHKH, KaK IMPaBHIIO, XapaKTepH3Yy-
€T CTCIICHh YBEPEHHOCTH KJIaCCHU(UKAIIHH.

Onpeoenenue. ATTOPUTMUICCKON KOMIIO3UITUECH, COCTABICHHON U3 azopummude-
ckux onepamopog by: X — R, t=1, ..., T, koppexmupyroweit onepayuu F: R" — R u
pewatrowezo npaguna C . R — Y Ha3piBaeTcs anroputm a. X — Y Buja:

a(x) = C[F(b,(x),....br (x))]; (2.10)

[Tpu atrom dynkiuu ai(x) = C(b«(x)), t=1, ..., T Ha3pIBatOTCSA Oazo6bimu anrzopum-
Mamu.

[Iprmeps! pemaromux npaBuil B HOBOW TPAKTOBKE:

1) C(b)=sign(b);

2) C(b)=(b>d) (d — mopor) — moporoBoe pemiaroiiee MpaBuio;

3) pemaroriee TpaBWIO UL 3aMadyd Kiaccupukarmuu ¢ K HemepeceKaroImUMUCS

KilacCaMHU:
C(by,...,bx )=argmax b, (x), (2.11)

kel,K
rae b, (X) — creneHp yBEpEeHHOCTH aITOPUTMHUYECKOTO OMEPAaTopa B TOM, YTO OOBEKT X
OTHOCHUTCS K KJiaccy K.

[lepeuncinrM OCHOBHBIC BHIBI KOPPEKTHUPYIOIIUX OIMEpaIfii ¥ B KaKIOM ClIydae B
KayecTBE IMpHUMeEpa PACCMOTPUM BapUaAHT, KOTJa Oa30BBIMH aITOPUTMAMHU SIBISIOTCS
JIMHEWHBIC PELIAOIINE IPABUIIA.

1. IIpocmoe 2onocosanue. IlpocTediiuM NpUMEPOM KOPPEKTUPYIOIICH Ornepaiu
SBIISIETCS CpefiHee apu(PMETHIECKOE:

b(x):F(bl(x),...,bT(x)):Tlélbt(x). (2.12)

Bapuant ipu b(x) e {-1,1} — 20n10co6anue no 6onvuwiuncmay: o0bEKT OTHOCUTCS

K KJaccy, K KOTOPOMY €ro OTHOCHT OOJIBIIMHCTBO aJITOPUTMHUYECKHX OIEPaTopoOB
(puc. 2.8).

Pemaroniue IpaBHjIa,

& 1 |K—  sajamHbIe 0a30BBIMH

Permaromiee npasuio, aJIrOpUTMaMH
3aJaHHOE KOMTIO3UIIHEH 1 1 /
0 \ S

HoMmep kmacca, K KOTOpoMy
otHocuTes obmacte  —— [ 0 0
IIPOCTPAHCTBA PU3HAKOB

Puc. 2.8. T'onocoBanue no 60JIbIIMHCTBY
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2. B3sewennoe zonocosanue. Koppexrupyroimas omneparusi F MoxxeT uMeTh CBO-
O0O0JHBIE TapaMeTpbl, KOTOpble HEOOXOJMMO HacTpauBaTh MO OOydYaroliel BbHIOOpKE
HapsAy ¢ mapameTpaMu 0a30BbIX AJITOPUTMOB.

[Ipumep — nuHeiHas KOMOMHAIUS OA30BBIX AJITOPUTMOB:

b(x)= F(bl(x),...,bT(x)):%éatbt(x). (2.13)

3. I'onocosanue no cmapwuncmey. Koppexkrupytomas onepamust F: R—Y | rioe
Re {0,1}, BeraucnseTcs 1o ciaeayroIieMy alropuTMy:
g t=1,...,T
eciu by(X)=1, To 00BEKT X OTHOCHUTCS K KJIaccy ¢t
uHave t=t+1 u mpaBo rosoca mepenaeTcs CIEAYIOUIEMY MO CTAPIIMHCTBY aJro-
puUT™MY D1
Takum 00pa3om, Kakiblii 0A30BBIA aJTOPUTM B COCTABE KOMIO3UIMHU JIHOO yKa3bl-
BaeT KJacc, K KOTOPOMY OTHOCHTCSI OOBEKT, JINOO OTKA3bIBAETCS OT KiIacCU(PHUKAIINH U
nepesaeT MmpaBo rojioca CIeAyIoeMy MO CTapIIMHCTBY anropuTMmy. Ecnu kakoii-nmbo
0a30BbIN AITOPUTM yKaszajl Kiacc AJig 00beKTa, TO PEIICHUE MJIAIIINX 0a30BbIX ajro-
PUTMOB YK€ HE IPUHUMAETCS BO BHUMaHue (puc. 2.9).

b1 c1=1
Peraromiee mpasuio, by Ca=1
3aJJaHHOE KOMIIO3UIIUEN
1
1 b, c2=0
Howmep knacca, k koTopomy —_— 1

OTHOCHUTCS 00JIacTh 0 1
MMPOCTPAHCTBA ITPU3HAKOB

Puc. 2.9. 'onocoBanue 1o CTapIinHCTBY

4. Cmecv anzopummos. Ilpeanonaraer, 4to Beca 0a30BbIX AITOPUTMOB HE MOCTO-
SIHHBI U 3aBUCAT OT TOJIOKEHUSI 00BbEKTa X B IPOCTPAHCTBE Mpu3HakoB. KBazununennas

KoMOuHaIuss 0a30BbIX anroput™MoB Di(X) ¢ dyskimsamu kommereHTHOCTH  Ji(X),
t=1,..,T:

b(x)=:§gt(x)n(x). (2.14)

Ecimm ¢ynkims gi(X) npuauMaet tosibko aBa 3HadeHus (i(X)e{0, 1}, To MHOXECTBO
Bcex Xe X, msa KoTtopbiX gi(X)=1, Ha3pIBaeTCst 007aCThIO KOMIIETEHTHOCTH 0a30BOTO aji-
roput™ma Dy(X). Eciiu B HekoTOpo# 001acTH MPOCTPaHCTBA MPU3HAKOB Bee §i(X) MEHBIIIE
HEKOTOPOTrO TIOpora, TO KOMITO3UITUSI BOOOIIE OTKa3bIBaeTCs OT Kiaccupukarmm. Kak
IIPABUJIO, IPUYHMHA COCTOUT B TOM, YTO B ATOW 00JIACTH HAXOIUTCS CIIUIIKOM MaJio 00b-
eKTOB oOyuaromiei BeIOOpku. Takum 00pa3oM, cMecH TO3BOJISIOT BBISIBJIATH HOBBIE CH-
TyalllH, B KOTOPBIX UMEIOIIMECS 00yJarolie JaHHbIC HE Jaf0T OCHOBAHMIA I BEIOOpa
KJj1acca 00beKTa.
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3ameuanue. KomMno3uiuu, moCcTpOCHHbIE C UCIOJIB30BAHUEM MEPEUUCICHHBIX KOP-
PEKTUPYIOUIUX OINepanuii, MOKHO paccMaTpuBaTh Kak 0a30Bbi€ allTOPUTMBI J1JI1 KOMIIO-
3UIIMM BTOPOTO MOpSAJIKa. ITO MOXKHO MCHOJIB30BaTh, HAIPUMEp, JJIS PEUICHUS 3a/lauu
MHOTOKJIACCOBOM KJIacCHU(PUKALIUU: COBMEIIAsT KOMIIO3UIIMKM C JIOTUKOW OOJBIIMHCTBA
JUTISL 3aJ]aHusl PEIIAIONINX MPaBUJl NIEPBOTO MOPSAIKA U KOMIIO3UIIMU C JIOTUKON CTap-
IIMHCTBA, B KOTOPBIX BBIIIEYKa3aHHbIE PEIIAIONINE MPaBUIa BRICTYAIOT B KauecTBe 0a-
30BBIX AJITOPUTMOB).

AﬂZOpMmel nocmpoenun Komn03uum2

MoOXHO yKa3aThb OCHOBHBIE CTPATETMH, UCMOJIb3yeMbIE€ MPU MOCTPOCHUU aJITOPHUT-
MHYECKUX KOMITO3ULIHHM.

1. Ilocneoosamenvnan onmumuszayus. bazoBbie aITOPUTMBI CTPOSITCA MO OUYEPEH,
U KaXKJIbIH CIIEIYIONIUM CTapaeTcsi KOMIEHCUPOBATh HEIOCTATKH MPEIbIAYIINUX (HAIpH-
Mep, JIJIsl TOJIOCOBAHUSI CTAPIIMHCTBA — KJIACCU(PUIIUPYET TOJIBKO T€ 0OBEKThI 00yUaro-
el BEIOOPKU, KOTOPbIE HEMPABWIBHO KIACCU(DHUIIMPOBAHBI MPEABIAYIIUMUA aTOPUT-
Mamu). Takasi cTpaTerusi He rapaHTHUPYET MOCTPOEHUSI ONTUMATBHOM KOMIO3HUIIUHU, HO
UMeeT MPAKTUYECKUN CMBICH, MMOCKOJIbKY TIOUTH BCETJa MO3BOJIIET HAWTHU XOTs Obl Ka-
Koe-HuOy b penieHue. [Ipumepsl MeTOI0B 00yUYeHUs, UCTIONB3YIOIIUX 3Ty CTPATETHUIO:
MPOCTEUIIINE METOJIbI IOCTPOCHUSI KOMUTETOB OOJIBIIMHCTBA U CTAPIIMHCTBA, OyCTHHT,
METOJ MOHOTOHHOM KOPPEKIUU.

2. Ilapannenvnasa onmumu3zayus. bazoBple aITOPUTMBI HACTPAUBAIOTCS HE3aBUCH-
MO JpyT OT Jpyra. YToObl OHU HE MOJYYaJIUCh CIMIIKOM MOXOXUMHU JAPYT Ha Jpyra,
HACTpOWKa MPOU3BOJIUTCS MO PA3JIMYHBIM YaCTAM O0y4Yarolleld BEIOOPKH, JTUO0 MO pa3-
JUYHBIM YacTSAM MPU3HAKOBOTO OIMUCAHMS, MO0 MPU PA3TUYHBIX HAYaJIbHBIX MPUOJIH-
eHusix. [Ipumepsl MeTo0B 00yUYeHUsI, UCIIONIB3YIONIUX 3Ty CTPATETUIO: OAITHUHT, ME-
TOJ CTy4alHbIX MOAMPOCTPAHCTB, FTEHETUUECKUE METO/IBI.

3. I'nobanvnas onmumuzayusa. Pemaercs 3agada 0JJTHOBPEMEHHOTO ITOMCKa 3HaUe-
HUW MMapaMeTpoB BceX 0a30BBIX AJITOPUTMOB, JTOCTABISIONIUX ONTUMYM HEKOTOPOMY
dbyHKIIMOHATY KauecTBa pabOThl Bcel kKoMmmosunmu. Ecim Takyro 3amady ymaercs pe-
IIUTh, TO MOJYYEHHOE PEUICHUE UMEET OUEHb BHICOKOE KAUYECTBO, HO HAWTU €T0 CIIOKHO
0 1EJIOMY PSY NPUYHH:

— 3a/1a4a ABJISIETCA MHOTOAKCTPEMAIIBHOM J1a)K€ MPHU MCIIOJIb30BaHUU allTOPUTMHUYE-
CKHMX OIEpPaTOPOB CaMOT0 MPOCTOrO BUJIA;

— 3aJlaya BBIYMCIUTEIBHO CI0XHA (Kak mpasuiio, NP-cioxHa);

— JIJIs1 IOCTPOEHUS ONTUMHU3AIMOHHON MPOIEypbl HEOOXOAUMO 3HATh «BHYTPEHHEE
YCTPOMCTBO» 0A30BBIX JITOPUTMOB, YTO 3aTPYyAHSIET MPUMEHEHUE CTAHJAPTHBIX METO-
JIOB 00yUYCHHUS.

Ilocneoosamenvhulit anzopumm (0owaa cxema). bynem cuurarh, 4To Bce 6a30BbIC
aJTOPUTMBI B COCTABE KOMIO3UIIMHM MMEIOT OJMHAKOBBIA BHUJ M M3BECTEH HEKOTOPBIM
CTaHJAPTHBIN METOJ] 00yUeHHUs |L, KOTOPHIA MO3BOJISET MOCTPOUTH 0a30BBIM aITOPUTM
(T.€. oTmpeaeuTh ero nmapaMeTpsl) Mo 3aJJaHHON 00yJaroIel BEIOOPKE.
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Ha kaxxiom 1miare B KOMIO3UITHIO T0OABIsIETCS HOBBINM anroputM. Ha t-m mare 6a3o-
BBII anroput™ by u koppekTupyroimas onepamus F ontuMusupyrorcs npu GUKCUpPOBaH-
HbIX D1, ..., De1:

b, =argmin Q(F(by,....b_,,b), XM YM). (2.15)
b,F

Bo MHorux cinydasix juis pemienust 3aaauu (2.15) yaaercs npucnocoOUTh CTaHAAPT-
HBIE METO/IbI 00YUEHHMsI, pelarolue 3a1ady 0ojiee IpoCTOro BUa:

b, =argmin Q(F(b), XM ,YM). (2.16)
b,F
Jl1s1 aTOro (hyHKIIMOHAN KayecTBa 00ydeHusl BRIOUpaeTcs B popme:
M
Q= _ziWi L(a(x; ), yi)-
i=

Ha Bxox crammapraoro meroma o6ydenms w(XM,YMWM) monarorcs momudunupo-
BanHbIe BekTOpHI BecoB WM n otBeToB YM. Momudukanus Becos, Kak IpaBUiIo, CBOIUT-
Csl K YBEJIMUEHUIO BECOB y HanOoJiee «TPYAHBIX» 00OBEKTOB, HA KOTOPBIX Yallle omunoa-
JHUCHh Tpenbiaymye 0a30Bbie alrOpUTMBI, a MOAU(UKAIMS OTBETOB — K MX 3aMEHE Ha
HEeBs3KY Yi — a(Xi).

3ameuanue. ba3oBbIi anropuT™ D, ONTUMABEHBIN Ha t-M IIare, MOKET OKa3aThCs HE
ONTUMAJILHBIM TOCJIE JOOABICHUS CIEIYIONUX anroputMoB. [Toatomy mporecc (2.15)—
(2.16) MoxxHO 0000MTUTE, Yepeays J0OaBIEHNE HOBBIX AJITOPUTMOB C IMEPEHACTPOUKOM
peIbIIYIINX:

b, =ar%min Q(F(by,....b_;,b,b, 1,0, ), XM Y MY, (2.17)
F

Kputepun ocranosa s nporiecca (2.15)—(2.17):

— TIOCTPOEHO 33/IaHHOE KOJIMYECTBO 0a30BbIX AJITOPUTMOB T;

— JIOCTUTHYTA 3ajJlaHHasi TOUHOCTh Ha 00y4aronieil BIOOpKE:

Q(F(by, ..., by), XM, YM) < ¢;

— JIOCTUTHYTYIO TOYHOCTh Ha KOHTPOJILHON BeIOOpKe XX He ymaercsa ymydmurs Ha

NPOTSDKEHUM MOCeAHNX O 1maros:
t—t*>d,

rie d — mapametp anroputma, t* =argmin Q(F(by,...,.b, ), X Y ).

selt

Hapannenvnutit ancopumm — 632eune. V3 ucxoanon odyyaroiieil BBIOOPKH JTUHBI
M dopmupyroTcs pazinuHble 00yJaroiue MmoaBBIOOPKHU TOM ke JHbl M ¢ momoiibio
OyTcTpena — CIiy4aifHOro BeIOOpa ¢ OBTOpeHUsMH. [Ipr 3TOM HEKOTOpBIE 00BEKTHI IO~
najaloT B MOABBIOOPKY IO HECKOJIBKO pa3, HEKOTOPhIe — HU pa3dy. ba3oBbie aaropuTMbl,
OOy4YeHHBIC TIO MOABBIOOPKAM, OOBEAUHSIOTCS B KOMIIO3UIIUIO C TIOMOIIBIO MPOCTOTO
TOJIOCOBAHMSI.

O dekTUBHOCTH OATTUHTA OOBSICHAETCS IBYMSI 00CTOATEILCTBAMH:

1) Giaromapst pa3nuIHOCTH 0a30BBIX ATOPUTMOB, UX OMHUOKH B3aUMHO KOMIICHCH-
PYIOTCSI TIPY TOJIOCOBAHUY;
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2) 00BEKTHI-BBIOPOCH MOTYT HE TIOMA/IaTh B HEKOTOPHIE 00YyUaIOIINUe MOABBIOOPKH.
Torma anroput™, TOCTPOCHHBIN IO TIOJBBIOOPKE, MOYKET OKa3aThCs TOYHEE aTOPUTMA,
MIOCTPOCHHOTO TI0 TIOJTHOM BEIOOPKE.

Jlpyrue momyJssipHbIE allTOPUTMBI, PeaTU3yIOIINe MapalIeIbHBIN MTOUCK — 3TO METO.T
CIIy9aifHbIX TIOJIMTPOCTPAHCTB, TCHETUYCCKUE METO/IBI.

2.3. HesiuHeliHbIe 00001IeHNSI JIMHEHHOTO Kiaaccupukaropa

[IprHIMI pa3IeaIMMOCTH, KOTOPBIN 3KCILTyaTUPYETCS B IMHEHWHBIX PEIIAIOIINX IIpa-
BUJIAX, TIO3BOJISIET MPECTABUTD 3a7a9y 0OyUeHUS, KaK 3a/1auy PEIICHUs CHCTEMbI Hepa-
BEHCTB:

— TIapaMeTPhl OTACTBHBIX HEPABEHCTB 33Ial0TCsI 00BEKTaMH 00y4aroel BRIOOPKH;

— pellleHne COOTBETCTBYET MapaMeTpaM MCKOMOTO PEIIAOIIero MpaBmia (TOYHEE —
aJTOPUTMUUYECKOTO OIIEPaTopa).

DTta ujaes ecTeCTBEHHBIM 00pa3oM 0000IaeTcst Ha Ciydyaid, KOorjla HepaBeHCTBA SIB-

NSOTCS HeNMMHEHHBIME. Ilpy 3ToM pasgensiomas mosepxHocTs {X € R :b(x)=0}

CTAaHOBUTCS] HEJIMHEWHON M MOXKET allpOKCUMHUPOBATH 00JI€e CI0XKHbIE (PYHKINOHAIb-
HblEe 3aBUCUMOCTH Y™ (X). HenMHEWHOCTh MOYXHO BBECTH JIBYyMSI CIIOCOOAMM: 3a CUET

HEJIMHEHHOTO aJropuTMHUYEcKoro oreparopa b(X), mm0o 3a cyeT HETUHEWHOTO pelIaro-
mtero npasuia C(D). PaccmoTpum 06a BapuaHTa.

Henuneiinoe npeobpazosanue npocmpancmea nPUIHaAKos

B kxaudecTtBe HEIMHEWHOTO AITOPUTMHUYCCKOI'O OIICpaTopa MOKHO, HAIIPUMCP, BbI-

OpaTh MOJIMHOMHUAIIBHBIN AJITOPUTMUYECKHI OIlepaTop:
N N N

N N N
b(X) =Wy + X W;X; + 2 D WX X + 2 2 X Wi X XX + e (2.18)
i=1 i=1 j=i i=1 j=ik=]

Yem OomblIe CIaraéMbIX UCMOJIb3YETCS B 3TOM BBIPAXKEHUH, TEM IIHPE KIIACC pa3jie-
JSIOIIMX TTOBEPXHOCTEN. B yacTHOCTH, JJ1s1 KBaJpaTUYHOTO pelIaroiiero mpasuia ¢op-
Ma MOBEPXHOCTH — JILIUIICOU, MO0 runepOosions (B 3aBUCUMOCTU OT 3HAYEHUH KO-
3¢ GUIIEHTOB W).

JIt000i1 HENMHENHBI aNropuTMHYECKUl oneparop, B T.4. (2.18), MOXHO mpencTa-
BUTH B aJIbTEPHATUBHOU (hopMme:

a(x)=iN:z'lwi<pi(x), (2.19)

rae @;(X),i=1,N' — HeKOoTOpbIe HENNHEHHbIE (QYHKIUH.

o N
T.e. mo0oe pemiaroniee NpaBuiIo, HEJIUHEHHOE B MPOCTPAHCTBE MpHU3HAKOB X =R ™,

MOXHO IMPEJICTaBUTh KaK COBOKYIIHOCTb HEIMHEHHbIX (yHKUUM @;(X),i=1,N", mpeoo-

pa3yolux mapaMeTpbl 00bEKTOB B HOBOE MPOCTPaHCTBO pa3mepHocT N', U TMHEHHO-
r0 pelarouiero npasuia B 3TOM NpeoOpa3oBaHHOM IPOCTPAHCTBE.
Paccmotpum npumep (puc. 2.10). Ilycte HenuHelHble npeoOpa3oBaHus 1S mapa-

MeTpoB 00bekToB UMetoT By ¢ (X)= X", ?(X)=Xx?, ¢>(Xx)=ax'x* — T.e. HeUHeii-
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HBIM, (DAKTUYECKH, SBISICTCS MPeoOpa3oBaHHWE TOJBKO OJHOTO U3 TPEX IapameTpoOB.
Jlo0OaBiieHre 3TOro mapaMmeTpa MO3BOJIWIO NEPEBECTH 3aauy U3 2-MEpPHOT0 MpPOCTpaH-
CTBa MpU3HAKOB B 3-mepHOe. OOBEKTHI, KOTOPbIE PaHbIIE PACIONATATUCh HA TIOCKO-
CTH, TENIEPh PacIoJiaraloTcs Ha KPUBOJMHEHHON MOBEPXHOCTH B IPeOOpPa30BaHHBIX KO-
opauHaTtax (cm. puc. 2.10). JluneliHoe pelaroniee NpaBuwiio B MpeoOpa3oBaHHOM MPO-
CTPAHCTBE MOXKET 3a7aBaTh TpaHUIly MEXIy KiaccaMu, 00pa3 KOTOpOHM B HCXOIHOM
MIPOCTPAHCTBE MPU3HAKOB — HEJIMHEHHBIN (cM. puc. 2.10).

Puc. 2.10. Henuneiitnoe npeoOpa3oBaHue MPOCTPAHCTBA TPU3HAKOB

PaccMOTprM OMH M3 MOMYJISPHBIX METOJIOB OOyYEHHsS, OCHOBAHHBIX Ha HEIHHEH-
HOM TIpeo0pa30BaHUU — METO1 OMIOPHBIX BekTopoB SVM (Support Vector Machine).

B npeobpazoBaHHOM MPOCTPAHCTBE I KAXKIOI0 00BEKTa MOXKHO OIPEICIIUTh 3a-
30p, T.€. PACCTOSIHHE JI0 Pa3JIeNISIONICH THIICPILIOCKOCTH:

mi=yiS|gn;v‘W;Z‘>,i=1,_M, (2.20)

I'Ac Zi :((Pl(xi )""’(PN| (Xi ))

B MeTose onmopHBIX BEKTOPOB CTABUTCS 33Jjada MAaKCUMH3AIUH 3a30pa 110 BceM 00b-
eKTaM oOyuaromiel BHIOOPKH (4TOOBI 00ECIeYnTh MAaKCUMAJIbHYI0 00O0OIIAIOIIYIO CIO-
COOHOCTh AJITOPUTMA):

p: w=argmax(min m;). (2.21)
w LM

OnopHbIMU BEKTOpaMH, Ha3bIBAIOTCS OOBEKTHI OOydaromield BHIOOPKHU, pACCTOSIHUE
OT KOTOpPBIX B MPeoOpa30BaHHOM IMPOCTPAHCTBE MPU3HAKOB A0 PA3IEISIOUIEH THIEp-
MJIOCKOCTH, COOTBETCTBYIOIIECH pemieHuro 3anauu (2.21), munumanbHo (puc. 2.11).
MMeHHO OHM ONpenensioT MOJOKEHUE pa3lesioleld TUNepIuioCKOCTH, T.€. JAl0T
00JIbIIIYI0 YacTh UHGOPMAIIMK O CBOMCTBAX 00yYaromiell BHIOOPKU C TOUKH 3PEHUS pe-
IIEHUS 3a]]a4M KJIacCU(pUKAIUH.

JlokazaHo, 4TO YeM MEHbIIIE JI0JIs OTIOPHBIX BEKTOPOB B BHIOOPKE, TEM BBIIIE 0000-

IaroIias CnocoOHOCTh MOCTPOCHHOTO anroputMa. [losTomy 3agada 00ydeHus: — moaoop
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napaMeTpoB HejuHelHoro npeodpasosanus ¢: RN — RY, obecneunparomux Munu-
MHU3AIMI0 KOJWYECTBA OMOPHBIX BEKTOPOB. s MOIMHOMHUANIBHBIX MPEOOpa30BaHUIA
ATa 3aja4a CBOAMUTCS K 3ajlaue MaTeMaTHYE€CKOro MPOTrpaMMHUPOBAHUSI COOTBETCTBYIO-
el pa3sMEpPHOCTH.

A,

<—>0'(X)
Puc. 2.11. Onopusie BeKTOpa

MHnozocnoiuinvie HellpoHHble cemu

Jpyrast BO3MOXHOCTh 0OOOIIEHUS IMHENHBIX PEILIAIOIINX MPABUI — AITOPUTMUYECKUNA
omepatop  b(X)  ocTaBUTh  JHMHEWHBIM, A  peIlAlIiee  NpPaBWIO  BHJIA
C(b)=sign(b)e{-1,1} 3ameHuTh Ha HETMHEHHYIO (DYHKITUIO C HEMPEPHIBHBIM MHOKE-
crBoM 3HaueHuit C(b) e D — R. Kak npaBuiio, Takast pyHKIMs npeAcTaBiIsieT coOon He-
KOTOPYIO MIAJIKYI0 anmpokcumanuro uist Sign(b). B aTom ciryuae anroputMudeckyro KoM-
MO3UIIMIO MOXKHO CTPOUTH HE Ha allTOPUTMHYECKUX omeparopax b, (x),...,b; (Xx), T.e.:

a(x)=C(F(by(x),....br(x))),

a HEeTIOCPECTBEHHO Ha 06a30BbIxX anropurmax C(b(Xx)),...,C(b;(x)), T.e.:

a(x) = C(F(C(b,(x)).....C(br(x)))). (2.22)
Tornma pe3ynbrarsl pabOThl 0A30BBIX AJITOPUTMOB B COCTABE KOMITO3HUIIUU MOXKHO
paccMaTpUBaTh:
a) KaKk HeTTMHEHHOoe MpeoOpa3oBaHNe UCXOAHOTO MPOCTPAHCTBA MPU3HAKOB:
' (x)=C(b,(x)), t=1T, (2.23)

MPUBOJIAIIEE K 3a]ja4e TOCTPOCHUS anroputMa Bujaa (2.19);
0) KaK pe3yJbTaT paboThl HCKYCCTBEHHOTO HeMpoHa (puc. 2.12).
b(x)
S
O ®)
y 5 r— @(;()
O

=

Puc. 2.12. MckyccTBEHHBIN HEMPOH B TEPMHUHAX PELIAIOLINX ITPaBUII
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OO0bennaNB Takue 0a30BBIC AJTOPUTMBI B KOMIIO3HUITUIO, TOIYYUM OJHOCIOWHYIO
HEeWpOHHYIO ceTh (puc. 2.13).

¢*(X)
X —>
¢'(x)
Puc. 2.13. OgHocnoiiHast HEMpOHHASI CETh JUISl 334a4u KJIacCU(PUKALIUU

MHorocnoiHast CeTh PSIMOTO pacrpocTpaneHus (puc. 2.14) coOTBETCTBYET KOMIIO-
3UIUSIM 0o0Jiee BBICOKOTO Topsiaka. Uem Oosbiiie HEHpPOHOB (0a30BBIX aJrOPUTMOB) U
CBSI3EH MEXIy HUMH, TeM 00Jiee CIO0KHBIN KIIacC MOBEPXHOCTEN OMUCHIBAET HEHPOHHAS
ceTh (kommosunusi). Kak mpaBuiio, HeTMHEHHBIE IPeoOpa30BaHus JIsi BCEX HEHPOHOB
BBIOMPAIOTCST OJTHOTUITHBIMH, a APXUTEKTypa CETH OMPEEISIETCS YUCIOM HEHPOHOB Ha
KQKJIOM CJIO€ U TIOJTHOTOM CBSI3€H MEXKIY HUMHU.

[IpuMep HEMOIHBIX CBS3EH
Puc. 2.14. MHorocnoitHasi HeWpOHHAas CETh MPSMOI0 PaCPOCTPAHEHUS
3ameyanue. CymieCTBYIOT U JPYTHUE TUIIbI HEUPOHHBIX CETEW, HOMUMO CETEN MPSIMO-

IO paclpOCTPaHEHHUs], KOTOPbIE 3aJal0T UHbIE MOJENM MpeoOpa3oBaHus MH(MOpMaALUH,
HEKEJIU pellarolye MpaBuia.
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I'maBa 3. BEPOATHOCTHBIE KNTACCU®PUKATOPBI

[Ipu BEpOSITHOCTHON MOCTAHOBKE 33J]a4l PAaClO3HABAHUS MHOYKECTBO MPELIEICHTOB

XxY sBisieTcsi BEpPOATHOCTHBIM MPOCTPAHCTBOM C (DYHKITMEH pacrpeiesieHus]

p(xy) = P(y)p(xly),
rne P(y) — anpuopnbie éeposmuocmu Kknaccos, T.¢. BEpOITHOCTH TOSBICHHUS OOBEK-
TOB Ka)JI0T0 U3 KJ1accoB; Py(X) = p(X|y) — ¢pyuxkuuu npasdonooooéusn xnaccos.

Anroputm a(X) 10KEH MHHUMHU3UPOBAThH 6epOsiMHOCHb OIMOOYHOM Kiaccuduka-
UK. DTO BCTIOMOTATeNIbHAsl TTOCTAHOBKA 3a/1aud pacno3HaBaHus. BMecTto oOydaromieit
BBIOOPKH 3J1eCh 3aaercs GyHKus pacupeneneuus P(X,y). [TozagHee paccMoTpuM METO-
16l oricHUBaHMs GyHKIHK P(X,Y) M0 00ydaromieii BEIOOpKE.

3ameuanue. BepOSTHOCTHBIA TOAXOM TMPEAINOJAaracT, 4TO HM3BECTHAs HEKOTOpas
anpropHas uHpopmMmarusa o Gyaknun pactpeneiacHus P(X,y). DTo NPeANoI0KeHHE 103~
BOJISIET TIOCTPOUTH QJITOPUTM, KOTOPBIA OyIeT TapaHTHPOBAHHO ONTHMAIbHBIM, T.C.
JTACT MUHUMAJIbHO BO3MOXKHYIO BEPOSITHOCTH OIHUOOK. B JeHCTBUTETHLHOCTH pachpe-
JIeJIeHUE TIPUXOJAUTCS OLICHUBATh (BOCCTaHABJIMBATh) MO MMEIOIIEHCS 00yJaromen Bbl-
OOpKe KOHEYHOM JIJIMHBI, TOITOMY aJTOPUTM MEPECTaeT OBITh CTPOTO ONTHUMAIBHBIM.
KauectBo paboThl BEPOATHOCTHBIX QJITOPUTMOB CYIIIECTBEHHO 3aBUCUT OT TOTO,
HACKOJIbKO aJIeKBATHBIMU OBLIN CJCIIAHHBIE BEPOSITHOCTHBIE MPEITOIOKECHUS.

MO>XHO BBIIENTUTH TPU TPYMIBI BEPOSTHOCTHBIX METOJIOB PACIIO3HABAHUS, B 3aBU-
CUMOCTH OT TOT'0, KaKh€ MPEINONIOKEHUs O (PYHKIIUU pacipe/ieleHUs: ObUIM MPUHATHI B
KaueCTBE alpUOPHON MHGOPMAITIH:

1. TTapamerpuyeckue Metonsl. [IpeamonaraeTcsi, YTO W3BECTECH MapaMETPUUCCKUI
BU/I TUIOTHOCTH pacrpenesieHns. Toraa 3Ha4eHUS mapaMeTPpOB MOYKHO OIEHUTH IO BBI-
OOpKe, UCXOAS U3 MPUHIMIIA MaKCuMyMa TipaBaonoaoous. Hanbomnee pa3BUThl METOABI
BOCCTaHOBJICHUSI MHOTOMEPHBIX HOPMAJIBHBIX pacTIpe/IeTICHUH.

2. Metoasl nocTpoeHus: cMmecHu pactpeneneHui. OyHKIns NII0THOCTH HEW3BECTHA,
HO TIPEAINOJIaraeTcs, 4YTo €€ MOKHO alMmpOKCUMHUPOBATH CMECHI0 KOHEYHOT'O YKCIIa pac-
npenesieHni 3apaHee 3aJJaHHOTO BU/IA.

3. Hemapamerpuueckue meronapl. [Ipu3HaeTcs HEBO3MOXKHBIM €IMHOOOpPA3HO OIU-
caTh (YHKIIHIO PacIpeICIICHUs] Ha BCEM MPOCTPAHCTBE XXY, MO3TOMY CTOMTCS JIOKATh-
Has anmpoOKCUMAIIHS TUIOTHOCTH JIJIsL KaKI0r0 00beKTa 00yJaroei BEBIOOPKH.

3.1. [TapaMeTpHryecKue MeTOAbI

DyHKyuoHa cpednezo pucka

Paccmotpum npounsBoiibHBIM anroputMm a: X—Y. OH pa30uBaeT MHOXKECTBO X Ha
Henepecekaromuecs: o01acTu:

A ={xeX:a(x)=Yy}

BeposTHOCTE TOsIBIICHHS 00BEKTA Kiacca Y, KOTOPBIA Oy/IeT OTHECEH alrOpPUTMOM K
kiaccy S, paBHa PyP(Asly). Ecnu y=S, TO 3TO BEpOsSTHOCTH MpPaBUIIBHOW Kilaccu(UKa-
I[UU, €CIIU Y#S, TO 3TO BEPOSTHOCTH OIMOOYHON Kiaccudukanuu. B 3aBucuMocTu ot
KOHKPETHOH 3a/1auy MOTEPH OT OIMTMOOK Pa3HOTO POJia MOTYT OBITh PA3IMYHBI, TTO3TOMY
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kaxaou mape (Y,S) € YXY craBUTCS B COOTBETCTBHE BEMUMHA TIOTEPH Ays TIPH OTHECE-
HUM 00BEKTa KJ1acca Y K Kiaccy S.

[Ipumep 1. B 3amaye paanonokamoOHHOW pa3BedkH Kiacc Y =1 — camoiieTsl mpo-
TUBHHKA, Kjacc Y = 0 — noxubie menu. Hanbompimas motepss BOSHUKAET B TOM cllydae,
Korna oO0bekT kinacca 1 mpunumaercst 3a oObekT kmacca 0 (ommbka [-ro ponma wmm
«tponyck menm»). Korma o0wexT kimacca 0 mpuHuMaeTcs 3a 00bEeKT Kiiacca 1, roBopsT
00 ommbke II-ro pona nnm «ioxHOM TpeBore». B nannom ciydae A1 < Ago.

[Tpumep 2. B 3amade oOHapyxeHHs craMa Kiacc Y = 1 — HexxenaTelbHbIe cOo0IIIe-
Hus, knacc Y = 0 — oObluHBIE COOOIIEHUS. 311€Ch, HA0OOPOT, MPOITYCK Crama sIBJsIeTCs
MEHEE CYIIECTBEHHOMN MOTEPEN, YEM IOKHAsI TPEBOTa» MOATOMY Ao > Ado.

Kak yka3pIBasioch paHee, BEpOSTHOCTb HEMPABWIIbHOM KilacCU(PUKAIMN 00bEKTa IPU
UCIIOJIb30BaHUU METOAA OOYUCHHSI L OLlEHUBaeTCsl (PYHKIIMOHAJIOM CPETHErO PUCKa:

R() =M LX) X) =M g QUu(X, ), XM).

Teopema. Ecnu n3BECTHBI alpUOPHBIE BEPOSITHOCTH Py 1 GyHKIMM ITpaBronooous
Py(X), 1, Kpome Toro, Ay = 0 U Ays = Ay JuIs BceX Y, S € Y , TO MUHUMYM CPEITHETO PHCKa
JOCTaBJISIETCS AITOPUTMOM:

a(x)=argmax A P, p,(X). (3.1)
yeY

3ameuanue. Cornacho (3.1), ypaBHeHHE

MPpi(X) = AsPsps(X)
3a71a€T pa3AeAIOLIYIO IOBEPXHOCTh MEXIY Kiiaccamu t u S.

Boccmanoenenue nnomnocmu pacnpedeﬂenuﬂ

3agaua 00y4eHHS COCTOMT B TOM, YTOOBI, HM€S KOHEYHYIO BBIOOPKY HaHHBIX X,
HAWTH IJIOTHOCTh BEPOSITHOCTHOTO pactpezaencuus Pypy(X), ee creHepupoBaBIiero.
Onenka ans Py ctpoutcs TpUBHAIbHBIM 00pa3oM:

P={yi: yi=y,iel:L}|/L.

CoryracHo 3aKOHY OOJNIBIINX YHCEN, ClydaiiHas BennynHa P,

CXOOUTCA 110 BCPOAT-

HocTH K Py ipu L — co.

3azaya BOCCTAHOBJICHUS (PYHKIMH MPABIAONOA00UsS KIaccoB Py(X) SBISETCS HEKOP-
PEKTHO TMOCTaBJIEHHOM, MOCKOJIbKY MHOTHE paclpenesieHuss MOTJIM Obl CreHEepUpPOBATh
OJIHY U Ty k€ BbIOOpKY. Iy1s1 oOecnieueHusi € TMHCTBEHHOCTH PEIICHUS MPHU MapaMeTpu-
YECKOM IOJXOJIe PEIICHUE UIIETCS B 3apaHee 3aJaHHOM Kiacce (DYHKIHM TJIOTHOCTH
pacnpenenenus ¢ X,0).

Meroa MakcuMyma TIPaBAONOA00MS CBOJIUT ATy 3a/1ady K CTaHAAPTHON ONMTHMH3a-
[MMOHHOM 3ajaue:

ézargmaxiln(p(xi 0). (3.2)
i=1

NHoraa penieHre ynaercst BHIMKUCATh B SBHOM BUJE, B YACTHOCTH 1711 MHOTOMEPHO-
ro HOPMaJIbHOTO PaclpeIeICHuUs.
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IIpr paBHOBEPOATHBIX KJIaccaX C OJMHAKOBBIMU IapaMeTpaMy PACHPENEIICHUU U
HE3aBUCHUMBIX [IEPEMEHHBIX BUJI [IAPAMETPOB PACIPEACICHUN CTaHAAPTHBIN:

M=lSx: o=t T(x -M) (3.3)
Lia L-15 ' '

B ciyaae (3.3) pazgenstomniasi THIEPIIOCKOCTh MTPOXOIUT TIOCEPEANHE MEXKIY Kitac-
caMm#, OPTOTOHAJIBHO JIMHUH, COSIUHSIONIEH IICHTPHI KiaccoB. Hopmaie rumepruiocko-
CTH 00JIaJ]aeT ONTUMAIEHBIM CBOWCTBOM: B OJTHOMEPHOM MPOCKITUU HA HOPMAJTh KJIACCHI
pasaeIAIOTCS HaIy4IuM oopasom (puc. 3.1).

A

Jluauu ypoBH ______——7
st pxly)  —0u |

/

['panuna mexay
KJIacCaMH

»
»

Puc. 3.1. 'panunia Mexay Kiaccamu B MPOCTEHMIIIEM clydae

PaccMmoTpum psifi yCIOKHEHUM TakoW 3a7add, TMO3BOJISIIONIUMX MEPEUTH K MOCTpoe-
HUIO Pa3JIeTSIONIUX TTOBEPXHOCTEH 00iee CI0KHOTO BHIA.

Ycnoxuenue 1: npuszHaku KoppeiupoBaHHbI. CBOWCTBO OPTOrOHAIBHOCTH MCYe3a-
€T, OJJHAKO pa3lesionias TUIePIUIOCKOCTh MO-MPEXKHEMY MPOXOIUT MOCEPEAUHE MEXK-
Iy KJIacCaMM, KacaTelIbHO K JIMHUSM YpOBHSI 000UX pacrpeaencHuit (puc. 3.2).

Jlvanm ypoBHS ~ ['panuna mexay
st p(x|y) KJIaccaMu

»
T »

Puc. 3.2. I'pannia mexay Kiiaccamu B C1ydae KOPPEIMPOBAHHBIX IPU3HAKOB

YcnoxHeHne 2: Kacchl HE PaBHOBEPOSITHBI WM HE paBHO3HAYHBI. Pazmenstomnas
TUIEPINIOCKOCTh paciojaraercs Jajiblie oT 0ojee 3HayuMoro kiacca (puc. 3.3).

A
JIvanm ypoBHS I'panuna mexay
st p(x|y) \Q KJIaccaMu

[
|

Puc. 3.3. 'panunia Mexay Kiaccamu Ipu HE paBHOBEPOSTHBIX Kjlaccax
VYcenoxHeHnue 3: KOBapUallMOHHBIC MAaTPUIlbl O0IIero Buaa (He JUaroHajabHbI) U HE

paBHBL. Torma pasaensioiias MOBEPXHOCTh CTAHOBHUTCS KBAJAPATUYHOW W Mporudaercs
TaK, 4YTOObI MEHEe IJIOTHBIN KJIacC OXBaThIBAJ OoJiee IMITIOTHBIN (puc. 3.4).
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y
['panuna mexay

KJ1aCCaMHu

Jluaum ypoBHs

s p(x]y) <

Puc. 3.4. I'panniia Mexay Kiiaccamu i ciiydasi KOBapHallMOHHBIX MaTPHI] OOIIETo BH/Ia

[
»

Ycnoxuenue 4: Eciii 4nucno KJIaccoB MPEBBIIIACT 2, TO pa3Aelsionias NOBEPXHOCTh
SIBIIIETCS KYCOYHO-KBAJPATUYHON, a TPU PaBHBIX KOBAPHAIIMOHHBIX MaTPHIAX — KY-
COYHO-JMHEeWHOH (puc. 3.5).

A
Jlunun ypoBHS — | ( Q I'panuna mexny
s p(x|y) \O KIaccamu

»
L4 Ll

Puc. 3.5. I'pannma Mexay KiiaccaMu IIpH MHOTOKJIACCOBOM KJIacCH(pUKAITIN

3ameuanue. Matpuua G, o0 KOTOPOH pabOTAaET aNropuTM KiacCU(pUKAIK, B PAIE
CIy4aeB MOJKET OKa3aTbCsl BBIPOXKIECHHOW WM IIOXO0O0OYCIOBJICHHOUN (OOpaTHas Mart-
pHUlla HE CYUIECTBYET MJIM HEYCTOWYMBA), YTO CYIIECTBEHHO CHM)KAET KaYECTBO KJIACCU-
(duKalmu, T.€. MOJOKEHUE TPAHUL] MEKY KJIaccaMu OyJIeT HEyCTOMYHUBO OTHOCUTEIIbHO
3HAYEHUN MapaMeTpoB KIaCCUPUUIUPYEMOTrOo 0OOBEKTa. ITO MOXKET MPOU3ONTH B CIIENy-
IOLUX CIIy4asiX:

1) ecnu nyyMHa BEIOOPKHU MEHbILIE PA3MEPHOCTH MPOCTPAHCTBA;

2) ecnu MPU3HAKU OKA3bIBAIOTCS JTMHEWHO 3aBUCUMBIMH.

Hanpumep, B 6a3y JaHHBIX 1O 3a€MIIMKaM Hapsiay C MPU3HAKAMU «JJOXOJ 3a€MIIIH-
Ka» U «10XO0J] CEMbW» MOT BOWTHU MPU3HAK «OXOJl OCTaJIbHBIX YJICHOB CeMbU». Takux
TPUBHAJIbHBIX CUTYyallUH JIETKO M30€XaTh Ha 3Tale MOJATOTOBKU JAHHBIX, OJJHAKO Ha
IPAKTUKE BCTPEUYAIOTCS TAKXKE CKPBITHIE JIMHEWHBIE 3aBUCUMOCTH MEXAY OOJBIINM
YHCIIOM MPU3HAKOB, KOTOPbIE OOHAPYKUTh FOPa30 CIOMKHEE.

Pobacmubie memoowvl oueHusanus

Or1eHKY, YCTONYMBBIE OTHOCUTEIHHO PEIKUX OOJIBIIUX BHIOPOCOB, CBSI3aHHBIX C Ma-
JILIMU 3arpSI3HCHUSIMU TUIOTHOCTH, Ha3bIBAIOTCS pOOACTHBIMU (OT aHTJ. robust — 31pa-
BbIil). [Ipocrelimmii MmeTo poGacTHOrO oLleHMBaHus napameTpa O mioTHocTH O X;,0)
110 3aJJaHHOM BBIOOPKE X" COCTOMT B CIIELYIOLIEM.

1. Onenka napamerpa 0 BBIYHCIIETCS 10 BCEil BeIOOpKe X', MCXOAs M3 MPUHIMIA
MaKCHMyMa MpaBIoNoA00usI.

2. Jlns xaxmoro oosekra Xi € Xt Beluncusgercsa npasaonogoome T, =@(X;,0). Ecian
i < Po, TO OOBEKT Xj CUMTACTCSI HETUIMHYHBIM (BRIOPOCOM) U yJIAJISIETCS U3 BHIOOPKH.
3. Ouenka napametpa 0 BBIYHCIAETCS MO OTPUIBTPOBAHHON BHIOOPKE.
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[ToporoBoe 3HaueHue Py sBisieTcs mapamMeTpoM MeToaa. MOXKHO TakXke 3a/1aBaTh
MOPOTrOBOE 3HAUEHHUE JIOJIU yIalsieMbIX OOBEKTOB.

[aru 2 1 3 MOXHO TOBTOPATH UTEPALIMOHHO, TaK KaK MOCIE YTOUHEHUS OILICHKU O
HEKOTOpbIe 00BEKTHl MOTYT MEPEUTH B pa3psii HETUMUYHBIX. B OOJIBIIMHCTBE CilydaeB
UTEPAIMOHHBIN TIPOLIECC CXOAUTCs 3a 1-2 urepanumu.

Tecmuposanue memoooe 00yueHus Ha MOOENbHHIX OAHHBIX

bnarogapsi cBOWCTBY ONTUMAaNbHOCTH pEIIAOIIee MPABUIIO, MOJIyYeHHOE MapaMeT-
pPUYECKHM METOJOM, YJOOHO HCIOJB30BaTh B KAaueCTBE STAJOHA MPH TECTUPOBAHUU
pa3IMYHBIX METOA0B 00yUYeHHs (HE BEPOSITHOCTHBIX ). MeToAMKa TECTUPOBAHUS 3aKIIIO-
YaeTCs B CIEAYIOLIEM.

1. C momomipio 3apaHee M3BECTHHIX (DYHKIUH MPaBIOMOA00US U allpHOPHBIX BEPO-
ATHOCTEHN KJIACCOB T€HEPUPYIOTCS MOJIETIbHBIE BBIOOPKU: 0Oy4Jaromias 1 KOHTPOJIbHAs.

2. I1o oOyu4aroei BHIOOPKE TECTUPYEMBIM METOJIOM HACTPAUBAETCS aJITOPUTM a.

3. Briuucnsierca yactora OmMOOK aJropuT™Ma a M 4acToTa OLIMOOK ImapaMerpuye-
CKOTO aJrOpUTMa Ha KOHTPOJIbHOU BeIOOpKE. TecTupyeMblil MeTos1 0O0yUeHHUs] CUUTAET-
Csl IPUTOJIHBIM, €CIIM 3MIMpPUYECKasl OLIEHKa pUCKa JJIs ajJropuTMa a OKa3bIBaeTCs HE
HAMHOTO XyXe 0aileCOBCKOIA.

3.2. HemapameTpuieckue MeTOIbI

HenapameTrpuueckue MeToabl KiacCU(UKAIUM OCHOBAHbI Ha JIOKAJbHOM OIICHUBA-
HHUH TUTOTHOCTEH pachpeneseHus KIaccoB Py(X) B OKPECTHOCTH KaXIOTO KIacCHU(HIIN-
pyemoro o0bekTa. Takoil moaxo/ He TpeOyeT 3HaHusl (YHKIIMOHAIBHOTO BUA IJIOTHO-
cTeil. BMecTo 3TOro B KakJ10il TOUKE MPOCTPAHCTBA IUIOTHOCTh paclpeeieHus Kiacca
Y OILIEHUBAETCS MO BBIPAKEHUIO

py(x)=§lpi(x), (3.4)

rae p;(x)=hp(0(X;)) — yacTU4HasK OIIEHKA TUIOTHOCTH paCIpeeICHHs], TOCTPOCHHAS

Ha 00bekTe obyuaromeit Beibopku X, € X °; p(0(X)), [p(0(X))=1 — 20po narommno-
X

cmu, T.€. IPOU3BOJIbHAS (PYHKITUS, TApAMETPhl KOTOPOl O 3aBHUCAT TOJBKO OT TOTO, HA
KakoM 00bEKTe OHa MOCTPOCHa; N — wmupuna oxkna, 3ananHoro oneHkon p;(X).

Kax npaBuio, eqMHCTBEHHBIN NapaMeTp sAApa, KOTOPbIA 3aBUCUT OT 00BEKTa — 3TO
MaTemaTuueckoe oxkuganue, npuaem M(p(0(x))) = x. T.e. p(0(X; )) — 3T0 BKIag 00B-

eKTa X; B CYXJCHHE O TOM, YTO JIaHHAsl TOYKA MPOCTPAHCTBA OTHOCHUTCS K KJlaccy Y, a
h — pamuyc okpecTHOCTH OOBEKTa X;, B KOTOPOH BKJaJ OIEHKU p;(X) OKa3bIBacTCs

cymecTBeHHbIM (puc. 3.6). Tummunbie QyHKOUM sapa TIIOTHOCTH TMPEJCTaBICHBI Ha
puc. 3.7 u B TabauIe.
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Po(X) p1(X)

A py(X)

OOBexThI 00yyaromeil BBIOOPKH

Puc. 3.6. Annpokcumarius INIOTHOCTH pacrpeieneHust Py(X) C MOMOIIBIO YaCTHYHBIX OIICHOK,
MOCTPOCHHBIX Ha OT/EIBHBIX 00BEKTax o0yuaromieil BBIOOpKU

v

-1 1
Puc. 3.7. YacTo ucnosib3yemble GyHKIUU SApPA MIIOTHOCTH:

S — npsmoyronbHOe; T — TpeyronbHoe; E — Enaneunukosa;
Q — kBagpaTuueckoe; G — rayccoBckoe

YacTo ucrnonb3dyembie PyHKITNMH spa MIIOTHOCTH

Enaneuynukosa E(x)=0,75(1— X2 MIrk1]
KBanparnyeckoe Q(x)=15/16(1—x*Y’[|r[<1]
TpeyroasHoe T(x)=(1-|x][Irl<1]
["ayccoBckoe G(x)=(2rn) " ?exp(—x? 1 2)
[TpsitmoyrosbHOE S(x)=05[|r[g1]

[Iupuna okHa h pemrarormmM 00pa3oM BIHSET HA KAYECTBO BOCCTAHOBJICHUS ILIOT-
Hoctu. [Ipu ciumikom y3kom okHe (h — 0) mIoTHOCTH KOHIIEHTpUPYETCs BOJIM3H 00Y-
qaroImx 00beKTOB M (yHKIMs P, (X) HpereprmeBaeT peskue ckadku. [Ipu cinmikom

IIUPOKOM OKHE IIJIOTHOCTh YPE3MEPHO CIUIAXKHMBAETCSA W B Tmpejaeie mpu h — oo BbI-
poXIaeTcsl B KOHCTAHTy. TakuM 00pa3oM, ONTHMAJIbHOE 3HAYCHHE MUPUHBI OKHAa h —
ATO KOMIIPOMMCC MEXK]Yy TOYHOCTBHIO OINHUCAHUSI KOHKPETHBIX JAHHBIX U TJIAJIKOCTHIO
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OMIIMPUYECKON mIoTHOCTH P, (X). B Kauectse kputepus s BbiGopa h yame Beero

MPUMEHSETCS OIICHKA CKOJIB3SIIEr0 KOHTPOJIA ¢ UCKIIOYEHHEM 0OBEKTOB IO OJTHOMY.

JIpyroi BapuaHT — IIepEMEHHAas NIMPUHA OKHA:

hy = F(p(X;, XKy )

TAC X(1y:X(2) XLy — OOBEKTBI 00y4aromieil BEIOOPKH, OTCOPTUPOBAHHBIC B MOPSI/IKE
BO3pACTaHUS PACCTOSHUM 110 X; .

[IpumeHeHne Takoro mpaBHiia OOECIEUMBAET BBICOKOE KAYeCTBO KIIACCHU(pUKALUU
IIPU HAJUYWU JOKAJIBHBIX CTYIIEHUN — KOTJa pacipeieieHue 0ObEKTOB B IPOCTPAHCTBE
NPU3HAKOB CHJILHO HEPaBHOMEPHO, M OJHO W TO K€ 3HAYCHWE IIMPHHBI OKHA h TpuBO-

AUT K 9YpC3MCPHOMY CITIA)KHMBAHUIO INIOTHOCTH B OAHUX MCCTAX, U HCAOCTATOYHOMY
CTJIA)KMBAHUIO B APYTUX.
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I'JTABA 5. JOI'MYECKHUE AJI'OPUTMBI PACITO3HABAHUSA

Jlornyeckne aJropuTMbl paclO3HABAHMS ONUPAOTCSA HA Ty K€ MICH0, YTO U aJro-
PUTMHYECKH KOMIO3UIMK: 00BEAMHEHNE HECKOJIBKUX MPOCTHIX pelaTesiel B OAUH 00-
jee cinoxHbId (1 0osnee ruOkuit). OqHAKO B JOTUYECKUX AJITOPUTMAX MHOM OajaHc: uc-
XOHbIE MPU3HAKU JJIs1 OTAEJIbHBIX pellaTeseil MpeanoaratoTcsi 0O4eHb IpOCTbIMU (OH-
HapHbIE, MOPSAKOBBIE), a KOJMYECTBO U JIOTUKA COTJIACOBAHUS PELICHUM TaKUX pelare-
Je MOXKET OBITh JOCTATOYHO CIIOKHOM.

OCHOBHOE IPEUMYLIECTBO, KOTOPOE JAET TAKOW MOJIX0] — HUHTEPIPETUPYEMOCTD pe-
3yJbTAaTOB B TEPMHUHAX MOHITHOM 3KCIEPTY JIOTUKU pacCyXaeHuu. B 1o xe Bpems uc-
XOJHBIE JaHHBIC 3/IECh CYHIECTBEHHO 3arpyOJIAIOTCS M 4acTh JOCTYIHON HMHQOpMAIIH
00 00BEeKTax TepsIeTCA.

B rmaBe 1 yxe Obul pacCMOTPEH NPHUHILMI MOKPBITHS, KOTOPbIA MUCHOJB3YETCA BO
MHOTHX JIOTudeckux anropurmax. [lpenukar ¢,: X — {0,1} mokpeiBaeT 0OBEKT X U OT-

HOCHT €ro K KJlaccy y, eciii ¢y(X)=1. B mpoTuBHOM cilydae 3TajlloOH HE JaeT HUKAKOM
MH(OpMAIUK O KJIIACCOBOM MPHUHAMIEAKHOCTH 00bEKTA X. 3a/1a4a JOTHYECKUX METOJIOB!

— HalTH HaOOp MpPEeNUKATOB, KaXJbId M3 KOTOPBIX MOKPBIBAET JOCTATOYHO MHOIO
OOBEKTOB 33/IaHHOTO KJ1acca U KaK MOXKHO MEHbIIIE 0OBEKTOB Uy KHUX KIJIACCOB;

— 00BEIMHUTD ITH MPEAUKATHI, YTOOBI MOJYYUTh KOPPEKTHOE PEIICHUE 3aJa4H Pac-
IIO3HABAHMS.

IIpu 3TOM HY>KHO OTBETUTH Ha 3 BOIIpOca:

1. Kak mopoauts npeaukar Ha UCXOJHOW MH(popMauu 00 00beKTaX, BKIIOYAOIIEH
Pa3HOTUIIHBIE (JJOTUYECKHE, HOMUHAJIbHBIE, TOPSAIKOBBIE, YHCIOBBIE) IPU3HAKU

2. Kaxos Oyner kputepuii ”HGOPMATUBHOCTH AJIs1 0TOOpa NPEIUKATOB

3. Kak noctpouTts pemaroniee npaBuio U3 Habopa Haubosee HHPOPMATUBHBIX Ipe-
JTMKATOB

1. Onenka MH(POPMATUBHOCTH NPEAMKATA
OTHOCHUTENIBHO MpeArKaTa Kjlacca y BCIO 00yYarollyro BIOOPKY MOXKHO pa30uTh Ha
4 yactu:

Pe(®) Ne(¢)
Pe(x)=1 9c(X)=0 Pc(X)=1 Pc(X)=0
yi=C yi=C Yi#C Yi#C
Pc N

NudopmaTuBHBIN IpeIUKaT TOJDKEH peliaTh 3a1a4y:
Pe()—max, ne(p)—min, (4.1)
[IpakTrKa MOKa3bIBAET, YTO aJIEKBATHYIO CBEPTKY JUIsl PEIICHUS €IMHOM 3a/1a4u OIl-
TUMHU3AIUU Ha OCHOBE (4.1) MpemioKuTh HEPOCTO, OCOOCHHO TIPH MajIOM KOJUYECTBE
00BEKTOB, MOKPHIBAEMBIX MPEIUKATOM (T.€. KOTJIa BEPOSITHOCTHBIE JOMYIICHUS HE pa-
00TarT) — a I AIrOPUTMOB JIOTHYECKON KiIacCHU(pUKAIMKM ITO KaK pa3 pacrpocTpa-
HEHHBIU CITy4ai.
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B uwactHocTH, Takue BapuaHThl Kak: p/n, p/(n+p), wip-won, p/P-n/N nator mioxwue
pe3ybTaThI.

PeanbHO prMEHsIeMbIe KPUTCPHH:

1) OBpucTHUeCcKuil KpUTEpUit

Iycts Ec(@,X5)=nc(¢)/(pe(p)+ne(p)) — mond MOKPHIBAGMBIX MPEIUKATOM HETATHUB-
HbIX 006eKTOB, De(,X5)=(pc(@)+Nc(@))/L — m01s BeeX MOKPBIBAEMBIX IIPEAUKATOM 00b-
CKTOB.

Torna ot 3amaun (4.1) MOXHO TIEpEeHTH K 3a7a4e:

Ec(p,Xb)<g, D(,XH)>86, ¢, 5€(0,1), e—0, 51 (4.2)

2) CTaTUCTUYECKUN KPUTEPHI:

Pr-n
Ie(@ X")=InT (p,n,P,N)=-In (4.3)
P+N
Ck _ m! T
THC bm = o m—ror - TUIIEPTCOMETPUYCCKOC pPaCIIPECIICHHUC.

Cwmeicit: ecia Y*(X) u @(X) — He3aBUCUMBIE CITyYaiiHbIC BEJMYUHBI, TO ' — BeposT-
HOCTh peaau3aliy mapsl (P,N) Ha KAKOM-TO peabHO CYIIECTBYIOIIEM mpeaukare. Eciu
9Ta BEPOSTHOCTH MaJja, a mapa (p,n) TeM He MEHee peaan3oBajach — TO TMIIOTE3a O He-
3aBUCHUMOCTH ObLIa HEBEPHA, T.€. IPEAUKAT ICHCTBUTEIBHO 3aBUCUM OT Y*(X), 4ero MbI
1 JOOHWBAJIHCh.

2. buHapu3anus napaMeTpoB 00bEKTOB

Jlornyeckue aaropuT™Mbl pabOTArOT Ha MpearuKaTax. buHapHbIe TapaMeTphl COCTOS-
HUSI 00BEKTOB SIBJISIOTCS MIPEIMKAaTaMH KaK TakoBbIe. J[J1s1 mapaMeTpoB COCTOSIHUS JIPY-
T'UX BHJIOB HEOOXOAMMO MPOBECTH MPEABAPUTEIHHYIO0 OMHAPHU3ALIHIO.

[Tycts f(X) € Ds. HeoOxomumo pa3ouTh 3T0O MHOYKECTBO Ha 30HBL:

a) U1 HoMuHabHOTo mpu3Haka b(X)=[f(x)=d], deDs

0) JUTS TOPSIKOBOTO MITK KoJIMYecTBeHHOTO npu3Haka b(X)=[d;<f(x)<d;], d1,d.€Ds

B ciyyae KOJMYECTBEHHBIX MPU3HAKOB MMEET CMBICI PACCMATPUBATh TOJILKO TaKUE
3HaveHus di, KOTOpBIE JAIOT pa3Hbie BAPHAHTHI pa30ueHus: o0yJaroriel BRIOOPKH Ha 30-
HBI 110 ocu npu3Haka f(X). BapuaHToB pa3doueHus oueHbr MHOTO, TEM 0OJIee UTO Ha CJie-
IyIOLIeM IIare NoJy4deHHble OMHApHbBIE PU3HAKK OyyT B pa3HbIX BapHaHTaX BXOIUThH
B JIOTUYECKHE (POPMYIIBI, TOITOMY JISi COKpAIEHHs repedopa UMeeT CMBICI OTAEITBHO
PELINTh 33/1a4y ONTHMAaJIbHOTO pa3OueHHs 3HAYCHUI TIPU3HAKA Ha 30HBI.

[Tyctp dy,..., dr — Bo3pacTaromias mociae0BaTeIbHOCTh MOPOTOB. 30HAMU 3HAYCHUIA
NpU3HAKa HA3bIBAIOTCS MPEIUKATH BU/A:

Ys(X)=[ds<f(X) <ds+1], s=1,...,r—1 (+kpaiinue 30HbI)

Haynewm c¢ TpuBuansHoro npubmmkenus (puc. 4.1) u 6yaeM cauBaTh COCEAHUE Mapbl
30H C MIOMOIIIbIO )KaTHOTO aJIrOPUTMA: T.€. 10 TE€X TP, MOKa NHPOPMATUBHOCTh CIIUTOM
30HBI MPEBBIIIAET HHOOPMATHBHOCTh MCXOJHBIX 30H, KOXKIBIA pa3 BeIOMpas Ty mapy,
IPY CIIMSTHUM KOTOPOU JOCTHTAeTCS MAaKCUMAIIbHBIN BBIUTPHINI B HH()OPMATHBHOCTH.

o—ofe—efo{—e-foofe
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1) ynopsimounTs BBIOOPKY 1O Bo3pacTaHuto 3HaueHui f(X;)

2) msi=1,...,L

3) ecnm [Yi1=C]#[yi=C], To H06aBUTH MOPOr B KOHEI[ HOCASAOBATEIBbHOCTH D, paB-
HbId (F(Xi.1)+f(xi))/2

4) MOBTOPATH

5) mna dieD

6) BBIYMCIUTH BBIMTPHIII OT CIIMSIHUS 30H Yi-1 U Vi

oli= |C(yi_1vyi)-maX(|c(Yi-1): IC(YI))
7) i:arngaX 6l;.

8) CIUTb 30HBI Yi-1, Vi, YAAJIUB U3 TOCJIEA0BATEIBHOCTH MOpOT J;
9) moxka 81;>0

3aMeuaHusl.

1. MoHO HCTIONIb30BaTh 00Jiee MIATKOE YCIOBHE B (6), 9TOOBI YBEIMUNUTh «CIMBAE-
MOCTB» 30H.

2. JI;ist pa3HbIX KJIACCOB C PE3yNbTaT pabOThI alTOPUTMA MOXKET CYIIECTBEHHO OT-
JINYaTbCS

3. CocraBHbIC NIPEAUKATHI

bunapubie mapameTpsl WK pe3yiabTaThl OMHAPU3ALMKU MAapaMeTPOB APYTUX BUJIOB
SBJISIIOTCSL DJIEMEHTAPHBIMU TIPEAUKATaAMU, MOCTPOCHHBIMU Ha OTACJIBHBIX MapameTpax
00BeKTOB. MIMeeT cMbICiT cCHavasa moCcTpOUTh 00Jiee CI0KHbBIE TPEIUKATHhI, & YKE IIOTOM
OOBEUHSATH TAKUE MPEAUKATHI B OOIIUI aITOPUTM.

Haubonee pacnpocTpaHeHHBIH BapHaHT — KOHBIOHKIIMU HEOOJBIIOrO YHCIA 3Jie-
MEHTapHBIX MPEIUKATOB!

Pc(X)=bci(XH)A... A be(XK) (4.4)

Kak npaBuiio, KOHBIOHKIIMS MOJKET BKJIKOYATh 3—7/ apryMEHTOB, MOCKOJBKY TaKHe
3aKOHOMEPHOCTH MOT'YT UHTEPIPETUPOBATHCS IKCIIEPTOM.

[TonHbI IepeOOp BCEBO3MOMKHBIX KOHBIOHKIIMN MpPU MOUCKE Haubojiee nH@popma-
TUBHOTO BapyaHTa BBIYMCIUTEIHLHO CIOXKEH, IIOATOMY HE0OXoAruMa HEKOTopas cTpaTe-
T'Usl COKpaIIeHHoro rnepedopa.

OO6m1ast ues «rpaJueHTHOTO CITyCKay MPHU MOUCKE KOHBIOHKIIUU:

pra(X1)=argmax (e, 1(@(X1))): o V(e)={@i: ¢;=0(¢)}
rae @o(X)— npousBonsHOE HawanbHOE MpUOIMKEeHUE, | — oneHka HHGOPMATHBHO-
ctu npeankara,0( ) — MHOXKECTBO HEKOTOPBIX 3JIEMEHTAPHBIX OMEpaIil Ha/ MpearKa-
ToM, V(@) — OKpEeCTHOCTh MpeauKaTa, T.c. MHOXKECTBO MPEIUKATOB, KOTOPHIC MOTYT
OBITh TTOJIYYCHBI U3 (P ITYTEM COBEPIIEHUS AIEMEHTAPHBIX OTepaIiuil.
KonkpeTHbIE BapraHTBl MHOKECTBA ONEPALIHNA:
1) n00aBJICHHE TEPMOB, HAYAIBHOE MPUOIMKEHUE — MTyCTasi KOHBIOHKITUS (3Ka/I-
HBIN aITOpUTM)

2) yIaJieHHe W 3aMeHa TEPMOB, HadallbHOE MPHUOJIMIKEHNE — Pe3yJabTaT padoThI
anroputma (1)

3)  TIeHETUYECKHE AITrOPUTMBI
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C reoMmeTpruecKoil TOYKH 3pEHHsS] KOHBIOHKIHUS BHUAA (4.4) COOTBETCTBYET MPSMO-
yroJILHOMY MapaUIeeuIIey B MPOCTPAHCTBE apaMeTPOB OOBEKTOB, MPHUEM 110 HE-
KOTOPBIM M3MEPEHHSIM OH MOKET ObITh OECKOHCUHBIM.

Jlpyrue pacipocTpaHEeHHbIC BApUAHTHI:

1) mrapser — paccmarpuBaiy B riiaBe 1: @c(X)=[p(X,Xo)<r]

2) TOJIYIUIOCKOCTH — PacCMaTpUBaIK B riaaBe 2. ¢c(X)=[<X,Ww> < Wg] — TpyaHO HH-

TEPIPETUPOBATH.

4. IlocTpoeHue pemapuero NpaBuia Ha NpeJuKaTax

PaccmoTpum 2 BapraHTa JOrMYECKUX aITOPUTMOB.

1. Pewarowuii cnucok

Pemaromuii CIMCOK COCTOUT U3 YHOPSAIOYEHHOW MOCIE0BATEIbHOCTHA PEIUKATOB
01(X),..., ®1(X) , KOKIOMY M3 KOTOPBIX MPUIIKCAH KJIACC Ci,...,CT€ Y. DTa KOHCTPYKIIHS
B IJ1aBe 2 0003Hayanach Kak roJIOCOBAHUE MO CTAPILIMHCTBY.

YacTo ucnosp3yercs JONOJHUTEIBHOE OTPAaHUYECHME: BCE NMPEAUKATHI, OTHOCSIINE
OOBEKTHl K OAHOMY KJIacCy, JOJDKHBI UATH B CIIMCKE MOJPsA. DTO YHPOUIAET U alro-
PUTM IOCTPOEHUS PEIIAOIIETO MPAaBUIa U UHTEPHPETALNIO €T0 PE3YyJIbTaTOB.

JKaHbIi1 aJITOPUTM ITOCTPOEHUS PELIAFOIIETO CIIUCKA:

1) U=xt

2) misa t=1,..., Tmax

3) BBIOpATh KI1acc ¢, A1 KOTOPOro Oy/eT CTPOUTHCS OYEPETHOM NpeIuKaT

4) Haiitu Hanbosee MH(POPMATUBHOE NPABUIIO ITPU OTPAHUYEHUHN HA JOJI0 OMIHOOK:

pi(X)=argmax(pe®,l(p,V)): @={p: Ec(p,U)<Emax}

5) ecia l¢(pr,U)<Imin break

6) UCKIIFOUUTDH U3 BBIOOPKU OOBEKTHI, TOKPHITHIE MPEIUKATOM:

U={xeU: ¢i(x)=0}

7) eciu |U|<L, break

JlocTOMHCTBA penaronux CIIUCKOB

— MHTEPHPETUPYEMOCTD: ISl IPEAUKATOB CTAaHAAPTHOTO BHJA ATO IOCJIEN0BATEIb-
HOCTb KOHBIOHKITUN — JIOTHKA, OJIM3Kas K YEI0BEUCCKOM

— BO3MOXXHOCTbh 00paOOTKH MPOMYCKOB B JAHHBIX: €CJIH ISl IPEANKATA HE XBATAET
JAHHBIX 00 00BEKTE, OH MOXKET MepeAaTh PEIICHUE CIEAYIOIEMY JIEMEHTY CITUCKa

HenmocraTku pemaromumx CucKoB:

— BO3MO’KHOCTb MTOCTPOEHUS 3(PPEKTUBHOTO alropuT™Ma CUIBHO 3aBUCUT OT BbIOOpa
MHO>KECTBA JOIMYCTUMBIX MTPEANKATOB

— KaXJIbIi1 00BEKT B UTOT€ KIACCUPUIIMPYETCS TOJBKO OJHUM MPEAUKATOM, UYTO HE
MO3BOJISIET PABHIJIAM KOMIIEHCUPOBATh HETOYHOCTH APYT JIpyTra

2. Pewuarowee oepeso

PaccMmoTpum OMHApHBIN BapHaHT.

B OGunapHOM permaroriem epeBe Kakabli y3ell, He SIBISIONUNACS JINCTOM, aCCOIUH-
poBan ¢ npemukarom by(X) €{0,1}, npuHrmaromeM peireHue o mepeaaye o0beKTa B
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OIHO U3 CBOMX IIOJACPCBLCB, a Ka)KI[BII\/'I JIMCT aCCOIMMPOBAH C KJIaCCOM, KOTOpBIﬁ Ipu-
CBAaMBACTCA 06’I)CKTy.

Vo

N

Vo Vo

DI
N

T.e. 00OBEKT AOXOIAUT 10 ONPEAEIIEHHOTO JINCTA TOTJA U TOJIbKO TOTJa, KOTJa BbI-
MOJIHSIETCS] KOHBIOHKIIMS U3 MPEAUKATOB, aCCOLMUPOBAHHBIX C BEPIIMHAMU, BKIIIOUCH-
HBIMU B ITPONJCHHBIN MYTh OT KOPHSL.

B oTimunu oT cnmcka, Bce MpenrKaThl MpU NOCTPOECHUU JIEpEBaA UILYTCSI OJHOBpE-
menHo. AnroputM ID3 (Induction of Decision Tree) paccmotpum B kypce M.

JlocTonHCTBA:

— MOXXHO TapaHTHPOBATh KOPPEKTHYIO KJIACCU(DUKAIMIO JaXKe JUIS TOCTATOYHO IMPO-
CTOT'O MHOKECTBA, U3 KOTOPOTO BEIOMPAIOTCS TIPETUKATHI

Henocratku:

— MPEAUKAT AJIs JINCTA CTPOUTCS TOJBKO MO HEOOJIBIION YyacTu 00yyaroei BbIOop-
KU, KOTOpas 100panach O HEro yepes Mpeblayliue ypoBHU

[Tpumep.

a) B BUJIC CIIHCKa

Vo

1 x2>0.7
(o)
O
. / \
o ® x?>0.3 0
o o / \
®
¢ ° o / \o
x2>0

i VAY
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0) B BUzIE nepeBa
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x>0

x2>0

x2>0
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I'JTABA 4. ITIPEJIBAPUTEJIbHAA OBPABOTKA JTAHHBIX

PaccMoTpeHHbIe BbIIIE METOJIBI PACTO3HABAHMS MPEANOIAralT, 9T0 HHPOpMAIHs
00 oObekTax ObLIa TpeABApUTEILHO IpeoOpa3oBaHa B (oOpMy MaTpHUIlBI 0OBEKTOB-
IPU3HAKOB

fi (%) fy(x)

(X ) Fu(x¢)

B pamkax storo npeoOpa3oBaHus MPEATIOIAraeTcs pelieHHe TPeX 3a1a4:

1) Hopmanuzayus npuznaxkoe — NMPUBEACHUE MOJYYCHHBIX NMPU3HAKOB K CIUHOMY
MaciTady, ”HBAPHAHTHOMY OTHOCHUTEIIBHO IIIKAJl, B KOTOPBIX OHU U3MEPSIOTCS,

2) cenekuusa npusnakoé — oTOOp NPHU3HAKOB, KOTOpPHIC OymyT Hanboyiee HHPOpMa-
TUBHBI TIPU PEIICHUN 33]Ia4¥ PacTiO3HABAHWSI;

3) cunmes npuznaxkoe — MOCTPOCHUE HOBBIX MPHU3HAKOB, SIBJIIOMIMXCSA QYHKIIUIMH
OT UCXOJTHBIX JTAHHBIX.

Hopmanu3zamnus — naunbosee npoctoit stan. CtaHaapTHoe npeoOpa3oBaHUE HOpMa-
JU3aIUU 00ECTIeunBaeT HYJIEBOEC MATOXUIAAHUE U €AMHUYHOE CPEIHEKBAJAPATHUIECKOE

OTKJIOHCHHC IJIA KaXKXKIO0T0 IIPpU3HAKaA:

A A—
S':_zxijl J:]-!Ns
M

J M i
Xij*:(xij_sj)/Ml_g(xg_sj)zi i:l,_M,

rae X; e RY — ucxonnoe ommcanne 06bekToB, X;* € R" — HOpmanmM3oBaHHOE ommca-
HHE.

4.1. Cenekuusi NPU3HAKOB

[lycth ucxonHoe onucanue oobekToB umeet Buj {X; € R" , i=1,M }. 3anaua ce-

JIEKIIMM TIPU3HAKOB COCTOUT B TOM, 4TOOBI BbIOpaTh M3 N HCXOAHBIX MpU3HAKOB L
HanOosee uHGopMaTtuBHBIX (L<N). [IpruuHbl, BBIHYKAAMOIINE MPOBOIUTH CEICKIIHIO
MPU3HAKOB, COCTOSIT B CIICYIOIIEM:

1) HeoOXOAMMO OTPAHUYMTH 3aTpPaThl HA MOJYYCHHE MCXOIHBIX JAHHBIX (€CIH W3-
MEpEHHUE JTOMOJIHUTEIBHBIX TPU3HAKOB CBSI3aHO C BPEMEHHBIMHU WK (DMHAHCOBHIMU 3a-
TpaTtamu);

2) HEOOXOAMMO M30aBUTHCS OT CHIIBHO KOPPEIUPOBAHHBIX MPU3HAKOB — 3TO MMO3BO-
JSI€T YMCHBIIIUTh BBIYHCIHUTEIBHYIO CIIOKHOCTh METOJa OOyYEHHsI W TOBBICHTH Kade-
CTBO KJIacCU(HUKAIUH.

OcHoBHasi ujesi CeneKIuu — HEoOXOAUMO BBIOpAaTh TaKOE MOAMPOCTPAHCTBO MPH-
3HAKOB, B KOTOPOM PACCTOSIHHS MEXAY 00BEKTaMH Pa3HBIX KJIACCOB OYAYT MaKCHMaJIb-
HBI, a PACCTOSIHHSI MEXKTy OOBEKTaMH OJHOTO M TOTO e KjlacCa — MUHUMAJIbHBI.

Bo3MOXHEI ciieyrorue moaxo/Ibl K PEIICHUIO 3a1a49H CEJICKINH MPU3HAKOB.
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1. Ckanspnas cenekuus: ”HGOPMATUBHOCTh KaX/JI0Tr0 MPU3HAKA OLICHWBAETCS HE3a-
BUCHMO, a 3aTeM BbIOMparoTcs L mpu3HakoB ¢ HauOONBIINM YpPOBHEM HH(GOPMATUBHO-
CTH;

2. BekTopHas ceieKIus: OleHUBAETCs MHPOPMATUBHOCTD IEJIBIX TPYIIT MPU3HAKOB.
OTy 3a7a4y MOKHO PELIUTh MOJIHBIM IEpe0OpPOM BCEBO3MOKHBIX KOMOMHAIMI IpHU3HA-
KOB, pEIICHUEM 33/1a4H PACIO3HABaHUS Ha KaXKJIOW KOMOWHAIIMK U CPABHEHUEM OLICHOK
KauyecTBa MOJIYYEHHBIX pelieHuil. OJHaKO BBIYMCIUTENBHO MOJIHBIN 1epedop, Kak mnpa-
BUJIO, HEBO3MOXEH, I103TOMY HEOOXOauMa HEKOTOpas CTPAaTerus COKPAIeHHOIo
(HanpaBlIeHHOT0) Iepedopa KOMOWHALIMIA TPU3HAKOB.

Ckanapuasn cenekyus

[Ipu ckanspHON CENEKIMH MPU3HAKOB HEOOXOJIMMa CIEAYIOMAas IOCIIeI0BATEIh-
HOCTb JICICTBUM:

1) dopmupyeTcsi cokpalleHHass o0ydaromas BEIOOPKa, B KOTOPOW W3BECTHBI 3HAYE-
HUs Bcex N MPU3HAKOB I KaXI0T0 00BEKTa;

2) MHPOPMATHBHOCTh KaXI0TO MPU3HAKA OLICHUBACTCS MO 3TOW BHIOOPKE U BBIIEIIS-
etcsi L Haubonee nHGOPMATUBHBIX TPU3HAKOB;

3) ¢dopmupyertcs mosHas oOydaroiias BRIOOPKa, B KOTOPOW M3MEPSIIOTCS 3HAYCHUS
TOJIbKO L BRIOpaHHBIX MIPU3HAKOB;

4) o copMHPOBAHHOM MOJHOM BBIOOPKE MPOU3BOAUTCS 00yUYeHHE, T.€. HACTPOHKa
apamMeTpoOB aITOPUTMA;

5) HOBBIC OOBEKTHI, IO KOTOPHIM M3MEPEHBI 3HAUCHUS L MPU3HAKOB, MPEIBSIBISIOT-
Csl QITOPUTMY JJIS PAaCIIO3HABAHMSI.

Bo3moskHBIE TTOAXOABI K OIeHKe WH()OPMATHBHOCTH MPU3HAKA MPHU CKAISIPHOHN ce-
JICKITAH:

1) MO CTaTUCTUYECKUM XapaKTEPUCTUKAM pACTIPEACIICHHs 3HAaUYCHUN TPU3HAKA IS
00BEKTOB Pa3HbBIX KJIACCOB;

2) ¢ UCTOJIb30BaHUEM OIIEHKH KOJIMdecTBa HHGOpMaInu, 100aBIsIeMOM 3a CUET UC-
MOJIb30BAHUS 3HAYCHUH TTPU3HAKA.

. = 2
PaccmoTpum nepBsiii BapuadT. Ilycte Ejk U Sjk”— OLIEHKM MAaTEMaTHYECKOIO OKHU-

JIAHHS U CPEAHEKBAIPATUICCKOTO OTKJIOHEHUS JIJISl 3HAUCHHH |-T0 MPU3HAKA Y 00BEKTOB
k-ro Kimacca cokpaiieHHO# oOyudaroriei BEIOOPKU. PaccMOTpuM citydaiiHbie BETUYHHBI,

= - 2
npuHUMaronme 3HaYeHust E j u sjk° Ha MHOKecTBe KiaccoB K =1,K . Mx craTuctuye-
CKHE XapaKTEPUCTUKU:

*_. _K _. *_.Z_K __2 * , p— * , 2
E'(Eie)= REk, E(s)°)= TRsi’, D (Ex)=E(Ex—-E(Ex))).

Ecmn E'(sjk° )< E'(Sw’), TO TpH MPOYMX PABHBIX YCIOBHSX j-if TpU3HAK Ooiee

nH(OpPMATUBEH, YeM V- MPU3HAK, T.K. 00BEKTHI KXKJIOTO Kjacca pacroJiaraloTcss KOM-
HaKTHEH BIOJIb OCH, COOTBETCTBYIOIIEH J-My MpHu3Haky (puc. 4.1).

Ecom D' (E k) > D'(E, ), TO Ipy MpOuYnX PaBHBIX YCIOBHSX j-if NpH3HAK Gonee

nH()OpPMATUBEH, YeM V-U MPHU3HAK, T.K. 00BEKThI Pa3HbIX KJIACCOB PACMOJIAraroTCs Ha
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OoJbIIIEM YAaACHUH APYr OT JAPyra BIOJb OCH, COOTBETCTBYIOIIEH [-My MPH3HAKY
(puc. 4.2).

A Y
Puc. 4.1. CpaBHeHre HHPOPMATUBHOCTH NPU-
» 3HAKOB 110 MAaTEMAaTHYECKOMY
> OKMJIaHUIO AUCTIEPCUH KIIACCOB
A Y
Puc. 4.2. CpaBHenre nHPOPMATUBHOCTH MPHU-
¥ 3HAKOB IO AUCTIEPCUU
> MaTeMaTHYEeCKUX O)KUJaHUH KJIacCOB

BeKmopmm cenexKkyun

3aaya BEKTOPHOU CENEKIINU UMEET BUJI
G- =argmax S(G"), (4.1)
ctcgN
rme G — HcXoqHOE MHOXECTBO HPU3HAKOB, G- — COKpallleHHOE MHOXECTBO [IPHU3HA-
k0B, S(G") — Mepa OTHeTMMOCTH KJ1accOB HAa MHOKECTBE IPH3HAKOB G -

Mepa OTACTMMOCTH MOXKET UMETh (popMy:
— HEKOTOPOM ABPUCTHYECKOMN OLICHKU Pa3/IeIMMOCTH KJIACCOB IO OIMMCAHUIO 00BEK-

TOB 00y4arolIell BHIOOPKH B BRIOPAHHOM IIOIIPOCTPaHCTBE TIpH3HaKkoB G - (Hampumep,
aHAJIOTUYHO PACCMOTPEHHBIM OLIEHKAM JIJIsi CKAJIAPHOM CEJIEKIIHNH );

— OIICHKM KauecTBa PEUICHUs 3a/1aul Pacro3HaBaHUs Ha BEIOPAHHOM TOJIMHOKECTBE
npu3HaKoB G- (JUIS 3TOTO HYXKHO PEIHTh 3a7auy Paclio3HABAHUS M OLEHUTH KaueCTBO
pEIIeHHs], HAPUMEP, IO METOIY CKOJIb3AIIero KOHTpouis (1.4)).

CrpaTerusi BEKTOPHOM CENEKIIMU — 3TO HEKOTOpasi Mpolieypa, MO3BOJISIIOLIAs 3aMe-
HHUTb TOJIHBIN mepeGop BceBo3MoxHbIX G- — G" npu pemennu 3amaun (4.1) Ha co-
KpalleHHbIi nepedop. Ha npakTuke pacnpocTpaHeHbl CAEAYIOIMINE CTPATETHH.

1. CTparerns HapallMBaHHs BEKTOpA IPH3HAKOB: BBIOpaTh G' =@ M moouepeaHo
106aBIATh K MHOKECTBY G' II0 OJHOMY IPH3HAKY, JAIOIIeMy peleHue 3axaqu (4.1),
noka T <L.
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2. CTpaTerus CoKpaleHHs BEKTopa NpH3HaKoB: BEIOGpaTh G' =G u moouepenno

MCKIIIOYaTh U3 MHOXecTBa G' IO OJHOMY IIPH3HAKY, JAIOIIEMy peleHue 3agaun (4.1),
moka T > L.

OO6e cTpaTeruu sIBISIOTCS <OKaIHBIMUY, T.€. HE JIOMyCKAaOT BO3BpaTa U IepecMoTpa
yKe IMOJTyYEeHHOHN paHee YacTH PeIICHUS.

3. AJITOPUTM IUTaBAIOMIETO MOUCKA (HE KaIHBIN) UMEET CIICTYIOITUN BU/I:

1) npunsate G' =¢g', tme ¢',i€l,N — NIPOU3BONBHBIA MPU3HAK HMCXOJHOTO
MHO’KECTBA NpU3HaKoB G ;

2) peuts mepeGopom 3samaay ¢¢ =argmax S{GT ug}) wu IPUHATH
gecMat
GT+1 — GT V) g k.
3) ompenenuTh MPU3HAK B COCTABE G ™", narommit HANMEHBIIMI BKIIAJ B YBEJU-
YeHue Mephl OTJEIUMOCTH Kiaccos: ¢ =argmax S( G"M\g);

geGT +1

4) ecrm g¥ # g%, TO WCKMIOYMTH TpPH3HAK g' H©3 MOIIpPOCTPaHCTBA:

GT+1 — GT+1\ gV ’
5) npuasate T =T +1; ecnu |G' |< L, To mepeiitn Kk mary (2), unade G' — mcko-
MO€ [IOJJMHOXKECTBO IIPU3HAKOB.

4.2. CuHTe3 NPU3HAKOB

IycTh ucxoaHoe onucanue oobekToB umeet BUa {X; € RV, i=1,M }. 3anaua cun-

Te3a MPU3HAKOB: 3a1aTh otodpaxkenue f :R" — R", koTopoe obecneunt mMakcumans-
HOE€ Ka4yeCTBO pEHICHUS 3aJayd pacrlo3HaBaHHWs 1O OOydJaromieii BbIOOpKe
{x*=1(x),1=1LM}.

3ameuanue. B psane npuKIagHBIX 33/1a4 UCXOTHOE ONMHUCAHUE OOBEKTA MPEACTABICHO
He B (hopMe MaTpHIlbl TPU3HAKOB-00beKTOB. Harpumep, eciu oOpasbl — 3T0 n300pake-
HUS, 3ByKOBBIE CUTHAJIBI, CTPYKTYPBI U T.Jl. B Takux ciydasx MeTO/Ibl CHHTE3a IpU3Ha-
KOB CYIIECTBEHHO 3aBUCAT OT XapaKTepa 3TOTr0 UCXOAHOTO MPEACTaBICHHUS.

[IpeacraBneHHas MOCTaHOBKA 3a/ladyd CHHTE3a MPU3HAKOB BechbMa HedopmaibHa —
ee KOHKPETHOE CO/IeP KaHHEe 3aBUCHT OT CIEAYIONINX 00CTOSTENHCTB:

— 9TO IOHMMAETCS TI0JT 3a/1a4eii pacIio3HaBaHWS;

— KaK OTpeeNsaeTCsl Ka4eCTBO €€ PeIleHHS,

— KaKO# KJ1acc aJropuTMOB paclio3HaBaHUS M METOJ €T0 00YYECHHSI UCIIOJIb3YEeTCSl.

PaccmoTpum ofHY M3 pacnpoCTpaHEHHBIX KOHKPETH3AIlUKA 3TON IMOCTAHOBKH 3aJa-
Yyl — METOJ| TJIaBHBIX KOMIIOHEHT. 3ajada (QOpMyJIHpyeTcs CIASAYIOIIUM O0pa3oM.
Heobxoaumo nmocTpouTs JuHEHOE Mpeodpa3oBaHme 00yJaronie BEIOOPKH:

X*=XA, X ={x, eR" }, X*={x*eR" },size(A)=NxL,
IIpHU KOTOPOM
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A =argmin %p(xi JF(A)), (4.2)

L
N N .
TIe A:{aj eR", =1L} — 2naséuvie komnonenmor, F(A)={xecR" : x= Elajaj}

— JIUHEellHOe MHO02000pa3ue, TIOCTPOCHHOE Ha IJIaBHBIX KoMmoHeHTaxX, p(X,F(A)) —

MCTPHKA, 3aAdaromiasa pacCTOAHHUC OT TOYKH Xe RN 0 JIMHEUHOTO MHOFOO6paBI/I}I
F(A)cRN.

Ecin p — eBkiIMmoBa METpHKa, TO peuieHue 3ajadu (4.2) U3BECTHO B aHAJIUTUYE-
CKOM BHJIC:

M
1) moctpouts Matpuiy B = (X —E( X D) i
=

2) HaiiTh ee coOcTBeHHbIe 3HaueHus V,(B)eR,i=1,N u coOCTBEeHHBIE BEKTOpa
w,(B)eR",i=1N;

3) cocTaBuTh MaTpuily A U3 COOCTBEHHBIX BEKTOPOB, KOTOPHIM COOTBETCTBYIOT L
HanOOJIBIINX 110 MOIYJII0O COOCTBEHHBIX 3HAUCHUI: A = {Vik (B), k=1, L}T Vi (N )

— MHJAEKCH L HanOonpmuX Mo MOy coOOCTBEHHBbIX 3HaueHn V;(B)e R, i=1,N.

I'eomeTpudecKknii CMBICII KOHCTPYKLHM, UCTIOJIB3YEMBIX B METOJIE IVIaBHBIX KOMIIO-
HEHT:
1) cronOupl MmaTpuLbl 4 — B3aMMHO OPTOTOHAJIBHBIE BEKTOPA B UCXOJIHOM IIPOCTpaH-

cTBe npu3HaKkoB R\ ;

2) nuHeiHoe MHOTooOpasue F(A) — moAnmpocTpaHCTBO, HATSHYTOE HA 3TH BeKTOpa (B
yacTHOCTH, Ipu L=N-1 — runepmiockocts, npu L=1 — npsimas);

3) conmepxkanue 3amadu (4.2) — MOJIOKEHHUE JIMHEHHOTO MHOT000pa3usi B HCXOTHOM
MPOCTPAHCTBE MPU3HAKOB JOHKHO OBITh TAKUM, YTOOBI CYMMa PAaCcCTOSTHUN OT OOBEKTOB
oOy4arornieil BEIOOPKU /10 HEero ObLTa MUHUMAIbHO BO3MOXKHOM, T.€. MICKOMOE JIMHEHHOE
MHOT000pa3ue anmpoKCUMHUPYET 00y4daroIIyto BEIOOpKY (puc. 4.3);

4) mpeoOpazoBanue X* = XA— opTOroHajibHAs MPOEKIUs OOBEKTOB OOydYaromiei
BBIOOPKH Ha MOCTPOCHHOE JIMHEITHOE MHOTO00Opa3ue (cM. puc. 4.3).

Wnes Takoro mpeoOpa3zoBaHus COCTOUT B TOM, YTO YEM MEHBIIIE Pa3MEPHOCTH MPO-
CTPAHCTBA, TEM:

— C OZIHOW CTOPOHBI, B HEM MEHbIIIE NH(HOPMALIMH, O3BOJIAIONICH pa3aeuTh O0BEK-
TBI Pa3HBIX KJIACCOB;

— C IpYTOil CTOPOHBI, MEHBIIIE TAPAMETPOB MOKET OBITh y alITOpUTMa KiiaccuprKa-
UM (I03TOMY CTPOUTH €r0 JIETYE).

Takum 00pa3oM, CHHTE3 NMPHU3HAKOB IO METOAY TJIABHBIX KOMIIOHCHT MPUBOJHT K
TOMY, YTO 4acTh WH(GOPMAIIMK O CBOMCTBAX OOBEKTOB TEPSAETCS, HO 3aTO cama TOCTa-
HOBKA 3a/1a4d 00y4YEHUS yIpOIaeTCs.
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Q
Jluneiitnoe MHOTOOOpa3He
(omHOMEpHOE)
L%
> 00 O OCD: O—p

Puc. 4.3. [Ipeobpa3oBaHue MpOCTPaHCTBA TPU3HAKOB MO METOY TJIABHBIX KOMITOHEHT
(cimyuait X=R?)

3ameuanue. BO3MOXHBI U IpyTU€ MOJIXO0/IbI K 3a7]a4€ CUHTE3a MPU3HaKoB, rae L>N —
B 3TOM CJIy4ae UCIIOJIb3YETCSl MHASL WICOJIOTHS CHHTE3A.

3ameuanue. JIrob0e 0TOOpakeHNUE U3 MHOKECTBA X MOXKHO paccMaTpHUBaTh Kak MpH-
3HAK, MOATOMY JIF0O0OH aroput™ a: X—Y, NOJy4YEeHHBIN B PE3y/bTaTe PEILICHUS 33Ja4n
pacno3HaBaHMs TAKKE MOXKHO pacCMAaTpUBATh KaK MPHU3HAK IS 3aJa4d pacliO3HABAHUS
00J1€€ BBICOKOTO YPOBHSI.
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