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AHHOTAUMA
MeToabl MalUMHHOTO 0ByYeHMs YyCNeLWwHO NPUMEHSIIOTCS B CaMbIX Pa3HbIX 06/1acTax 6aHKOBCKOrO KpeamnToBaHMs. 3a rogbl
MX NpUMeHeHMs BaHKM HaKOMWAKM OFPOMHbIE MACCMBBI AAHHbIX O 3aeMlymnkax. C 0AHOW CTOPOHbI, 3TO MO3BONMNO Honee
TOYHO NpenckasbiBaTb NOBEAEHWE 3aeMLUMKa, C APYrol — Nopoanno npobnemy u3bbITOUHOCTM AAHHbIX, KOTOPas CUib-
HO YCNOXHsieT pa3paboTky moaenei. Ytobbl pewnTs 3Ty npobnemMy NpMMeEHSOT MeToAbl 0TOopa NMPU3HAKOB, NMO3BOAIO-
LMe NMOBbICUTb Ka4eCTBO Moaenei. ITM MeToAbl AenaTcs Ha TpU TMna: GUAbTPbl, 06epTKU U BNOXKEHUS. DUNbTPbI SBNSIOTCS
NpOCTbIMK U BbICTPBIMMU METOAAMMU, MPU UCMOb30BAHMUM KOTOPbIX MOXHO HAaXOAWUTb OAHOMEpPHble 3aBucumocTu. ObepTku
1 BNIOXEHWS MO3BONAIOT HOoNee kKayecTBEHHO NPOBOAUTL OTOOP NPM3HAKOB, MOCKOIbKY YYMTHIBAOT MHOTOMEPHYIO 3aBUCH-
MOCTb, OAHAKO AaHHble MeToAbl TPEOYIOT 3HAUUTENbHbIX BbIYMCAUTENbHBIX PECYPCOB M MOTYT MA0X0 paboTaTtb Ha 6ObLIMX
BbICOKOPa3MepHbIX Bbibopkax. B 4aHHOM cTaTbe aBTOPbI NpeanaratoT cxeMy KOMOMHMPOBaHHOIO otbopa npusHakos CFSS,
B KOTOPOM Ha MepBbIX 3Tanax oTbopa Mcnonb3yrTcs rpybbie GuabTpbl, @ Ha GUHaNbHBIX — 06epTkM ans 6onee kavect-
BEHHOro oTbopa. Takas apxuTeKTypa MNoBbILLAET Ka4eCcTBO U CKOPOCTb OTOOpa NMPU3HAKOB Ha BONbLIMX BbICOKOPa3MEPHbIX
BbIOOPKax ANS NPOMBILWIEHHOrO MOAENMPOBAaHUS B HaHKOBCKMX 3adayax. [poBefeHHble aBTOpaMu 3KCNEPUMEHTbI Ans
yeTblpex TUNoB 6aHKOBCKMX 3314 (QHKETHbIN CKOPUHT, MOBEAEHYECKMI CKOPUHT, OTKIMK KIMEHTOB Ha KpOCC-CEMN Npeano-
YKEHWEe U B3bICKaHWEe NPOCPOYEHHOW 33L0/MKEHHOCTU) NOKA3aNu, YTO NPeaIoXKeHHbIN MeTo paboTaeT nyylle, Yem Knaccu-
yeckue MeToAbl, CoAepKaLLMe TONbKO QUALTPbI UK TONBKO 06epTKM.
Knioyeswie cnosa: otT60p NpM3HAKOB; MaLLMHHOE 0BYyYEeHME; 3HAUMMOCTb MePEMEHHbIX; GUNLTPbI; 006epPTKU; BNOXKEHMS
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ABSTRACT
Machine learning methods have been successful in various aspects of bank lending. Banks have accumulated huge
amounts of data about borrowers over the years of application. On the one hand, this made it possible to predict
borrower behavior more accurately, on the other, it gave rise to the problem a problem of data redundancy, which greatly
complicates the model development. Methods of feature selection, which allows to improve the quality of models, are
apply to solve this problem. Feature selection methods can be divided into three main types: filters, wrappers, and
embedded methods. Filters are simple and time-efficient methods that may help discover one-dimensional relations.
Wrappers and embedded methods are more effective in feature selection, because they account for multi-dimensional
relationships, but these methods are resource-consuming and may fail to process large samples with many features. In
this article, the authors propose a combined feature selection scheme (CFSS), in which the first stages of selection use
coarse filters, and on the final — wrappers for high-quality selection. This architecture lets us increase the quality of
selection and reduce the time necessary to process large multi-dimensional samples, which are used in the development
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of industrial models. Experiments conducted by authors for four types of bank modelling tasks (survey scoring, behavioral
scoring, customer response to cross-selling, and delayed debt collection) have shown that the proposed method better
than classical methods containing only filters or only wrappers.
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BBEOAEHUE

MeTobl MAIMHHOTO OOYUEHMST YCITeIIHO MMPUMeHSI-
I0TCSI B CAMbBIX Pa3HbBIX 00/I1ACTIX GAHKOBCKOTO KPeIu-
ToBaHMs1. OTPOMHbIE MAaCCUBBI IAHHBIX TIO3BOJISIIOT 60-
Jiee TOYHO MPe/ICKa3bIBaTh IIOBEHEHNE 3aeMINNKa, P
9TOM ITOPOKIAIOT MTP06IeMY U30BITOUHOCTY JAHHBIX,
YTO YCJIOKHSIET pa3paboTKy MOJIeNIei U MOKET ITPUBO-
IUTb K HEYIOBJIETBOPUTEIbHBIM pe3yibTaTaM. YToObI
PELINTD 3Ty MPOo6IeMY, GbIIIV TIPE/IIOKEHbI PA3TUUHbIE
MeTonbl 0TO0opa Mpu3HaKkoB [1]. OCHOBHAs KOHIEI-
LIMSI 9TUX METOIOB COCTOUT B TOM, YTOOBI YMEHbBIIUTD
pPasMepHOCTD MPU3HAKOBOTO MPOCTPAHCTBA 3a CUET
VICKITIOUEHVST M30bITOUHBIX TTPU3HAKOB.

IMpepnyiaraembie B HAYYHOI IUTEpATypPe METOIbI OT-
6opa MpM3HAKOB JeJISATC Ha Tpy Tra: GmibTpsl (Filter
methods), 06eptku (Wrapper methods) 1 BjioxkeHMsT
(Embedded methods) [2].

BONMbIIMHCTBO Ipe/iaraeMbIX B HAy4HOI JIUTepaType
METOZIOB TECTUPYIOTCS HA OTKPBITHIX PEITO3UTOPUSIX, KO-
TOpbIE COAEPKAT IMO0 MasIo HabMIoneHui1 (OT HeCKOMbKMX
JIECSITKOB JT0 HECKOJIbKIMX THICSIY), MO0 MaJIO MPU3HAKOB
(HEeCKOJbKO AecsITKOB) [3—-5]. [Ipu aTOM Ha MpaKkTUKe
6aHKOBCKOI'0 MOJIEIMPOBAHMSI VICIIOIb3YIOTCSI BBIOOPKHA,
Ha MOPsSIAKY O0JIbIlle HAyYHbIX Oa3 JaHHBIX, Y COIepPyKaT
OT HECKOJTBKVX COTEH ThICSTY JT0 HECKOITBbKMX MUJUTIOHOB
HaOIIOEHN ¥ OT HECKOIBKUX COTEH 0 HECKOIbKUX
TBICSTY MTPM3HAKOB. Ha TakMxX BhIOOPKaX Ipe/jiaraemMbie
B MCCIeJOBAHMSIX METObI MO0 He NAI0T AeKIapupy-
€MOr0 pe3yJbTaTa, JInbo paboTarT OYeHb I0ITro. s
peIIeHus 3TUX Ipo6IeM Mbl IIpeijiaraeM MeToT KOM-
GMHMPOBAHHOTO 0T6OpAa Mpr3HakoB (Combined Feature
Selection Scheme — CFSS), KoToOpblIii ITpeicTaBsIeT U3
ce0s1 TMOPUIHYIO MHOTOCTYIIEHUYATYIO0 CXeMY 0T60pa,
I7e Ha MePBbIX 3Talax MPUMEHSIOTCS PUIbTPHI, a Ha
MOC/IEAYIOIIMX — 00epTKI. B KauecTBe (pMIBTPOB MbI MC-
TTOTb3yeM METO/IbI OUVICTKY TaHHBIX, [IPOBEPKY CTAOWITH-
HOCTY ITPU3HAKOB, KOPPEJISIINIO PU3HAKOB C 1[€JIeBOi
IlepeMeHHOJ, MaTpyLly B3aMMHbIX Koppersuuii [6] u VIF
aHa/m3 [7], B KauecTBe 00epTOK — MePMYTaI[IOHHbI
MeTOoJ, Ha OCHOBe ciyJaitHoro yieca (Random Forest)
[8] n onieHKyY p-value MpM3HAKOB € IMOMOIIBIO0 METOA
obparHoro uckmoueHms (Backward Elimination) [9].

[MpenyioKeHHbIIT HAMY METO, 6bUT TPOTECTVPOBAH Ha
YyeThIpeX BhIOOPKAX IJIST pa3IMUHbIX 6AHKOBCKMX 3a/1ay:
npeJicKa3aHue BepOSITHOCTU ITPOCPOUKY IO KPeIUTY
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B MOMEHT opopM/IeHNsT KpeauUTHO 3asiBKM (Application
PD), mpenckasaHyie BePOSITHOCTY OyyIleii pOCPOUKI
T0 KpeIUTY B Ipoliecce ku3Hu kpenuta (Behavioral PD),
OlIeHKa BepOSITHOCTY OTK/IMKA K/IMEeHTa Ha peKiIaMHoe
npeznyoxkeHue (CRM PTB) 1 ouieHKa BepOSITHOCTH Tie-
peKaTa IMpOCPOYKY IO KPEIUTY B 60siee IO3THII MeCSII]
(Collection Allocation).

[NonmyyeHHbIe pe3ynbTaThl NOKa3amy, yTo Meton CESS
XOpOIII0 paboTaeT Ha GOBIINX BBICOKOPA3MEPHBIX BbI-
60pKax. MbI TaksKe TIPOJEMOHCTPUPOBAJIY, UTO 33 CUET
I'MOKOro KOMOMHMPOBaHMS (GUIBTPOB ¥ 06EPTOK METO[,
CFSS no3BosnsieT 1oduBaThCst 60j1ee BbICOKOI 0000611[at0-
11eJi CITOCOOHOCTY MOZesieit, 4eM MeToIbl 06epTKM 6e3
MCIIONTb30BaHMST PUITBTPOB. JIOTTOMTHUTEIBHO MPOBe/IeH-
HbIe SKCIIePUMEHTBI IToKa3au, uto MeTon CFSS paboraet
B IECSITKY Pa3 GbICTpee KIaCCUUECKMX METOJOB 0TOOpA
TIPU3HAKOB, YTO SIBJSIETCS] B&YKHBIM IIPEMMYIIECTBOM
MeTOZa B ITPOMBIIIVIEHHOM ITPMMEHEeHU .

OBb30P JIUTEPATYPbI
DunbTpbI

K Haubosee mpocThIM MeTogaM 0T60pa IMPU3HAKOB OT-
HOCSITCSI QUITBTPBI, KOTOPbIE ITO3BOJISIIOT OTOMPATh IPU-
3HAKM HE3aBUCUMO OT pa3pabaThiBaeMOl MOIEN.

OT60p ITepeMeHHbBIX C ITOMOIIIBIO0 MAaTPUILII KOPPEJIsi-
uyu (CES) mo3BosnsieT olieHMBaTh NOJMHOXKECTBA MPH-
3HAKOB, VICXO[IS1 3 TUIIOTE3bI, YTO XOPOIIINE MOAHAO0DBI
cozepsKaT Takue Mpu3HaKky, KOTOpbIe He KOPPEIVPYIOT
IPYT C PYTOM, HO TIpY STOM CUJIBHO KOPPEIUPYIOT C Lie-
JIeBOI1 TmepeMeHHOI4. [IpocTeiiimii crioco6 BhIIETUTh
CWJIBHO KOPpeTMPOBaHHbIE TPU3HAKY 3aKITI0UAETCS B TTO-
CTPOEHUM MaTPUILIbI TAPHOV KOPPESIIY TPU3HAKOB.
JTaHHbBIN TTOAXO0L, TTOTYYNT LIMPOKOE PACIIPOCTPAHEeHNE Ha
npakTyke. K rrocaM MmeToza MOKHO OTHECTH [TPOCTOTY
peanusauuu u uHTepriperanuu. Cpeiu HeJOCTATKOB
METO/a MOKHO BBIIE/NUTDb YYBCTBUTETbHOCTD K KAUeCTBY
JaHHBIX (BIOpOCAM, OIIMOKAM M T.I1.), & TAK)KE HECITO-
COOHOCTbD BBISIBJIITh MHOTO(aKTOPHbIE B3aMIMOCBSI3M.

Mertop rnaBHbIX KOMITIOHEHT (PCA), mpeioskeHHbIN
Kapnowm ITnpconom B 1901 r. [10] u 10 cux TIOp SIBJISIIO-
LIMIACS TIOITYJISIPHBIM METOIOM B IIPUK/IaAHBIX 33/1aUax,
TI03BOJISIET YMEHBIIATh PA3MepPHOCTb ITyTeM BbIYMCIEHMSI
[JIaBHBIX KOMIIOHEHT MaTPUILIbl IPU3HAKOB U MOC/IEy-
I01lleM MOHVDKeHMM Pa3MepPHOCTH MaTpPUIIbI uepes ee
CUHTY/ISIpHOE pasnoxkenue [11]. Cpeny 110coB MeTona
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MOXXHO OTMETUTb IIPOCTOTY ero peanusauyn. Cpeau
HemocTaTKoB MeTona PCA MOXKHO BbIAEIUTb YYBCTBY-
TeJIbHOCTh K MacIITaby, CJIOXKHOCTY C BHIGOPOM ITOpora
OTCeueHMs 15 [JIaBHBIX KOMITOHEHT, a TaKKe TO, UYTO
B PCA He yuuTbIBaeTcs 1iesieBas iepeMeHHast, 13-3a
Yero IiaBHbIe KOMITOHEHTBI MOTYT OKa3aThCSl HE MH-
bopmMaTUBHBIMM.

HecmoTpst Ha yKa3aHHbIe HEIOCTATKY, (GUIBTPBI
aKTMBHO UCIIOIb3YIOTCS Ha TIPAKTUKE U 10 CUX TIOp
SIBJISIIOTCST TIpeIMeTOM Hay4YHbIX MccieoBaHui. YskaH
¥ COaBTOPBI [12] MCIOMB3YIOT t-TecT Yamya aj1s pa3paboT-
KV aJITOPUTMOB PaHHE} KOMITbIOTEPHO IMarHOCTUKI
6osesHM AJblireiiMepa.

Poddo 1 Mesnbiiy [5] mpenyiaraio MeTon yist oT6opa
MMPV3HAKOB Ha OCHOBe aHau3a rpada, roe B KauecTBe
BepIMH rpada BbICTYyNAIOT UCCIeayeMble TTPU3HAKH,
a B KauecTBe pebep — Cuiia CBSI3U MEXAY MTPU3HAKaAMI.
ABTODBI ITPE/IIIO/AraioT, YTO COGCTBEHHBI BEKTOD IIpK
MaKCYMaJIbHO [TITaBHOJ KOMITOHEHTE B MaTPULIE CMEK-
HocTH rpacda 6ymeT comepskaTh OTPAHKMPOBAHHBIE 110
BaKHOCTM IpM3HaKM. ECiv B KauecTBe GyHKIMY CBSI3U
B3SITh KO3(DhUIIMEHThI IMHEHO KOPPEeSIINA MEKITY
MpU3HaKaMu, TO MaTpHila CMEXXHOCTHM rpada mpeBpa-
1IaeTCsl B CTaHAAPTHYIO MaTPUILy KOPPeJISIInii.

06epTku

Cpeny MeTooB 06epTOK HaMOOIBINYIO MOITYISIPHOCTD
MONYUYMJIV METO/Ibl CTYIIeHUYaTO perpeccun: me-
top, ipsimoro or6opa (Forward Selection) [13], meTo,
obpatHoro uckatouenns (Backward Elimination) [13]
M MEeTO[I, TTOC/IeloBaTeIbHOT0 0T60pa (Stepwise)! [14].
HecmoTpst Ha CBOIO MPOCTOTY U 3DPEKTUBHOCTh Me-
TOJIbI CTYTIEHUATOl perpeccum mofgBepraamuch KpUTUKe
B HAyYHOM coobriectse [15].

B HayuHOI1 TMTEpaType Takke 6OIbIIIOe BHUMAaHME
yIeNsIeTcs MeTasBPUCTUUECKUM aJITOPUTMAM OIITUMM-
3amuy j1s 0TO0pa MPU3HAKOB, K KOTOPBIM OTHOCSITCS:
anroputm ontuMumsauuu post yacrut, (PSO) [16], orrtu-
MM3alysI Ha OCHOBe MoBefieHus1 ceporo Bonka (GWO) [14],
reHeTnueckuii anroputm (GA) [17, 18], omtummsanms
myenHoro posi (BSO) [19] n ap. LleH v WkaH MpeAIoKuIm
YAYUILIeHHBIN JBYXITAITHbI/ QITOPUTM ONTUMMU3AIUN
ceporo Boska (Improved Gray Wolf Optimization — IGWO)
[3], roe Ha mepBOM 3Tarie aBTOPbI NpeIaratoT UCIIONb-
30BaTh BIOKeHHbBIN MeTof, perynsipusauyu LASSO, a Ha
BTOPOM — METOI, OTITMMM3alIMI TTOBEIEHNS CEPOTO BOJIKa
(GWO). Bacax 1 coaBTOPBI IPEJIOKIIN METOH, 00epTKY
Reinforced Swarm Optimization (RSO) [4], KoTOpblIii

1 SAS Institute Inc. (1989) SAS/STAT User’s Guide, Version 6,
Fourth Edition, Vol. 2, Cary, NC. URL: https://www.scirp.org/
reference/ReferencesPapers.aspx?ReferencelD=1542754 (maTa
o6pamenusi: 07.02.2023).
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TIPeICTaBIISIeT U3 CeOsl YyUIIeHHbIV aTOPUTM OTITUMM-
3aLy IMYEIMHOTO posl, rae BMmecTo BSO-onTumm3sanym
MICITOTb3YETCS TTOAX0M, Ha OCHOBE 0OYUYEeHMS C ITOIKpe-
IJieHreM. MeTobl 0T60pa MPU3HAKOB Ha OCHOBE Me-
TasBPUCTUUECKUX AJITOPUTMOB IIMPOKO MCTIONb3YIOTCS
[IJI1 BBIGOPA XOPOIIEero MpubIvKeHs B pas/IMUHbIX
CJIOSKHBIX 387jauax ONTHMMMU3aIIMI, OMHAKO OHM He BCeraa
06ecIeurBaroT BhIOOP HAVITYUIIIETO PEIIEHS B CUITY TOTO,
YTO 0OyU€eHMe UTOTOBBIX MOZIEJIEH MOKET ITPOBOIUTHCS
C TIOMOIITBIO APYTUX AJITOPUTMOB MAaIIITHHOTO OGyUeHMs,
LTSI KOTOPBIX BbIOpaHHbIe MTPU3HAKM MOTYT OKa3aThCsI
He ONTUMAaJIbHbIMMU.

Cpeny npyrux 3¢@eKTMBHBIX 06€PTOK BBIAEJSIIOT
MepMyTalIOHHbIE METOIbI HA OCHOBE CTy4YaifHOTO Jieca
[18, 20]. B mepMyTali'OHHBIX METOAAX OLI€eHMBaeMbIe
TIPU3HAKM He YIAJISIOTCS 13 BBIOOPKI, T.€. IPU3HAKOBOE
MIPOCTPAHCTBO OCTAeTCsT HeCMelleHHbIM. K BaKHbIM ITpe-
MIMYIIIECTBaM IIepMYTaLYIOHHBIX METOI0B, OCHOBaHHBIX
Ha QJITOPUTMaX CTy4aifHOTO Jieca, OTHOCSIT BO3MOKHOCTb
TIOTyY€eHMsI HeCMEIIeHHbIX OIIeHOK BaYKHOCTET 3a CUeT
VICTIONb30BAHMS PAaHIOMM3VPOBAHHbBIX TIEPEBBEB (B OT-
JIMYUY OT IPaIMEeHTHOTO OYCTUHTA, IIe TepeBbsl 3aBU-
CUMBI U OII€HKM ITOJTyYaloTCsI CMellleHHbIMM). Cpeny
HeIOCTAaTKOB JJaHHbIX METOIOB BbIIEJISIOT BBICOKYIO
BBIUMCIUTENbHYIO CJIOKHOCTD, YTO HAK/IAAbIBAET Or-
paHMYeHMST Ha IPUMEHVMOCTD TaHHBIX METOHOB 1T
6OJIBIINX BEICOKOPA3MEepPHbIX BIOOPOK. CUJIKE 1 COaB-
TOPBI [8] IOMBITAINCH PEIIATD 3TY MPOGIEMY, ITPEIIO-
SKUB TIepMyTalMOHHbIN MeTon New Approach, KoTo-
PbIif TTOKa3aJ1 BhICOKYIO 3(p(heKTUBHOCTD 110 CKOPOCTH
paboThI Ha 6OJBIINX BEIOOPKAX. OmHAKO aBTOPHI TAKKE
MIPOIEMOHCTPUPOBAJIN, UTO IEPMYTAI[VIOHHbIE METO/IbI
IIJIOXO paboTaroT Ha BBICOKOPa3MEepPHBIX BIOOPKAX, KOT-
Jla KOJIMYECTBO ITPU3HAKOB MCUMCIISIETCS] HECKOIbKYMMU
ThICSTYAMM U BoJIee.

BnoxeHus
Perynsgpusaiusi OTHOCUTCS K TPYIITe BJOKEHHBIX
METO/IOB, T/ie OTOOP MPU3HAKOB CTAHOBUTCS YaCThIO
npoiiecca MOCTPOeHMsT MoJiesin. B ToTucTuyeckoii
perpeccuu, craBuieii 6aHKOBCKUM cTaHzaprom [21],
HauboJjiee pacIpocTpaHeHHbIMM METOLAMMU Peryisi-
pusatumu sBisitorcst L1 (LASSO) [22] u L2 (Ridge) [23]
(perynsspusaiyst Tuxonosa [24]). O611as KOHIIEIINS
perynsapusanyy 3aKa0vaeTcs B 1o0aBaeHuu mrpad-
HOT'O CJIaraeMoro K QyHKIIMOHATy OMIMOKM, KOTOpOe
HaKa3bIBaeT MOZENb 3a YpE3MEPHYIO CJIOKHOCTD. Pe-
rynspusanysi L1 mo3BosisieT 06HY/ISITh YaCTh BECOBBIX
K03 dUIIMEHTOB perpeccuu, a peryiasipusaius L2 or-
paHMuMBaeT ux Hopmy [25]. Perynsspusanms L1 nmeer
P HeJOCTATKOB U IJIOXO paboTaeT Ha JaHHBIX 60JIb-
1071 pa3MepHOCTY C HeGONbIIMM KOJIMYEeCTBOM Ha-
6momennii. Xyait u TpeBop [26] npepyiaraioT 060iTH
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Puc. 1 /Fig. 1. Cxema koM6buHMpoBaHHOro oT6opa npusHakos / Combined feature selection scheme
McmoyHuk / Source: coctaBneHo aBTopamu / compiled by the authors.

9TM OTpaHMYeHusI ¢ moMoIIbio rmoaxona Elastic Net —
KoMOuHaiuu Mmetomos L1 n L2.

CXEMA KOMBUHUPOBAHHOIO OTBOPA
NMPU3HAKOB

OmnucaHHble B HAYYHOI TUTEepaType IUTIOCH Y MUHY-
Chl HAaKJIabIBAIOT OTPaHMUEHMS Ha IPMMEHUMOCTh
Tpe[jiaraeéMbIX METOAO0B 0T60pa ITPU3HAKOB K ITPAKTH-
YyeCcKMUM OM3Hec-3agauyaM. Ecii Hy>kKHbI ObICTpbIE Me-
TOJbI C HU3KMMM TPEOGOBAHMSIMM K BBIUMCIATETbHBIM
pecypcaMm, To GUIbTPbI OyIyT Hanbosee ONTMAaIbHbI-
. TIpy 3TOM /17151 GOJiee BBICOKOTO KauecTBa MOJIeeii
HeOoOX0AVIMO VCIOIb30BaTh METOIbI 06€PTKM U BJIO-
SKEHUSI, IJISI KOTOPBIX MOTYT ITOTPEO0BATHCS OOIbIIINE
BBIYMC/IUTEIbHbIE MOITHOCTU. BaskHO OTMETUTH, UYTO
[TOJTyYeHHbIE B HAYUHBIX MCCIEIOBAHMSIX PE3YIbTAThI
MOTYT He BOCITPOM3BOAMUTLCS Ha MPAKTMKE, Ha OOJBIIINX
BBICOKOPa3MepHbIX TaHHBIX. DTU MPO6IeMbl MOTUBMU-
poBaJM Hac pa3paboTaTh MeTO], KOMOMHMPOBAHHOTO
oTb0Opa MPM3HAKOB, KOTOPbIV BKIIOUaeT B ceds 10 mra-
r'OB pabOThI C JAHHBIMU (puc. 1).

AHanus KauecTBa AaHHbIX
KauecTBO JaHHbBIX — 0600IIEHHOE TTOHSITHE, OTPaskaro-
Iee CTereHb MPUTOIHOCTY JAHHBIX K PeIIeHNI0 OIpe-
neneHHoM 3agaun. Cpeay MeTOIOB aHaIM3a KayecTBa
TIaHHBIX MOXKHO BbIIE/TUTD:

1) pasBemounbIit aHamm3 (Exploratory Data Analysis,
EDA) [27] — BbISIBJIeHMe OCHOBHBIX CBOJCTB JAHHBIX,
ITOMCK OOIIVX 3aKOHOMEPHOCTEI, aHaIU3 pacIipeese-
HMIA, BBIGPOCOB U T.1,.;

2) aHa/IM3 MPOIYCKOB ¥ HEIMOJHOThI JaHHBIX —
MPOBOJMUTCS C UCTIO/Ib30BAaHMEM CTaTUCTUUECKUX T10-
Kasaresieif, TakuX KaK KOJMIMYEeCTBO HEITYCThIX HabIofe-
HMIA, TIPOITYCKOB, MMHMMAaJIbHOE ¥ MaKCMMaJlbHOe 3Ha-
YyeHusI, MeiyaHa, MOJlaJibHOe 3HaueHMe, CTaHAapTHOe
OTKJIOHEHMeE, KBAHTUJIN U JIp.;

3) aHaaM3 aHOMaJINit — CTaTUCTUUECKUI 1 IKCIIep-
THBII aHAIU3 TIPUUMH TOSIBIEHMST HAaOJTI0IeH i, BBIXO-
IISIIIMX 32 TIpeJiesibl OMyCTMMOTO Mara3oHa 3HaueHnin
repeMeHHO#. OCHOBHbIE METOMbI PAGOThI C AaHOMAJTHSI-
MM CBOISTCS K IIOCTPOEHUIO PacIipeneeHus o Habo-
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JlaeMoi1 [TlepeMeHHOI1 1 TI0C/IeyIolIeMy OIpeieeHII0
IOPOTOBBIX 3HAUEHMII B «XBOCTAX» PaCIIpeesIeH s,
Takke VCIIOMb3YIOTCS AJIbTEepPHATUBHBIE METOIbI pabo-
TBI C aHOMaJIVSIMU, TaKyie KaK MOHOTOHHAsI TpaHchop-
MaLys lepeMeHHbIX (Jiorapudmmudeckas u Ip.), pacueT
z-score 1 ip.?

AHanus cTabunbHOCTU U HENPEPbIBHOCTU AAHHbIX
IIJIST CTaTUCTUYECKUX aJITOPUTMOB HEOOXOAVIMO, UTOOBI
JaHHbIE GBIV HETIPEPBIBHBIMY 1 CTaOVIbHBIMMA. [Tpu-
YMHOI HeCTaGMIbHOCTYU B JAHHBIX MOXKET OBITb M3Me-
HeHMe OM3Hec-TIpoleccoB 6aHKa, 3aKOHOIATeIbCTBA,
KJIMEHTCKOTO TTOBeIeHNsT, GOPMAaTOB JAHHBIX U T.II.

[Mepen oLIeHKO CTAOVIIBHOCTY BCE CTPOKOBBIE ITe-
peMeHHbIe He0OXOAVIMO ITpeo6pa3oBaTh B UMCIOBO
dbopmart c momorsio Mmetona LabelEncoder (riporrycku
3aMeHSIFOTCS YHUKAIbHBIM UMCIOBBIM 3HAUeHueM). [I71st
OLIEHKM CTaGMIIbHOCTHM IPM3HAKOB HEOOXOIVIMO PacCum-
TaTh AIMBEPTEHLINY MEKIY pacIipeneaeHUsIMi, IIOCTPO-
€HHBbIMM Ha Pa3HbIX BPeMeHHbIX Mepuopax. st aToro
ITPOBOIMTCS OLIEHKA CTABMTBHOCTY Ha Pa3HbIX IIEPUOAAX:

1) OGonbluue nepuodsi: BBIOOPKA AEIUTCS HA paBHbIE
TTOJIBBIOOPKY C GOJIBIIMM MHTEPBAJIOM (HaIIpumep, o
TTOJTYTOIMSIM), TTIOC/IE Yero Ha STUX MOABBIGOPKAX I0-
MTapHO CPaBHMBAIOTCS pacrpeeeHns IPU3HAKOB I10
TIPUHIIATTY «KaKIbIN C KaskAbIM» (puc. 2a);

2) mazneHvKue nepuodsl: 001Iast BbIGOpKA pa3duBa-
€TCs Ha paBHbIE MaJIeHbKIE TTOIBBIOOPKY (HAIIpUMeD,
110 MecsIlaM), ITOC/Ie Yero MormapHoO CPaBHUBAIOTCS
pacrpeesieHUs IPU3HAKOB 110 CMEKHBIM TIePMOAaM
(puc. 26).

B cxeme CFSS 151 pacueTta nyBepreHUMM MeKAY IOA -
BbIOOPKAMM PACCUNTBIBAIOTCS M YCPEIHSIFOTCS 3HAUEHVIST
TPeX METPUK: S-CTaTUCTVKY [28], MHIeKca CTaOMITbHOCT
niorryrssuy (PSI) [29] n cratmctmku Konmmoroposa-Cmvup-
HoBa (KS) [30].

? Understanding Statistics. Graham J.G. Upton, Ian T. Cook.
Oxford University Press, 1996. URL: https://books.google.ru/
books?id=vXzWG09_SzAC &printsec=frontcover &hl=ru#v=on
epage &q&f=false (mata o6pamenus: 30.01.2023).

5URL: scikit-learn.org/stable/modules/generated/sklearn.
preprocessing.LabelEncoder.html (nata o6pamenust: 30.01.2023).
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Puc. 2 / Fig. 2. Mpumep pa3bueHus BbI6GOPKU Ha NepUOAbI A5 OLLEHKU CTaBUNbHOCTH NEPEMEHHOM
a) 6onbline nepuoabl; 6) ManeHbkue nepuoapbl / An Example of a Split into Periods to Estimate
the Stability of Feature a) large Periods; b) Small Periods

McmoyHuk / Source: coctagneHo astopamu / Compiled by the authors.

lMpumeyarue / Note: mecaubl 0603HaveHbl puMckumm uudpamum / Months are indicated by Roman numerals.

JaHHas MeTOAMKa IT03BOJISIeT BbISBIIATh KaK JOJ-
TOCpPOUHbIe 3MEHEeHMS IIPMU3HAKOB (HeCTabMIbHOCTh
I10 GOJTBIINM TIEPUOIAM), TaK U YaCThble KPATKOCPOUHbBIE
M3MeHeHMsI (HeCTaOMTbHOCTD 110 MaJIEHbKMM [TEPUOIAM).

Koppensiuua npusHaKoB C Lie/IeBOM NepeMeHHOM
AHanus Koppesiiuy IMIPU3HAKOB C 11eJIeBOi mepeMeH-
HOJ1 MMO3BOJISIET OTOOPATD MPU3HAKM, KOTOPbIE CUJIBHO
BJIMSIIOT Ha 11eJ/IeBYI0 lepeMeHHYI0. [Ipy 3TOM JaHHbBIN
MeTOJ] He YUYUThIBAeT CJIOKHbIE 3aBUCUMOCTY MEXTY
MIPU3HAKAMIM, TIO3TOMY €TI0 MOKHO OTHECTH K «TPyObIM»
MeTomaM hUIbTPaM, KOTOPbIe MOSKHO ITPUMEHSITD IIsI
IepBUYHOTO 0T60pa MPU3HAKOB.

MeTopp! aHaIM3a KOPPEJSILIMK 3aBUCSIT OT TUTIA 11e-
JIeBOJI IIepeMeHHOM 1 TUTIAa UCCIeTyeMOoro nmpu3Haka®,

[Mpu3HaKy, KOTOpPbIe He MPOXO/IST TeCT Ha 3HAUMMOCTb
KOppeJsILiVN C LieJIEBO [IepeMEHHO, MCKTIOYAKOTCS 13
nanbHeero aHaansa. [loporu 3Ha4UMMOCTH 3aJaK0TCS
KaK 3BPUCTUKM VU BBIOMPAIOTCS SKCIIEPUMEHTATBHO.

B kom6uHMpoBanHoi cxeme CFSS nmpoBepka npusHa-
KOB Ha KOPPEeJISILMIO C LieJIeBON IlepeMeHHO BbITIO/IHS-
eTcsi IBa pasa — N0 GMHApKU3aIMY IPU3HAKOB U TIOCTIe
(uar 6, puc. 1).

Martpuua koppensaumii
CuIbHO KOppenrpoBaHHbIe IPU3HAKY MOXKHO BbISIB-
JIATH C TOMOLIBI0 MaTpu1ibl Koppensuun (CFS), koto-
past umeert BUL:

4 AiiBassid C.A., MxwurapsH B.C. [IpukiagHas cTaTUCTUKA.
OCHOBBI 9KOHOMETPUKK. YUeOHUK i BY30B. B 2 T. 2-e u3n.,
ucnp. T. 1. Teopust BeposITHOCTEN U MPUKIALHAS CTAaTUCTUKA.
M.: OHUTU-OAHA; 2001. 656 c.
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X% XXy
R _ Fex, 1 .. Fex,
x T ’ (1)
rxnxl anXZ 1

I1e r, . — KOPPEJSILysI MeXNY [-M 1 j-M IPY3HAKaMMI.

JI71st HeTIpepBIBHBIX IPM3HAKOB PACCUMTHIBAETCS KOP-
pensityst ITupcoHa, a [Aj1st KaTeropmaibHbIX M OMHAPHBIX
TIpU3HAKOB — Koppessiuyst CriupmeHa.

B kombmHMpoBaHHOII cxeMe CFSS oT60p IMpU3HaKOB
C IOMOIIBIO MaTPUIIbI KOPPEJISILINIA BBITIOMHSIETCS 1BA
pasa — go 6MHapu3aIuy IPU3HAKOB U Mocse (Iar 7,
puc. 1). TToporoBblie 3HaUeHMS 11 0OT6Opa MPU3HAKOB
3a/1al0TCS KaK 3BPUCTUKU U 3aBUCST OT TUTIA 3aaaunt. Ist
HalIMX SKCIIEPMMEHTOB Mbl BBICTABIISIN CJIEAYIOLINe
roporu: 90% mJist sTara «I10 OuMHapU3aLyy MPU3HAKOB»
(cmabast punbTpanyst) u 70% mj1s1 sTara «rmocje 6uHapu-
3aIyy MPU3HAKOB» (CUIbHASK GUIBTPALINS).

Dummy-KoanpoBaHue KaTeropuasbHbIX NepeMeHHbIX
[MToce oT60opa MPMU3HAKOB IMEPBUYHBIMM QWIIBTPAMMU
Heob6X0IMMO peobpasoBaTh KaTeropuajbHbie MPU-
3HaKM B GMHApHbIE TIepeMeHHbIe IJIsT BO3MOKHOCTU
MX MCIIOJIb30BAHMUS B PEIPECCHMOHHBIX aJITOPUTMAX.
IIJ1s1 TIOTMCTUYECKOI perpeccuu UCIoNIb3yeTcs Mpoiie-
Iypa dummy-koaupoBanus [31] o MeToIy MOJHOTO
paHra, Korga ogHa U3 KaTeropui ygaasiercs. Takum
06pa3oMm rocie dummy-KOoaMpOBaHMS KaTeropmasib-
HOJI TTIepeMeHHOIi rosryuaeTcss kK — 1 6uHapHas mepe-
MepeHHas, TIe k — KOJMYeCcTBO KaTeropuii B MCXO/I-
HOM IIpM3HaKe.
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[Tocste TpaHchopMaLy KaTeTOPUAIbLHOTO IPU-
3HaKa JIJIsT KaKI0Ji HOBOJ GMHAPHOJ ITepeMeHHO
pPacCUMTAeTCsI KOJIMUECTBO HABGTIOMeHMI «ITOJIOKM -
TeJIbHOTO» KJiacca. Bce 6GuHapHbIe TepeMeHHbIe, OIS
KOTOPBIX KOJTMYECTBO HAOTIOMEeH I «IT0JTOKUTETbHO-
ro» Kjacca MeHblIle 3aJaHHOTO TTOpora 3HaYMMOCTH,
00BeIMHSIOTCS B OIHY KaTeropuio. [IJis OCTaJIbHBIX
TUIIOB 1€JIeBbIX IIepEeMEHHBIX CUMTAETCS KOINYECT-
BO HAO/IIOJeHMI1 B KaTeropuu. [Iopor 3HaUMMOCTH
3aJaeTCsT KaK 9BPUCTUKA UM TTOAOUPAeTCS SKCIIepu-
MeHTaIbHO. [IJ11 HallMX 5KCIIePMMEHTOB Mbl 3a1ain
opor, paBHblIii 10.

[Byxnecosbiit MeToA, (Two-Forest)

IMocse mepBUYHOI GuIbTpaiyuy mpusHakos B CFSS
MCITONIB3YIOTCS METOIbl 00€PTKM, YUMUTHIBAIOIIE
CIIOXKHbBIE B3aMMOCBSI3U MeXIy TIpM3HaKamMmu. MeTo-
IIbI 0TGOPA C ITOMOIIBIO CJTYYaliHOTO Jieca SIBIISTIOTCST
Hauboee TOuHbIMM 06epTKamu [18, 20]. st or60o-
pa METOOM CJIyYaitHOTO jieca Heo6X0IIMO OlLIeHUTD
Ba)KHOCTH (importance) Kaxkgoro Impu3HaKa ¢ IIoMO-
1[I0 OMHOTO U3 ABYX MOAXOMI0B:

1. BaxcHocmb Ha 0CHO8e yMeHbUEeHUSL HE0OHOPOO-
Hocmu:

1) O/s Kaskgoro JepeBa CJy4aiiHOTO Jjieca BbI-
YMCISIeTCS CyMMa YMeHbIIeHN i HeOLHOPOIHOCTH
Ha BCEeX BETBJEHMUSX, CBSI3aHHBIX C JAHHOI mepe-
MEHHOI1;

2) uTOroBast CcyMMa yMeHbIIIeH T HEOTHOPOTHOCTH
JIEJTUTCST Ha 0011Iee KOJIMYECTBO JIEPEBHEB;

3) maru (1) u (2) IOBTOPSIIOTCS [IJ1s1 BCEX TIePeMeH-
HBIX.

Vickomast BaKHOCTb MMpU3HAKa — 3TO YacCTOTa UC-
M0JIb30BaHMSI IepeMEeHHO B KaueCcTBe MpeguKTopa
BETBJIEHUSI.

2. BasxHOCM®b HA 0CHOB€ YMEeHbULEHUS Kauecmea NPozHO-
3UpPOBAHUS NpU CIYUALIHOU hepecmaHogke (nepmymavuil):

1) obGyuaeTcst MOZIe/b CTyUalfHOrO Jieca;

2) Ha TectoBOM/OOB MHOXeCTBe PacCUMThIBAETCS
[0)1117(3) ¢:EN

3) dukcupyertcs nepeMeHHas (VI rpyIiIia nepe-
MEHHBIX) ¥ CTy4aliHO [1epeCcTaBIISIIoTCS ee 3HaUeHMs Ha
TectoBOM/OOB MHOKeCTBe;

4) BBIYMCISETCS Pa3HOCTb MEK/Y OIIMOGKOI Ha MC-
XOTHOM MHOKeCTBE U OIIMOKOII Ha MHOXKECTBE C Tepe-
CTaHOBKOIA.

BbIumcieHHast pa3HOCTD OIIMOOK SIBJISIETCS TTEPMY-
TUPOBAHHOV B&KHOCTBIO [IEPEMEHHOA.

5 O0B (Out-of-Bag) — olleHKa KayecTBa /sl KaKAOTO Ha-
OMIOEHNST TOJIBKO TI0 TeM JIepeBbsIM aHCambIisl, KOTOpbIe Ha
JAHHOM HabIofeHNy He 00yJYannch (T.e. UCTIONb30BAHYE TeX
00BEKTOB, KOTOPbIE HE BXOJMJIM B COCTaB 06yUaroIeit BbI6op-
KM [J1s1 KasKIOTO 6a30BOTO epeBa).
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B cxeme CFSS ucnonb3yeTcst aganTMpOBaHHBIN METOT,
New Approach [8], koTopbIit MbI Ha3Ba Two-foreste.
OO111as1 KOHLIETIIVISI IBYX/IECOBOTO METO/IA 3aK/TI0YaeTCsI
B OLIeHKe B&YKHOCTM ITPM3HAKOB KaK KauecTBa MPOrHO3M-
pOBaHMs [IPY CIyYaifHOV IIepecTaHOBKe (TIepMyTalyn):

VI = P(Y # f (X XX, ) -

—P(Y # f(Xppeoos X X, ))- @

ApmanTypoBaHHbIN JBYX/IECOBBI METO, paboTaeT 110
CIelyIoIIeMy aJITOPUTMY:

1. O6yuaroriast BLIOOpPKA perpe3eHTaTUBHO pa3omu-
BaeTCs Ha [IBe paBHbIE YACTH.

2. Ha kaskmoit mogBhIOOpKE 00yUaeTCs CITyJaiftHbIii
nec’.

3. OueHMBAETCsI KAUeCTBO Ha TOABBIGOPKE, HA KO-
TOPOJi MOJIEJTb He 00yJasach.

4. Kaxkmasi mepeMeHHast CJIydaiiHbIM 06pasoM re-
pPEMEIINBAETCS Y CUUTAETCS PE3YIbTAT ISl KasKIoi 13
JIBYX MOJIeJIelt Ha OTIOSKeHHBIX TIOIBhIOOPKAX.

5. PaccumMThIBAeTCST Pa3HUIIA MEXKIY MTOTYIYEHHOM
Ha 3-M 1are baseline-3HaueHneM 11 HOBbIM 3HAUE€HUEM.

6. BaxkHOCTb MepeMeHHOJ pacCUMThIBAETCS KaK
CpefHee 3HaUEHVeE BYKHOCTE Ha IBYX TIOABBIOOPKAX.

7. 7S TIOJTy4eHHOM Ba>KHOCTU PaCCUMTHIBAETCS
3HaueHue p-value:

1) BBIGMpAIOTCS HAGMIOAEHMS C OTPUILIATETbHBIMMU
3HAYEHUSIMU BaSKHOCTU;

2) BBIGMpAIOTCST HAGMIOLEHMS C HYJIeBbIMM 3Haue-
HUSMY BXKHOCTH;

3) oTpullaTe/ibHbIe 3HAUEHMST BaKHOCTY YMHOKa-
1orcs Ha (—1);

4) BeKTOpBI, MOTyYeHHbIe Ha mrarax (1)—(3), KoHKa-
TEHUPYIOTCS;

5) OJist TOJTy4eHHOTO BEKTOPA CTPOUTCST KYMYJIsi-
TUBHOE pacIipeiesieHue;

6) Ha ITOJyYeHHOM pacIipeeieHN PacCUMThIBALT-
cs1 p-value.

8. BriGuMparoTcs iepeMeHHbIe, Y KOTOPBIX 3HAUeHle
p-value HIDKe 3aITaHHOTO TIOpora. Bo3MOXKHbI C1efytote
SBPUCTUKNA:

1) pasmennTb BaKHOCTb Ha CpelHee 3HAUEHUE
baseline, BbIOMpAIOTCS Te ITIepeMEHHBIE, Y KOTOPBIX U3-
MeHeHMe 6oJIbllle 3aJaHHOTO TI0POTa;

¢ Mpr HazBanu metof «Two-forests» (IByx/ecOBbIII MeTOZ),
ITOCKOJIbKY B JAHHOM ITOJIXO/le 06yJaeTcsl cpasy aBa Crydari-
HBIX Jieca.

B 3aBUCHMOCTM OT THUIIA LIeJIEBOI MepeMeHHO MpPUMeHS-
10TCsT pasHble anropuTmbl: Random Forest Classifier — mis
OGVHAPHOI 11e7IeBOi mepeMeHHOI; Random Forest Regressor —
[IJIS1 HeTIpepbIBHOIA 11e/1eBOi TTlepeMeHHO.
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OMnupudeckoe
pacnpeneneHue,
MIOCTPOCHHOE Ha
OTpULATENILHON U
HYJICBO OLICHKE
BaXXHOCTU

OTtobOpakeHue

BaxkHocTb nepeMeHHOM

Puc. 3 / Fig. 3. pumep nocTpoeHus pacnpepenelns F Ha OCHOBE HEPeNeBaHTHbIX NEPEMEHHBIX

(T.e. c oTpULATENbHBIMU UM HYNEBbIMKM OLeHKaMK BaxHOCTH) / Example of Constructing an F Distribution
Based on Irrelevant Features (i.e. with Negative or Zero Importance Evaluations)

McmoyHuk / Source: coctaBneHo aBTopamu / Compiled by the authors.

2) OTCOPTMPOBATh IlepeMeHHbIe 110 3HAUYEHUSIM
BaKHOCTM M BbIOpATh mepBbie N MepeMeHHbIX (UM-
1o N rog6upaeTcst 9KCIIepUMEeHTaTbHO), 3HaUeHMe
p-value 1o BrIGpaHHBIM [TI€PEeMEHHBIM [O/IKHO ObITh
meHblie 10%.

VIF aHanus

Hdpyroii noaxom, /s CHYKEHUST MYJIbTUKOJVIMHEaPHO-
CTYM MEeXIy IpM3HaKaMM CTPOUTCS Ha OlLleHKe IoKa-
3artens VIF (Variance Inflation Factor) [7]. s pac-
yeTa JAaHHOIO ITOKa3aTesl He0OX0AMMO ITOCTPOUTh
JIMHEHYIO Perpeccuio IJisg Kaxkaoro 00bsICHSIIONIEro
Mpu3HaKa (BbICTYMAeT B KauecTBe 1ieieBoii IlepeMeH-
HOJf) OT BCEX OCTAJIbHBIX IMPU3HAKOB. OTOOP C MOMO-
b0 VIF aHanusa mpoBOAUTCS MO CAeAYIOIeMY al-
TOPUTMY:

1. Jns1 kakmoro npusHaka X; o6ydaeTcs IMHeiHas
perpeccusi, B KOTOpoit X; siBnisieTcst pyHKLMeNi OT Bcex
OCTaJIbHBIX IMPU3HAKOB:

k . .
Xi=BO+Zj:|Bij’ L# ] (3)

rie 3, — cBOGOIHBIN WiIeH perpeccuu;
k — ob1iee komMUeCTBO MPU3HAKOB (BKJIIOUAST aHA-
JIM3UPYEMBIIT).
2. PaccuntbiBaercst koadduiment VIF i mpusHa-
ka X;:
L, 4
1-R?

1

VIF, =

rue Ri2 — K03hbUITMEHT geTepMUHALIUY PETPeccun,
MOCTPOEHHOJ Ha 1mare 1.

3. [IpoBOAUTCS OlLl€HKA MMOJYYeHHbIX 3HAYEHU
VIF, re mpuMeHsIeTcs 0011ee SMIMPUIECKOe IIPaBIIo:
npu3Haku co 3HaueHueM VIF > 10 OTHOCSITCSI K MYJb-
TUKOJJIMHeApHbIM [32]. 13 crivicka MyJIbTUKOIIMHeap-
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HbIX TIPM3HAKOB yIAJISIeTCs TIPMU3HAK C MAKCUMaIbHBIM
3HaueHuem VIF.

4. Ilaru 1-3 uTepauiOHHO MOBTOPSIIOTCS A0 TeX
0P, ITOKa MaKkcumaibHOe 3HaueHue VIF 1o ocraBimmm-
Cs1 TIpM3HAKaM He CTaHeT MeHbliie i paBHo 10.

CraTucTMyeckas 3HaYMMOCTb NPU3HAKOB
[Tocnenuum marom B cxeme CFSS gBiisieTcst mpoBepKa
CTAaTUCTUUYECKOI 3HAUMMOCTHU MPU3HAKOB HA OCHOBE
TeCcTa OTHOIIEHMS TTPaBIOIIOH00MS.

[Tpotiemypa OLIeHKM CTaTUCTUUECKOM 3HAUMMOCTH
MpM3HaKa € [IOMOUIBIO TeCTa OTHOLIEHMS NTPaBIOIOoN0-
6Vis1 CBOIMTCS K IIPOBEPKE HYJIEBOI TUIIOTE3bI 3HAUMMO-
CTY IIPM3HAKa Yepe3 OLeHKY CTaTUCTUKM OTHOLIEHMS
TIpaBAoIIoA06wst. [T MOZEeV C BEKTOPOM ITapamMeTpPOB
B HEO6XOIMMO ITPOBEPUTD IO BHIOOPOYHBIM TaHHBIM
runoresy H, : g(B)=0,rme &(B) — coBokymmocrs (Bex-
TOP) HEKOTOPBIX (PyHKIMI TapaMeTpoB. [1Jis1 TpoBepKu
HYJIeBOJ TUIIOTe3bl CPAaBHMUBAIOTCS (PYHKLIMY IPABHO-
ITOZ100MSI IOJTHOV Momeu (T.e. 0OYUYeHHOV Ha BCEX N
MIPY3HAKAaX) ¥ YKOPOUEHHOM MOJeNM 6e3 TeCTUPYeMOro
Mpu3HaKa (00y4eHHOIT Ha 11 — 1 OCTaBIIMXCS MPU3HAKAX).
IIJis1 3TOTO PacCUMTHIBAETCS CTATUCTUKA OTHOIIEHMSI
nipaBpomnono6us (likelihood ratio test):

L
LR=2-(L,-L))=2-In-1% ®)
L
)
rne L, — 3HaueHue norapubmmyueckoii GyHKIMM MpaB-
JIOTIONO6VS TIOTHOM MO,
L, — 3HaueHne norapudmmueckoii GyHKUMY TpaB-
JIOTION00MST YKOPOUEHHO! MOMIENN.
Cratuctuka LR npu HyseBOM rMIIOTe3€e MMeEeT pac-
2
TIpeeyieHNst XM-KBaIpar C ¢ CTeNeHsIMY CBOOObI — X (a),
T7ie ¢ — KOJIMYeCTBO OTPaHMUYeHMT (KOTMIEeCTBO MCKITIO-
YeHHbIX TPU3HAKOB). EC/IV 3HaUeHme JaHHOM CTaTUCTH-
KV GOJTbIIIe KPUTUYECKOTO 3HAYEHUS PACIIpeieIeHNsT
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Tabnuua 1 / Table 1

XapakTepucTuku BbI6GOpOK Ans 3aaa4 6aHKOBCKOro MoAenMpoBaHus /
Characteristics of Samples for Banking Modeling Tasks

01.11.2019- 01.02.2020-
PTB (CRM) 30.01.2020 28.02.2020 245963 1222 1.28
Behavioral PD 1195466 1087 13,88
(Scoring)
Application PD 793080 423 360
(Scoring)
Allocation 01.06.2018- 01.05.2019-
(Collection) 30.04.2019 30.06.2019 256220 162 3719

McmoyHuk / Source: coctaBneHo astopamu / Compiled by the authors.

1Py 3aJaHHOM YPOBHE 3HAUMMOCTH, TO UCK/IIOUE€HHBIN
MPU3HAK CUUTAETCS 3HAUMMBIM U IIPeJIIouTeHNe OT/ia-
eTCs1 IOMHOV Mozien. B MpoTUBHOM C/Tyyae UCK/II0UeH-
Has repeMeHHasl IPU3HaeTCss He3HAaYMMOIA.

[ToporoBoe 3HaueHMe YPOBHSI 3HAUMMOCTH p-value
3a1aeTCST KaK SBPUCTMKA WU TTOAOMPAETCS IKCIIepUMEH-
TasnbHO. B Tectupyemoii cxeme CFSS ypoBeHb 3HaUMMOCTH
p-value 6511 ycraHossieH 0,05.

NMOCTAHOBKA DKCNEPUMEHTA
[aHHble
[Jist IpoBeIeHMsT SKCIIEPUMEHTOB MCITOIb30BaINCh
IaHHble KPYITHOTO poccuiickoro 6anka. CpaBHeHMe
METOZ0B 0T60Pa MPOBOAMIOCH Ha YeThIpex JaTace-
Tax Ajs 0aHKOBCKMX 3aja4 6MHAPHOI Kiaaccudu-
Kaluun:

1. CRM: PTB (probability to bay) — Mozeb OLIEHK!
BEPOSITHOCTY OTKJTMKA KJIMEHTA Ha KPOCC-CeNT TIPeyIo-
SKeHMe TI0 KPeIITY.

2. Scoring: Application PD (CASH) — Mopienb OIIeHKM
BepOSITHOCTM JieosiTa Ha STarle BbImauu Kpeauta (Kpe-
ATl HAUTUIHBIMM [T GU3MUECKUX JINIL).

3. Scoring: Behavioral PD (CASH) — Mopesnb OlieH-
KV BEPOSITHOCTM edosITa B TEUEHME KU3HU KpeauTa
C UCITOIb30BaHMEM ITOBeeHYeCcKoii MHDOopMaIun
O TIpeAbIAYIIMX KPeAUTHBIX TUIaTeXaxX KiueHTa. JlaH-
Hasl MOJIeJIb TIO3BOJISIET OLIEHMBATDh YPOBEHb KPEIUT-
HOT'O pUcKa 1o mopTdestio ccyx st GopMUpPOBAHMS
pe3epBOB U KamuTajaa B COOTBETCTBUM C TpeboBa-
HUSAMY MEXKIyHapOaHO GUHAHCOBOI OTYETHOCTU
(MC®O0 9) n Ha ocHOBe BHYTpeHHUX peiiTuHToB (IRB,
Basel II).
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4. Collection: Allocation — Momesb OIIeHKI BEPOSIT-
HOCTH MepeKaTa MpOCPOYKY TI0 KPeUTy B 6otee mo3-
HMIT MecsItl TpadyKa IiaTeskeit.

XapakTepyuCcTUKI BhIGOPOK MPeICTaB/IeHbI B madi. 1.

JKcnepuMeHT
BTopoit skcrepuMeHT ITPOBOAMIICS AJISI CPaBHEHMS
TIOMY/ISIPHBIX B 6AHKOBCKO¥ MPAKTUKE KIaCCUUECKUX
MeTog0B oT60opa u cxeMbl CFSS ¢ ucrnonb3oBaHnemM
JIByXJ1ecOBOro MeTofa. CpaBHeHMe MPOBOAMIOCH MeXK-
Iy TpeMsI cxemMamu oTobopa:

1. Gini Scheme — B 3T0¥ cxeme Ha 1iare 8 (puc. 1)
BMECTO JIBYXJIECOBOTO METO/Ia MTPUMEHSIJICSI OTOOP MpU-
3HAKOB C MCIOIb30BaHMeM oleHOK Gini (Gini > 5%)
IIJ7IST OMHO(AKTOPHBIX JIOTUCTUUECKUX perpeccuii (Bce
OCTaJIbHbIE 3TAIbI 0TOOPA 001l CXeMbI OCTAINACH Oe3
V3MEHEeHMIA).

2. Forward Scheme — B 3TO¥1 cxeMe Ha 1are 8 mpu-
MEHSUICST 0TOOP MPU3HAKOB C UCIIONMb30BaHNEM MEeTO/Ia
nipstmoro ot6opa (Forward Selection).

3. CFSS — KOMOGMHMPOBaHHbI OT6OP C UCIIONb30-
BaHMEM JBYXJ1€COBOro metoaa (puc. 1).

[TepeunciieHHbIE METO/IbI OLIEHUBAJIUCH B COCTaBE
10-3TamHoii cxeMbl KOMOMHMPOBAHHOIO 0TOOPA, YTOObI
He CpaBHMBATh 3aBeIOMO c1abble MeTofbl Gini 1 Forward
C CWJIbHBIM JIBYXJIECOBBIM METOIOM.

B pamMkax BTOPOTO 3KCIIepMMEHTA TAKKe OLeHUBAIOCh
BpeMst paboTsl MeTomoB Forward u Two-Forest.

PE3VYJIbTATbDI
[Tenb sKCIIepMMeHTa 3aK/II04aIach B CPaBHEHUY CXEMBbI
CFSS ¢ meTogamu oTpacieBoro crangapra. CpaBHMUBaA-
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Tabnuya 2 / Table 2
CpaBHeHue Tpex cxem oT6opa npusHakos: Gini, Forward, CFSS / Comparison of Three Feature Selection

Schemes: Gini, Forward, CFSS

PTB (CRM) 1222 0,4157 0,4312 0,4380 0,4480

Behavioral PD (Scoring) 1087 0,6843 0,6400 0,6904 0,6493
Gini Scheme (GS)

Application PD (Scoring) 423 0,4051 0,3980 0,4251 0,4179

Allocation (Collection) 162 0,6048 0,6075 0,6499 0,6494

PTB (CRM) 1222 0,4259 0,4369 0,4302 0,4481

Behavioral PD (Scoring) 1087 0,6907 0,6466 0,7068 0,6705
Forward Scheme (FS)

Application PD (Scoring) 423 0,4164 0,4067 0,4356 0,4203

Allocation (Collection) 162 0,6143 0,6041 0,6418 0,6436

PTB (CRM) 1222 0,4332 0,4340 0,4401 0,4527

Behavioral PD (Scoring) 1087 0,6881 0,6439 0,7050 0,6682
CFSS

Application PD (Scoring) 423 0,4093 0,4051 0,4390 0,4290

Allocation (Collection) 162 0,6111 0,6085 0,6500 0,6507

A Gini

PTB (CRM) 1222 0,0174 0,0028 0,0021 0,0047

Behavioral PD (Scoring) 1087 0,0038 0,0040 0,0146 0,0189
Difference: (CFSS — GS)

Application PD (Scoring) 423 0,0042 0,0071 0,0139 0,0111

Allocation (Collection) 162 0,0062 0,0011 0,0001 0,0013

PTB (CRM) 1222 0,0073 -0,0030 0,0100 0,0046

Behavioral PD (Scoring) 1087 -0,0025 -0,0027 -0,0018 -0,0023
Difference: (CFSS — FS)

Application PD (Scoring) 423 -0,0072 -0,0016 0,0034 0,0087

Allocation (Collection) 162 -0,0032 0,0044 0,0082 0,0071

McmoyHuk / Source: coctaBneHo aBTopamu / Compiled by the authors.

JICh CXeMbI KOMOMHMPOBAHHOTO oT6opa (puc. 1) ¢ no-
6aBeHVeM Ha Iare 8 Tpex pa3HbIX METOOB OTOOpA:
oneHka Gini (baHkoBcKumii crangapt), Forward (6aHKOB-
ckuii crangapT) u Two-Forest (CFSS — Ham rmogxomn).

PesynmbTaThl 9KCIIEPUMEHTOB (Mab/l. 2) oKa3aiu, 4To
cxeMa Gini mpourpara mo kauectBy cxemam Forward
u CFSS. C npyroii ctopoHsl, cxema Forward rokasasna
JIydiliye pe3ysabTaThl AJIs1 JIOTUCTUIECKOI perpeccun,
a cxema CFSS — st rpameHTHOTO OYCTMHTA B peastn-
3aryy LightGBM. DTOT pe3y/bTaT MOATBEPIKAAET TE3UC
0 TOM, YUTO JIjIsI BI6Opa 06epTOK HEOOXOAMMO YUUTHIBATD
TUII aJITOPUTMA 1151 PUHATBHOM MOJeIN.

CpaBHeHMe cpefiHelt pa3HUIIbI KauecTBa MCCIeyeMbIX
Moz eJieil TI0Ka3ajo, YTO Ha JIOTUCTUYECKOI perpeccumn
cxema CFSS He3HaunTenbHO npourpana cxeme FS (puc. 4),
YTO IEeMOHCTPUPYET XOPOIIYI0 YCTONUMBOCTD CXEMBbI
CFSS K Tury anroputMa [jist 00yueHmst puHaIbHOI MO-
JleJI. ITO MOKET ObITh CBSI3aHO C TEM, uTO B cxeMe CFSS
ocJie HeJlnHelHoro Metona Two-Forest ucrosnb3yeTcst
yHeltHbIi Backward metop (o1ieHKa p-value), KOTopblit
6asaHCHUpyeT OTOOP B CTOPOHY JIMHEITHBIX IPU3HAKOB.

CpaBHeHue BpeMeHy paboTbl MeTonoB Forward 1 Two-
Forest rmokasasio, uto Two-Forest paGoTaeT B IeCSITKI pas
obicTpee Metona Forward (1ma6a. 3). B jaHHOM aKcIiepu-
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a) AGini: (CFSS — GS)

0,90%

0,79% 0,77%

LightGBM

b) AGini: (CFSS - FS)

0,49%

0,45%

-0,14%  -0,07%
“Lest | 00T Test
LogReg LightGBM

Puc.4 / Fig. 4. CpaBHeHue cxem Gini Scheme (GS), Forward Scheme (FS) u CFSS: a) pasHuua Gini
no moaenam CFSS u GS; b) pasHuua Gini no mogenam CFSS u FS / Comparison of Gini Scheme (GS),
Forward Scheme (FS) and CFSS: a) Gini Difference between CFSS and GS Models; b) Gini Difference

between CFSS and FS Models

McmoyHuk / Source: coctaBneHo astopamu / Compiled by the authors.

Tabnuya 3 / Table 3
Bpemsa paboTbl MeToao0B oT6opa Forward u Two-Forest / Selection Time of the Forward and Two-Forest
Methods
Observations, Features Time (hh: mm: ss) x-Times:
Model amount ¢ Forward /
(Train) amount Forward Two-Forest 2Forest
PTB (CRM) 303220 1222 14:01:28 0:30:48 74x
Behavioral PD (Scoring) 588385 1087 16:11:04 0:16:36 58x
Application PD (Scoring) 497063 423 5:34:12 0:15:00 22x
Allocation (Collection) 172250 162 3:06:40 0:05:50 32X

McmoyHuk / Source: coctaBneHo astopamu / Compiled by the authors.

MEeHTe CPaBHMBAIIOCh BPEMST PabOThI METOIOB TOJIBKO Ha
8-M 111are 06111eii CXeMbI, TaK KaK BCE OCTa/IbHbIE STaITbI
oT60pa O OAVHAKOBBIMM.

BbIBOAbI

B 3T071 cTaThe MbI PEIIOKMIN CXeMY KOMOMHMPOBAH-
Horo oT6opa mpusHakoB CFSS, B KOTOpoii Ha MepPBhIX
3Tamnax MPOBOAUTCSI OUMCTKA MPU3HAKOB U TIpOBepKa
MX CTAOWIBHOCTM, Ha TIOC/TEYIOIIMX Iarax MCIob3y-
I0TCST KOPPEJISIIIMOHHBIE (DMIBTPBI, TIO3BOJISIONIVE OTCe-
SITh CVJTbHO KOPPEMPOBAaHHbIE MEXKIY CO007 IIPU3HAKM,
¥ Ha (MHATbHBIX 3TAlaxX MIPUMEHSIIOTCS MeTOIbI 06e-
PTKU, SIBISIONIMECS] TOHKOV HACTPOIIKOI CXeMbI U 3a-
BepiarIye oT6op. Takast cxema 0T60pa «OT IIPOCTOTO
K CJIOKHOMY>» TIO3BOJISIET COa/IaHCUPOBATh OTGOP U [10-
OUTHCS XOPOIIX PE3Y/IbTATOB 10 KAYECTBY 1 CKOPOCTH
Ha GO0JIbIIMX BRICOKOPA3MEPHBIX BHIOOPKAX.

Pe3ysibTaThl HAIIMX 3KCIIEPMMEHTOB MMOKA3aJIN,
yto cxema CFSS xopoio pa6oTaeT sl pasHbIX TH-
II0B MoJiesieil (JIMHEeMHBIX Y HeJIMHeNHbIX) U Pa3HbIX
06aHKOBCKMX 3a7a4 (KPeIUTHbBII CKOPUHT, peKJIaMHbIe
KaMIIaHMH, B3bICKaHMe IIPOCPOYEHHOI 38[J0/DKEHHOCTH
M JIp.) ¥l TPEBOCXOAMT 110 KaueCTBY CXeMbl, cofepykaliye
TOJIbKO (OVIIBTPBI U 00EPTKMA.

BritioueHne B KOMOVHMPOBAHHYIO CXeMY 0TOOpa He-
CKOJTbKMX METOIOB-00€PTOK IO3BO/ISIET KOHTPOIMPOBATD

112

KOPPEKTHOCTh PabOThI KasKIOTO METOMIa Ha MPeabITy-
IIYX IIarax otoéopa. ITo cpaBHEHMIO C perpecCMOHHBIMU
TIOIXOaMM IBYXJIECOBBIN MeTOZ, OTOOpa IMOKa3bIBaeT
JIyuliiee KayeCTBO /11 HeJIMHEHbBIX MOJesIeil M COroCTa-
BMMOE KaueCTBO IJ1S1 IMHENHBIX. [Ipy 3TOM IT0 CKOPOCTH
paboThI IBYXJIECOBBII METOJ, B IECSTKM Pa3 BHIUTPbIBAET
Y perpeccOHHbIX METOMIOB.

KoMOMHMPOBAHHYIO CXeMYy OTOOpa MPU3HAKOB
MOKHO TIOJIHOCTBIO aBTOMAaTU3MPOBATh, BCTPOUB ee
B 006mMi1 pipeline pa3paboTku Mogeneii B 6aHKe. ITO
ITO03BOJISIET BECTU pa3paboTKy Mopesiell B peskxume
«End-to-End», yTo ycKopsieT mpoirecc pa3paboTku
Y CHISKAeT MO eTbHbIe PUCKM.

CTOUT OTMETUTD, UTO B cxeme CFSS ncmonb3oBancs
psin GMKCUPOBAHHBIX TIOPOTOBBIX METPUK, OTIPeIeIsie-
MbIX 9KcriepToM. Takum o6pasom, cxema CFSS Bce erne
SIBJISIETCSI METadBPUCTUUECKOI, KOT/Ia Ha HEKOTOPBIX
JTarax oTéopa He yUUTHIBAETCS crielduKa JaHHbIX.
IlaHHbIe 9BPUCTUKIA, a TAKKe MOPSIIOK paboThl METOIOB
B CFSS MOKHO IOTIOTHUTETbHO HACTPauBaTh KaKk IUIep-
rapaMeTpbl MOZEJIN, UYTO MO3BOIUT YUECTDb CITEIVPUKY
3a7auM U TTOBBICUTDb KauecTBO MMHATbHbBIX MOZEJIEe.
OnmHaKko HACTPOJiKa ruIeprnapamMmeTpoB MPUBEET K yBe-
JINYEeHMIO BpeMeHHO ¢10sKHOCTU cxembl CFSS. Hamm
OymyIye 1ccIenoBaHys GyayT ITOCBSIIIEHbI ITIPOPabOTKe
3TUX BOIIPOCOB.
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