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Brenenue

B nanHO#l mpoekTHOM paboTe OBLJIO MPOBEACHO CpaBHEHHUE MOJCIEH
MalIMHHOTO 00y4YeHus I Mpe/ICKa3aHus UCX0Jla MaTya B MHOTOIMOJIb30BATEIbCKON
urpe Defense Of The Ancients (DOTA 2). DOTA 2 - 310 kubepcnopT, r/ie 2 KOMaHIbl
M0 5 4YeNIOBEK WIParOT NPyr NPOTUB JApyra. ['nsas Ha uUrpy KOMaHI, a TakXke Ha
XapakTepbl KAKIOI0 MIPOKA B UIPE M HCTOPUYECKYIO INPOU3BOAUTEIBHOCTBH, MBI
MOXEM INPENCKa3aTh pe3yJIbTaThl MAaTyel JIydlle, YEM CIIy4auHOCTb. Pe3ynbraTom
ABJISIETCA TO, YTO IPOU3BOJUTEIBHOCTD HAIIEH MOJEIN HAXOAUTCS Ha OJHOM YPOBHE
C IPOU3BOAUTEIBHOCTHIO HA YEJIOBEYECKOM YPOBHE ATOM 3a1a4i IPOTHO3UPOBAHUSI.

[TonynsipHOCTH UTPBI BEJIMKA U OBICTPO PACTET: CaMble KPYIHbIE TYPHUPHI MOTYT
noxsacTaTbcsi npuzamu Oosbie, yeM PGA Tour m Wimbledon, a 3purenbckas
ayauTopusi HaxoauTcst Ha ogHoM ypoBHe ¢ MLB World Series u NBA Finals.

Kpatkuit 0630p DOTA 2 u ee urpoBoro rnpoiiecca He00X0AUM I KOHTEKCTa U
MOHMMAHMS HAIIUX JAHHBIX U HA0OPOB (DYHKIUH.

B matde mo m DOTA 2 rparoT 2 KOMaHBI 110 5 YEIOBEK KaXKIbIi (aHAIOTMYHO
0ackeTOoiy). Kaxkias komaHa MOXKET UTPaTh HA OAHOU U3 IBYX CTOPOH («IyYUCTOM»
WIN «CTPALIHOW»), M UX LEJb B UTPE - PA3pYyIIUTh 3JaHUE B 0a3e MPOTUBOIOJI0KHON
KOMaH/bl «JapeBHeN». Kaxnaplii MaTd MpoOXOJUT B TEUEHHUE ABYX pa3iIMuYHBbIX (as3:
ctaauu npadta u UTpoBOil (asbl.

Bo Bpemsi urpbl KaxAblii YEIOBEK-UIPOK YHpaBisgeT | BHYTPUUTPOBBIM
NEepCOHAXeM, WM «repoem». Ha MOMEHT co3iaHus JaHHOM IPOEKTHOM paboThl, B
urpe ectb 119 repoeB Kaxplii ¢ yHUKaIbHBIMU CIIOCOOHOCTSIMU U XapaKTEPUCTUKAMU
(repon  MpOJOJDKAIOT JOOABIATHCS B WUIPY B PETYISPHBIX  OOHOBJICHMSIX
nporpammel). Hampumep, HEKOTOpPBIE TEPOU XOPOIIH B OBICTPOM pa3pyIICHUH 3/1aHUH,
B TO BpeMs KaK JApyrue repod XOPOIIM B Pa3BEIKe KapThl U TMOJYYCHUU LIEHHOU
uH(popMaIuu JJ1s1 OCTAIBHOM YacTh CBOeH KoMaHabl. B pe3ynbTaTe HEKOTOphIE Tepour
O0BENUHAIOTCS JPYT C JAPYrOM WU TPOTHBOCTOST OOIMM cTpaTerusm. [ epoif,
KOTOPBIM YIPABIISET KX IbIi UTPOK, OTMPEENIeTCs B X0e apadTa.

B mpoekTte Kaxkaplii KamuTaH KOMaHABI OyAeT MO odYepeau 3ampemiarh |
BBIOMPATH repoeB U3 114 nocTynHbIX. 3anpeT repos yaaiaseT ero u3 myna, H03TOMY HU
OJIHa U3 KOMAaHJ HE MOXXET MUMETh UEJIOBEUECKUN KOHTPOJb HaJ HUM, U BBIOOP €ro
BbIOMpaeT Tepost JUIs OJHOTO W3 CBOMX YEJOBEUECKUX HWIPOKOB, YTOOBI
KOHTPOJIUPOBaTh. [10CKOJIbKY KaXKblii BHIOOP WIIM 3alpeT clieaH, KaluTaHbl KOMaHl
OyIayT pearupoBaTh U KOPPEKTHUPOBATH CBOM MPEACTOAIIMN BBIOOP MPOEKTa, YTOOBI
HAWIy4lluM 00pa3oM yIOBJIETBOPUTH CBOK CTPATETHIO, OJHOBPEMEHHO IBITASACH
IPOTUBOCTOSITh CTpPATeTWH, KOTOPYIO pa3paldaThlBalOT MX HPOTHUBHHUKHU. B oOmiei
CIIO)KHOCTH TIpoliecc apadra 3anumaeT okojio 10 MHHYT, HTOTOM KOTOPOTO ceidac
ABJIIOTCS 00€ KOMaH/Ibl €CTh cBOU S repoil muHuu MBI, ¢ moMoIibo KOTOPHIX MOKHO
BBITIOJTHUTH CBOIO CTPATETHI0 YHUYTOXKEHHS IPOTHBOCTOSIINX IPEBHUX.



Pucynoxk 2 - [lpumep komanast Dire

Takum o0pazoM, Mpu MPOTHO3UPOBAHUM PE3YJIHTATOB MaT4yell KpailHe Ba’KHO
pa3pabaThiBaTh (YHKIIMM HAa OCHOBE KaXKJOW HTPBI, KOTOPHIC MPEJCTABISIOT, KaKUe
KOMaH/Ibl UTPAIOT, BEIOPAHHBIN MPOEKT U HACKOJIBKO XOPOIIHME YEJIOBEUECKUE UTPOKH
MCTOPUYECKH HAKAIUIMBAJIM 30JI0TO U OMBIT BO BPEMSI UTPOBOTO IIpoLiecca.

Pucynok 3 — Kapra DOTA 2

VY3ke BBIMOJHAIUCH PabOTHI MO MPEACKA3aHUIM HCXO0Ja UIPhl U MPEABIAYIIIEC
TIOTIBITKY MPEACKA3aTh HCXO/T IBYX KOMaH/IHBIX COPEBHOBAHMIA ObLTH CpeqHUME. Ecin
U3y4UTh CIOPTHBHYI aHAJIUTUKY, TO JIETKO YBHJETh Hapajlielib. CTPOTHH
CTATUCTHUYECKUN aHAM3 Jajl BO3MOXHOCTH ympasieHus: Oericoonom B 1930-1940-¢
TOJIBI, YTO 3aTEM MPHUBEIIO K PEBOJIIOIIMHA B CTATHCTUYCCKUX MPHIIOKCHUAX B IPYTHX
BUJIaX CIIOPTa M OTKPBUIO HOBBIC OOJIACTH MCCIICIOBAHMI B CaMOW CTaTUCTHKE. bbul

JOCTUTHYT MPOrpecc B MPEICKa3aHWHM PE3yJbTAaTOB JBYX HUIp HUrpokoB. Urpel c
HECKOJIbKUMH TOBAapHUIllaMH IO KOMaHJI€ B KaXJ0W KOMaHJE OKa3bIBaIOTCsA OoJiee
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TPYAHBIMU JUIsI TPOTHO3UpPOBaHUA. CI0XHOCTh B3aMMOJCHCTBHS C TOBAPHUIIEM I10
KOMaH/I€ ¥ WHAMBHUIYaJbHOE MCIOJHEHHE UTPOKOB TEX HJIM UHBIX JEHCTBUN PE3KO
YCIOXKHSIOT 3Ty npobnemy. Hanbomnee 6mm3kum Busom criopta kK DOTA 2 sBnsercs
0acketOou. [Ipenpinynne nccaenoBaTeN MBHITATNCh MpPEACcKa3aTh 0acKeTOOJbHBIC
MaT4H C MMOMOIIbIO0 HEHPOHHBIX ceTel. Sl UCTIOJIBb3YI0 B MPOEKTE 3TUM MOJIETH, KOT1a
AKCIIEPUMEHTHUPYIO ¢ KoHurypanusmu Hamiei HeiiponHou cetn. Komanga CS 229
paHee mbITanach mpeackasarb ucxoasl Mmarueil DOTA 2, ucnonb3yst TOTUCTHYECKYIO
perpeccuio.

UYenoBeueckoe MpeIcTaBlICeHUE Ha 3a/1aue

Ba)XHBIM TMAarHOCTUYECKUM TECTOM JJsi MHOTHX MPHJIOKEHUH MAaIIuHHOTO
OOydeHMs] SIBIISIETCS CpPAaBHEHHE AJTOPUTMUYECKOM  MPOU3BOAMUTEIILHOCTH €
POM3BOJAUTENLHOCTHIO YENIOBEKa MO MHTEpecyIoleil mpobieme. ITa TUAarHOCTHKA
0COOCHHO TOJIE3HA UIA 3a7ad, HaJ KOTOPBIMH JIIOAM pabOTal0T XOPOIIO, TAKUX KaK
pacniozHaBanue juin uian peud. s mpornosupoBanuss DOTA 2 g wucnomnbs3yro
ko3 puieHTsl, HaleHHble yuyeHbIMU CTeHI(OpACKOro YHHBEPCHTETA Ha calTax
cTaBoK 1Win, B kauecTBe 0a30BOI IMHUU. DTH KOIPPHUIUCHTHI MIPECTABISIOT COO0M
KOJUIEKTUBHOE MHEHUE MHOTHUX UIPOKOB O pe3yjbTaTax mMarueil u OyayT CTOJb ke
TOYHBIM, KaK MPOTHO3 OOJIBITMHCTBA HHAWBUIYaTbHBIX UTPOKOB, MPHU YCIOBHH, YTO
PBIHKHM CTaBOK JJOCTaTOYHO BEJIMKHU. A CpaBHEHHE ¢ OYKMEKEPCKUMHU caliTaMu KpailHe
aKTyalbHO, TOCKOJBbKY HAmpsSMYyI0 CBSI3aHO C TOTCHIUAJIBHBIM  CIy4aeMm
UCTIONIb30BAaHUSl HAIIUX MOJENEH, KOTOpBIM 3aKirodaercs B HHPOPMUPOBAHUHU
UTPOKOB O MPUHUMAEMBIX PEIICHUSX.

51 B35 maHHBIE KOTOpBIe coOpanu yueHbie CTeHI(OPICKOTO YHUBEPCUTETA, A
MMEHHO JaHHbIE CTaBOK ¢ caiiTa Gosugamers.net, KOTOPBIH MPEIOCTABIISIET YCIYTH 110
craBkam Ha urpsl DOTA 2 u 3anuceiBaet qanubie craBok Ha 16800 u Gosee matueii ¢
mast 2013 mo Hos16ps 2017 roga. 3aecy maTd oTHOCUTCS K Habopy urp DOTA 2 mexay
JBYMSI KOMaH/IaM# (4TO 9KBUBAJIEHTHO MaT4y U Ha0Opy B TeHHHUCE), U (opMaT MaTda
MOXeET oTiamuaThcs. HekoTopbie mpuMepbl BO3MOXKHBIX (hopMaToB Matyei-best-of-
three (B koTopoM mepBas KOMaHJa, BBIUTPABIIAs JIBE WIPbI, BHIMTPHIBACT OOIIYIO
cepuro), best-0f-one (B KOTOPOM BBIUTPHIBACT CEPHIO Ta KOMaHMAA, KOTOpas
BBIMTpPBIBacT Maty), best-Of-two m Tak manee. OTMETUM IIB€ BEUIU: BO-TICPBBIX, Y
UTPOKOB €CTh TOJIbKO MH(pOpMaLUs epe]] MaT4eM (TO €CTh Y HUX HET HH(POpMAIH O
BBIOOp T€pOEB MPOTUBHUKA, BHYTPUUTPOBBIC ICUCTBUS UM PE3yJIbTATHI JIFOOOW UTPHI
B paMKax 3TOro Matua). Bo-BTOpBIX, B TO BpeMs Kak JBE KOMaH/Ibl HE MOT'YT HT'PaTh B
HUYbIO B OJJHOM UTPE, €CTh BOZMOKHOCTh UMETh HUYbIO B MaTye (HanpuMmep, B JTyqIlIeM
U3 IBYX Matyeil). YToObl OLIEeHUTh TPOU3BOAUTENILHOCTD YesioBeka Ha Gosugamers.net,
JUIS KQXJ0TO MaTda Mbl BeIOMpanu ucxoj (nmbo mobdema komanabl 1, nubo mobena
KOMaH/IbI 2, THOO HUYbS JABYX KOMaH/I) ¢ HAMOOJBIIEH CyMMOW CTaBOK B KayeCTBE
KOJUIEKTUBHOTO TPOTHO3a WIPOKOB. 3aTeéM MBI CPaBHWIA OSTOT TMPOTHO3 C
(baKkTHYeCKUMU pe3yabTaTaMu U OOHAPY UM, YTO KOJUIEKTUBHBIN MTPOTHO3 UTPOKOB

7



uMeeT TOYHOCTh 62,8%. DTOT pe3ysnbTaT MMEET CMBICH, TaK KaK OH JIydlle, 4yeM
cllydaifHO€ IpeicKa3aHue, HO He OYeHb OJIN30K K UCaIbHOM TOUHOCTH, OTpasKarolei
KOHKYpEeHTHBIN Xapaktep urp DOTA 2.

Habops! 1aHHBIX 1 OOBEKTOB

Hamm nannbie - 370 Bce mpodeccuoHanbubie Urpsl DOTA 2, ceirpanHbie ¢
HOs10pst 2011 mo oxTs6ps 2017 roma, umu 47440 urp. IIpodeccuonanbHbie MaTdu
ONPEAENAIOTCA KaK MaTdd, MPOBOAMMBIE NTPO(ECCHOHATBPHBIMU KOMaHIAaMHU B
TypHUpPaX, KOTOpble OQUIMAIBHO CAaHKIMOHUPOBAaHBI Kopmopamuei Valve,
IpPOrpaMMHOM KOMITaHUEH, OTBETCTBEHHOU 3a pa3pabotky DOTA 2. Mbl paznenuiu
HAIIIM JIaHHBIE HAa TPU TPYIIIbI, KOTOpPhIe OyneM Ha3bIBaTh train, dev u test. [lockonbky
HaIa Moziesib Oy1eT Harbosiee MmoJie3Ha, eI OHA MOXKET MpeACcKa3aTh UTPbl, KOTOPHIE
elle MPEeACTOUT ChIrpaTh B OyAyIleM, Mbl pa3/IeJIWIN Halll TECTOBBIA Habop Ha 4862
urpsl, ceirpansbie nocne 1 mas 2017 ropa. U3 ocraBmmxcs 42578 Urp ChIrpaHHbIX g0
21 mas 2017 roma, HabOp MOE3/I0B — ATO CIydaiiHO BhIOpaHHBIE 90% 3THX UTp, a HA0OP
dev-sto apyrue 10%.

Habop ¢pyHKIIMOHAIBHBIX BO3MOXKHOCTEH

Pemaroiiee 3HaueHue 715 ycrexa Halleld MOJIeNId UMeeT pa3padoTka (QyHKIHM,
KOTOpBIE COJIEpKAaT CTPYKTYpPY C TpeAcKa3aTeIbHOM cuiol mobenbl B urpe. Mal
nocTpowin 3 Habopa NPU3HAKOB, YTOOBI MPOBEPUTH KAXKIYIO U3 HALLIUX TUIIOTE3 O TOM,
KaKue JaHHble obecrneyar HanboJiee MPOTHOCTUYECKYIO CTPYKTYPY.

HcxoaapiM HAOOpOM JTaHHBIX IS pa3paboTaHHOM Mojenu Obula myOinyHas
cTaTUCTUKAa Marueid. [ ycTpaHeHus LIymMa M NpPEeJOTBpalleHUs MepeoOydeHus
MOJieNi, OBLT MPOBEACH OTOOp M BBIJCIICHHWE MPU3HAKOB U3 BCero Habopa JaHHBIX.
3areM s HOpMaJIM30Bajl 3HAUEHUS KaXXJ10T0 U3 MPU3HAKOB, JIJIsl TOTO YTO Obl 3aMEHUTH
HOMMHAJIbHBIE TIPU3HAKH TaK, YTOOBI KaXKIbIA U3 HUX Jiexkals B Auana3one ot 0 go 1.
[TosryuenHsle mocne (QuIbTpalUy MPU3HAKOB M HOPMAaJIM3alMy 3HAYEHWH JaHHbIC
OBLIIM UCIIOJIB30BAHBI JIsl TPEHUPOBKHU TAKUX aITOPUTMOB MATUHHOTO 00YUYEHUs, KaK
JMHENHAs U JIOTUCTUYECKasl pErpeccusl, a TAaKyKe allrOPUTMa PELIAOLIEro IepeBa U ero
JOTIOJTHEHU .

B HUTOIC, IPUBOANUTCA CPABHCHUC TOYHOCTH MPCACKA3aHWA PE3YJIbTATOB MaT4da
C IOMOIIBIO PCATIM30BAHHBIX aJITOPHUTMOB.

Pa3bop wucxomnoro Habopa [aHHBIX (CXema CBSI3M MEXIYy JaHHBIMHU
MpeJICTaBJICHAa Ha PUCYHKE 4):

1) Hero_names.csv - B JaHHOM Ha0Ope JaHHBIX y HAC MPEJCTABJICHBI CAMH I'epOU
(uMeHa repoeB) u uXx id, ¢ TOMOIIBIO KOTOPOTO MBI MOKEM Y3HaBaTh B KaKOM
UTpe KaKue repou ObUTH BRIOpaHbl. Tak e ¢ TOMOIIBIO 3TOM nHPpOopMauu HaM
yJIaI0Ch CO371aTh CaMbli MMoJIe3HbIi nmpu3Hak hero_relative strength

2) Match.csv - 310 Ham camblii IJIaBHbI HaOOp NaHHBIX. B HeM JIe)KHT BCs

uH(pOpMaIUsl ChHITPAHHBIX MaTyaxX, a TaK K€ Halll CaMbli TJIABHBIA MPU3HAK
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(radiant_win), KoTOpBIif TOKa3bIBACT KaKasi KOMaH 1a BBIMTPajia B TOM UJIH HHOM
MaTde.

3) Players.csv - B 3ToM Habope JaHHBIX y HAC HaXOAUTCSA BCS HMHGbopMaIus 00
UTPOKax (B KAKOM MaT4e OHHM Y9aCTBOBAJIH, HA KAKOM T'€pO€, CKOJIBKO 30J10Ta
3apaboranu u.T.7). C MOMOIIBI0 3TOTO HabOpa JaHHBIX MBI MOXEM CBSI3bIBATH
UTPOKA, MaT4 ¥ TEPOsL.

Konuuectso MpouexT [OnuUTensHoCTs HaHeCeHHbIl —
3onoTa Moden MaTua YpOH OnbiT/MUH HaGnwaaemsie
T x T A A MpuaHaxm
[ [ |
Onur Cupuitoie
ChIrpaHHOCTL b YposeHs Hasblka P
KomaHab! B3aumopencreus Wrpoxa Mpu3HaKu

Wrpoka c Mepoem

BepoATHOCTL
MNoBens! Komaxas!

PI/ICYHOK 4 - CxeMma cBsI3U MCXKAY HallIUMH JaHHbIMHU

[lenu nanHOM pa3pabOTKHU:
+ [lomydyeHue AEMCTBYIOWIETO MPOTOTUIIA MPOrPaMMBI Il CPAaBHEHMS MOJEIEH
MAIlIMHHOTO OOYYEeHUSI.

+ Ilomyuenue ompiTa pa3pabOTKH C MCIOIH30BAHIUEM COBPEMEHHBIX TEXHOJOTHUN
U iatgopm

Bb160op TexHOMOrMiA
B cooTBeTcTBUM ¢ KpUTEpUSIMH BbIOOPA MIATHOPMBI, IPU CO3/ITAHUN MPOEKTa OBLITU
UCTIOJIb30BaHBI CIEAYIONINE TEXHOJIOTHH:

« Python — B xauecTBe s13bIKa pa3padOTKu

« Google colab — B kauectBe mIardopmbl pazpaboTku

« Microsoft Word — B kauecTBe cpeicTBa OIUCAHUS MPOCKTa

- Scikit-learn — B kadectBe OuMONMOTEKH i1 OOYYCHHS MAaTEMAaTUYCCKHX
Mojenen

 Pandas — B kauecTBe OMOIMOTEKHU 151 paOOTHI C HAOOPAMHU JAHHBIX



Hopmamu3zanus
Hopmanusauusa npegnonaraet 3aMeHy HOMUHarbHbIX NPU3HAKOB Tak, YTOObI Kaxabln U3
HUX nexan B gnanasoHe ot 0 go 1.

I[J'ISI BBIIIOJIHCHUA JAHHOI'O IIPOCKTA MOKHO OBLIO UCIIOJIB30BaTh OJHH U3 METOJOB........ , TAKHUX KaK
* HOpMaHI/ISaHHH: JCCATHUYIHOC MaCHITa6I/IpOBaHI/I€ - OAHMHAKOBO
cMeIaromee ACCATUYIHYIO TOYKY B YHCIIAX, 1O ITOIIaAaHUS BCEX B CAMHHUYIHYIO
OKPCCTHOCTDb HYJIA

Vi

!

L7 10k
10
. Mun-Makc HOpMaJIPISaHI/ISI: Min-max HOpMaIU3alusg - 3allOJIHAIOIIas
CI[HHH‘IHBIﬁ OTPC30K OT Kpasd 40 Kpasd, B OTIIMIUHN OT IIPCAbIAYIHICTO MCTOJda
. vi—minv;

i _maxivi—minivi

r1€ MHHMMaQJIbHOE UM MaKCHUMAJIbHO€ BEJIMYMHBI BBIYHUCIAIOTCS JIOO
aBTOMATUYECKH IO MPEAOCTABIEHHBIM IaHHBIM, JINOO SKCIEPTHO OLIEHUBAIOTCS
UCXOJs U3 00JIacTH 3aauu.

. Hopmamuzamus Enmanusbix BexropoB: Hopmanusamus EnuHM4YHBIX
BekTopoB — 3TO0 MacmrabupoBaHUE 10 €IUHUYHON [UIMHBI CXKUMAeT WM
pacTsAruBaeT BEKTOp (CTPOKY JAaHHBIX MOXKHO paccMaTpuBaTh Kak D-mepHbIi
BEKTOP) /10 €AMHUYHOM Chephl.

X[j; : ]_ X[j,]

Al
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B nannoMm npoekte MHOM ObLT BBIOpaH MmeToa Mun-Makc Hopmanuzanus, Tak
KaK 9TOT METOJ| HauOojee BCEro MOAXOIUT JJIsi CTPYKTYpPhl MCIOJIB3YEMBIX MHOMN
JIAHHBIX. A UMEHHO, BBIOOPKA 1 Tak OJIM3Ka K HOpMaJbHOMY pacnpeiesieHnio 1 MuH-
Makc Hopmanuszanuss HE MEHSET pacupelelieHUEe MCXOIAHBIX HAaHHBIX, a TOJIBKO
MOBBIMIACT YUCICHHYIO CTA0UIBHOCTD.

wins

1 - . e - semm o a
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BN T oo e D S b (i B S o e S e s o oe oo o |
0 10000 20000 30000 40000 50000

[IprMepsl HOpMaNM30BaHHBIX TaHHBIX

Koppemsaunn Mexy npusHakamu

Koppensiust - 93TO  CTaTHUCTUYECKUH TEPMUH, KOTOPBIA B OOBIYHOM
ynoTpeOJeHUH OTHOCUTCSA K TOMY, HACKOJIBKO OJIM3KH J[BE MMEPEMEHHbIE K JIMHEHHON
CBsI3M JApYT ¢ npyroM. Hampumep, 1Be nepemMeHHbIe, KOTOPbIE JIMHEHHO 3aBUCAT (X U
y, KOTOpbIE 3aBUCAT NPyl OT Apyra Kak X = 2y), OyayT uMmeTh 0oJiee BBICOKYIO
KOPPEJSILNIO, YEM JBE MIEPEMEHHBIE, KOTOPBIE HEMMHENHO 3aBUCAT (HampuMmep, u u v,
KOTOpBIE 3aBUCST APYT OT Jpyra Kak u = v2).
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[Ipu3Haky ¢ BBICOKOM KOppensluuei BIs0TCs 0oJee TMHEHHO 3aBUCUMbBIMU U,
CJIEIOBATEIbHO, OKA3bIBAOT IOYTH TAKOE XK€ BIMSIHUE HA 3aBUCHMYIO IIEPEMEHHYIO.
Korna nBa nmpu3Haka UMEIOT BBICOKYIO KOPPEJSALUIO, Mbl MOXEM OTOPOCUTH OJIMH U3
HUX.

Hanpumep:
1)gold_kill_creeps u last_hit umerot xoppensuro 0.99
2)Xp_per_min u gold_per_min umetot koppessiuio 0.86

KoppenupoBaHnHble TpU3HAKKM caMd TIO cebe He BIUAIOT Ha TOYHOCTH
knaccudukanuu. [Ipodiema B pealMCTUYHBIX CUTYAIUAX 3aKIIFOUAETCS B TOM, UTO Y
HAC €CTh KOHEYHOE YHUCIIO OOYYaroIIUX MPUMEPOB, C MOMOIIBIO KOTOPHIX MOKHO
oOyunth Kimaccudukatop. s QukcupoBanHOTO YHMCIa 00yYarONUX TPHUMEPOB
YBEJIIMYEHUE YHCTIa OOBEKTOB OOBIYHO YBEIMUYMBAET TOUYHOCTH KJIacCHU(PHUKAIMH 10
TOYKH, HO TIOCKOJIBKY YHCJIO OOBEKTOB MPOIOJDKACT YBEIMYUBATHCS, TOYHOCTH
KJIaCCU(HUKAIMA B KOHCYHOM HTOre OYyJET YMCHBINATHCSA, IMOTOMY YTO MBI 3aTEM
HEJI00LIEHNBAEM OTHOCUTENIBHO OOJIBIIOTO YKciia OOBEKTOB.

Ecnau nBe ymcioBbIe XapaKTEPUCTUKH MJICATIBHO KOPPEIHUPYIOT, TO OJIHA HE
n00aBJIsIeT HUKAKOM JOMOJHUTEIbHON nHbopMaIiuu (oHa onpeaensercs apyroi). To
€CTh, €CJIU YUCJIO OOBEKTOB CIIMIIKOM BEIUKO (OTHOCHUTEILHO pa3Mepa 00ydaroIiei
BBIOOPKH), TO MOJIE3HO YMEHBIIIUTH YUCIIO OOBEKTOB C IIOMOIIBI0 METO/1a N3BJICUCHUS
OOBEKTOB.

[Ipumep 3aBUCHUMOCTH IIPU3HAKOB JIPYT OT JIPYra, UCIOJb3YEMbIN B HALLIEM IIPOEKTE
(pucyHOK 5):

12
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Pucynox 5 — Tabnuiia Koppessiiuil Mex 1y Ipu3HaKaMH, BbIJICJICHHBIMUA B IIPOEKTE

Ha nanHoM pricyHKE MBI MOKEM YBHUJIETh, KAK IPU3HAKU 3aBUCSAT APYT OT APYTa.
Hekoropeie mnpuszHaku MOXHO yOpaTh WM 3aMEHUTh O€3 MOTepU TOYHOCTHU
IIPEACKA3aHUS U3-3a BBICOKOM B3aUMHOW KOPPEJSALINH.

Onucanue anropuTMOB
JInnenHas perpeccus
Paccmotpum nBe HENTPEPBIBHBIE IEPEMEHHBIE

x= (X, Xo. %Xn )y Y= Yo..¥n)

Pa3mecTuM TOYKM Ha ABYMEPHOM rpauKe pacCcesHHs M CKaKe€M, YTO Mbl UMEEM
JIMHEWHOE COOTHOIIEHUE, €CIIH TAHHBIE allTPOKCUMHPYIOTCS IPSAMOMN JIMHUAEH.

Ecau Mbl ostaraem, 4To y 3aBUCHUT OT X, PUUEM U3MEHEHUSI B Y BHI3BIBAIOTCS UMEHHO
U3MEHEHHUSIMU B X, Mbl MOXEM OINPENEIUTh JUHUIO PErpeccuu (perpeccus y Ha X),
KOTOpasl JIydllle BCEro OMHUCHIBAET NPSIMOJMHEWHOE COOTHOIIEHUE MEXAY STUMU
JIBYMsI IEPEMEHHBIMHU.
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Pucynok 6 — JIuneitnas perpeccust

OOyueHue TMHEHON perpeccuun

Meto HAaUMEHBIHMX KBAJPATOB — METOJl HAXOXKIICHHSI ONTHMAIBHBIX MMapaMeTPOB
JMHEHHON perpeccuu, TaKWX, 4YTO CyMMa KBaJpaTOB ONIMOOK (PEerpecCHOHHBIX
Meron 3akio4aercss B MHHUMH3AIMM  ©BKIUIOBA
|A,,| Mexay AByMsS BEKTOpamu —

OCTaTKOB) MUHUMAJbHA.
pacctosHus  |Aw-y| |

BOCCTAHOBJICHHBIX 3HAUYEHUU 3aBUCHMOM IMEPEMEHHON U BEKTOPOM (DAKTUUECKUX

3HAYEHUH 3aBUCUMOU MTEPEMEHHOM.

3azlaqa MCTOAd HAMMCHBIINX KBAAPAaTOB COCTOUT B BBI60pe BCKTOpPA i,

MUHHAMU3UPYIOIIETO OIUOKY S = |Aw_y|2

Dta omubKa ecTh pacCTOSTHUE OT BEKTOpa Y 10 BekTopa A, .

MHuoromMepHas JIMHEWHAs pErPECCHsL.
MHoromMmepHas JIUHEHHAsS! PErPECCUsl — OJIMH U3 OCHOBOIOJIArAIOIIMX METOIOB

MaIlIMHHOTO O0y4ECHUSI.

BEKTOPOM


http://www.machinelearning.ru/wiki/index.php?title=%D0%A0%D0%B5%D0%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://www.machinelearning.ru/wiki/index.php?title=%D0%A0%D0%B5%D0%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://www.machinelearning.ru/wiki/index.php?title=%D0%A0%D0%B5%D0%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://www.machinelearning.ru/wiki/index.php?title=%D0%A0%D0%B5%D0%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://www.machinelearning.ru/wiki/index.php?title=%D0%90%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7_%D1%80%D0%B5%D0%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D1%85_%D0%BE%D1%81%D1%82%D0%B0%D1%82%D0%BA%D0%BE%D0%B2
http://www.machinelearning.ru/wiki/index.php?title=%D0%90%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7_%D1%80%D0%B5%D0%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D1%85_%D0%BE%D1%81%D1%82%D0%B0%D1%82%D0%BA%D0%BE%D0%B2
http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%9B%D0%A0
http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%9B%D0%A0

B 3amaue MHOromepHo#l IUHEHHOW perpeccuu TpeOyeTcsi BOCCTAHOBUTH
HEW3BECTHYIO 3aBHCHMOCTh HAOJI0/IaeMON BENIECTBEHHOW BEIWYUHBI (KOTOpas
SIBIISIETCS] 3HAYCHHEM HEM3BECTHOM 11e71eBOi PyHKIHMM) Y * OT HAOOpa BEUIECTBEHHBIX
e npusHakos f,,....f..

OOBIYHO ISl KaXJO0r0 OTAEIBHOrO HAOIIOACHMS 3aIllMCBIBAIOTCS 3HAYCHMS
OpU3HaKOB W 1eneBo ¢yHkuuu. Torma W3 3HAUYEHWH TPU3HAKOB IS BCEX
HAOJIOJIECHNIT MOXKHO COCTAaBUTh MATPHILy MPU3HAKOB X, a M3 3HAYCHHI IIeJIeBOM
(GYHKIIUHN — BEKTOp €€ 3HAYCHUH Y

Xij=fj(xi), [ <i<n, [G<m
Yi=y*(xi), [ <i<n, [ G<m

31ech Xj — HEKOTOpOEe KOHKpeTHoe HaOmtojeHue. Takum oOpa3oM, CTPOUKH HaIleu
MaTpUIIBl COOTBETCTBYIOT HAOMIOJAEHHSIM, a CTOJOIBI — TMpU3HAaKaM, a oOIee
KOJMYECTBO HAOIIOJCHUH U, CIIEIOBATEIHHO, CTPOK B MaTpuiie — N.

Haiitn pemenne 3agaum O3HAYA€T MOCTPOUTH HEKOTOPYIO PEIIAOIIYIO
¢ynkuto a: Ry—R. Ceiltuac Mbl TOBOpUM 0 3a7aue JIMHEHHOM perpeccuu, Mo3TOMY
OyZieM cuuTaTh, YTO peraronias pyHKIus aBisercs auHenHo. Ha camom gene, 310
3HAYUT, YTO pemaromas (QyHKOus MNOpeACTaBIsieT U3 ce0d MPOCTO CKaJISPHOE
IIPOU3BEJCHUE BEKTOPA NPU3HAKOB Ha HEKOTOPBIN BEKTOP BECOB:

aw(xi)=> j=1mwj-Tj(xi)

Crano ObITh, pelIeHWEM Halleld 3ajadd SIBISETCS BEKTOP BECOB IPU3HAKOB
W=(W1,W2,...,Wn).

N300pa3uTh MHOTOMEPHYIO JIMHEWHYIO 3aBUCUMOCTh TpauecKku TOCTaTOYHO
clokHO (st Hawana, mpeacraBuM cebe 100-MepHOE TPOCTPAHCTBO MPU3HAKOB),
OJIHAKO WJITIOCTPALMU AJI1 OTHOMEPHOTO Clly4yasl BIIOJIHE JOCTaTOYHO, YTOOBI MOHSATh
IPOUCXOSIIIEE.

YToOBl 3aKOHUUTH (POPMYIHMPOBKY 3a7a4d MAIIMHHOTO OOy4eHUs, TpeOyeTcs
JMILIb YKa3aThb (DYHKUHMOHAJ IMOTEPb, KOTOPHIM OTBEYAET HAa BOMPOC, HACKOJIBKO
XOpOILIO KOHKpeTHas pemaromas (QyHKUWsS MpeacKa3blBaeT 3HAUEHUS LEIeBOU
¢bynkuuu. Ceituac Mbl Oy/ieM HMCIOJIB30BaTh TPAJULMUOHHBIN JJII pErpecCUMOHHOIO
aHaJln3a CpeHEeKBaIpaTHUeCKuil (PyHKIIMOHAI MOTEPh:

O(a,Xy)=InYi=In(a(xi)—yi)2
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Wrak, 3amadyei MHOTOMEpPHOW JIMHEWHOW PETPECCHUU SIBIAETCS HAXOXKICHHE
Habopa BECOB W TaKOro, 4To 3HadyeHue QyHKIuoHaia moreps Q(aw,A,y) nocruraer
Ha HEM CBOETro MUHUMYMa. JlJi aHanmu3a 0ObIYHO yI00HO OTKA3aThCs OT pajuKaia U
ycpeaHeHus B PyHKIHOHANIEe TOTEPh:

Ql(aXy)=3i=In(a(xi)=yi)2

Jlns nanpHeiero u3inoxeHus OyneT yloOHO OTOKAECBUTH HAOMIOACHMS C
HabOpaMM COOTBETCTBYIOIIMX UM (PaKTOPOB:
xij=fj(i)

HetpyzaHo BuaeTh, uT0 QyHKIMOHAI IOTEPH TENEPD 3aIUCHIBAECTCS IPOCTO, KaK
CKAJIIPHBIA KBaJpaT: BEKTOpP IPEACKA3aHWM MOYKHO 3alMcaTh KaKk XWw, a BEKTOp

OTI(J'IOHGHI/H?'I oT HpaBI/IJ'II)HI)IX OTBCTOB — KakK XW—y Torz[a:
Ql(aXy)=(Xw—y,Xw—y)

Peanuzanusa merona B mpoeKTe

Jlsist Toro, 4TOOBI HMCHOJB30BaTh METOJ JUHEHWHON perpeccuu i 3aJlayu
Kiaccudukanmy, HeoOX0IUMO YCTaHOBHUTH MOPOT, pa3ieistonuil kiaccel. B Moem
ciyyae, Ol BbIOpaH mmopor B 0.5 — TO ecTh, €Ciu perpeccus mpeAcKa3biBaeT 3HAUCHUE
0.6, To oHo okpyrusercs 10 1, a ecau 0.4, To no 0. Takum 0O6pa3oM MPOUCXOAUT
npeoOpa3oBaHue HEMTPEPHIBHBIX OTBETOB B KATETOpPHAJIbHBIE.

Jloructuueckas perpeccus

B otnnuue oT JIMHEHHON pErpeccuu, B METOAE JIOTUCTUYECKOW pErpeccun He
MPOU3BOAMTCS MPEACKA3aHUE 3HAUCHHS] YUCIOBOM NEPEMEHHONU UCXOs U3 BBIOOPKH
UCXOJHBIX 3HaueHHil. BMecTo 3TOro, 3HaueHHeM (YHKUUU SBISETCS BEPOSITHOCTH
TOI'0, YTO JAHHOE UCXOJHOE 3HAYCHUE IIPUHAIJIEIKUT K OIIPENCIICHHOMY KJIAcCy.

OcHOBHass uJes JIOTUCTUYECKOM PErpeccuy 3aKIYaeTcss B TOM, 4YTO
MPOCTPAHCTBO UCXOIHBIX 3HAYEHU I MOKET ObITh pa3/eNIeHO JIMHEIHOW rpaHuLeH (T.e.
npsiMOi) Ha JIB€ COOTBETCTBYIOIIMX Kjaccam obsactu. YTo e umeeTcs BBUAY MO
JUHENHOW rpanuieit? B cnyuae AByxX M3MepeHUd — 3TO MPOCTO MpsiMast JUHUS 0e3
U3rudoB, B Cllydae TPeX — IJIOCKOCTh, U Tak Jajnee. [ paHuiia 3aaeTcsi B 3aBUCUMOCTH
OT UMEIOIINXCS UCXOHBIX JaHHBIX M 00yUaroiero aaropurma. Ytoosl Bce padboraso,
TOYKA HCXOAHBIX JAHHBIX JOJDKHBI Pa3AeisIThCA JIMHEWHOW TIpaHULEW Ha JBE
BBIIICYIOMSIHYThIe 007aCTH. ECM TOUKM MUCXOMHBIX JAHHBIX YIOBJIETBOPSIOT ATOMY
TpeOOBAHMIO, TO UX MOKHO Ha3BATh JJUHEHHO pa3esIsieMbIMHU.
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Pucynok 7 — Jloructuueckas perpeccus

JUis  Havana paccMOTpHM, Kak IPOMCXOAMT pa3lieJieHue, TO €cCTh
TFE€OMETPUUECKUN MOATEKCT «Pa3IeICHUs» UCXOJHOTO MPOCTPAHCTBA HA JIBE 00JIACTH.
JI1st mpocTOTHI (B OTIMYME OT MOKa3aHHOTO BbILIE 3-MEPHOro rpaguka) BO3bMEM JBE
UCXOJIHbIE TEPEMEHHbIE — X1 U Xp, TOrJa (PYHKIMS, COOTBETCTBYIOLIAs TpaHUIIE,
npumeT Bu: PotPixit+Paxo.

Paccmotpum Touky. TTojcTaBiss 3HaUCHUST X1 U X2 B TPAHUYHYIO (PYHKIIHIO,
HOJTyduM pe3yabTat PotBiatpab.

Jlaniee, B 3aBUCUMOCTH OT ToyioxkeHus (8,b) cienyer paccMoTpers Tpu BapuaHTa:

- (a,b) mexur B obOnactu, orpaHnyeHHON Toukamu kiacca "+". Torma Po+Pia+p2b,
OyZeT MOJIOKHUTENbHON, Haxonach rae-to B mpeaenax (0, o). C MareMaTuyeckon
TOYKH 3PCHHS, YeM OOJIbIlIC BEJIUYMHA STOr0 3HAYCHHUS, TEM OOJIbIIEC PACCTOSHUE
MEXy TOYKOW M TPaHMIIeH. A 3TO 03Ha4aeT OOJIBIIYI0 BEPOSITHOCTH TOTO, 4TO (a,h)
npuHaaIeKuT Kinaccy "+". CiaemoBarenapHo, Oyaer HaxoauThes B mpenenax (0.5, 1].
- (a,b) OymeT oTpuiaTenbHOM, Hax0AsICh B mpenenax (-oo, 0). Ho, kak u B ciydae ¢
MOJIOKUTEIBHBIM 3HAYCHHEM, 4YeM OOJIbIIC BEJIIMYMHA BBIXOJHOTO 3HAYEHHUS I10
MO/TYJTIO, TeM OOJIbIlIe BEPOSTHOCTD, uTO (a,0) mpuHaAIeKUT Kinaccy "-", ¥ HaXOAUTCS
B untepnadie [0, 0.5)

BotP1a+P2b=0
(a,b)
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- (a,b) mexur Ha camoii rpaHmme. B 3Tom ciydae, 3TO 0O3HA4aeT, 4TO MOJEIb
JIECTBUTEIIEHO HE MOXET ONPeAeIUTh, NpUHAAIeKUT i (a,b) k kiaccy "+" wim K
kiaccy "-". U B pesynbrarte, P+ Oyner paBasThes 0,5

Wtak, Mbl uUMeeM (YHKIHIO, C TIOMOIIbIO KOTOPOW BO3MOXHO MOJYYHUTh
3Ha4YCHHE B TpeJenax (-0o, +00) uMesi TOUKy UCXOAHBIX TaHHBIX. Termeps Heo0X0uMo
npeoOpa3oBaTh MOJYYCHHOE 3HAYCHUE B BEPOSATHOCTH P., mpenmensl kotopoi [0, 1].
Orto nenaeM ¢ nomouibio (GyHKuM oTHomeHus maHcoB (OR). O6o3znauum P(X)
BEPOSATHOCTBIO TIpoucxozsmero coobitus X . Torma, otHomenue mancoB OR(X)

P(X)
1-P(X)’
JU COOBITHE WM HE MPOU30MIET. BeposTHOCTh U OTHOIIEHHE INAHCOB COJEPKAT
oauHakoByro nHGopmanuio. Ho, B To Bpems kak P(X) Haxomutcs B nmpeneiax ot 0 10
1, OR (X) maxoaures B mpenenax ot 0 1o .

DTO 3HAYHUT, YTO HEOOXOAWMO €IIe OJHO JEHCTBHE, TaK KaK HCIOJb3yemas
OR(X) Hamu rpanuuHas (QyHKIMS BbIJACT 3HAUCHUS OT +oo 10 -oo. [lanee ciemyer
BBIYHCIIUTH JIOTapU(M, YTO HA3BIBACTCS JIOTApU(MOM OTHOIICHHS IIAHCOB.
AJTOpUTM JOTUCTUYECKOM perpeccuu OyIeT BhIMISIETh CIEYIOIUM 00pa3oM:

OIpPCACIIACTCA U3 a 3TO — OTHOILIICHUC BepOﬂTHOCTeﬁ TOIrO, 4TO HpOHSOﬁI{GT

[ar 1. Berancnuts 3HaueHue PotPratPfob rpannunoit yHkimu (Wiim, kak BapuaHT,
(PYHKIHIO OTHOIIEHHMS IaHCOB). JJ11 MPOCTOTHI 0003HAUYHUM 3Ty BEIUYHHY 1.

[ITar 2. BeryucauTs OTHOIIEHUE IIAHCOB

[Iar 3. mes 3nauenue OR., BBIUUCIUTD P+ C TOMOIIBIO MTPOCTOM 3aBUCUMOCTH:

_ _ORy

" 1+0R,

[TomyuuB 3HaueHue t B mare 1, MOXKHO OOBEIUHUTS T1aru 2 u 3:

T 1+et

[IpaBas yacTh ypaBHEHUS, YKa3aHHOTO BBIIIE, HA3bIBAETCS JIOTUCTUYECKON (DYHKITHEH.
OTcroa ¥ Ha3BaHUE, JAHHOM 3TOM MoAenn 00yUeHusl.

Jlnst oOydeHHsl JOTUCTUYECKOM PErpecCMd MHOIO0 ObUI HCIOJB30BAaH METOT
MaKCHUMAaJIbHOTO MPaBIONOI00MS TaK Kak:
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1) acuMnToTudeckas 3Q(PEeKTUBHOCTh OIEHOK MAaKCHUMAJIBHOTO IPaBIOTOI00MS
oOecrieynBaeT WX NMPEHMYIIECTBA B 3aJadax HAKOIUICHUS WHGOPMAIMH, MPU
paboTe ¢ OOJBIIMMH MacCUBaMU
2) CBSI3b OIICHOK MAaKCHMAJIBHOTO TIPABJIONOI00MS C IOCTATOYHBIMHU CTATUCTUKAMHU
JeaeT 3TOT METOJI 00JIee MPHUOPUTETHBIM, YEM OCTAJIBHEIE.
JlepeBo pemenunii

JlepeBo pemieHnit - ATO TUI YNPABIIEMOT0 aIrOpUTMa 00yUYEHHUs, UMEIOIIETO
3apaHee ONpe/ICICHHYIO ICJICBYIO IIEPEMEHHYI0, KOTOPBI B OCHOBHOM MCIIOJIB3YETCS
B 3amayax kiaccudukanuu. OH paboTaeT Kak I KaTeropualbHBIX, TaK M IS
HEIPEPHIBHBIX BXOIHBIX M BBIXOAHBIX MEPEMEHHBIX. B 3TOM MeToae MBI pasaernsem
MOMYJISIIAI0 WX BBIOOPKY Ha JIBa WM 0OoJiee OJHOPOAHBIX HaOOpa Ha OCHOBE
HanOoJIee 3HAYMMOTO Pa3aeIuTeNs Win g hepeHImaTopa BXOHBIX IIEPEMECHHBIX.

Pucynok 8 — JlepeBo peuienuit

Tunel IPUHATHUS PELLICHUS B I€PEBBSIX
1. KareropuanbHas NepeMeHHAas JIE€PEeBO PEUICHMI: IEPEBO PELICHUM, KOTOPOE
MMEET KaTErOPUAIBHYIO LIEJIEBYI0 IIEPEMEHHYIO, 3aT€M €ro Ha3bIBaIOT
KAaTerOpUajbHbIM IIEPEMEHHBIM JIEPEBOM PELLICHUM.
2. JlepeBO pemeHHil C HENpPEPHIBHOW IEPEMEHHOM: JE€PEBO PEILICHUNA HMEET
HEIIPEPBIBHYIO LEJEBYI0 IIEPEMEHHYIO, 3aT€M OHO HAa3bIBACTCA JAEPEBOM
PELIEHNN C HENPEPHIBHOW IEPEMEHHOM.

BaxHast TepMUHOJIOTHS, OTHOCSIIASICS K IEPEBBAM
« KopHeBoli y3ei: oH MpeAcTaBIIsieT BCIO BBIOOPKY, M 3TO B JAJIbHEHUILIEM AEIUTCS
Ha J1Ba WM 0oJiee OJTHOPOJHBIX Habopa.

« Pasnenenwme: 310 mporecc pas3esieHus y3i1a Ha JBa Wiu 0oJiee Mo y3/10B.

*  VY3el NpUHATUA PEIIEHUN: KOTrAa IIOMYy3€] pPas3AeiseTCd Ha JaJibHEUIINE
MTOy3JIbl, TO OH Ha3bIBACTCS y3JIOM NPUHATHS PELICHUM.

« KOHEYHBIl WM TEPMUHAIBHBIA Yy3€JI: Y3JIbl HE pPa3JeiIAI0TCS Ha3bIBAECTCS
KOHEYHBIM WUJIA KOHEYHBIM Y3JIOM.

« OOpe3ka: KoT/1a MbI yJIaJIsieM MO y3JIbl y3J1a IPUHATHS PELIEHUM, TOT MPOIECce
Ha3bIBaeTCS 00pe3koi. MOKHO cKa3aTh, OOpaTHBIN MPOIIECC PACIICTUICHHMS.
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BeTBb WM MOAIEPEBO: TOJCEKIUS BCETO JIepeBa HA3bIBACTCS BETBHIO WIIH
HOJIZICPEBOM.

[IpenmymiecTBa M1 HEAOCTATKU €PEBA PELLICHUN

BriBOg nepeBa pemieHW OYEHb JIETKO TMOHATh. I WX 4YTEHHS WU
WHTEpHIpeTaliun He TpeOyeTcss HUKAKMX CTAaTUCTUYCCKUX 3HaHuUU. Ero
rpaduyecKkoe MpeJCTaBICHUE OYE€Hb MHTYUTUBHO, U MOXXHO JIETKO CBSI3aTh
CBOIO TUITIOTE3Y.

[lone3Ho B MCCIENOBAaHWM JAHHBIX: JIEPEBO PELICHUM SBIIAETCS OOHUM H3
caMbIX OBICTPBIX CIIOCOOOB ONpEESICHUsI HanOojee 3HaAUMMbIX IEPEMEHHBIX U
CBs3eM Mexay JByMs WM Oojsiee mepeMeHHbIMH. C NOMOIIbIO JI€pEBHEB
peleHrit MBI MOYKEM CO3/1aBaTh HOBBIC MEpPEMEHHBIC W (DYHKIUHU, KOTOPHIE
o0naarT Jy4lled CHOCOOHOCTBIO MpPENCKA3bIBaTh IIEJIEBYIO IEPEMEHHYIO.
JlepeBo pemnieHuil Takke MOXKET ObITh UCIOJIb30BAHO HA ATAle MCCIIEIOBAaHUS
naHHbix. Hampumep, Mbl paboTaeM Haja mnpooOsiieMoi, riae y Hac ecTh
uHbopMalus, JOCTyIHas B COTHAX IEPEMEHHBIX, TaM JEPEBO pELICHUN
MOMOXET ONPEJEIUTh HauboJee 3HAUMMYI0 IEPEMEHHYIO.

TpeOyeTcss MEHbILIE OYUCTKH JAaHHBIX 110 CPABHEHUIO C HEKOTOPBIMH APYTHUMHU
METOJJaMU MOJENUpoBaHus. JlepeBO pelleHui He 3aBUCUT OT BBIOPOCOB U
IIPONYIICHHBIX 3HAYEHUHN B JOCTATOYHOW CTEIICHMU.

Tun JaHHBIX HC ABJIACTCA OI'PaHUYCHHUCM: JCPCBO peIHGHI/Iﬁ MOXKCT
06pa6aTBIBaTB KaK 9YHUCJIOBBIC, TAK U KaTCIOPHUAJIbHBIC IICPCMCHHBIC.

HenapameTrpudeckuit METOA: JIEPEBO pPELICHUN CUNTAETCS HETTapaMeTPUIECKUM
METOJIOM. DTO 03HAYAET, YTO JACPEBhS MPUHATHS PEIICHUN HE UMEIOT HUKAKHX
NPEANOJIOKEHUH O  paclpefeleHMH  NPOCTPaHCTBA U CTPYKTYype
KiaccudukaTopa.

UpesmepHass MOArOHKA: 4Ype3MEpHas IOJATNOHKA SIBISETCA OJHOW M3 CaMbIX
MPaKTUYECKUX TPYAHOCTEH IJIS MOJENeN AepeBa perieHuil. Jta mpobiema
pelaeTcsi MyTeM YCTAaHOBKHM OTrpaHUYEHUN Ha MapaMeTpbl MOACIH U OOpEe3KU
(moapoOHO paccMaTpPUBAETCS HIKE).

He moaxoauT juist HempephIBHBIX IEPEMEHHBIX: MPU pab0Te C HEMPEPHIBHBIMU
YHICJIOBBIMU TIEPEMEHHBIMH JIEPEBO PEIICHU TepsieT nH(OpMaIuio, KOorjaa OHO
KJIacCU(ULIUPYET IEPEMEHHBIC B Pa3HBIX KATETOPUSIX.

JlepeBbs perpeccur B IepeBbs KiIacCUpUKaIIIN

Koneunble y37bl (MU JIUCTHS) JIEKAT B HHXKHEHN YacTH JIepeBa pelieHui. ITo
03HAYaeT, YTO JCPEBbs MPUHATHS PEIICHUM OOBIYHO PUCYIOTCS BBEPX HOTaMH
TaK, 4TO JIUCThA - 3TO JHO, & KOPHHU - BEPILIVHBI.

O6a nepea pabOTAIOT MOYTH AHAJTIOTHYHO JAPYT IPYTY.

20



PaccMOTpuM OCHOBHBIE Pa3IUYMs U CXOACTBO MEXIY KJIacCU(DUKAIIMOHHBIMU
Y PETPECCUOHHBIMU IEPEBBIMMU:

« JlepeBpsi perpeccuum  UCIHOJB3YIOTCS, KOIJla 3aBUCUMas IEepeMEHHas
HernpepbiBHA. JlepeBbsi KiIacCU(PUKALMKU HUCIMOJB3YIOTCS, KOTJa 3aBHUCHMast
NepeMeHHasi KaTeropuaibHa.

« B ciyuae nepeBa perpeccuu 3Hau€HHE, MTOJTYYEHHOE TEPMUHAIBLHBIMU y3J1aMu
B 00YYArOIINX JAHHBIX, TPEACTABISIET COO0M CPETHIOI0 PEAKIINIO HAOIIOICHNS,
najiaoIlyto B 3Toi obsactu. Takum oOpazoM, eclii HEBUIUMOE HaOJI0ICHUE
JAHHBIX TOMAJaeT B 3Ty OOJAcCTh, MBI CIIEJIAEM €ro IMPOTHO3 CO CPETHUM
3HAYCHHUEM.

« B cinydae pepeBa kiaccupukanuu 3HaueHHE (KJacc), TOJIYyYEHHOE
TEPMUHAIBHBIM y3JIOM B OOydYalOIIMX JaHHBIX, SBISETCA PEKUMOM
HaOJII0/ICHHM, TonaAalouX B 3Ty o0jacth. Takum oOpa3om, eCiiu HEBUAUMOE
HaOJII0/ICHUE JTaHHBIX MOMAJaeT B ATy 00JIaCTh, MBI CJI€JIlaéM €ro IPOTHO3 CO
3HAYCHUEM PEeKUMa.

« OO0a ACpCBa pPasacCiAlOT IIPOCTPAHCTBO HC3aBHUCHUMBIX IICPCMCHHBIX Ha
OTACJIIBHBIC U HCIICPCKPBIBAOITHUCCS obOnacru.

« OO0a gepeBa CIEIYIOT KaXIOMY IOJIXOJy CBEpXY BHHU3, HM3BECTHOMY Kak
PEKYpPCUBHOE TBOMYHOE paciierieHne. Ha3bpiBaeTcsi OHO «CBEpXy BHHU3Y,
MOTOMY YTO HAUMHAETCS C BEPIIUHBI JIEpPEBa, KOT/1a BCE HAOIIOICHUS IOCTYITHbI
B OJTHOI1 00JIaCTH ¥ TIOCJIEIOBATEIHHO pa30MBAET MPOCTPAHCTBO MPEIUKTOPA HA
JIBC HOBBIC BETBU BHU3 10 JepeBY. OH M3BECTEH KaK «KAIHBIN», IIOTOMY YTO
QITOPUTM 3a00TUTCH (MIIET JYYIIYI0 JOCTYMHYIO TEPEMEHHYIO) TOJBKO O
TEKYIIEM pacHISIVICHUH, a He 0 OYIyIINUX PacHICTUICHHUSIX, KOTOPBIC TTPUBEAYT
K Jy4IlIeMy JIepEBY.

« DTOT mporecc pa3aeleHus MpOoJoKAaeTCsa 10 TeX TMOop, Moka He OyayT
JIOCTUTHYTHI OTIPEIETICHHBIC MTOJIb30BaTEIEM KPUTEpUH OCTaHOBKU. Hampumep:
MBI MOYKEM CKa3aTh aITOPUTMY OCTAHOBUTHCS, KaK TOJIBKO YHCIIO HAOIIOICHNUN
B y3Jie cTaHeT MeHblie 50.

« B o6oux ciydasx mporecc pacuieryieHus] IPUBOIUT K MOSIBJICHUIO TIOJTHOCTHIO
BBIPAIIICHHBIX JIEPEBHEB JI0 JOCTHKEHUS KpUTEPUSI OCTaHOBKHU. Ho, MOTHOCTHIO
BBIPOCIIIEE JIEPEBO, BEPOSATHO, Oy/IET MEPEKpPhIBATh JTaHHBIC, YTO MPUBOINUT K
HU3KOW TOYHOCTH HAa HEBHIUMBIX JTAHHBIX. DTO IPUHOCHUT «OOPE3KY».

Nupexc J>xuau

G=1-23%" x;cumy; + X1 x; y;
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WNupexc /XuHM TOBOPUT, YTO €CIM MBI BbIOMpaeMm JBa 3JEMEHTAa U3 MOMYJALHUU
CIlydallHbIM 00pa3oM, TO OHHU JIOJDKHBI OBITH OJHOTO KJIacca U BEPOATHOCTb ITOTO
paBHa 1, ecii MOMyJ ALK YUCTA.
1. JlaHHBIN HHIEKC paboTaeT ¢ KaTeropualbHOMN I1eJIEBOM MEPEMEHHOMN «yCIex»
WJIU «HEYIAda».
Nunexc [UHU BBINOJIHSAET TOJIBKO TBOMYHBIE PA30UEHUS.
UYewm BbIlIE 3HaYCHHUE HHJIEKCA JPKUHU, TEM BBIIIE OJHOPOIHOCTD.

4. CART (mepeBo kiaccU(pUKAIIMU U PErPECCUH) UCTIONb3yeT MeToA JKUHU JIst
CO3/1aHUs JBOUYHBIX pa30UEHUH.

[Taru nns pacuera J>kuHu 1S pa3aeieHus
1. Beraucaute wHACKC JKWMHU M7 TMOAY3JI0B, HCIOIB3YS (HOPMYTYy CYMMBI
KBaJIpaTOB BEPOATHOCTH yCIleXa U HEyAauu
2. Borancnute uaaekc JKUHA 11 pa3ielieHus1, HCIOJIb3Ys B3BEIICHHYIO OLICHKY
MHJIEKCA KAXKJIOTO y3J1a 3TOr0 pa3/IeICHUS

Xu-KBagpar
OTO ajaropuT™M JUisl ONPENENICHUS] CTAaTUCTUYECKOW 3HAYMMOCTU Pa3]IMuiid MEXIy
NoAy3J1aMu M POAUTEIBCKUM Y3JIOM. MBI H3MepsieM €ro CyMMOW KBaJpaToB
CTaHJapTU30BAHHBIX PA3HOCTEH MEXKIy HAOJI0OaeMbIMU M 05KHJIa€MbIMU YaCTOTaMHU
L[EJICBOM TTIEPEMEHHOM.
x2= yk (u-nx pi)?

=1 nep

=

JITOPUTM TaeT TETOPHUAIBLHON IIEJIEBOU IIEpEeMEHHON nex’ WA
Aunrop paboTaeT ¢ KaTeropuajbHOW IIEICBON IepeMeHHo "ycrex”
"Heynaua'.

N

AJ'IFOpI/ITM MOKCT BBIIIOJIHATH ABa UJIN Ooiee PaCKOJIOB.

3. Uem Beime 3HaueHue Xu-KBajgpar, TeM BBIINIE CTATUCTHUYECKAS 3HAYUMOCTH
PA3IUYUN MEXKY TTOTY3JI0M U POJIUTEIbCKUM Y3JI0M.

B

Boruncnute Xu-KBangpar niisa kaxxaoro ysna

Oun renepupyer nepeBo, HaseiBaeMoe CHAID (Chi-square Automatic
Interaction Detector)

o

[Taru ans BeruKciieHUss XU-KBaapaT JIJsl pa3aeaeHuUs

1. Bpluuciauth XI/I-KBa)IpaT AJI1 OTACIIBHOI'O y3J1a ITYTEM BBIYMCIICHHA OTKJIIOHCHUSA
AJIs1 YCIICHIHOI'O U HCYJa4YHOI'O

2. Boruucoute Xwu-kBagpar pa3OWEHHS C HCIOJIb30BAaHUEM CYMMBI BceX XWH-
KBaJIPaTOB yCleXa U HEeYAauu KaKI0TO y3J1a pa3OueHus
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SIBNAIOTCS IM MOJIEIM HA OCHOBE JIEPEBA JIyUllle, YEM JIMHEHHbIE MOAEIN?
HekoTtopsie kmroueBble (DaKTOPHI, KOTOpbIE MOMOTYT pPEIINTh, KAKOW alrOpUTM
UCIIOJIb30BaTh!

 Ecaum CBAI3p MEXAY 3aBUCUMOM M HE3aBUCUMOM TNIEPEMEHHOM XOPOLIO
anIpOKCUMUPYETCS JIMHEHHOM MOJENbIO, JIMHEWHAs PErpeccusi MpeB30MAET
MOJEb HA OCHOBE JEPEBA.

« Ecnu cymecTByeT BBICOKas HEIMHEMHOCTb M CIIOKHAS B3aUMOCBS3b MEXKIY
3aBUCUMBIMH W HE3aBUCHUMBIMHU TIEPEMCHHBIMH, MOJEIb JAepeBa Oyner
MIPEBOCXO/IUTH KIIACCUUECKUN METOJ PETPECCHH.

+  Ecau Hy’XHO OCTPOUTH MOJI€Nb, KOTOpas JIETKO OOBSICHUMA JIIOJSIM, MOJIEIIb
JiepeBa pelieHuil Bcerja Oy et Jiydiiie, 4eM JUHeHas Mojienb. Mojenu nepesa
pELIEHUN MPOLIE UHTEPIIPETUPOBATD, YEM JINHENHYIO PETPECCHUIO.

Pucynok 9 — JlepeBo pelieHnil B HalleM IPOEKTE
CambIM BEpXHUM SIBJISIETCS CAMOE BaXKHOE Pa3/ICJICHHE, YEM HUXKE MBI CITyCKaeMCsl TEM
BAXHOCTh HAIIIUX YCJIOBUM MEHbIE. MBI OCHOBBIBaEMCSI Ha TaOJIMIIE TMOJE3HOCTH
npu3HakoB. 13 HHe MBI y3HaeM Kakue Mpu3HaKu Hanbosee BaxHbie. biaarogaps stoit
nH(pOMaIMK MBI 33/1a€M YCIIOBUSI M CTPOUM JIEPEBO

Pannomusbii j1ec

- DTOT aJrOpPUTM MOXKET pemuTh 00a TUMa 3adad T. €. KiIacCU(UKAIUU U
perpeccuu 1 JienaeT JOCTOMHYIO OIIEHKY Ha 000X (ppoHTaX.

- OmHO M3 MPEUMYIIECTB CIy4aifHOTO Jieca - ATO BO3MOXKHOCTh 00pabaThIBaTh
OoJbIION HA0Op MaHHBIX C 0OoJiee BBICOKOM pa3sMepHOCThIO. OH MOXET
oOpabaThIBaTh THICAYM BXOIHBIX IIEPEMEHHBIX W ONPEACIATh HamboJee
3HAYMMBIE TIEPEMEHHBIC, TOATOMY OH pacCMaTPUBACTCS KaK OJUH M3 METOJIOB
YMEHBIIICHUSI pa3MepHOCTH. Kpome TOro, Mojeilb BBIBOJUT 3HAYCHUC
NEePEMEHHOM, KOTOpasi MOXKET ObITh OYEHb YI00HOU (yHKIIMEN (Ha HEKOTOPOM
Cily4aitHoM HaOOpe TaHHBIX ).

- AnroputMm umeeT 3hHEKTUBHBIM METOJ IJIs OIICHKH HEIOCTAIOIINX JAHHBIX U
MOIJICP>KMBAET TOYHOCThH, KOT1a O0JIbIIIasi 4aCcTh JaHHBIX OTCYTCTBYIOT.
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AJropuT™M UMEET METOABI AJis OaJlaHCUPOBKH OLIMOOK B HA0Opax JaHHbBIX, e
KJlacchl HecOanmaHcupoBaHbl. ONMCaHHBIE BbIIIE BO3MOKHOCTH MOTYT OBITh
paciMpeHsl 10 HEMapKUPOBAHHBIX TaHHBIX, YTO MPUBOAUT K OECKOHTPOJIBHOM
KJIaCTepU3alliH, MPECTABICHUIO JAaHHBIX U OOHAPYKEHHUIO BEIOPOCOB.
Cry4aitHbIi JIec BKIIIOYAeT BEIOOPKY BXOIHBIX IaHHBIX C 3aMEHOMN, Ha3bIBAEMOM
3arpy304HOil BBIOOpKOM. 31ech OJHA TPETh AAHHBIX HE MCHOJIB3YEeTCS IS
0O0y4YeHUsI U MOXKET OBITh MCIOJIb30BaHA JJIsl TECTUPOBAHHUSL.

Henocrarku ciaydaliHoro Jjieca

AJTOpUTM XOPOIIO paboTaeT MpH KiIacCu(UKALIUU, HO HE TaK XOPOIIO, KaK JIs
pPErpecCUOHHON 3aJauM, IIOCKOJIbKY OH HE JaeT TOYHBIX HEIPEPBIBHBIX
IIPOTHO30B NPUPOABI. B cilyyae perpeccuu OH HE MPENCKa3bIBACT BBIXOI 34
npenenbl Auarna3oHa B 00y4yaroluX JaHHBIX, U YTO OHM MOTYT IMEpPEKphIBATh
HA0OpBI TaHHBIX, KOTOPbIE SABISIOTCS OCOOCHHO ITYMHBIMHU.

Ciry4ailHbIl JIEC MOXKET OLIYIIAThCS KaK IMOAX0] YEPHOTO SIIMKA — OYEHb MAJIO
KOHTPOJISL HaJl TEM, YTO JIEJIAET MOJEJb, B TyULIEM CIIy4ae MOKHO MONPoOOBaTh
pa3IMYHbIE [TAPAMETPHI U CIyYalHYI0 HHULMAIU3ALHAI0

Yo Takoe nmakeTupoBaHue?

Bagging - 3To MeTo1, NCTIOIB3yEMBIii ISl YMEHBIICHHS TUCTICPCUU HAIIUX ITPOTHO30B
yTeM 00bEIMHEHUS PE3YJIbTaTOB HECKOJIBKUX KJIACCU(PHUKATOPOB, CMOJEIHPOBAHHBIX
Ha Pa3HbIX MOABBIOOPKAX OJHOTO M TOTO k€ HAOOpa JaHHbIX.

1. Co3znanue Heckonbkux HabopoB JlaHHBIX:

o BpiOOpka NOpPOMBBOAUTCSA C 3aMEHOM HA  HWCXOJHBICE JIaHHBIE U
bopMUPYIOTCS HOBBIE HAOOPHI TAHHBIX.

o HoBbie Ha0OpPHI AAHHBIX MOTYT COJIEpP>KaTh YacTh CTOJIOIIOB, a TaKke
CTPOKH, KOTOpbIE OOBIUHO SIBJSIFOTCSI THUIIEpIIApaMETpaMH B MOJCIH
YIAKOBKH

o Bastue ¢paknuil cTpok U cToNOIOB MeHee | momoraeT B CO3JaHUU
HAJICKHBIX MOJIEJIC, MEHEE CKIIOHHBIX K TOATOHKE

2. Tloctpouts Heckonbko Knaccudukaropos:

o Kiaccudukaropsl mocTpoeHbI Ha KaKI0M HAOOpE TaHHBIX.
o Kaxk mpaBuio, oMH U TOT K€ KJIacCCU(PUKATOP MOACIUPYETCS HA KAXKIOM
HaOOpe JaHHBIX U BBITIOIHSIIOTCS MPOTHO3HI.

3. Kombunanmu Knaccudukaropos:

o Ilpenckazanus BcexX KIACCH(PUKATOPOB OOBECIHHSIIIOTCS C
WCITOJIb30BAaHUEM CPETHETO, METMAaHbI WIIH 3HAYCHHS Pe)KUMa B
3aBUCUMOCTH OT PacCMaTpHUBAEMOM MPOOIEMBI.

o OO0OBbeauHEHHBIE 3HAUECHUS 00BIYHO 00JIe€ HANEKHBI, YEM OJHA MOIEIb.
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Konn4ecTBO MOCTPOEHHBIX MOJENICH HE ABJISAETCS Truiepnapamerpom. bomiee
BBICOKOE YHCIIO MOJEJIEW Bcerja JIydlle WIM MOXET JaTh aHaJOTHUYHYIO
MIPOU3BOIUTEIILHOCTD, YeM OoJjiee HU3KMe ynciia. TeopeTHyeckr MOKHO MOKa3aTh, YTO

1
JaUcnepcusi KOMOMHUPOBAHHBIX POTHO30B CBOJIUTCS K - (n: YMCII0 KIIACCUPHUKATOPOB)
VCXOJHOU TUCTIEPCHUU, IPU HEKOTOPBIX JOIYLIEHUSX.

Yro Takoe dopcupoBanue? Kak 3to padboraet?

Omnpenenenue: TepMuH "OYCTHHT" OTHOCHUTCSL K CEMEHCTBY aJTOpPUTMOB, KOTOPBIE
peodpa3yroT ¢1adoro yueHHKa B CHIIBHBIX Y4eHUKOB. UT0OBI MpeoOpa3oBaTh c1adoro
YUYEHHKA B CHJIBHOIO YYEHUKA, Mbl OOBEIMHUM TMpEJCKa3aHUuE KaXKIOTro ciaadboro
YYEHHKA, UCTIOJIb3Ysl TAKME METO/IbI, KaK:

o Hcnonw3oBanue CPCAHCI'O NI B3BCHICHHOI'O CPCIAHCTO
e YuuThIBas IIPOIrH03 UMCCT 0oJiee BHICOKHH IOJI0C

UYro6bl HalTH ci1aboe MpaBUiIO, Mbl PUMEHSEM AITOPUTMBI 0a30BOTO 00YUECHHUS
(ML) ¢ apyrum pacnpenenenueM. Kaxaplii pa3, Korja HPUMEHSAETCS aJrOpUTM
0a30BOro OOydeHUs, OH T€HEpUPYET HOBOE IMPaBWJIO CIabOro mpeackKazaHus. ITo
UTepalMoHHbId mporecc. [locie MHOrux wutepauuii  aaroputMm  (HOpCUpPOBAHUS
O0OBEAUHSET ITH clla0dble MPABUJIA B OJTHO CUIIBHOE MPABHIIO MPOTHO3UPOBAHMS.

CymiecTByeT  MHOTO  QJIrOPUTMOB  TIOBBIIIEHHS,  KOTOpbIE  IMPUAAIOT
JIOTIOJIHUTENbHBIA MMITYJIbC TOYHOCTH MOJeNu. B mpoekre ObuUIM NMPUMEHEHBI [1Ba
QIrOpUTMA, TAKUX Kak rpagueHTHhI OycTuHr (GBM) n XGboost.

ITouemy MBI pacnioNIOKUIM METOABI UMEHHO B TAKOM IOPSAKE

1) CnHauana MBI UCTIOJIB3yEM OYCHb MPUMHTUBHBIC METOJbI TAKHE KaK JIMHEHHAS
perpeccus u JOrUCTHYECKast. DTO CAENAHO Ul TOrO YTO Obl HATJISAHO M0Ka3aTh,
KAaK U3MEHSIOTCS PE3YJbTAThI C MMOBBIIIEHUEM CIIOKHOCTH MeTOA. Beap y Hac B
IIPOEKTE HAIVIIAHO BHUIHO, YTO C IIOBBILICHUEM CIIOKHOCTH pE3yJIbTaT
YIIy4IIaeTCs.

2) DTo TeMa Ui MEHS HOBas M HAYMHATH Cpa3y CO CJIOXHBIX METOJIOB HE
nparmMaTH4HO. Benb a1 TOro uro Obl BBDKATh MAKCUMYM U3 Ka)XJ0r0 METOoJa
HY’KHO XOpOILIO B HEM pa30upaTbCsi, UMEHHO MO3TOMY Haudaj s C JIMHEHHOU
perpeccuu, a 3aKOHYUII CIIy4alHbIM JIECOM.

Metpuxu
B 3amayax MammHHOTrO 0Oy4deHus Ui OIICHKU KauecTBa MOJEJIeH U CpaBHEHUS
Pa3IMYHBIX AJITOPUTMOB UCIIOJIB3YIOTCS METPUKHU.

Accuracy, precision u recall
[Tepen mepexoaoM K caMUM METPHKaM HEOOXOIMMO BBECTH BaKHYIO
KOHIICTIIIUIO ISl OMUCAHUS ATUX METPHK B TEPMHUHAX ONIMOOK KJIaCCH(PUKAIINA —

confusion matrix (marpuna omu0ok). Jlomyctum, 4To y Hac €CTh JiBa Kjacca u
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AITOPUTM, MPEICKA3BIBAIOIINN MPUHAUICHKHOCTh KaXJI0ro OOBEKTa OJHOMY U3
KJIAaCCOB, TOTJa MaTpHIlA OIMOOK KiacCH(pHKAIMU OYAET BBITJISICTh CICAYIONIMM
oOpazom:

y=1 y=0
y=1 True Positive (TP) False Positive (FP)
y=0 False Negative (FN) True Negative (TN)

Takum oOpa3om, ommOKK Kiaaccudukauy ObBaroT aByx BuaIoB: False Negative (FN)
u False Positive ( FP).

Accuracy

Accuracy — 1oJ1s MpaBUIIbHBIX OTBETOB AJITOPUTMA:

TR+TN
TP+TN+FP+FN

accuracy =

Precision, recall u F-mepa
JIist OLIEHKM KauyecTBa pabOThl alropuTMa Ha KaxJOM M3 KIACCOB IO
OTJICJILHOCTH BBEJEM METPUKH precision (ToUyHOCTH) U recall (monHoTa).

precision =
TR+FR

recall =

TR+FN

Cy1iecTByeT HECKOIBKO Pa3IUYHBIX CIIOCOOOB O0BEAMHUTD precision u recall B
arperupoBaHHbIN KpUTEpU KauecTBa. F-SCOre — cpeaHee rapMOHUYECKOE precision
u recall:

precisionxrecall

Fg=(1+p%)*

AUC-ROC u AUC-PR

OparM W3 CrMOCOOOB OICHUTH MOJIEIh B IIEJIOM, HE MPHUBS3BIBAsCH K
KoHKpeTHOMY nopory, sBisiercas AUC-ROC (nnu ROC AUC) — momaas nog ROC-
KPUBOM OJIMH M3 CaMBIX MOMYJISAPHBIX (HYHKIIMOHAIOB KayecTBa B 3a/1a4yax OWHApPHOMN

(B2+precision)+ recall

kinaccudukanuu. Kak npaBuio, o0bsiCHEHHE HAUUHAIOT C BBEACHHS Pa3HbIX TEPMUHOB

(FPR, TPR).

TPR = ——
TP+FN

FPR = ——
FR+TN
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TPR Jlonst BepHBIX moJIOKHUTENbHBIX Kiaccubukamuii (True Positive Rate,
TPR):, a FPR moka3siBaeT 70110 JIOKHBIX MOJIOXKUTEIBHBIX Kimaccudukammii (False
Positive Rate, FPR)

Receiver Operating Characteristic
1o

=
o
S

True Positive Rate
=]
£
AY
A

0.2 4 -~

e — AUC=0.73

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Falee Pncitive Rate

Pucynok 12 — ROC-AUC cayuaitHoro jieca

Precision u recall Taxxe UCHoIb3yIOT AJIs1 MOCTPOECHUSI KpUBOH U, aHanornuno AUC-
ROC, naxonsat mnomanp noa Hed. [lnomans mox ROC-kpusoit AUC (Area Under
Curve) sBJISIETCS arperipOBaHHON XapaKTEPUCTUKOW KadecTBa KiaccU(PUKaivu, He
3aBUCSIIEH OT COOTHOImIEHHMSA IleH omuOok. Uem Oonpme 3Hauenume AUC, Tem
«JIydiie» Mojelb kiaccudukaruu. JlaHHBIN MMOKa3aTellb 4acTO HMCIOJIb3YEeTCs s
CPaBHUTEJIBHOTO aHAJIM3a HECKOJIbKUX MOJIeiel KilacCu(pUKaI1H.

PesynbTaThl paboTh

MHoto 6bInu Bbl6paHbI NPU3HaKN, KOTOPble NCXoaA U3 ONnbiTa Yalle BCero BIUAKT Ha pe3ynbTaT MaTyka.. Ha

MO B3IJISIT ATO CaMbIH JIydIIUA HAOOp JJIs OTpeIeIeHUS] TOYHOCTH Pa3HbIX METOOB.

1)Linear Regression

precision recall F1-score
0.0 0.51 0.99 0.68
1.0 0.88 0.10 0.18
Accuracy 0.55
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TOYHOCTD: 53%

Martpuiia ormmoox

Positive negative
positive True positive - 1577 False positive - 23
negative False negative - 1398 True negative - 171

Camblif mpocToit MeTo 06J1aaeT CaMbIM XY/IIINM pe3yIbTaToM, 53% MpaBUIIbHBIX
IIPEACKA3aHNMN.

2)Logistic Regression

precision recall F1-score

0.0 0.58 0.57 0.58

1.0 0.58 0.59 0.58

Accuracy 0.58
TOYHOCTB: 58%
Matpuiia ommbok

Positive negative
positive True positive - 1278 False positive - 872
negative False negative - 852 True negative - 1223

I1o pe3ynbpTaTaM MbI BUAMM YTO JJOTUCTUYECKAs pErPECCUs JIyUllle YeM JIMHEWHas,
58% mpaBUIBHBIX PEICKa3aHU, HO BCE e 3TO HE CaMblil JTyUIIUNA pe3ybTaT, ¢
BBIOpPaHHBIMU MHOIO ITPU3HAKaMu



1.0

Receiver Operating Characteristic

0.8
021
False Positive Rate
2)Decision tree
precision recall F1-score

0.0 0.64 0.62 0.63

1.0 0.63 0.65 0.64

Accuracy 0.64
TOYHOCTD: 64%

positive negative
positive True positive - 1398 False positive - 712
negative False negative - 801 True negative - 1314
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1.0

Receiver Operating Characteristic

0.8

0.6

0.4

True Positive Rate

0.2

— AUC = 0.66

0.0

T T
0.2 0.4 0.6
False Positive Rate

0.8 1.0

JlepeBo penieHuil 001aaeT pe3ynabTaToM MOIYYIlIe YeM Y JJMHEWHON perpeccuu, Ho

BCC K€ XYIKC UCM OOJIBIIMHCTBO OCTAJIbHBIX MECTOOOB

3)Random forest

precision recall F1-score
0.0 0.69 0.62 0.65
1.0 0.65 0.72 0.68
Accuracy 0.67
TOYHOCTB: 67%
Matpuiia ommb6ok
Positive negative
positive True positive - 2103 False positive - 1055
negative False negative - 1099 True negative - 2081
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PaHHOMHBIfI JcC O6J'IaI[a€T JIYYIINM I1OKa3aTcCJICM TOYHOCTH, C BBI6paHHI>IM MHOM

CIIUCKOM IIPHU3HAKOB.

Receiver Operating Characteristic

1.0 7
0.8 - ’/"’
E 0.6 ,f,’
E 0.4 - ,/’
= e
0.2 f,f’f
,f” — AUC = 0.73
0.0 £ : : : :
0.0 0.2 0.4 0.6 0.8 1.0
Falze Pnsitive Rate
4)XGBOOST FOREST
precision recall F1-score
0.0 0.63 0.61 0.62
1.0 0.62 0.64 0.63
Accuracy 0.63
TOUYHOCTD: 63%
Matpuiia ommo6ok
Positive negative
positive True positive - 1890 False positive - 1221
negative False negative - 1166 True negative - 2061
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I[aHHBIﬁ JEC 06J1a11aeT XyAIIKUM ITOKa3aTCJICEM TOYHOCTHU U3 BCEX JICCOB.

Receiver Operating Characteristic

1.0 7
0.8 - ’,"/
b o6 /”’
) 0.4 1 et
0.2 - -
e — AUC = 0.69
0.0 £ : : :
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
5)LGBM FOREST
precision recall F1-score
0.0 0.64 0.65 0.65
1.0 0.66 0.65 0.65
Accuracy 0.65
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Receiver Operating Characteristic

1.0 ,_’z
0.8 + /.-’,”
% 0.6 - ’/”/
g 0.4 /,/’/
= 7
0.2 - //’/
/"’/ — AUC =0.71
%00 0.2 0.4 0.6 0.8 1.0
False Positive Rate
Matpuia ommodok
Positive negative
positive True positive - 2000 False positive — 1165
negative False negative - 1059 True negative - 2114
6)CATBOOST
precision recall F1-score
0.0 0.66 0.63 0.64
1.0 0.64 0.67 0.65
Accuracy 0.65
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Receiver Operating Characteristic
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Ealea Dacitiva Bata

Martpuiia o600k

Positive

negative

positive

True positive - 1980

False positive — 1210

negative

False negative - 1019

True negative - 2129

6 1 5 001a1at0T MOYTH OJJMHAKOBBIMHU MTOKA3aTEISIMU TOYHOCTH, YTO 3HAUUT JAHHBIE
METOJbI MOTYT APYT APyra B3aUMO3aMEHSATh.

LGB Features (avg over folds)

hero_relative_strength
unit_order_move_to_target _—
enies [SSS==————————
unit_order_cast_target [ ——————————————————
gol_deatr [
unit_order_attack_move _—
oold sel IS
tower_damage [N—
hero_neaiing [ —————
unit_order_cast_position _—
unit_order_hold_position [ —
gold_otner [
wo [
unit_order_pickup_rune _—
unit_order_ping_ability _—
w_otner [
unit_order_cast_target_tree [E——
unit_order_purchase_item [ ————
unit_order_glyph _—
gold_killing_roshan _—
unit_order_move_item _—
w_hero S
unit_order_attack_target _—
gold_destroying_structure _—
unit_order_pickup_item [
unit_order_move_to_position _—
duration_heroes _—
gold_killing_heros _—
hero_damage _—
unit_order_train_ability _—
last_hits _—
unit_order_drop_item [ =——
xp_per_min [E==—
unit_order_cast_no_target _—
xp_creep [IIESS—o
gold_per_min _—
net_worth -—
unit_order_sell_item _—
xp_roshan [ISSS—o
gold_killing_creeps -—

o 5 10 15 20 25 30
importance

feature
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Pucynox 10 — Jluarpamma noJyie3HOCTH MPU3HAKOB

C nmoMomibIo CIIy4aiHOTO Jieca Mbl MOKEM MOCTPOUTH AUArpaMMy, Ha KOTOPOM
NPU3HAKKM OTCOPTUPOBAHBI IO KpUTEpHUIO Moje3HocTH. C ee MNOMOUIpI0 HaM
CTAaHOBUTCS MOHITHO, KAKUE MPU3HAKH UCIIOIb30BATh, & KAKUE HET.

C ITOMOIIIBIO ,HaHHOﬁ AuarpaMMbl Mbl MOXKCEM 3aMCTHUTb YTO 6OJH>IHYIO
IMOJIC3HOCTDb MBI MOKCM BUACTH HA TCX IIPU3HAKAX, KOTOPBLIC BBIPAKAIOT CBII'PAHHOCTD
KOMaHIbI, YCM TC IIPU3HAKH KOTOPBIC ITPHUBA3dHBI K CaMOMY I'CPOXO. Haan/IMep Kak.

[Tpumep KOMaHAHBIX MPU3HAKOB:

1)Hero relative strength - moka3siBaeT XapaKTEpUCTUKY yCIIeXa OJHUX T'€POCB
OTHOCUTEIBHO JIPYTUX, @ UMEHHO Y KaKHUX Map WIA TPOEK FepoeB CaMblil OOJIbIION
npoueHt noben. JlaHHBIA NpU3HAK SBISETCA HamOoJiee TMOJE3HBIM CpPEIU BCEro
HAILIETO CIUCKA.

2)KDA — 1oka3bIBarOT KOMaHIHYIO CHITPAHHOCTh UTPOKOB.
[Tpumep TUYHBIX TPU3HAKOB:

1)Net worth — [Tpu3Hak, KOTOPBIH OKa3bIBaCT OOIIYIO [ICHHOCTh IIEPCOHAXKA B
KOHIIE MaTJa

2)Gold_killing_creeps- Ilpu3Hak, KOTOpPBI TMOKa3bIBACT CKOJIBKO JICHET
MOJTYYHJT TePOi 3a YOMICTBO KpUIOB( KPHITBI — PA3HOBUAHOCTH CYIIECTB B urpe Dota
2, 32 yOMICTBO KOTOPBIX UTPOK MOTyYaeT PUKCUPOBAHHOE KOJIMYECTBO 30JI0TA)
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3akiIroucHue

B xoze paboThl Hax MPOEKTOM OBLIIO TPOBEACHO MOJHOIIEHHOE MUCCIIEIOBAHNE
BOIIPOCA MPUMEHUMOCTH METO/I0B MAIIIMHHOTO 00YUYEHHUS K MPECKa3aHUI0 UCXOa
KOMaH/JHOTO KHOEpPCIIOPTUBHOTO COPEBHOBAHUS.

HccnenoBanue 1eMOHCTPUPYET MOJB3Y CUCTEMATUYECKOT0 OAX0AA K
no100py MPU3HAKOB JJIs MIPE/ICKa3aHMsl, a TAKKE CPAaBHUBAET HECKOJIBKO OCHOBHBIX
MoJieJIeld MallMHHOTO 00y4deHus. Mozenu, MpuMeHsieMbIE B CITy4ae JIMHEWMHO
pa3aeNnuMbIX HAOOPOB JaHHBIX (JIMHEMHAS U JIOTUCTUYECKAs PErpeccusi) MOKa3bIBAIOT
HE CaMbl€ JIy4dIllue Pe3yJIbTaThl, 4YTO O3HAYAET, YTO JIBA PACCMaTPUBAEMBIX Kiacca
JMHEWHO HepasJennMbl. B kauecTBe HEMMHEMHBIX KJIacCU(UKATOPOB OBLIIN BHIOPAHBI
BapHalyy aJIropuTMa pelarolero AepeBa U CIIy4aiHoro Jieca U3-3a ONMCAaHHbIX
paHee MPEeuMYLIECTB. DTH aJTOPUTMbI MAIIMHHOTO 00YYEHMSI TIOKa3bIBAIOT
pE3yNbTaThl, IPEBOCXOASAIINE PE3YIbTaThl JUHEHHBIX KIIaCCU(PUKATOPOB,
JOCTATOYHBIE JJIsl TOTO, YTOOBI CKa3aTh, YTO 3TA KATETOPUs MOJENIEH XOpOUIOo
MOJXOJMT JUIsl pELIEHUs 3a/1a4 Ha CTPYKTYPHBIX Habopax JaHHBIX. Bece pe3ynbraTsl
OBLIIM MOJYYEHBI C MOMOUIBIO CTAHJAPTHBIX METOJIOB pacueTa METPHUK B 3a/1a4ax
MaIlIMHHOTO O0yYCHHUSI.

Tak Kak IpeAMET U3yUeHUS — ’TO KOMAaHIHOE COPEBHOBAHHE, C TOUKH 3PCHUS
peaMEeTHOM 00J1aCTH, UCCIIEIOBAaHUE MOYKHO YIYUIIUTh, I00aBUB OOJIbIIIES
MIPU3HAKOB, OMMCHIBAIOIIUX CHITPAHHOCTh KOMaHAbl. Kpome Toro, eiie ogaum
HaIlpaBJICHUEM JaTbHEHIIIEr0 UCCIICI0BAHUS SBIISICTCS PEIICHUE 3a1a4H PeTPECCUU —
HarpuMep, MpeJACKa3aHus KOJIMYeCTBa HAHECEHHOTO YPOHA MIIM OYKOB Y ABYX
KOMaH/I ¥ IPUHATHE PEIICHUS Ha OCHOBE 3Toro. HakoHell, BO3MOKHO MPOBEPUTH
paboTy peaanu30BaHHBIX aAJITOPUTMOB Ha OOJIBIINX HA0OpaX JAHHBIX C
Heo(UIMATBLHON CTATUCTUKON MaTyeH.
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CIHMCOK MCIIOJIb30BAHHBIX HCTOYHHUKOB:

1

2

3

http://statistica.ru/theory/osnovy-lineynoy-regressii/

http://baguzin.ru/wp/prostaya-linejnaya-regressiya/

https://habr.com/ru/post/343752/#1-mnogomernaya-lineynaya-regressiya

https://habr.com/ru/company/io/blog/265007/

https://dyakonov.orq/2016/11/14/%D1%81%D0%BB%D1%83%D1%87%D0

%B0%D0%B9%D0%BD%D1%8B%D0%B9-%D0%BB%D0%B5%D1%81-

random-forest/
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