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06 aBTOpe

Anxyp Ilaten — Buue-npesupent kommanuy 7Park Data, Bxopsameit B nopr-
¢enb aKTMBOB MHBECTULIMOHHOI KoMnaruy Vista Equity Partners. Bmecre co cBo-
el KOMaH/o/ pa3pabaThIBaeT MpOrpaMMHBIE IPOAYKTHI IO 06paboTke AaHHBIX A/A
xefKk-(OHMIOB, a Taloke cucTeMy MLaaS (MammHHOe 06ydeHNe Kak ycayra), pea-
Ha3Ha4YeHHYIO A/1 KOPIOpaTMBHBIX K/IMeHTOB. B cucteMe MLaaS$ peanusoBanbl Ta-
KMe yCyTH, Kak 06paboTKa ecTeCTBEHHOTO A3bIKa, 0OHapyXeHMe aHOMaNif, K/ac-
TepU3alMA ¥ MPOTHO3UPOBaHME BpEMEHHbIX pAROB. Jlo TOro Kak HayaTh paboTaTh
B koMnanuy 7Park Data, AHKyp 3aHMMa/cs MCCIEROBAHUAMY [/I1 U3PAaUIbCKON
xommnanuu ThetaRay, ogHoro u3 nmmoHepoB B 06/1acTH NMPUKIAAHOTO MALIMHHOIO
oby4enus 6e3 yunrena.

AHKyp HauMHa/ CBOIO Kapbepy B KadecTBe aHanutuka B J.P. Morgan, mocne
yero paboTal BefyIIMM TpeiifilepoM MO KPEMUTHBIM ONEpalMAM C Pa3BUBAIOLLIM-
MMCA CTpaHaMM B MHBECTMLIMOHHOM KoMmaHuu Bridgewater Associates, aBnio-
WeiicA KpymHeidnM xemx-poHroM B Mupe. Briocnenctsum yupenun xemx-¢GoHn
R-Squared Macro, paspabaTbiBaBIuMil A/I8 KIMEHTOB CTpaTerny rnobanbHBIX Ma-
KPOMHBECTULMI Ha OCHOBE METOZOB MAalIMHHOrO obyuenusa. Bemmyckumk Ilko-
7bl 061ECTBEHHBIX M MEX/YHAPOAHBIX OTHOLIeHNIT MMeHK Byapo Bunbcona npu
IIpuHCTOHCKOM YHUBepcUTeTe, Ifie OB yAocTOeH npemuu umenn [xoHa Jlapkuna
3a Ty4LIYI0 MarMCTEPCKYIO AUCCEPTALIMIO B 06/1aCTy MOMMUTUYECKOI SKOHOMMUM.

06 uzo6paxkeHun Ha 06noxKe

JKuBoTHOE Ha 06/10KKe KHUTY — KOPOMKOulepcmHbiii, UM 06biKHOBEHHbIL, 80M-
6am (nat. Vombatus ursinus). HecMoTps Ha TO 4TO ero BUAOBOE Ha3BaHMe BK/IIOYa-
eT c71oBo “ursinus” (MefBenb), BOMGAT — CyM4YaToe XXMBOTHOE, OMU3KMIT POACTBEH-
HMK KO/ ¥ KeHTypy. [lukue Bombarsl BogATcs muiub B ABcTpanuu 1 TacManmu. Ux
eCTeCTBEHHOI Cpefolt 0OMTaHUA CYXKAT MPUOPEXHDIE Neca, PENKONEChA U KyCTap-
HMKOBBIE CTEIN, TAe OHYM POIOT HOPbI CBOMMM OCTPBIMM KOTTAMMU.

Tenno BoM6aTa NOKPHITO KOPOTKOM IyCTOI LIEPCTHIO, ETO KOHEYHOCTU KOPOTKHE
¥ CU/IbHBIE, HOC TOMBI, a yy He6Gonbiue. Kak u y mo6oro cymyaroro, y Bomba-
Ta MMeeTCA CyMKa (BHEUIHMI MelIodeK), B KOTOPOI XMBET AeTEHBIII, HO OHa MO-
BepHyTa Ha3af. TakuM 06pa3oM, MOpPIOYKa Ma/IbilIa O6pallieHa B CTOPOHRY 3aJHUX
KOHEYHOCTelt MaTepy. Brarogaps aToMy, Koraa BoM6aT poeT 3eMIIIo, IpA3b He Io-
NafaeT B CyMKYy. JleTeHbIM poXAAIOTCA NbICHIMU. BepeMeHHOCTh AUTCA MecAL,
HO B T€YeH}e IPUMEPHO elle OAHOro rofia MaTb IPOAO/KAeT KOPMUTD M COTPEBaTh
Manbllia.



JInuna Tena B3pocmoro BoM6aTa B CpeffHeM JOCTUTAET OFHOTO METpa, a BeC —
npumepHo 20 KT. B auKoit npupone BoM6aThl XXMBYT OKONO 15 €T M MpOU3BOAAT
IIOTOMCTBO pas B /iBa rofia. B HOYHOe BpeMsA OHM IPhI3YT BCEBO3MOXKHbIE TPABBI U
KOpEHbs CBOMMMY HENPEPbIBHO PAacTYILMMY IepeRHMUMM pesliaMu. B nienom Bomba-
Tl — HOYHDbIE )K/BOTHBIE, TeM He MEHee OHM He NPOYb MIOHEXXUTHCA Ha COMHLIILKE,
KOT7ja HaCTYTIAIOT XO/IOAA.

HenaBHO 65110 06HapY>keHO, 4TO CaMKa BoM6aTa, rOTOBas K CIIapMBaHUIO, 10-
KYCBIBaeT caMIia c3au. Taxue yKychl HUYEM He BpeAT CaMuy, IOCKO/bKY €ro WKy-
pa B 3TOM MecTe JOCTaTOYHO rpy6as. Bonee Toro, koraa BomM6ar oTpaxkaer Hama-
HeHMe XMUIHMKA, OH IOBOPAYMBAETCA K HEMY 3a[IOM ¥ 3a/1a3UT B HOPY, OCTaB/AA
He3allMIeHHOM CaMylo IPOYHYI0 YacTh CBOETo Te/la. BHellHe HeyKmoXui, nepen
JMLIOM YTPO3bl BOMOAT criocobeH pasBUBATh CKOPOCTb [0 40 KM/4ac.

MHorMe U3 >KMBOTHBIX, M306pakaeMbIX Ha OONOXKaX KHHUI WM3JaTebCTBA
O'Reilly, HaxopaTca nop yrpo3oit BLIMMPaHUA, M BCe OHM MTPEACTABIAIOT LEHHOCTh
[i/151 Halllero Mupa. YTo6hl y3HaTh O TOM, KAKMM MOXKET OBITh Balll TMYHbI BK/Iaf B
MX CIIaceHue, MoceTuTe caiiT animals.oreilly.com.

MUsobpaxkeHne Ha 06/10KKe KHUTYM — KOMMUA YepHO-6enmoit rpasiophl XIX crone-
TUA U3 MHOTOTOMHoOTO M3fauua Royal Natural History JIugexkepa.



BBeneHue

KpaTkas uctopua mawmHoro o6yuenus

MawnnHoe 06y4eHNe — K/Iacc MeTOAOB MCKycCTBeHHoro uurennexra (VIN),
NO3BO/AIOUIMX KOMIbIOTepaM 06y4aThcA Ha OCHOBE AaHHBIX (06BIYHO B XOfie pelle-
HUA Y3KOCTIELIMaMM3UPOBAHHBIX 3afla4) 6e3 ABHOTO NpOrpaMMupoBanua. TepMUH
MawunHoe o6yveHue 6bI1 BBemeH ApTypoM CaMioaneM, nereHpoit B obmactu MY,
eite B 1959 roay, ogHako Ao KoHua XX BeKa /MIIb HEMHOTUM NIPOEKTaM YAanoch
JOCTUTHYTb KOMMEPYECKOTo ycIexa B 00/IacTi MAIIMHHOrO 06yueHMs, KOTOpas
ocTaBazach He 60/1ee YeM HuLIelt A/ aKafleMUIeCKUX MCCTIEROBaHMIA.

IToHavany (B 1960-e rogsr) MHOrMe 4neHbl coobuiecTBa VIV 6b11u NOMHBL OI-
tumusma. Hanpumep, Tep6ept Caitmon 1 MapBun MuHCKmit nonarany, 4ro goc-
THXKEHME MCKYCCTBEHHBIM MHTE/IEKTOM YPOBHA 4e/lOBE4eCKOTO pasyMa — [€No
6mxanLInX KecATUNETHIT

Yepes aBaguaTh €T MawuHbl GYAYT CIOCOGHBI BBHIMOMHATbL mobyio paboty,
KOTOpas IO CU/TY YeNOBeKYy.

TIepbepm Caiimon, 1965 e.

Yepes 3-8 n1eT y Hac MOABATCA MallMHBbI, 06Mafalolme O01IMM MHTENIEKTOM Ha
YPOBHe TUIIMYHOTO YelTOBEKa.
Mapeun Munckuii, 1970 2.
OcnenieHHble ONTUMMU3MOM, UCCIEfOBaTenM CPOKYyCHpOBaIuUCh Ha PasBUTUM
IIPOEKTOB TaK Ha3bIBaeMOTO cunvHozo VIV, VIx uenvio 6b1/10 co3faHMe MHTEN/IEK-
Tya/IbHBIX aT€HTOB, CTIOCOGHBIX pelaTh 3afjauu, OpMUPOBATh 3HAHMA, 00y4aThCA
M IUTaHUPOBATH CBOM AEMCTBUA, IOHMMATh €CTECTBEHHBIN A3bIK, BOCMIPUMHUMATD
OKPY>KalOLIlyI0 CPeRYy M KOHTPOMMPOBAaTb MOTOPUKY. Bceobmmit aHTy3masm cro-
cO6CTBOBaN MpPHUB/IEYEHNI0 CEpbe3HOT0 PUHAHCMPOBAHUA CO CTOPOHBI TaKMX Op-
raHusaumit, kak MuructepcTBo o6opons! CIIIA, ogHako 3afauy, CTOABILNE NEpef
MCCIIeROBATENAMY, OKA3a/IUCh HACTONBKO aMOMI{MO3HBIMM, YTO TOIBITKY PELIMTh
X B Ty Nopy 611y 3aBeROMO 06peyeHbl Ha IPOBaJl.

! 3 upen spoxnosuu Crannu Ky6puka Ha cosganue B 1968 rogy o6pasa pasyMHOTO KOMIbIOTepa
HAL 9000 B ¢punbme “Kocmuyeckas ogucces 2001 ropa”









OcHoBHble 3Tanbl pa3BuTiA npuknagHoro UK
3a nocnepHue 20 net

Huxenepeuncnensble Bexu passutus VIVl cnoco6cTBoBanmyu ToMy, 4TO 3Ta 06-

NIaCTb MCCENOBaHMI, TepBOHAYa/IbHO NIPEACTAB/IABILIAA TUILIb aKaIEMUYECKUIA UH-
Tepec, TpeBpaTU/IACh B NNEPEAOBOI Kpait COBpEMEHHOI HayKu.

1997 rop: uraxMaTHblit cynepkommbiotep Deep Blue nop ynpasnennem VU,
HaXOMBIUMICA B pa3paboTke c cepemuubl 1980-X rogoB, BHIMIpan MaTy y
YyeMIMOHa Myupa 1o maxmaram fappu Kacnaposa — co6biTite, mpoKo ocBe-
1aBLIeecs B Impecce.

2004 rop: ympaB/eHMEe IIE€PCNMEKTMBHBIX MCCIENOBATENbCKUX IPOEKTOB
MunncrepctBa o6oponnsl CIIIA (DARPA) opranu3oBano npoBefieHNUe B Iyc-
ThIHe eXXeTOfHbIX COPeBHOBaHMIt aBToMOo6ueit-poboTos. B 2005 ropy rnas-
Hblit Ipyu3 3aBoeBan CraHdopackuit yuusepcutet. B 2007 roxy yuusepcurer
Kaprern — MemntoHa go6uics aHalOrMYHOTO pe3ynbTaTa B TOPOACKUX YC-
nosusx. B 2009 roxy komnanus Google cospana 6ecrMIOTHbI aBBTOMOGUTID.
K 2015 rogy MHOrue TeXHOMOTMYeCKMe TUTaHTBI, BKmovas Tesla u Uber, 3a-
NycTUAM 1eApo GpuHaHCUpYeMble IPOTPaMMBI TI0 CO3AHMIO 6ECTIMIOTHBIX
MallIMH.

2006 rog: Ixedpdppu XuHTOH U3 yHMBepcuTeTa TOPOHTO MPEMNTOXUT GBICT-
pBlit a1TOPUTM 06y 4eHUA MHOTOC/IOMHBIX HEMPOHHBIX CETel, YTO MONIOXKUIO
HayaJIo peBOMIOLMH ITy6OKOro obydeHus.

2006 rox: xomnauus Netflix oprannsoBana copesHoBanus Netflix Prize ¢
TIPM30M B OfYH MU/I/IMOH JO//IAPOB, IPEN/IOKMB KOMaH/aM pa3paboT4nKoB
UCIIONb30BaTh MalIMHEOE 00y4YeHMe A/1s TIOBbIIIEHNA TOYHOCTH CBOEI PeKo-
MeHJIaTe/IbHOM CUCTEMBI No KpaitHelt Mepe Ha 10%. OfHa M3 KOMaHA 3aBoe-
Bana 3TOT npu3 B 2009 rozy.

2007 rop: M1 pocTur ypoBHA YeNOBEYECKMX BO3MOXKHOCTEN NpPU UTpe B
IIAIIKY; COOTBETCTBYIOLIEE pellieHune 6bI/Io MpelNoXKeHO KOMAH/ol paspa-
60TYMKOB U3 YyHUBepcuTeTa ANbOEPTHI.

2010 rox: B paMkax npoekta ImageNet 6b111 OpraHM30BaHbl €XETOLHbIE CO-
pesHoBanusa ILSVRC (ImageNet Large Scale Visual Recognition Challenge), B
KOTOPBIX KOMaH/Ibl-Y4aCTHUKM JHO/DKHBI MCTIONIb30BATh a/ITOPUTMBI MAlLUVH-
HOTO 00y4eHMUs A7 KOPPEKTHOTO Paclo3HaBaHMA 1 Knaccudukanmum o6bek-
TOB, XPaHALIMXCA B BUAE KPYIIHOTO M XOPOLIO [eTaNM3UPOBaHHOTO Habopa.
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3TN COpeBHOBaHMUA NMPUBJIEKIM 3HAYMUTe/IbHOE BHMMAaHME CO CTOPOHBI KaK
aKaZleMMYeCKMX, TaK ¥ TEXHONMOTMYeCKMX IMTaHTOB. biaromaps mporpeccy
B pa3paboTKe IMy6oKuX CBepTOYHBIX HEMPOHHBIX ceTelt ommnbKy Kmaccudu-
Kaluu, koTopas B 2011 rogy coctaBuna 25%, yaanoch CHUSUTh BCETO JIUILD
A0 HECKONBKUX MpoLieHTOB B 2015 rofty, 4To c/ienano BO3MOXKHBIM CO3[jaHNe
KOMMepYeCKMUX MPUIO>KeHUM A1 KOMNbIOTEPHOTO 3peHMA M paclOo3HABaHUA
00beKTOB.

2010 rom: xoMmaHua Microsoft BeIMycTMIa 6€CKOHTaKTHBI CEHCOPHBIN
urpoBoit koHTponnep Kinect ana xorcomn Xbox 360, cioco6HBIi OTCIEXH-
BaTb [IBJM)KEHNA 4€/10BEYECKOTO T€a ¥ TPAHC/IMPOBATh UX A/IA yNpaBIeHUA
UTPOIL.

2010 rop: xomnanus Apple kynuna Siri, ORMH 13 MepPBBIX rOIOCOBBIX MOMOIL-
HMKOB, ¥ B OKTA6pe 2011 roga BK/IIOYN/IA €r0 B COCTAB IPOrpaMMHOro obe-
cneyerns ans iPhone 4S. B KoHeYHOM cyeTe rOIOCOBOM MOMOIIHMK Siri cTan
COCTaBHOJ YaCThIO BCeX MpoaykToB Apple. brarogaps ucnonb3oBanuio cep-
TOYHBIX HEVIPOHHBIX CeTell ¥ peKYPPEHTHBIX CETel € JONTOi KPaTKOCPOYHOM
namAThio,Siri croco6eH pacnosHaBath peyb M 0OpabaThIBaTb €CTECTBEH-
HBIif A3BIK. BcKOpe B 3Ty rOHKY BK/TIOYM/INCH KOMITaHMM Amazon, Microsoft
1 Google, BHIYCTHB aHaNOrM4YHbIE IPOTPaMMHbIe TIPORYKTH Alexa (2014),
Cortana (2014) u Google Assistant (2016) cooTBeTCTBEHHO.

2011 rop: IBM Watson, MHTeN/IEKTya/IbHbI} areHT BOIIPOCHO-OTBETHOM CU-
CTeMBI, pa3paboTaHHbI KOMaHAO MO pyKkoBoAacTBoM [leitBuna Peppyuun,
Mo6MN pe3ynbTaThl MpeAbIAYIIMX MobenuTenelt aMepMKaHCKOM TeNMeBUKTO-
punsl Jeopardy! Bpana Partepa u Kena [IxeHHuHrca. B HacTosmee Bpemsa
IBM Watson ucnonb3yercsa B pAfie OTpacieit, BK/I04Yas 3[paBOOXpaHEHNE U
PO3HUYHYIO TOPrOBIO.

2012 rop: rpynma, pa6orasuas Hag npoekToM Google Brain nox pykosop-
crBoM OHapio blHa u xedda [Inna, 06yunna HeitpOHHYIO CeTh pacno3Ha-
BaHMIO KOTOB Ha HEpa3MeYeHHbIX U306 pakeHNAX, B3ATHIX M3 BUAECOPOINKOB
YouTube.

2013 rop: komnanns Google Bbimrpana copesHoBaua Robotics Challenge,
nposonuMble DARPA, B KOTOpBIX IOTyaBTOHOMHBIE POGOTHI PeLIaloT CIOXK-
Hble 3aflayM B YCTIOBMSIX M3MEHYMBOTO OKPYXXEHMA: yIpaBIeHue aBTOMOOK-
7eM, TiepelllaruBaHye Yepe3 NMPEMATCTBIUA, OCBOGOX/AEHME BXOAA OT 3arpo-
MOXX/IAIOLIMX €r0 MPeMETOB, OTKPBITHE ABEPElt M IIOJIbeM MO JIECTHMUIIE,
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o 2014 rox: xoMnanua Facebook ony6nykoBana pe3ynbraTsl pa3spaboTku Helt-
pocucteMsr DeepFace, cioco6HoI pacrio3HaBaTh NMMIIa MOAe Ha ppPOBBIX
N306paXkeHNAX C TOYHOCTBIO 97%, 4To 6onee yeM Ha 27% NpPeBOCXORUIO pe-
3y/IbTAaThI MPEbIAYILIMX CUCTEM M NPUOIIKANOCh K YPOBHIO Ye/IOBEYECKUX
BO3MOXKHOCTEIR.

o 2015 rop: komnanus DeepMind paspa6orana nporpammy AlphaGo s urpet
B T0, KOTOpas BBIMIPa/la MaT4 y mpodeccuoHana MupoBoro Knacca ®anp
Xyas. B 2016 rony AlphaGo nob6eguna Jiu Cegons, a B 2017 rogy — Kba [Ize.
B 2017 rogy HoBaA Bepcua mporpaMmsbl mop Haspanmem AlphaGo Zero
ofiepxana mobeny Hap npenbipymeit Bepcueit AlphaGo co cyetom 100:0.
[TIporpamma AlphaGo Zero ucnone3yeT MeToab 06yueHns 6e3 yunurens u os-
NafieBaeT MacTepCTBOM UTPHI B TO, UTpas caMa ¢ co60it.

e 2016 ropg: xommaHua Google BbIMycTM/IAa KapAMHANbLHO NepepaboTaHHYIO
BEpCUIO CBOEJ CHCTeMBbI MallHHOro mepesBona Google Translate, 3amMeHuB
CYILIeCTBYIOLIYI0 IPOrPaMMY, OCHOBAaHHYIO Ha IepeBofie ¢pas, HelfpocucTe-
Mot ITTy60KOTo 06y4eHMs, 4TO O3BO/AIO CHU3UTD 4NC/I0 olM6OK NepeBoaa
K0 87%, Npub/Iu3MB ee K YPOBHIO 4e/IOBEYECKMX BO3MOXHOCTE.

o 2017 rog: mporpamMa Libratus, paspaborannas B yuuBepcurete Kapuern —
MennoHa, cTana nmobeauTenieM B TypHUpe N0 6€3TMMUTHOMY TEXacCKOMY
XONAeMy.

e 2017 rop;: 60T, 06y4eHHBII HEKOMMEPYECKOI MCCTIeAOBaTENbCKOM KOMITaHN-
eit OpenAl, o6sirpan npogeccuoHaILHOTO UTpoka Ha TypHupe no Dota 2.

0t cnaboro UU k cunbHOMy

KoHeuHo, nepeuncneHHsle ycnexu B npumeHeHnu MU ana pemenns y3kux 3a-
fla4 — 3TO BCETO JIMLIb OTNIpaBHaA Touka. B cpene coobiecTa VIV xpenHer Bepa
B TO, YTO 06'beAMHEeHNe HeCKOMbKUX cn1a6bix cucTeM VIU oTkpoeT nyTh K pa3paboT-
Ke cunvrozo VIV (artificial general intelligence — AGI). Takoit AGI-areHT cMoXeT
$YHKLUMOHMPOBATDb Ha YPOBHE Ye/lTOBEYEeCKMX BO3MOXHOCTEN /1A peIeHNs MUpo-
KOTO KpyTa 3ajay.

HexkoTopsle uccnenoBarem NporHo3upYyIoT, 4TO BCren 3a TeM, Kak MU cpaBua-
€TCA 10 CBOMM BO3MOXHOCTAM C YE€/IOBEKOM, CTONMb cunbHbIN VIU npeB3oiigeT ye-
JIOBEYECKMII MHTE/IEKT U JOCTUTHET YPOBHA TaK Ha3bIBAEMOTO CynepuHmennexma.
CoI/acHO pa3lMYHBIM OLI€HKaM JUIA 3Toro norpebyerca Kak MUHMMYM 15, a To 1 100
7IeT, HO GOMBIIMHCTBO MCCIEROBaTeNel CXOAATCA B TOM, uTo U cMoxeT gocTaTouHO
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http://jupyter.org/index.html
https://stanford.io/2Tju4al
https://scikit-learn.org/stable/




Qaiinbl npumepos 1 UBeTHbie UNNIOCTPaLIUK

Bce npuMepsl porpaMm, UCIONb3yeMble B KHUTE, JOCTYIIHBI /1A 3arpy3Kyu Ha
caitte GitHub:

http://bit.ly/2Gd4v7e
Taxxe ApXUB JIOKA/IM30BaHHBIX d)ax?mos ROCTYTIEH Ha caire N3xaTeNnbCTBA:

http://www.williamspublishing.com/Books/978~5-907144-99-6.html

[m)&y% 8] Bce unmocTpauum K KHUTe B IBETHOM BapMaHTe JOCTYIIHBI 110 aApecy:
e,

http://go.dialektika.com/unsupervised

Xnaem Bawumx oT3bIBOB!

Bbl, 4MTaTeNIb 3TOJ KHUTH, Y €CTD ITIaBHBIIT €€ KpUTUK. MBI LeH!M Ballle MHEHUE
M XOTUM 3HaTh, YTO OBbIZIO CA€TaHO HaMy NPaBM/IbHO, YTO MOXHO OBIZIO cHe/naTh
JIyY1LIe ¥ YTO elle BBI XOTeMM OBl yBUAETb M3NaHHBIM HaMu. HaM uHTepecHsI mo6ble
BalIM 3aMeYaHMA B HAIll afpec.

MBI XJeM BallIMX KOMMEHTapHeB U HafieeMcA Ha HUX. Bbl MOXkeTe Ipyuc/IaTh HaM
3NeKTPOHHOE MUCbMO TM60 MPOCTO MOCETUTH HAIll CAT M OCTABUTH CBOM 3aMeva-
HuA TaM. OQHUM CTIOBOM, MIO6BIM YAOGHBIM 1A Bac cioco60M faiiTe HaM 3HATh,
HpaBMUTCA /M BaM 5Ta KHUTA, a TakKe BBICKKUTE CBOE MHEHME O TOM, KaK CeNaTh
Haly KHUTY 60/ee MHTEPECHBIMM A/IA Bac.

Otnpasnas nucbMo umu cooblieHme, He 3a6yfIbTe yKa3aTh Ha3BaHME KHUTH U ee
aBTOPOB, a TaK)XXe CBOIf 06paTHBIN aipec. Mbl BHMMAaTeNIbHO 03HAKOMMMCA C BalIUM
MHEHMEM M 005A3aTeNIbHO YYTEM €ro npy 0T60ope U NMOATOTOBKE K M3AaHUIO HOBBIX
KHMT.

Hamy snexTpoHHbIe agpeca:
E-mail: info.dialektika@gmail.com

WWWw: http://www.williamspublishing.com
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YACTD |
OcHoBbl 06yueHna 6e3 yuutens

MBI HauHeM MEPBYIO YaCTh KHUTU C OOCYXKAEHUA TEKYILIETO MONOXKEHUA A€M B
o6/1acT¥ MalMHHOro 06yYeHMs M CMOCOO0B BHEApEHMA MeTOROB o6yueHns 6es
y4uTens. MBI peanuayeM roTOBbIIf IPOEKT C HYJIA, YTO IIO3BOTMT MOHATD, KaK Ha-
CTPOUTB POTPAMMHYIO Cpefy, 3arpy3uTh ¥ MOATOTOBUTD AaHHBIE, BHIGPaTD a/ro-
PUTMBI MAaIIMHHOTO 06y4eHUA ¥ GYHKLMIO IIOTEPD, @ TAKKE OLEHUTD MOTyYeHHbIE
pe3y/nbTaThl.






MMABA1

06yueHue 6e3 yuntens Kak oauH U3 BUA0B
MaLUNHHOrO 00yYeHus

Bonbutyro 4acTb 3HaHMI MIOAY U XKMBOTHbIE IPHOGPETAIOT B XOAe CAMOOGYYEHNA.
O6yuenne 6e3 yunrens MOXHO NPEACTABUTD KaK TOPT, I71a3ypb Ha KOTOPOM —
o6yueHMe ¢ yuuTeneM, a BULIEHKA Ha TOpTe — 06ydeHMe C MOXKPEN/IEHNEM.

Mp&1 3HaeM, KaK NOATOTOBUTSD ITTa3ypb M BUILEHKY, HO He 3HaeM, KaK UCIedb TOPT.
ITpexpe yeM 3aAYMBIBATbCA O TOM, KakK IpUOIM3UTBCA K cO3RaHMI0 ucTuHHOro MU,
HaM HY>XHO CIIPaBUTbCA C 3afiadeit o6ydeHua Ges yumren.

An Jlexyn

NlaHHas I71aBa MOCBAIeHa U3YYEHUIO Pas/iNumii MEXIY 0OyYeHUEM C YIUTENEM
u 6e3 y4uTens, a TakKe CUIBHBIX M CIaObIX CTOPOH KaXKAOTO U3 3TUX MOAXOROB.
Kpome Toro, Mt 06CyAuM MHOTME TIONY/IAPHbIE AITOPUTMBI OOYUEHUA C yIUTeENEM
¥ 6e3 yumuTens u KpaTKO pacCMOTPMM TaKue METOAB], Kak o6ydeHMe ¢ YaCTMIHBIM
NpUBIeYeHNEM YIUTENA U 0OydeHNe C TOAKPEIIEHUEM.

ba3oBas TepMUHONOrNA MalLUHHOIO 06Y‘IEHMH

IIpexxae ueM YIIyOMUTbCst B M3YYeHME PasAMYHBIX THIIOB MalIMHHOTO obyye-
HUA, pACCMOTPUM MIPOCTOI pUMep, KOTOPbIi TOMOXET /TyYllle TOHATh BBOAUMBIE
NOHATUA: UNBTpaLMA craMa. [Ipeanonoxum, TpebyeTcs co3faTh MPOCTYIO Npo-
rpaMMy, KOTOpas MONy4aeT cOOOIIeHNA 3MeKTPOHHOM MOYTH U Knaccuduumupyer
ux mmbo Kak “cram’, mnbo xak “He criaM”. DTO TMIIMYHAA 3aJaua Knaccupukaumu.

OCBeXMM B IIAMATH K/TI0YeBble TEPMUHBI MAIIMHHOTO 06yyeHus. B aToi1 3agave
BXO0OHLIMU NepemerHbiMY CITYXaT TEKCThI COO6IeHMIT 37IeKTPOHHOI MouThH. Bxop-
Hble TepeMeHHbIEe TaK)XXe Ha3bIBAIOT HE3ABUCUMBIMU NePEMEHHbIMU, NPUSHAKAMU
WIN npeduxmopamu. B HaueM cnydae avixo0HAR nepemeHHAs — T.e. TO, YTO MbI
IbITaeMCs TIPEACKa3aTh, — MMeeT 3Ha4eHus “‘criaM” uau “He cmaMm’. Takyio mepe-
MEHHYIO TaKoKe Ha3bIBAIOT Yenes0ii, 3a8UCUMOt N omeemHoti (a ellie K1accom, To-
CKOJIBKY 3TO 3afjaua Knaccudukaumm).









Kakue — HeT. MeTKM LieHHbI TeM, YTO OHY NoMoraioT VIV oTaenATh cnaM oT 0CTanb-
HBIX COOOIEeHNIT TP 06yYEHNY C YIUTENEM.

B cny4ae o6y4enns 6e3 yuuTens MeTku oTCyTCTBYIOT. [losToMy 3amava MU He
ABNAETCA YETKO ONpPefeNIeHHOM, YTO OCTIOKHAET TOYHOE M3MepeHMue 3P QeKTMBHO-
¢t o6yuenus. BHOBb 06paTuMcs K 3ajade GpUABTPALIMM CTIaMa, HO Ha 3TOT pas 6e3
MCIIONB3OBAHMA METOK. Ternepb MHTeNIeKTyanbHbIi areHT 6yAeT NBITaTbCA MIOHATD
6a30ByI0 CTPYKTYpPY 3/MEKTPOHHBIX COOOLIEHNMIt, pa3buBas faHHblE Ha TPYIIbI, B
KaX/I0/ M3 KOTOPbIX COOGIEHNA CXORHBI MEXAY 060if, HO OTINYAITCA OT 006-
LIeHMN U3 APYTUX TPy

3agavya obydyeHns 6e3 yuntens GpopMynupyeTcs MeHee UETKO MO CPaBHEHMIO
c ofyueHueM c yuauTeneM, ¥ MHTE/UIEKTYa/TbLHOMY areHTy TpyAiHee €€ pellaTh, ¥ B
TO ke BpeMsl XOPOIIO IIPOAYMAHHBIN N/IaH AeCTBUI O3BO/IAET IIONYYaTh Gonee
MOILHBIE pelleHns. ITo 06yCNOBIEHO ClefyomuM obcToaTenscTsoM. VIV moxer
HaliTU HECKO/IBKO TPYIIN, KOTOpble OH NTOMETHUT KaK CIlaM’, HO IIpM 3TOM MOTYT
6bITH 06Hapy>KeHbI TaK)Xe TPYIINH, KOTOphle BIIOCTENCTBUM OYAyT MOMEYEHBI KaK
“BakHOE” MMM KAaTErOPU3UPOBAHbI KaK “ceMbs’, “paboTa’, “HOBOCTH, “MOKYNKM” U
T.0. [IpyTMM¥ C/I0BaM¥, TOCKONIbKY 3afiaya He 3aflaHa CTPOTO, MHTE/I/IEKTya/TbHbI
areHT MOXXeT OOHAPYXXUTb HOBble MHTEPECHBIE 3aKOHOMEPHOCTY IOMUMO TeX, KO-
TOpble Mbl IEPBOHAYA/TIBHO MBITA/TNCh HANTHL.

Bornee Toro, cucTemMa o6ydenus 6e3 yauTens mydille CIpaBrAeTCcsa ¢ 06Hapyxe-
HMEM HOBBIX 3aKOHOMEPHOCTEN B ITPEOCTAB/IAEMBIX €/1 HEN3BECTHBIX JTAHHBIX, YeM
CHCTeMa, OCHOBaHHas Ha OGYYEHIM C YUNUTeIeM, UTO [ieTIaeT ee B EPCIIEeKTUBE KyAia
6onee apdexTUBHOI. B 3TOM M 3aK/II04aeTCs NPeUMyIECTBO obydenus 6es yun-
TeNA.

CunbHble U cnabble cTOPOHbI 06yueHua ¢ yuutenem

OG6yueHue ¢ yuuTeneM OTIMIHO CIPAB/IAETCA C ONTUMM3ALINEI B CTydae HOCTa-
TOYHO YETKO ONpeAe/IeHHBIX 3aflad C MHOXXECTBOM MeToK. IIpeamonoxmMm, nmeer-
¢ 0ueHb 6OMbIIOI Ha6Op M306paKeHNIt, KAXKA0€e U3 KOTOPBIX CHa6XKeHO METKOM.
Ec/u 3TOT Ha6Op OCTATOYHO BETUK, @ TPEHMPOBKA OCYLIECTBIACTCA C MCIIOMb30-
BaHMEM a/ITOPUTMOB MAIUMHHOTO 00y4eHNs (Hampumep, C MIOMOLIBIO CBEPTOYHBIX
HEIPOHHBIX CeTelf) Ha AOCTATOYHO MOIIHBIX KOMIIBIOTEPaX, TO MBI CMOXEM MOy~
YUTb BECbMa HET/IOXYIO0 CUCTEMY KMaccuduKaumm n3obpaxeHnit Ha ocHoBe obyde-
HHUA C YUUTETIEM.

ITockonbKy B 06y4eHuy ¢ yuntenem VIV TpeHnpyeTcs Ha JaHHBIX, OH 6yzeT cro-
cobeH n3Meputh CBOK 3¢ PeKTHBHOCTH (mOCpencTBOM QYHKUMM NOTEPD), CpaB-
HMBasl TPENCKa3aHHYI0 METKY M306paKeHus C MCTMHHOM, KOTOpas XpaHUTCA B
daitne. UM 6yneT mbITaThcsA MUHMMU3NPOBATh QYHKIMIO TIOTEPh TAKMM 06pasoM,
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4To6b! ommnbKa Kmaccuukamuyu u3o6paxkeHNit, KOTOphIe ellle He MPEeNOCTaBAA-
ICh cucTeMe (HanpyUMep, U306 pakeHMIt U3 TeCTOBOTO Habopa), Oblla Kak MOXXHO
MEHbIIEN.

BoT nmoyeMy MeTKM MIpaloT CTONb BaXHYIO poNb — OHM 0b6ecrednBaoT BO3-
MO>XKHOCTb M3MePEHMUA OMOKM MHTENIEKTyanbHbIM areHToM. MM ucnonbayet 3Ty
MHPOPMALIMIO A/A MOBBILIEHNA IPOU3BOAUTENBHOCTH C TedeHMeM BpeMeHu. B oT-
cyrcTBue MeToK MV He 6yfeT 3HaTh, HACKO/BKO YCNEIIHO (MM HEYCIEIHO) OH
CpaB/IAeTCA ¢ Kaccuduiaumeit 306 pakeHuit.

OpnHaKo CTOMMOCTb PYYHOIt pa3MeTK! M306paxkeHuit JOBOMbHO BbicoKas. [laxe
NIpefBapUTENbHO TOATOTOBNEHHbIE HaOOPBI JAHHBIX COREPXKAT BCETO HECKOMBKO
THICAY METOK. ITO CTaHOBUTCA MCTOYHMKOM MpO6/IeM, TTOCKONBKY CHCTEMBI 06-
yYeHUA XOPOLIO CHPAB/AIOTCA ¢ Kaaccudukanmerr u306pakeHnit, A KOTOPBIX
MMEIOTCA METKM, M T7I0X0 — C Knaccuukarmeit Tex u306pakeHui, /1A KOTOPBIX
METKJ OTCYTCTBYIOT.

Kakumyu 6b1 MOLHBIMY HY GBIIM CUCTEMBI 06YYEHUA C YUUTENEM, OHM OTPAHN-
YeHBI B CBOUX BOSMOXKHOCTAX 0600111eHNA TOTyYeHHbIX 3HAHM Ha U306 paxkeHns
IIOMMMO TeX, KOTOpbIe GBI BK/TIOYEHB B pa3MedeHHbII TPEHNPOBOUHbIIt Habop.
[Tockonbky 6Gonpluas YacTh JOCTYIHBIX B MUpPE HaHHBIX He pasMeyeHa, B CTydae
06y4yeHns ¢ yuuteneM Bo3MoxHocTH MU mo addekTMBHOMY MUCIIONB3OBAHUIO
NprO6GpEeTEHHOrO OMBITa MPUMEHNTENTBHO K HOBBIM JAaHHBIM JOBOMIBHO OTPaHM-
YEeHBI.

WUnaue roBops, o6ydeHne ¢ yunTeneM OTNUYHO TMOAXOAUT AJIA PelleHUA 3a/1ad
cmaboro MU, HO Xy>ke ClipaB/seTcs C pelileHMeM 6onee aMOMLIMO3HBIX, HO MEHee
4eTKO 3afaHHbIX 3afa4 VIV cunbHoOro THMa.

CunbHble u cnabble cTopoHbl 06yueHus 6e3 yuutens

O6yueHKe ¢ yuuTeNeM NPEBOCXOAUT oOydeHne 6e3 yunTena npy pelleHnu YeT-
KO chOpMyNMPOBaHHBIX 3aay, A/11 KOTOPbIX MMEIOTCA YETKO ONpefe/eHHble 1ia-
6/10HBI, He CM/TBHO U3MEHAIOLIMECSA C TeYeHUEM BPEeMEHHU, U IIPY YCTIOBUY, YTO Y HAC
€CTb JOCTYT K OCTaTOYHO 60/blIMM HabopaM pa3MedeHHbIX JaHHbIX.

Ho B Tex cny4asx, koraa Ma6/oHb! HEM3BECTHBI, ITIOCTOAHHO MEHAKTCA MM Xe
MBI He MMeeM AOCTYIA K AOCTaTOYHO 60/MbLINM HabopaM pasMedeHHBIX JaHHBIX, Ha
MOMOILb NIPUXOAUT o6y4eHne 6e3 yauTens.

BMecTo Toro 4To6bl PyKOBOACTBOBaTbCA MeTKaMM, CMCTeMa 06yyeHua 6e3
yuuTens nsydaeT 6asoByio CTPYKTYPY AaHHBIX, MCIIO/Ib3yeMBIX B Ipoliecce Tpe-
HMPOBKM MOZieN. ITO JOCTUTAETCA 32 CHET MOMbITOK NPeACTABUTh TPEHUPOBOY-
Hble JaHHbIe ¢ MTOMOIIbI0 Habopa NMapaMeTpOB, pasMep KOTOPOTO 3HAYMTENbHO
MeHbliIe KOMMYECTBA PMMEPOB, ROCTYITHbIX B Habope faHHbIX. Brarogapsa aTomy
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obyueHMe 6e3 yuuTenA MO3BONAET MACHTUPULMPOBATD pa3NIMyHble IIA6MTOHBI B
Habope JaHHBIX.

B npumepe ¢ HabopoM u3ob6paxkeHuit (Ha 3TOT pa3 He CHabXKeHHbBIX METKaMM)
UM MoxeT uaeHTMGUIMPOBATD M TPYNIIMPOBATh M306paskeHUA, MCXOMA U3 TOTO,
HAaCKO/IbKO OHM CXOXM MEXAY c0601 M OTINYAITCA OT OCTA/TbHBIX U306paKEHMA.
HanpuMep, 6ynyT 06 beAnHEHbI B OTAE/IbHbIE IPYTIIBI BCe U306parkeHMs, TOXOXKME
Ha CTY7I, Bce U306 paskeHNs, IOXoXue Ha cobaky, 1 T.II.

Pasymeetcs, VIVl He MOMETHUT 3TH TPYNNbI KaK “CTYNbsA” UM “cob6aku’, HO Te-
nepb, KOTa CXONHBle M300paXKeHUA CTPYNNMpPOBaHBI, 4eNoBeKy 6ydeT HaMHOro
npolije paccTaBUTh MeTKM. BMecTO TOro YTO6BI MOMeYaTh MU/TMOHBI M306paxe-
HMI BPYYHYIO, CHIELMANUCTEl MOTYT BPYYHYIO NPUCBAaMBaThb METKM Pas3lTUIHBIM
TpyInaM, Hoc/e Yero 3T MeTKM OYAyT aBTOMaTH4YeCKy IPUMEHEHbI KO BCeM aJle-
MEHTaM TPYIIILL.

Ecnu no 3aBeplueHMy HayanbHOM TPEHMPOBKM MHTE/IEKTYa/IbHbINA areHT 06-
HapY>XKMT M306paxKeHus, KOTOpble He MPUHAM/IEKAT HU K OHONM U3 MOMEYEHHbIX
ITPYIIN, TO OH CO3AAcT OTAENbHble IPYNIBI A/ TAKMX HeKMacCMPUIMPOBaHHBIX
1306paxkeHMIt, TIEPENIOXKMB Ha 4YelIoBeKa 3afiady IOC/eAyolleil pa3METKM HOBBIX
rpymIL

O6y4eHne 6e3 yuuTensa mpeBpaliaeT 3afayM, KOTOpble paHee He YHaBa/loCh
pelIaTh, B TaKue, KOTOpble JOMYCKAlOT BO3MOXXHOCTb MX pellleHHs, Y MO3BONAET
HaMHOTO OBICTpee HaXOAUTh CKPBIThIE 3aKOHOMEPHOCTHU (1Ia6/IOHbI NTOBEleHMA) B
MCTOPUYECKUX AaHHBIX, KAK HOCTYIIHBIX B IIpol{ecce TPEHUPOBKH, TaK M OyAymmx,
C KOTOPBIMM CUCTEMa JIO CUX TOp He cTankuBanach. bomee Toro, Tem cambim VIM
NpOK/IafbIBaeT NMYTh K 06paboTKe OrPOMHBIX XPaHM/MIL Hepa3MeYeHHbIX JaHHBIX,
CYILeCTBYIOLIMX B MUPE.

HecMoTps Ha TO 4TO obydeHMe Ge3 yumTens MeHee NMPUrOFHO A/IA PelIeHUA
cneyududeckux 3afad co cTporoit GopMynMpoBKOI IO CPaBHEHMIO C ObydeHneM
C YYMUTe/IEM, OHO NTyHllle CTIPAB/IAETCA C “Pa3MBITBHIMM ™ 3a/la4aMM, CTOAIMMM Mepen
cunbHbM VI, 1 0606111€eHMeM IpHOOpeTeHHBIX 3HAaHMIA.

Taxxe HeMa/noBaxeH TOT QaKT, YTo obydeHue 6e3 yuuTeNna cnocobHo okasaTh
MOMOLb IIPY pelleHUy MHOTMX OGBIYHBIX 3afiay, C KOTOPBIMM 4acTO NMPUXORAUTCA
CTaNKMBAThCA AHA/IMTUKAM TIPU CO3AAHUY TIPUTOKEHMIT MAIIMHHOTO 06yueHH .
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Ucnonb3oBanue 06yuenns 6e3 yuutena ana ynydiieHus
CHCTEM MaLLMHHOTO 06yuenua

HepaBsHue ycnexu B 06/1acTi MalIMHHOTO 06y4eHMA 00YC/IOB/IEHBI pacIIMpeHU-
eM BO3MOXXHOCTE! AOCTYMa K 6onbIuM 06 beMaM AaHHBIX, PE3KMM MOBBIILIEHUEM
BBIYMCTINTENIbHBIX MOLIHOCTE!, TIOAB/IEHNEM O6/Ta4HBIX PECYPCOB, a TAKXKe IIPOPHI-
BOM B pa3paboTKe COOTBETCTBYIOIMX anropuTMoB. Ho aTi ycmexut I1aBHBIM 06-
pa3oM JOCTUTHYTHI IIpY pelleHuM 3afiaq y3koro VM, Takux xak kmaccudukaums
1306 pakeHM, KOMIBIOTEPHOE 3peHNe, paclo3HaBaHMe peun, 06paboTka ecTec-
TBEHHOTO A3bIKa ¥ MALIMHHBIN IIEPEBO.

Pemrennte 6onee aM6uumosHbix 3agad VMM Tpebyer mpuBredeHus obyyeHus
6e3 yunrensa. PaccMOTpuM Hanbornee pacnpocTpaHeHHbIe TPo6IeMbl, C KOTOPHIMM
TPUXOAMTCA CTANKMBATHCA UCCIIEAOBATENAM NIPU MOCTPOEHMM TIPUIOKEHMUHA, M T1O-
TIbITaeMcsA OHATD, KaKyIo IIOMOLIb B STOM MOXKET OKa3aTh 00y4yeHue 6e3 yuurens.

HexsaTtka pasMeyeHHbIX JaHHbIX

ITocTpoenne VIV MOXXHO CPaBHUTD C CO3AaHMeM KOCMUYECKOTO KOpa6s.
Pacnionaras MOLIHBIM ABUTaTeNEM, HO MM3EPHBIM 3aIIaCOM TOIIMBA, BH HE
CMOXKeTe BbIBECTH paKeTy Ha op6uTy. B To ke BpeMa pakeTa ¢ TOHHaMM
TON/IXBA, HO Ma/IOMOIIHBIM IBUTATE/IEM He CMOXKET OTOPBAaTbCA OT 3€M/IH.
YTo6h! 3amycTUTD paKeTy B KOCMOC, HeOOXOMM MOLIHBII {BUTATENb

¥ OCTaTOYHO GO/IBIIION 3aTIac TOMINBA.

Anuopro bl

Ecyu npoBecTy aHANornI0 MeXXAY MaLIMHHBIM 0OydeHMeM U KOCMUYECKUM KO-
pabneM, To faHHBIE MOXHO YIIOROOMTH TOIIMBY — 6€3 HMX Halll anmapar He CMOT
651 B3neTeTh. HO He Bce maHHbIe paBHOLEHHBI. YTO6BI MCIIONB30BATD A/ITOPUTMBI
06y4eHuUsA ¢ yuuTeneM, HaM Tpe6yeTcst MHOXKECTBO pa3dMeYeHHbIX AaHHBIX, TeHEPU-
pOBaHMe KOTOPBIX — TPYAOEMKMI U 3aTPaTHBIN MpoLecc.

B cry4ae o6y4enus 6€3 yuuTens Mbl MOXKEM aBTOMATHYECKM TOMEYATh Hepa3Me-
4eHHbIe 06pa3ibl. BOT Kak 3T0 AenmaeTcs. MBI K/1acTepusyeM Bce 06pa3libl, a 3aTeM
NIpMMeHAEM METKM U3 pa3MeueHHbIX IPUMEPOB K Hepa3MeueHHbIM, TIpMHaJIIexa-
UM K OBHOMY K1acTepy. Hepa3aMeueHHbIe 06pasLibl TOTy4aT MeTKYM TeX 06pas3LoB,
C KOTOpPBIMM OHM MMeWT Haubonbiuee cxoacTso. (Kracrepusaums nogpobHo mc-
c/lepyeTcs B I7aBe 5.)
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Nepeobyuenne

Ecmyu TpeHMpoBOYHbBIE ZaHHBIE UCTIONB3YIOTCA /IS TOTO, YTO6BI 0OYYMTD anro-
PUTM MalLIMHHOTO OOYYEeHUA YPe3MEPHO CIOKHOM QYHKLMM, TO OH MOXKET I/IOXO
paboTaTh Ha mpUMepax, KOTOpbIe eMY ellie He IIPeAOCTaB/IANNCH, CKaXXeM, Ha TIpK-
Mepax 13 HabOpOB, 3ape3epBMPOBaHHBIX B Ka4eCTBE Ba/IMAALIMOHHBIX UM TECTO-
BBIX. B 3TOM c/yyae B pe3ynbTaTe M3BeYeHMA Yepecyyp 60/1b1IOro o6bema MH-
¢dopmaLMy U3 IryMa, COAIEPIKAILETOCs B JaHHBIX, BE/TMKA BEPOATHOCTD IIPOABIEHUA
addexToB nepeobyuenus (overfitting), IpUBOAALINX K 3HAYUTE/TLHOMY YXYAIUIEHUIO
o6obmaromeit criocobHocTH Mopeny. VIHBIMM CTIOBaMy, aNTOPUTM 3anomuHaem
obyJaloilye JaHHbIE, a HE YYUTCA TOMY, Kak 060611aTh IpuobpeTeHHbIe 3HAaHUA Ha
ApyTHe cmydan’.

Jins npeoponeHus 3Toi Mpo61eMBbl MOXKHO MCIIONIb30BaTh 00y4eHue 6e3 yuure-
711 B Ka4eCTBe perynapusaropa. Pezynapusayus — 3To IpOLECC CHMKEHUA CIIOX-
HOCTM a/ITOP1TMa MalIMHHOTO 06y4eHMA, COCOOCTBYIOUIMIL M3B/IEYEHNIO CUTHATIA
U3 3alIyM/IEHHBIX AaHHBIX. OgHOM U3 GopM perynapusaumm CnyXuT mpeaBapu-
TenbHOE 06yueHne 6e3 yumrensa. BMecTo Toro 4To6n nmepenaBaTh OPUTMHANbHBIE
BXOJHBIE JaHHBIE A/ITOPUTMY OOYYEHMA C YIUTENEM, Mbl MOXKEM T€HEPUPOBATD UX
HOBOE IpeficTaB/IeHNe, KOTOpOe 1 Oy/leT epeAaBaTbcs allrOPUTMY.

STo HOBOe TMpeACTaBIeHNE 3aXBaThIBaeT Haubo/ee CyIeCTBEHHYIO COCTABIIA-
IOLIYIO MCXOAHBIX JaHHBIX — MX MCTMHHYIO 6a30BYI0 CTPYKTYpY, ORHOBPEMEHHO
M36aB/IAA Hac OT He COflepXKAILUEro 3HaYMMON MHPOpMauuyu uIyMa. AJTOPUTMY
o6yueHNs ¢ y4uTeneM, KOTOPOMY MepefaeTcss HOBOe MpeficTaB/leHne, byaeT nerye
CIIPaB/ATBCA C OCTABLUIMMMUCA LIYMaMy Y U3BJIEKATh NIO/IE3HBIN CUTHAJI, YTO IIPUBe-
AeT K yny4lieHuIo ero obo6mamwomuteir cnocobrocty. (bonee mogpobHomy obcysxne-
HMIO 3TOi TeMBI MOCBALIIEHA I71aBa 7.)

MpoknAaTHe pa3mepHOCTH

HecmoTps Ha HEBMAAHHBII POCT JOCTYIHBIX BHIYUCIUTENBHBIX MOIHOCTE 06-
paboTka 60/MbLIMX AAHHBIX BCE ellje JOCTAB/IET TPYAHOCTH aITOPUTMAM MALIMH-
Horo o6y4uenus. Boobiie roBops, fo6aeneHne 6obl1ero KOMMYECTBa IPUMEPOB He

! ipyras npo6neMa, ¢ KOTOPOJ MOXXHO CTONKHYTBHCA B NPUTOXKEHNAX MAIIMHHOTO 06yueHus, — He-
0006yyenue, HO OHa pelwaeTcs ferde. IIpUUNHO! HeROOOYYEHUA CTAHOBUTCA U3MMUIHAA MPOCTOTA
MOl — aNrOPUTMY He YAAETCA MOCTPOUTD JOCTATOYHO C/IOKHYIO allPOKCUMUPYIOILYIO HyHK-
LIMI0, TIO3BO/LAIOLIYIO MPUHUMATh PeLIeHNs, KOTOpble XOPOLIO MOAXOAUIH OBl /I TEKyLIeit 3aaa-
4y, M36aBUTbCA OT 3TOJ MPO6IEMbI MOXHO MO0 32 CYET paclIMpeHusA anropuT™a (yTeM BBOAA
AOTIOTHUTENbHBIX TAPAMETPOB, YBEMMYEHUA KONMUYECTBA UTEpALIMit OGYdeHN U T.I1.), T60 3a CYeT
npuUMeHeHMUs Goree CIOXKHOTO ANTOPUTMA 06y deHUA.
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B cny4ae perpeccun VIV momkeH IpefcKasblBaTh 3HaYeHUS HenpepviéHOU Ile-
PEMEHHOI1, a He AMCKpeTHOIL. JIpyroe HasBaHMe PerpecCMOHHBIX 3afiad — KO/u-
HeCmMeeHHbilk aHANU3,

ANTOpUTMBI MaLIMHHOTO 06YUeHNA C yIMTeNIeM PaclIMpPAIOT 3TOT CIIEKTP 3aAay,
HO BCE OHM Halle/IeHbl HA MUHMMM3ALIMIO HeKOTOpOit PpyHKuMY moTepdb (Mm60 Mak-
cuMusanuy GyHKUMM 3HA4YeHUA), KOTOpas acCOUMMPOBaHa C METKAMM, MMEIOLLN-
MucsA B Habope JaHHBIX.

Kax y>ke ymoMuHanochb paHee, 60/bl11e BCero Hac FOMKHO 3a60TUTD TO, HACKOMb-
KO XOpOLIO CHCTeMa MalUMHHOTO 06ydeHus 06obmaeTcs Ha paHee He IPeOCTaB-
neHHble 06pasysl. 1 MuHMMM3auuy oMbk 06061eHNs OYeHb BaXXHO CAE/IaTh
TIpaBU/IbHBII BLIGOP anropuTMa o6ydeHNA ¢ YUuTeNeM.

Ins o6ecrieyeHNA KaK MOXKHO MeHblIIelt oMOKM 06061eHua HE0OXOAMMO, YTO-
6BI CTIOXHOCTD aITOPUTMMYECKOIT MOJIE/TN COOTBETCTBOBA/IA CIOKHOCTH UCTUHHOM
¢yHKUMK, 3a70XKEHHOI B JaHHBIX. MbI He 3HaeM, YTO B AEMCTBUTENBHOCTHU TIpe-
cTaB/AeT co60it 3Ta GyHKuMA. Ecri 651 3T0 6BI/10 M3BECTHO, TO HaM He MOTpe6oBa-
I0Ch ObI 3afieiCTBOBaTh MAIUMHHOE O6y4eHNe A CO3NaHMA MOZIETN — MBI MOITIU
6Bl IPOCTO MCIIONB3OBATh ITY GYHKLMIO 1A NOMy4eHMA KoppekTHOro oTeeTa. Ho
TIOCKO/IBKY MCTMHHAA QYHKLMSA HEM3BECTHA, MBI BHIGMpaeM a/IrOpUTM MAIIMHHOTO
06y4eHMs O/ TECTUPOBAHMA TMIIOTE3 M HAXOAMM MOJeNb, KOTOPas HaWTy4UIUM
06pa3oM anmpoKCUMMpPYeT UCTHMHHYIO QYHKIMIO (T.e. IPMBOAMT K HaMMeHbIUEN
BO3MOXHOI olnbke 06061meHNns).

Ecnu CIOXXHOCTB TOTO, YTO MOAEMMPYET aNTOPUTM, MEHbIIe CTOXHOCTU MC-
TUHHOM PYHKLMM, TO MBI CTONKHEMCA ¢ pobnemoit Hedooby4enus (underfitting).
B TakoM ciy4ae omu6Ky 06061meHNsA MOXKHO YMEHBIUUTb NOCPEACTBOM Bhibopa
anropuT™a, cioco6Horo MogenupoBarh 6onee cnoxuywo ¢yukumo. Ho ecin anro-
PUTM MOPOXK/AAET YEPECHYP C/IOXKHYIO MOREND, TO MBI CTO/IKHEMCSA C nepeobyyenuem
(overfitting) ¥ mOMyYMM nIOXMe pe3y/NbTAThl A/IA paHee He BCTPEYABIIMXCH AaH-
HBIX, YBEIMYNB OWIMOKY 0606UIeHNA.

Jpyrumu cnoBaMy, OTAABaTh MpeRNOYTEHME GOree CTIOXKHBIM aIrOPUTMAM I10
CpPaBHEHMIO ¢ 60nee MPOCTHIMY He BCerzja OyAeT MpaBU/IbHBIM BI6OPOM — MHOIZA
IPOCTOE /ydllle CIOKHOro. KaXKaoMy airopuTMy CBOCTBEH CBOJ Ha6Op CHMIbHBIX
¥ CMabbIX CTOPOH, a TaK)XKe JOTYLIEHMI, ¥ 3HAHME TOTO, KaKie 13 HUX CIeAyeT NpH-
MEHATD J/IA pelleHUsA KOHKPETHOI 3afjla4M C MMEIOLIMMMUCA JAHHBIMMU, ABIAETCA
OYeHb BAXXHBIM YC/IOBMEM OBNafieHNA UCKYCCTBOM MALUIMHHOTO O0y4YeHNUs Ha Ipo-
deccroHanbHOM YpOBHe.
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Hanee MBI paccMOTpMM Hau6o/Iee IIONYNAPHbIe aITOPUTMBI MAIIMHHOTO 06yye-
HUA ¢ yuuTeneM (BKIIOYas MX IIPAKTUYECKMEe IPUMEHEHNSA), @ 3aTeM — ATITOPUTMBbI
obyueHus 6e3 yunrens’.

NuHelHble MeTOAbI

Camble IPOCTbIE aITOPUTMBI OOYHEHNUSA C YUUTENEM MOAETUPYIOT TMHENHOE CO-
OTHOLIEHNE MEXAY BXOAHBIMU NPU3HAKAMM U BBIXOHOM NEPEMEHHON, 3HaYeHUe
KOTOPOIf MbI XOTUM NIPEACKA3aTh.

J\nHeitnan perpeccna

[TpocTeitinm U3 BceX arOPUTMOB ABNAETCA AUHEUHASA pezpeccuss, B KOTOPOM
MCITONb3YETCA MOAEND, IIPEAIIONAralollas MMHEHHOE COOTHOLIEHME MEXY BXOAHBI-
M¥ nepeMeHHbIMI (X) ¥ eAUHCTBEHHBIM BBIXONHBIM 3HaueHMeM (y). Eciu cooTHo-
IIeHUe MEXAY BXOAAMM 1 BBIXOAOM AECTBUTENBHO IMHENHOE, 2 MEXIY BXORHBIMM
InepeMeHHBIMYU OTCYTCTBYET 3HaUMUTeIbHAs KOPpeNAUmnA (CUTyalus, M3BECTHAA KaK
KONMUHEAPHOCMD), TO TUHENHAA PErpeccus CTaHeT HemoxuM Bei6opom. Ecnu xe
MCTMHHOE COOTHOIUEHME HOCUT 6oTee CTIOXKHBIN MM HETMHENHbIA XapaKTep, TO
MCTIONb30BaHMe TMHENHOM perpeccuy NpUBEeT K HeRooOydeHUIo®.

YuuTHIBaA MPOCTOTY CaMOrO arOPUTMa, MHTEPIPETALUA MOAENTUPYEMOTO UM
COOTHOLIEHUA TAaK)Ke He NPeACTaB/IAeT HUKAKOTO TPyAa. Mumepnpemupyemocmp
pe3ynbTaToB — O4eHb BaXkHbIit PpakTOp MauMHHOrO 06y4eHus, MOCKONbKY pelle-
HMe JO/DKHO 6BITb IIOHATO M BOIVIOLIEHO B XXM3Hb KaK TEXHUYECKUMMU, TAK U HETEX-
HUYECKMMM OTpPACleBbIMM CIIELMATUCTAMU. B OTCyTCTBME BOSMOXXHOCTHM MHTED-
NpeTaLyy peIleHNA OHO NPEBPALIACTCA B 3aTafJOYHbI YEPHBIN ALIMK.

CunvHuvie cmoponb

JIuHeitHas perpeccus OTIMYAETCA MPOCTOTON, UHTEPIIPETUPYEMOCTBIO U He-
CK/IOHHOCTBIO K IIEpe06y4eHNI0, IIOCKO/ILKY OHA HE B COCTOAHMM MOJIETUPO-
BaTb Ype3MePHO CTIOXKHbIEe OTHOLIEHMA. OHa BETMKOMENHO MOAXOMMUT /1A TEX
C/y4aeB, KOI/la COOTHOIIEHME MEX/Y BXOAHBIMY ¥ BHIXOTHBIMM [IEPEMEHHBI-
MM B OCHOBHOM AIB/IAETCA TMHENHBIM.

23T0T CIMCOK He ABMAETCA UCYEPIIHIBAIOIIUM, HO BKITIOYaeT GO/MBIIMHCTBO aITOPUTMOB, KOTOphIe
06BIYHO UCIIONB3YIOTCA B MALIXHHOM 06yueHu .

? K yMCTy ApYTHX MOTEHIMAMbHBIX IPO6/IeM, AealOIMX MMHEMHYIO PErPECCHIO HeyAauHbIM BapHaH-
TOM BbI6OPa, OTHOCATCA BRIGPOCH, @ TaK)Ke Ha/IMyYMe KOPPeNAUM MEXAY COCTAB/LAIOIMUMHM OIING-
KM ¥ HETIOCTOAHCTBO UX AUCTIEPCUM.

40 | fnasa 1



Cnabvie cmoponbi

JIuHeltHas perpeccus 6ymeT HeROO6YHaTbCA HAa JAHHBIX, €C/IM COOTHOILIEHUE
MEXAY BXOJHBIMM ¥ BHIXOAHBIMYU TIEpEMEHHBIMIU HEMMHENTHOE.

IIpumenrenue

IMockonbKy Bec YenoBeKa B 11€/IOM IMHEHO 3aBUCUT OT €70 POCTa, TMHENHAS
perpeccus 6yAeT XOpoLIO PeACKa3bIBaTh BEC Y€/IOBEKA, ICTIONb3Ys €I0 POCT
B Ka4eCTBe BXOAHBIX JaHHBIX, ¥ HA060POT.

Noructyeckan perpeccun

IIpocTeitumM anropuTMoM KnaccuomMKauMy SABNAETCA NOZUCMUYECKAS pe-
2peccust, KOTOpasA TaKXe OTHOCUTCA K IMHEMHBIM METOAAM, HO €€ MPeACKa3aHus
npeobpasyloTcA ¢ IMOMOLIbIO TOTUCTUYECKOI GYHKIMM. BbixogoM Takoro mpe-
06pa3oBaHNA ABNAIOTCA 8ePOAMHOCMYU KNACCO8 — WHA4e TOBOPS, BEPOATHOCTHU
NPUHAA/IE)KHOCTH 06paslia K TOMY MM MHOMY K/IaccCy, IpM4eM CyMMa BCeX Be-
POATHOCTelt MO BCceM o6pasiaM AO/KHA PaBHATBCA efUHMLE. 3aTeM KaXAoMy
NpUMepy TNPUIUCBHIBAETCA K/IAcC, BEPOATHOCTh NPUHAANEXHOCTH K KOTOPOMY
MaKcUMa/bHasi,

CunvHoie crmoponvi

Kax u nuHeitHas perpeccus, TOTMCTUYECKAA perpeccus OTIMYaeTCA MPOCTO-
TOM M MHTEPNPETUPYeMOCTbIO. EC/tu K/macchl, KOTOpbIe MbI MBITaEMCA Mpen-
CKa3aTb, He MepeKpPhIBAIOTCA U IMHEITHO PasfieNMMbl, TO IOTUCTUYECKAS pe-
rpeccus — OT/INYHBII BoIOOP.

Cnabvie cmopoHb
JlorucTudeckas perpeccusi He paboTaeT B Clyyae MTMHENHO HepasfenMMBbIX
K/IacCOB.

IIpumenrenrue

Ecmyu xmaccel — HampuMep, pocT pebeHka M pocT B3POCNIOTO 4YeloBeKa —
B L|e/IOM He IepeKpPBIBAIOTCA, TO JIOTUCTUYECKasA perpeccus AacT Xopoliue
pe3ynbTaTHL.

MeToab! Ha 0CHOBE COCeACTBa TOUEK

Jlpyryio rpymnmny o4eHb IPOCTHIX a/ITOPUTMOB 06pa3yloT METOAbI, OCHOBaHHBIE
Ha MOHATUM cocedcmea moyex (neighborhood). MeTons! 3T0it rpynmsr — nexugsie
y4eHuKy, IOCKONIbKY B JaHHOM ClTy4ae 06y4eHMe pasMeTKe HOBBIX TOUYEK OCHOBbI-
BaeTCA Ha MX GMU30CTH K y)Ke pasMeYeHHBIM TOYKaM. B oTnmume oT nuHeitHO Mnu
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JIOTUCTHYECKON Perpeccuy MOAENM, OCHOBAHHBIE Ha COCECTBE TOYeK, He 0byua-
I0TCA NpeAcKa3saHMIo METOK /LA HOBBIX TOYeK. BMeCTO 3TOro oHM NMpeNCcKa3biBaloT
METKH I HOBBIX TOYEK, MCK/TIOYMUTENIbHO MCXOMA U3 TOTO, HACKOTIbKO HOBbIE TOYKM
yHaseHbl OT CYLLECTBYIOIMX pa3MedeHHbIX ToueK. /lenusoe 06yyenue (lazy learning)
TaK)Ke OTHOCUTCA K METOAaM o6y4eHus Ha npumepax (instance-based learning), unn
Henanapamempu4eckum METONAM.

Metog k-6nvxaiimx cocegen

Hanbonee momynsApHbI METOR 9TOM KaTeropum — k-6nusativux cocedeti
(k-nearest neighbors — KNN). [Ina moMeTkyu Kaxpmoif HOBOJ TOYKM aNTOPUTM
OCYLIECTB/IAET MOUCK k GMIKAMIIMX COCERHMX NMOMEUEHHBIX Touek (e k — we-
JI0€ YMCNIO) U HafleNsAeT yXKe Pa3MeYEeHHBIX COCefell MIPAaBOM rojioca Npyu NpUHA-
TUY pellieHNs OTHOCUTENIBHO TOTO, KaKyI0 METKY C/IeRyeT MIPUCBOUTb HOBOJ TOYKe.
B kayecTBe Mepbl Ya/IEHHOCTM HOBOJ TOYKM OT 6mmxkaitiunx coceneit B KNN no
YMOT4aHMIO UCIIONb3YETCA €BKIMAOBO PacCTOAHMUE.

Ot BbI6opa 3HaueHUA k 3aBMCUT OYeHb MHOTO€. EC/IM OHO YCTaHOB/IEHO CMIL-
KOM HM3KMM, TO METOR NpUoOpeTaeT MOBBILEHHYIO TMOKOCTD, O4epYMBast IPaHN-
1IbI, YYUTHIBAIOIME MHOXECTBO HIOAHCOB, ¥ Nepeoby4asch Ha AaHHBIX. Ecy xe
WA k BbIGpaHO CMIIKOM 60MbIIOE 3HAYEHNE, TO METON TepAET IMOKOCT, O4epyn-
Basl CIMILKOM IPyOble rpaHMLbI M MOTEHUMATBHO HER006YYasach Ha JaHHBIX.

Cunvrvie cmopoxvi

KNN, B oTnu4ue OT NMHENHBIX METOAOB, OO/MajjaeT 3HAYUTENbHOM TMOKO-
CTBIO ¥ IPUCTIOCO6/IEH AN 00ydeHNuA 6omee CIIOKHBIM HETMHEHBIM COOTHO-
meHuaM. [Ipu aTOM OH coxpaHsAeT NIPOCTOTY Y MHTEPIIPETUPYEMOCTb.

Cnabvie cmoponbi

KNN nmoxo pa6oTaer B Tex Cly4asx, KOrfa KOMMIeCTBO HabmoneHuit 1 mpu-
3HAaKOB ROCTUTAeT KPUTUYIECKOI BEMMYMHBL. B yc/IOBUAX 3an0NHEHHOTO 607B-
IIMM KOZTKYECTBOM TOYEK MHOTOMEPHOTO NPOCTPAHCTBA METOJ, CTAHOBUTCSA
Hea(PEKTUBHBIM C BRIYMCIUTEIbHOM TOUKM 3PEHMA, IIOCKONBKY /LA Mpef-
CKa3aHMA NPU3HAKOB IIPUXOAUTCA PaCCIMTBIBATD PACCTOAHUA OT HOBOM TOY-
KV 10 y>Ke pa3MeueHHBIX MHOTOYMC/IEHHBIX COCEAHMX ToYek. OH He Mo3Bo-
/€T UCMONB30BaTh 3QEKTUBHYIO MOAE/Nb C YMEHBIIEHHBIM KOMTHMYECTBOM
MapaMeTpOB /I TeHepHPOBaHMUA HeOOXOAMMBIX NIpencKa3anuit. Kpome toro,
MeTOf BeCbMa UyBCTBUTENIEH K BbI6OpY mapamerpa k. IIpu cimiukoM HU3KMX
3Ha4YeHUAX k METOA MOXET IepeobydaThcs, a Py CAMIIKOM BBICOKUX — He-
Boo6yvaThbcs.
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ITpumenenue

KNN wmmpoko npuMeHsaeTcs B peKOMEH/IaTeTbHBIX CUCTEMAX, HAIPUMED TeX,
KOTOpble MCTONB3YIOTCA 1A NPOTHO3MPOBAHUA IIO/Mb3OBATENbCKUX TPEX-
noyrennit: unbmo (Netflix), myssiknu (Spotify), mpyseit (Facebook), do-
torpadmit (Instagram), momckoBrix 3anpocos (Google) 1 moTpe6uTeNbCKMUX
TOBapoB (Amazon). B 4acTHOCTH, MeTOA MOXET OKa3aTbCA MONME3HBIM TpH
TIpeAcKa3aHMM NPEANOUTEHNII OTAENbHOIO IO/MIb30BaTe/NA Ha OCHOBaHUM
M3BECTHBIX MPEANIOYTEHMIA TO/Ib30BATENEN ¢ AHAOTMYHBIMU BKycamy (Tak
Ha3blBaeMas Konna6opamueHas Guasmpayus) VI Ha OCHOBaHMM COOCTBEH-
HBIX TIPEANOYTEHMI TIO/Ib30BATE/NA B MPOILIOM (TaK HasbiBaeMas gpunsmpa-
UUA N0 COOEPHUMOMY).

MeToab! Ha 0CcHOBe AepeBbeB peLleHNi

BMecTo Toro 4to6bl MCNOMb30BATh MMHENMHBIN METOA, MBI MOXXEM TOCTPOUTD
[IepeBO peLIeHnit, B KOTOPOM Bce IPUMEPDI Ce2MEHMUPYIOMER, K Crpamu@uyu-
PY1OMCA, IO OTAENbHBIM 06/1aCTAM Ha OCHOBaHMM MMeloluxca MeTok. ITo 3aBep-
IIeHNM CETMEHTUPOBAHMA KaXKfasi 06/1aCTb COOTBETCTBYET ONPeMeNIeHHOMY K/IacCy
METOK (f/151 3afay KnaccumKaLym) MM AUaNasoHy MpeAcka3aHHbIX 3HadeHui (A
3agay perpeccun). TOT MpoLiECC aHATOTMYEH TOMY, Kak ec/y 661 Mbl opyunnu U
aBTOMATUYECKM CO3AATh MpaBM/Ia, OPMEHTMPOBAaHHBIE Ha TONTyYeHME HAUTYHIINX
peleHnt UIN NpefcKasaHui.

OauHOYHOE fepeBO peLeHui

TIpocTeitiunit BApUAHT — METOR 00uHO4H020 Oepeda pewseruil, B kotopom VU
BBITNO/IHAET OAMH IPOXOA 1O TPEHMPOBOYHBIM AAHHBIM, CO3JaeT NpaBMU/Ia ANA
CerMEHTMPOBAHUA BaHHBIX Ha OCHOBaHMM MMEIOIIMXCSA METOK M MCIOMb3yeT pe-
3yAbTUPYIOLiee A€PeBO PeLIeHNit /I CO3MaHMUA NMpPeACKa3saHuit B OTHOLIEHUM HeE
TNpefCTaB/NEeHHBIX PaHee AaHHbIX, BKIIOYEHHBIX B Ba/TMAALMOHHBINA MM TECTOBBIM
Habop. OfHaKO OAMHOYHOE [IEpeBO pellleHnit 06bIYHO MIoX0 06061IaeT To, YeMy
00y4nIoCh B IpOLiecce TPEHMPOBKM, Ha He3HaKOMBIe IIPUMePHI BBUAY Mepeobyye-
HIA Ha OHOM-eAHCTBEHHOM TPEeHMPOBOYHOM UTEPALIMH.

barrvur

B kayecTBe ynyyilleH s ORMHOYHOTO fiepeBa pelleHMit MOXKHO BOCIIOTb30BATbCA
6ymcmpan-azpezuposarem, Unu 63zeuxzom, KOTAa Mbl GopMupyeM U3 TPeHUPO-
BOYHBIX JAHHBIX HECKOMLKO C/y4ailHbix 6b160POK NPUMEPOB, a 3aTEM CO3IaeM IEPEBO
pelieHnit A/IA KXol BIOOPKY M TpeACcKasbIBaeM BBIXOJ A/IA KaX/IOTO MpuMepa
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IyTeM yCpefHEHUA NpeAcKasaHMil OTAENbHBIX IepeBbeB. 3a CUET UCIONb3OBaHUSA
pandomusayuu BLIGOPOK 1 yCpeHEHU pe3y/IbTaTOB HECKONBKUX fiepeBbeB (IOA-
XOf, U3BECTHDII KaK Memod aHcambneti) 63ITHHT TOMOTaeT YaCTUIHO CIIPABUTHCA C
nepeo6y4eHueM, CBOCTBEHHBIM OIMHOYHOMY A€PEBY PelIeHNIt.

Cnyvaiinble neca

MBI MOXX€eM JONOTHUTENBHO 0CTabUTh 3¢ PeKTHI Mepeobydenn, CeMIMpPys He
TO/IbKO IIPMMEPHI, HO M CaMy TIPEAMKTOPbL. B MeTofle cryyatinbix necos Mbl oTOMpa-
€M HeCKO/IbKO C/TyYaifHbIX BHIGOPOK IPUMEPOB M3 TPEHMPOBOYHBIX MaHHBIX, KakK
3TO fe/aeTcs B G3TTUHTe, HO B KOK/IOM AiepeBe PelleHMit MBI CO3/laeM pacllelie-
Hie, OCHOBaHHOE He Ha BCeX NPEUKTOPAX, a Ha CAy4alinoti 8bi60pKe npeduxmopos.
KonuyecTBO NpeAMKTOpOB, YCTaHAaBIMBAEMBIX A/ KOXKJOTO AepeBa, OOGBIYHO BBI-
6upaeTcs paBHBIM KBafpaTHOMY KOPHIO 3 OOLIEro X KO/TNYECTBa.

CeMIMpys NpeAMKTOPH! ONMCaHHBIM CIIOCOO0M, aITOPUTM CTy4aifHBIX €COB
CO3/1aeT AepeBb, ellle B MeHbIIIeH CTENeHU CKOppeNMpOBaHHbIe MeXAY co6oit (o
CpPaBHEHMIO C AepeBbAMM G3ITHHTA), TeM caMbIM 0cnabnas 3¢dexTs mepeobyde-
HMA ¥ YMeHbLIaA oM6Ky 06061IeHN.

bycTuur

B mpyroM noaxofie, KOTOPBIi Ha3bIBaeTCA OycmMuUHe, TaKXKe CO3AaeTCA HECKOMb-
KO fiepeBbeB, HO IIpY 3TOM flepeBbs GOPMUPYIOTCA NOCE008GMENLHO, YTO TIO3BO-
/€T UCTIONb30BATh 3HAHMUA, KOTOPHIM VIM 06yuniicaA Ha IpebIAyILEM AepeBe, A
yAy4IlleHus pe3ynbTaToB, IOMTy4aeMbIX C TIOMOLIBIO CIeAyoLlero fepeBa. [y6uHa
KaXXAOTro fepeBa NOAAEP)KMBAETCA Ha JOBOIBHO MEIKOM YPOBHe, ¢ He6OMbIIMM
KO/IM4EeCTBOM paclliel/IeHMIt, ¥ 06ydeHMe IPOUCXOANUT MOC/IEAOBATENBHO, lEPEBO
3a gepeBoM. VI3 Bcex MeTOAOB, OCHOBaHHBIX Ha fiePEBbAX pelleHUt, HAWTY4DIyIO
TIPOM3BORUTENILHOCTD IIPOIEMOHCTPUPOBAIIA MAULUHBL ZPA0UEHMHO20 BycmuHea,
KOTOpBI€ YacTO OflepXKMBAIOT O6eAbl Ha COPeBHOBAHUAX IO MALIMHHOMY 06yye-
Huo?,

Cunvnvie CMOPOHbL

MeTopbl Ha OCHOBe JlepeBbeB peIleHNit OTHOCATCA K YMCTy Hanbornee npo-
M3BOAVUTENbHBIX a/ITOPUTMOB 00YYeHUA ¢ yIUTeNEM, TpefHA3HaYeHHbIX /IS
pellleHMs 3afayd IPOTHO3UPOBAHMA. DTU METOADI CIIOCOOHBI BHIABILATD C/IOXK-
Hble COOTHOLIEHNUA B JaHHBIX ITyTeM 06y4eH)A MHOTUM IIPOCTHIM IIPaBU/IaM,

* Tlogpo6Hee 0 TpafiieHTHOM 6YCTMHTe MOXKHO TIPOYMTaTh B 6ore Bena fopmana (http://bit.
1y/2S1C8Qy).
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B metopme PCA (principal component analysis — aHanu3 rmaBHbBIX KOMIIOHEHT)
aITOPUTM HaXOZUT TaKOE NpeACTaB/eHMe NJaHHBIX HU3KOM Pa3MEPHOCTH, KOTOpOoe
obecreynBaeT COXpaHeHMe MaKCHMMaIbHO BO3MOXKHONM [ONM MX BapUaTUBHOCTH.
Pa3mMepHOCTD 3TOro npeAcTaBleHNUA 3HAYUTEILHO MEHbIIE Pa3MEPHOCTH MOTHOTO
Habopa JaHHBIX (T.e. MMOJIHOTO YMC/Ia MPU3HAKOB). [lepexon K MPOCTPaHCTBY MoO-
HIOKEHHO pa3sMEpPHOCTH COIIPOBOXAAETCA MOTEPeii ONpENe/IEHHOM YacTy AUCTIEp-
CHY, HO yTIpolaeT UAEHTH(MKALMIO 6a30BOI CTPYKTYpPhI fAHHBIX, YTO obecrneun-
BaeT 6o/1ee 3¢ peKTHBHOE pellieHMe TaKMX 3a/jay, KaK K/IacTepu3aLius.

Cy1iecTByeT HecKONbKo BapuaHTOB MeTofa PCA, xoTopsie Mbl 6onee moppo6-
HO 06CYAMM B NOCNERYIOLINX I7TaBaX. B MX 4MCI0 BXOAAT MUHM-TIAKETHbIE BEPCUM,
TaKue Kak uHkpemenmuoiii PCA, HelnHeltHbIe Bepcuy, Takue Kak sdepruiti PCA, n
paspexxeHHbIe BEpCUM, TaKue Kak paspesxceruviii PCA.

(wHrynapHoe pasnoxenue

CyTb ApyTOro mMopAXofAa K M3y4eHuIo 6a30BOJ CTPYKTYPbI AaHHbIX 3aK/TI0YaETCA
B CHV)KEHUM PaHTa MCXOLHONM MaTPMLBI IPU3HAKOB A0 MEHBIIETO 3HAYEHUA C CO-
XpaHeHMeM BO3MOXXHOCTY BOCCTaHOB/IEHMA MCXOAHOM MaTpUIibI IyTeM 06pa3oBa-
HUA TMHEHO KOMOMHALIMY HEKOTOPBIX M3 BEKTOPOB IOMyYeHHOI MaTpuLibl 6oree
HU3KOro paHra. 31o 1 ecTs MeTog SVD (singular value decomposition — currymap-
Hoe pasyiokenue). [eHepupys MaTpuuy MeHbuIero paHra, Metop SVD ocTaBiset Te
13 BEKTOPOB MCXOJHOM MaTpPUIL[bl, KOTOpbIe COfepXKaT HanbobuIyIo YacTh MHOP-
Maiuuu (obecreunBaloT Haubonbliee CUHTYIAPHOE 3HaUYeHNe). ITa MaTpHILja IOHU-
)KEHHOTO paHTa 3aXBaThIBaeT Haubo/ee BaKHbIE 3/IEMEHTHI MCXORHOTO IIPOCTPaH-
CTBa IIPM3HAKOB,

CnyvaiHaa npoeKuua

AHanoOrMYHbIA aITOPUTM CHIDKEHMA Pa3MEPHOCTM BKI/IIOYAeT NPOeLMpOBaHye
TOYeK 43 MHOTOMEPHOTO IPOCTPAHCTBA B IPOCTPAaHCTBO 6o/ee HU3KOM pasMep-
HOCTM TakuM 06pa3oM, YTOObI COXPaHUTh MacIITab pacCTOAHMI MEXAY TOYKaMMU.
TN 3TOro MCTIONB3YIOT MUOO0 CAY4ALiHYI0 2aycco8CKy10 TNOO cayUalinyio paspexen-
Hy10 MaTpULY.

06yueHne Ha MHOroo6pasuax

Kax PCA, Tak u cnyvaiftHad npoekuys NofpasyMeBaloT TMHENHOE MpOeLMpo-
BaHMe JaHHBIX Y3 MHOTOMEPHOTO NPOCTPAHCTBa B MPOCTPAHCTBO HU3KOM pa3-
MEPHOCTH. Pe3ynbTaThl MOXHO YAYYIUMTb 33 CYeT NPUMEHEHUSA HETUHEHHOro
npeo6pa3oBaHUA BMECTO TMHEHOr0 — TAKON MOAXOM M3BECTEH KaK 06yUeHue Ha
mHozoobpasusx (manifold learning), unu Henuneiinoe cHuxcerue pasmeprocmu.

06yuenne 6e3 yuuTens Kak oAuH U3 BUA0B MaWHHHOTO 06yueHHA | 47



Isomap

3T1oT anropuT™ 06y4yaeTcs BHyTPEHHel TeOMETPUM AaHHBIX ITyTeM OLIEHKH 2e0-
desuneckux (UCKPUBTIEHHDIX) PACCMOAHYUIL MEXAY KOXKO0M TOUKO 1 ee Omyvkaituiy-
MU cOCefiIMM, a He eBK/IMA0BHIX. Isomap ucnonbayet 3Ty MHOpMaumio A mocne-
AYIOLLIETO BJIO)KEHNA MHOTOMEPHOTO MPOCTPAHCTBA B MPOCTPAHCTBO MOHMKEHHOMN
pasMepHOCTH.

CroxacTueckoe BROXeHMe coceped ¢ t-pacnpefeneinem

Ipyroit IOAXOR K CHIKEHMIO Pa3MepHOCTH, HasbiBaeMblit t-SNE (t-distributed
stochastic neighbor embedding), ocnoBan Ha BnO>XXeHMYM MHOTOMEPHBIX KaHHBIX
B NIPOCTPAHCTBO, MMeIOIlee BCETO MULIb [BA-TPYU U3MEPEHUs, YTO MO3BONAET BU-
3yanusupoBaTh npeo6pa3soBaHHbIE JaHHBIE. B 3TOM ABYX- MM TPEXMEPHOM IpO-
CTPaHCTBe CXOXMe MpUMepbl PacoNaraloTcst Ha HeGONbIIMX, a HECXOXKME — Ha
6ONBIINX pacCTOAHUAX APYT OT ApYTa.

ChoBapHoe 06yuenue

[Tonxon, M3BECTHDI Kak c08apHoe obyueHue, IOApa3yMeBaeT obyueHue pas-
peXeHHOMY NPeACTABIEHNIO 6a30BBIX HAHHBIX. ITUMM PeNpe3eHTaTUBHBIMU 3Jle-
MEHTaMM C/IyXaT NPOCThle 6MHapHbIe BeKTOPHI (COCTOALIME U3 HYIel 1 efMHNL),
¥ KaXX7Ablil IpuMep B Habope JaHHBIX MOXET ObITh PEKOHCTPYMPOBAH B BUfIe B3Be-
LIEHHOV CYMMBI Pelpe3eHTaTUBHBIX 3leMeHTOB. Matpuua (cnosapy), reHepupye-
Mas B mpouecce 06ydeHus 6e3 y4uTeNs, 3aTloNHeHa ITTABHBIM 06pa3oM HYIAMM U
COfIeP>XKMUT ULIb He6OMbIIOE KONMNIECTBO HEHYIEBBIX BECOB.

Bnarogaps co3faHuio MOJOOHOTO CIOBApA ANTOPUTM CrocobeH 3dQeKTUBHO
MAEHTUGULMPOBATh HauboMee CylleCTBEHHbIE PENPE3EHTATUBHBIE 7IEMEHTHI UC-
XOJHOTO MPOCTPAHCTBA IPU3HAKOB — Te, KOTOpPbIE COAEPAT Hauborblilee Komuye-
CTBO HEHY/IeBBIX BeCOB. MeHee BaXkKHble 3/eMEHTHI COEPXXaT MEHbLlIee KOTMYECTBO
HeHyeBbix BecoB. Kak u PCA, cnoBapHoe 06y4enme OTIMYHO MOAXOANUT A/IS pasfe-
JIeHNA JAHHBIX ¥ UAEHTUPUKALMI MHTEPECYIOLIMX HAC Iab/TOHOB.

AHanu3 He3aBUCUMBbIX KOMNOHEHT

OnHol u3 o6wMx Mpo6/eM, MOPOXKAAEMbIX Hepa3MEYEHHbIMYU TAHHBIMMU, CTa-
HOBMTCA Ha/IuM4Me MHOXKECTBA He3aBMCHMBIX CUTHAJIOB, KOTOpbIE B/IOXKEHBI B MMe-
IOl[MeCs B HaIlleM PaclOpsOKEHMU TpU3HaKU. VICTIONb3ys aHanu3 He3asucumoix
xomnonenm (independent component analysis — ICA), MbI MOXXeM pa3fienUTb 3Ty
CMeCh CUTHAJIOB Ha He3aBUCUMBIE KOMIIOHEHTHI. [locre Takoro pasgeneHnsa MoXXHO
PEKOHCTPYMpPOBATb M060M1 13 OPUTMHATIBHBIX IPUIHAKOB, 06pasys MMHeHbIe KOM-
6MHaLMM CTeHepUpPOBAaHHBIX MHAMBUAYaIbHbIX KoMnoHeHT. Metox ICA mmpoko
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NIpUMeHAETCA ANA 06paboTKM cUTrHaNOB (HaNpUMep, AIA MACHTUPUKALIMY OTAETb-
HBIX TO/IOCOB B ay/IMO3aIIMCH U3 LIyMHOTO KadeTepus).

JlaTeHTHOe pa3melLeHne lupuxne

O6yueHne 6e3 yINTeNA TakKe MOXKET ObIThb MCIOMBb3OBAHO A OOBACHEHUA
Habopa JaHHBIX NMyTeM M3yueHNA (HaKTOPOB, KOTOpble OOYCTOBIUBAIOT CXOACTBO
OTAeNbHBIX YacTeit Habopa Mexxay coboit. ITo TpebyeT 06ydeHNs HeHabMIOfaeMbIM
3MeMeHTaM Habopa HaHHBIX — MOAXOJ, NMOMYYMBIINI Ha3BaHUE TAMEHMHOE Pas-
mewienue JJupuxne (latent Dirichlet allocation — LDA). ITpegnonoxuM, uMeeTcst
TEKCTOBBIf AOKYMEHT, COfepXKalMii MHOXECTBO CMOB. DT C/IOBa He ABIAIOTCA
C/Ty4atHIMM, OHM TIOMYNHAIOTCA ONPENEeNeRHOM! CTPYKTYPe.

Taxylio CTPYKTYPY MOXHO CMOAE/TMPOBATh KaK HeHab/mojaeMble 3/IEMEHTBI — TaK
Ha3bIBaeMble mempt. I1oc/ie NpoBeeHNs COOTBETCTBYIOWEN TpeHMpoBKM MeTop LDA
MOXeT OOBACHUTD HAHHBI JOKYMEHT C IIOMOLIbIO OTPaHM4YeHHOTO Habopa TeM, WA
KKHOI M3 KOTOPHIX MMEETCA HeOO/MbIION HabOp 4acTO MCIOMb3yeMBIX CIOB. JTO
M €CTb CKpBITasA CTPYKTYpa, koTopyio LDA croco6eH 3axBaThiBaTh, YTO NMO3BOJLAET
JTy41Ie O6BACHATD paHee HeCTPYKTYPUPOBaHHbII TEKCTOBBIN KOPIIYC.

CHyKeHMe pa3MepHOCTH CBOAUT OPUTMHAbHBI HabOp MPM3HAKOB K
MeHblileMY Habopy, BK/I04alollieMy I Haubonee BaKHble IPUIHAKM.
Tlasee Mbl MOXKeM 3aITyCKaThb APYTHE aMTOPUTMBI 06ydeHns Ge3 yuure-
/11 Ha 3TOM MeHblIeM Habope MPU3HAKOB C Lie/IbI0 MOMCKA 1IabIoHOB,
NPeACTaBIAIMX MHTepeC (CM. CNeNyIOWuit pas3fen, MOCBALIEHHbI
K/TACTEepU3ALMH), U/IH, TIPY HA/TUYUM METOK, [V YCKOPEHUs LMK/Ia 06-
Y4€eHUs aNTOPUTMOB OGYYEHMSA C YUMTENEM NyTeM Iepeiaii MM MeHb-
1€t MaTPULIBI IPU3HAKOB BMECTO MCIIONIb3OBAHMS OPUTMHANBHON Ma-
TPULIBL.

Knactepusauus

Iocne penyunpoBanus Habopa OpUrMHAIbHBIX IPU3HAKOB 10 Ha6Opa MeHbIIEro
pa3Mepa Mbl MOXXeM NPUCTYNIUTD K TIOMCKY MHTEPECYIOLIMX HaC 3aKOHOMEPHOCTEN
IyTeM TPYNNMPOBAHUA CXOXKMX NPUMEPOB. ITOT MPOLIECC, Ha3BIBAEMDII Kacme-
pusayuetl, MOXXHO peanu30BaTh C IOMOLIBIO LI/IOTO PAfa aITOPUTMOB 06yYeHUA
6e3 yuuTe/NA ¥ MCTIONb30BaTh B TAKMX 3a/layaX, KaK CETMEHTUPOBaHMe PhIHKA.

Merop k-cpepHuxX

YTo6BI yCIELIHO CIPaBUTBCA C K/IacTepu3aLyeif, MbI JO/DKHBI MAEHTMOULMPO-
BaTb OTAe/IbHbIE TPYIIIbI, IPUMEPHI B NPeAeax KOTOPBIX CXOXM MEXAY co60it, HO
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OT/INYAIOTCA OT PUMEPOB, OTHOCAUIMXCA K APYTMM rpynnaM. OXHUM U3 TaKuX aj-
TOPUTMOB SABJIAETCA KACMepUsayus memodom k-cpednux (k-means clustering). B
IAHHOM a/ITOPUTMe MBI 3a/jaeM KellaeMoe KO/IMYECTBO K/IACTEPOB, k, 1 alropuT™
OTHOCHUT K&)XABI/ IPMMepP POBHO K OFHOMY M3 3TUX k K/acTepoB. ANTOPUTM OIl-
TUMMSUPYET IPYNIUPOBAHME, MUHMMMU3UPYA BHYTPUK/IACTEPHYIO Bapuaumio (Ha-
3bIBAEMYIO UHEpyueil) TaK, YTO6BI CyMMa BHYTPMK/IACTEPHBIX Bapualuii 1o BceM k
K/1acTepaM 6bI1a Kak MO>KHO MEHbLIEN.

C Le/bi0 YCKOpeHMsA MpoLiecca K/IacTepU3alMu MeTof, k-CPeTHUX CTydaitHbIM
06pa3soM OTHOCUT KaXfoe Hab/miofileHue K OTHOMY M3 Kk K/IacTepoB, a 3aTeM Ile-
peHasHayaeT HaOMIOMeHMA ANA MUHMMM3ALMM €BK/IMAOBbIX PACCTOSHMIA MEXAY
KaX[[bIM Ha6nIofleHueM M LeHTpa/IbHOM TOYKOI K/IacTepa, umn yenmpoudom. Kax
CE[ICTBME, pa3nuyHble 3aNyCKU aNTOPUTMa k-CpeHMX — KaX[blit CO CBOEN Ha-
YanbHOM TOYKOM — OYAYT NPUMBOAUTD K HECKOMBKO Pas3UYaIOIIMMCA OTHECEHUAM
Hab/IoieHMI K TeM M/IU MHBIM K/TacTepaM. V3 3Toit cepuyt pasmM4HbIX 3aITyCKOB MbI
BbIGMpaeM TOT, KOTOPBI XapaKTepu3yeTCA HaMMY4LIMM pasfieleHueM, AAOLIUM
HaMMeHbIIYIo 061yI0 CyMMY BHY TPUMK/IACTEPHBIX Bapyaluii 110 BceM k KrmacTepam®.

Wepapxuueckas Knactepusauus

AnbTepHaTHBOM OOBIYHOM KIacTepyU3alLiMy CIY>KUT TaK HasblBaeMast uepapxu-
uecKas Knacmepusayus, He Tpebylollian NpefBapUTENbHOTO 3aflaHUA KONNYeCTBa
K/TacTepoB. B ogHOM M3 BapMaHTOB MepapXM4YecKoi KAacTepusaLMy, U3BECTHOM
KaK da2/ioMepamueHas Knacmepusauus, MPUMEHAETCA KIacTepusalus Ha OCHOBe
iepeBbeB M CO3/JAETCA TAaK HasbiBaeMas JeHopozpamma. Ilocnenuas rpaduiecku
oTO6pakaeTcs B Bifie IepeBEPHYTOrO AePEBa, B KOTOPOM IUCTbS HAXOAATCA BHU-
3y, a CTBOJI iepeBa — BBEPXY.

CaMble HIDKHME TUCTbS — 3TO MHAMBMAYa/IbHbIE IPUMEDHI, COlepXKallMecs B
Habope HaHHBIX. 3aTeM, IO Mepe NepeMellleHNs BBEPX 110 IIEPEBEPHYTOMY [IEPEBY,
MepapxudecKas KaacTepusaunsa o6benyHAET MMCTbA Ha OCHOBAaHMM MX B3aNMHO-
ro cXofICTBa. B nepByto oyepenb 06beAMHAIOTCA Hanbonee CX0Xue npuMepsl (mam
TPYTIbI IPYMEPOB), B IOC/IENHIO0 OYepeib — HaMEHee CXOXMe. B koHeyHOM cye-
Te OMMCAHHDII UTEPATUBHBIN NPOLIECC TPUBOAUT K TOMY, YTO BCE IIPUMEPBI OKa3bl-
BAaKOTCA CBA3aHHBIMM, 00pa3ys eAMHbIIT CTBO/ lepeBa.

Takoe rpadudeckoe mpefcTaBaeHe BecbMa MHPopMaTuBHO. Kak To/BKO anro-
PUTM MepapXu4eckoit KIacTepu3aliMy 3aBepIIMT CBOIO paboTy, Mbl CMOXKeM Tpo-
aHa/IM3MPOBaTh [EHAPOTPaMMY M ONpPEeAeNNTb, B KAKOM MeCTe Mbl XOTUM obpe-
3ath fiepeBo. YeM Hiudke muHMA 06pe3a, TeM 6onbllle OCTAHETCA MHAMBIAYA/TbHBIX

§ CymecTsyloT 6oree GHICTpble BAPUAHTBI K/IaCTEPU3ALMM METOIOM Kk-CPEAHMX, KOTOpbie MBI 06Cy-
UM B TTOCTIENYIOIINX [MaBaX.
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ABTOKOANPOBLYMKH

Jins reHepupoOBaHMA HOBBIX NPEACTABNIEHMI NIPU3HAKOB MOXKHO MCIIONB30BAaTh
HEPEKYPPEHTHYIO HefPOHHYIO CeTh NIPAMOTO PacpoCTPaHeHUA, B KOTOPO KOMH-
YeCTBO Y3/I0B BO BXOAHOM ¥ BBHIXOJHOM C/IOAX COBMafjaeT. OTa HEMPOHHAA CETh,
TaK Ha3bIBaeMBIi a6moxoduposuiux (autoencoder), cnoco6na a¢dekTMBHO pekoH-
CTPYMPOBATh MCXOAHbIE IPU3HAKM, 06Y4asAch HOBOMY NIPEACTABIEHUIO C TOMOLIBIO
MPOMEXYTOYHBIX CKPBITBIX ClTO€B®,

Kaxxaplit cKpbITHI C/IOJ aBTOKOAMPOBLIMKA 06y4aeTCA NMpENCTaBIEHUIO OpH-
TMHA/IbHBIX TIPUSHAKOB, NPUYEM KaX/bIif IIOCTEAYIOLMIt CII0 JOCTPauBaeT Npex-
CTaB/IEHMe, KOTOPOMY OOY4M/IMCh NpeAbIAyINMe clnou. brarogapsa aToMy aBTOKO-
AMPOBIIMK 06y4aeTcs Bce Go/ee CIIOXKHBIM NpPENCTaBIeHMAM Ha OCHOBe Gonee
MPOCTBIX.

Ha BrIXofe aBTOKOAMPOBIIMKA MBI ITO/Ty4aeM OKOHYATe/TbHOE HOBOE IPENCTaB-
JIeHHe, KOTOPOMY OH 06y4m/Ics. 3aTeM 3TO NpeACTaB/IeHME MOXKET OBITh MCIIONB30-
BAaHO B Ka4yeCcTBe BXOfa A/IA MOAeNM OOydeHUs C YYUTENeM C 1ebI0 YMEHbIIEHUA
owmnbxy 06061eHn.

W3BneyeHue NpU3HaKoB NyTeM KOHTPONUpYeMOro obyueHus ceTeil
NPAMOro pacnpocTpaHeHus

Ecnu B HaleM pacropskeHMM MMEIOTCA METKHM, TO BO3MOXHOM a/lbTepHATH-
BOJ1 NMOAXO/ia, OCHOBAHHOTO Ha M3B/Ie4eHMY NPU3HAKOB, ABNAETCA UCIIONb3OBaHNE
HEPEKYPPEHTHOM CeTU NPAMOro pacIpOCTpPaHEHUs, B KOTOPOM BBIXOJHOI CIOi
IIBITaeTCA MpeAcKa3aTh MPaBUAbHYI0 MeTKY. Kak 1 B clyyae aBTOKOAMPOBIIMKOB,
KaXK[BI CKPBITHIN CII0J 06y4aeTCs NpeACTaBIeHMIO OPUTMHAIbHBIX IPM3HAKOB.

Ho xoraa reHepupyloTcs HOBble NpeNCTaBleHMA, ceThb paboTaeT Hemocpen-
CTBEHHO IOJ, yNpaBleHMeM NPU3HAKOB. [I/11 U3B/IeYeHUSA OKOHYATE/TbHOTO BHOBb
MU3Y4eHHOTO NpEeACTaB/lIeHUA OPUTHMHANbHBIX NPU3HAKOB MBI M3B/IEKAEM IIpeAIIO-
CIEMHNI CKPBITHIN CT0M, HEMOCPEACTBEHHO IIpEIIIeCTBYIOLINIA BhIXoAHOMY. [anee
3TOT NPERNIOCTERHNIA C/I0I MOXHO MCIIONIb30BATh B Ka4eCcTBe BXO/a B /I060it Mopie-
M 06ydeHMA C YUUTENEM.

® CyliecTByeT HECKONBKO PasHOBMEHOCTEH! aBTOKOXMPOBIIMKOB, KaX[BIA M3 KOTOPHIX 06yyaeTcs
OTAENbHOMY THITY MPENCTAaBIeHMA. B MX YMCIIO BXOTAT 06ecutymausaouiue asmoxoouposusuy,
paspescentsie a6MoKOOUPOBULUKY Y 6aPUALUOHHBIE aemoKoduposusuxy. Bce oHn 6ynyT nogpo6Ho
PaccMOTPEHB! B OCTERYIOLIMX [/TaBax.
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[ny6okoe o6yueHue 6e3 yuutens

O6yuenne 6e3 yuuTeNns HaXOAUT Le/bI PAL BaXXHBIX TPUMEHEHUII B TEXHONIO-
™y Ty60KOro 06y4eHMA; ¢ HEKOTOPBIMM M3 HUX Mbl TO3HAKOMMMCA B MOC/IEAY-
romux rraBax. COOTBETCTBYIOUIaA 06/1acTh MCCIENOBaHUI Ha3bIBaeTCA 21y6oKum
o6yuenuem 6e3 yuumens (unsupervised deep learning).

Eme coBcem HeaBHO 06y4eHue Imy60KuX ceTelt 6bIIO MPaKTUYECKNM HEOCYILle-
CTBMMBIM 13-32 TPYROEMKOCTY BHIYUC/IERMIL. B TaKMX HENIPOHHBIX CETAX CKPBITHIE
crou 06y4al0TCA BHYTPEHHUM NPEACTABIEHUAM M/IA pellleHua TeKylei 3afadun.
IIpencraB/ieHns NOCTENEHHO YIYYIIAIOTCA 3a CYeT 0GHOB/IEHNA BECOB PasMYHBIX
Y3/I0B C MCTIONIb30BAaHUEM 2padueHma yHKyuu ouubxy Ha KaXAON UTepaLMu Tpe-
HUPOBKH.

ITopo6Hoe 06HOBIEHME BecOB TpebyeT MHTEHCUBHBIX BRIYMC/IEHMI, B TIpOLiecce
KOTOPBIX MOTYT BO3HMKATD [IB€ OCHOBHbIE TPYFHOCTH. Bo-NepBbIX, rpafyeHT QyHK-
1My OlMOKM MOXET YMEHBIIUTHCA O OYeHb HEGOMbIIMX 3HAYEHMIA, 2 TOCKOMBKY
06paTHOe pacmpoCTpaHeHMe OWMOKM OCHOBAHO Ha NEPEMHOXEHMM 3THX 3Haue-
HMI1, Beca ceTH 6YAyT OOGHOBLATBCA O4€Hb MEM/IEHHO MK BOOOLIE He 0OHOB/IATDCA,
NPENATCTBYA ee 06yyeHno®. ITo sABEHME U3BECTHO KaK NPoONeMa 3amyxanouiux
2paduenmos.

CyTb apyroit mpo6meMsl, IPOTUBOIONOXKHOM TON, KOTOpas 6Obl/Ia TONMBKO 4TO
ONMCaHa, 3aK/IIOYAEeTCA B TOM, YTO TpafueHT GyHKLUM OIMOKM TaK)Ke MOXET IpH-
HUMATb OYeHb 60/bllNe 3Ha4YeHUsA. B TaKOM c/Tyyae Beca ceTy MOTYT OGHOB/IATBCA C
MCII0NIb30BaHMEM OTPOMHBIX PUpALIEHUI, YTO AieNTaeT mpoLiecc OGHOB/IEHNUA Kpaii-
He HeCTabMIbHBIM. DTO ABNIEHME U3BECTHO KaK NPo671eMa 83pbiBHbLIX 2PAOUEHMOE.

NpepsaputenbHoe 06yuenne 6e3 yuntens

Jlns npeoponeHyaA ONMMCaHHBIX Bbille MPo6/ieM, BO3HMKAIOLIMX B Ipoliecce 06y-
YeHUs OYeHb ITYOOKMX, MHOTOC/IONHBIX HEPOHHBIX CeTel, UCC/IefOBaTeNH, 3aHHU-
MaloIyecs MalIMHHBIM 06ydeHueM, TPEHUPYIOT HEPOHHBIE CEeTH Ha MPOTKEHMM
HEeCKO/IbKMX TOC/I€OBATENIbHBIX 3TANOB, KAX/AbIA 13 KOTOPHIX BK/IIOYAET METKYIO
HeJIpPOHHYI0 ceTb. BBIXOM OXHOI Me/IKOIt CeTH MCMONb3yeTCs B KadeCTBe BXOfa C/ie-
AyIolIe HEIPOHHOM CeTH. B TUNMYHBIX C/Ty4adx mepBas MeNKas CeTb B 3TOM KOH-
Bejfepe BK/IIOYaeT HEKOHTPONUPYeMYIO, T.e. 0OydaeMyio 6e3 y4uuTesd, ceTb, TOIAA
Kak 6oree MO3IHME CETH OOYHAIOTCA C YIUTENEM.

* O6pammoe pacnpocmpanenue owubxu (backpropagation) — 3T0 anropuT™ rpafiMeHTHOrO CIIycKa,
NpUMeEHAEMBLit B HE{POHHBIX CETAX 1A 06HOBNEHUA BecoB. IIpy 3TOM cHadana BHIMMC/IAIOTCA Beca
NOCTIE[HETO CNOs, KOTOPHIE 3aTeM UCTIONb3YIOTCA A1 OGHOBNIEHNUSA BECOB NpeAbIAYIMX crioeB. ITpo-
11eCcC MPOJO/DKAETCA IO TEX HOp, MOoKa He 6YAYT OGHOB/IEHbI BeCa MEPBOTO C/IOA.
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HeKoHTpo/nMpyeMas 4acTb CETH M3BECTHA KaK ¥adHOe MOCAOUHOe npeosapu-
menvHoe obyuenue 6e3 yuumens (greedy layer-wise unsupervised pretraining).
B 2006 rogy IOxedpdpy XMHTOH IMpOAEMOHCTPUPOBAN YCIIELIHOE NPUMEHeHMe
npeaBapuTeIbHOTO 06ydeHns 6e3 yuuTena Ania MHUUMANM3aLuUy o6ydeHus KOH-
Bejfepa I/Ty60KOJ HEfPOHHOI CETH, TeEM CaMbIM aB CTAaPT HBIHEIHE PEeBOMIOLMM
B obmactu rayb6okoro obyuenus. IlpenBapurenbHoe obydeHne 6e3 yuutens mo-
3BonsieT VIV 3axBaThIBaTh YIy4illeHHOE NPE/ICTAB/IEH)E OPUTMHAIBHBIX BXOJHBIX
[aHHBIX, TIPENMYILECTBaMM KOTOPOTo 06y4aeMas C yUMTENEM YacTb CETU MOXET
BOCIIO/Ib30BAThCA A/IA pelleHNA TEKYIIeH 3afjayM.

OTOT MoAXOA Ha3bIBAIOT “YKaHBIM , TOCKO/IBKY KK/Ias YaCTh HEIPOHHOI ceTH
o6yyaeTcs He3aBUCHMO OT JPYTUX ee HacTeif, a He COBMECTHO ¢ HUMM. [Ina 60mb-
IUMHCTBAa COBPEMEHHBIX HEMPOHHBIX CeTell MpeABapUTeNbHOE O6yyeHMe 0OBIYHO
He TpebyeTcs. BMecTo aToro Bce cnoyu 06y4aloTcss COBMECTHO IIOCPEACTBOM 06pat-
HOTO pacIpocTpaHeHus ownbku. Brrarogapsa nporpeccy B 0671acT KOMIIBIOTEPHBIX
TEXHO/OTHI CIIPAB/ATbCA C Mpo6IeMaMM 3aTYXAIOIIMX M B3PHIBHBIX TPAIUEHTOB
CTa/I0 HAMHOTO TpOIIle.

IIpenBaputenbHoe 06yueHMe 6e3 yIMUTENA YIIPOCTHIO PEllleHNe He TONMBKO 3a/iad
o6ydeHus ¢ yuuTeneM, HO U 3ajad nepeHocumozo obyuenus (transfer learning), B
KOTOpPOM aNrOPUTMBI MALIMHHOTO 06y4eHMA UCTIONB3YIOTCA A/A COXPAaHEHNUA 3Ha-
HMIA, TO/TYYEeHHBIX B TIpOLiecce pellieHUs OHOM 3afayM, YTOObI YCKOPUTD pellleHue
PYTOif POACTBEHHOM 3afjauy, IpMYEM Ha OCHOBE 3HAYMTENbHO MEHbIIEro 06beMa
[aHHBIX.

OrpaHuuyeHHble MalwnHbI bonbLMaHa

OmHMM M3 NpUKIAfIHBIX TIPMMEPOB IIPEABApUTENbHOrO o6ydeHus 6e3 yum-
TeA MOXET CIYXXUTb 02paHuveHHas mawiuna Bonvymana (restricted Boltzmann
machine — RBM), npezcTasnsioman co6oit MenKyio ABYXCIONHYIO HEPOHHYIO
ceTb. Ee nepBBIM c/1oeM ABnAeTCA BXOAHO CIOM, a BTOPHIM — CKPBITHINA. Kax /bt
y3e/1 CBA3aH C KOX/BIM Y3/IOM IPYTOTO C/I0S, HO Y3/IBI B IIPeie/aX OfTHOrO M TOTO Xe
/1051 He CBA3aHBI MEXAY 060l — 3TO U eCTb TO OrpaHMYeHMe, KOTOpoe QUIypuUpy-
eT B Ha3BaHMM JAHHOTO MeTOMa.

RBM cnoco6Ha peraTs Takue 3afiauy o6ydeHns 6e3 yuuTens, Kak CHUOKeHHUE
Pa3MepHOCTY U U3BJIeYeH)e IPU3HAKOB, a KpOMe TOTO, IOAXOAUT A/IA UCTIONb30Ba-
HMS1 B Ka4ecTBe COCTABHOM YaCTH CUCTeM O6YYeHMA C yuuTeneM, obecneunsaroiei
npepBapuTenbHoe obyyeHne 6es yunutens. RBM aHanornyHel aBTOKOAMPOBIIMKAM,
HO OT/IMYAIOTCA OT HUX B pAAe BOXHBIX acriekToB. Hanpumep, ecriu B aBTOKOAMpPOB-
IIMKaX IPeAyCMOTPEH BBLIXOHOI! cot, To B RBM oH oTcyTcTBYeT. K 06cyxaenmo
3TOTO M IPYTUX OT/IM4MIA MBI BEpHEMCA B IIOC/IENYIOLIMX I/TaBaX.
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TeNIbHble CETH JOCTUTAIOT 3TOTO B MpoLlecce TPEHUPOBKY, 3P PeKTUBHO BBIABNAA
CTPYKTYPY € UCIO/Nb30BAHNEM YMEPEHHOTO KOIMYECTBA [IAPaMETPOB.

3TOT mpolecc aHanorudeH npoueccy o6y4eHNns NpeaCcTaBIeHUAM MOCPENCTBOM
rny6okoro o6ydenna. Kaxxapiii CKpBITBIN C/I0J HEMPOHHOI CETH reHepaTopa 3axBa-
ThIBaeT [peAcTaB/IeHye 6a30BbIX AaHHbIX. [lepBOHaYaIbHbIE PEACTAB/IEHN O4YeHb
NpOCTbIe, HO KAX/bli1 TOCTERYIOLINIA CNIOM YCIOXHAET NpeAcTaB/IeHMeE, MOMYYeH-
HOe€ B IpeabIAyILIeM CTIOoe.

CoOBMeCTHO MCTIONB3YA BCe ATH C/IOM, FeHepaTop oby4aeTcsA 6a30BOI CTPYKType
[aHHBIX ¥, ONIMPAACH Ha IPHOOPETEHHBIN OMBIT, ILITAETCA CO3/JaTh CMHTETUYECKME
[aHHbIe, KOTOpBIE 61N Ob1 MOYTH MAECHTUYHBI HacToAWMM. Ecnu reneparopy yna-
€TCsA YIOBUTD CYTb UCTUHHOTO paclpeie/IeH!sA JaHHBIX, TO CUHTETMYECKIE faHHbIE
6ynyT Ka3aTbCA peabHbIMM.

06paboTka nocnegoBaTenbHbIX AaHHBIX C NOMOLLbIO 06yyeHUA
6e3 yuutens

O6yuenne 6e3 yuuTensa MO3BOMAET TaKKe oOpabaThIBaTh MOCNeNOBATEbHbIE
[aHHbIE, HaNlpUMep BpeMeHHbie pAAbL. OAMH U3 TaKMX TOAXOAOB IIPeATonaraeT o6-
y4eHMe CKPbITHIM COCTOAHUAM MAPK08cKol modenu. B npocmoii mapxoscxoii mode-
74 COCTOSTHUA TIOMHOCTBIO HAa6/TIOMaeMbl M M3MEHAIOTCA CTOXAaCTHYECKM (APYTHMM
CIOBaMM — CNy4aitHeIM 06pa3oM). Byayime cOCTOAHMA 3aBUCAT OT TEKYILETO CO-
CTOAHMA Y He 3aBUCAT OT NPEAbIRYIIMX.

B cxpoimoii mapkosckoti MOOeny COCTOAHUA ABAIOTCA MULIb YaCTUYHO Habmio-
faeMbIMM, HO, TOROGHO MPOCTHIM MAapKOBCKMM MOJEIAM, BBIXOAB! 3TUX 4acTHY-
HO Hab/mOaeMBIX COCTOSHUIA AB/AIOTCA MOMHOCTBIO HabmonaemMbimMu. ITockombKy
MMeIoIMXCA HabmoAeHNit HeROCTaTOYHO MIA MOMTHOTO ONpeNe/NeHNs COCTOAHNA,
NpUXOAUTCA TIpUBTeKaTh obydeHue 6e3 yunrens, obecneunparomuiee 6onee nonHoe
o6Hapy)eHye BCeX CKPBITBIX COCTOAHMIA.

ANTOPUTMBI CKPBITOJ MapKOBCKOJ MOZENN BK/IIOYAIOT 06yyeHne BEPOATHOMY
C/eRyIoLIeMY COCTOSHMIO MPY YCTIOBUH, YTO M3BECTHA NOC/IEAOBATEILHOCTD paHee
BCTpeYaBIUMXCA YaCTUYHO HaOMIOAAEMBIX COCTOAHMI ¥ TIOTHOCTBIO Hab/MoaeMbIxX
BBIXOROB. TU a/ITOPUTMBI IIMPOKO MPUMEHAIOTCS A/IA PellleHUA 3a/1ay4, CBA3aHHbIX
c 06paboTKOI peun, TeKCTa ¥ BpeMEHHbIX PANOB.

56 | fnasa1



06yueHune c noaKpenneHnem C UCNONb30BaHUEM
06yueHuns 6e3 yuurens

O6yuenue ¢ nodxpenneruem (reinforcement learning) — TpeTbA U3 OCHOBHBIX
METOZO/IOTMIT MaLIMHHOTO 06y4eHNs, B COOTBETCTBUM C KOTOPOI azeHm ONpene-
JLieT CBOE ONTUMa/bHOe NoBefeHue (Oeticmeus) B yCTIOBUAX OKPYHeEHUS Ha OCHOBE
06paTHOI cBA3M (TO/YYaeMOTO 803HAzpaxOeHus). ITa OOpaTHasA CBA3b Ha3bIBAET-
Al cuzHanom nooxpennenus. Llennio areHTa ABNAETCA MaKCUMM3ALIMA HAKAI/IMBae-
MOTO BO3HarpaXmeHu.

HecMoTps Ha TO uTO 06y4eHMe ¢ MoAKpeNnnIeHneM 6BIIO Ha CITyXy ewte ¢ 1950-x
TOIOB, B 3aT0/IOBKAX HOBOCTEJI OHO CTa/o (pUMrypupoBaTh LD B IIOC/IE[HME TOABL.
B 2013 romy xomnanua DeepMind (B HacToslliee BpeMsa KyIUIeHa KOMITaHMeN
Google) npumennna obydeHue ¢ MOAKPENIEHNEM /A FOCTIKEHNA PE3Y/IbTAaTOB,
IPEBOCXOAAIIMX BO3MOXKHOCTH Y€I0BEKA, BO MHOTMX Mrpax Ha Iiatdopme Atari.
PaspaboTranHoit komnanueit DeepMind cucTeMe yaanoch fo6UTbCA 3TOTO, MCIIONb-
3yA B Ka4ecTBe BXOfja IMLIb JaHHbIE CEHCOPHBIX IATYMKOB 6€3 NpeaBapuTeNbHOro
3HaHMA MPaBUIT UTPHL

B 2016 romy xoMnanua DeepMind BHOBb cTana 06beKTOM BHMMaHMA CO06-
LIeCTBAa MAIUMHHOrO 06y4eHns, Ha 3TOT pa3 6maropapsa nporpamme AlphaGo, mo-
6emupureit J/Iu Cenons, OfHOro U3 MYYUIMX UTPOKOB B 0. ITU YCIEXM YKPEMUIU
IO3ULIMY 06Y4eHMs C NOAKPEIIEHNEM KaK O{HOTO M3 I/TaBHbIX HAIlpaB/IeHUI B pas-
pabotke VIN.

CeropHsa uccenoBareny, paboTalolye B 061acT¥ MalIMHHOTO 06yyeHus, npu-
MEHAIOT 06y4eHMe ¢ IOAKPETIEHNEM 1A PellleHNs MHOTHUX 3a/1a4, BK/TIOYas C/Iexy-
foLLMe.

o BupxeBas TOProsid, B Xofe KOTOPOi areHT NOKYTAeT M NpPOfaeT aKUuK
(mevicTBUA), MONMYYas B3aMeH NpUOBUIb MM YOBITKY (BO3HArpaxkaeHue).

o Bupeo- u HacTo/MbHbIE UTPBI, B KOTOPBIX areHT NPYHUMAET PeIeHUA OTHOCH -
TE/ILHO XOAOB B UIPe (I CTBUA), B KOHEYHOM CYeTe PUBOAALLME K BBIUTPbI-
1Ty W/IM TIPOMUTPhILLy (BO3HArpaXkfeHue).

¢ BecnunoTHble aBTOMOOM/IN, B KOTOPBIX areHT YIIPaB/IsieT TPAHCIIOPTHBIM Cpefi-
CTBOM (feficTBMA) U 16O HOPMAJIBHO C/IEAYeT 110 CBOEMY MapUIPYTY, 1160 co-
BeplllaeT JOPOXKHO-TPAHCIIOPTHOE NPOMCLIECTBME (BO3HATPaXK/AECHHE).

o VYmpasneHue po6oToM, KOTa areHT MepPefBUTAETCA Cpefu 0OBEKTOB OKpY-
xeuus (qefcTBUA) 1 MO0 JOCTUTAET KOHEYHOrO MyHKTa, MO0 eMy 3TO He
ynmaeTcs (BO3HarpaxaeHue).
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Peslome

B 3703 Ir11aBe 6BI/IM pacCMOTPEHBI CTIERYIOLIME TEMBI:

pasmMuMs MeXAY CUCTEMaMM Ha OCHOBE IIPaBMJT ¥ CUCTEMAMM Ha OCHOBE Ma-
IIMHHOTO 06yYeHus;

pasnnyma MexxRy o6ydeHneM ¢ yumureneM u 6e3 yuurens;

KaK o6ydeHue 6e3 yuurens moMoraeT CIpaBUTbCA ¢ mpobneMaMi, ¢ KOTO-
PBIMM 4acTO TPUXOAUTCA CTaNKMBATBCA B IpOIlEcCe TPEHMPOBKM Mofienet
Mal}HHOTO 00y4eHNs;

pacnpocTpaHeHHble aIropuTMbI 06ydeHus ¢ yuureneM u 6e3 yumurens, a Tak-
e a/ITOpPUTMBI 00y4YeHNs ¢ IOJKpeIIeHreM U 06ydeHNs ¢ YaCTUYHBIM IIpHU-
B/Ie4EeHMEM YUUTeNS;

iBe OCHOBHbIE 06MacTy mpuMeHeHus o6ydeHus 6es yuurens — obHapyxe-
HMe aHOMA/IUi ¥ CETMEHTMPOBAHME TPYIIIL.

B r1aBe 2 MBI TOTOBOPMM O TOM, KaK CO3/JaBaTh MPU/IOXKEHNA MAILIMHHOTO 06y-
yeHMA. 3aTeM MbI TOFPOGHO pacCMOTPUM METORBI CHIDKEHMA Pa3MePHOCTH U K/la-
CTepU3aluy, MOMYTHO CO3JaB CUCTEMY OOHapy)KeHUS aHOMa/Iuit ¥ CHCTEMY Cer-
MEHTMPOBAHMA TPYTII.

06yuenne Ge3 yunTens Kak 0OiuH U3 BUZI0B MALIMHHOTO 0byueHna | 61








http://rogerdudler.github.io/git-guide/index.ru.html

$ git clone
https://github.com/aapatel09/handson-unsupervised-learning.git
$ git lfs pull

To >ke caMoe MOXXHO cfienaTh uHaye: mocerure cant GitHub (http://bit.
ly/2Gd4v7e) M 3arpysure pemo3sUTOpMit BpPy4YHyI. MoxeTe 3ajaTb pexum
Hab/mofeHNs 3a AaHHBIM PEMO3UTOPYUEM, YTOOBI He IPOMYCTUTD U3MEHEHUSA, KOTO-
pble MOTYT BHOCUTBCSA B CBA3M C OGHOB/IEHMEM KOJIa.

3arpy3uB penosuTopuit MOCPEACTBOM KIOHMPOBAHMA UM BPYYHYIO, TIEPet/-
Te B Katajor handson-unsupervised-learning u3 KOMaHAHOM CTPOKH:

$ cd handson-unsupervised-learning

Bce mocnenyiowmue yctaHoBKM 6yAyT AenaThcsA B KOMaHIHON CTPOKe.

Bubnuotekn AnA HayuHbIX BbIYMCAEHUI: AuCTpUOYTUB Anaconda
AnA Python

Y1o6b1 ycTaHOBUTH Python u 6mbnmorexy mma HaydHBIX BBIYMCIIEHMI, KOTO-
pble MOTPeOYIOTCA A/ HAIUMX NMPOEKTOB MALIMHHOIO OOy4eHus, 3arpysuTe AuC-
TpubytuB Python mop Ha3anuem Anaconda (https://www.anaconda.com/
download/).

CospaitTe M3onupoBaHHyIo cpefy Python, B KoTopyio MOXHO 6ymeT MMIOPTH-
POBaTh pa3nnyHble 6MOIMOTEKM 1A KOKAOTO NPOEKTA IO OTAETbHOCTH:

$ conda create -n unsupervisedLearning python=3.6 anaconda

Ora KoMaHAa co3faeT B Python 3.6 usonupoBaHHyI0 cpeny unsupervised-
Learning, KOTOpas COmepXXUT Bce HaygHble 6M6MMOTEKH, TOCTaB/IAeMble BMECTe
¢ auctpubyTiBoM Anaconda.

HManee Heo6X0AMMO aKTUBMPOBATD CPeRY:

$ activate unsupervisedLearning

HeitponHbie ceTi: TensorFlow u Keras

Cnenytomuit war — ycraHoBKa naketoB TensorFlow u Keras ans pa6otsi ¢ Heit-
ponHbIMK ceTaMu. TensorFlow — oTKpbITHIA poekT koMnanuu Google, He ABAI0-
IUIACA YacThio AucTpubyTnBa Anaconda.

$ pip install tensorflow

! ABTOpCKMe NpyMepbl CO30aHE! B Bepcuy 3.6, MTOKaNMM3OBaHHbBIE WIMIOCTPALuK — B Bepcun 3.7. —
Ipumey. peo.
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Keras — 6u6nmyuoTeKa ¢ OTKPBITHIM MCXORHBIM KOOM, KOTOpas Npe//IaraeT Bbl-
cokoypoBHeBblit API, Mcnonpsylomuit HuskoypoBHeBrle ¢ynkuuu TensorFlow.
Jpyrumu cnoBamy, Ml 6ynem ucrnonb3oBath Keras nosepx TensorFlow, uto6s mo-
Ny4UTb JOCTYI K MHTYUTUBHO 60/1ee NOHATHOMY Habopy API-BbI30BOB /11 paspa-
60Tky Mopzerneit rmy60Koro o6y4eHus.

$ pip install keras

[paaueHTHbIA 6YCTUHT, BepeuA 1: XGBoost

Hanee Heo6XOAMMO YCTaHOBUTD 6MOMMOTEKY rpaameHTHOrO 6ycTiHra XGBoost.
YTo6BI YIIPOCTHUTB ITOT LIar (10 KpaifHeit Mepe, A4 monb3oBaTteneir Windows), e-
peitauTe B manky xgboost penosuropus handson-unsupervised-learning, B xoTopoit
BbI HaitfieTe yKa3aHHBI/ MaKeT.

Jlna ycTaHOBKM NaKeTa MCnonb3yiTe KoMaHay pip install.

$ cd xgboost
$ pip install xgboost-0.6+20171121-cp36-cp36m-win_amd64.whl

Mo>xeTe MOCTYTNTH MO-APYTOMY, 3arpy3uB 6o/ee aKTyanbHyIO 32- uan 64-6uT-
Hyto Bepcuio XGBoost (http://bit.1ly/2G1jBxs), B 3aBUCMMOCTH OT Pa3psap-
HOCTH UCIIONIb3yeMOJ BaMM OTEePaliIOHHON CUCTEMBI.

Vma sarpyxeHHoro Bamyu WHL-daitna XGBoost MOXeT OTIMYaThCA
OT MPMBEAEHHOTO BhILIE, IIOCKONBKY HOBbIE BEPCUM MyOMMKYIOTCA pe-

TYNAPHO.

Korzna daitn XGBoost 6yzeT ycnelHo ycTaHOB/IEH, BEpHUTECH B NANKy handson-
unsupervised-learning.

[papueHTHbIA OycTUHT, Bepna 2: LightGBM

YcTanoBure apyryio 6ubnmnorexy rpaguentHoro 6yctunra — LightGBM, paspa-
6oranHyio koMmnaHueit Microsoft:

$ pip install lightgbm
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ANropuTMbl KNactepusauum

Cert4ac Mbl yCTAHOBUM HECKO/IBKO a/ITOPUTMOB K/IacTepu3aliiy, KOTopeie 6yayT
MCIIONb30BaThCA B NOCTEAYIOMMX INaBax. OfuH u3 nmakeros, fastcluster, npen-
cTaB/AeT co6oit 6ubmmotexy C++ ¢ untepdeitcom Python/SciPy’.

[Taker fastcluster MOXXHO YCTaHOBUTD C IIOMOILBIO CIERYIOIIEN KOMaH/BL:

$ pip install fastcluster

Hpyroi nakeT knacTepusauuu, hdbscan, MOXXHO YCTaHOBUTD C IOMOLLBIO PO~
rpamMmsl conda:

$ conda install -c conda-forge hdbscan

HakoHel, ycTaHOBMTe MakeT tslearn, npegHasHavYeHHBIA WA paboOTHI ¢ Bpe-
MEHHbIMI PARBAMMU:

$ pip install tslearn

WnTepakTuBHas BbluucnuTeNnbHan cpeaa: Jupyter Notebook

BnokHoT Jupyter sABnAeTcA YacThio AUCTpUOYTHMBa Anaconda, mosToMy ceiryac
Mbl aKTMBU3MPYEM €ro, YTOOHI 3aITyCTUTD CPeRY, KOTOPYIO TOMBKO YTO HaCTPOMUIN.
[Ipexxpe yeM BBECTH CIERYIOUIYI0 KOMAHAY, y6enuTech B TOM, YTO HaXOLUTECh B
nanke perno3utopus handson-unsupervised-learning:

$ jupyter notebook

B oTkpbiBIIEMcA OKHe Gpaysepa oTo6pasuTca cTpaHMua ¢ agpecoM http://
localhost:8888/ (ecnu 3TOro He MPOM3OLUIO, CKOMMUPYWTE YKa3aHHBINA B KO-
MaHJHOM CTPOKe affpec CTPaHMLB! B OKHO Opaysepa). [Insa mocTyma K CTpaHMIe
JO/DKHBI OBITH paspewiers! Qaitnt “cookie’

Tenepb MBI TOTOBBI K CO3[aHMIO Halllero MEPBOTO IIPOEKTa MALIMHHOTO 06yye-
HUA.

0630p AaHHbIX

B 37011 r/1aBe MBI 6y/1eM MCIIONIB30BaTh peanbHbI HA60p JAHHBIX 06 aHOHMMHBIX
onepauuax ¢ 6aHKOBCKMMM KapTaMM, COBEPIIEHHBIX €BPONEHCKMMM KIMEHTAMMU

2 [Ina nomydenns 6onee nogpoGHoit uHGpopMauun o 6ubnuotexe fastcluster 06paTnTeCh K AOKyMeH-
tauum (https://pypi.org/project/fastcluster/).
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HauMHaA ¢ ceHTA6pA 2013 roga’. Bce omepalyy moMeueHbl KaK MOAAENbHbIE MM
NOA/IMHHBIE, M MBI TOCTPOMM IIPH/IOXKEHME Ha OCHOBE MAIUMHHOTO OOydeHus,
MO3BOAIOLIee BbIABIATD MOLIEHHNYECTBO U MpeACKas3biBaTb KOPPEKTHBIE METKU
VL1 IPUMEpPOB, KOTOpbIE paHee He MPEfOCTaB/AMNCE.

Yka3aHHbI HabOp AaHHBIX OT/IMYAETCA KpaltHeit HecbaTaHCMPOBAHHOCTHIO. /3
284 807 6aHKkoBckuxX onepauuit muib 492 (0,172%) ABNAIOTCA MOIIEHHUYECKMMMU.
Cronb HU3KWit IPOLIEHT NOARENOK BIIO/IHE TUIIMYEH /1A onepauuit ¢ 6aHKOBCKUMMU
KapTaMu.

Obuee KoMMYeCTBO NMPU3HAKOB PaBHO 28, IpUYeM BCe OHYM YMCIIOBbIE, TOTAA
KaK KaTeropManbHble NMepeMeHHble OTCYTCTBYIOT!. DTM NPU3HAKU He ABAAITCA
OPUTMHATIbHBIMM Y NIPEACTABAAIOT 000 pe3ynbTaT aHa/MM3a IJTaBHBIX KOMIIOHEHT
(PCA), xoropsIit Mbl 6ynem uccienoBath B IaBe 3. B faHHOM cTy4ae KOMM4YeCTBO
OPMTMHANbHBIX NPU3HAKOB ObIZIO YMEHDIIEHO RO 28 IIABHbIX KOMIIOHEHT IyTeM
CHMDKEHMSA Pa3sMEepHOCTH.

B nononHenue K 28 r1aBHBIM KOMIIOHEHTAM MMEIOTCA TPU APYTUE NIEpEeMEHHBIE:
BpEMs BBIITOTHEHUA TPaH3aKI[UY, CyMMa TPaH3aKIMYU M UCTUHHBINA K/IaCcC TPaH3aK-
unu (1 — nopgensHas, 0 — noAIMHHAaA).

MoaroToBKa AaHHbIX

TIpe>xme YeM MCMONB3OBATh MAIUMHHOE 06ydeHMe A/ OPraHM3alMy Mpolecca
TPEHMPOBKM Ha JaHHBIX M paspaboTKy MpUNOKeHUs, 0OHapyKuBalowero GaKThl
MOLLIEHHNYeCTBa, HeoOXOAMMO MOATOTOBUTD JaHHBIE, KOTOpbie 6yRyT 06pabathi-
BaTbCA a/ITOPUTMaMHU.

NonyyeHune AaHHbIX

HepBbIM 1arom B mo6om TIIpOEKTE MAILUUHHOTO o6yqe1-lm1 ABNAETCA NOTYYEHUE
JaHHBbIX.

3arpy3|(a AadHHbIX

3arpyaute Habop RaHHBIX M TOMeCTHUTe pesynbTupylommit CSV-¢aitn B manky
/datasets/credit_card_data/ xatanora handson-unsupervised-learning. Eciu paHee Bbl

* 31oT Habop HaHHBIX, ROCTYTHLI B ceTn Kaggle (www . kaggle. com), 661 cobpaH B X0fe Mccneno-
BaHMsA, NpoBefeHHoOro KoMnanueit Worldline 1 coobmectsom Machine Learning Group us Bpioc-
CENbCKOTO CBOGONHOTO YHMBEPCUTETA.

* KateropuanbHble iepeMeHHbIe MMEIOT OGHO M3 BO3MOXKHBIX Ka4eCTBEHHBIX 3HaYeHUI, KOMIIECTBO
KOTOPbIX OTpaHN4eHO. VX YacTO MPUXOAUTCA KOOUPOBATHCA B AATOPUTMAX MALIMHHOTO O0ydeHMA.
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sarpyswm penosuropuit GitHub, To aToT daitn y>ke HaxoauTCA B yKa3aHHO Narnke.
(Y6enurecs, uTo (ait/1 IOMTHOCTBIO 3aTPY>KeH, TaK KakK OH IMeeT OTPOMHBII pasMep.)

Wmnopt HeobxoanMbIX 6ubANOTEK

Vmnopupyitte 6ubnunorexn Python, koTopbie noTpeby0TCA ANA MOCTPOEHUA
NpWIoXKeHNs, 06Hapy>xuBalolero ¢GakThl MOLIEHHNYECTBA.

"' 'OcHoBHHe Oubauorexnu'''
import numpy as np
import pandas as pd
import os

"' 'Busyanusaumsa OaHHEX'''
import matplotlib.pyplot as plt
import seaborn as sns

color = sns.color_palette()
import matplotlib as mpl

$matplotlib inline

'''ooroToBKa OaHHHX'''
from sklearn import preprocessing as pp
from scipy.stats import pearsonr
from sklearn.model selection import train_test split
from sklearn.model selection import StratifiedKFold
from sklearn.metrics import log loss
from sklearn.metrics import precision_recall curve, \
average precision_score
from sklearn.metrics import roc_curve, auc, roc_auc_score
from sklearn.metrics import confusion_matrix, classification_report

"'"'"AnropurMer' !

from sklearn.linear model import LogisticRegression
from sklearn.ensemble import RandomForestClassifier
import xgboost as xgb

import lightgbm as 1lgb

YreHue AaHHBIX

current_path = os.getcwd()

file = os.path.sep.join(['', 'datasets', 'credit_card_data', \
'credit card.csv'l])

data = pd.read_csv(current_path + file)
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MpeaBapuTeNbHbIA NPOCMOTP AAHHDBIX

Crnenylomas KOMaHfa BbIBOANT NEPBHIE IATh CTpOK Ha6opa:
data.head ()

Kax Bupute, Tpe6yeMblit Habop JaHHBIX yCTIEUIHO 3arpyxKeH (Tabm. 2.1; 3aech u
fla/iee MOKa3aHbl TONBKO Haya/IbHble CTONOLIbI).

Tabnuya 2.1. Ilpedeapumenvrviti npocmomp 0aHHvIX

Time Vi V2 V3 V4 V5
0 00 -1.359807 -0.072781 2.536347 1378155 -0.338321
1 00 1.191857 0.266151 0.166480 0.448154 0.060018
2 10 -1.358354 -1.340163 1.773209 0.379780 -0.503198
3 10 -0.966272 -0.185226 1.792993 -0.863291 -0.010309
4 20 1.158233 0.877737 1.548718 0.403034 -0.407193
S5rows x 31 columns

WccnepoBaHue AaHHbIX

Hammnm cnegyromum marom 6yget 6onee rimy6okoe uccnenosanme faHHsIX. [
3TOTO Mbl CT€HEPUPYEM MTOTOBYIO CBOAKY, BHIABMM OTCYTCTBYIOLINE JAHHbIE M/IN
KaTeropMaabHble IPU3HAKM U TOACYMTAEM KONMMYECTBO Pa3NUYHBIX 3HAYEHMIT 11O
NpU3HaKaM.

[eHepupoBaHWe UTOTOBOM CBOAKM

Cnenyroas KOMaHAa BBIBOAUT CBOAKY 1O cTon61aM (Tabm. 2.2):

data.describe ()

Tabnuua 2.2. IIpocmas umozoeas ceo0xa

Time Vi V2 V3 V4

count 284807000000  2.848070e+05 2.848070e+05 2.848070e+05 2.848070e+05
mean 94813.859575 3.919560e-15 5.688174e-16 -8.769071e-15  2.782312e-15
std 47488.145955 1.958696e+-00 1.651309e+00 1.516255e+00 1.415869e+00
min 0.000000 -5.640751e+01  -7.271573e+01  -4.832559e+01  -5.683171e+00
25% 54201.500000 -9.203734e-01  -5.985499e-01  -8.903648e-01  -8.486401e-01
50% 84692.000000 1.810880e-02 6.548556e~02 1.798463e-01 -1.984653e-02
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BbiABNEeHMe HEYNCOBBIX U OTCYTCTBYIOLNX 3HAYEHUH

HexoTopbie airopuTMbl MaLIMHHOTO 06y4eHus He MOTyT 06pabaTbiBaTh Heunc-
JIOBbIE ¥ OTCYTCTBYIOLIME 3HaYeHMA. [103TOMY ONTMMANbHOE pellleHNe 3aKIoya-
eTCs B MCTIONb30BaHMUM 0coboro crocoba maeHTUMKALMM HEUMCITOBBIX 3HAYEHMIA
(taxoke u3BecTHBIX KaK NaN ot aHrn. “not a number”).

B cryyae oTCyTCTBYIOLIMX 3HAYEHMIA Mbl MOXXEM MOJRENMPOBATh MX, HAIIPUMED
NyTeM 3aMeHBl OTCYTCTBYIOLIEH TOYKM JAHHBIX CPESHMM 3HadeHUEM, MeMaHOI
WIN MOR0/ COOTBETCTBYIOLETO NpU3HaKa, MO0 MOACTABNATh 3HAYEHNS, ONpefe-
NAeMble TIONIb30BaTeNeM. B clyuae kaTeropmanbHbIX 3HaYEHMIT MOXKHO KOAMPOBaTh
IaHHBIE C IOMOLLBIO Pa3peXKeHHOI MATPULIBI, IPEACTAB/ALIEH BCe KATErOpHab-
Hble 3HayeHus. [anee 3Ta MaTpyuua KOMOMHMpPYETCA C YMCTIOBBIMM NpU3HAKaAMMU.
ITomy4eHHDIT KOMOMHMPOBaHHBI HAOOP IPU3HAKOB UCTIONb3YETCS /IS TPEHUPOB-
KM a/ITOPUTMa MAalIMHHOTO 06yYeHuA.

BhIMONMHUB cnepylolmylo KOMaHAY, Mbl BUAMM, YTO B Habope OTCYTCTBYIOT
Habmopenna co 3Ha4yeHnem NaN, NO3TOMY HeT HMKaKOi HEO6XOmMMOCTH MOpeNN-
pOBaTh MM KORUPOBATb Kakye-1160 3HaYEHN .

nanCounter = np.isnan(data).sum()

Time
V1
V2
V3
\'Z!
V5
V6
V7
V8
V9
V10
Vil
V12
V13
V14
V15
vie
V17
V18
V1%
V20

O O O O O O OO0 O OO OO OO OO O O o o
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Tabnuya 2.3. Vimozosvie macumabuposarnHoie npusHaxy

Time Vi V2 V3 V4
count 284807.000000  2.848070e+05  2.848070e+05 2.848070e+05 2.848070e-+05
mean 94813.859575 -8.157366e-16  3.154853e-17 -4.409878e-15  —6.734811e-16
std 47488.145955 1.000002e+00 1.000002e+00 1.000002e-+00 1.000002e-+00
min 0.000000 -2.879855e+01  -4.403529e+01  -3.187173e+01  -4.013919e+00
25% 4201.500000 -4.698918e-01  -3.624707e-01  -5.872142e-01  -5.993788e-01
50% 84692.000000 9.245351e-03 3.965683e-02 1.186124e-02 -1.401724e-01
75% 139320.500000  6.716939e-01 4.867202e-01 6.774569e—01 5.250082e-01
max 172792.000000  1.253351e+00 1.335775e+01 6.187993e+00 1.191874e+01

8 rows x 30 columns

KoHcTpynpoBanme 1 oT6op npusHakoB

B 60/1bLINMHCTBE IPOEKTOB MAIMHHOTO 06y4eHNs MBI JO/DKHBI pacCMAaTpUBaTh
BOIPOCHI KOHCTPYMPOBaHMA 1 BhI6Opa IPM3HAKOB KakK YacTh peleHus. Koncmpy-
uposanue npusraxoe (feature engineering) moppasymeBaeT cosgaHue HOBBIX MPU-
3HaKOB — HAIpUMep, ITyTeM BbIYMC/IEHUA OTHOLIEHM, 3HaYEHUI CYETUYMKOB UM
CYMM Ha OCHOB€ MCXOJHBIX TPM3HAKOB, — YTOObI OKa3aTh IIOMOILb a/ITOPUTMY Ma-
IIMHHOTO 06y4eHMs B M3B/Ie4eHMY 6o/ee CUIBHOTO CUTHa/a U3 Habopa JaHHbIX.

Omé6op npusnaxoe (feature selection) moppasymeBaet Bbi6op mogHabopa mpu-
3HAKOB /I/I1 TPEHMPOBKMY, YTO B KOHEYHOM CHYeTe 03HAYaeT UCK/TIOYEHME HEKOTOPDIX
MeHee pe/leBaHTHBIX NPU3HAKOB M3 paccMoTpeHMA. Llenbio 3TOro uara siB/sAeT-
CAl CHM)KEHME BEPOATHOCTU NepeobyyeHus anropMTMa MalUMHHOTO o6ydeHUs Ha
1yMe B Habope JaHHBIX.

Jins Halero Habopa JaHHBIX OTCYTCTBYIOT MCXOAHbIE IPU3HAKM. MBI pacmona-
raeM /JMIIb I7TABHHIMU KOMIIOHEHTaMM, IONy4eHHBIMM C MCIIO/Ib30BaHMEM METOfA
PCA (omMH 13 BapiaHTOB CHY)XEHUA Pa3MEPHOCTH), O YeM IOMAAET peysb B IT1aBe 3.
ITockonbKy MBI He 3HaeM, YTO MMEHHO IPENCTAaB/AET co60i1 M060it U3 IPUIHAKOB,
MBI He MOXKeM NPUMEHMUTb KaKylo-TM60 pasyMHYI0 METOAMKY KOHCTPYMpPOBaHMSA
IIPM3HAKOB.

B nameM cryyae oT60p IpM3HAKOB TakKe He Tpe6yeTcs, TOCKONBKY KOMUYECTBO
Habmopnenuit (284 807) HaMHOro MPEBOCXOAUT KOMUYECTBO Mpu3HakoB (30), uto
pesKo CHUXKaeT BEPOATHOCTb nmepeobyuenus. Kak cnemyer u3 puc. 2.1, npusHaku
MULIb B He3SHAYUTEIbHOI CTENIEHM KOPPEMPYIOT MeXAY coboit. Ipyrumu cnoBamu,
Y Hac HeT U36BITOYHBIX MpKU3HaKOB. Ec/u 6bI OHYM GBI, MBI MOIIM 6Bl YCTPAHUTD

74 | fnasa 2



r~ G VH" V) * "Z E r W

"E=#] H'*# 1 '= "0610%0% ™ # * , *
V) , %#'%)% )*Z V! rLF= % V(#V W
Lgo ko

BC C==CCMd C =

72aa6548/20_48al/€ « ?3 |484tad4<6S3484+3>= /036€+3484x 725C<0B= ™
725C<0B+3484x 725C<0BT
12a / /0 3484x 725C<0B.
12a * /0 3484x 725C<0B.
72aa6548/20_48al/€ 5278/= > « ™
0?7 a2C03S?64aB20aS3484x 5275.= [>= ™
3484x 5278.= ‘H>TS§»= T

@(? A 23 2 '3

ZE dMQ Ka
" (G'K#*! +E V)= #IE-E + "

P - #S" T U#* TH" "

# G H"%) +(#, ="% V V, =GW
[( H " #IE H!V *"S®%"H" =# G
" EZ "E % E#'' V)

72C08—754BB6B « ?3 h45C6—72C08BS34848°f54BB™>= ™
B2a8+.gaC6T B2a8—/036€ST

4€ « BOB D4a?528S€+72C08—754BB6B /036€= ™
Je8C?56S72C08—754BB6B@560S3484TTT

P@KC=@ [ F DEL M 6 Sb






Pe3ynbTaTMBHOCTD, OCTUraeMas Ha 3TOM TECTOBOM Habope, u 6ymeT KOHe4HO
OLIEHKOJ! YCTIEMHOCTY MOJEMN.

WUrtak, pazo6beM Habop JaHHBIX 00 omepaLusax ¢ 6aHKOBCKMMY KapTaMy Ha iBa
Habopa: TPeHMPOBOYHBII U TECTOBHIN.

X_train, X_test, y_train, y test = train_test split(dataX, dataY, \
test_size=0.33, random_state=2018, stratify=datay)

Tenepp MbI MMeeM TPeHMpPOBOUYHbINA Habop, comepxaiuit 190 820 o6pasiios
(67% McXOmHOrO KOMMYECTBA), M TECTOBLIN Habop, copeprkaiuit 93 987 obpasiiop
(ocraBumnecs 33%). Yto6sr 0b6ecnieunTh ofmHaKkoByio (~0,17%) om0 MOIIEHHN-
4YeCKMX OIepaumii B TPEHUPOBOYHOM }M TECTOBOM Habopax, Mbl yCTaHaBIMBaeM
napameTp stratify. Msl Takke ¢ukcupyem sHadenue 2018 A mepeMeHHOM
random_state, 4To6bI 06ecnenTh BOCTIPOM3BOAUMOCTb Pe3y/IbTATOB’.

Jl1a OKOHYATeNbHOM OLICHKM OMOKM 00061EeHMA, TAK)KE Ha3bIBAEMOM OuiUb-
Koti 3a npedenamu svibopxu (out-of-sample error), Mbl 6yfieM UCIIONB30BATh TECTO-
BBIit Habop.

Bbibop ¢pyHKLMK NOTEpD

Iinsa o6y4eHua MOReNy Ha TPEHMPOBOYHOM Habope HaM MOHA0OMTCA PyHKyus
nomepyv (cost function), kotopyio Mbl 6yfieM nepefaBaTh aIrOPUMTMY MALIMHHOTO
o6yyeHus. Anroput™ OyAeT MbITaTbCA MUHUMMU3UPOBATh PYHKIIMIO CTOMMOCTH,
06y4asach Ha TPEHUPOBOYHBIX IIPUMeEPAX.

ITockonbKy B JaHHOM ClTy4ae Mbl IPUMeHAeM oOydeHMe C YIUTENEM IS pellle-
HUA 3afjaun Knaccudukaumm (c AByMs KIaccaMi), Mbl UCTIONIb3yeM Morapummuyec-
Ky10 GYHKLMIO ITOTEPb OMHAPHON KTacCMUKALMM [ULA BEIYUCTIEHUA KPOCC-I3HMPO-
nuy MeKAY METKaMJM MCTUHHBIX TPAH3aKLIMI ¥ MORENbHBIMM NPEACKa3aHUAMM:

1 N M
logloss= _ﬁzzyi,j log(pi,j),
i=1 j=
rae N — konu4ecTBO HabnrogeHuit, M — KOMM4ECTBO METOK K/1acCOB (B JAHHOM
cny4ae pasHoe 2); ¥, — 1, ecnu HabmiofieHme i OTHOCHTCA K Kmaccy j, u 0 —
B IIPOTHBHOM C/Ty4ae; p, — NPEACKa3aHHAA BEPOATHOCTD TOTO, YTO Habmopenue i
OTHOCHUTCA K Knaccy j.

$ Yro6b! y3HaTh, KaKMM 06pasoM napameTp stratify coXpaHAET MOCTOAHHYIO KOO MOMIOXUTENb-
HbIX MeTOK, ofpaTurech K BokymeHTauuu (http://bit.ly/2NiKwfi). Ecnu xoture Bocnpo-
M3BeCTH aHANOTHYHOe pasbueHNe HAGOPOB B CBOMX IKCIIEPUMEHTAX, YCTAHOBMTE A/IA NapaMeTpa
random_state sHayenue 2018. Ecn He 3afapath ero umy BH6path Apyroe 3HaYEHME, TO PE3Y/b-
TaThl 6YRYT APYTHMH.
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Moaenb N21: norucTiueckas perpeccus

HauHeM ¢ caMoro npocroro anropurMa Knaccuukamuyu — MOTUCTUYECKOM pe-
rpeccun.

Hactpoitka runepnapameTpos

penalty = '12'

c=1.0

class_weight = 'balanced'
random state = 2018
solver = 'liblinear’
n_jobs =1

logReg = LogisticRegression (penalty=penalty, C=C, \
class_weight=class_weight, random state=random_state, \
solver=solver, n_jobs=n_jobs)

YcTaHOBMM AnA napamerpa penalty 3HadeHme 12, a He 11. [leno B TOM, YTO
L2-perynapusanus MeHee YyBCTBUTe/bHA K BbIOpOcaM o cpaBHeHuIo ¢ LI-pery-
nApu3aLyei M Ha3HavaeT HeHy/eBble 3HaYEeHUS BECOB IIOYTH BCEM NPU3HAKAM, UTO
6ymeT NpMBOAUTD K NONYYEHMIO CTaOM/IBHBIX peluennit. L1-perynapusaums HasHa-
YaeT BBICOKME 3HaueHMA BecOB Haubormee BaKHBIM NPU3HAKaM U MOYTH Hy/NeBble
Be€Ca OCTa/IbHBIM TpPU3HAKAM, N0 CYTH, BBHIIONHAA OTOOp NPU3HAKOB B IpoLiecce
TpeHUpOBKY anropurMa. OfHako BBUAY CYILleCTBEHHO! BapMaliMy BeCOB OT IIpH-
3HaKa K NMpu3HaKy L1-peluenus, B oTIn4YKe oT L2-peluennit, He Bceraa BeayT cebs
CTabM/IbHO IO OTHOLIEHMIO K M3MEHEHMAM B TOUKAX JAaHHBIXS.

ITapameTtp C ompenensaeT MHTEHCHBHOCTD perynsapusanyuy. Kak Bl noMHuTe U3
I7IaBBI 1, perynspusauus nomoraeT 60poTbcs ¢ nepeobydeHueM MyTeM Ha/oXKEHUA
mTpadoB 3a CIOXHOCTh. VIHBIMU CTIOBaMM, YeM MHTEHCUBHEE perynapusanus, TeM
6onbumit wrpad 3a CIOKHOCTD Ha/laraeTcs aITOPUTMOM MALUMHHOTO O6yYeHMA.
Perynapusanms NoaTa/lKMBaeT ailfOPUTM K TOMY, YTOOBI TPy NPOYMX PaBHBIX yC-
IOBMAX MPEANOYTEHNME OTAABANIOCh 60/ee MPOCTHIM MOAENAM 110 CPaBHEHMIO ¢ 60-
Jiee CTIOKHBIMMU,

B xauecTBe 3HaYeHMA KOHCTAHTHI perynsapusanu C Heo6XoaMMO 3afaBaTh IO-
TIOXXUTENbHOE BEllleCTBEHHOEe YMco. YeM MeHblle 3TO 3HaYeHNeE, TEM MHTEHCHBHEE
perynspusanusa. Msl ocTaBuM 3aflaHHOe 110 YMOT4YaHMIO 3HadeHue 1. 0.

¢ Bonee nofpo6uyio MHGOPMaLMIO 0 pasnuunaAx Mexxay L1- u L2-perynapusanyeit MOXHO HaiTH 1o
agpecy http://bit.ly/2Bcx413
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Ham Ha6op maHHBIX O TpaH3aKLMAX C GAHKOBCKMMM KapTaMM OTIMYAEeTCA
KpajiHeit Hec6amaHCMPOBaHHOCTBIO: U3 OOILero KOMMYeCTBa MPUMEPOB, PaBHOTO
284 807, muuub 492 COOTBETCTBYIOT NOAAETbHBIM TPAH3aKIMAM. MBI XOTUM, YTOOBI
B IpoLiecce TPEHNPOBKM aITOPUTM MALIMHHOTO 06ydeHNns yRemnsn 6o/blle BHUMA-
Hus 06yYeHNI0 Ha TPaH3aKLMAX C MONIOKUTENbHBIMU METKaMM — JPYTMMM C/IOBa-
M¥, 06y4eHMI0 Ha TOAAETbHBIX TPAH3aKIMAX, TOCKO/BKY MX KOMNYECTBO B Habope
JAHHBIX OY€Hb HEBEIUKO.

B aToit Mogenyu NMOrmcTUYECKOM perpeccMm Mbl YCTAaHOBUM [/ IIepeMEeHHOM
class_weight 3HaueHMe 'balanced'. TeM caMbIM MbI cOO0IaEM aITOPUTMY
JIOTMCTUYECKO PETpPeccuy O TOM, YTO B HaHHOI 3ajlaye MMEIOTCA NpobeMbl, CBA-
3aHHBIe C HecHa/TaHCMPOBaHHOCTBIO K/IACCOB. AJITOPUTMY NOTpebyeTcs IPUITUCHI-
BaTb Gobllie Beca MOMOXUTENbHBIM METKaM B Ipoliecce TPEHUPOBKY. B JanHOM
cny4ae Beca 6yayT o6paTHO IPOMOPLIMOHANBHBI YaCTOTaM BCTPEYaeMOCTH Kiac-
COB. Anroput™ 6ymeT MpUIMCHIBATH Go/bliMe Beca PeaKo BCTPEYAIOIIMMCA IO-
JIOXUTENTbHBIM MeTKaM (KOTOpble COOTBETCTBYIOT NOAAENbHBIM TPaH3aKLUAM) U
MeHbllMe — 6o/ee YaCTHIM OTPULIATENBHBIM MeTKaM (COOTBETCTBYIOLIMM IOMINH-
HBIM TPaH3aKLMAM).

lina nepemenHoit random_state Mbl ¢ukcupyeM 3Havenme 2018, 4TO6BI
YNPOCTUTD APYTUM NONb30BATENIAM — B TOM YMC/IE BCEM YMTATENAM — BOCIIPONU3-
BefieHMe pe3ynbTaToB. [I/1a NepeMeHHoM solver YCTaHOB/IEHO CTaHAAPTHOE 3Ha-
yeHue 'liblinear’.

TpenupoBKa moaenu

YcTaHOBMB BCe IUnepapaMeTpbl, Mbl MOKEM NIPUCTYTINTD K TPEHMPOBKE MOEN
JIOTMCTHYECKON PErpeccuut, UCIIONb3YA IO OUePeNy KaXK/Abli U3 IIATH BADUAHTOB pas-
61eHMA MCXORHOTO Habopa B COOTBETCTBUM C METORMKON k-KpaTHOI KPOCC-TIpOBep-
KM, T.e. TPEHUPYA MOAE/b KOXKABIA pa3 Ha YeThIPeX IATHIX TPEHUPOBOYHOTO Habopa
Y OLIEHVBAsA €€ Pe3yNbTaTUBHOCTD C MOMOLIIBIO OT/IOXKEHHOI IIATOM YacTu Habopa.

B npouecce 3Tojt MATHMKPATHOM TPEHMPOBKM M OLIEHKM Mopenu Mbl 6ymeM Bbl-
YUCNATh QYHKUMIO OTepb — B HallleM CIydae 0TapuMmyecKyo QyHKINIO —
Kak BO BpeMs 06ydeHns (Ha cpese pa3MepOM 4eThbIpe MATHIX UCXOOHOTO TPEHUPO-
BOYHOTO Habopa), Tak M BO BpeMA BanmuAaluyu (Ha cpese pa3MepoM B OffHY MATYIO
MCXOOHOTO TPEHMpPOBOYHOro Habopa). Kpome Toro, Mbl 6ymeM cOXpaHATb Ipen-
CKa3aHMA TAKKe /I KaXIOTO M3 IATU KPOCC-TIPOBEPOYHBIX HA6OPOB, M K KOHIY
NATOrO IIPOTOHA MBI 6yAieM MMETD IATH NPeACcKa3aHMit /1A BCETO TPEHMPOBOYHOTO
Habopa.

trainingScores = []
cvScores = []
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predictionsBasedOnKFolds = pd.DataFrame(data=[], \
index=y_train.index, \
columns=[0, 1])

model = logReg

for train_index, cv_index in k fold.split(np.zeros(len(X_train)), \
y_train.ravel()):
X_train_fold, X_cv_fold = X train.iloc[train_index, :], \
X train.iloc([cv_index, :]
y_train _fold, y cv fold = y_train.iloc[train_index], \
y_train.iloc[cv_index]

model.fit (X_train fold, y_train fold)

loglossTraining = log loss(y_train fold, \
model.predict proba(X_train_fold)[:, 1])

trainingScores.append(loglossTraining)

predictionsBasedOnKFolds.loc[X cv_fold.index, :] =\
model .predict_proba (X _cv_fold)

loglossCV = log_loss(y_cv_fold, \
predictionsBasedOnKFolds.loc[X cv_fold.index, 1])

cvScores.append (loglossCV)

print ('Jlorapupmmueckue norepu obyueuus: ', loglossTraining)
print ('Jlorapupmmueckre norepu Bammmaumm: ', loglossCV)

loglossLogisticRegression = log _loss(y_train, \
predictionsBasedOnKFolds.loc[:, 1])
print ('Jlorapupmmueckue norepu JOTMCTMYECKOM perpeccum: ', \
loglossLogisticRegression)

OueHka pe3ynbTaToB

Huoxe npuBeieHbl TPEHUPOBOYHBIE U KPOCC-TIPOBEPOYHbIE 3HaYEHUA QYHKIMM
noTepb ANA KKAOTO M3 IATH nporoHos. Kak mpasumo (Ho He Bcersa) TpeHupo-
BOYHBIE 3HaYeHUA HIOKe KPOCC-POBEPOUHBIX. ITOCKONMbKY anropMT™M MalIMHHO-
ro obydeHnsa oby4ancs HemoCpeACTBEHHO Ha TPEHMPOBOYHBIX AAHHBIX, ero ad-
dbexTnBHOCTD (XapakTepusyeMas norapudpmMmuyeckuMu MOTepsMM) RODKHA OBITH
BbIllle HA TPEHMPOBOYHOM Habope, a He Ha KPOCC-TIPOBEpOYHOM. BcriomMHuTe, YTO
KPOCC-TIPOBEPOYHBIN HabOp BK/IIOYAaeT TPAaH3aKLMM, KOTOpBIE GBbI/IM ABHBIM 06pa-
30M yfiep>KaHbl M3 TPEHMPOBOYHBIX NIPYMEPOB.
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Jorapupmmueckme norepy oOyuUeHUS: 0.10080139188958696
JlorapupmMmuyeckyre NOTEPM BaANUDALUM: 0.10490645274118293
Jlorapupmmueckue norepy oByHeHUs: 0.12098957040484648
Jlorapupmmueckue MOTEpM BaauZaLMK: 0.11634801169793386
Jlorapupmmuyeckme norepu obyueHus: 0.1074616029843435

JlorapupmMmueckme NnOTepy BaMMOALUM: 0.10845630232487576
Jlorapupmmyeckme norepu obydeHus: 0.10228137039781758
JlorapupmMmyeckre nNoTepy BanMOaLMM: 0.10321736161148198
JlorapupmMmueckme norTepy oOYUeHUS: 0.11476012373315266
Jlorapnmmueckre noTepyu BaaMOaluM: 0.1160124452312548

Pa6orasn c Ha6OpOM AaHHBIX O TPAH3aKLUSX C GAHKOBCKMMM KapTaMmy,
BaXHO He 3a0bIBaTb, YTO MBI CTPOUM NpPU/IOXKEHMUE, TIpeAHa3HaYeHHOe
VLA BBIAB/IEHMS MOLIEHHUYeCKMX omepaumit. Besakuit pas, korna peus
uaeT 06 3pPeKTUBHOCTY MM Pe3yNbTaTUBHOCTU MOAEIM MALUIMHHOTO
o6y4eHus, uMeeTcs B BUAY, HACKO/IBKO OHa CIIpaB/sieTcs ¢ O6Hapyxe-
HyeM TOAfIENOK.

Mogenb MalIMHHOTO 06Y4eHNA BHIBOAUT BEPOSTHOCTH MPENCKA3aHUIL
VLA KQXKJ0M TPaH3aKLMK, IpUYEM eMHMIIA COOTBETCTBYET MOAAENDb-
HOJi TPaH3aKLMK, a HY/Tb — NOA/IMHHOM TpaH3akuuu. YeM 6muxe 3Ha-
4eH}e BEPOATHOCTH K eiHMIIE, TeM GONbILe UIAHCOB, YTO TPAH3aKLUMs
AB/AETCA MOLIEHHUYECKON, U UeM O/ike 3TO 3HauYeHMe K HY/IO, TeM
BEpOsATHEe, YTO TPAH3aKLMA AB/LAETCA 3aKOHHON. CpaBHMBaA MpeACKa-
3aHHbIE MOJIENIbI0 3HAYEHUA BEPOATHOCTYM C METKAaMU, Mbl MOXEM Cy-
AMTDb O IIPUTOHOCTY MOJIEMIN.

Ha Ka)XK7IOM U3 IIATU ITPOT'OHOB TPCHUPOBOYHBIE ¥ KpOCC-IIPOBEPOYHbIE /I0Tra-

pudmMmuieckne noTepu uMeIOT 6u3Kme 3HaYeHUA. /1A JaHHOI MOAENY IOTUCTHYe-
CKOJf perpeccuy MBI He HabO/MIOfaeM CKO/b-HUOYb 3HAYMUTENIbHBIX TIPOAB/IEHUIA T1e-

peobydeHMs, TaK KaK B IPOTMBHOM C/Ty4ae Mbl MMeny 6bl HU3KME TPEHMPOBOYHBIE

norapudMmyecKue OTEpU U BBICOKUE KPOCC-TIPOBEPOYHBIE NOTEPH.

HOCKOIIbe MBI COXpaHAEM IPENCKA3aHNUA /151 KAKAOTO U3 MATU KPOCC-IIPOBe-

POYHBIX Ha6OPOB, MBI MOXEM CKOM6MHMPOBaTb MX I/ TIONYy4YE€HUSA OLI€HKH, OT-

HocAlleicA K eAuHOMY Habopy. TOT eauHBbI Habop mpeacTaBiseT co6oit TO Xe
caMoe, 4TO ¥ MCXORHBIN TPEHUPOBOYHEI HabOp, YTO MO3BO/sIET HAM PacCYUTaTh

o61wme norapudmuveckne noTepu AN BCETO MCXOLHOTO TPEHUPOBOYHOTO Habopa.
Hauny4imas ouenka morapupMudeckux motTeps Ans AAaHHOM MOAENM TOTUCTHYEC-
KOJ perpeccuu, Nony4eHHas Ha TeCTOBOM Habope, MMeeT cleAyolLlee 3HaYeHHe:

JlorapupMmueckme noTepy JOrmMcTUdeckoi perpeccmm: 0.10978811472134588
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(0.08283546387140524,
.043070120657586454,
.018901753737287603,
.02381040174486509,
.16038446580196433,
.03461061251209459,
.17847771715513427,
.2483282420447288,
.012981344347664117,
.20789298519649893]

O O O O O o O o o

[IBYXCNOiiHbINA LWYMONOAABNAIOLNIA CBEPXNONHDI
aBTOKOAMPOBLUMK ¢ GyHKuuei akTuBauum RelU

TIpoBepuM, kak cpaboTaeT STOT XKe aBTOKOAMPOBIUMK, HO C MUCIIONB30BAaHUEM
¢yHkuyu ReLU BMecTO muHeitHOM ¢yHKIMM akTMBaLMy. BcioMHMTE, YTO Ha OpH-
TMHANbHOM Habope JaHHBIX aBTOKOAMPOBIUMK C HEMMHENHOI QYHKLMEA aKTHBa-
IIMM NPOJEMOHCTPUPOBAJI XYALIYIO TPOU3BOAUTENBHOCTD, Y4€M aBTOKOAMPOBILMK C
MuHeitHOI QyHKLMEN.

# Momens N11:

# IBYXCHOMHEM WYMOIOIABASOWMIA CBEPXMNOJIHEN] aBTOKOIMPOBIMK
# c oyHkumeit akTuBaumMy RelU, perynapusaTopoM Ha OCHOBE

# paspexeHHOCTM M IPONayTOM;

# 29 -> 40 -> 29

# mpomayr 5%

model = Sequential() _
model.add (Dense (units=40, activation='relu', \
activity regularizer=regularizers.l1(10e-5), input_dim=29))
model.add (Dropout (0.05))
model,add{Dense (units=29, activation='relu'))

IIpuBeneHHBle HIMKE Pe3y/IbTaThl OTPAXKAIOT MMOTEPH /I 3TOTO ABTOKOAUPOB-
wuka. Ha puc. 8.11 npuBeaeHs! KpuBas “TOYHOCTb — IIOMHOTA’, 3HAYEHME CpeAHen
ToyHocTH M KpuBas auROC.

Epoch 1/10

190820/190820 [============================== ] - 29s 153us/step -
loss: 0.3049 - acc: 0.6454 - val loss: 0.0841 - val_acc: 0.8873

Epoch 2/10

190820/190820 [== ======s=sss==s===== ] - 27s 143us/step -
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Pesiome

B aToi1 IMaBe MBI BEpHY/IUCH K 3afiade OOHApY)KEHUA MOLIEHHNYECKMX Ollepa-
1Mt ¢ 6aHKOBCKMMM KapTaMy ¥ pa3paboTany COOTBETCTBYIOLLEE PeLIEHN)e Ha OC-
HOBe 00y4eHMs 6€3 YIUTeNs ¢ MOMOLLBIO HEPOHHO CETH.

JInsg HaXOXJEHMs ONTHMANbHOM APXUTEKTYPbl HEMPOHHOM CETH Mbl IIpOBe-
MY pAJ, 3KCTIEPYMEHTOB C NMpUBNEYEHMEM aBTOKOAMPOBINMKOB Pas3IMYHOTO THUIIA.
B xofie 3TUX 3KCIIEPMMEHTOR MbI TPOBEPU/IM PabOTY NOMHOTO, HETIOTHOTO M CBEPX-
MIO/THOTO aBTOKOAMPOBILMKOB, BK/TIOYAIOIMX OOVH M/IM HECKOIBKO CKPBITHIX C/TOEB.
IIpu aTOM MBI UCTIONIb30BaNM KaK IMHENHYIO, TaK M HEMMHEMHYI0 QYHKLMM aKTH-
Bal[My C IpPMMEHEHMEM IBYX OCHOBHBIX METORMK PeryLApU3aly: pa3speXKeHHOCTH
Y ApomayTa.

MBI BBIACHUIM, YTO NIpU paboTe C OPUTMHANBHBIM HAGOPOM TPaH3aKLMOHHBIX
JAaHHBIX HaMAY4YLIyI0 IPON3BOAUTENBHOCTb NEMOHCTPUPYET KOBOMBHO IIPOCTast
ABYXC/IOMHas HEMPOHHAA CETb Ha OCHOBE HEMO/MHOTO aBTOKOAMPOBIIMKA C IMHEN-
HOIt QyHKLIMeN aKTUBALIMY, HO [/ TOTO YTOOBI CIPaBUTHCA C IIYMOM B 3aIYMJIEH-
HOM Habope JaHHBIX, HaM TPUIIIOCH MCIIONb30BATh Pa3peXXKEeHHbIi ABYXCOMHbII
CBEPXIOHbIN aBTOKOAUPOBLIMK C [PONIayTOM.

MHorKe Halmm 5KCIEPUMEHTH 6BUIM TPOBEAEHbI METOROM IPO6 M OWMEOK: B
KaX/IOM 3KCNIEpUMEHTE Mbl MOACTPaMBaIM IUIepliapaMeTpPhl U CPaBHUBAIM pe-
3y/IbTAThl C IPEAbIAYIIMMM UTepaLUAMMU. BrioTHe BO3MOXHO, 4TO A/1 0OHapyske-
HMA MOLIEHHMYECKMX OMepanmii ¢ 6aHKOBCKMMM KapTaMMy CYLLECTBYeT ele Gonee
addexTHBHOE pellreHNe Ha OCHOBE aBTOKOAMPOBILMKA, U 5 IPU3bIBAI0 BAC BBITION-
HUTb COOCTBEHHbIE IKCTIEPUMEHTBI, YTOOBI 3TO IPOBEPUTb.

Mo cux mop Mbl paccMaTpuBany obyueHne c yuuteneM u obydenne 6e3s yuurensa
Kak JBa He3aBMCHMBbIX HaNpaB/leHNA MAIUMHHOTO O6y4eHMs, HO B ITIaBe 9 MBI MC-
clefyeM COBMECTHOE MCTIONIb30BaHMe ABYX MOJENeEl A/ pa3paboTKu PUIOXKEHUA
Ha OCHOBe OOYYeHMA C YaCTUYHBIM IPUB/IEIEHNEM YUUTENSA, KOTOPOE MO3BONISET
BOGUTBCA MYYIINX Pe3y/IbTATOB, YeM Mo6 0/ 13 TOAXOAOB 110 OTAEIBHOCTH.
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color = sns.color palette()
import matplotlib as mpl

$matplotlib inline

'"'MloAroTOBKA AAHHEIX M oueHka momemm'''

from sklearn import preprocessing as pp

from sklearn.model selection import train_test split

from sklearn.model selection import StratifiedKFold

from sklearn.metrics import log_loss

from sklearn.metrics import precision recall curve, \
average_precision_score

from sklearn.metrics import roc_curve, auc, roc_auc_score

YU AnroprT™et !
import lightgbm as lgb

''"'"TensorFlow u Keras'''

import tensorflow as tf

import keras

from keras import backend as K

from keras.models import Sequential, Model

from keras.layers import Activation, Dense, Dropout

from keras.layers import BatchNormalization, Input, Lambda
from keras import regularizers

from keras.losses import mse, binary crossentropy

Kak u panblie, creHepupyeM TpeHMPOBOYHBIN M TECTOBBIA HabOpPbI, TONMBKO Ha
3TOT pa3 UCK/TIOYMM U3 TPEHMPOBOYHOTO Habopa 90% MeTOK MOAAENbHBIX TPaH3aK-
1M1, YTOOBI CLIMUTMPOBATh PAabOTY C YaCTUYHO pa3MedeHHBIM HabopoM.

ITomo6HBI/ HIar MOXKET IMOKAa3aThCA Yepecyyp pafiukaabHbIM, OGHAKO Ha IIpak-
THKe MofAfleNIbHble TPAH3aKLMM BCTPEYAIOTCA IPUMEPHO TaK JKe pefiko (IpUMepHO
OfiHa IOMbITKA (panbcudukanmy Ha 10 000 cnydaeB). Mckmouns 90% MeToK U3 Tpe-
HUPOBOYHOTO Hab0pa, Mbl CLIMUTUPYEM PEabHYIO CUTYALMIO.

# 3arpys3ka OaHHHX

current_path = os.getcwd()

file = os.path.sep.join(['', 'datasets', 'credit_card data', \
'credit card.csv'])

data = pd.read_csv(current_path + file)

dataX
datay

data.copy() .drop(['Class’', 'Time'],axis=1)
data['Class'].copy()
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# MacwrabupoBaHue OaHHHX

featuresToScale = dataX.columns

sX = pp.StandardScaler (copy=True, with mean=True, with_std=True)

dataX.loc[:, featuresToScale] = \
sX.fit_transform(dataX[featuresToScale])

# PazsbueHMe HA TPEHMPOBOUHEN! M TECTOBENI HaBOPH
X_train, X test, y_train, y_test = train test_split(dataX, dataY, \
test size=0.33, random_state=2018, stratify=dataY)

# Vckomouenne 90% MeTOK M3 TPEeHMPOBOYWHOIO Habopa
toDrop = y_train(y_train==1].sample(frac=0.90, random_state=2018)
X_train.drop(labels=toDrop.index, inplace=True)
y train.drop(labels=toDrop.index, inplace=True)

Mbl Takke NMOBTOpHO Mcmonb3yem ¢yHkumu anomalyScores um plot-
Results.

def anomalyScores (originalDF, reducedDF):

loss = np.sum((np.array{originalDF) - np.array(reducedDF))**2, \
axis=1)

loss = pd.Series(data=loss, index=originalDF.index)

loss = (loss - np.min(loss)) / (np.max(loss) - np.min(loss))

return loss

def plotResults(truelabels, anomalyScores, returnPreds = False):
preds = pd.concat ([truelabels, anomalyScores], axis=1)
preds.columns = ['truelabel', 'anomalyScore']
precision, recall, thresholds = \
precision_recall curve(preds['truelabel'], \
preds|'anomalyScore'])
average_precision = average_precision_score(preds['truelabel'], \
preds|['anomalyScore'])

plt.step(recall, precision, color='k', alpha=0.7, where='post')
plt.fill between(recall, precision, step='post', alpha=0.3, \
color='k")

plt.xlabel ('llonHora)
plt.ylabel ('TouxrocTs ')
plt.ylim({0.0, 1.05])
plt.xlim([0.0, 1.0])
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plt.

title('KpuBas "TOWHOCTBL - NOJHOTA": CpeIHAA TOYHOCTL =

{0:0.2f}"'.format (average_precision))

fpr, tpr, thresholds = roc_curve(preds(['truelabel'], \

preds('anomalyScore'])

areaUnderROC = auc(fpr, tpr)

plt.
.plot (fpr, tpr, color='r', lw=2, label='ROC-xpuBas')
.plot ([0, 1], [0, 1], color='k', lw=2, linestyle='--'")

plt
plt

plt.
plt.
plt.
plt.
plt.

plt.
plt.

figure()

x1im([0.0, 1.0])

ylim([0.0, 1.05])

xlabel ('Jons NOXHOMOJNOXUTEJNILHEX MCXOIOB')

ylabel ('Hons MCTMHHONOJIOXKUTENBHEX MCXOHOB')

title(' Pafouas XapakTepMCTMKA MpueMHMKa: \n \
nnowans non kpueoi = {0:0.2f}'.format (areaUnderROC))

legend(loc="lower right")

show ()

if returnPreds==True:

Ham noHapgo6utcs Hoas yHKLMA, precisionAnalysis, koTopas moMoxer
OLIEHUTb TOYHOCTh HAILMX MOJE/EN IIPU OINPENETIEHHOM YPOBHE NMOMTHOTHI K/IacCH-
¢uxanuu. B 4acTHOCTH, MBI OTIPENIENNM, KaKast TOYHOCTb COOTBETCTBYET 75%-HoMy
3axBaTy MOAZeNbHbIX TPaH3aKLUMt B TECTOBOM Habope. YeM BhIllle TOYHOCTD, TEM

return preds, average_precision

Ay4qime MO €ENb.

3T0 pasyMHas TO4Ka OTc4eTa. Mbl X0TUM 06HapyXuBaTh 75% MOAAENOK ¢ KaK
MOXHO 607lee BbICOKOJ TOYHOCTbIO. Ec HaM He yAacTcss BOCTMYD HY)KHOM TOY-
HOCTH, TO Mbl 6yAieM HelTpefHaMepeHHO OTBEpraTh BIIO/IHE 3aKOHHbIE TPAH3aKIIMH,

YTO BBI30BeT HeM3bexXHbIe Xanobbl co CTOpPOHBI MO/Ib30BATEIEM.

def precisionAnalysis(df, column, threshold):
df.sort_values (by=column, ascending=False, inplace=True)
threshold value = threshold * df.truelabel.sum()

i =
j =

0
0

while i < threshold value+tl:

if df.iloc[j] ["truelabel"]==1:
i+4=1
j+=1

return df, i/j

\
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Mogenb Ha ocHoBe 06y4eHHA C yuuTenem

YT06B! OLIEHUTD Ka4yeCTBO UTOTOBOTO PEIUEeHNS, Mbl CHaya/a JO/DKHBI IIOHATD,
HaCKO/MBKO 3QPEeKTUBHA KaxK[as U3 MOJe/Iell Ha OCHOBE OOY4YeHUA C YIMTENeM M
6e3 yumTens o OTAENbHOCTH.

HayneM ¢ Mopien Ha OCHOBE 06Y4€eHMA C YUUTeIeM U BOCTIONb3YEMCA PelleHN-
€M, KOTOpOe MPOAEMOHCTPUPOBA/IO HAMTyYLIMe Pe3Y/IbTAThI B I7IaBe 2: TPaiueHT-
Hb1it 6yctunr LightGBM (LightGBM). Mbl puMeHMM NATUKPATHYIO KPOCC-TIPO-

BEpPKY:
k_fold = StratifiedKFold(n_splits=5, shuffle=True, random_state=2018)

Mlanee HacTPOMM NapaMeTphl TPafNeHTHOrO 6YCTHHTA.

params_lightGB = ({
'task': 'train',
'application': 'binary',
'num_class': 1,
'boosting': 'gbdt',
'objective': 'binary’,
'metric': 'binary logloss',
'metric_freq': 50,
'is_training_metric': False,
'max_depth': 4,
'num_leaves': 31,
'learning_rate': 0.01,
'feature fraction': 1.0,
'bagging fraction': 1.0,
'bagging_freq': 0,
'bagging_seed': 2018,
'verbose': 0,
'num_threads':16

Tenepb 06y4um anroputm.

trainingScores = [)

cvScores = []

predictionsBasedOnKFolds = pd.DataFrame (data=[], \
index= y train.index, \
columns=['prediction'])

for train_index, cv_index in k_fold.split(np.zeros(len(X train)), \
y_train.ravel()):
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IMocne aToro Mb! 06y4nM MORENDb rpafeHTHOro 6YCTMHIA Ha HOBOM TPEHMPO-
BOYHOM Habope, BKI04aloleM 69 MpU3HAKOB (29 U3 OpUIMHANIBHOTO Habopa nmoc
40 13 peficTaBNeHUA aBTOKORUPOBIINKA).

trainingScores = [)
cvScores = []
predictionsBasedOnKFolds = \
pd.DataFrame (data=[], index=y train.index, \
columns=['prediction'])

for train_index, cv_index in k_fold.split(np.zeros(len(X_train)), \
y_train.ravel()):
X_train_fold, X_cv_fold = X train.iloc(train_index, :], \
X_train.iloc(cv_index, :]
y_train fold, y cv_fold = y train.iloc[train_index], \
y_train.iloc[cv_index]

lgb_train = lgb.Dataset(X train fold, y train fold)

lgb_eval = 1lgb.Dataset(X_cv_fold, y_cv_fold, reference=lgb_train)

gbm = lgb.train(params_lightGB, lgb_train, num_boost_round=5000, \
valid_sets=lgb_eval, early stopping rounds=200)

loglossTraining = log loss(y_train fold, \
gbm.predict (X_train_fold, \
num_iteration=gbm.best_iteration))
trainingScores.append(loglossTraining)

predictionsBasedOnKFolds.loc[X_cv_fold.index, 'prediction'] =\
gbm.predict (X_cv_fold, num_iteration=gbm.best iteration)
loglossCV = leg loss(y_cv_fold, \
predictionsBasedOnKFolds.loc[X _cv_fold.index, 'prediction'])
cvScores.append (loglossCV)

print ('Jlorapupmumyeckme norepu obyuenus:', loglossTraining)
print ('Jlorapndpmuueckue norepm Bammmaumm:', loglossCV)

loglossLightGBMGradientBoosting = log_loss(y_train, \
predictionsBasedOnKFolds.loc(:, 'prediction'])
print ('JlorapupMmMueckme noTepy rpaiMeHTHoro OycTmHra LightGBM:', \
loglossLightGBMGradientBoosting)
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TNABA 10

PekomeHpaTeNbHble CUCTEMbI Ha OCHOBE
OrpaHUYeHHbIX MaLLUNH bonbuymaHa

B npenbiaymmx IMaBax Mbl IPUMEHAMN 06ydeHue 6e3 yUuTeN A/ BbIABNEHUA
6a30B0M (CKpBITOI) CTPYKTYPHI B Hepa3MedeHHBIX JaHHBIX. B 4acTHOCTH, MBI CHU-
a/yu pa3sMepPHOCTb MHOTOMEPHBIX HabOPOB JaHHBIX U CO3[ABANM CUCTEMBI OOHa-
py>XeHMs1 aHOMa/Mi. MBI TaK)Ke BBITIO/THAMM K/IaCTePU3ALIMIO, TPYTIIMPYs 06BEKTHI
Ha OCHOBE MX CXOZCTBA.

Tenepb MBI TIepeliAeM K paccMOTPEHUIO nopoxcOaousux (2eHepamuervix) mode-
neti, KOTOpbIe 06Y4aIOTCA BEPOATHOCTHOMY PacIpefieNIeHNIo K/TaCCOB B UCXOLHOM
Habope JaHHBIX ¥ PUOOPETAIOT CIOCOOHOCTD eNaTh BHIBOBI OTHOCUTENBHO [IaH-
HBIX, KOTOPBIE €llie He BCTpeYanuch. B mocneqymoummx rmaBax Mbl IPUMEHUM TaKue
MOJIe/IN A/IS TEHEPUPOBAHNA CUHTETMHYECKMX AaHHBIX, KOTOpPbIE IIOPOJi COBEPILIEH-
HO HEOT/INYMMBI OT MOJTMHHBIX JAHHBIX.

Mo cuX TIOp MBI MMETH [I€7I0 TIPEUMYILECTBEHHO C OUCKPUMUHAMUBHLIMU MOOe-
ASAMU, KOTOpble 06y4aI0TCs pa3fieNATh HabMmoAeHNs Ha OCHOBe 3HaHMI, U3B/IEKae-
MbIX 13 AaHHBIX. Takie MOflenu He MOTYT 06y4aThCs BEPOATHOCTHBIM pacripesene-
HUAM K/IaCCOB B MCXORHBIX AaHHBIX. B 3Ty KaTeropyuio BXOAAT TaKue MOJENH, KaK
NIOTUCTUYECKAs perpeccysi U AepeBbs NPUHATUA pellleHui, PACCMOTPEHHbIE B I/1a-
Be 2, a TAK)Ke pa3/MYHble METOAbI KTaCTEPU3ALMY, B TOM YMC/Ie METO K-CPEHUX U
Mepapxu4ecKas KIacTepusauus, KoTopble 06CyXXaanuch B rnaee 5.

Mb! HayHeM ¢ PacCMOTpeHMs NPOCTeiilllell MOpoXAatoleit Mofeny obyueHns
0e3 yunTens, M3BECTHOM KaK 02paHu4eHHas mauiuna bonvumana.

MawwuHbi bonbumana

Mawunor Bonvumana 6b1m mipeanoxens! B 1985 rogy Ixedpdpu XuHTOHOM
(Ha TOT MOMeHT — mpodeccop yHuBepcuteta KapHern — MennoHa, a B HaCTos-
wee BpeMs — npodeccop yHuBepcuTeTa TOPOHTO M OfMH U3 BEQYLIMX MHKEHEPOB
xommanuu Google) u Teppu CeltHoBcky (Ha TOT MOMEHT — Mpodeccop yHuBepcH-
TeTa JIkxoHa XOMKMHca).



Maunnbl BonbiiMaHa (HeOrpaHM4YEHHOTO THIIa) COCTOAT M3 HEMPOHHOM CeTH C
BXOJHBIM C/IOEM ¥ OHUM WU HECKOMBKUMM CKpHITHIMU cnoamu. Heltponsl mmn
37IeMEHTBI HEMIPOHHOM CeTY MPUHUMAIOT CTOXaCTUYECKME PellleHUA OTHOCUTETbHO
TOrO, BKTIIOYAThCA MM HE BK/TIOYATHCA, HA OCHOBAHMY JAaHHBIX, IIO/Ty4aeMbIX B IIpO-
11ecce TPEHMPOBKY, ¥ NOBeAeHNA GYHKLIMM NOTEPD, KOTOPYIO MalMHa BonbiimMana
NbITaeTC MUHUMMU3UPOBaTh. B Xofle TpeHUpOBKY MallMHa BonbliMaHa BhIABIAET
NpU3HAKH, PeACTaB/AIoILMe HauOO/MbIUNIT MHTEPEC, YTO IIOMOTaeT MOAENUPOBATh
CTIO>KHBIE OTHOLIIEHUSA U 3aKOHOMEPHOCTH, CBOIICTBEHHbIE AAHHBIM.

B HeorpanumyeHHbIX MaliMHaX bonbliMaHa MCNONB3YIOTCA HEMPOHHBIE CETH,
B KOTOPbIX HEiPOHBI CBA3aHBI HE TONBKO C JPYTUMMM C/IOAMM, HO U C HEIPOHaMH,
NPMHAANEXAIMMH K TOMY >Ke €010, DTOT (PaKTOp B COYETaHUM C HaMM4ueM 60/b-
IIOTO KONIMYECTBA CKPHITBIX C/IOEB JieNlaeT TPEHUPOBKY MalllMHbI BonbliMana o4eHb
HeaddexTuBHOIL. Kak cnencTBue, Ha mpotsxeHun 1980-1990-x rofoB HeorpaHu-
YeHHble MallMHbl BonbliMaHa He MOITM MOXBACTAaTbCA CKOMb-HUOYADL 3HAUYUTENb-
HBIMM YCIIeXaMu.

OrpaHuyeHHble mawnHbl bonbLMaHa

B 2000-e rognt xedppy XMHTOH ¢ KO/IIEraMy COBEPILN/IA CEpbe3HBIN IPOPBIB,
Ha4aB JMCIO/b30BaTh MOAUGHULIMPOBaHHYIO BEPCHIO MCXOAHOI MalInHbl BonmpiiMa-
Ha. Ozpanuuennas mawuna Bonvymana (restricted Boltzmann machine — RBM)
COllep>XMT OOMH BXORHOM C/OJ (Tak)Ke Ha3bIBAaeMBblil 8UOUMBIM C/I0eM) M €NVH-
CTBEHHBINA CKPBITHIN C/IOi, @ COEAUHEHUA MEXAY HelpOHaMM OTPaHMYEHbl TaKUM
06pa3oM, YTO HEPOHBI CBA3BLIBAIOTCA /IMIUb C HEPOHAMM APYTUX CIOEB, HO He
co6CTBEHHOTO c104. VIHBIMY C/TOBaM¥, OTCYTCTBYIOT CBA3M THIIA “BUAMMBIN — BU-
OUMBIit” M “CKPBITBI A — CKPBITHINL .

Mxedpdpu XMHTOH Takke NMPOAEMOHCTPUPOBAT BO3MOXHOCTb KacKafiMpoBa-
HMA IMPOCTHIX MALUMH TaKMM 06pa3oM, YTOOBI BLIXOS CKPBITOTO clos ofHoit RBM
CTYXXW BXOGHBIM crioeM s fpyroit RBM. Takoro Tuma KackagupoBaHue MOXKHO
TIOBTOPATb MHOTOKPAaTHO A/A 00y4eHMA CKPBHITBIM NMpERCTAaBIEHNAM, 3aXBAThIBA-
IOIMM Bce 60/lee TOHKME IeTalIu CTPYKTYPbl MCXOAHBIX AaHHBIX. [Togo6Hylo ceTb,
cocToAwyio 13 MHOrux RBM, MOXXHO paccMaTpuBaTh KaK OfHY ITyOOKYI0 MHOTO-
C/IOIHYIO MOJENb, YTO Y O3HAMEHOBAJIO CTApT ITy6okoro o6y4enus B 2006 rony.

CrnenyeTt OTMETHUTB, YTO 1A 06y4eHus 6a30Boit cTPyKType AaHHBIX B RBM mpu-
MeHAeTCA cmoxacmuyeckuti TIOAXON, TOTAa KakK, HalpuMep, B aBTOKOAMPOBIIMKAX
UCTIONb3YETCA OemePMUHUPOBAHHDIL TIONXOS.

'IIna obydeHna MalllMH TaKOTO KJIAacca Yallle BCEro NPUMEHAIOT 2padueHmHbitl anzopumm KoHm-
pacmueHotl dueepaenyuy.
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TI0/IaraeTCA Ha A6Hble OaHHbie (T.e. peTUHIMU, IPEJOCTaB/sieMble II0/Ib30BATENAMM).
BMecTo 3TOTO OHa paboTaeT ¢ HeABHbIMU OaHHbIMU, HATIPMMED AaHHBIMU O TOM, KaK
ROMTO IOMb30BaTeNb IPOCMATPUBAET KOHKPETHBI 06BEKT UM KaK 4acTO Ie/TKaeT
Ha HeM. HanpuMep, ecin panbure caitt Netflix npeanaran nons3osarensm cTaButh
OlLleHKM PUIbMaM, TO Telepb OH CAMOCTOATENBHO A€/aeT 3aK/II0YEHUs O TOM, Hpa-
BUTCA (UIBM NONIb30BATE/NAM WK HET, aHA/IM3UPYA HesIBHBIE AaHHBIE 00 UX MOBe-
AEHUMN.

B To >xe BpeMA NpuMeHeHMe KONMIaGOpaTMBHON (PUIABTpaLMM COMPSDKEHO C
ONpeneNIeHHBIMU TPYAHOCTAMM. Bo-nepBhIX, ANA CO3MaHUA HafIeXXHBIX PEKOMEHa-
1mit TpebyeTca BocTyn K 60/MbINM 06'beMaM JAHHBIX O IIOBEXEHMM I10/Ib30OBATE/NEN.
Bo-BTOpBIX, 3Ta 3afla4ya TpebyeT BHIMONHEHUA BeCbMa TPYAOEMKUX BBIYMCTIEHMIA.
B-TpeTbyX, COOTBETCTBYIOLIME HaOOPHI AaHHBIX, KaK IIPABU/IO, O4EHb Pa3peXKeHbl,
TIIOCKO/IBKY ITPEANOYTEHMA, NpPOAB/AeMble MOMb3OBATEMAMM, OXBATHIBAIOT JMILb
MaJIyIo YacTh BCEX BO3MOXXHBIX 00'bekTOB. HO ecni mpeanonoxuts, 4To uMeercs
MOCTaTOYHO 60/bIOI 06'beM MCXOAHBIX AAHHBIX, TO CYLIECTBYIOT METOAMKHY, 1103-
BONAIOLIME CIIPABUTHCA C IPO6/IEMOit pa3peXKeHHOCTH, PaCCMOTPEHMUIO KOTOPBIX U
NOCBAILIEHA laHHAA I71aBa.

CopesHoBaHue Netflix Prize

B 2006 rony xommarus Netflix cioHcupoBaina TpexeTHUI KOHKYPC Ha yrydlie-
HMe CBO€J1 peKOMEHAATE/IbHOM cUCTeMbl GUIbMOB. [TTaBHBI IPU3 B OAVH MU/TIMOH
IONapoB 6bI1 06ellaH KoMaHle, KOTOpas CMOXET YAY4IUUTbh TOYHOCTD CYLIECTBY-
IOIel CHCTEMBI TIO KpaliHeit Mepe Ha 10%. Y4acTHMKaM Obln IpeRoCTaBeH Habop
AaHHBIX, Cofep>Kaluii cabiie 100 MTH peiiTMHroB opuabMOB. B ceHTA6pe 2009 roga
npus 6bi1 BpydeH koMangae BellKor's Pragmatic Chaos, KoTopasi UCIIONIb30Ba/Ia aH-
caM67/1eBy10 MOZI€/Tb, OO BEAUHAIOLIYIO MHOTME aITOPUTMUYECKIE TTOAXOAbI.

9To nonyyusllee LIMPOKYIO OI/IACKY COpeBHOBaHMe ¢ 60raThiM HabopoM ucxoa-
HbIX JaHHBIX ¥ BHYLIMTENIbHBIM ICHEXHBIM IPU30OM BAOXHOBM/IO COOOIIECTBO Ma-
ITMHHOTO 06y4eHNs, YTO MPUBE/O K CYILIECTBEHHOMY IPOTPECCY B MCC/IE[OBAHUM
peKOMEHIATENbHBIX CUCTEM 3a TNIOCTIEHIE TOIbI.

MB!I ucnonb3yeM aHaZIOTMYHBIA HabOp JaHHBIX O peifTMHTaX GUIBMOB /1A IO-
CTPOEHMUA COOCTBEHHOI PEKOMEHAATENIbHON CUCTEMBI C IOMOLLbI0 OTPaHUYEHHBIX
maummH bonbiiMaHa.

308 | fnasa10



mDCQ Ka S #°

u* '"HWV , ", V)R6815/€" " I (W

"# X!

#=V ("#  G( , t*#$ Fblv( (6

THVOMD # % (!, (X 9%*! X % #VW

H"

# L
X1
r,
[*
n#

(Y% *#" i "V, |, "X #

V## N I # 1( "E# E

"7 ("#=% V )# V# X 1 W
#Y L #1E% VoL (0 % ((
=V, "FH( Z"#

L -=H " , R6815€=" ZW

! "#{ X (I #VG (=

"¥  g/86CD UV"Z '* [ X( "W

""( _2h/6y60B S>887?. @ @D /8 5J@ s «ef0T

BOF@ = Q Ka
%#"'"' =" H! '* ) V., %

TTIMTEV L %]

/<?2a8 0C<?J 4B 0?

/<?2a8 ?4034B 4B 2?3

/<?2a8 2B= 8/<6= ab

/<?2a8 ?/7956= ;b/?= 34868/<6

UKL +E W

/<?2a8 <48?5285/D ?J?528 4B ?/8
[<?2a8 B64D2a0 4B BOB

7252a « BOB 7252a—?456886ST
/<?2a8 <48?5285/D 4B <?5

%0<48?5285/D /05/06

la2<
la2<
la2<
la2<
la2<

#% V) o+ % 1"
B9564a0 /<?2a8 ?a6?a276BB/0; 4B ??
B9564a0 <2365—B65678/20 /<?2a8 8a4/0—86B8—B?5/8
B9564a0 <2365—B65678/20 /<?2a8 P8a48/1/63ut253
B9564a0 <68a/7B /<?2a8 52;—52BB
B9564a0 <68a/7B /<?2a8 ?a67/B/20—a67455—7Cah6= ™

4h6a4;6—?a67/B/20—B72a6

u= Q@ K @K FC L Ka [ I d 6 XVU



from sklearn.metrics import roc_curve, auc, roc_auc_score, \
mean_squared_error

"U'AnropuTMer' !
import lightgbm as lgb

''"'"TensorFlow (l1.x) m Keras'''

import tensorflow.compat.vl as tf

tf.disable_v2 behavior()

import keras

from keras import backend as K

from keras.models import Sequential, Model

from keras.layers import Activation, Dense, Dropout

from keras.layers import BatchNormalization, Input, Lambda
from keras import regularizers

from keras.losses import mse, binary_crossentropy

Hanee sarpy3aum Habop peifTMHIOB U Mpeobpa3yeM NOJMA B MOAXOAALIME TUIIHI
[AHHbIX. B HalleM pacriopskeHNy MMeeTCs BCEro HECKObKO Moeit: uxeHTuMKa-
TOp nonb3oBarens (userID), upeHTudukarop Ppuabma (movieID), peHTHHT, IPy-
CBOEHHBIJI MI0/Ib30BaTeNEM laHHOMY PunbMy (rating), 1 MeTKa BpeMeHM.

# 3arpy3ka OaHHHX

current_path = os.getcwd()

file = os.path.sep.join(['', 'datasets', 'movielens_data', \
'ratings.csv'])

ratingDF = pd.read csv(current_path + file)

# lNpeobpazoBanme Mnosieit B MONXONAUME TUNE OAHHHX
ratingDF.userId = ratingDF.userId.astype(str).astype(int)
ratingDF.movield = ratingDF.movield.astype(str).astype(int)
ratingDF.rating = ratingDF.rating.astype(str).astype(float)
ratingDF.timestamp = ratingDF.timestamp.apply(lambda x: \
datetime.utcfromtimestamp (x) .strftime ('%$Y-%m-%d %$H:%M:%S'))

(dparMeHT JaHHbIX IpuBefeH B Tabm. 10.1.

IopTBEpANM KOMMYECTBO MMEIOIIMXCA YHUKAIBHBIX T10/1b30BaTE/IEN, YHUKATIb-
HbIX (pMIBMOB ¥ 0bllee KOMMYECTBO OLIEHOK, 3 3a0[HO MOAICYNTAEM CpPefiHEe KOMH-
4eCTBO OL[€HOK, IIPUXOAAIIeeCcs Ha ONHOrO I10/Ib30BaTeN.

n_users = ratingDF.userId.unique().shape([0]
n_movies = ratingDF.movield.unique () .shape(0]
n_ratings = len(ratingDF)
avg_ratings_per user = n_ratings/n_users
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print ('KommuecTBO yHMKAanNeHHX NONb30BaTesen:', n_users)

print ('Konu4uecTBO yHMKaNbHEIX GuiIbMOB:', n movies)

print ('OBmee xonmuecTBO peATMHIOB:', n_ratings)

print ('CpenHee KOMMYECTBO PEMTMHIOB Ha OOHOTO MNosib30Barensa:', \
avg_ratings_per_user)

Tabnuya 10.1. Jannvie petimunzos MovieLens

userld movield rating timestamp
0 1 2 35 2005-04-02 23:53:47
1 1 29 35 2005-04-02 23:31:16
2 1 32 35 2005-04-02 23:33:39
3 1 47 35 2005-04-02 23:32:07
4 1 50 35 2005-04-02 23:29:40
5 1 M2 35 2004-09-10 03:09:00
6 1 151 4.0 2004-09-1003:08:54
7 1 223 4.0 2005-04-02 23:46:13
8 1 253 40 2005-04-02 23:35:40
9 1 260 40 2005-04-02 23:33:46
10 1 293 40 2005-04-02 23:31:43
n 1 296 4.0 2005-04-02 23:32:47
12 1 318 40 2005-04-02 23:33:18
13 1 337 35 2004-09-10 03:08:29

IIonyqubee P€3yNnbTaThl COOTBETCTBYIOT HALIMM OXXMIXAHMUAM.

KonmuuecTBO YHMKANbHEIX nonb3oBarenei: 138493
KONMMUecTBO YHMKANbHEIX OunbMOB: 26744

Obmee konmuecTBo peunrunuros: 20000263

CpenHee KOJMMYECTBO PEMTMHI'OB Ha OOHOTO NOJb30BATENs:
144.4135299257002

CHM3NM C/IO)KHOCTb 3TOrO Habopa M YMEHBLIMM €ro pasMep, COCPEROTOYMB
BHMMaHMe Ha NIEPBOJ ThICAYE CaMbIX PeATHHTOBbIX PpunbMOB. B pesynbTare Komu-
4YeCTBO OLEHOK COKpaTuUTca ¢ ~20 1o ~12,8 MiH.

movieIndex = ratingDF.groupby ("movieId").count().sort_values (by= \
"rating", ascending=False) [0:1000].index

ratingDFX2 = ratingDF[ratingDF.movield.isin (movieIndex)]

ratingDFX2.count ()

PeKoMeHAaTeNbHble CUCTEMbI Ha OCHOBE OTPaHHEHHbIX MalLWH Bonbumana | 311



Kpowme Toro, chopmupyem crnyvaitHyto Bbi6opky u3 1000 nmonb3osateneit u OT-
6epeM 13 Habopa JaHHbIE, OTHOCAIMECA TONMBKO K 3TUM ITOIb30BATENAM, 4YTO II0-
3BOJIUT JOMOTHUTENBHO CHU3UTh KOMUYECTBO OLIEHOK € ~12,8 MIH 10 Bcero nuiub
90 213. Taxoro konM4ecTBa HaM XBATUT [IA TOTO, YTOGBI MPOAEMOHCTPUPOBATD,
Kak paboraeT Ko/m1abopaTuBHas GUAbTPALUA.

userIndex = ratingDFX2,groupby ("userId").count().sort_values (by= \
"rating”, ascending=False).sample(n=1000, \
random_state=2018) ,index

ratingDFX3 = ratingDFX2[ratingDFX2.userId.isin(userIndex) )]

ratingDFX3.count ()

IMocne cokpalnennsas Habopa BBHINOMTHUM ITePEMHAEKCALMIO UAEHTUUKATOPOB
movieIDu userID, 4yToOH NMPpUBECTH UX K AManasoHy 3HauyeHuit 1-1000.

movies = ratingDFX3.movieId.unique ()
moviesDF = pd.DataFrame (data=movies, columns=['originalMovielId'])
moviesDF [ 'newMovield'] = moviesDF.index+1l

users = ratingDFX3.userId.unique()
usersDF = pd.DataFrame (data=users, columns=['originalUserId'])
usersDF [ 'newUserId'] = usersDF.index+l

ratingDFX3 = ratingDFX3.merge (moviesDF, left on='movieId', \
right on='originalMovieId')
ratingDFX3.drop (labels='originalMovield', axis=1, inplace=True)
ratingDFX3 = ratingDFX3.merge (usersDF, left on='userId', \
right_on='originalUserId')
ratingDFX3.drop (labels='originalUserId', axis=1l, inplace=True)

3aHOBO ITOACYUTAEM KO/IMYECTBO UMEIOLMNXCA YHUKATbHBIX MO/Ib30BaTENENA, YHU-
KaJ/IbHBIX (bMIIbMOB u 061uee KO/MUYIECTBO OLICHOK, @ TAKXKE CpeIHEE KOTMYECTBO OLie-
HOK, ITPpUXOIAILIEECSA HA OHOTIO MO/Ib30BATE/NA, I/Is1 YMEHDLIEHHOI'O Haéopa AaHHBIX.

n_users = ratingDFX3.userId.unique () .shape(0]
n_movies = ratingDFX3.movieId.unique().shape[0]
n_ratings = len{ratingDFX3)
avg_ratings per user = n_ratings/n_users

print ('KommuecTBO yHMKANBHHX NONb30BaTenel:', n_users)

print ('KonmmMuecTBo yHMKanbHEX QuimeMoB:', n_movies)

print ('OCwee xonu4yecTBO pPeNTMHIOB:', n_ratings)

print ('CpenHee KONMMYECTBO PEMTUHTOB Ha OOHOIO MOJb30BaTensa:', \
avg_ratings_per user)
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Iokasarens MSE pi1a aToro HauBHOro npepckasanua coctaBun 1. 05. [lanHoe
3Ha4YeHMe MOCTY)KUT TOYKOJ OTCYeTa.

CpenHexpagpaTuyeckas owmbka C MCNONb30BAHUEM HAMBHOT'O MpPenCKa3aHus:
1.055420084238528

ITpoBepuM, CMOXKEM M Mbl YITYYIIMTD Pe3y/NbTaThl, €C/IY MPEACKaKEM IO/Ib30-
BATeMbCKYIO OLEHKY 3aflaHHOro GMU/IbMa Ha OCHOBAHUY CPefHelt OLleHKH, IIPUCBO-
eHHOJ JaHHbIM M0/Ib30BaTeNeM OPYTUM pumbMaM.

ratings_validation_prediction = np.zeros((n_users, n_movies))
i=0
for row in ratings_train:
ratings_validation prediction[i]
[ratings_validation_prediction[i]==0] = np.mean(row[row>0])
i+=1

pred validation = ratings_validation_prediction \
[ratings_validation.nonzero()].flatten()
user_average = mean_squared_error (pred_validation, actual_validation)
print ('CpenHexBagpaTiyeckas owmbka C MCMONb30BAHMEM YCPEIHEHHOM \
NnoNneL30BaTeNbLCKOM OUeHKM:', user average)

Iokasatenp MSE ymyuumncsa go 0. 909.

CpenHexBagpaTudeckasa oumbxa C MCMNOJIL30BAHMEM YCPEIOHEHHOM
none30BaTenbckom ouenxm: 0,9090717929472647

Teneps maBajiTe MpefcKakeM IONb30BATeNbCKYIO OLIEHKY 3aflaHHOro guibMa
Ha OCHOBAHMM CPEHETO 3HaYeHUA PENTUHIOB, NMPUCBOEHHBIX JaHHOMY QUIBMY
OCTa/IbHBIMY TIO/Ib30BATENAMMN.

ratings_validation_prediction = np.zeros((n_users, n movies)).T
i=0
for row in ratings_train.T:
ratings_validation prediction(i] \
[ratings_validation_prediction[i]==0] = np.mean (row[row>0])
i+=1

ratings_validation_prediction = ratings _validation_prediction.T
pred validation = ratings_validation_prediction \
[ratings_validation.nonzero()].flatten()
movie average = mean_squared_error (pred_validation, actual_
validation)
print ('CpenHekBagpaTuyeckas oumMbBKa C MCMOJIb30BaHMEM YCPEeRHEHHO \
oueHkM $munbMa OpyrMMM NoOnb30BaTenaMu:', movie_average)
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ITpu Takom noaxopne nokasatenb MSE coctaBun 0. 914, yTo 6/13K0 K pe3ynbTa-
TY NPEABIAYLIETO 3KCIIEPUMEHTA.

CpenHekBagpatuyeckas ommbka C MCNOJNb30BaHMEM YCPENHEHHOM OLEHKM
duneMa gpyrumy nonb3oBarenaMmu: 0.9136057106858655

Matpuunaa pakTopusauus

ITpexxne YeM NPUCTYIIUTD K NOCTPOEHNIO pEKOMEHAATENLHOM CUCTEMBI Ha OCHO-
Be RBM, co3nagyuM nogo6Hy10 cuCTEMY, UCTIONB3YA MAMPUUHYI0 pakmopusayuo —
OOMH M3 Haubonee yCNEIUHBIX M MOMYAAPHBIX AITOPUTMOB KOMIa6OpaTUBHOM
bunpTpauuyu Ha cerogHAWHMI AeHb. IIpu TakoM mopxome MaTpuua “IONb3OBa-
Te/lb — 00'beKT” pa3/araeTcsA Ha ABa MHOXMTE/A. [I15 IpefCTaB/IeH N [TO/Ib30BaTe-
7eit M 06'bEKTOB NPUMEHAIOTCA TaTEHTHBIE POCTPAHCTBA MEHbILEN Pa3MEPHOCTH.

IycTb MaTpuia R npencraBnaeT m mo/mb3oBaTeneit u n 06beKToOB. B pesynsrare
¢dakTopu3anMy MOMYYMM ABE MAaTPUIBI MeHbIuel pasmepHoct, H u W, rae H —
MaTpuija pasMepoM “m monb3oBareneit” X “k pakTopoB”, a W — maTpuia pasme-
pom “k pakTopoB” X “n 06bekTOB”.

PeifTMHIYM BBIYMCNAIOTCA TOCPENCTBOM ONMEPALMM MATPUYHOTO YMHOXKEHUS:
R=HW.

Yucno ¢akTopoB k onpenenseT eMKOCTb MOJIE/IH, KOTOpast BO3PACTAET C YBE/H-
yeHneM k. IToBbILIAA eMKOCTb, MBI MOXKEM YITYYIUUTH MIEPCOHANMNIALMIO PEHTUHTO-
BBIX NpeACKa3aHui /1A MO/Nb30BaTeNeN, HO TIPU CIMLIKOM BBICOKMX 3HAYeHMAX k
Mogenb 6yaeT nepeoby4aThes.

Bce 310 BOMKHO 65ITH BaM 3HaKOMO. Mozienb MaTpu4HOI pakTopyu3sauuy obyda-
eTCs NpeACTaB/IeHNAM NONb30BATeNeN M 06BEKTOB B IPOCTPAHCTBE 60/ee HU3KOIA
Pa3sMepHOCTH U CTPOUT IIPOTHO3bI, 6a3NPYACh Ha ITUX HOBBIX IIPeCTABIEHUSAX.

OavH dakTop

Haunem ¢ mpocreitutest ¢popmbl MaTpu4HO (akTOpu3aLyuy, KOTAa MMeeTCs
Bcero oauH ¢akrop. [Ina dbakTopu3aLuu MaTpUL MBI BOCTIONb3yeMCS CPEACTBAMMU
6ubnmmnorexu Keras.

TTpesxyme Bcero Mbl JO/DKHBI ONPEEUTD Ipad, BXOZOM KOTOPOTO C/TY>KAT iBA BEK-
TOpa — OHOMEPHBIJi BEKTOP MOMTb3OBaTeNe ¥ OTHOMEPHBIN BEKTOP GUIBMOB, —
MICTIO/Ib3yeMBle /A CO3AHMA COOTBETCTBYIOIMX BIIOXKEHMIA. 3aTeM 3TU BIOXKEHUA
ynnouatorca. [laiee Mbl reHepupyeM BBIXOFHOE TIPOM3BENIEHNE BEKTOPOB, BbIYMC-
NAA CKa/lApHOe NPOM3Be/leHNe BEKTOpa MO/Ib30BaTeNell 1 BekTopa ¢unpmoB. [Is
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MuuMManeHaa MSE: 0.7962130332067097
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Puc. 10.1. Ipadux MSE sanudayuonrozo Habopa c ucnons3osaruem
mampuyroti paxmopusayuu u 00Hozo Paxmopa

Tpu paxTopa

Ha puc. 10.2 mpencTaBneHbl pe3ynbTaThl, COOTBETCTBYIOLINE MCIIONb30BAHMUIO
Tpex ¢paKTOpOB.

MuHiManeHas MSE: 0.7754676667318934

0.810 4

0 » 0 60 80
3noxa

Puc. 10.2. Ipagux MSE sanudayuonrozo Habopa ¢ ucnonv3osaruem
mampuunoti paxmopusayuu u mpex axmopos

MuuumanbsHoe sHadenne MSE coctaBuno 0. 775, 4To myvie, YeM B CIydae of-
Horo dakTopa.
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Natb pakKTopoB

HakoHel, HOCTPOMM MOZe/Nb MATPUYHOI GaKTOPU3ALIMHM, UCTIONB3YA NATH daK-
TopoB (puc. 10.3).

MusuMaAnbHaa MSE: 0.7725457164195286

0 P © 60 o
3noxa

Puc. 10.3. Ipagux MSE sanudayuonozo Habopa ¢ ucnonv3o8aHuem
mampuyHoti paxmopusayuu u namu daxmopos

MunumanpHOe 3HaYeHne MSE He yry4imnaocs, a nocie npoxoXaeHus npumep-
HO 20 310X MOABM/IMCH ABHBIE IPU3HAKY TTepeobydeHns: ommbka Bamuaauum Aoc-
TUTaeT MMHUMYMa, a 3aTeM HauMHaeT pacTu. [lanpHellee yBeTMYeHNE EMKOCTU
MOJIETTM He ACT HUKAKOTO CYIECTBEHHOTO yIy4IIeHUA.

KonnabopatuBHaa ¢punbrpayus c ucnonb3osaHuem RBM

BepreMmcs x Mopeny Ha ocHoBe RBM. BcnoMHuTe, 4TO B OTpaHMY€eHHOI MallIMHE
bonbiiMaHa MMeeTcs ABa C/104: BXOJHO/BUAMMBIIA M CKpBITHINA. HelfpoHbI KaXXaoro
13 3TUX C/I0€B CBA3aHbl C HEPOHAaMM APYTUX CIOEB, HO He C HelfpOHaMM COOCTBEH-
HOTO ¢/104. VIHBIMU CTIOBaMy, BHYTPUCTIONHBIE CBA3M OTCYTCTBYIOT — 3TO M €CTb
ozparuvumenvviti sneMeHT RBM.

Hlpyroe BaxxHoe cBoitcTBO RBM 3ak/mo4aeTcs B TOM, 4TO CBA3b MEX/Y CIOAMU
OCYIL[eCTB/IAETCA B 060MX HallpaB/IeHNAX, a He TONbKO B ofHoM. Hanpumep, B aBTo-
KOAMPOBIUMKAX HEPOHbI COOGILAIOTCS CO CIEAYIOIMM CIOEM, NiepefaBast MHop-
MALMIO TONbKO B HaIIpaB/IeHNM IIPAMOro pacnpocrpaHenyusa. B RBM nelipons! Bu-
AMMOTO CTI0 COOOUIAIOTCA CO CKPBITHIM C/I0€M, ITOCTIE YET0 CKPBITHIT C/I0J IepenaeT
uHPOpMaLHIO B 00PaTHOM HaNpaB/lIeHNM BUAUMOMY CTIOI0, ¥ 3TOT MPOLIECC IIOBTO-
pAeTcs MHorokpatHo. RBM ocyuecTBnser o6MeH AaHHBIMU MEXAY BUAMMBIM U
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Co3aaHne Knacca RBM

KoHcTpykTopy Kkmacca RBM mepemaeTcs HECKONbKO NMapaMeTPOB, a MMEHHO:
pasmep Bxoga RBM (input_size), pasmep Bhixoga (output size), ckopocTsb
obyvennsa (learning rate), KonuuecTBo 3nox o6yueHns (epochs) u pasmep
TIaKeTOB, CIIONb3YeMBIX B Ipollecce o6yyenns (batch size).

MBI TakKe CO3aAMM Hy/eBble MAaTpULbI [/I1 BECOB ¥ BEKTOPOB CMEILEHMIA
CKPBITOTO ¥ BURMMOTO C/IOEB.

# OnpeneneHue knacca RBM
class RBM(object):

def _init__ (self, input_size, output_size, learning rate, \
epochs, batchsize):
# OnpelneneHue I'uiepnapaMeTpoB
self. input size = input size
self. output_size = output_size
self.learning_rate = learning rate
self.epochs = epochs
self.batchsize = batchsize

# VHuuManM3auMs BECOB M CMeWeHMM HyJIeBEMM MaTpuLaMm
self.w = np.zeros([input_size, output_size], "float")
self.hb = np.zeros([output size], "float")

self.vb = np.zeros([input_size], "float")

Hanee onpenenum GYHKLMM ANA Nepefauy AAHHBIX B IPAMOM ¥ OOPaTHOM Ha-
MpaB/IEHMAX U CEMIUVIMPOBAHNA JaHHBIX B IPOLIECCE IPOXOXKAEHMUS ITUX ITATIOB.

BoT Kak BBIINARMT QYHKUMA O/ Nepefa4yy AaHHBIX B NIPAMOM HalpaBIeHUU
(h 0603HaYaeT CKPBITHIN C/IOM, @ V — BUAUMBII).

def prob_h given v(self, visible, w, hb):
return tf.nn.sigmoid(tf.matmul (visible, w) + hb)

AHanormyHas QyHKUMA 1A Nepefauy JaHHBIX B OOPaTHOM HAIllpaBlIeHUM BbI-
T/IAOUT TaK.

def prob v _given h(self, hidden, w, vb):
return tf.nn.sigmoid(tf.matmul (hidden, tf.transpose(w)) + vb)

OyHKUMA CEMIUIMPOBAHNA MMEET CTIERYIOLIMIL BUA,

def sample prob(self, probs):
return tf.nn.relu(tf.sign(probs - \
tf.random_uniform(tf.shape (probs))))
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Temepb HaM HyHa (pyHKUMA, peanu3yiolas npouecc o6ydenus. ITockombky
MBI McTionb3yeM 61bmmoTteky TensorFlow, Mbl pexie Bcero IOMKHBI CO3AATh 3aMe-
ctuteru /i rpaga TensorFlow, koTopsle BiocneacTBuy OYRyT MPUMEHATHCA TIpU
nepepaye faHHBIX ceaHcy TensorFlow?.

Ham noTpe6yioTcs 3amMecTUTeNN /13 MaTPULIbI BECOB, 3 TAKXKE BEKTOPOB CMellle-
HUI1 CKPBITOTO ¥ BUAKMMOTO c/10eB. KpoMe TOro, Mbl JO/KHBI MHUIIMATM3MPOBATh BCe
3TU 3aMeCTUTENH HYNIeBBIMM 3HaYEHVAMM, a TAlOKe CO3[aTh ORMH Habop s Xpane-
HUA TeKyIIMX 3HaYeHUI U ellle OOUH — LA XpPaHEeHUA NPEAbIAYIMX 3HAYCHMUIA.

def train(self, X):
_w = tf.placeholder("float", [self. input_size, \
self. output_size])
tf.placeholder ("float", ([self. output size])
tf.placeholder("float", [self._input_size])

hb

vb

prv_w = np.zeros([self._input_size, self. output_size], \
"float")

prv_hb = np.zeros([self. output size], "float")

prv_vb np.zeros([self._input_size], "float")

cur_w = np.zeros([self._input_size, self._ output_size], \

"float")
cur_hb = np.zeros([self. output_size], "float")
cur_vb = np.zeros([self. input_size], "float")

Eie HaM Hy)XeH 3aMecTuTeNb A1 BURMMOTO cnos. CKpbITHIi crioit popmupyet-
CA IlyTeM YMHOXX€HMA MaTPULIBI BUAMMOTO C/I0s1 Ha MATPHITY BECOB ¥ NIpnbaBIeHuA
K TIONTyYeHHOMY Pe3y/bTaTy BeKTOpa CMELIEHMI CKPBITOrO C/IOA.

v0 = tf.placeholder("float", [None, self. input_size])
h0 = self.sample prob(self.prob h given v(vQ, _w, _hb))

B npouecce 06paTHOTO pacrpocTpaHeHMsA OMOKM Mbl GepeM BBIXOJl CKPBITOTO
C710s1, yMHOXKaeM ero Ha TPaHCIIOHMPOBAHHYI0 MaTPHUIIY BECOB, KOTOPas MCIONb30-
BaJ1ach B IpoLiecce PAMOrO PaclpoCTpaHeHus, U mpubas/iseM K IONy4eHHOMY pe-
3yNbTaTy BEeKTOP cMellleHuit Buaumoro cnod. [loguepkHeMm, 4TO B mpoueccax mps-
MOTO ¥ 06paTHOTO PacNpoCTpaHeHMA UCTIONb3YETCA OHA U Ta XK€ MaTpyLia BECOB.
3aTeM MbI BHOBb IIOBTOPs€M HPOLIECC IPAMOTO pacCIPOCTPAHEHNA.

vl
hl

self.sample prob(self.prob_v_given_h(h0, _w, _vb))
self.prob h given v(vl, _w, _hb)

? 10T npumep opueHTUpoBaH Ha TensorFlow 1.x. — ITpumey. peo.
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cur vb = sess.run(update vb, feed dict={v0: \
batch, _w: prv_w, _hb: prv_hb, vb: prv_vb})
prv_w = cur_w
prv_hb = cur_hb
prv_vb = cur_vb
error = sess.run(err, feed dict={v0: X, _w: cur_w, \
_vb: cur vb, hb: cur hb})
print ('3noxa: %d' % epoch, \
'owmbka pexoHcTpykuum: $f' % error)
error_list.append(error)
self.w = prv_w
self.hb = prv_hb
self.vb = prv_vb
return error_list

TpeHnpoBKa peKOMeHAaTeNbHOH CMCTEMbI C UCNONb30BaHNEM
RBM-mopenu

Mina o6ydenuss RBM mbl cosgagum MaccuB NumPy inputX Ha ocHoBe Mar-
puubl onleHoK ratings_train u mpeo6pasyeM ero 3HaueHMA B BellleCTBEHHbIE
uucna TMna float32. Mbl onmpegenum orpannyeHHylo MalmHy bonbiiMaHa ¢ pas-
MepHOCTAMM BXOAa M BbIXofa, paBHbiMM 1000, 3agagum ckopocTh ob6ydennus 0.3
U nIpoBefieM TPEHUPOBKY Ha npoTskeHnu 500 310X ¢ IpUMEHEHNEM NTAKETOB pas-
Mepom 200. 3TO BCero NMUb INpefBapUTENbHbIA BapUaHT BbIGOpa NapaMeTpoB.
JKenarenbHo, 4TO6BI BbI IIPOBeNY COOCTBEHHBIE SKCIIEPMMEHTHI 1A TTOMCKA Gonee
ONTHMATbHBIX 3HAYEHNI TapaMeTpoB.

# Hauano TPeHMPOBOYHOTO ULMKIA
# lpuBenenne MaccmBa inputX x Tuny float32

inputX = ratings_train
inputX = inputX.astype(np.float32)

# OnpeneneHue napaMeTpoB RBM
rbm = RBM(1000, 1000, 0.3, 500, 200)

Hauynem TpeHMpOBKY.

rbm.train (inputX)
cutputX, reconstructedX, hiddenX = rbm.rbm output (inputX)

Ipaduk ommnboK peKOHCTpyKLMY IpUBEAEH Ha puc. 10.4.
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Puc. 10.4. Ipadux owubox pexoncmpyxyuu RBM

C yBenuueHMeM JIUTENLHOCTY TPEHMPOBKY 3Ta OLINMOKA PEKOHCTPYKLIMM O6bIY-
HO YMeHbILUaeTCA.

A Tenepb MCIONb3yeM 06Y4eHHYIO MOAENb A/IA NpeiCKa3aHus PeiTHHIOB GU/Ib-
MOB Ha OCHOBe Ba/IMJaLiMOHHOrO Habopa (KOTOPBIit BK/IIOYAET TeX JKe MO/Ib30BaTe-
7€, YTO Y TPEeHMPOBOYHBIN HaboPp).

# lpencka3aHMe PEUTMHIOB IJIA BaJMOAUMOHHOTO Habopa
inputValidation = ratings_validation
inputValidation = inputValidation.astype (np.float32)

finalOutput_validation, reconstructedOutput validation, _ =\
rbm.rbm_output (inputValidation)

IIpeo6pa3syem npenckasaHusA B MaccuB U Boruncnum MSE oTHocuTenbHO MCTHH-
HbIX OLIEHOK Ba/IMAALMOHHOro Habopa.

predictionsArray = reconstructedOutput validation
pred_validation = \

predictionsArray[ratings_validation.nonzero()].flatten()
actual validation =\
ratings validation(ratings_validation.nonzero()].flatten()

rbm prediction = mean_squared error(pred validation, \
actual _validation)
print ('CpenHexBagpaTuyeckas oumbKka C UCHONMb30BAHMEM \
npenckasarus RBM': rbm prediction)

BoiBegeM nokasarenb MSE s BanupanmoHHoro Habopa.

CpenHekBagpaTudeckas oumdka C MCNONb3OBAHMEM Npenckaszanmsa RBM:
9.331135003325205
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TNABA 11

06HapyxeHne NpU3HaKOB C MOMOLLbIO
rny6okux ceteit aoBepus

B riaBe 10 Mbl MccnefoBanu orpaHnyeHHble MaMHbl Bonbimana (RBM) u uc-
TIONIb30BA/IN UX ANA NMOCTPOEHUA peKOMeHAaTe/MbHOI cucTeMbl GuIbMOB. B aroit
I7IaBe Mbl 06beAMHNM Heckonbko RBM B Kackap ajis co3gaHus 2ny6okoti cemu do-
sepus (deep belief network — DBN). BriepBbie Takoit Tun ceTeit 6b11 peaIoKeH
Mxedpdpu XunroHoM U3 yHuBepcuteta TopoHTo B 2006 rogy.

B RBM umeerca Bcero fsa cnosi: BUOMMBINA M CKpBITHIA. [IpyruMu croBamy,
3TO Me/IKas HelfpoHHas ceTb. Iy6okue ceTy foBepyus 06pa3yloTCca M3 MHOXECTBA
RBM: ckpbiThIit /10t 0fHO RBM cny>kuT BUAMMBIM CTIOoeM CIefyolieit. B pesynb-
taTe DBN npeBpaijaeTca B Iy60Kyi0 HE{POHHYIO CeTh. DTO MeEpBbIit TUII ITy60-
KMX ceTeit 06y4eHns 6e3 yauTens, c KOTOPHIM Mbl TTO3HAKOMMMCA.

Menkue HeliporHbIe ceT Hanofo6ue RBM He crioco6HbI 06y4aThcsl BHYTPEH-
Hell CTPYKType TaKMX CTIOXHBIX JaHHBIX, KaK M300pakeHNs, 3BYK U TEKCT, B OT-
mnune ot DBN. [lry6okme cetv moBepyms NpUMEHAIOTCA JIA PacHO3HaBaHMA U
K/IacTepu3anmy M306pakeHuit, 3aXBaTa BU/E0, 3BYKaA M TEKCTA, XOTA 3a MOCIEAHEe
mecaTuaeTHe ObIIN pa3paboTaHBbl ApyTHE METOABI ITY60KOro 06yueHNs, IPeBOCX0-
aswue DBN no cBoeit Mpou3BOAUTENBHOCTH.

Yro coboit npeacTaBnaioT rybokue cet aosepua

ITogo6Ho RBM, rny6okue ceTu KoBepyus MOryT o6y4aTbcs 6a30BOi CTPYKTY-
pe BXOTIHBIX JAHHBIX ¥ PEKOHCTPYMPOBATh MX Ha BEPOATHOCTHOI OCHOBE. [Ipyru-
mu cnosamy, DBN, xak u RBM, — noposxxaatoumue mopeny. Cnou B DBN cBsa3aHsl
TO/IKO MEXAY co00if 1 He cofiep>KaT BHYTPEHHMX CBA3el MEXAY y3/1aMM OJHOTO
9, (8

B DBN crioy 06y4aoTcs Moo4epenHo, HadyMHasA C CaMoOro IepBOro CKPBITOTO
C71051, KOTOPBI BMECTE C BXOAHBIM c/10eM o6pasyet nepsyio RBM. Kaxk Tonbko nep-
Basg RBM o6y4eHa, ee CKpBITBI C/I0J IIpEBpALIaeTCA B BUAMMBIIA CTI0M CIEAYIOIIEN
RBM »u ucnionb3syercs s o6y4ennus Broporo ckpoitoro cost DBN.



OnucaHHbIi NpoLecc IPOAOKAETCA A0 TeX MOP, IOKa He 6yAyT o6ydeHsl Bce
cnou DBN. Kaxgsiit cnoit DBN, 3a ucknioueHueM nIepBoOro U IoCAeAHErO, BBICTY-
I1aeT B KauecTBe KaK CKpBITOro, TaK ¥ BuaMMoro cios RBM.

DBN — 310 Mepapxus NMpeAcTaBIeHUI, KOTOpas, NOKOOHO BCeM HENPOHHBIM
CeTAM, IpuMeHsAeTCA A o6yyeHnsa npusHakam. CrieflyeT OTMETUTD, YTO B ITy6o0-
KMX CeTAX [IOBepUsl HeT HMKAKMX MeTOK. BMecTo aToro oHm obyyarorcsa 6a3opoit
CTPYKType BXOAHBIX JAHHBIX C/TON 3a CTIOEM.

MeTku MOTyT UCIONB30BATHCA /1S TOHKOM HACTPOMKM HECKONIBKMX MOCTENHMX
cnoes DBN, Ho TonbKo moC/e TOTO, Kak 6yAeT 3aBeplIeHO HavanbHoe 06yueHMe 6e3
yuutensn. Hanpumep, ecnu mbt xotum npuMennts DBN B kauecTBe knaccubuka-
TOpa, TO CHaya/ia JO/DKHBI BBITOMHUTD 06ydeHue 6e3 yuurens (npedsapumensoe
06y4erue) ¥ TONbKO 3aTeM ITEPENTH K TOHKOI HacTpoitke DBN.

Knaccupukauua nsobpaxennin MNIST

[IpucTynuM Kk MOCTPOeHMI0 KIaccupuKaTopa M306pakeHmit Ha OCHOBe Ty6o-
Koit ceTu foBepus. [Ins 3Toro Mbl BHOBb 06patuMca K Habopy mannbix MNIST.
CHavasa 3arpy3suMm HeobxoguMble 616mMOTeKM.

"' T'OcHOBHHE OubauoTexnu'''
import numpy as np

import pandas as pd

import os, time, re

import pickle, gzip, datetime

"' '"Busyanusaumns OaHHux'''

import matplotlib.pyplot as plt

import seaborn as sns

coclor = sns.color palette()

import matplotlib as mpl

from mpl toolkits.axes_gridl import Grid

$matplotlib inline

''"'MlogroToBKa HAHHHX M OUEHKa Momemn'''

from sklearn import preprocessing as pp

from sklearn.model selection import train_test_split

from sklearn.model selection import StratifiedKFold

from sklearn.metrics import log_loss, accuracy_score

from sklearn.metrics import precision_recall curve, \
average_precision_score
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for i in range(train_steps):
images_train = self.x_train(np.random.randint (0, \
self.x_train.shape[0], size=batch size), :, :, :]
noise = np.random.,uniform(-1.0, 1.0, \
size=(batch_size, 100])
images_fake = self.generator.predict (noise)
X = np.concatenate((images_train, images_fake))
y = np.ones([2*batch_size, 1])
ylbatch_size:, :] =0

d_loss = self.discriminator.train on_batch(x, y)

y = np.ones([batch_size, 1])

noise = np.random.uniform(-1.0, 1.0, \
size=[batch_size, 100])

a_loss = self.adversarial.train_on batch(noise, y)

log mesg = "%d: [Morepu muckpummuaropa: %f, \
roudocTs: %f]" % (i, d_loss([0], d_loss[l])
log_mesg = "%s [[lorepu cocrasarensHoit momemm: %f, \

TouHocTs: ¥f]" % (log_mesg, a_loss[0], a loss[l])

print (log_mesg)
if save_interval > 0:
if (i + 1) % save_interval ==
self.plot images(save2file=True, \
samples=noise_input.shape[0], \
noise=noise_input, step=(i+l))

Taxoke onpenenM GyHKLMIO, KOTOpas B rpaduyeckoM BiAe BHIBORUT M300pa-
YKeHU, CreHepMpPOBaHHbIE CETBIO.

def plot_images(self, save2file=False, fake=True, samples=16, \

noise=None, step=0):
filename = 'mnist.png'
if fake:
if noise is None:
noise = np.random.uniform(-1.0, 1.0, \
size=[samples, 100])
else:
filename = "mnist_%d.png" % step
images = self.generator.predict (noise)
else:
i = np.random.randint (0, self.x_train.shape[0], samples)
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images = self.x train(i, :, :, :]

plt.figure(figsize=(10, 10))

for i in range(images.shape[0]):
plt.subplot (4, 4, i+l)
image = images([i, :, :, :]
image = np.reshape(image, [self.img rows, self.img cols])
plt.imshow(image, cmap='gray')
plt.axis('off')

plt.tight_layout ()

if save2file:
plt.savefig(filename)
plt.close('all')

else:
plt.show()

lpuMeHeHne reHepaTUBHO-COCTA3ATENbHOIM CETH
K Habopy AaHHbIX MNIST

Urak, xmacc MNIST DCGAN rotoB. Bri3oBeM ero 1 HauHeM mpolecc o6ydeHns.
Mb1 6ymeM TpeHupoBaTh MOAeNb Ha MpoTskeHuu 10 000 anox, ucnonb3ys pasmep
IIaKeToB 256.

# Vunumammsaumsa u oOyuenme ceTu MNIST_DCGAN

mnist_dcgan = MNIST_DCGAN(X_train_keras)

timer = ElapsedTimer ()

mnist dcgan.train(train_steps=10000, batch size=256, \
save_interval=500)

HPMBCJICHHaX HJMOKe CBOJIKAa OTpaKaeT IOTepyu ¥ TOYHOCTD A/ AUCKPMMHUHATO-
pau COCTA3aTeMbHON MOJeNN.

0: [Horepu mmckpuMuHaropa: 0.692640, acc: 0.527344]
[MoTepu cocTas3aTensHoM Mmomenm: 1.297974, TouxocTs: 0.000000)
1: (Morepu mmcxpummHaropa: 0.651119, rouxocte: 0.500000]
[Morepu cocrazaTenbHoit Momemu: 0.920461, rounocTs: 0.000000]
2: [Norepn muckpummHaropa: 0.735192, Tounocte: 0.500000]
[MoTepu cocTs3aTenbHoir Mogemu: 1.289153, rounocre: 0.000000]
3: [Morepu mmckpummHaropa: 0.556142, rouHocTs: 0.947266]
[MoTepu cocTAsaTensHOM Momemm: 1.218020, Tourocrts: 0.000000]
4: [Morepun ouckpummHaTopa: 0.492492, rounocTe: 0.994141]
[MoTepu cocTAsaTenbHoM Momesnm: 1.306247, Tounocre: 0.000000]
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[loTepn cocrazarensHoi Mmomemu: 0.726867, TouHocTh: 0.464844]
9991: ([MoTepn muckpuMuHaropa: 0.716197, rouHocTe: 0.500000]
(MoTepyu cocTazarensHoit Momenm: 0.932500, TounocTh: 0.144531]
9992: [NoTepu mMckpuMmHaropa: 0.689704, Tounocth: 0.548828]
[MoTepu cocraszarensHoit mMomenu: 0.734389, TounocTs: 0.414062]
9993: [Morepn mucKkpuMmHartopa: 0.714405, TounocTh: 0.517578]
(MoTepu cocTazarensHoit Momgemn: 0.850408, TourocTs: 0.218750]
9994: [Norepu mMckpuMmHaropa: 0.690414, TouHocTh: 0.550781]
[Morepn cocrazarenpHon momenm: 0.766320, TounocTs: 0.355469)
9995: [IloTepu mucxpummHaropa: 0.709792, TouHocTh: 0.511719]
[MoTepu cocTazarensHoit Momemu: 0.960070, ToudHocTh: 0.105469]
9996: [lloTepu muckpummHartopa: 0.695851, TounocTe: 0.500000]
[lloTepu cocrazarensHoi Momemu: 0.774395, TouHocTe: 0.324219]
9997: [lloTepn muckpuMmHaTopa: 0.712254, TounocTs: 0.521484)
[(MoTepu cocTaAzaTenvHoM Momemu: 0,.853828, Tounocts: 0.183594]
9998: [lMoTepu muckpummuaropa: 0.702689, rouHocTe: 0.529297]
(MoTepn cocrazsarensHoit Momemm: 0.802785, TounocTh: 0.308594]
9999: [HoTepn muckpummHaropa: 0.698032, TouHocTs: 0.517578]
(Morepu cocTazaTensHoM Momenu: 0.810278, TouHocTe: 0.304688)

[eHepupoBaHe CHHTETUYECKUX H306paxeHHil

Tenepn, Koraa reHepaTMBHO-COCTA3ATENbHAA CETh NPOlI/Ia 06ydeHMe, UCTIONb3Y-
€M ee /11 TeHEPUPOBaHMsA HECKOIBKMX CMHTETUYECKUX M306paxkennit (puc. 12.3).

Henb3s cka3aTb, 4TO 3T CMHTETHYECKMe M300paskeHNA HEOTINYMMBI OT UCTUH-
HBIX 1306pakenuit u3 Habopa MNIST, Ho TeM He MeHee OHM JOCTATOYHO MOXOXMU
Ha HacTosAwme uudpsl. YeM gonbie 6yaeT TPeHMPOBATbCA TEHEPATMBHO-COCTA3A-
TeNlbHaA CeTh, TEM Bblllle OYIeT CX0KECTh CMHTETUYECKMX M306pasKeHUI C UCTHH-
HbIMU. D10 1m03Bo/MNUT Mcronb3oBath DCGAN mns pacumpenus Habopa JaHHBIX
MNIST.

HecMmoTpsa Ha TO YTO Hallle pelleHMe 0Ka3a/nocCh JOBONBbHO HEIIOXMM, Cylllec-
TBYeT MHO)XXeCTBO AOMOMHUTENbHBIX CIOCO60B yny4iuTh ero. B crarbe “Improved
Techniques for Training GANs” (https://arxiv.org/pdf/1606.03498.
pdf) AeTanbHO paccCMOTpEHbl NPOABMHYTblE METOAbI YAy4IEHUs NPOM3BOAMU-
TE/IbHOCTH T'€HEepaTUBHO-COCTA3aTeNbHBIX ceTeit. COOTBETCTBYMOIIME MIPOrpaMM-
Hble pellleHus ROCTYMHBI Ha caitTe GitHub (https://github.com/openai/
improved-gan).
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http://www.cs.columbia.edu/~jopa/

YTO MO3BOJIAET TECTUPOBATh, HACKOMIBKO XOPOLIO Hallle pellleHne MOAXORUT A/
pellleHMs caMBIX pasHbIX 3ajay. Kaxpblil BpeMeHHOM paf NPUHAMIEXUT K OfIHO-
MY K/Iaccy, TOSTOMY Y HaC 3a0HO €CTb METKM K/IaCCOB /Il MPOBEPKY Pe3y/bTaTOB
K/IacTepu3aLun.

MoaroToBKa AAHHBIX

HauHeM c 3arpysku Heo6XxoauMbix 6M6MMOTEK.

'''OcHOBHHE GuBimoTexu'''’

import numpy as np

import pandas as pd

import os, time, re

import pickle, gzip, datetime
from os import listdir, walk
from os.path import isfile, join

'V 'Bysyanmmuzauna gaHHex '’

import matplotlib.pyplot as plt

import seaborn as sns

color = sns.color palette()

import matplotlib as mpl

from mpl toolkits.axes_gridl import Grid

$matplotlib inline

' 'loaroToBka NaHHHX M OUeHKa Mogmemnm'''

from sklearn import preprocessing as pp

from sklearn.model selection import train test split

from sklearn.model selection import StratifiedKFold

from sklearn.metrics import log_loss, accuracy_score

from sklearn.metrics import precision _recall curve, \
average precision_score

from sklearn.metrics import roc_curve, auc, roc_auc_score, \
mean_squared_error

from keras.utils import to_categorical

from sklearn.metrics import adjusted_rand_score

import random

"' '"AnropyTMer’ !

from kshape.core import kshape, zscore

import tslearn

from tslearn.utils import to_time series dataset
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from tslearn.clustering import KShape, \
TimeSeriesScalerMeanVariance

from tslearn.clustering import TimeSeriesKMeans

import hdbscan

''"'TensorFlow u Keras'''

import tensorflow as tf

import keras

from keras import backend as K

from keras.models import Sequential, Model

from keras.layers import Activation, Dense, Dropout, Flatten, \
Conv2D, MaxPool2D

from keras.layers import LeakyReLU, Reshape, UpSampling2D, \
Conv2DTranspose

from keras.layers import BatchNormalization, Input, Lambda

from keras.layers import Embedding, Flatten, dot

from keras import regularizers

from keras.losses import mse, binary crossentropy

from IPython.display import SVG

from keras.utils.vis_utils import model to_dot

from keras.optimizers import Adam, RMSprop

Iaxet tslearn cogepXur peanusauuio anaroputma k-Shape Ha Python. On pea-
NM30BaH Ha ocHoBe 6ubnmoTeky Scikit-learn, Ho opuenTHpOBaH Ha paboTy ¢ Bpe-
MeHHbIMMU PAKAMMU.

Mlanee 3arpysuM TPeHMpOBOYHBIE M TECTOBbIE JaHHBIe U3 Habopa ECGFiveDays,
BK/movyeHHoro B apxuB UCR Time Series. IlepBblit cTonben MaTpUIIBI COTEPXKUT
METKM K/1acCOB, TOTZIa KaK OCTa/IbHbIe CTONOLbI — 3TO 3HaYeHUA BPEMEHHOTO PAAA.
MbI coxpaHuM aHHBIE B IepeMeHHbIX X_train,y train,X _testmy_test.

# Barpyska HabOpoB HAHHEIX
current path = os.getcwd()
file = os.path.sep.join(['', 'datasets', 'ucr time_series data', ''])
data_train = np.loadtxt(current_path + file + \
"ECGFiveDays/ECGFiveDays TRAIN", \
delimiter=",")
X train = to_time_series_dataset(data_train([:, 1:])
y_train = data_train(:, 0].astype(np.int)
data_test = np.loadtxt (current_path + file + \
"ECGFiveDays/ECGFiveDays TEST", \
delimiter=",")
to_time_series_dataset (data_test[:, 1:])
data_test[:, 0).astype(np.int)

X_test
y_test
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padnx 4 Knacc 1.0
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T'padux 7 Knacc 1.0
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Puc. 13.2. Habop ECGFiveDays, knacc 1 — smopvie 06a npumepa

# Dpumepn knacca 1
for 1 in range(0, 10):
if data_train{i, 0] == 1.0:
print ("Tpapux", i, " Knacc", data_train{i, 0])
plt.plot(data_train(i])
plt.show()

Cnenyroluit Ko BBIBORUT rpaduku A knacea 2.

# Npumepn xyacca 2
for i in range(0, 10):
if data train[i, 0] == 2.0:
print ("Tpapux", i, " Knacc", data_train(i, 0])
plt.plot(data_train(i])
plt.show()
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Tpajpux 3 Knacec 2.0
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T T
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Puc. 13.3. Ha6op ECGFiveDays, knacc 2 — nepavie déa npumepa

HenoparoToBneHHOMY 1O/Ib30BATENIO TPYAHO MOHATD, YeM OT/IMYAIOTCSA NIPUMe-
PBI 714 KnaccoB 1 M 2, M03TOMy Bce Hab/oAeHNs: aHHOTUPOBAHBI CIIELMaTUCTAMK
B JaHHOJ TIpefiMeTHOM o6macTy. IIpuBeneHHble rpadyKy 3alyM/IEHbl MCKAKEHWA-
Mu. VIMeoTCA Takoke pasnn4uA B aMIUIUTYAE, Tepuofie, Ga3oBoM U BepTUKATBHOM
C/IBMTE, KOTOPBIE 3aTPYAHAIOT KIacCH(pUKALMIO.

IToproToBuMm faxHbIe AN 06paboTky ¢ momolsio anropuT™a k-Shape. Mbi Hop-
Ma/u3yeM JaHHbIE TakKuM 06pa3oM, 4To6HI cpefiHee 3Ha4YeHMe 6bIIO paBHO HYIIIO, a
CTaHAAPTHOE OTKIOHEHMEe — eNMHMLIE.

# MomoroToBka RaHHHX - MacmrabupoBaHue

X train = TimeSeriesScalerMeanVariance (mu=0., \
std=1.).fit_transform(X train)

X _test = TimeSeriesScalerMeanVariance (mu=0., \
std=1.).fit_transform(X test)
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Puc. 13.4. Habop ECGFiveDays, knacc 2 — smopvie 06a npumepa

TpeHnpoBKa 1 oLeHKa MoaenH

Manee Mbl 3anycTUM anropuT™ k-Shape, 3a/1aB KonM4eCTBO K/IaCTePOB PaBHBIM
2, MaKCMMaJ/IbHOE KOMUYecTBO urepaumit — 100 1 KOnMM4eCTBO LIMK/IOB TPEHUPOB-
Kkn — 100%

# TpeHMpPOBKa C KCMNOJb30BaHMeM anropuTMa k-Shape
ks = KShape (n_clusters=2, max_iter=100, n_init=100, verbose=0)
ks.fit (X_train)

Jins oLeHKM KavecTBa K/IaCTePU3allM BpeMEHHbIX PAROB MBI ACTIONb3YeM CKOp-
pexmuposannbiti undexc Rand (adjusted Rand score — ARS) — mepy cxofcTBa BYX

? Bonee nogpo6Hy10 MRGOPMALMIO OTHOCHTENBHO HACTPOVKY TMNEPIIAPAMETPOB MOXXHO HAWTU B
oduumansHoOM KoKyMeHTaLuy K Knaccy KShape (http://bit.1ly/2GEg0L9).
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BapMaHTOB K/aCTEPU3ALMM JAHHBIX, CKOPPEKTMPOBAHHYIO C YI€TOM BEPOSATHOCTH
TPYTIIMPOBAaHMUA 3/eMeHTOB. C MaTeMaTU4eCKOM TOYKM 3PEHMA 3TO aHaNOT TOY-
HOCTH KIaccuukaumm’,

Mupexc Rand mpeacTasnser coboit KOMTMYECTBEHHYIO OLIEHKY COOTBETCTBUM
MeXNy NpeACKasaHHOM M MCTUHHONM KracTepusaumeit. Ecnmu 3nayenme ckoppex-
TUpOBaHHOro MHAekca Rand 6:m3ko K Hymo, To pas3bueHNne FaHHBIX Ha K/IacTepsl
ABMAETCA YNCTO CnydaliHbiM. Ecnu ske ero sHauyenme 6mmsKo K eAMHMIIE, TO TIpea-
CKa3aHHad K/aCcTepu3aliaA B TOYHOCTH COBIIafiaeT ¢ MCTMHHOM.

Ans BHIMUC/IEHUS CKOPPEKTUPOBAaHHOTO MHAeKca Rand Mbl ucnonsayem ¢yHk-
mmio adjusted_rand_score us 6ubnmoreku Scikit-learn.

CreHepupyeM NpefiCKa3aHUA AN KNacTepU3aLMyU M BBIYMCIMM CKOPPEKTHPO-
BaHHBIN MHAeKc Rand.

# CosmaHme npenckaszaHmMi I8 TPEHUMPOBOYHOTO Habopa
# ¥ BEIUMCNIEHMEe CKOPPEKTMPOBAHHOTO MHAexkca Rand
preds = ks.predict(X_train)

ars = adjusted_rand_score(data_train[:, 0], preds)
print ("CxoppeKTMpOBaHHEM MHOEKC Rand:", ars)

Ilo pesynbraram 3TOrO 3amycka CKOppeKTMpOBaHHBI MHAekc Rand oka3ancs pa-
BeH 0 . 668. BhINOMHMB TPEHUPOBKY HECKONBKO pas3, BBl YBUAMUTE, 4TO MHAEKC Rand
Ko7e67eTCA B ONpe/ieNIeHHbIX NpefieNiax, HO P 3TOM 3HaYMTeNbHO 6ombie 0 . 0.

CxoppekTupoBaHHe mMEOexkc Rand: 0.668041237113402

CrenepupyeM npenckasaHua M BBIYMCIMM CKOPPEKTMPOBaHHbI nHAekc Rand
/A TeCTOBOTO Habopa.

# CosmaHme mpenckasaHui IS TECTOBOTO Habopa

# ¥ BRUMCIIEHME CKOPPEKTMPOBAHHOTO MHAekca Rand

preds_test = ks.predict(X_test)

ars = adjusted_rand_score(data_test[:, 0], preds_test)

print ("CxoppexTupoBaHHENt MHOeKC Rand Ha TecToBoM Habope:", ars)

CxoppextupoBanHblit MHAeKc Rand pns tecTtoBoro Ha6opa okasanca 3Hauu-
TeNbHO 6071ee HUSKMM, efiBa IIpeBLILIas Hy/leBoe 3HadeHue. [Ipenckasanms Kmacre-
pHUsaLMM COOTBETCTBYIOT MIOYTH CYy4aHBIM Pacrpefe/IeHNAM — IONbITKa CTPYTI-
NMPOBATb BpeMEHHbIE PANIBI HA OCHOBAHMM KPUTEPMEB CXOACTBA He YAanach.

CroppexTUpOBaHHLD! MHOekc Rand Ha TecToBOM Habope:
0.0006332050676187496

* HononuutensHylo MHpopManuio 06 unpexce Rand MoxHo Haiitm B Buxunemmm (https://
en.wikipedia.org/wiki/Rand_index).
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X_test
y_test

to time_series_dataset(data_test([:, 1:])
data_test[:, 0].astype(np.int)

WUccnenyeM umerowwmitca Habop AaHHBIX.

# CyMMmapHas CTaTMCTMKA

print ("KommuecTBOo BpeMmeHHHX paAnoB:", len(data_train))

print ("KonuuecTBO YHMKaNbHHX KjaccoB:", \
len(np.unique (data train[:, 0])))

print ("InuHa BpemeHHOTo psAgpa:", len{data_train(0, 1:]))

Hwxe npuBeneHa 6asoBas cBoAKa 0 TPeHMPOBOYHOMY Habopy. OH comep>Xut
4000 3amyceit, KOTOpbIE CTPYNIIUMPOBAHDI B IIATH Pa3s/IMYHbIX K/TACCOB, a INTMHA KaX-
AOro BpeMEHHOro psAfa paBHa 140.

KomuecTBO BpeMeHHHX pagmoB: 4000
KonmnuecTBO YHMKANbHHX KJIACCOB: 5
InrHa BpeMeHHOT'O paza: 140

HPOBCPMM, KaKoe KOTMYECTBO 3aIMcelt OTHOCUTCA K KaOXOOMY K/Iaccy.

# BhuMClleHMe KOAMYECTBa 3amMcel Ha Kiacc

print ("KonnuecTBO BpeMeHHHX PANOB B kjacce 1.0:", \
len(data_train[data_train[:, 0]==1.0]))

print ("KonuuecTBO BpeMeHHHX PANOB B knacce 2.0:", \
len(data_train[data train(:, 0]==2.0]))

print ("KonuyecTBO BpeMeHHHIX PANOB B kjacce 3.0:", \
len(data_train[data_train(:, 0]==3.0]))

print ("KonuuecTBO BpeMeHHHX pANOB B knmacce 4.0:", \
len(data_train[data_train(:, 0]==4.0]))

print ("KonuuecTBO BpeMeHHHX PANOB B knacce 5.0:", \
len(data_train[data_train(:, 0]==5.0]))

KonmueCTBO BpEeMeHHHX pAnoB B knacce 1.0: 2327
KonndecTBO BpeMeHHHX pAmoB B kyacce 2.0: 1423
KonuuecTBO BpeMeHHHX pagoB B knacce 3.0: 75
KonmnuecTBO BpeMeHHHX PAROB B knacce 4.0: 156
KonmuecTBO BpeMeHHHX pAOOB B kjacce 5.0: 19

Bonbias yacTb 3amnmcei MonafaeT B K/aacc 1, 3a KOTOPBIM C/IeAyeT Knacc 2. 3Ha-
YUTEbHO MEHbIIIEE KOMTUYECTBO 3aNMceil OTHOCUTCA K Knaccam 3,4 u 5.

[na nony4yennus 6omnee MOTHOTO NPeACTAaBIEHUA O CBOMCTBAX Pa3/MYHBIX K/ac-
COB PacCYMTAEM CPEfHME 3HAYEHUA BpEMEHHbIX PAAOB /1A KaKOTO U3 HUX.

# OrToOpaxeHMe XapaKTEPMUCTMK KaxZOro kjaacca
for j in np.unique(data_train{:, 0]):
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dataPlot = data_train[data_train(:, 0]1==3]
cnt = len(dataPlot)

dataPlot = dataPlot(:, 1l:].mean(axis=0)
print ("Knacc", j, " Cuerumk", cnt)
plt.plot (dataPlot)

plt.show()

Knacc 1 (puc. 13.5) xapakTepusyeTca pe3sKuM CIIafioM, 3a KOTOPBIM CTIEAYIOT pe3-
Kuit morbeM U cTabunusanms. 1o Hanbomee TUIMYHBIN CTyYait.

Knacc 1.0 CueTumk 2327

~1

i
il

Puc. 13.5. Ha6op ECG5000, xnacc 1

T

® «© @ @ 100 120 140

Knacc 2 (puc. 13.6) xapakTepusyeTcs pe3KUM CIIafioM, 32 KOTOPbIM CliefyeT BOC-
CTaHOB/IeHMe YPOBHSA, a 3aTeM ellle 6oree ITy6OKMIt CIafi C YACTUIHBIM BOCCTAHOB-
neHueM. 3TO BTOPOI N0 pacCIpOCTPaHEHHOCTH CyYait.

Kracc 2.0 CueTuymr 1423
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Puc. 13.6. Ha6op ECG5000, knacc 2

KnacTepusauus BpeMeHHbIX pAROB | 395






Knacc 5.0 Cyerunmk 19

s

e9Q

U
-
<
e St s b AP

§
~N
<
o

T M N T

o 2 4 @ 8 100 120 140

Puc. 13.9. Ha6op ECG5000, xnacc 5

TpeHnpoBKa W oLieHKa mogenu

Kak u npexpe, HOpManuayeM faHHbIe TaKuM 06pa3oM, 4TO6BI cpefiHee 3Hade-
HMe 6BI/I0 PaBHO HYIIIO, @ CTaHAAPTHOE OTK/IOHEHMe — eAMHMIEe. 3aTeM HacTpo-
uM anroputm k-Shape, 3a1aB Ha 3TOT pa3 KONMMYECTBO K/IaCTePOB paBHBIM 5. Bce
OCTa/IbHBIE TApaMeTPhbl COXPAHAIOT NMPeXXHME SHAYEHNUA.

# NogroToBka AaHHHX - MacwrabupoBaHue

X _train = TimeSeriesScalerMeanVariance (mu=0., \
std=1.) .fit_transform(X train)

X_test = TimeSeriesScalerMeanVariance (mu=0., \
std=1.).fit_transform(X_ test)

# TpeHMpPOBKa C MCMOMb30BaHMeM anropmurMa k-Shape

ks = KShape (n_clusters=5, max_iter=100, n_init=10, verbose=l, \
random_state=2019)

ks.fit (X _train)

OueHNM pe3y/bTaThl A/ TPEHMPOBOYHOrO Habopa.

# CosnmaHye npelckKaz3aHMi Ojd TPEHUPOBOUYHOT'O Habopa

# ¥ BHUKCJIEHME CKOPPEeKTMPOBAHHOTO MHAekca Rand

preds = ks.predict(X_train)

ars = adjusted_rand_score(data_train(:, 0], preds)

print ("CxkoppeKTMpOBaHHEIT MHIAeKC Rand Ha TpeHMpoBouHoM Habope:", ars)

CKOppeKTMpOBaHHBI! MHAeKC Rand Ans TpeHMpoBOYHOro Habopa CylleCTBEH-
HO BbIpOC M cTan paBeH 0.75.
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CKOPPeKTUPOBaHHED MHAeKC Rand Ha TpeHMPOBOYHOM Habope:
0.7499312374127193

OLeHNUM Telepb pe3yNbTaThl A TECTOBOTO Habopa.

# Co3paHMe Mpencxa3aHuM ons TecToBoro Habopa

# ¥ BEMMCIIEHME CKOPPEeKTMPOBAHHOIO MHOexca Rand

preds test = ks.predict(X_test)

ars = adjusted rand score(data test[:, 0], preds_test)

print ("CxoppekTupoBaHHE MHIOeKc Rand Ha TecroBoM HaGope:", ars)

CxoppekTupoBaHHbI nHAEKC Rand ans TecTtoBoro Habopa Takoke 3HAYMTENBHO
YAYQIINICA U OCTUT OTMETKM 0. 72.

CKOppeKTHMPOBaHHEI MHAOeKC Rand Ha TecToBoM Habope:
0.7172302400677499

VYBenuuus pasmep TpeHMpoBoyHOro Habopa o 4000 BpeMeHHbIX pANOB (BMe-
CTO 23), MBI IOMYYN/IM 3HAYUTENBHO 60Mee 3 DeKTUBHYIO MOZIENb KIaCTEPU3ALIMMU
BpPEMEHHbIX PAMIOB.

[IpoBeneM HOMOMHUTENPHOE MCC/IEAOBaHME NIPENCKAa3aHHbIX K/IACTEPOB, YTOOBI
BBIACHUTD, HaCKONIbKO OHY ORHOPOAHLI. JINA KaKAOro MpeficKasaHHOro KaacTepa
Mbl OLIEHMM paclipefieNieHne CTUHHBIX MeToK. Ecrin KkmacTepnl yeTko cdopmupo-
BaHbI ¥ ONHOPOAHBLI, TO 6O/MBIIMHCTBO 3anMCeil B KAXKAOM K/IacTepe AOMDKHO MMEThb
OfIHY ¥ TY XK€ MCTMHHYIO METKY.

# OueHKa KayeCTBa KJIAaCTEpOB
preds_test = preds test.reshape (1000, 1)
preds_test = np.hstack((preds_test, \
data_test[:, 0].reshape(1000, 1)))
preds test = pd.DataFrame(data=preds_test)
preds_test = preds_test.rename(columns={0: 'prediction', \
1: 'actual'})

counter =
for 1 in np.sort(preds_test.prediction.unique()):
print ("Ilpencka3aHHelt kjacrep”, i)

print (preds_test.actual[preds test.prediction == \
i].value counts())

print ()

cnt = preds_test.actual [preds_test.prediction == \

i).value counts().iloc{1l:].sum()
counter = counter + cnt
print ("CueTumMk HenmepBMYHHIX Touek:", counter)
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HPMBCJ.ICHH&H HMXKe CBOJIKA OTPAXKAET CTENEeHb OMHOPOAHOCTH K/NIACTEPOB.

llpenckasanHent knacrep 0.0
2.0 29

4.0 2
1.0 2
3.0 2
5.0 1

Name: actual, dtype: inté64

[lpenckaz3aHHent kjacrep 1.0
2.0 270

4.0 14
3.0 8
1.0 2
5.0 1

Name: actual, dtype: inté64

[lpenckasaHHut knacrep 2.0
1.0 553

4.0 16
2.0 9
3.0 7

Name: actual, dtype: inté64

llpenckasanuent kyacrep 3.0
2.0 35

1.0 5
4.0 5
5.0 3
3.0 3

Name: actual, dtype: inté64

llpenckasanuemt knacrep 4.0
1.0 30

4.0 1
3.0 1
2.0 1

Name: actual, dtype: inté64

CueTyMK HENMEpPBUUYHHIX Touek: 83
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BonbIIMHCTBO 3amuceit B mpefenax KaXAoro IpeAcka3aHHOro KaacTepa Ipu-
HaJ/IOXUT TONMBKO K OXHOMY K/acCy, MOMe4eHHOMY MCTMHHOM MeTKO. ITO CBHU-
[eTeNbCTBYET O Ha/IeXXHOM ONpefie/IeHNMM K/IACTePOB ¥ BHICOKOI CTENEHM UX OfHO-
pORHOCTH.

Knactepu3sauna BpemMeHHs/X pAAOB N0 METOAY
k-cpeaHuX npumeHuTenbHo K Habopy ECG5000

[Ins MOMHOTB! KAPTUHBI CPABHUM PE€3Y/NbTAThl, NOTyYeHHbIE C MOMOILBIO a/Ir0-
putMa k-Shape u mo metopy k-cpennux. Kak u npexxze, Mbl ucnonb3yem 6u6mmo-
TeKy tslearn fnsi TPeHMPOBKYM M OLIEHKM MOJEIM HA OCHOBE CKOPPEKTUPOBAHHOTO
nHpekca Rand.

KonuyecTBo k/macTepoB 3alaiuM paBHBIM 5, MaKCMMa/IbHOE KOTMYECTBO UTepa-
LMt A718 OMHOTO 3amycka — 100, Komn4ecTBO He3aBUCUMBIX 3anyckoB — 100, 3Haye-
HMe mepeMeHHoi random_state — 2019, MeTpuka paccrosuus — euclidean.

# TpeHupoBka no MeTomy k-cpemHmx

km = TimeSeriesKMeans (n_clusters=5, max_iter=100, n_init=100, \
metric="euclidean", verbose=1, random_state=2019)

km,fit (X_train)

# CosnaHme npenckasaHuit ONA TPEHMPOBOUHOTO Habopa

# ¥ BHUKMCJIeHMEe CKOPPEKTMPOBAHHOT'O MHIeKca Rand

preds = km.predict (X_train)

ars = adjusted_rand_score(data_train(:, 0], preds)

print ("CxoppeKTMpPOBaHHEM MHOeKC Rand Ha TpeHMpPOBOYHOM Habope:", ars)

# Cosnanme npelcxasaHuit Ofa TeCTOBOTO Habopa

# ¥ BHUKMCJIEHME CKOPPEKTMPOBAHHOI'O MHIOekca Rand

preds_test = km.predict (X_test)

ars = adjusted_rand_score(data_test[:, 0], preds_test)

print ("CxoppekTupoBaHHeM MHAekC Rand Ha TecroBoM Habope:", ars)

B cnyyae mcnonp3oBaHMA e€BKINAOBOM MeTpUKU anroputm TimeSeriesKMean
paboTaer 6bicTpee anroputMa k-Shape, Ho pe3ynbTaThl MOMYYAIOTCA XYXKe.

CKrOppeKTUpCoBaHHM MHAOeKC Rand Ha TpeHMpoBOYHOM Habope:
0.5063464656715959

CxoppekTupoBaHHbIit MHAEKC Rand ans TperupoBoyHOro Habopa okasancs pa-
BeH 0.506.
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MonHbIit NpOroH ¢ ucnonb3oBaHMeM anroputma k-Shape

CHayasia BBITIONIHUM 3KCIIEPUMEHT ¢ anroputMoM k-Shape.

# OxcnepuMmeHT ¢ MeTonoM k-Shape - MOMNHENI NPOTOH

# Cosmanme obwexra DataFrame
kShapeDF = pd.DataFrame(data=[], index=[v for v in d], \
columns=["ARS srana TpenupoBku”, "ARS srana TecTmpoBaHma"])

# TpeHupoBka M olLeHka Momenu k-Shape
class ElapsedTimer (object):
def init_ (self):
self.start_time = time.time()
def elapsed(self, sec):
if sec < 60:
return str(sec) + " ¢"
elif sec < (60 * 60):
return str(sec / 60) + " mun"
else:
return str(sec / (60 * 60)) + " u"
def elapsed_time(self):

print ("Mpouno: %s " % self.elapsed(time.time() - \
self.start_time))
return (time.time() - self.start time)

timer = ElapsedTimer ()
cnt = 0
for i in d:
cnt += 1
print ("HaGop maHHuX", cnt)
newpath = os.path.sep.join([mypath, i, ""])
onlyfiles = [f for f in listdir(newpath) if \
isfile(join(newpath, f))]
j onlyfiles[0]
k = onlyfiles[1]
data train = np.loadtxt (newpath+j, delimiter=",")
data_test = np.loadtxt (newpathtk, delimiter=",")

data_joined = np.concatenate((data_train, data_test), axis=0)
data_train, data_test = train_test_split(data_joined, \
test_size=0.20, random_state=2019)
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X _train = to_time_series_dataset (data_train(:, 1:])
y_train = data_train[:, 0].astype(np.int)

X test = to_time series_dataset(data_test(:, 1:])
y_test = data test[:, 0].astype(np.int)

X train = TimeSeriesScalerMeanVariance (mu=0., \
std=1.).fit_transform(X_train)

X_test = TimeSeriesScalerMeanVariance (mu=0., \
std=1l.).fit_transform(X_ test)

classes = len(np.unique(data train(:, 0]))

ks = KShape (n_clusters=classes, max_iter=10, n_init=3, \
verbose=0)

ks.fit (X _train)

print (i)

preds = ks.predict (X_train)

ars = adjusted_rand_score(data_train(:, 0], preds)

print ("CxoppeKTHpOBaHHEI! MHOeKC Rand Ha TpeHMPOBOYHOM Habope:", \
ars)

kShapeDF.loc[i, "ARS srama TpeHupoBku"] = ars

preds_test = ks.predict (X_test)

ars = adjusted_rand_score{data test(:, 0], preds_test)

print ("CxoppexTHpOBaHHEM MHOekC Rand Ha TecToBoM Habope:", ars)
kShapeDF.loc([i, "ARS srTama TecTupoBaHus"] = ars

kShapeTime = timer.elapsed_time()

Ha BBINO/NHEHME 3TOTO A/ITOPMTMA YO Gonbie Yaca. Mbl COXpaHMM 3Ha4eHUA
CKOppeKTHpOBaHHOTro uHAeKca Rand, yTo6b MMeTh BO3MOXHOCTb CPABHUTD ITPO-
U3BOAMTENBHOCTD TPEX aITOPUTMOB K/IaCTEPU3ALINM.

BpeMms BrimonHenus anroput™a k-Shape 3aBMCHT OT yCTaHOBIEHHBIX
3HaYeHMIt rUIlepllapaMeTpoOB, a TaKXKe XapaKTepucTUK obopymoBa-
HMA, Ha KOTOPOM IIPOBOANTCA 3KcnepuMeHT. /Iio6ble M3MeHeHMA faH-
HOTO pofia MOTYT OKa3blBaTh 3HAYMTE/bHOE BIMSAHME Ha KOHEYHbIE
pesy/nbTaThI.

404 |  fnasa3






?al/08S/T
?a63B + 9< ?a63/78 Sx——8a4/0T
4aB + 43'CB863—a403—B72a65S3484—8a4/05.= >= ?a63BT

2a/08SYL% % # V( %" "403 #H , Y= ™
4aBT
V7_640B|t 52738/= Y"P [ #% Y> + 4aB

?7a63B—86B8 ¢ 9< ?7a63/785x—86B8T
4aB + 43'CB863—a403—B72a653484—86B8S.= >= ?a63B—86BS8T

2a/08SYL% % # V( %" 403 " # , .Y= 4aBT
9_640B|t 5278/= Y"P | " # EY> e 4aB
9 _640Bg/<6 « 8/<6a 654?B63—8/<6ST
IE , , % #") , BN Fr@"" ) JHIY %!
E *
B K] CF FC@ ,&s
Y% +="1* 1 eQ|PfR
£ %" " €lQPfR v !
£L ,T % |484tad<6
>3DB740|t « ?3 |[484ta4<6S3484+%5>= /[/036€+3h 12a h /0 3>= ™
725C<0B«sY P [ #% Y= Y"P [ " # EYST
£ { #% + % I €QPfR
8/<6a * c54?B63g/<6aST
708 -
12a / /0 3.
7608 —
?al/08SYY, V)Y= 708T

06A?48> « 2B 248> B6? ‘2/0S8<J?48>=Y V=T

205J1/56B « 81 12a 1 /O 5/B83/aS06A?48>T /1 ™
/IB1/56S‘2/0S06A?482FT>

' +205J1/56B5S>

9 «205J1/56B5S>

3484—8a4/0 » 0? 52438€8S06A?48>-'= 365/</86af]=VYT

3484—86B8 + 0? 52438€8S06A?48>-9= 365/</86a-Y=YT

3484——'2/063 + 0? 72074860486SS3484—8a4/0= 3484—86B8T= 4
3484—8a4/0= 3484—86B8 + 8a4/0—86B8—B?5/853484—'2/063=

YVh 6 P 8X



test_size=0.20, random_state=2019)

X _train = data_train[:, 1:]

y_train = data_train[:, 0].astype(np.int)
X_test = data_test([:, 1:]
y_test = data_test[:, 0].astype(np.int)

X_train = TimeSeriesScalerMeanVariance (mu=0., \
std=1.).fit_transform(X_train)

X_test = TimeSeriesScalerMeanVariance (mu=0., \
std=1.).fit_transform(X_test)

classes = len(np.unique(data_train([:, 0]))
min_cluster size =5

min samples = None

alpha = 1.0

cluster_selection method = 'eom'
prediction_data = True

hdb = hdbscan.HDBSCAN (min_cluster_size=min_cluster_size, \
min_samples=min_samples, alpha=alpha, \
cluster_selection_method=cluster_ selection_method, \
prediction_data=prediction_data)

print (i)
preds = hdb.fit_predict (X_train.reshape (X_train.shape[0], \
X_train.shape[l]))
ars = adjusted_rand score(data_train[:, 0], preds)
print ("CxoppexXTUPOBaHHEN MHOEKC Rand Ha TpeHMpOBOYHOM Habope:", \
ars)
hdbscanDF.loc[i, "ARS 3rana TpeHupoBkM"] = ars

preds test = hdbscan.prediction.approximate_predict (hdb,
X_test.reshape (X_test.shape[0], X_test.shape[l]))

ars = adjusted_rand_score(data_test[:, 0], preds_test[0])

print ("CxoppeKTUpoBaHHES! MHAekC Rand Ha TecToBoM HaBope:", ars)

hdbscanDF.loc[i, "ARS 3Tana TecTMpoBaHus"] = ars

hdbscanTime = timer.elapsed_time()

Ina o6pa6otku Beex 85 Habopos anroputvy HBDSCAN Toxe monamo6unoch
0K0710 10 MUHYT.
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CpaBHeHHe Tpex NOAXOA0B K KNacTepi3aLuy BpeMeHHs/X pAAOB

Tenepb cpaBHMM MeXAY o601t Bce TpM anropuT™Ma KIacTepu3alum, YTo6b! BbI-
AICHUTB, KaKOJf M3 HUX NpoABUNI cebs mydine Bcero. OfMH U3 NOAXOROB 3aK/0Ya-
eTCs B BBIYMCIIEHNM CPeIHMUX 3HaYeHMI CKOppeKTHpoBaHHOro uHAekca Rand ans
TPEHMPOBOYHBIX U TECTOBBIX HAOOPOB B KaXX/IOM U3 aNTOPUTMOB.

CoOTBeTCTBYIOILYE OLIEHKM IIPUBENEHBI HIDKE.

PesynpraTh MeTona k-Shape

ARS 3Tama TpPeHMPOBKM 0.165139
ARS sTama TecTMpPOBAHMSA 0.151103

Pe3ysbTaTH MeToda K-CpemHMX

ARS 3Tana TPeHUPOBKMU 0.184789
ARS 3Tama TecTVpOBaHMUSA 0.178960

PesyneTaTe MeToma HDBSCAN

ARS 3Tamna TPEeHMPOBKM 0.178754
ARS sTana TeCcTMPOBAHMUA 0.158238

PesynbTaThl OKasanMch NMPUMEPHO comocTaBMMbIMKU. Hambonsume 3sHaveHus
nHpekcoB Rand momyyeHs! o MeToRy k-CpefHMX, 32 KOTOPBIM CTIEAYIOT a/ITOPUTMBI
k-Shape u HDBSCAN.

[ BanuaaLuy HEKOTOPBIX M3 3TUX OLIEHOK ITOCYUTAEM, CKO/IBKO Pa3 KaXKAbIi
aZTOpUTM 3aHMMaj NepBOE, BTOPOE U TPeThe MeCTa o BceM 85 Habopam.

# MozcueT uMcsla 3aHATHX MECT

timeSeriesClusteringDF = pd.DataFrame(data=[], \
index=kShapeDF.index, columns=["kShapeTest", \
"kMeansTest", "hdbscanTest"])

timeSeriesClusteringDF.kShapeTest = \
kShapeDF ["ARS 3Tana TecTupoBaHua"]

timeSeriesClusteringDF.kMeansTest = \
kMeansDF ["ARS 3Tana recTMpoBaHua"]

timeSeriesClusteringDF.hdbscanTest = \
hdbscanDF ["ARS 3Tana TecTupoBaHus")

tscResults = timeSeriesClusteringDF.copy ()
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for i in range (0, len(tscResults)):
maxValue = tscResults.iloc[i].max()
tscResults.iloc(i]) [tscResults.iloc[i]==maxValue]=1
minValue = tscResults.iloc[i].min()
tscResults.iloc[i]) [tscResults.iloc[i]==minValue]=-1
medianValue = tscResults.iloc[i].median()
tscResults.iloc[i] [tscResults.iloc[i]==medianValue]=0

# BHBOZ pe3ynbTaTOB

tscResultsDF = pd.DataFrame (data=np.zeros((3, 3)), \
index=["firstPlace", "secondPlace", "thirdPlace"], \
columns=["kShape", "kMeans", "hdbscan"])

tscResultsDF.loc["firstPlace", :] = \
tscResults[tscResults==1].count().values

tscResultsDF.loc["secondPlace”, :] =\
tscResults[tscResults==0].count () .values

tscResultsDF.loc["thirdPlace”, :] = \
tscResults[tscResults==-1].count () .values

tscResultsDF

JIumepoM Mo KOMMYECTBY NEPBLIX MECT OKasanca anroput™ k-Shape, 3a xoro-
pbiM cnenyet anroput™ HDBSCAN. MeTop k-cpefHuX 4allle OCTa/IbHBIX 3aHMMAJ
BTOpble MECTa, AICMOHCTPUPYA He HAWIy4llylo, HO ¥ He HauXyALIYIO IIpPOU3BOAU-
TEMIbHOCTD A/A 60NMbIUMHCTBA HabOpOB HaHHBIX (Tabn. 13.1).

Tabnuya 13.1. Ceo0xa pe3ynsmamos cpasHeHus

kShape kMeans hdbscan
firstPlace 31.0 240 290
secondPlace 19.0 41.0 26.0
thirdPlace 35.0 20.0 300

WUcxons n3 pe3ynbTaToB CpaBHEHMUA TPYAHO CKa3aTh, KaKOV U3 aMTOPUTMOB Off-
HO3HaYHO ITPeBOCXOAUT APyTHUe B OTHOLIEHUY Npou3BoauTenbHocTH. HecMoTps Ha
TO 4TO anroput™M k-Shape yaie gpyrux saHuman nepebie MecTa, OH paboTaeT 3Ha-
9UTENBHO MENNEHHEE IBYX OCTaNbHbIX a/ITOPUTMOB.

B 1o xe Bpema anropurm HDBSCAN 1 MeToz k-cpeHNX OOMHAKOBO XOpPOLIO
TIpOSABM/IY Ce6A, 3aHAB NEPBOE MECTO A/IA 3HAYMTENBHOTO KOMMYecTBa HabopoB.
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FMABA 14
3aKnyeHue

VIcKycCTBEHHBII MHTENIEKT NepeXXMBAET HACTOALIMI OYM, KOTOPbIi He Habmio-
Razcsa ¢ MOMEHTa noABnedua VinTeprera B cepenyne 1990-x rogos. U y aToro 6yma
€CTh CBOM IIPUIMHBIL,

B mpeabiaymme mecaTMneTMA pa3paboTKyM B 06/1aCTM MCKYCCTBEHHOTO MHTEN-
/IeKTa ¥ MallMHHOTO O6Y4eHMs HOCU/M NIPEUMYILECTBEHHO TeOPETUIECKMIA U aKa-
[eMUYeCcKUit XapaKTep, a IpUMepOB YCIIEIHBIX KOMMepYecKuX peleRuit 6b110 He
Tak MHoro. Ho 3a mocneguue roasl cuTyanus NoMeHANAach K Ty4diuemy. TexHonorun
npuobpeny 6onee NPUKIAAHYIO HAIPaBNIEHHOCTh, OPMEHTHPOBAHHYIO Ha TPOMBILL-
NeHHOe NIpMMeHeHMe, IpuyeM ¢rarMaHaMM MPOLECca CTa/IN TaKue KOMIaHUY, KakK
Google, Facebook, Amazon, Microsoft u Apple.

CMeleHme aKIeHTOB Ha pa3paboTKy IPUIOKEHUI MAIUMHHOTO O6y4eHNns W1
y3KocTeLiMaIu3upoBaHHbIX 3afiay (cmabeiit VIM) BMecTo 60/mee aMOMILIMO3HBIX ITpO-
exktoB (cumpHbl M) cpenano aty obmacte mccnenoBanmit 6onee mpupIeKaTennb-
HOJ Ji151 MHBECTOPOB, PACCUUTHIBAIOLIMX C IMXBOM OKYNIMTh BIOXKEHHbIE CPEACTBA
B TeyeHye 6mkaitux 7-10 neT. B cBoIo 04epensb, MpUTOK MHBECTUIIMI TTO3BONTUI
BOCTUYb Cepbe3HbIX YCIIEXO0B He TONbKO B pa3paboTke cnaboro VM, Ho u B mocTpo-
eHun GpyHAaMeHTa Ana 6yaywmx cucteM cunbHoro VN,

KoHeyHo e, Bce fienno He TONMbKO B MHBecTMIMAX. HenaBHue ycrnexu B paBHOM
CTETEeHM CBA3aHbI C Ha4a/IoM 3MOXY GO/MBIIMX JAHHBIX, AOCTIOKEHNAMM B alIapar-
HBIX TEXHONOTMAX (B OCOGEHHOCTH MMeeTCs B BUAY MOABIEHME MOLIHBIX rpadu-
Yeckux npoueccopo Nvidia, mpumeHAeMbIX Ipu 06y4eHMM [TyOOKNX HEPOHHBIX
ceTell), a TaKKe pa3pabOTKOI MePEefOBbIX aITOPUTMOB.

Bcsa aTa MapkeTHHroBas IIyMyuXa BIIOTHE MOXET IPUBECTH K Pa3o4apOBaHUAM
B 6yZy1IeM, HO ITOKa YTO OCTUTHYThIN IPOTPecc OLIENIOM/AET, IPMB/IEKas BHUMa-
HMeE IUPOKOI ayAUTOPUM.

06yuenue cyuutenem

Ha ceropHsmHmuit ReHb 6ONBPLIMHCTBO YCIIEXOB B 06/1aCTH MaWIMHHOTO 06yye-
HUS CBSI3aHO C OOy4eHMeM C yuuTeneM. YCIelIHble IPOEKThl MOXKHO pasbutb Ha
C/IeRyIoLye KaTeropyu 1o TUIy o6pabaThiBaeMbIX JAHHBIX.



o Vso6paxennsa. B 3Ty kaTeropiuio BXOAAT TEXHONOTHM ONTHYECKOTO Pacmos-
HaBaHMs CMMBOJIOB, KNaccuUKanuy u306pakeHNit M paclo3sHaBaHMUA JINLI.
Hanpumep, Facebook aBToMaT4eCKM TerupyeT MMIIa Ha HOBBIX dhoTorpadu-
X, UCXOMIS U3 CTETIEHH UX CXOACTBA C paHee TETMPOBAaHHBIMY NTULIaMy B 6a3e
[aHHBIX cyLiecTBylowmx pororpadmit.

o Bupeo. K aToit kaTeropuu oTHOCATCA GecImMnOTHBIE aBTOMOGM/IN, NOABIE-
Hie KOTOPBIX Ha IOpOrax He 3a ropaMu. VIHBecTHIMK B faHHYI0 06/1acTb fe-
NaloT TaKue KoMmaHuu, kKak Google, Tesla u Uber.

o Peus. 310 cHCTEMBI pacTIO3HABaHUA PedM, TPENCTABIEHHbIE TAKUMM FO/IOCO-
BbIMM ITOMOLIHMKaMH, Kax Siri, Alexa, Google Assistant u Cortana.

o Tekct. Knaccuyeckum npuMepoM MOXeET CAYXMTb (pUABTpauMA Crama B
3/MeKTPOHHOI moyTe. CIofia Xe BXOAAT TaKue TEXHOMOTMM, KaK MalIMHHbIN
nepesop (Hampumep, cucteMa Google Translate), ceHTUMeHT-aHanM3, CUH-
TaKCUYECKMIt aHa/Mu3, pacrio3HaBaHMe A3bIKa ¥ BOIPOCHO-OTBETHbBIE CUCTE-
Mbl. CBUIETENBCTBOM YCIIEXOB CTY)XKMT LIMPOKOE PaclpocTpaHeHue yar-6o-
TOB B IIOC/IEAHME TOABL.

Kpome Toro, obyuerue ¢ yuuTeNeM XOPOIIO CIpaB/feTcA C MpefckasaHueM
BPEMEHHbIX PSMIOB, YTO HAXOUT MHOXXECTBO NIPUMEHEHNMII B TaKMX 06/IacTAX, Kak
¢uHaHCH, 3ApaBOOXpaHEHME M PEKIAMHbIE TEXHO/IOTMM. PasyMeeTcs, MOAXOMb! Ha
OCHOBe O6yYeHMA C YUMTeNleM He OrpaHMyYeHBbl paboToit TONMBKO C OHUM TUIIOM
maHHbIX. Hanpumep, B TexHONMOIMAX 06paboTky BIAieO pacro3HaBaHue u3obpaxe-
HMI B COMETaHUM C 06pabOTKOM €CTECTBEHHOTO A3bIKa MPMMEHAETCA /1A MalllMH-
HOTO 06y4eHMsA CUCTEM eHepHPOBaHMUSA CYOTUTPOB.

06yueHue 6e3 yuutens

O6yuenne 6e3 yuuTens oka YTo He MOXKET IIOXBACTATHCA TAKMMM JKe yCIIeXaMu,
KaK ¥ o6y4eHMe C yYMTeNeM, HO €ro MOTEHIMAN Bce paBHO OrpoMeH. Bonbiuma-
CTBO OCTYTIHBIX B VIHTepHeTe JJaHHBIX He pa3MedeHO. YTOOb! MeTh BO3SMOXKHOCTD
IPUMEHATH MalIMHEOE 06y4eHNe /1A pellleHns 6onee MacIITabHBIX 3a/1ay, YeM Te,
KOTOpBI€ Y>Ke pellleHb! ¢ IIOMOLLbI0 06y4eHUA C yIuTeNeM, HaM NpuaeTcs paborarth
KaK ¢ pa3MeYeHHBIMY, TaK ¥ C Hepa3MeYeHHbIMM HaHHBIMM.

O6yuenne 6e3 yauTensa oueHb XOPOLIO CIIPAB/AETCA C O6HAPY)KEHMEM CKPBITHIX
3aKOHOMEPHOCTei1 myTeM 06yueHMA 6a30BOIl CTPYKTYpe Hepa3Me4eHHbIX JaHHBIX.
BhIABMB 9TU 3aKOHOMEPHOCTH, CUCTeMa 06ydeHNs 63 yuuTena MoXeT CrpyTInupo-
BaTh HaifJleHHbIe CKPBIThbIe LIa6/IOHBI Ha OCHOBAHMM MX CXOXKECTH.
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Kak To/mbko Takoe TpynmupoBaHMe BBHITIONHEHO, OIEpaTOp CUCTeMBI (T.e. ye-
JIOBEK) MOXET BbI6PaTh HECKONbKO WIAGIOHOB M3 KaXAON TPYTINBI M CHAOAUTD MX
NOHATHBIMU MeTKaMM. Ec/u rpyninsl onpepenesbl JOCTaTOYHO YeTKO (T.e. MX 37e-
MEHTHI OfHOPOAHBI Y OTYET/IMBO OT/INYAIOTCA OT 37IEMEHTOB APYTMX IPYTIN), TO Ha-
3HaYEHHbBIE 4€TIOBEKOM METKM MOXKHO IIPUMEHMTD K APYTUM (OCTAaBIIMMCA Hepas-
MeYeHHBIMM) 37IeMeHTaM Ipymmnsl. Takoif OAXOR obecreynBaeT oueHb 6bICTPOE U
3¢ deKkTMBHOE MapKUpOBaHMe paHee Hepa3MedeHHBIX JaHHbIX.

Apyrumu cnoBamu, obydeHue 6e3 yduTeNsA MO3BOMAET YCNEUIHO MPUMEHATD
MeTOABI 06y4eHusa ¢ yunteneM. [logo6Has cuHeprus o6ydeHus c yunteneM u 6es
Y4MTeNA, Ha3bIBaeMaA 00yueHUeM C HACMU4HbIM NPUeneverUem yuumesns, MOXET
MIOPOAMTD HOBYIO BOMHY YCTIEUIHBIX TPOEKTOB MAIIMHHOTO 06yyeHus.

Scikit-learn

MlaBaifTe KpaTKO BCTIOMHMM, O KaKMX TeMax Il/Ia pedb B MPEABIAYIIMX I/IaBax.

B rnaBe 3 Mbl paccMaTpuBainH, Kak IIPUMEHATb METOMBI CHYOKEHMSA Pa3MEPHOCTH
nyTeM 06y4eHus 6a30BOI CTPYKType HAHHBIX C COXpaHEHMEM TONbKO Haubornee cy-
eCTBEHHbIX NIPU3HAKOB, KOTOPblE€ TPAHCIMPOBANNUCH B NIPOCTPAHCTBO MEHbLIEN
pa3MepHOCTH.

[lepeHoc AaHHBIX B MPOCTPAHCTBO 6o/ee HM3KON Pa3MEPHOCTH 3HAYMTENTHHO
ynpolaeT o6HapyXeHe CKPHITHIX 3aKOHOMepHOCTel. B rmaBe 4 MBI MPOAEMOH-
CTpUpOBA/IM 3TO, IOCTPOMUB CUCTeMY OOHAPYKEHUS aHOMaNNit, KOTOpas OTAeNANa
HOpMa/IbHble Onepaluy ¢ 6aHKOBCKMMM KapTaMy OT MOIIEHHUYECKMX.

B mpocTtpaHcTBe 6onee HM3KOI Pa3sMEPHOCTH JIerde rPYNIMPOBATb CXOXME
TOYKM FAHHbIX, BBHIMOMHAA K/IACTEPU3aLIMIO, KOTOPYIO MBI MCCNIENOBA/N B I71aBE 5.
B kauecTBe MPMMeEpPOB YCIELIHOTO IPUMEHEHNA KIACTepU3aLMM MOXKHO IPUBECTH
CeTMEHTMPOBaHMe TPYIN, T.e. pa3feNieHne 06bEKTOB HA OCHOBAHMM CTENEHM UX
B3aMMHOTO CXOACTBA. Mbl IpMMeHNM cerMEHTHPOBaHye B IaBe 6 K 6a3e JaHHbBIX
3a5BOK Ha Tony4eHue 3aiimMa. Ha 3ToM MBI 3aBepIIM/IN YaCTb KHUTH, IOCBALEHHYIO
ucrnonbaoBanmio 6ubnmorexu Scikit-learn B 06yuenun 6es yunrens.

B rnaBe 13 MBI paciypuiu KnacTepu3alMio Ha BpEMEHHbIE DAL M UCCTIEROBAIA
pasIu4YHble METOABI MX KMacTepu3aLuu. Mbl poBeny AR SKCIIEPUMEHTOB, BBIAC-
HMB, HaCKONIbKO B)KHO PAacronaraTh IIMPOKMM aPCEHANIOM METOJIOB MAIUMHHOTO
06yueHus, MOCKOMbKY HM OfMH U3 a/ITOPUTMOB He MOXXET ONMHAKOBO XOPOLIO pa-
6oTaTh ANA BceX HAOOPOB JaHHBIX.
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TensorFlow u Keras

B rnaBax 7-12 Mb1 mepekmoynnuck Ha 6ubmorexn TensorFlow u Keras.

B mepBy10 oyepenib Mbl MO3HAKOMM/IUCH C HEIPOHHBIMU CETAMM M KOHLIETIL{MeIt
o6y4eHusa npusHakaMm. B rnaBe 7 Mbl y3Ha/mu, YTO Takoe aBTOKOZMPOBIUUKM M Kak
OHM 06Y4aIOTCA HOBBIM, 60/ee CKAaThIM NPEACTaB/IEHNAM, CO3[aBa€MbIM Ha OCHOBE
OPUTVMHATbHBIX JAHHBIX. DTO ellle OfMH cr10cob 06yyeHus 6a30B0OIt CTPYKTYpe AaH-
HBIX C LIe/IbIO BBIAB/IEHMA CKPBIThIX 3aKOHOMEPHOCTEN.

B rnaBe 8 MBI NpUMeHNMIM aBTOKOAMPOBIMKM K HAOOPY JaHHBIX 06 onepaLysax ¢
6aHKOBCKMMY KapTaMM Y TOCTPOM/IN IIPU/IOKEHMUE, CTOCOOHOE 0OHAPYKMBATH MO-
IIEHHMYEeCKMEe TpaH3aKLuu. U, 4To elnte 6o7ee BaXXHO, B I/TaBe 9 MBI YTYYIIM/IK 3TO
peleHue, NOAKMIOUMB 06ydeHNe 63 yUnTeNa U TeM CaMbIM NPOAEMOHCTPUPOBAB
BO3MOXXHYIO CUHEPTHIO ABYX MOAXOA0B.

B rnaBe 10 MBI BBE/IM NIOPOXK/AOLIYIE MOZIENN, HAYaB C PaCCMOTPEHMUA OTpaHu-
YeHHOM MalluHb! BonbiiMaHa. Mbl McIIoNb30Bany AaHHbBIA TUI HEAPOHHOIM CeTH
IN1A pa3paboTKM PeKOMEHMATENbHON CUCTeMbl QUIBMOB, KOTOPask OTAA/IEHHO Ha-
TIOMMHaeT aHa/IoTMYHEBIe cucTeMbl KoMmanuit Netflix u Amazon.

B rrnaBe 11 Mbl epelln OT METKUX HEVPOHHBIX ceTel K ITy6OKMM ¥ peann3oBa-
mn 6onee NPOABMHYTYIO MOPOXAAIOLIYI0 MOAENb, O6'bEIMHIB HECKOIBKO OTPaHM-
YeHHBIX MalUMH BonbliMaHa B OIMH KacKaf, HasbIBaeMBblit 271y60koti cembio 008epus,
YTO TO3BO/IM/IO HAaM CreHEpUPOBATbh CMHTETHYECKUE U306pakeHns uudp, gomnon-
HAOIMe cylecTBylommit Habop MNIST, ¥ MOCTPOUTD YcOBepLIEHCTBOBaHHYIO
cucTeMy Knaccuukaumy usobpaxeHuit. ITo ellle pas MOAYEPKHYIO, HACKOMBKO
TIepCIIEKTMBHO UCTIONb30BaTh 06ydeHMe 6e3 y4MTeNA ANA YNyYIUEHUA pelIeHMuit,
OCHOBaHHBIX Ha 00y4YeHuM ¢ yuuTenem.

B rmaBe 12 MbI mepeunn K 06CyXXAeHUIO APYTOTO K/Iacca MOPOXKAAIOIIMUX MO-
Reneit, KOTOPhIii B HAacTOsLee BpeMs NOMb3YeTCA HauOo/bllel! MOMy/IPHOCTHIO:!
2eHepamusHo-cocmaszamenvvie cemu. C MOMOLIBIO 3TUX CeTel Mbl CTEHEPUPOBAIU
HOIOTHUTENTbHbIE CUHTETHYECKME M300pakeHUA UMPp, aHa/TOTUYHBIE TEM, KOTO-
pble comepkaTcsa B Habope aaHHbIx MNIST.

06yueHune c nopKpenneHnem

B 3011 KHUTE MBI HE paccMaTpuBau o6ydeHMe C IOAKPEIIEHMEM, HO B TIOC/IE-
Hye FOfibl OHO TpUB/IeKaeT K cebe Bce 6o/ble BHMMaHNUA, 0COOEHHO BBUAY HellaB-
HMX YCIIeXOB B TaKMX 00/1aCTAX, KaK HACTO/IbHBIE U BUZEOUTPHI.

Heckonbko neT Hasaji IpoK3OLITO 3HAMEHaTeNMbHOe cobbITHe: KoMmaHus Google
DeepMind npeacTaBuna cBolo porpamMmy Ans Urpsl B ro, AlphaGo. Victopuuec-
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ponb B 3Toit chepe. KpoMe Toro, o6HapysxeHne aHOMaInit OTIMIHO OAXOAUT IIPK
pelieHMu mpob6/eM, CBA3aHHBIX C KaYeCTBOM AaHHBIX. Vcnonb3ysa 3TOT moaxop,
MOXXHO 60rmee 3¢ eKTHO OTceKaTh HeKa4eCTBEHHbIE JaHHBIE.

O6yueHne 6e3 yunTens Taioke MOMOTA€T CIIPaBUTBCA C OFHOM U3 I/TABHBIX IIPO-
671eM MalIMHHOTO OOy4eHMA: MPOKNATHEM pa3MepHOCTH. O6BIYHO CIelMaTUCTDI
B 00/1aCTM MHTE/NIEKTYaIbHOTO aHa/IM3a JaHHDBIX BBIHYXK/IEHbl OTPAHNYMBATh CBOV
BBHIOOP HEKOTOPBIM MOAMHOXECTBOM NPM3HAKOB, KOTOPbIE GYAYT MCIIONB30BAThCA
J/IA TIOCTPOEHUA Mofe/Nell MALIMHHOTO 00y4eHMA, TIOCKONbKY pa3Mephl NOTHOTO
Habopa NpU3HAKOB 3aTPYAHAIOT BBHIMONTHEHME HEOOXOAMMBIX BBIYMCIIEHMM, a TIO-
poit DeNMaloT MX MpaKTH4YecKy HeocyuecTBUMbIMU. Obydenne 6e3 yunTens nosso-
/€T aHa/IUTHKAM He TONbKO paboTaTh ¢ OpUIMHANBHBIM HAGOPOM IIPU3HAKOB, HO
¥ JOTIO/THATH €T0 CKOHCTPYMPOBAaHHBIMY NIPU3HAKAMM, HE ONMacasch CTOMKHYThCA C
TPYAOEMKMMY BBIYMCTIEHMAMY B IIPOLIECCE IOCTPOEHUA MOJEMN.

Pacrnonarasi MOATOTOB/IEHHBIM HaboOpOM, COCTOAIIMM M3 OPUTHMHATbHBIX U
CKOHCTPYMpPOBaHHbIX MPU3HAKOB, aHATUTUK MOXKET IPUMEHUTD CHUKEHME pas-
MEPHOCTH A/IS TOTO, YTOObI MCK/TIOYMTD U3OBITOUHBIE IPU3HAKM, OFTHOBPEMEHHO
COXpaHMB Hambonee CyllecTBEHHbIE, HEKOPPENTUPOBaHHbIE NPU3HAKYU [NA IO-
CTIeRyIOLLEero aHaMM3a ¥ MOCTpoeHua Moaenu. Takoro posia ckaTue AaHHBIX MOX-
HO PacCMaTpMBATh KaK IIOJIE3HbI/ 3Tall NMpefBapUTENbHOM 06pabOTKM JaHHBIX
B cUCTeMax o6y4eHus ¢ yuureneM (ocobeHHo npu paboTe ¢ 306pakeHUAMM U
BUAEO).

Oby4enue 6e3 yumTensa obmeryaeT aHaIUTUKAM M MeHeMKepaM BBIAB/ICHUE
TNONb30BaTeNeN C HETUMIMYHBIM NOBEREHNEM, KOTOPOE 3aMETHO OT/IMYAETCA OT IO-
BefleHus GO/BIUMHCTBA APYTHUX K/IMEHTOB. 3TO CTAHOBUTCA BO3MOXHBIM 6naropa-
PA K/IaCTepU3aLMM CXORHBIX TOYEK, YTO MO3BO/IAET BHINOMHATD CETMEHTUPOBaHME
rpynn. UaeHTMdHULMPOBAB OTYETIMBBIE TPYTINBI, CIIELIMATNCT MOXET IPOAHATN3N-
pOBaTh, B Y€M MMEHHO 3aK/TIOYalI0TCA 0COOEHHOCTH KaX/0ii KOHKPETHO TPy,
OT/IMYAIOLIMeE €€ OT OCTA/NbHBIX TPYMIN. B cBoI0 0uepensp, 3TO BaeT MeHemKepaM BO3-
MOXXHOCTb JIy4lile pa30o6paThcs B MPOUCXOAALIMX MPOLIECCAX M COOTBETCTBYIOIUM
06pa3oM CKOPPEKTUPOBATh KOPIOPATUBHYIO CTPATETHIO.

Knactepusaumsa 3HauutenbHO moBblaeT 3¢ PeKTHBHOCT MapKUPOBAHUSA He-
pasMeyeHHBIX AaHHBIX. BBUAY TOro 4TO CXOAHbBIE JaHHbIE OOBEAUHAIOTCA B TPYTI-
Tbl, OTIepaTopy (T.e. YeNOBEKY) AOCTATOYHO CHAGAUTD METKaMM /UIIb He6onmbIIoe
KO/IMYECTBO TOYEeK B KaXXAOM KacTepe. [Ioc/ie MapKMpOBaHMA HECKONBKUX TOYEK
B KOXJOM K/1acTepe ApyTHe TOYKM, OCTABIINECA HEMAaPKMPOBAHHBIMM, NOMYYAIOT
METKM YXKe pasMe4eHHBIX TOYeK.

HakoHel, nmopoxgarolyue MOJeNy MO3BOMAIT reHEPUPOBATh CUHTETUYECKHE
JaHHbIE 1A HOMOMTHEHUA CYLIECTBYIOLIMX Ha6OpPOB faHHBIX. MBI IPOAEMOHCTPH-
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poBany 310 Ha npumepe Habopa MNIST. Cioco6HOCTb TakMX MOJe/Iel reHepUpo-
BaTh HOBble CMHTETHYECKNE JaHHbIE Pa3TMIHOTO TUIIA, B TOM YMC/Ie U306 paxkeHNns
¥ TEKCT, OTKPbIBaeT HEOObIYalHO IMPOKMeE NIepCIIeKTUBbI, KOTOPBIE TUIIb HEAABHO
CTa/N NMpEeAMETOM CEPbEe3HbIX UCCTIEAOBAHMMA.

byayuwiee TexHonoruu obyueHus 6e3 yuutens

MBI Bce elne Ha rpe6He BO/HBI MHTepeca K MCKYCCTBEHHOMY MHTE/IEKTY. Mbl
CTa/M CBUAETENAMM OONBIINX YCIEXOB, AOCTUTHYTBIX B 3TOM HaNpaB/IeHMY, HO
MHoroe B Mupe VI/ moka 4To cTpouTcs Ha 3HTY3uasMe U obemanusax. Ilorenuman
TEXHO/IOTMI MCKYCCTBEHHOTO MHTE//IEKTa OTPOMEH, HO €T0 TO/IbKO TIPEACTOUT pac-
KpBITb.

Ycnexyu B OCHOBHOM KacalOTcSl Y3KOCHEIMaTN3POBAHHbIX 3a/iay, pelllaeMbIX C
noMolibio o6ydenns 6e3 yuntensa. Ho ecTb Hajexpa, YTo 0 Mepe pa3sBUTHUA TeX-
HOJ/IOTUI MBI TlepeitaieM OT 3afay cmaboro MM, Takux Kak KIaccudukanmsa nsobpa-
JKeHMI1, MAalIMHHBIA TIepeBOfl, pacrno3HaBaHMe peuy U 4aT-60Thl, K 6onee aMbuIy-
O3HBIM IpOeKTaM cunbHOro MW: 4aT-60THI, cIocOOHBIE TOHUMATD Ye/I0BEYeCKMil
A3BIK ¥ BECTY CBOOOAHDII AMATIOT C 4eTIOBEKOM; POOOTDI, KOTOpble OPMEHTUPYIOTCA
B IIPOCTPAHCTBE U JEHCTBYIOT, He MO/IATAACh Ha pa3MeyYeHHble JaHHbIe; GecrMmoT-
Hble aBTOMOGM/IM, CTIOCO6HbIE CaMOO6YYaThCs BOXAEHNIO Ha YPOBHE, IPEBOCXONIA-
1[eM BO3MOXXHOCTY Y€/IOBEKa; MHTE//IEKTya/IbHble areHThl, yMelollie 3aHUMATbCA
TBOPYECTBOM Ha 4e/I0BEYeCKOM YpPOBHe.

MHorue 3KcmepThl CYUTAIOT, YTO KMOYOM K paspaboTke cunbHoro U asnsaerca
obyuenne 6e3 yuurens. Ilpu mo6oM Apyrom mopxope MCKYCCTBEHHBIA MHTENNEKT
6yzeT CKOBaH OrpaHUYeHNAMH, 3aBUCAIMMY OT KOMMYECTBA MMEIOLIMXCA pasMe-
YeHHBIX JAHHBIX.

B uem uenoBek OCTaeTcsA HeNpeB3OHAEHHBIM (MpUYEM C POXHAEHMA), TaK 3TO
B CIIOCOOHOCTY 06Y4aThCsl BLIOMHEHMIO Pa3HOOGPAa3sHBIX 3a/iay, He Tpebys MHO-
XecTBa IpuMepoB. K npumepy, pe6eHox B paHHeM BO3pacTe COCO6eH OTIMIUTD
KOTa OT co6ak, yBMAEB UX IMIIb CYUTAHHOE YUCI0 pa3. CoBpeMEHHbIE CUCTEMBI
MCKYCCTBEHHOTO MHTE/I/IEKTa TPeOYIOT MHOXKeCTBa pMMepOB/MeTOK. B uneane cu-
cTeMa AO/DKHA YMEThb PasnuyaTh M306pakeHMs, OTHOCALIMECA K Pa3HBIM K/laccaM
(HampuMep, KOTHI 1 c06aknu), 06XOAACH MUHMMATILHBIM KOMYECTBOM METOK, BO3-
MOXCHO OfIHOIt M/I1 BooO1e 6e3 HuX. Peanmusanyus o6yueHus TaKOro TUIIa BO3MOX-
Ha JIMILb 32 CYeT fJa/IbHeMILero nporpecca B 06/acTy o6ydeHus 6e3 yaurens.

Kpome Toro, coBpeMeHHble CHCTEMBI MCKYCCTBEHHOTO MHTE/NIEKTa MO 60/b-
1lIejt YaCTH IMLIEHbI TBOPYECKMX CIOco6HOCTelt. OHM MPOCTO MONMAralTCA Ha Of-
TUMM3ALMIO PAaCTIO3HABAHMA IIA0G/IOHOB Ha OCHOBAaHMM METOK, ITPEOCTaB/IAEMbIX
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UM B mpolecce o6yyenus. YTo6sl co3naTh cucTeMy, 06MafAIOIYI0 MHTYHULMER U
TBOPYECKMMM HABbIKaMM, MCCNIEROBATENN NO/DKHBI HafleMMTh ee CIOCOGHOCTBIO
aHa/IM3MPOBATh MHOXXECTBO Hepa3MeueHHBIX JAHHBIX M BBIABIATH WIAG/MOHBI, OC-
TaBLIMECA He3aMe4eHHDbIMU AaXKe TIOAbMMU.

K cyacTb10, Ha6MOAAIOTCA IPU3HAKY TOTO, YTO MBI TOCTENEHHO IIPOABUTaeMCA B
Hamnpas/ieHuy cunbHoro M.

Nmeerca B Bugy mporpaMMa AlphaGo, paspaboranHas kommanueit Google
DeepMind. [lepBas Bepcusa nporpaMMsl ofiepkana nobegy Haj npogeccuoHantb-
HBIM UTpOKOM B ro (B okTabpe 2015 roga), onupasch Ha JaHHble MpPeAbIAYLIMNX
UIP, CBITPaHHBIX MEXJY MIOAbBMM, ¥ TaKMe METOAbl MAIUMHHOTO OGYYeHMs, Kak
o6ydeHMe C NOAKPEITIEHMEM, YTO [IO3BOMIMIO €/ IIPOCYUTHIBATh UTPY Ha MHOTO
XOJIOB BIIEPe] M BBIAB/ATDH XO/bl, KOTOpble CHIbHEE BCEro IOBBIINAIOT IIAHCHI Ha
nobeny.

ITo6epa aroit Bepcuu nporpammsbr AlphaGo Hap oguuM u3 nmyqmmux npodec-
CHMOHA/IBHBIX UTPOKOB B ro JIn CenoneM B MaT4e U3 ILATH NAPTHit, KOTOPBI GBI
nposepaeH B Ceyne B mapte 2016 rofja, mpousBena orpoMHoe Bredarienue. OfHaKo
nocnepHas sepcusa AlphaGo npogeMoHCTpupoBana elwe My4Ilylo IpON3BOAUTEND-
HOCTb.

OpuruHanbHaa mporpamma AlphaGo nonaramach Ha uMeloluecs JaHHbIE U
onbIT ApyTux urpokos. Hoseitias Bepcus nporpammsl, AlphaGo Zero, obyganach
UTpe Y BBIMTPHILIHBIM CTPATErMAM C YHCTOTO JIMCTA, UTpast cama ¢ coboit’. Ipyrumu
ClIoBaMy, IPOrpaMMa He ONMMpanach Ha HaKOIUIEHHbIE /IOAbMY 3HaHMA, HO 3TO He
TIOMEILATIo eif AOCTUYD CBEPXYe/TOBEYECKOrO YPOBHSA, T06eauB MPeAbIAYILYIO Bep-
cuio AlphaGo co cuerom 100:0.

CoBepllleHHO HUYero He 3Has 06 urpe ro, nporpamma AlphaGo Zero 6ykBans-
HO 3a HECKO/IbKO JiHelt mpuoOpena OMbIT, ANA HaKOI/IEHUs KOTOPOTo JMIOAAM II0-
Hajobumuch TeicadeneTusa. Ho nporpamma noiuna ee fanblue, NPOAEeMOHCTPH-
POBaB pe3yNbTaTMBHOCTb, IPEBOCXOAALLYI0 BO3MOXXHOCTH 4Ye/oBeKa. [Iporpamme
yaanoch 06HapY>XMTb HOBble 3HAHMA U pa3paboTaTb HOBBIE, paHee He U3BECTHBIE
cTpareruy BoIMTpbIla. Tem caMbiM nmporpamma AlphaGo Zero mposBuna tBopue-
CKMe CIIoCOGHOCTH.

Ecny TeXHONOrMM UCKYCCTBEHHOTO MHTE/IIEKTa IPOJIO/DKAT Pa3BUBAThCA B JaH-
HOM HaIlpaB/IeHUH, IEMOHCTPHUPYA CHOCOGHOCTD K 06ydeHNI0 Ha He6ONbIIMX 06be-
MaX MMEIOLIMXCA 3HAHMIT MM JJaXKe B YCTIOBUAX IOTHOTO MX OTCYTCTBUA (T.€. € UC-
TNO/Ib30BaHMeM HeGONMbIIOTO KOMMYeCTBa pa3MeYeHHbIX AaHHBIX MAM Boobiue

! Onncanne crpareruu obydenns nporpammsl AlphaGo Zero npusesiero B cratbe AlphaGo Zero:
Learning from Scratch, pocrymHoit mo appecy https://deepmind.com/blog/alphago-
zero-learning-scratch/.
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