Jlekuusa 8

MeToabl aHcaMOJIUPOBAHHSA

1. BBenenue B MeTOABI aHCAMOJIUPOBAHUA

AHcaM0impoBaHNe — 3TO MOAXO0/, B KOTOPOM HECKOJIBKO MOJIeNel 00beIUHIIOTCS
IUI YIIyqIIeHUs] O0IIe TOYHOCTH MpeACKa3aHus. DTOT METO MCIOIb3YeTCs s
TIOBBIIICHUSI CTAOUIBHOCTH M YCTOMYMBOCTH MOJIEINIEH, MMOCKOJIBKY OIIMOKH OJIHOM
MOJIETH MOTYT OBITh KOMIIEHCHPOBAHBI IPYTUMU. B aHCaMOIIAX OTHETbHBIE MOICTH
(unn GazoBble Kiaccu(UKATOphl) O0ydyaroTCsl HE3aBUCHMO, a UX MpeJCcKa3aHus
KOMOMHUPYIOTCS I TIONy4YeHHs] OoJiee TOYHBIX M YCTOWYHMBBIX PE3YJIBTATOB.
AnHcamOneBbIe METO/IBI aKTUBHO TMPUMEHSIOTCS B TaKUX 00JacTAX, Kak (UHAHCHI,
OnomHpopMaTHKa, MAPKETUHT W MEIWIIMHA, TNe TpeOyeTcsi BhICOKas TOYHOCTH
IpEeACKa3aHUN.

AHcaMONMpoBaHHE IMO3BOJISET pPEIIaTh HECKOJBKO 3ajiad, BKIIIOYAs CHIDKCHHE
OIIMOKH, YMCHBIICHUE MEepeOOYUYCHUS W TIOBBIIIICHUE YCTOWYHMBOCTH MOJEICH K
BbIOpocaM. KiTroueBbIM MPUHIIMIIOM aHCaMOJICH SBJSETCS pa3HOOOpa3ue MOJICIICH:
yeM 0oJiee pasHOOOpa3HBIMU SIBJISIOTCS 0a30Bble KIAaCCU(PUKATOPHI, TeM OOJbIIe
OHHM MOT'YT KOMIICHCHPOBATh OIIUOKH JIPYT APYTa.

2. OcHOBHBIE BUIBI aHCAMOJIEeH

CyIiecTByeT HECKOJIBKO OCHOBHBIX TOJXOJIOB K TMOCTpOeHHIO aHcamOuen. Cpemu
HanOoJIee MOMyJIIPHBIX METOJI0B aHCaMOIMpoBaHuss — O3rruHT (Bagging), OycTtuHr
(Boosting) u crekunr (Stacking).

o borrunr (Bagging): MeTo/, B KOTOPOM HECKOJIBKO MOJielield o0ydaroTcs Ha
Pa3TUYHBIX TOABBIOOPKAX JIaHHBIX, IOJIYYCHHBIX METOJOM CIydaiHOMN
BBIOOPKU ¢ Bo3BparnieHueM. [Ipumep — crmydaifHblii jec.

o byctunr (Boosting): IlocinenoBarenbHoe oOydeHHE MOJCICH, TAC KaxKaas
MOCIIeYOIIasi MOJIENIb HAalpaBiieHa Ha UCTPABICHUE ONMTUOOK MPEIbIIYIINX.
[Tpumepsr — AdaBoost 1 rpagueHTHBIN OyCTHHT.

o Crekunr (Stacking): Meroag, B KOTOPOM OOBEAUHSIOTCS PE3YJIbTAThl
HECKOJIBKMX  MOJEJEHd Ha  ypPOBHE  METaMOJENIH, HCHOJIb3YHOUIEH
npeacka3aHus 0a30BbIX MOJIEIEH KaK BXOJHBIC TaHHBIE.

3. barrunr (Bagging)

boarrunr (cokpamienue ot bootstrap aggregating) — 3T0 METOJI aHCAMOJIUPOBAHUS,
B KOTOPOM HECKOJBKO MOJENe 00yUualoTcsl Ha pa3inyHbIX MOJIBBIOOPKAX aHHBIX,
MOJIyYEHHBIX Ciy4dailHOW BbIOOpKOW c Bo3BpamieHueMm (bootstrap). Kaxabiii
0a3zoBbIil  Kiaccudukarop o0Oy4yaeTcsi HE3aBUCHMO, U €ro IpeJcKa3aHHs
00BEIUHSIOTCS JI MOTy4YeHUs] (PUHAIBHOTO pe3yJibTaTa.



3.1 Anroputm 03rruHra
ITponecc mocTpoeHust aHcaMOIIsl METOOM O3ITHHIA BKJIFOYAET CIEAYIOLINE IIaru:

1. U3 ucxogHoro Habopa JaHHBIX CO3AAIOTCS HECKOJIBKO MOABBIOOPOK MyTEM
CIy4yaliHOW BBIOOPKHU C BO3BPAIICHUEM.

2. Ha kaxnoil mogBeI00pke 00yyaeTcsi OT/eIbHas MOJEIIb.

3. Ilpencka3zanus Bcex Mojesed KOMOMHUPYIOTCS JJIsl OJTy4eHHs (PUHATIBHOTO
pesynbrata (HampuMmep, IMyTeM TOJIOCOBAaHUA JUIsl KiacCU(UKAIMU WU
YCpPEIHEHUS ISl PETPECCHH).

3.2 IIpumep: Cuayuaiinbii Jec (Random Forest)

Cny4aiiHplil Jlec — 3TO mpumMep OAITHHTA, TJe B KadyecTBE 0a30BBIX MOJIEIICH
UCIIOJIb3YIOTCS pelarolue AepeBbs. B ciyualiHoM Jiece Kaxk0e 1epeBo o0ydaercs
Ha CIy4yalHOW TOABLIOOpPKE JAaHHBIX, a TAaKXKe Ha CIy4YaHOM ITI0JIMHOKECTBE
npu3HakoB. IToroBoe mpeackazaHuEe — CIy4allHOTO  Jieca  ONpEeNeNseTcs
rOJIOCOBAaHUEM WIIM YCPEHEHHUEM MPEICKa3aHU BCEX IEPEBbEB.

IIpeumyuiecTBa cay4amHoOro Jjeca:

o BhIcokas TOYHOCTH M YCTOWYHMBOCTD K BBIOpOCAM.

o Cnoco6HOCTh 00pabaThIBaTh OOJIBIIIOE KOJIMYECTBO MPU3HAKOB.

o YcroluMBOCTP K TepeoOydeHWIo Omarogaps clydailHOMY  BBIOOpY
IPH3HAKOB.

CnyyaiiHBIH Jlec SIBISICTCS TOIYJISIPHBIM BBIOOPOM I 3amad, Tae Tpebyercs
CTaOMIBHOCTh 1 HHTEPIIPETUPYEMOCTh, M €T0 IPUMEHEHHE 0XBAThIBACT PA3IMUHBIC
obsactu, oT OMOMHGOPMATHUKH 10 IPOTHO3UPOBAHUS (PMHAHCOBHIX JTAHHBIX.

4. Byctunr (Boosting)

ByctuHr — 310 MeTon aHcamMOJMpOBaHMS, B KOTOPOM MOJIEIH OO0y4aroTcCs
MOCJICIOBATEILHO, W KaXJas MOCJIECAYIoIas MOJE/Ib HalpaBjieHa HA YIy4dllICHUE
pe3yabTaToB npeasayiieid. OcHOBHAS uaes OYCTHHTa 3aKJIFOYACTCS B TOM, YTOOBI
MHUHHMHU3HPOBATh OIIHUOKY, T00aBJsAsS MOJEIH, KOTOPBIE HCIPABISIOT OIIHOKH
NPEAbLIYIINX MOJEIICH.

4.1 Anroput™m OyCTHHTra
OOt mpoiiecc OyCTHHTa BKIIOYAET CICAYIOIIUE IIaru:

1. IlepBast Mogenb 0Oy4aeTCsi HA UCXOAHBIX JAHHBIX.

2. OmumOKY IEpBOM MOJICIH BBISIBIISIIOTCS, U JAHHBIE B3BEIIUBAIOTCS TaK, YTOOBI
ciaeaywomas Mojenb Obuia Oojiee chOKycHpOoBaHa Ha OMIMOOYHBIX
MpeCKa3aHUsIX.



3. Ilpoumecc mnoBropserca [Uisl BCEX MOCIHEAYIOUIUX MOAENEH, Kaxnaas u3
KOTOPBIX doxycupyercs Ha VCIIPABIICHUU OLIOO0K CBOHUX
MPEAIIECTBEHHUKOB.

4. WrtoroBoe mpenckazaHue aHcamOisl (pOpMUpPYETCS C y4E€TOM B3BELIEHHBIX
IIpeACKa3aHuN BCEX MOJEIIEH.

4.2 IIpumepbl MeTOA0B OYCTHHIA

CyliecTByeT HECKOJIBKO MOMYJSPHBIX METOJOB OYCTHHIa, KaXKIbId M3 KOTOPBIX
HUMEET CBOM OCOOEHHOCTH.

AdaBoost (Adaptive Boosting)

AdaBooSt — onMH M3 MHEpBHIX METONOB OYCTHHIa, MPEMLIOKEHHbIH MoaBoM
Opeitnaom u Pobeprom [lanupoii. AdaBoost HazHauaeT Beca oOpasiiam, KOTOphIE
omurO0YHO KJIacCU(PUIIUPOBAHBI, K JOOABIISIET MOJIETTH, KOTOPBIC JTYUIlle YYUTHIBAIOT
9TU OMKMOOYHBIE KIacCUuPUKaInu.

I'panuentHsbiii OycTuHr (Gradient Boosting)

['paguenTHBIE OyCTUHT — 3TO METOJ OYCTHMHTa, B KOTOPOM KaxKiasi MOJIEhb
n00aBIsIeTCs C 1EJbI0 MUHUMHU3alUU (PYHKIIUU TOTEPb, UCIIONB3Ys TPaTUEHTHBIN
cnyck. B kaxmoMm mare rpagueHTHOro OyCTHMHTa J00aBisieTCss HOBas MOJIEb,
KOTOpasi MUHUMU3UPYET OCTATOYHYIO OIIMOKY OT MPEABIYIIUX MOJIETIEH.

XGBoost

XGBo0ost — 3o yny4lieHHas BepCHUs IpaIueHTHOT0 OYCTHHTa, ONTHMUA3HPOBaAHHAS
JUTSL CKOPOCTH U Mpou3BoauTeabHOCTH. XGBoost ucmonbs3yeT peryispusanuio s
IpeOTBpAICHUsT TIEpeoOyUCHHsI U TapauIelIbHbIe BBIYMCICHHS, YTO JIENAeT €ro
OJTHUM M3 CaMBIX MOMYJISIPHBIX METOJIOB JIJIS 33124, TPEOYIOIIMX BBICOKOW TOYHOCTH
1 3G (HEKTUBHOCTH.

IIpeumymecTBa OycTUHTA:

o Bpricokas TouHOCTh 1 3(h(PEKTUBHOCTH HA CIOKHBIX 3a]a4ax.
o Bo03MOXHOCTH HACTPOWKH TUTIEPIIAPAMETPOB VISl YBETUYEHUS TOUHOCTH.
o ['mOkocTh B BEIOOpE 0a30BBIX MOJIECH U (DYHKITUH TTOTEPb.

Henocratkom OycTuHTa SBISETCS CKIOHHOCTh K MEPEOOYUCHUIO, OCOOCHHO €CIU
aHcaMOJIb COACPIKHUT CIIMIIKOM MHOTO Mozelei. [loatomy TpedyeTcs TmareabHast
HACTpOMKa THIIEPIIAPAMETPOB, TaKMX KaK KOJHUYECTBO MOJIENed M CKOPOCTh
00y4YeHMUS.

5. Ctrekunr (Stacking)



CTeKMHT — 3TO METOJ aHCaMOJIMPOBAHUSA, B KOTOPOM HECKOJIBKO MOJEei
KOMOWHUPYIOTCS Ha ypoBHE MeTamo e, OCHOBHAS Ues CTCKMHTA 3aKJIF0YaeTCs B
MCITOJIb30BAaHUU TIPEICKa3aHUN HECKOJIbKIX MOJICNICH B KA4eCTBE BXOIHBIX JAHHBIX
JUTSL HOBOM MoJienu (MeTaMOJIeNM ), KoTopasi 00ydaeTcst Ha STUX MPeACKa3aHUuIX st
YIYYIICHUS TOYHOCTH UTOTOBOTO TIPEICKA3aHHUS.

5.1 Aaropurm cTeKHHra
[Ipouecc cTekrHra BKIIOYAET CAEAYIOIINE TallbI:

1. Heckonbko 06a30BbIX MoOeieil 00OydarOTCS Ha HMCXOJHBIX JaHHBIX, U HX
MpeJCKa3aHus COXPaAHSIOTCS.

2. Ha ocHoBe npenckazanuii 6a30BbIX MO/ 00ydaeTcs METaMOIeTb.

3. Urorosoe mpejackazanue (GpOpMHUPYETCS Ha OCHOBE METAMOJIENIU, KOTOpas
MOKET YYUTHIBATh 3aBUCUMOCTh MEXIY MpeJICKa3aHusIMU 0a30BbIX MO/JICTIEH.

5.2 IlpeumyiecTBa CTEKMHIA

CTeKUHT T03BOJIIET KOMOMHUPOBATh MOJICNIA C PAa3HBIMU MOAXOJAMU, YTO MOXKET
3HAYMTEJIPHO TOBBICUTH TOYHOCTH MpelcKazaHus. B oTimume ot O3rruHra U
OyCTHHTa, CTEKHMHT JaeT T'MOKOCTb B BBIOOpE 0a30BBIX MOJENeld U METaMOJCIIH.
YacTto wmeraMojenb TMpeACTaBiIseT CcoOOM TMPOCTYH0 MOJENb, TaKyl Kak
JIOTUCTHYECKAsT pPErpeccus WIM JHUHEHHas perpeccus, KOTopas YCpeaHseT
npejacKa3anus 0a30BbIX MOJIETICH.

CTeKuHT HaXOuT MPUMEHEHHUE B 3a71a4ax, I/ie TpeOyeTcs BHICOKAs TOYHOCTh, TAKUX
KaK COPEBHOBaHUS MO aHAIM3y JNaHHBIX (Hampumep, Kaggle), roe mcmonbzyercs
KOMOWHAIMS Pa3IUYHBIX MOJIEEH SIS JOCTHXKCHHS JIYUIITUX pe3yIbTaTOB.

6. Bb10op MeTo1a aHCAaMOJIMPOBAHMS

Br16op MeToa ancamMOIMpOBaHUS 3aBUCUT OT CHEIMUKH 3a7a4 U TpeOOBaHUN K
MOJICIIN:

o Jlna 3amauy, rae Tpedyercsl BbICOKASl YCTOMYMBOCTb M CTA0WJIBHOCTD,
JIy4llle Bcero moaXoauT O3ITHHT, HallpuMep, CJay4aiHblii Jiec.

o Ecaum Tpedyercsi MHUHMMHM3alIHA OMMOKH Ha CJHOKHBIX 3agadax ¢
00JIbIIUM KOJHUYECTBOM NMPU3HAKOB, 0YCTUHI, TAKOM KAK I'PaJAMECHTHBIN
OyctuHr uiau XGBoost, moka:keT HauJIy4dlIue pe3yJbTaThl.

o CTeKMHI MOAXOAMT JJIA 3a]a4, I7ie TpedyeTcss MAKCMMAJIbHASl TOYHOCTh
1 BO3MOKHOCTH 00beIUHEHN I PA3JINYHBIX THIIOB MOJIeJIeil.

7. OneHka u cCpaBHeHHe aHCcaMOJIeBbIX MO/IeJIel

Ouenka aHcaMOJIEBBIX MOJIEIEN MPOBOJUTCS C TOMOIIIBIO T€X K€ METPUK, UTO U JIsI
OJIMHOYHBIX MOJEJIeH, TaKUX KaK TOYHOCTh (accuracy), moyiHota (recall), TouHocThb



(precision) u F-mepa. BaxHO UCIOJIb30BaTh METO/IbI EPEKPECTHON MPOBEPKH IS
OLICHKM aHcaMOyieil, TMOCKOJIbKY OHM MOryT OBbITh 00Jee IOJBEpPKEHBI
nepeoO0yU4eHHUIO.

OCHOBHBIE METPUKHU:

o Tounocth (Accuracy): OOumiee KOJIMYECTBO MPABUIBHO MPEICKa3aHHBIX
IPUMEPOB.

o Iloanora (Recall) u TounocTtb (Precision): Ilone3ns ans 3amad ¢
HEPABHOMEPHBIMU KJIACCAMHU.

« ROC-AUC: Mepa kauectBa Mojienu A 3aa4 OMHApHOH Kilaccuukanuu,
MOKa3bIBAET CIIOCOOHOCTH MOJIENU OTIEIAThH KIIacChl.

8. IlpenMy1iecTBA M HEAOCTATKHA aHCAMOJIUPOBAHUS
AHcaMOJIMpOBaHKME UMEET HECKOJIBKO KITHOUEBBIX MPEUMYIIECTB:

e YayumeHHass TOYHOCThb: KoMOWHAIMsS HECKONIBKHX MOJACICH MOXKET
3HAYUTEIBHO MMOBBICUTH TOYHOCTH IO CPABHEHUIO C OJUHOYHOMN MOJICIIBIO.

o CHmKeHHe mepeodydeHHsi: AHCAMOJICBBIC METOJIbI, TaKUE KaK OSTTHHT,
MOTYT YJIYUIIUTh 00001IaI0IIHe CTIOCOOHOCTH MOISIH.

o I'mOkocTh: BO03MOXHOCTH WCIIOJIB30BAaHUS PA3IUYHBIX MOJACICH JIA
JOCTIKEHUS JTyUIIETO Pe3yJIbTara.

O,ZIHaKO aHCElM6JII/Ip0BaHI/I€ TaKKC UMCCT U HCAOCTATKU !

o Cl0KHOCTH U pecypcoeMKocTh: O0yueHrne HECKOIbKUX MOJIeNei Tpedyer
00JIbIIIe BEIYUCITUTEIHHBIX PECYPCOB.

o IIpodaembl mnHTepnperamum: MtoroBoe mnpeackazaHue aHCaAMOJIT MOXKET
OBITH TPYAHO OOBSICHUTH M3-32 CJIOKHOCTH MOJISIIH.

o UYyBCTBHUTEJIBbHOCTH K BBIOOPY runepmnapamMeTrpoB: AHcamOJIeBbIe MOICITH
TpeOyIOT THIATEIHHON HACTPONKH TUIIEPHIAPAMETPOB, YTO MOXKET YBEIUYUTH
BpeMsi OOy4eHHS.

9. IlpumMeHeHre METOAOB AaHCAMOJIUPOBAHUSA
AHcam0JieBble METOJIBI HAXOIST IIMPOKOE MPUMEHEHUE B PA3IMYHBIX OTPACIIAX:

o ®unanchl: OreHKa KPeAUTOCIIOCOOHOCTH, Mpeacka3aHue nedonaToB u
YIPABJICHUE PUCKAMH.

o Meauuuna: J[marsHoctvka 3a00JIeBaHMII W TPOTHO3WPOBAHUE HCXOJOB
JICYEHHS.

o Mapkerunr: CerMeHTanusi KIHEHTOB, IPOTHO3UPOBAHUE OTTOKA U
PEKOMEHIATENbHBIE CUCTEMBI.

o buonndopmatuka: AHaau3 reHOMHBIX JAHHBIX U Kilaccudukanus 0€JIKoB U
TEHOB.



10. 3akiaouenue

Metoasl aHCaMOIUpOBaHUS MPEACTABISAIOT COO0M A(DPEKTUBHBIA MOAXOM st
MOBBIIICHUST TOYHOCTH W YCTOWYMBOCTH MOJCICH MAIIMHHOTO OOYy4YeHUS.
Paznmuunbie METOIBI, TaKWe KaK OATTHUHT, OYCTHHT W CTCKHHT, TpejiararoT
pa3HooOpa3HbIe CIIOCOOBl 00BEAUHEHUS MOJICIICH U TTO3BOJISIIOT IOOUTHCS BHICOKUX
pE3yNbTATOB B 33Jauax Kiaccuukanuu U perpeccu. AHcamOIupoBaHue TpedyeT
TIIATEILHONH HACTPOWKHM M BBIOOpA NPABHWIIBHOTO METO/Aa B 3aBUCUMOCTH OT
MOCTABJICHHOW 3aJadyd, HO €ro MPUMCHCHHE OTKPBIBACT 3HAYUTEIHHBIC
BO3MOYXHOCTH JUISI TIOBBIIIICHUSI TIPOMU3BOJIUTEILHOCTH M HAJCKHOCTH MOJCICH B
Pa3TUYHBIX TPUITOKCHHSIX.
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