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1 Annoramnusa

Pemenne 3azaun MoeIMpoOBaHusl KPEAUTHOIO PUCKA 3ae€MINMKa BayKHO JIJIsl OCHOBHOM AeaTesbHOCTH bu-
HAHCOBBIX opranu3anuii. Ha ocHoBe pesysibrara paGoThl MOJAEIH BBIHOCHTCS PEIIEHUE O [IPEeIOCTaBICHIN Kpe-
JMTHOIO 3aeMa (pU3MUEeCKOMY MJIU I0PUAMYECKOMY Juily. B pabore pemraercs: 3ajja4a MOCTPOEHUSI CKOPUHTOBOM
KapThl U MOJIEJIM KPEJUTHOIO CKOPUHIAa Ha ee OCHOBe. /3-3a BHYTpHOAHKOBCKUX TPEOOBAHU OT PYKOBOICTBA
OTJIEJIOB AHAJIUTHUKU U BHEIIHUX PEryJISITOPOB HEOOXOAMMO PACCMOTPETh B KadeCTBEe MOjesel KiaccuuKaum
KJIaCC MHTEPIIPETUPYEMBIX MOJEJIEil, B 9aCTHOCTH, MOJEJb JIOTUCTUYECKOI perpeccuu. Takoe orpaHuvIeHue CBsI-
3aHO C IOPUAUYIECKOIN YUCTOTOH IIPOBOAUMBIX B OAHKE IIPOIECCOB U 3aIUIIEHHOCTHIO HaHKaA OT Cy/1eOHBIX UCKOB
CO CTOPOHBI KJINEHTOB. Lesibio paboThl ABJIsieTCsl IPeobpasoBaHue U PACIINPEHNE UCXOJHOTO IIPU3HAKOBOTIO IIPO-
CTPaAHCTBA C [IEJIbIO TOBBIIIEHNs] KaueCTBa PENICHUsT 331891 DU MUHUMAJIBLHOM IOBBIIIEHUH CJIOXKHOCTU MOZIEe-
s kiaccudukaruu. OCoGEHHOCTHIO UCCIENOBAHUS SIBJISICTC IOCTPOEHUE PEIEHHsI KaK CYIIEPIO3UIUY B BUIE
MO/IEJIA TJIyOOKOI'o 00y4eHUs, TO3BOJISIONIEH BKIIIOYATh HEOOXOAMMBbIE IIPOIE/LYPhl OPOXK/IEHUSI [IPU3HAKOB B
eauHy10 Mojesb. OcHOBHAs ujesl paBGoThl — IOCTPOEHUE €JUHOM PO/ Ly Pbl ONTUMHU3AIMH [I0CIIe0BATEIbHOM
CYIIEePIIO3UIUN C UCIIOJIB30OBAHUEM PAa3JINIHBIX MHTEPIIPETUPYEMbIX IVIO,ELyJ'IeI'/JI O6pa6OTKI/I IIPU3HAKOB U IIOCTPOE-
HUs MoZesell. B pabore B 0fHO# Cynepro3unuy MOJEIN COBMEIIEHDI IPOLEAYPLI CETMEHTAIINN, Py IINPOBKA U
[IOPOXK/IeHHsl IPU3HAKOB. IIperaraeTcs ist KaXK 10 U3 MPOIE/yp 3aMEHUTh aJTOPUTM ONTHMU3AINHI JIOKAJb-
HBIX KPUTEPUEB KAaYeCTBA ONTUMHU3AIMEN IIPOCTPAHCTBA IAPAMETPOB CYIEPIIO3UIMH B €INHOM NTepaInOHHON
upoueaype OITUMU3aIuu. ZL.TISI JAOCTUZKEHU S HAUJIYYIIIero KadeCTBa PelleHusd C TOYKU 3PeHNA 6aHKOBCKI/IX Kpu-
TEpUEB B MPOIEIyPEe ONTUMUBAIMY UCTIOJIb3YETCs IEJIEBON IKCILIyaTAIMOHHOTO Kputepus KadectBa, AUC uaun
mromaas nog ROC-kpusoii. KadecTBo pelienus 3a/a4m MpeiIo’KEHHBIM METOIOM OIEHUBAETC HA OTKPBITBIX
JAaHHBIX 3a/1aYv COIMUAJIBHOTI'O PaH>XKUPOBaHUA 1 CDaABHUBAETCA C 63,30BLIIVI penienueM u 6onee CJIOZKHBIMU HEWH-
TEPIPETUPYEMBIMHU MOJEJISIMMU.

KutroueBble ciioBa: conpasbHOE PaHKUPOBAHUE; CKOPHUHIOBAsl KapTa; KPEJAUTHBIH CKOPHUHT; IIyGoKoe 00y-

YeHUe; CylepIrio3uItnud MOLIeIIeI'/JI; IIOPOXKJAEeHNE ITPU3HAKOB; OIITUMU3alUd ITapaMeTpPOB.



2 Bgenenne

AxryanbHocTh TeMbl.  PerieHne 3ajauu KpeJIUTHOTO CKOPUHTA ONPEIESIeTCs KAK MOJEJTUPOBAHUe, UC-
TOJIB3YIOIIEECsT JJIsT OTIEHKN PUCKA KPEIUTHOTO 3aeMINUKA WU CYIIETBYIONNX 33€MOB B KPEJIUTHOM TIOPT-
deute. Ilenb pertenust 3a,1a91 KPEJIUTHOIO COKPUHTA — BBIHECEHUE PEIEHUS O IIPEIOCTABICHIH 3aeMIIIKY
KpEJINTa Ha OCHOBE OIEHKU BEPOSITHOCTHU IeoJITa.

Jlist pUHAHCOBBIX yUpeKIeHn, ODAHKOB MOTPEONTETHCKOTO KPEIUTOBAHNSA U POSHIIHON TOPTOBIIH,
pellieHre 3a1a49u KPeJIUTHOIO CKOPUHTa sIBJISIETCsl OCHOBOII JlesiTeibHOCTU. B 3a/1a4e mocTpoeHust Mojiesiei
KPEJIUTHOIO CKOPHUHTA OIPEJIEJISIeTCs YPOBEHD IIIATEXKECIIOCOOHOCTH 3aeMIIIKa, IT0 ero JIMIHOI nHpOopMa-
uu.

Anasmrraeckue OTIesbl KPYIHBIX OAHKOBCKUX CTPYKTYD PabOTAIOT HAJT TOCTPOEHUEM CKOPUHTOBBIX
KapT, COJepPKAIUX HEODOIUMYIO JIJIsl IIPUHSITUsI PEIIeHus] O Bbljade KpeauTa nHpopMamnui. Tak Kak uc-
[TOJTb30BAHUE MOJIesIell, OCHOBAHHBIX Ha TAKUX KapTaX SIBJISIETCS OCHOBOM Ou3Heca DAHKOBCKUX CTPYKTYD,
TO pa3paboTKa OIEHOYHBIX KAPT — KJIIOUYeBasi KOMIIETEHIUsI YIIPABJIEHUST PUCKAME PO3HUIHOTO OAHKA TPH
OIIEHKE KPEJINTOCIIOCOOHOCTU OTIEJILHOTO JIUIIA.

AHajuTHK He CIOCODEeH BPYYHYIO BBISBUTH OOJIBIIOE YHC/IO 3aKOHOMEPHOCTEH, IIPUCYTCTBYIOMINX B
JAaHHBIX. B Takoil CJI0XKHOMN /15T aHAJINTUKA 33/1a9€ UCIOIb3YIOTCS TEXHOJIOTMH aBTOMATH3AINHN [IPOIIECCA
BBICTABJIEHUST OAJIIOB KJIMEHTAM, COBMEIIAIOTCS PA3JINIHbIEe CKOPUHTOBBIE U PUCK MOJIEJIH.

ITpousBouTEILHOCTE MOJIEJIE}l OUYEeHb BaXkKHA, W YJIyUIeHHe TOYHOCTU IIPOrHO3a MOXKET ITPUBECTU
K 3HAYUTEJIFHON SKOHOMUM PECyPCOB PO3HMYHOrO OaHka. [osToMy aHan3 pa3jaudHBIX MOJEJENl U aJiro-
PUTMOB pa3pabOTKU OIEHOYHBIX KAPT SBJISIETCS aKTyaJbHBIM JJIsI KPEJIUTHBIX OAHKOB.

st pykoBoauTesieil moo0HbIX OpraHu3aIuil BakHa 000CHOBAHHOCTD ITPOCTABIIEHHOTO CKOPUHTOBO-
ro Gajuia BO M30€XKaHUU CKAHJIAJbHBIX CATYAIMl BOKPYI' KOMIIAHUU. DTO MPUBOIUT K HMCIIOJIH30BAHUIO
BHYTpU OAHKOBCKUX CTPYKTYD HHTEPIPETUPYEMbBIX MOJEJIEil, KOTOPhbIe 3a9acTyi0 MMEIOT 0ojiee HU3KOe
Ka4eCTBO 110 CPABHEHHIO C HEMHTEPIIPETUPYEMBIMU aHAJIOIaMU, TOCTPOEHHBIME HA, OCHOBE HEHPOHHBIX Ce-
Tell WM HEMHTEPIPETUPYEMbIX aHCAaMOJIsIX Mojesieii. Tak»Ke HAKJ/IabIBAIOTCS BHEIIHNE OTPAHUYEHUS OT
YIPaBJSIONMX OPraHoB [6] Ha 3aBUCHMOCTH BHYTPH CKOPHUHIOBBIX KapT, KOTOPBIM JIOJZKHBI YJIOBJIETBO-
PATH IIOCTPOEHHBIE MOJEJIH, 9TO U IIPUBOIUT K TPEODOBAHUIO NX MHTEPIPETUPYEMOCTH.

AKTHUBHO pa3BUBAIOTCH JBa MOAXOJA K MOCTPOEHUIO CKOPUHIOBBIX KapT u Mmojeseit. CoBpemen-
HBII TIOJIXOJT MCIIOJIb3yeT HOBble HEMHTEPIIPETUPYEMbIe TEXHOJIOIUHU, TO3BOJISIONINE ITOJIy9aTh BBICOKOE
kadecTBo [8-11]: meifipoHuble ceTu, GYCTUHI HAJ PEINAIOIIUMA JI€PEBbIMU. AHAJUTUKA KPYIHBIX GAHKOB
UCTOJIB3YIOT [EPEYUCIeHHbIE MOJIEJIA JIJIsl TIOATBEPKICHNUST WJIA OIIPOBEPXKEHNsT OCHOBHBIX PE3YJIbTATOB,
[TOJIyYEeHHBIX C IIOMOIIbI0 MHTEPIIPETUPYEMBIX Mojiejieil. B cilyyae Hecor/iacoBaHHOCTU Pe3yJIbTaToOB WH-
TepIpeTUPYEMbIX U HEMHTEPIIPETUPYEMBIX MOJIEJIeil 3aIpoc Ha MPEIOCTaBIEHNE KPEIUTa, MOCHLIAIOT HA
[IEPEIIPOBEPKY AHAJUTHUKY.

OO6menprHsTHI B 6aHKAaX IOJX0/, OCHOBAH HA UCIOJH30BAHUN HHTEPIPETUPYEMBIX DAHKUPYIOMIIX
1 KaaccudUIMPYONMX MOJEJsIX, TAKAX Kak JIorucTrveckas perpeccusi [12-16]. B smreparype mpeia-

TarOTCdA METOAbI IIOPOXKACHUSA IIPU3HAKOBBIX IIPOCTPAHCTB, 1 MO,HI/I(I)I/IK&LLI/II/I 9TUX METOJ0B. HOJIy‘{eHHI)Ie



MOJIENIA TTO3BOJISIIOT BBIIEJUTH HEOOXOINMbIE MHTEPIPETHPYEMble TPU3HAKN, KOTOPBIe OyayT Oa00peHbI
AHAJMTAKAMU OPTaHU3AIIH.

st onipesiesieHnst yPOBHS KPETUTOCIIOCOOHOCTH 3a€MIIUKA UCIIOJIB3YETCs aHKETa 3aeMIIUKa, COJIep-
JKalas MPU3HAKKM KaK B IMHEHHBIX, TaK U B OPANHAJILHBIX M HOMIHAJIBHBIX ITKaJIaX. Takue aHKeThl CTPO-
ATCA AHAJTUTUKAME, KOTOPBIE TPOBOJAT COMUAIBHBIE MCCIEIOBAHNS 0 BIMSHUIO PA3IUIHBIX (PaKTOPOB
Ha KPEeJIUTOCIIOCOo00CTh. B aHKeTy BKJIOYAIOTCH Hambojee pacupoCTpaHEHHbIE Y 3aeMIMUKOB MPU3HAKH,
[IpOBEpPKa KOTOPBIX OCyIIecTBisieTcs mpocTo. Ilociemyromasi 06paboTKa CKOPUHIOBBIX KAPT BKJIFOYAET
BCE IPOLELYPhl, KOTOPbIe AHAJUTHUK BBIIIOIHIET IPU IOCTPOEHUH 3KCILIyaTUPYeMOi Mojaeaud. A uMeHHO:
IIPOIIE Ty PBI TPYTIMUPOBKY [17] 1 cerMenTannm, co3/janne MHTEPIPETAPYEMbIX KOMOMHAINH IPU3HAKOR, TIO-
CTPOEHME MOJIeJIell KIacCu(pUKaIUN U BBIYUCIEHIE KPUTEPUsl KaueCTBa. Ba30BbIii NPUHITAI TOCTPOEHUS
MOJIEJI — ITO CYHNEPIIO3UIINsT ITPOIEYP MOPOKIECHUS IPU3HAKOB.

Tak B paGore [4] upemiaraercst MCIOJIB30BATH OUHHUHI UJIA CEIMEHTALUIO KAK OJWH U3 JTAIOB
06paboTKM MPU3HAKOBOIO IpocTpaHcTBa. CermMeHTalnsi 0ToOparkaeT HelPEPBHIBHBIA HAOOp IPU3HAKOB B
HeGOJBIINE IPYNIIBI UM KATErOPUH. JTOT KJIACCHYECKUHl Al MOCTPOEHHsI CKOPUHIOBOI KapThl [5] aHa-
JINTUKHU TPU3HAIOT YCTONYMBBIM M WHTEPIPETUPYEMBIM DEIeHneM ITPOOJIEMbl TPEICTABIEHNST CKPBITHIX
nesmmHeinocTeit. Hacrosimast paboTa UCIOIbL3yeT MOIXO0 T, OMUCAHHLIN B [4] KakK 0a30BbIi BU MIPOIEIYPhI
CerMeHTAIUY TIpeJyIaraeMoil Mojiesin. B [2] ayist 06paboTKi JaHHBIX MAJIOro 00'beMa M CO3/AHUST KPeAT-
HBIX KapT Ha UX OCHOBE IIPe/JIaraeTcs UCIOJIb30BaHIe MEeTPUIECKUX MoJielielt Kinaccudukayu. Pabora [7]
TIpejIaraeT IPOBOAUTD KJIACTEPUIAIIIO UCXOIHON BRIOOPKH IJIsT TIOCJIEAYIOMIETrO TOCTPOCHIS MOJIETEH TSt
KaXKJIOTO OTJE/JTHHOTO KJIACTEPA C IeJIbI0 MOBBIIMIEHNsT KavdecTBa 0e3 MOTepU MHTEPIPETUPYEMOCTH MOJIE-
Jin. Takoil 1moaxo/1 MO3BOJISIET B TOM YHCJIE PElIUTh IPobJieMy Hajudusl Pa3HOPOJIHOCTEN B JaHHBIX. Ha-
crosimas paboTa MPOBOIUT HUCCIEIOBAHUE O ITPEOOPA30BAHUN TPU3HAKOBOTO IPOCTPAHCTBA, [TOITOMY HE
HCIIOIB3YETCsT METOJIbI PA3Ie/IeHIsI TPCOTPAHCTBA OO0 HEKTOB.

AKTyajibHOCTE HaCTOsAIIE PaboThl 00OCHOBaHA HyXKJaMu (PUHAHCOBBIX OPraHU3alldil 110 aBTOMa-
TU3UPOBAHHOMY ITOCTPOEHUIO CKOPUHTOBBIX KAPT W MOJEJIeil U 10 MOBBIIIEHUI0 KAYeCcTBa UX paboThl 0Oe3
CYIIIECTBEHHOTO ITOBBINIEHNS CJIOXKHOCTA W 0€3 MOTEepH WHTEPIPETUPYEMOCTH Momean. TakxKe Tpedyer-
Csl TIOCTPOUTH MHTEPIPETUPYEMYIO MOJIE/Ib B IEJIOM M KAXKJIYIO U3 MPOIEAYDP A 0O0OCHOBAHHOCTH PU-
MEHEHUsI TaKuX Mojiejieil. B HacTosmuil MOMEHT BpEMEHU OTCYTCTBYeT eIUHasl IIPOIEeIypa IIOCTPOEHUs
CKOPUHTOBBIX MOJIEJIEl, TIO3BOJISIONAs OObEIMHUTD B €UHYIO CyIEePIO3UITUIO.

B sajavax KkpeauTHOrO CKOPHUHTA UCIOAL3YIOT IBA BUIA KPUTEPHUEB KAUECTBA: ONNTUMHU3AIIMOHHDBIE 1
9KCILIY TAIlMOHHBIE. DKCILUIYATAIlMOHHBIE KPUTEPUN KAYeCTBa 3a/[aHbl UCXO/s U3 IOTPEOHOCTel WHIYCTPUN
npu pemnteHnn 6usHec-3a7a4. ONTUMUBAIMOHHBIE KPDUTEPUU BJIMSIOT HA HACTPOIKY IapamMeTpOB MOJIEJIN
U HY>KHBI JIJIS €€ TIOCTPOEHUSI, HO He CBI3aHBI C SKCILIyaTAIIHOHHBIMUA KPUTEPUSIMHA.

DKCITyaTaIlMOHHBIE KPUTEPUHU KAYeCTBA!

- AUC — wiomaas mog, ROC-kpusoii (4). Kpurepuit kagecrsa B 3a1auax GunapHoil Kiaccuduka-
AU, UMEIOIIH (PU3UIECKUI CMBICJI JIOJTH [IPABUJIBHO YIOPSIOYEHHBIX aJIOPUTMOM Hap 0ObEKTOB.
Kpurepuii ucrnosib3yercst jjisi ONTUMHU3AIUN MOJEJNA U JJIsl €€ OIEHKHU IKCIIEPTAMU. DTO OCHOBHOM

KpUTepUil cpaBHEHU MOIEIEH.



- CrpyKTypHas CJI0KHOCTH, YACI0 TPU3HAKOB. OT CI0KHOCTH MOJIETN HAIIPSIMYIO 3aBUCUT €€ WHTEP-
[IPETUPYEMOCTH SKCIIEPTAMU, KOTOPBIE BBICTABJISIIOT COOTBETCTBYIONNE TpeboBanus. B mpesoxen-
HOU MOJIEJI 3TOT KPUTEPUil 3aBUCUT OT 3HAYEHUS] CTPYKTYPHBIX IIapaMeTpPOB MOJIEJIH, II03TOMY B

ONTUMUBUPYEMbIil (DYHKIIMOHAJ 4 3HAYEHNE HE BXOJIUT.

- HeOTpI/IL[aTeJIbHOCTb BE€COB MO/ICJIN. Tpe6OBaHI/Ie HEeOTpUIlaTEeJIbHOCTHU BECOB IIO3BOJIZAET ITPOBO/JIUTDH

AHAJIN3 UCIOJb3yeMbIX IMTPU3HAKOB MOJICJIN.

- YcToiiunBOCTH BO BpeMeHH. Takoe OrpaHUYEHNe BBI3BAHO BBICOKMMU PHCKAMH (PUHAHCOBBIX Opra-

HI/ISaI_[I/IfI npu HecTabUILHOM IIo0Be€JICHUN MOJJIEJIN.
OHTI/IIVII/IBaIlI/IOHHbIe KpUTEpUU KadecTBa:

- IlpaBmomomobue momenu. IlpaBromnonobue Mome I yKa3bIBaeT HA BEPOSITHOCTHBINA CMBICIT TTOJTY I€H-
HOT'O OTBETa U UCHOJIb3YeTCsI B IIOCTPOEHUN PEIeHNUsI [IJIsl [TOUCKA, ONTHUMAJILHBIX ITapaMeTPOB JIOTH-

CTUYECKOU perpeccuu.

- YcToR4YnBOCTH — OPTOIOHAJIBHOCTD IPU3HAKOB. JIsi yeTOMYnBOCTH MO/1€7I1 HEOOXOIMMO OTCYTCTBHE
MYJIBTUKOJLJIMHEAPHOCTH IPU3HAKOB. UeM pa3HOpojHee OHU OyayT, Tem Jiydine Oyier BecTu cebst

MOJIEJTh.

- T‘O‘{HOCTb7 nojaHora. B HEKOTOPBIX 6I/I3H6C—HpI/IJIO}KeHI/I$IX TOYHOCTDH M IIOJIHOTa METO/Ja IIO3BOJIAET

BBIYUCJIATH (bHHaHCOBbIG PUCKH I/ICHOJIb3yeMOI71 MOJEJIN.

g ncenenoBanns MPUMEHUMOCTH TPEJTOXKEHHOTO PEIIeHNsT W €r0 CPABHEHUsT ¢ OA30BLIMU U aJIb-
TepHATUBHBIMH I10/IXOJIaMU IIPe/JjlaraeTcsl NCI0JIb30BaTh IKCILIYaTAIlMOHHbBII KPUTepUil KadecTBa B €11~
HOIT TIOCTaHOBKE 3a/1a4n ontuMusaiuu. B [3] nposoxuTcest 0630p METOJOB CpaBHEHMsI CKOPUHIOBBIX KapT
U TIpeJiJIaraeTcsi KOMILIeKCHas Merouka ux onenuBanus. AUC uan mwiomaas 1o ROC-kpuBoit — cambrit
PACIPOCTPAHEHHBIN KPUTEPHUil KaTecTBa ONEHKN CKOPWHTOBBIX Mojesei. B pabore [1] mpemmaraercs: mc-
nosib3oBarh AUC Kaxk Iie/ieBoil U e MHCTBEHHBI KPUTEPUl KauecTBa B 3aJiade ONTUMU3AIMKA. TaKoil xKe

[TOJIXO]T CIIOIBb3YeTCsl B HACTOSAIIEH padbore.

Ilens paboror. Ilenabio paboOTHI ABJSIETCS CO3JAHUE MOJETN TIyOOKOro O0yUIeHuUsT JIjIsi TTOCTPOEHUsT CKO-
PUHIOBOI KapThl KAK CYIIEPIIO3UINNA UHTEPIPETUPYEMBIX MIPOIELYP HOPOXKIEHUs IPU3HAKOB. Vcriob3y-
€TCsl TPUHITUI TVIyOOKOro O0yYIeHUsI, KOTOPBI MOAPA3yMEeBAET OIMTHMUI3AIUIO [I€JIEBOTO 3HAYCHNS (DYHK-
WY OIMMOKY BHYTPHU KazKI0i OTIeIbHOM mporeaypbl. HeobxommMo mpu 9TOM ya0BI€TBOPUTEH TPEOOBAHM-

AM HHTEPIPETUPYEeMOCTH U Ka4eCTBa UTOTOBON MOJEJN IIPU 33/ IaHHON HEBBICOKON CJIOXKHOCTH.

Hayunas nosuzna. IIpemyioxkena HoBasi IpoIeypa MOCTPOSHNS HHTEPIPETUPYEMBIX CKOPHHIOBBIX MOJIE-
Jieit MeToJilaMu TTy0oKoro obydenus. [IpobaeMa HEOITUMATIHLHOCTH PEIIeHUs N3-3a ONMTUMU3AIINN JTOKAIb-
HBIX KPUTEPUEB Ka4eCTBA PEIIAeTCsI IIyTeM UCIIOJIb30BaHUsI IIPUHITUIIA TJIYDOKOr0 00y YeHMUsI: OITUMU3AIIAN

€JIMHOT'O JIODAJILHOTO Kpurepud KadeCTBa BHYTPU KazKJI0T0O U3 IMaroB.



Taxke BoZHHKaET IPOOIEMA HEOITUMAJIHLHOCTH U3-38 OTCYTCTBUSA UTEPAIMOHHON IPOIEY PhI OIITH-
MM3AIIH KayKJ0ro I1ara, Koropas OyJeT yIUThIBATh N3MEHEHHs IIapaMeTPOB JAPYTUX IIAr0B MOPOXK IEHUS
npu3HakoB. [Ipemaraercs peann3aiust UTEPATUBHOTO aJrOPUTMa OIITUMU3AINY Beeit cyniepriozuriuu. Jis

9TOTO U3MEHEHBI TPONEJyPhbl ONTUMU3AIINN CErMEHTAUN, I'PYIIIIMPOBKU U MMOPOZKJICHUA TPU3HAKOB.

IIpakTudeckas reHHOCTh.  Pe3ysibrars! JaHHON PAOOTHI MO2KHO HCIOJIB30BATH JJIsi TPEOOPa30BaHUS IPU-
3HAKOBOTO IPOCTPAHCTBA B 33/1a9aX aHAJN3a JAHHBIX, PEIlaTh 339l OMHAPHON KIacCu@UKAIUU U CO-
[MaJIbHOTO PAHXKUPOBaHUsl. Pe3jibraThl NpUMEHUMbI JJIsi OAHKOBCKMX OPraHU3allnii, BbISIBJIEHUE WUHTEP-
[IPETUPYEMBIX COIMAJIBHBIX TPYIII, OIPEIEEHNE CYIIEPIO3UIIN MPU3HAKOB, O0beINHEHNE KATETOPUil B

UHTEPIpEeTUPYyeMble I'PYIIIHL.

TlosoxkeHust, BBIHOCUMBIE Ha 3aIIUATY:
- Wccnenosana mnpobiieMa OpOXK IeHNsT NHTEPIIPETUPYEMBIX MO/IeJIeil B BUJIE CYIIEPIIO3UIINHA MOJLyJIel

- Hpe;momeﬁ MEeTO/] eﬂI/IHOfI OIITUMHU3aIIN ITapaMeTPOB CYIIEPIIO3UIUH, pema}omnfx’l YKa3aHHYIO IIPO-

6steMmy

- Pazpaboran ajroputm mocTpoeHust MOJIEIU COIUATBHOIO PAHKUPOBAHNS COTJIACHO IIPEIJIOZKEHHOMY

METOLy

- Pemena 3amada KpeauTHOrO CKOPHHIA HA OTKPBHITHIX JAHHBIX IIPHU IIOMOINKA Pa3pPabOTAHHOIO AJIrO-

puT™Ma



3 IloctanoBka 3aja4n cONMMAIbHOTO PAHKNPOBAHUST

Hana seibopka D = {(x;,y;) :i=1,...,m}, conepxaruas m 06bekToB. Kakiplii 00beKT OIucan JuHeHHbIMHE,
KATeropuaJbHBIMI 1 GHHAPHBIMHA Ipr3Hakami, X; € R! x C¢ x BY u npuraiiexkuT o1HOMY U3 IBYX KJIACCOB:
yi € {0,1}. Unpekcel o6bekToB {i = 1,...,m} = .7 BeIGOpKU n0zieseHbl ¥ = £ | |7 Ha UHIEKCHI OObEKTOB
00yJeHusT U KOHTPOJIS.

O6ozHaunM Marpuiy mwiana X € R™* X = (y!, ... x"), tue Xj — J-blif IpU3HAK. 338/ IUM MHOXKe-
CTBO MHJIEKCOB BCEX NPU3HAKOB &7/ = o7 .o/, 1.9, Tie &/ 0603HAYaeT MHIECHI IIPU3HAKOB B JIMHEHHBIX
mKaJjax, &, — KaTeropuajbHbIX MTPU3HAKOB, & &, — OMHAPHBIX TPU3HAKOB.

Mogens xnaccnduxkanun F B paboTe mpeicTapiena B pufe cynepnosunun F = fo fro feo fy, rme
fs IPOM3BOJUT CErMEHTAIMIO JINHEHHBIX IPU3HAKOB, f, — IPYLIINPOBKY KATETrOPHil i KaTerophaJbHbIX
NPU3HAKOB, ff — CTPOMT HOBBIE IPU3HAKU HA OCHOBE CTAPbIX, IPHYEM BCe 3TH (QYHKIUH IEPEBOJAT
00'BEKT X M3 OJIHOTO MPU3HAKOBOIO MPOCTPAHCTBA B JIPYTO€. DTO BBHI3LIBAET U3MEHEHUE MATPUIILI ILTAHA

X. Cynepniosuiusa fro f, o fg oT00pakaer oiHy MaTpPUIly IUIAHA B JAPYTYIO:
frofeofs: XX, (1)

& ol o
e X = (%', %")-
B pabore dyukimeit f BoiOpana JIOrHCTHYECKas PErPecCUs KaK WHTEPIPETUPYEMas MOJIEIb KJIac-

cudUKaIN HaJ, IOy YUBIIIMCA TPU3HAKOBBIM IIPOCTPAHCTBOM:

N 1

fX,w) = TS exp(—Kw)’ (2)

B kadecTBe mesieBoro Kpurepus KadecrBa L(w) zjis 00ydeHHs] MOJEJU JIOTHUCTUYECKONH perpeccun
HCIIOJIb3YeM JIOTapu(PMUAIECKYIO (DYHKIIUIO TPABIOIOI00MSI:

L(w)=—InP(D|w) = — Z (yilanxi +(1—y)In(1— wa,-)). (3)
ic?

IIpu onTuMu3anUy MapaMeTpoB IPOLELYP CerMEHTAIN, IPYIIINPOBKY U IOPOXK ICHN IPU3HAKOB,
a TaKyKe JJIs OIEHKHM KadecTBa SKCILUIYATAIMOHHBIM KPUTEPUEM, COIJIACHO OAHKOBCKUM TPEDOBAHUSIM,
ucroJib3yercs miora b o ROC-kpupoii:
_ Yier Yiewlyi <yillF(xi) < F(x;)]
B Yicw Yiezlyi <yjl '

O(w) (4)

Oynknua f apiderca IapaMeTpudecKoit ¢ mapamerpamu w. na fr, f, u f; mommMo mapamerpos
P = pyUp, U ps BBesleHBI CTPYKTypHBIe Tapamerpbl H = hy Lhg LI hg. 3aa4ua 110100pa ONTHUMAJIBHBIX Ha-
pamMeTpoB w, P U CTPYKTYPHBIX IapaMerpoB H mojen Kjaccudukaiuu F CBOIUTCS K PENIEHUIO 3a1a9u
O TUMU3ATIIN:

H*,P*,w* = argmin Q(w). (5)
H Pw



Level 1 Local .Qualit-y Criterion
Stopping Criterion

— Train Parameters Wp

Puc. 1: CrpykrypHas guarpamma 6a30BOTO MMOIX0/1a, BEPXHUN YPOBEHD JUArDAMMBI

4 3ajaun ONTUMUBAINK [1aPAMETPOB U CTPYKTYPhI MOJIEJIN

Ba30oBbrIil MoaX0 K penennio ONTHMU3AITMNOHHON 33/1a9H O MPEJIIoIaraeT OMTUMI3AINIO JTOKAJIHHBIX KPH-
TepueB KavdecTBa T KayKJI0i U3 MPOIEayp U n300paskeH B BUIE CTPYKTYPHOM ArarpaMMbl HA PUCYHKAX

1u2:

hy, py = argmin S (hy, py), (6)
hy,Ds

hy, py = argmin S, (hg, pg), (7)
hg,pg

Wy, py = argminSy(hy, py), (8)
hy.pf

w* = argminL(w), 9)

w

rae S, Sg,Sf — JOKaJIbHBIC KPHTEPHHI KadecTBa JjIa 6a30BOT0 MOAXO0Ma, OMHCAHLI Jajee.

O6yuenne Mozesn F BBIOJIHSAETCS CIIeAyomuM obpasoM. Jana obydatomast BbIOOPKA, JJIst KaxKI0i
dynxmm u3 cynepnosumuu F = fo fro f, o f; mocnenoBare bHo HOAOHPAIOTCA IapaMeTphl, ONTHMAJIb-
HBIE J[JIsi COOTBETCTBYIOINETO KpuTepusi KadecTBa. [Iporeaypsl moncka napamMeTpoB (pyHKIINANH HE3ABUCH-
Mmbl. CylecTBeHHOe U3MEHEHNe MapaMeTpoB OHON n3 (OYHKIUI He MPUBOIUT K U3MEHEHUIO TapaMeTPOB
B Japyrux QyHKIusax. Takasi HE3aBUCHMOCTb BHYTPH €IMHOTO IIPOCTPAHCTBA, IIapaMeTPOB BCeil MOJeJn
KJTacCu(UKAIIT U OIITUMU3AIUs JIOKAJIbHBIX KPUTEPUEB KAUeCTBA, KOTOPhIE HE CBSI3AHBI C €IMHBIM IIeJIe-
BBIM SKCILUIYATAIMOHHBIM KPUTEPUEM, IPUBOIAT K HEONTUMAJBLHOCTH PEINEHUsS OTHOCUTEJHHO IIEJIEBOrO

OITUMU3NUPYEMOI'O KPUTEPHUH.

Vrsepxaenne 1. Jst 3amaun onruvusamn: S(Xq, . .., X,) — Min mpu HagabHOM mpubTHzKenn XO =
x0,...,x% mpornenypa ontuvmzamnmm:
& . S ~ S . 0 0 . 1
% = argminS; (X1, ..., Xim 1, X, Xy 1505 X,), 0= 1,1,

Xi

JOCTaBJIAET Ka4eCcTBO HE JIydllle, YeM IIPOolieypa ONTUMUSAINAN:

Xiyeeo Xy = argminS(xy, ..., x,),
X109 Xn
10 ecTb: S(X1,..., %) <S(X1,.... %)
JokazareanctBo: Vx; £ X; 1 S(X1, .oy Xiy o3 Xn) < S(X7 50wy Xiyee ey Xp). O



Local Quality Criterion
Level 2 Stopping Criterion
X,y Train W
Segmentation . >
Parameters
Train W
Grouping = ®
Parameters
Train
Feature Wi
Generation
Parameters
Data X,y Data w
[ J . . —
Transformation Transformation

Puc. 2: CrpykrypHas guarpamma 6a30BOTO MOJIX0/a, HUYKHUA YPOBEHD JMATPAMMbI

IIpu pemenunm 3amadu 5 MOMCKA ONTUMAIBHBIX MAPAMETPOB MOIENN KJIACCH(PUKAIINN ONTHMUA3a-
IUsT TTPOUCXO/IUT TI0 BCEMY ITPOCTPAHCTBY MapaMeTpPOB OJHOBpeMeHHO. B pabore /11 9TOr0 mpe/iyiaraercs
B IIEPBYIO OYepejib UCI0JIb30BaTh €IUHBII IeJIeBOil KPUTEPUil BMECTO JIOKAJIBHBIX KPUTEPUEB KAYeCTBA,
KOTOPBIIT U OyAeT BIAUATH Ha MOCJEI0BATEIbHOE ODydeHme KayKJIOoro OTAeJbHOro Ojoka. Takast mpore-
aypa obydenust n3obparkeHa B CTPYKTYPHOH guarpaMme Ha puCyHKax 3 u 5. VI3MeHeHHEe OTHOCUTEIHHO
6a30BOr0O IO/IX0/[a MOTHBAPOBAHO IIOMCKOM JIYYIIIEro, HeXKesn 6a30BOro, perneHus 3agadn (5) coraacHo
00 IbHOMY KPUTEPHUIO KA9eCTBA.

IIpu pemennu 3agaun (5) HA UTOrOBBIA KPHUTEPUl KadeCTBA BJUSET KaxKJas U3 ONTHMU3UPYe-
MbIX TepeMenubix H,P w. Ilponenypa ontumusanuus 6a30BOM ITOJXO/E TPOBOJIUTCS MOCETOBATETHHO
JIJIST KaXKJIOM TPYIIIBI IIepeMeHHbIX. V3-3a OTCyTCTBUsI NTEPAIIMOHHOIO ajrOPUTMa OINTUMU3AINNA BHYTPHU
Pa3INIHBIX MTOAIPOCTPAHCTB IPOCTPAHCTBA MMAPAMETPOB MOJEIN Ha KAKOM-TO M3 IMArOB ONTHMU3AIIAN
CYTIEPIIO3UIINN ONITUMAJIBLHOE PEIeHne MepecTaeT ObITh ONTUMAILHBIM. [IpestaraeTcss co3maTh uTeparm-
OHHBII aJITOPUTM OINITUMU3AINN CYTIEPIIO3UIUH, TJ/Ie HAYaIbHBIM [IPUOJIMXKEHNEM [TaPaMeTPOB MOJIEJIN JIJIsT
OYepeIHOI UTepaIun siBJISeTCsl Pe3yJibTaT MOCIeJ0BATEbHON OMITUMI3AINN CyIePIO3UIINN Ha, TPEIBIITY-
meit urepanuu. CTpyKTypHas ArarpaMMa, IPeIosKeHHOro aJropuT™Ma m300parkena Ha pucyHkax 4 u 5.

Taxkoit BLIOOp TIpeoaraeTcs ONTUMAJIBHBIM B 3aJjade: mycth Xy U--- LXK, = x? Lo I_ng. Omnummem
AJITOPUTM PEIIeHUs 381891 B Bue nceBaokona A(N), rae N — 9ucjIo ureparyii aJropurMma;

for i=1,...,N:

%) =argminstep Q£ U---UZ%,)
X
for i=1,...,N:
%, = argminstep Q(f;U---UZX,).
X;
IIpeamonoxenne 2. ﬁpoueﬂypa YHCJIEHHON OITUMU3AIMY [JIs perenust 3auaau: Q(x1, ..., X,) — min, upej-

CTaBUMasd B BUJIEe IICEBIOKOIa A(]V)7 HE Jry4diie, 9eM Cjielyrollasd IIPoIe/aypa OIITUMU3allu, OIICaHHasd B

BHjle nceBtoKona: for j=1,...,M: A(%})



Level 1 Globa.l Qual.ity Criterion
Stopping Criterion

First w generation

Wi Train Parameters Wi

Puc. 3: CrpykrypHas auarpaMma MOIX0/Ia C €IUHBIM (DYHKIIMOHAJIOM KadeCTBa, BEPXHUII YPOBEHD JIAa~

rpaMMbl

Level 1 Globa'I Qual.ity Criterion
Stopping Criterion
Wy Ws >
X,y Wg0 We

First w generation g .
Wi Train Parameters Wi
w

Puc. 4: CrpykrypHas guarpaMma UTEpaIMOHHOIO MOIX0/a C €JUHBIM (DYHKIIMOHAJIOM KadeCTBa, BEPXHUM

YPOBEHDb JIuarpaMMbl

Global Quality Criterion
Level 2 Stopping Criterion
X,y [ Train . W,
Segmentation
Wso Parameters T
Train W
Grouping : ®
Weo Parameters | | T
L Train
Feature Wi
Wy Generation
Parameters
Data X,y Data w
— . . ——»
Transformation Transformation

Puc. 5: CrpykrypHas auarpamma MOJX0JIa ¢ €JIMHBIM (DYHKIIMOHAJIOM KadecTBa, BEPXHUN yPOBEHb JUa-

I'paMMBbI
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3aMeTnM, UTO MPHU TAKOM aJTOPUTMUYIECKOM PEIIEHUH 33291 YUCJICHHON ONTUMHU3AINU HA KaXK-
JIOM IIAKJIE MOTYT OBITH IOJIyYEHBI PA3IUIHBIE MATPUIIBI X. BDro [IPUBOJUT K HEOJHO3HAYHOCTU BBHIOODA
Ha4YaJbHBIX [IapaMeTpoB (PYHKIMK f IIPU ONTUMUBAIMY IUKJa. [Ipesiaraercs BOCIIOIb30BATHCS BHICOKOM
CKOPOCTBIO cxouMocTu ajaropurma Heiorora-Padcona onmrumusanum MoJen JIOTHCTUIECKOH perpeccun

7 BBIIOJHSTH €IMHYIO TPONEIYPY ONTHUMUIAINN MO [ B KayKJIOM ITHKJIE.

11



t Risk

Puc. 6: I[lpumep HemuHeiHOH# 3aBUCHMOCTH YPOBHSI PUCKa OT BO3PAacTa.

5 CermenTalus JMHEHHBIX TPI3HAKOB

CerMeHTAIUS AT BO3MOXKHOCTH ydeTa CJIOXKHOW KYCOYHO-ITOCTOSTHHOW HEMOHOTOHHON 3aBHUCHMOCTH
dyHKIMKM OmMUOKN OT IPU3HAKA B MOHOTOHHOI JIMHEHHOI INKaJjie W YIPOCTUTb WHTEPIIPETAIUI0 HUTOrO-
Boit Mozesin. VlcxomHoe IpU3HAKOBOE MPOCTPAHCTBO JIONOJIHSETCsST ONHAPHBIMY IIPU3HAKAMU, 0D03HAYAIO-
MU TPUHAIIE?KHOCTh UCXOTHOTO MPU3HAKA 33 ]AHHOMY CErMEHTY Ha JIMHEWHON mikaste. [Ipumep Takoit
HeJIMHEITHOM 3aBUCUMOCTHU YPOBHSI PUCKa OT BO3pacTa IIPUBeJEeH Ha PUCYHKE 6.

Ipeamnonoxenne 3. Ecim f(x) o6iasaer BBICOKO CTENEHBIO HEJIMHEHHOCTH, TO JMHENRHAsT MOJIEIh
Y1 =wix+wy

He JIydllle, 9eM JIMHEHHasi MOJEeJib, MIOCTPOCHHAs Ha OMHAPHBIX MPU3HAKAX, MOJIYUYEHHBIX B PE3YJIbTATE
CerMeHTalluN IIPU3HaKa X:

Y2 =wi, xe[ai7bi]7

10 ecth: ||f(x) — w2l < |If(x) —y1]]-

5.1 IlocranoBka 3aga4u CErMEHTAIUN

CTpyKTYpHBIM TTApaMETPOM A TIPOIEYPbl CETMEHTAIINN SIBJIAETCST HAOOP KOJIUYIECTBA y3JI0B pasbueHust
JUTsl KaXKJI0ro M3 NPU3HAKOB. 1lycTh 3HaYeHMsI NpU3HAKA ) IPHHAJJEXRaT oTpes3ky [a,b]. Ilapamerpa-
MU ps TIPOIIEIyPhl CETMEHTAIUN SBJISAETCS HAOODP KOOPJMHAT Y3JI0B PAa30MeHUsl, MPUIEM pg € [a,b],j=
0,....hs; a=pd<-- <p§< o< phs =b.

I/ICXOJI‘HaH MaTpulla IIJIaHa X IIOITIOJIHAETCA HOBBIM Ha60pOM 6I/IHaprIX NIPU3HaAKOB, ABJIAIONIUXCHA

WHANKATOPpaMU IMPUHAIJIC2KHOCTHU 3HAYCHUA UCXOIHOT'O JIMHEITHOTO IpU3HaKa KazKJIO0MYy CErMEHTY:

Y e B =[x e pN],g=1,....h.

[Tombop CTPYKTYPHBIX TAPAMETPOB U MAPAMETPOB MPOIIELyPhl CErMEHTAINN HAbOOpa, JTMHEHHBIX TPH-
3HAKOB C MHIEKCAMHU .27 Ha 00y 4arolneil 1oaABbI00PKE BHIOOPKHU D IIPOUCXOIUT IIyTEM PEeIleHHs CJIe Ly FOIei
ONTUMU3AIMOHHON 381891 JIJIsl [IEJIeBON (DYHKIUN:

* %k .
hsaps’w = argman(thpva|D7M7$)7
hs,ps,w

rae Q — kpurepuit kagectsa (4).
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5.2 Permmenne 3a1a49n cerMeHTaIIN

ITapamerpaMu 3ajaum cerMeHTAIME CJIyKaT y3JIbl pa3OueHus, IPUHA IeKAIIe JIeHCTBUTEIbHON IIKa-
Jie. B 6a30Boii Mojiesn Jijisl IIOMCKa 11apaMeTPOB U CTPYKTYPHBIX I1apaMeTPOB CEI'MEHTOB HCIIOJIb3YIOTCS
snavernss WOE BbIOpaHHOrO cerMeHTa ¢ U 70Jis1 BBIOGODKH B CEIMEHTe ¢ Jisl Ipu3Haka i [7]:
- 1 g—1. 4
county = - ¥ [, € [p¢ 5],

jeZ

g—1. 4 —
Zjef [lj € [ps ,psH [yj = 1]

g-1. 4 —
Yicy [Xj € [ps ,Ps” [v;=0]

)

woe, = log % =log
J

riae gj u bj — momu xnaccos 0 u 1 B j-oM cermenre.

s nocrpoenust 6a30Boit Mozesu pemtenus (6) anajsorudso [4] mpejyiaraercs HeJUTb UHTEPIPE-
TUPYEMBIl JIMHEHHBIH MPU3HAK Ha MaKCHUMAaJbHO BO3MOXKHOE UUCJIO CEIMEHTOB, a 3aTeM OObeJINHATH UX
COIJIACHO HECKOJIbKUM IIPUHIIAIIAM: JI0Jid OObEKTOB B cerMenTe He MeHee 4% 0T ofIIero 4mcia BhIOOPKH,
3HAYEHUE WOE JIJIsT COCEHIX CErMEHTOB CyIECTBEHHO OTIMYIaeTCs. TakuM 06pasoM JIOKaJIbHbIH KpuTepuit
KauecTBa Sy [yIs npu3Haka X: Sy = [county > 0.04] [|woe, —woey_1| > 0.1].

Hosusna nacrosiieil paGoThl COCTOUT B UCIOJIb30BAHUN YUCIEHHBIX METOIOB ONTUMUSAINY JIJIs 110
UCKa IaPAMETPOB CErMEHTAIlMN BLIOPAHHOTO pu3HaKa. 1le/ieBbIM KpuTepueM KadecTsa cirykut Q(w), rie
w 0b03HaYAEeT BCe apamMeTpbl MOJIeH. [lapaMeTpaMu ONTUMH3AIAE IS KAsKI0TO TPU3HAKA, ) ABJISIOTCS
Ds, 3HAUWT TIEJIEBO KpuTepnii kadectsa Q(py).

Wrepanus ONTUMHU3ANMA IAPAMETPOB MIPOIEAYPhl CErMEHTAIIMA NPU3HAKA ) HMPEICTAB/IAET COBOM

IPaIUEHTHBINA CIIyCK BHYTPHU IIPOCTPAHCTBA I1apaAMETPOB MOJIEJIN:

pi=p1 =17 0(py),

rues/Q(ps) HallJeH YUCIEHHBIMI METOIAMU.

U Tepanys oNTHMHA3AIAN TAPAMETPOB IPOIEAY Pl CETMEHTAIINA B CyTIEPIO3UIIIA MOIEIH — HECKOJIb-
KO IIUKJIOB MOCJIEI0BATEbHBIX UTEPaIii MPAIUEHTHOrO CIIYCKa ISl KayKI0ro n3 npusnakos ¥ € X. ITocie
KaxKJIOl MTepaluy YUCICHHON ONTUMHU3AIY IIPOU3BOAUTCS TIPOLELYPa KOPPEKTUPOBKH IIapaMeTpPOB Cer-
MeHTAIU

Correction(py): ymamsercs pl  ecm pl—pi~l <2 (10)

TakuMm 06pa3oM pH KOHCOJIUJAINY [IAPAMETPOB CETMEHTAIIMU B OJHON TOYKE JIMHEHHOTO IMPOCTPAHCTBA
CTPYKTYPHBIH ITapaMeTp CerMEHTAInU Npu3HaKa ¥ n3Mmensiercd. CTpYKTypHBIE ITapaMeTphl OyayT Haie-
HBI ABTOMATUIECK.
for iteration=1,...,N:
for xeX:
py=pi = A7 0(ps)
pi = Correction(pt) (10)
Oupenenenne. ClI02KHOCTBIO IPOIE/LY Pbl CETMEHTAIMH JJIsl IPU3HAKA, ) ABJIAETCS IUCJIO TIADAMETPOB

WIN 3HaYEHUEe CTPYKTYPHOTO mapaMerpa hg.

13



Ompenemnenne. Cir02KHOCTBIO IIPOTIELYPBI CETMEHTAITUN MOJIEIN ABJISETCH INCII0 TAPAMETPOB CEerMeH-

TAIMU MOJIE/IN MJIM CyMMa 3HaY€HUH CTPYKTYPHOIO apaMerpa Y, cy .
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6 I'pynmmpoBka KaTeropuabHBIX TPU3HAKOB

B ckOpUMHIOBBIX KapTax BO3HHUKAIOT KaTeropuajbHble MPU3HAKU C OOJBIMUM 4YucjoM Kareropuit. O6pa-
00TKa TAKMX HEYTOPSIOUEHHBIX MMPU3HAKOB CUJIBHO TOBBIIIAET CJA0XKHOCTH UTOTOBOH Mojies. Hampumep,
KATerOpUAJIbHBIN TPU3HAK TPOMECCHN 3aeMINUKa TIPU €r0 KOJUPOBAHUN MOXKET CO3aTh COTHU ODMHAPHBIX
[IPU3HAKOB, CHJILHO PA3PEKEHHBIX. TaKoe 9ncjio OMHAPHBIX IPU3HAKOB HE TOJIHKO IOBBIMIAET CJI0KHOCTD
[IPU3HAKOBOT'O IIPOCTPAHCTBA, HO CIIOCOOCTBYET IEPEODYIEHUIO CJIOXKHBIX MOJEJIed, a TaKyKe CHIKAET MH-
TEepPIPETUPYEMOCTD IIOCTPOEHHBIX peleHuii. J[jisi pelenust onucbiBaeMoil pob/ieMbl IPeJIaraeTcsi 00b-
€J/INHSITh KATerOPUU MPU3HAKOB B I'PYIIBI, 9TOOBI PE3KO CHU3UTH CJOKHOCTH MOJEIN U TPU3HAKOBOTO
[IPOCTPAHCTBA 0€3 CHUXKEHUS KadeCTBA MTOTOBOrO pemreHus. Takoil MpoIecc Ha3bIBAETCS I'PYIIIUPOBKON

HECKOJIbKUX KaTeFOpI/Iﬁ B OHY, CHH2Ka€T CJIO2KHOCTb MOZEJIN U ITOBbIITaeT MHTEPIPETUPYEMOCTD.

6.1 IlocranoBka 3ajia4u IPYHIIUPOBKA

Iycrs kaTeropuaabHbiil npusnak ¥ uMeer |C| kareropuit, rae C — MHOXKECTBO KATErOpuUii 3TOro IMpU3HAKA.
CTpyKTypHBIM IaPaMeTPOM /1, IPOLE Ly Pbl TPYIIHPOBKE IPU3HAKA ) SBJIAETCS KOJINTIECTBO IPYIII HOBBIX
kareropuii, |hy| < |C|. IlapaMeTpoM IpyIIHPOBKI SABJISIETCS CIOPHEKIUs pg @ C — hy. Vicxomnoe mpusua-

KOBO€ IIPOCTPAaHCTBO USMEHACTCA: KaTeFOpI/IaJIbHI)IfI IIPU3HAK ) 3aMEHsIETCsI KaTeropuaJibHbIM IIPU3HAKOM

Xn-
x = 1 2 3 ... C C — gncio kareropuit
oL \
X = N Y VB ... Yo |he| — amcio HOBBIX KaTeropwuit, ¥ € hy

ITombop cTPpyKTYypHBIX TApaMETPOB U CIOPHEKITUI MIPOIEAYPHI IPYIINPOBKU HAOOPa KATErOpUaJib-
HBIX NPU3HAKOB C WHJEKCAMU &, Ha oOydaromeil mojBbI00pKe BBIOOPKU D MPOUCXOMUT IIYyTEM DEIIeHUsI

CJIEJIYFOIIel ONTUMU3AIMOHHON 3aaun JJIsI [1eJIEBON (DY HKITIH:

hg,pg,w = argmin Q(hg, pg,w|D, o, L),

hg7Pg7W

rje Q - Kpurepuii KauecTsa, ONUCAHHBIH B (4).

6.2 Pemenne 3a/1a4u rpynmupoBKu

ITapamerpamu 3a7a<u TPYIIUPOBKY CIIy?KAT CIOPhEKTUBHBIE 0TOOparkeHusi. B 6a30Boil Momen Jijist mMo-
HCKa MMapaMeTpoB U CTPYKTYPHBIX apaMeTpOB Kareropuit mcrnosb3yiorcs 3uadenns WOE BoeiOpanuoit
KATErOPUU € U JI0JIsi BBIOOPKH, IPUHAJJIEZKAINEH 9TON KATEeropun Jjisl IPU3HAKA Y

1
count, = P Z (x;=cl,
4

bi Yjezlt;=cllyj =00

rae g; u b; — momm xnaccos 0 u 1 B j-om cermente. [Ina mocrpoenus 6a30B0i MOJENHN IIPEJIIaraeTCs

woe. = log

KATeropuu, Jjisi KOTOPBIX J0Jisi 00bEKTOB MaJjia 00beInHsITh ¢ Omkaiimumu 1o 3uadennto WOE karero-
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pusiMu.

st moctpoenus: 6a30Boit Mojiesn pererust (7) mpejyiaraercsd 0ObeUHATh OJIM3KUE 110 3HAYCHUIO
Woe, KaTeropuu B OJHY IPYIILY, 8 TaKyKe KATErOpHH, IyIe 10/ 00beKToB MeHee 4%, o0beauuars ¢ 6Jm-
JKaUIIIME 110 3HAYEHHIO woe.. Takum o6pa3oM JIOKaIbHEIN KPUTEePHil KadecTBa Sg /I8 KaTerOPHAILHOIO
npusHaka ¥: Sg= [count. > 0.04] [I; j[[woe; —woe;| > 0.1].

B pabote HE0OX01MMO TTO100PATEH CIOPHEKITNN, JTOCTABIISIONINE ONMTUMYM KPUTEPHUIO KadecTBa. Juc-
JIEHHBIE METO/IbI OITUMU3AINH HE [IOJIXO/IAT JIJIsI PEIeHnst oJ00HbIX 3a1a4. HoBusHa HacTosImeit paboThl
COCTOWT B WCIOJIb30BAHUU METOJIOB ONTUMUI3AIMKA, OCHOBAHHBIX HA MPUHIUIAX T'EHETUICCKUX AJITOPUT-
MOB, JIJIsl IOMCKA IIADAMETPOB IPYIIUPOBKU BbIOpaHHOrO npusHaka. LlesesbiM kpurepuem ciayxkut Q(w),
rjie w obo3HavaeT Bce mapaMeTpbl Mojesn. [lapamerpaMu onTUMU3aImy JJIsT KaXKI0I'0 KATeropuabHOTO
IpHU3HAKA ) SIBJISIIOTCH Pg, 3HAYNT IeieBas dbynkims Q(pg).

Ompenenenne. Ocobb ay B 3a/aUe ONTUMU3AINE IIPOIEyPLI IPYIITHPOBKH KATErOPHAIBHOTO IIPU-
3HaKa Y — IOCJeJI0BATeNbHOCT {V1,..., Y}, Y € hy, 3a/at011ast IPOU3BOJIBHOE CIOPHEKTHBHOE OTOOparke-
HEE P,.

Omnpenenenne. [Iporeaypa ckperuBamus crossing(a}é,a%) JIBYX 0cobeii a}c u ai — CKpeIBaHue
COOTBETCTBYIONUX TIocTeI0BaTenbuocTedt: {y), ..., yé} u{y,..., }/g} CxperuBaHue JByX TaKUX [TOCJIEI0-
BATE/ILHOCTEH 38/[a€TCsl CIIydaiinbIM GuHApHBIM BekTopoM bin € BICl:

aly = {bin1y} + (1 —biny)y?,...,bincy. + (1 — binc) 2}

a2y = {bin v} + (1 —bim))y},...,bincyz + (1 — binc) ¥t }.

Urepanust ONTUMU3AIMOHHOTO AJITOPUTMA B 33J1a9€ IPYIIIIHPOBKY MPU3HAKA ) [IPEJCTABISET COOO
POTIEYPY 3a/aHHOTO YHCJIA CKPEIUBAHWI CIydaiiHbIX 0cobeil M3 3aJaHHOr0 Habopa IOCJIEI0BATE b
Hocreit A = {aéc}7 3a/IAI0INX CIOPHEKTUBHBIE OTOOPAXKEHUS U HOCJELYIOEro oTbopa Jydnux ocobeil n3
MOy IUBIIerocs MHOXKecTBa. JIydmas ocobb BRIOHpaeTcs KaK ovdepeIHoe IPUOINKEHNe Pg:

Urepanusi ONTUMHU3AIMOHHOIO AJITOPUTMA B 3aJade TPYIIUPOBKH B CYIEPIIO3UIUU MOJETH —
HECKOJIBKO IIMKJIOB IIOCJIE/IOBATEIbHBIX UTEPAINN T€HETUYECKOro aJrOpUTMa JJIs KaXKJIOr0 M3 KaTero-
puasbHBIX pu3HakoB ¥ € X. Tak Kak mpu HAYAILHOW WHUIMAJU3AINN U CKPEIUBAHUE 0CODell Her
OTpAHUYEHUI HA YHCJIO HOBBIX KATErOPHil, TO CTPYKTYPHBbIE HMapaMeTphl IPYNIUPOBKHA Oy/IyT HaliIEHBI
ABTOMATUIECKH.

for iteration=1,...,N:

for xeX:
for j=1,....N:
A append crossing(azc,alfc), rue i,k — ciayvaiinbie
A = select M best of A
pe = select one best of A

Omnpeneserne. CI0KHOCTBHIO MPOIEY Pl TPYIIIHPOBKY JIJIsI IPU3HAKA, ) SIBJISIETCS THCJI0 KATErOPUit
CTPYKTYPHOIO mapamerpa |hg|.

Ompenernenne. CA0KHOCTBIO MPOIELYPHI TPYIITUPOBKHU SIBJISETCS YUCI0 HOBBIX KATErOPHUil MOJEN

WM CyMMa 3HaYeHUil MOIIHOCTE! CTPYKTYyPHOTO HapaMeTpa )., g
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7 Tlopoxkaenne MHTEPIPETUPYEMBIX TPU3HAKOB

CJI02KHBIE MOJIEJTH JIOCTABJISIIOT HANDOJIbINIEE KAYECTBO B PEIIEHUH 38/[a9H 38 CUET BbISBJICHUs] HEJTMHEHHBIX
3aKOHOMEPHOCTEH B JIAHHBIX U CJIOYKHBIX B3AMMOCBSI3€Hl MEXKJy NMpu3HaKaMu. B ciytiae MCIOIb30BaHUs
IIPOCTBIX MHTEPIIPETUPYEMBIX MOJIeIel BO3MOXKHO YYUTHIBATh TAKOT'O BUA B3aUMOCBS3H, €CJIN CO3/I1aBaTh
Ha OCHOBE HCXOJHOTO MPU3HAKOBOI'O IIPOCTPAHCTBA HOBbIE TPU3HAKU. VX MOXKHO KOHCTPYHPOBATH KaK
CYNIEPIIO3UINIO IPU3HAKOB U UHTEPIIPETUPYEMBIX oreparuii. JIo/KHO ObITh 33/1aHO0 MHOXKECTBO OIlepalinii

Ha IIPU3HAKOBOM IIDOCTPaHCTBE U IIpaBUJIa IIOPOXKJACHUA HOBBIX CyHepHO3I/ILLI/II7I.

7.1 IlocranoBKa 3aJ1a4n HOPOXKICHUS

ITycTb MHOXKECTBO { f;} — MHOXKECTBO MHTEPIPETUPYEMBIX TIOPOXKIAONINX HellapaMeTPHIeCKuX (DyHKIH
HaJ| IPU3HAKAMU, 33 TAHHBIX SKcriepramu. Huzke npuBesena TabIuIa ¢ IepedncaIeHueM COOTBETCTBY FOIIIX

onepanuii 1 UX CBOHCTB.

Onucanue Qopmyna in Nin out
Negate binary X bin 1 bin
Logarithm log(x) lin 1 lin
Logistic sigmoid W lin 1 lin
Square root VX lin 1 lin
Inverse ;lc lin 1 lin
Multiplication X*y any 2 lin
Sum x+y any 2 lin

ycrs {x;},i € o) U .o, — uamepsiemble JiuHeiiHble u OuHapHble npu3Haku. Heobxomumo HaiiTu jyd-
Iy} KOMOMHAIMIO 33JAHHOTO YUCIIa M3 BCEX JOIYCTUMBIX CYIEPIIO3UINI IPU3HAKOB {);} ¢ NCnoib3oBa-
HueM byHKuuit {f;}, mocse 4ero BHIYUCIUTD U 100ABUTH UX B MATPUIly IUaHa X.

Onpegenenne. Cynepnosunust — hopMyIIa, IpeJcTaBuMast B BUJE JePeBa, B KaXKIOM y3J1e KOTOPOTO
Haxoaures dyukuus us {f;}, a B KaxkoM Jcre — npusHak u3 {¥;}. CI0KHOCTb CyIePIO3UIUE — YUCIIO
UCHONIb30BaHHBIX B Hell aementos u3 {fi} u {);} ¢ moBropernsmu.

U3 MHOXKECTBa BCEX CYNEPIIO3UIMI ¥ HEOOXOAUMO BEIOPATH HAMLY YIILYI0 KOMOMHAIMIO CyIePIIO3UIIUi
pr={Fi}. CrpykTypHBIMI HapaMeTPaMu SBJIAIOTCA KOJMYECTBO Cyneprno3urmii B kombunarmu Ay = |{F;}|
U MaKCHMaJIbHasl CJIOXKHOCTB CYNEPIO3HIMHE, a napamerpamu — xombunarms py = {F;}. Ilon6op crpyxk-
TYPHBIX [APAMETPOB U MAPaMeTPOB IPOIEAYPHI MOPOXKICHUS Ha 00ydaromeil noaBbibopke BeIGOpKU D

IIPOUCXOUT IIYyTEM DPENIeHUs CJICYIOIIeil ONTUMUBAIMOHHON 3aIa9n JJIsl 11€JI€BON (DYHKITIN:

hfapfaw = argminQ(hf7pfaW|Da“Q{l I—lfQ{bag)a
hypgw

rae Q — KpuTepuil KauecTBa, ONucaHHblil B (4).
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7.2 Permenune 3aja4uu MmopoxKIeHUS

TTapameTpamu 3aa<u MOPOXKJIEHUST IPU3HAKOB CIIyKAT HAOOPHI cymnepro3uiuit. B 6a30Boit Momean st
MOMCKa MapaMeTPOB U CTPYKTYPHBIX ITapaMeTPOB I'eHepalliil IPU3HAKOB UCIOJIb3yeTCsl KOPPEeJISua KarK-
JOI CyHepHO3UINA C IeJICBOY IIepeMeHHOM:

corrg(py) = Z (1 —corr(Fi,y)z).
]F,Epf

g mocrpoenust 6a30Boit Mogiesu (8) mpejgiaraeTcs KadecTBo HAGOPA HOCTPOEHHBIX IIPU3HAKOB OLEHU-
BaTh C IIOMOIIBIO corry. Taxum obpa3oM, JOKaJIbHBI KpUTEpHil KadecTsa Sy Jyls NOCTaBJICHHOM 3a/1auu
HOPOXK/ICHHsl HOBBIX IIPU3HAKOB IIPUMET BUI: Sy = COrr,

B pabore HeobxommmMo mogobpaTs HAOOP CYIEPIIO3UINIA, TOCTABJISIONIUN OMTUMYM KPUTEPUIO Kade-
crBa. YucieHHbBIe METO/IBI ONTUMU3AIIE He TTOJIXOJIST Jjis pelerns: Takoil 3anaqn. HoBusna macrosieit
paboThl COCTOUT B UCIIOJIB30BAHUU METOOB ONTHMU3AIUN, OCHOBAHHBIX Ha IIPUHIIUIIAX T€HETHIECKUX aJl-
FOPUTMOB, JjIsl HOMCKa HOBBIX cyneprosunuii. Ilenesbiv kpurepuem ciyxutr Q(w), rae w 0603HadaeT Bee
mapamerpe! Mogenu. [lapamerpamu onTHMU3AINN SBIIAIOTCA Py, 3HAYUT Ie1eBoil Kputepuii Q(py).

Omnpeneserre. Ocobb a B 3a/1a9€ ONTUMHU3AINAN [IPOIELY Pl TIOPOXKIEHUST ITPU3HAKOB — KOMOWHAIINS
cyneprosunuit {F;} miau HOBBIX IIPH3HAKOB MOJIEJIH.

Oupenenenne. IIponeaypa ckpemuBanus crossing(ay,ay) aByx ocobeit a' u a?

— CKpenuBaHue COOT-
BETCTBYIOIIUX KOMOMHAIMIA CyTIePIIO3UIIHIA: {Fll} n {IF,Z} CxpeluBaHne AByX TAKUX IOCIEI0BATEIbHOCTEH
3a8eTCst oty daitnpiM 6naapubiM BekropoM bin € BIHF:

al, = {bin,F! Y U{(1 — bin;)F?}.

a3y = {binF?} U{(1 — bin;)F} }.

Wrepanust ONTUMU3AIMOHHOIO AJTOPUTMA B 33J1a4e MOPOXKIEHUS [TPU3HAKOB B CYIEPIO3UIUU MO-
JIeJI TIPEJICTABIISIET COBOI HECKOIBKO IUKJIOB 3a/IaHHOTO YUC/Ia CKpeluBaHuii ciydaiieix ocobeit {F;} u3
3aannoro Habopa F = {{F;};}. JIyumas ocobp BLIOHpaeTCs Kak O9epe/iHOe IPUOIIZKEHHE Pg:

for iteration=1,... N :

F append crossing(da',a"), rye i,k — ciyuaiinbie
F = choose M best of F

pr = choose one best of F
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8 AJITOpUTM MOCTPOEHUsT MOAENN TJIyDOKOro OOyUeHHsT KaK CyIIePIO3UIII
JIOKAJIbHBIX MOJIesIeii

BbraucmresbHbIH 9KCIEPUMEHT PACCMATPHBAET JBA MOAXOAA K MOCTPOEHUIO MOJEIN: 6A30BbIi 1 Ipe-
JIOXKeHHBIN B pabore. Bazosblii OAX0M K 00'bEIMHEHUIO BBIIEOITMCAHHBIX MIPOIELYP TOCTPOEHUST MOJIE/H
[OJPa3yMeBaeT MOCJIEe[0BATENFHOE BBIIOJHEHNe Ga30BbIX HPOIeAyp cerMenTanuu (6), rpynnuposku (7)
U TOPOKJICHUsl PU3HAKOB (8) M JOCTUXKEHUE ONTUMYMA JIOKAJHHBIX KPUTEPUEB KAYECTBA JJisl KAXKJION
u3 nponeayp. [Ipu 9TOM OnMcaHHbIE KPUTEPUN TOCTPOEHUS! IIPOIE/LyP HE CBSI3aHBI HAPSIMYIO C IEJIEBBIM
PYHKIMOHAIOM, YTO IPUBOIUT K HEONTUMAILHOCTH IOCTPOEHHOTO pelleHNsl.

Brimre, B paszmenax 5, 6 m 7 onmcaHbI IIpejraraeMble IIPONEIyphbl ONTHMU3AINN COOTBETCTBYOMIAX
nporneayp. IIpuanun nx o6bequHEeRns 3JI0KeH B pasede 4. [TociemoBaTelbHO BBITOTHSIIOTCS CIIE Y IOIINE
maru:

1) uHUIMAIN3AI HAYAJIBHBIX TOUEK JIJIsS TPAJIMEHTHBIX METO/IOB U HAYAJIBHBIX MOKOJIEHUIT JJIsl Te-
HETUIECKAX AJITOPATMOB,

2) waru rpaJIeHTHOrO MEeTO/[a OIITUMU3AIMY JJIs IIPOE/LY Dbl CEPMEHTAINHN JIJIsl KazKI0T0 IIPU3HAKA,

3) I/ITepaL[I/IH TeHeTU4YeCcKoil OIITUMU3AIIUU JIJIA HpOL[e)lypr prIIHI/IpOBKI/I JJ1d KazKJI0I'0 HI)I/ISH&I{&7

4) wrepanus TeHETUIECKON ONTUMUBAIUN JIJIs IIPOIE/LYPbI TIOPOKICHUS,

5) BO3BpaT KO 2 mary J0 CXOIUMOCTHU (DYHKIMOHAJIA KAIeCTBa.

Huxke npuBoguTCs TICEBIOKO OObEMHEHNS] COOTBETCTBYIOIIUX MPOIEAYD B €MHOM AJrOPUTME:

for iteration=1,...,N:

for xi, i€
pi=p" = A7 0(ps)
pi = Correction(p')
for xi, i€,
for j=1,...,N:
A append crossing(aéc,a’)‘c), rae i,k — ciaydaitable
A = select M best of A
pg = select one best of A
F append crossing(d',a"), rne i,k — ciyuaiinbie
F = select M best of F

p;} = select one best of F
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Puc. 7: [lpumep cermenTanuu JUHEHHOrO TPU3HAKA U COOTBETCTBYIOIINIT BEC B MOJIEJIH.

9 Brerauc/mre/bHbIN 9KCIIEPUMENT

TlocTpoennast mporeaypa ONTUMHU3AINNA BCeX OJIOKOB B €IMHOU CTPYKTypPe MOJEJN CPABHUBAETCS HADO-
POM KpHETpPUEB C JPYyIUMHU MOJIEJISIMU: HEHPOHHBIE CEeTH, CJIydailHble Jieca W OYCTHHI HAJ JIePEBbsIMU.
PesynbraTom BBIYUCIUTEIBEHOIO SKCIIEPUMEHTA SABJISETCS CPABHEHME KadecTBa Moeseil 6e3 mogbopa ru-
neprapamerpoB. Mogesn cpaBauBaiorcs 1o AUC Jj1st OIIeHKE UX Ka9ecTBa, M0 CTPYKTYPHOHN CII0KHOCTH
MOJIeJIell JIJIsl OIEHKH WX YCTONYMBOCTU, MHTEPIIPETUPYEMOCTH U CJIOXKHOCTHU. VIHTEpIpeTupyeMocTh UTO-
rOBOIl MOJIEJIN OIIEHUBAETCS JIJIsI IIPEJJIO?KEHHOI'O METO/IA.

11t IpOBE/IeHNsT BBIYUCIUTENBHOIO SKCIIEPUMEHTA U JEMOHCTPAIUN HHTEPIPETUPYEMOCTH PE3YJIb-
TATOB TOCTPOEHHON MOJIEN BBIOPAHBI JATACETHI M0 KPEJIUTHOMY CKOpHUHTY: jmaHable penosutopus UCI
German Credit Data [18]. 113 MHO>XKecTBa IIPU3HAKOB B BBIGOPKE BLIOPAHO IIOJMHOYKECTBO, COJlepIKalllee:
JINHEHHbIE IPU3HAKN, KATETOPUAJIbHbIE IPU3HAKY U OMHADHBIE TIPU3HAKH.

Pesynbrarsl onrruMusanum mporeypbl CEPMEHTAITUH JIJIS HECKOJIbKUX JIMHEHHBIX TPU3HAKOB TPHBE-
Jenbl Ha rpadukax 7-9. Ha srux rpadukax mzobpazkeHO paciipejiejieHue JIMHEHHBIX TPU3HAKOB B BUJIE
TUCTOTPAMMBI, & TAKXKE IIPE/IJIO?KEHHBIE TAPaMEeTPhI CEIMEHTAIUY [TPU3HAKA KAK y3JIbl CETMEHTAIINU 1 BECa
COOTBETCTBYIONINX OMHAPHBIX ITPU3HAKOB [IPUHAJJIEZKHOCTH CEIMEHTY B MOJIEJIN JJIst KayKIOTO U3 CEerMeH-
TOoB. BumHo, uT0o paszbuenue JUHEHHBIX TPU3HAKOB HA TPYIIBI HHTEPIpETUpyeMo. Baxkuo obbeaunenne
XBOCTOB DACIIPEJICIIEHUST B OJ[HY KATErOPUIO JJIsl €€ MHTEPIPETUPYEMOCTH M3-3a MAJIOTO YUC/Ia OObEKTOB.

W3 pe3ysbraToB MOIEIUPOBAHUS MIPOIEAYPHI CEIMEHTAIINA MOXKHO CJI€JIATh BBIBOJIBI O Pa3e/IeHuN
3aEMIIIKOB 110 COIUAJBHBIM TPYIIaM W CKJIOHHOCTH KAaXKJI0if M3 I'PYII K KpeJuTHOMY pucky. Hampu-
Mep, u3 rpaduka 8 BHIHO, YTO MOJIOJbIE U IIOXKUJIBIE JIFOJI C TOYKH 3peHHs OaHKa OTHOCATCH K OoJiee
PUCKOBAHHBIM T'DYIIIIAM.

11t OIEHKM CXOJMUMOCTHU ONTHMU3AIMOHHBIX MPOIEILYD MeHETUIECKUX AJITOPUTMOB OBLJ ITPOBEICH
PSLT, SKCIIEPUMEHTOB: PACCMOTPEHBI OT/EJIBHO Pe3yIbTaThl MOJEIUPOBAHUS IPOIEILyPhl I'PYIIUPOBKU U
[IPOIIE/ Iy Pl TIOPOXK IeHHs TPpU3HAKOB. HuKe IpuBeIeHbl IPUMEPHI, JEeMOHCTPUPYIOIINE IOCTPOEHHOE Pe-

IIeHue:
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Puc. 8: HpI/Il\/Iep cerMeHTanumn JIMHETHOTO IIpU3HaKa 1 COOTBGTCTByIOIILI/IfI Be€C B MOJIEJIN.
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Puc. 9: HpI/Il\/lep cerMeHTanumn JIMHETHOTO IIpU3HaKa 1 COOTBGTCTByIOH_LI/IIU/I BeC B MOJICJIN.
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Puc. 10: CxogumocTh IpOIeyphbl ONTUMUABAIMHA IPYIIITHPOBKH.

x = 1 2 3 4 5 5 — YUCJIO UCXOJTHBIX KATETOPHit
L4441

Xn = 2 2 3 3 3 — 9HCJI0 HOBBIX KATeropui, ¥ € hy;

x = 0 1 2 3 4 5 6 — 9mMCJI0 MCXOIHBIX KaTeropuit
N

xn = 3 1 3 2 4 1 4 — 9mCI0 HOBBIX KaTeropuil, ¥; € hg;

lMunepnapameTpbl MOJIE/HN TOAO0OPAHBI ABTOMATHIECKY COTJIACHO OIUCAHHOI Teopun. [Ipu reneparuu
TOKOJIEHUS IPUCYTCTBOBAJIA OCOOU C PA3IMYIHBIM YUCJIOM Kareropuit. Hamryinee kauecTBo gocTaBisgeTcs
ONITUMAJIbHBIM 3HadYeHneM rureprnapamerpoB. OObeMHeHre KATEropuil MPUBOUT K TOBBIIIEHUIO yTOM-
YUBOCTH MOJIejIell, UX WHTEPIPETUPYEMOCTH U KadecTBa UTOIOBOI'O pelleHus. B mpejioKeHHOM Habope
JAHHBIX OTCYTCTBYIOT KaTE€rOpHAaJbHBIE ITPU3HAKKM C OOJIBIIAM YHCJIOM KATETOPHil, mo3ToMy 3MDdeKT OT
CHUKEHUST UX YUCJIa HE3HAUUTEJIEH.

Hwmxke Ha rpaduke Kaxkja JIUHUS JEeMOHCTPUPYET YIIOPsJIOYEHHOE 110 Kav4eCTBY OTIEIbHON 0cobu
nokosierue. [1o ocu abcIuce OTIIOXKEH YIIOPsiIOYEHHBIN 10 Ka4eCTBY HOMEpP 0COOM B OJHOM IIOKOJIEHUHU.
CxomumocTs MakcuMyMa rpaduka K cTabMIbHOMY 9HUCIy YKA3bIBAET HA CXOAUMOCTH M TOBBINIEHUE Ka-
9ecTBa UTOTOBOM Jiydrieil 0coO1, KOTOpasi U BIOMPAETCS KAK ONTUMAJBHBIN HapaMeTp MpOIepbl IPYyI-
nUpoBKU. BUIHO, 9TO KaveCcTBO pellleHusi OBICTPO CXOIUTCS K ONTHMAJIbHOMY 3HAYEHUIO, & HAWJIydIlee
3a/1aeT MAKCUMAaJIbHOE KAa4eCTBO.

Ananmzupyst mojrydeHHble pa3bueHusT UCXOJHBIX MPU3HAKOB BUJMM, 9TO pa3bueHue, Ha KOTOPOM
JIOCTHATaeT MAKCUMyM (DyHKIIMOHAJIA KA9eCTBA, ABJISIETCS UHTepIpeTupyeMbiM. Hampumep, npusHak Kpe-
JUTHOI WCTOpWH, COIepKaluii 5 Kareropuii pasdmBaeTcss Ha TPU Kareropuu: ~1Ipocpovms IjiaTex B
nporiom” un "Kpuruaeckuit akkayat”, "He opan”, "BernuraanBan” n "BeluiaduBai 10 HACTOSIIETO MO-
MEHTa", UTO SIBJISIETCSI MHTEPIPETUPYEMBIM PE3YJIbTATOM: HETATUBHBIE [TPUMEPHI OOLEIMHUINCH B OIIHY
KATEeropuio, a MO3UTUBHBIE U HEWTPaJIbHbIE - B JIDYTHE JBE.

AHAJIOrNYIHBI SKCIIEPUMEHT MTPOBEJIEH JIJIs POy PhI MOPOXK ICHNUS MPU3HAKOB. Kaskiast TUHUS HA
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Puc. 11: CxomuMocTh MpOMEe Ly pbl ONTUMHU3AIIE TOPOKICHHST TIPU3HAKOB.

Monein Kauecrso (£) Kagecrso (7) Yucso

Roc-Auc Roc-Auc apaMeTrpoB
Logistic Regression 0.751 0.704 6
End-to-end LR 0.782 0.730 25
XGBoost 0.912 0.729 5000
NN 0.834 0.720 3000

Tabauna 1: CpaBHeHne KadecTBa pabOThI aJrOPUTMOB

rpade MoKa3bIBAET KAYEeCTBA OJHOTO MOKOJEHUs. BuaHo, 9o jgydmmas 0cobb KaXKI0ro MOKOJIEHUS NMEET
BO3pacTarolee 3HadeHne pyHKmonata kadecrna. [IpoanaausnpyeM mocTpoeHHbIE TPU3HAKY, HAIIPUMED:
x = m7 X = \/m . He Bce u3 3Tux HpU3HAKOB SIBJISIIOTCS WHTEPIPETHUPYEMBIMU,
CYIIECTBYET HECOIVIACOBAHHOCTD OIE€PAIUil 1 Pa3MEPHOCTE: CKIIabIBAIOTCS, HAIIPUMED, KOJI-BO MECSIIEB
Ha TeKyIeil paboTe ¢ KOJI-BOM B3sITHIX paHee KPEJUTOB.

Pemrenne obsagaer BBICOKOH CTENEHBIO MHTEpIpeTHpyeMocTu. B Tabsuie 1 cpaBHuUBaeTCs Kade-
CTBO U CJIOYXKHOCTH Mojiesieii. 113 pe3ysibTaToB BBIYUC/IUTEBHOIO SKCIIEPUMEHTa BUJIHO, YTO [TOCTPOEHHOE
pellleHre MPUMEHNMO, er0 Ka4eCTBO IIPU MaJjIOi CJOYKHOCTH MPU3HAKOBOTO ITPOCTPAHCTBA M IIPOCTPAH-
CTBa TAPAMETPOB U TUIEPIAPAMETPOB OCTAETCsl HA BBICOKOM YDPOBHE, YPOBHE MOJEJe CO CJIOXKHON U
HEUHTEPIIPETUPYEMOil CTPYKTypoii. Takoil pe3yabTar ObLI JOCTUTHYT 3aCYeT ITOCTPOEHHOM IIPOIEILYPbI

IOPOXKIEHUA 1 U3MEHEHHUA IIPU3HAKOBOI'O IIPOCTPAHCTBA.

10 3ak/odenue

B pabore mnpesoxkena equHast mporeaypa mpeodpa3oBaHus MPU3HAKOBOTO MPOCTPAHCTBA B 3ajade Kpe-

JUTHOTO CKOPUHTA, 00'bEINHSIONIAS N3BECTHBIE HHTEPIIPETUPYEMBIE ITPOIIETy bl 00PAbOTKH TPU3HAKOBOTO
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npoctpancTBa. [lokazana paboToCoOCOOHOCTH OIMUCAHHOTO MTOAXO0A U IIPOIEMOHCTPUPOBAHBI PE3YJIHTATHI
MOJIEJIMPOBAHUS Ha OTKPBITHIX JaHHBIX. [Iponoskenne paboThl mpesronaraer 100aBIEHUE IIPOIEILYPbI
oTOOpa MPU3HAKOB U yCJIOKHEHUE ITPOIECCa MTOPOXKICHUS IPU3HAKOBOTO IMPOCTPAHCTBA. TaKk:Ke B Jlajib-
HEHNINUX UCCJIeJOBAHNAX IIJIAHUPYETCs IOCTPOEHNE €JIMHOI 8 /IallTUBHOI OHJIAH-TIPOIIE Ty DBl TOPOXK IEHUST

MYJIBTUMO/IeIe KPEJIUTHOI'O CKOPUHTA Ha/T IIOJIyYE€HHBIM IIPU3HAKOBBIM IIPOCTPAHCTBOM.
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