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[1pegmncnosue

Eciiit BbI BBIOPAJIN 9TY KHUTY, TO BbI, BEPOSITHO, HACJIBIIIIAHBI O HEJIaBHEM HEOBIBATIOM
ycIexe METOJIMKH TIyOOKOTo 00yueHwst B 00J1aCTH HCKYCCTBEHHOTO MHTEIEKTa. Beero
3a [ATD JIET MbI TIPOILIK TIyTh OT MOYTH HUKY/IA HE TOAHOTO PAcio3HaBaHust 00Pa3oB
U PEYH /10 HEBEPOATHO 3(D(HEKTUBHOTO PEIleHUS HTUX 3a/1a4.

HOCJIGI[CTBI/IH TAaKOTI'0 BHE3AITHOT'O ITpOorpecca OTpa3nuJiuChb IMMOYTHU Ha BCEX OTPACJIAX.
OlIHaKO JJIs TOTO, 4yTOOBI HAYATD BHeE/I[pEHHE TEXHOJIOTUN r]Iy6OKOI'O O6y‘{eHI/I§I BO BCe
3a/la4, KOTOPbI€ MOKHO PEHINTD C €€ IPUMEHEHNEM, MbI IOJIZKHBI C/IEJIaTh €€ lIOCTyHHOfI
KaK MOKHO 60]IleeMy Yncay JIIOlIeI;'I, BKJIIOYad HECITEIIMaJNCTOB, — TO €CTb TeX, KTO HE
SIBJISIETCS MHIKEHEPOM-HCCe/l0BaTeJIEM NI aCIITMPAHTOM. Y106l PACKPBITH BECH I10-
TEHIIaJI I‘]Iy6OKOI‘O O6y‘{eHI/IH, MbI IOJIZKHBI TTIOJTHOCTBIO IEMOKPATU3NPOBATD €T0.

Korma B Mapre 2015 roza st BeIycTisI epByo Bepcuio Keras, hpeiiMBopka riry6okoro
00yueHUs, sI He 33[yMbIBAJICS O JIEMOKPAaTH3aIlMK UCKYyCCTBeHHOTO nHTesuiekTa (M),
S1 HECKOJIBKO JIET 3aHUMAICh MCCAEI0BAHUSIMEI B 00JIACTH MAITUHHOTO 0OYyYeHUsI
u cosgan Keras cebe B momotp B skcnepumentax. Ognaxo B tedenve 2015 u 2016 ro-
JIOB JIECITKU THICSY HOBBIX JIOAEH OTKPBLIHN JJist cebst 061acTh TIryboKOro 00yUYeHust;
MHOTHe 13 HUX BbiOpasin Keras, moToMy uTO OH ObLI — M OCTAETCST — CaMBIM ITPOCTHIM
(bpeliMBOpPKOM /1711 HAUMHATONTUX. 1 yBUIE, KaK IeCATKA HOBUYKOB UCTIOIB3YIOT Keras
CaMBIMU HEOKUIAHHBIMU U JIOCTATOYHO JIEHICTBEHHBIMU CIIOCOOAMU, U TOT/IA TTPUIIIE]T
K MBICJIM, 4TO MHE HY>KHO IIOZyMaTb O JOCTyIIHOCTU U AieMokpatusaruu V. I ocosnau,
YTO YeM IIUPE MBI OY/IEM PACIIPOCTPAHSATD 3TU TEXHOJIOTHHU, TEM TIEHHEE OHM OYIyT CcTa-
HOBUTHCS. JIOCTYITHOCTD OBICTPO CTajIa OJHOI U3 TJIaBHBIX IeJieil Keras, 1 3a HECKOJIBKO
JIeT coo0IIeCTBY pa3pabOTIMKOB yAAT0Ch J0OUTHCS (haHTACTUIECKUX TOCTHKEHUI
B 9TOM HaIpaBJieHU. Mbl B OYKBAJTbHOM CMBICJIE «BPYUHJIN» TEXHOJOTHIO TIyOOKOTO
0OyueHUs JICCATKAM THICSTY JIFO/ICH, ¥ OHU, B CBOIO OY€PE/Ib, BOCIOIB30BAIUCH €IO [T
PelIeHUsT BaKHBIX MTPOGJIEM, O CYIIECTBOBAHUU KOTOPBIX MBI [0 HEIaBHETO BPEMEHU
Jlaske He TI0I03PEBAJIH.

KHura, KOTOPYIO BbI JIEpIKUTE, — €llle OJIMH IIar Ha IyTH MOMyJIsIPU3aIii TI1yO0KOTO
o6yuenus. @peiimBopky Keras Bcera TpeGoBasicst COMPOBOIUTENBHBINA KypC, KOTO-
Pblii OJIHOBPEMEHHO OCBeNIal Obl OCHOBBI TIIYOOKOTO 00YUYEHS, TIOKA3BIBAJ TIPUMEPDI
€r0 UCIIOJIB30BAHUSI 1 IEMOHCTPUPOBAJ JIYUIIIe TIPAKTUKY B TPUMEHEHUH TJIyOOKOTO
obyueHust. DTa KHUTA — MOsI JIydIasi TOIBITKA 110 CO3/IaHII0 TaKOTo Kypca. S mucar
ee, cTapasich MAaKCUMAJIBHO JIOCTYITHO OOBSCHUTD UJIEH, JIEKAIIIe B OCHOBE TIIyOOKOro
00OyUYEeHUS U €r0 Peain3aliui. ITO He 3HAUUT, UTO 51 IPEAHAMEPEHHO YITPOIIA H3JI0Ke-
HIe — sI BCEIEJIO YBEPEH, UTO B TEMe IIIyOOKOT0 00yUeHUst HeT HUYero CIoKHOTo. Hajte-
10Ch, 3TA KHUTA TIPUHECET BaM I0JIb3Y ¥ TOMOKET HAUaTh CO3/[aBATh MHTEJJICKTYATbHbIC
MPUJIOKEHUSI U PEIIATH BAKHbIE JIJIsT BAC TIPOOJIEMBI.



bnarogapHocTu

51 xouy nobaarogaputh coobiectBo Keras 3a moMolib B co3anuu 9Tol KHUru. B Ha-
crosiiee BpeMs B npoekrte Keras HacuMTbIBaeTCs HECKOJIBKO COTEH J0OPOBOJIbHBIX
paspaborunkos u 6osiee 200 000 mob3oBareseil. Bain BKja/ u Baliy OT3bIBbI IOMOLJIN
npespaTuTh Keras B TO, ueM OH SIBJISIETCSI ceivac.

S Taxoke xouy nobsarogaputh KoMmnanuio Google za mogznepxky npoexra Keras. Boiio
OYeHb IIPUATHO, Koria B Google pemin ucnoabzosath Keras B KauecTse BHICOKOYPOB-
Hesoro API s TensorFlow!. Becuosnas unrterpanus Keras u TensorFlow Bbirogna
noJib3oBaTessiM 0boux poaykros, TensorFlow u Keras, geniaer 1ocTyHol TeXHOMOTUM
riry6oKoro o0ydyeHus: 1Jist IMUPOKOTo KPyTa.

S1 xouy TO6IaroapyuTh COTPYAHUKOB M3AaTeIbecTBa Manning, ¢ieTaBIimX BO3SMOKHBIM
BBITTYCK 3TON KHUTH: n3aTesss Mapakana bBetica (Marjan Bace) 1 Bcex cOTpy/IHUKOB
PEMaKTOPCKOTO U TEXHUYECKOTO OT/EN0B, B ToM uncye /Ixenndep Croyt (Jennifer
Stout), JKauer Beiin (Janet Vail), Tuddanu Teitnop (Tiffany Taylor), Katu Tennant
(Katie Tennant), Torru Mapucko (Dottie Marsico) 1 MHOTUX ApyTUX, pabOTaBIITHX
3a KyJIFICaMU.

Bosbinoe criacu6o TeXHUYECKUM pelleH3eHTaM BO Tiiase ¢ Asiekcatpom /Iparocasie-
BuyeM (Aleksandar Dragosavljevi¢): — /Iuero Axynbe Posacy (Diego Acufia Rozas),
Ilxeddy Bapro (Geoff Barto), /lssuny Biatomentans-Bap6u (David Blumenthal-
Barby), A6emno Bpayny (Abel Brown), Kinapky {opmany (Clark Dorman), Kiapky
Teitmopny (Clark Gaylord), Tomacy Xeiimany (Thomas Heiman), Yusicony Mapy
(Wilson Mar), Cymuty Iasy (Sumit Pal), Bragumupy acmany (Vladimir Pasman),
T'ycraso Iatuno (Gustavo Patino), ITutepy Pabunosuuy (Peter Rabinovitch), dsu-
Hy Pajuky (Alvin Raj), Knayauo Poxgpurecy (Claudio Rodriguez), Cpmxany Canrtuay
(Srdjan Santic), Puuapay To6uacy (Richard Tobias), Mapruny Bepsuaiu (Martin
Verzilli), Yunbamy Yunepy (William E. Wheeler) u {auusmao Yuabsmcy (Daniel
Williams) — u Bcem yuactHukam ¢opyma. OHu 6e3 ycTaiu BoIMCKUBAIA TEXHUYECKITE
omubKu, OMMMOKU B TEPMUHOJIOTHH U ONEYAaTKU, 8 TaK/Ke BHOCUJIN MPEIOKEHUS 110
teMaM. Ka)k/[bIil IIUKJI TEXHUYECKOTO PEIeH3UPOBAHMS U KayK/[bII OT3bIB, OCTABJIEHHbBI
Ha (hopyMe, ObLI YUTEH U OBJIHSLIT HA PYKOIUCH.

! OTkpbiTast nporpaMmMHast OUOIMOTEKa AJITOPUTMOB MAITMHHOTO 00yueHus, paspaboTaHHast
kommanueii Google /st penieHust 3a/1a4 MOCTPOEHUST ¥ TPEHUPOBKU HEHPOHHOI CETH € T1eJIbIO
ABTOMATHYECKOTO MOUCKA M KJIacCupUKau 06pasoB ¢ KAaUeCTBOM YEI0BEYECKOTO BOCIPHS-
tus. — lpumeu. nep.



Ocoboe ciacubo Ixeppu Leiitcy (Jerry Gaines), BBICTYIUBIIEMY B POJIU TEXHITYECKOTO
penakropa; Asekcy Oty (Alex Ott) u Puuapay Tobuacy (Richard Tobias), BbimosHus-
UM TeXHUYECKYIO pelakTypy KHUTU. OHU — JIydIliie TEXHUIeCKIe PENaKTOPHI.

Haxkogelt, st Xouy BBIPa3uTh OJIaTOapHOCTH MOEil cynpyre Mapuu 3a BCeMEPHYIO MO/I-
JIEPKKY Ha TPOTSKEHUH BCero BpeMeHu paboThl Haj Keras u Hajt 9TON KHUTOIA.



O6 3TOoN KHUre

Kuura «Tny6okoe obyuenne na R» agpecosata CTaTUCTUKAM, aHATTUTHKAM, MHKEHEPaM
U cTy/ieHTaM, 00JIaIAf0NIMM HaBbIKaM IIPOrPAMMUPOBaHUsT Ha R, HO He obuagaonmum
CYNIECTBEHHBIMU 3HAHUSIMU B 00JIACTH MAIIUHHOTO U TIyGOKOTO 00ydueHus. DTa KHUTa
ABJIETCs HepepadoTaHHbIM BapuaHTOM Hpeabiayiieil kuuru — «Iiybokoe oOyuenue
na Pythons!, comepskarum npumMepsl, KOTopbie uconb3ytor uatepdeiic R ms Keras.
ITesib 910ii KHUTK — 1aTh co00IecTBY R pyKOBOACTBO, copepskaliee Bce He0OXOUMOE,
ot 6a30BOM TeOpUH JI0 TPOABUHYTHIX TIPAKTHUIECKUX TIPUIOKeHUI. Bol yBuanTe O0see
30 mpuMepOB IPOrPaAMMHOTO KOJIa ¢ MOAPOOHBIMUA KOMMEHTAPUSIMU, TIPAKTHIECKUMHI
PEKOMEH/IAIIUSIMU U TIPOCTHIMU 0000IIEHHBIMI OOBSICHEHUSIMU BCETO, YTO HYKHO 3HATH
JUIST KCIIOJIb30BAHUS TJIyOOKOTO OOYUYeHUsI B PEIIEHUN KOHKPETHBIX 3a/1a4.

B npumepax ucrnomnbsyiorcest hpeiiMBopk raybokoro obyuenust Keras u 6ubamoreka
TensorFlow kak BHyTpeHHMiT MexanusM. Keras — o[MH 13 HMOIyIAPHEHNIIX U OBICTPO
pasBuUBaIOMUXCST HPEHMBOPKOB T1y60KOr0 00yueHust. OH 4acTO PEKOMEH/YETCsT KakK
HanboJiee yAAUHbIi MHCTPYMEHT JIJIsl HAYMHAIONUX U3y4arth rirybokoe obydenwe. II1po-
YUTAB ATy KHUTY, BbI Gy/eTe MOHUMATH, YTO Takoe riybokoe o6ydeHwe, s PElIeH st
KaKIX 3371a4 MOKET TIPUBJIEKAThCSI 3Ta TEXHOJIOTHS U KaKie OTPAHUYEHWs] OHA NMEeT.
BbI mo3HAKOMUTECH CO CTAHAAPTHBIM ITPOIIECCOM MHTEPIIPETAIINY U PEIIEHUS 33/1a4 Ma-
IITHHOTO 0OYUYEHUsT U y3HaeTe, Kak G0POThCST C THUTIHYHBIME TpobaeMaMu. Bol Hayunrech
ncnosb30BaTh Keras /7ist perienus mpakTU4eckux 3ajiad OT Paco3HaBaHust 06Pa3os 10
06paboTKM eCTECTBEHHOTO SI3BIKA: KJIaccuuKaImy u306paskeHuii, MpOrHO3MPOBAHUS
BPEMEHHBIX TIOCIIEIOBATEIBHOCTEN, AHAIM3a HMOIMH U TeHepaIist N306paskeHuil 1 TeK-
CTa ¥ MHOTO JIPYTOTO.

KoMy agpecoBaHa 3Ta KHUra

ITa KHHTA HaIlMCcaHa JUILST JIIOJIEN C OITBITOM IIpOrpaMMinpoOBaHns Ha R, JKeJ1aloIuX HadaTb
3HAKOMCTBO C TEMOI MaIlIMHHOTO O6y‘{€HI/IH C TEXHOJIOTHI FJIy6OKOFO O6y‘{€HI/IH. Ho ona
TaKKe MOKeT ObITb I10JIe3HOI MHOTUM APYIUM YUTaTEeJISAM!

a Ecmm Ber — CIIeITUaJInuCT 110 O6pa6OTK6 1 aHaJIN3y NaHHbIX, 3HAKOMBII ¢ MAIlTUHHBIM
O6y‘~IeHI/I€M7 9Ta KHHUTa MMO3BOJIUT BaM IMOJIYYUTDH JOCTATOYHO IMOJHOE ITPAKTHIECKOE

1

Hlonne @pancya. T'nybokoe obyuenne va Python. — CI16.: ITurep, 2018.
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npejicTaBIeHre 0 ryGoKoM 00ydueHwr, Hanbosree OBICTPO PA3BUBAIOIIEMCS Pa3jiesie
MaIIHHHOTO 0Oy YeHUSI.

Q Ecuu BoI — 3Kcnept B 061acTh TIIyGOKOro 00yUeHuUst, JKEJAOIINN OCBOUTD (hpeiim-
Bopk Keras, Bbl Haiijiere B 9Toi KHure JIy4iuil uHTencuBHbId Kypc 1o Keras.

O Ecau BBl actimpanT, U3y4aonyii TeXHOMOTuH ryboKoro obyduenus B xoze (hopMaiib-
HOIO Kypca, B 9TOI KHUIe Bbl HaiiJieTe IPaKTHYECKOe JOIOJIHEeHne K cBoeil yuebe,
KOTOPOE ITOMOZKET BaM JIyullle TOHSATh IIPUHITUII IeHCTBUS HelpoceTel 1 TO3HAKOMUT
¢ HanboJsiee 9P (HEKTUBHBIMU IIPHEMaMHU.

IIa>Ke JIIOAN C TEXHUYECKUM CKJIaJIOM YMa, KOTOPbIE HE 3aHUMAIOTCA ITPOTrPaMMUPOBAHN -
€M peryJisApHo, Hafl[[yT 9Ty KHUTY IMOJIE3HON KaK BBe/IeHUE B OCHOBHbBIE 1 ITPOJABHUHYTbIE
ITOHATHA I‘]Iy6OKOFO O6y‘~IeHI/IH. [[JIH ncnoab3oBanus Keras Bam HOHaI[O6I/ITC§I BJraieHne
a3bIKkoM R Ha CpeaHEM YPOBHE. OMBIT B MAIITMHHOM WJIA FJIY6OKOM O6y'-IeHI/II/I He ABJIAET-
cs1 00s13aTeIbHBIM YCJIOBHUEM: 9Ta KHUTA OXBAaTbIBA€T BCE H606XOZ[I/IMI::IB OCHOBBI C HYJIA.
He Tpe6yeTCH MMeTh KaKoii-To 0cOOeHHOI MaTeMaTU4ecKon IIOATOTOBKM — BIIOJIHE
A0CTAaTOYHO 3HaHUSA MaTEMaTUKN Ha YPOBHE CpeﬂHeﬁ IIKOJIBI.

Copep>kaHue KHUru

ITa KHUTA COCTOWT U3 JBYX Yacrteil. Eciin y Bac HeT ombITa B 06J1aCTH MAITHHHOTO 00Y-
YeHus, S HaCTOATEIbHO PEKOMEH/LYIO IIPOYUTATD IIEPBYIO YaCTh, [IPEsK/ie YeM [ePeXoUTh
KO BTOPOH. MbI HAUHEM C TIPOCTHIX TIPUMEPOB U TIOCTETIEHHO Gy/1eM TPUOIIKATHCS
K COBPEMEHHBIM TEXHOJIOTUAM.

ITepsas yactb — 310 06001IIEHHOE BBEIEHIE B r1yO0K0e 0OyueHue. 3aech GOPMUpPYeETCst
KOHTEKCT: IAI0TCSI OTIPeIeJIeHIsT U OOBSICHSIIOTCS BCE MOHSITUS, KOTOPble HEOOXOANMO
3HATD, YTOOBI TIPUCTYTIUTD K U3YUEHUIO MATTHHHOTO O0YUeHUs U HeHpoceTelt.

U Tnasa 1 dopMupyeT KOHTEKCT M 3HAKOMUT C OCHOBHbIMU noudgTusmu MU,
MAaIMHHOIO U IJ1yOOKOro 00ydeHusl.

O TIasa 2 3HaKOMUT ¢ 6a30BbIMU HESIMU, HEOOXOAMMBIMHE JIJIsl OCBOEHUS TIyOOKOTO
00y4YeHUs: TEH30PBI, Ollepal[ii ¢ TEH30paMH, TPaJMEeHTHBII CIyCK 1 oOpaTHOe
pacnpocTpaHenue ombku oOyueHus. B aToil TiaBe NPpUBOAUTCS TaKKe MePBbII
npuMep AeHCTBYIOIel HEHPOHHOI CEeTH.

O Tiasa 3 BRIOYAET Bce HEOOXOAUMOE, YTOOBI Ha4aTh PAOOTY ¢ HEMPOHHBIMU CETSIMU:
seezienue B Keras — dpeliMBopk rirybokoro o0ydenust, pyKoBOJCTBO 110 HACTPOIKe
paboueil cTaHIMH, a TaKKe TPU OCHOBOTIOJIATAIONINX TIPUMepa ¢ MOAPOOHBIME
HOSICHEHUSIME O TOM. K KOHILYy 3TOH TJIaBBl BBl HAYYUTECHh 00YYaTh MPOCTHIE
HEHPOHHbBIE CETU JIJIA PellleHns 3a/1a4u KJIacCu(MUKAINN 1 PETPecCHy U TMOJyUnuTe
MOJIHOE TIPEICTABJIEHNUE, YTO MPOUCXO/UT 3a KyJIUCAMHU BO BpeMst 00yUeHUSL.

O TaBa 4 usydaer KaHOHIYECKUIT TIPOTIECC MAITUHHOTO 0OyYeHust. 3/1eCh Bbl y3HAETE
O TUIUYHBIX JIOBYIITKAX ¥ O TOM, KaK UX U36€KaTh.
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Bropas yacTh 110ipoOHO PacCcKasbiBaeT O MPAKTHIECKOM IPUMeHEHUH rIyGoKoro 00y-
4eHMs B PacIio3HaBaHun 06pasos u 00paboTKe eCTECTBEHHOTO A3bIKa. MHOTHE TpuMe-
PbI, TIPEJICTABJIEHHBIE B 9TOI YaCTH, MOKHO MCIIOJIb30BATh KaK 1Ma0JOHbI /IJIsl PEIleH ST
IPAKTUYECKUX IIPOOJIEM B TIIyOOKOM 00yYeHM.

O Tnasa 5 paccMaTpuBaeT psaji MPAKTUYECKUX MPUMEPOB Paclio3HaBaHUsA 00Pa3oB
¢ 0cOOBIM BHUMAHWEM K KJIACCUMDUKATINN N300paKeHIH.

O TaBa 6 3HAKOMHUT C IIpaKTU4Y€CKUMU METOJaMN O6pa6OTKI/I ToCJIeIoBaTeIHHOCTEN
JaHHDBIX, TaKNX KaK TEKCT U BpeMeHH};Ie Iocjae10BaTeJIbHOCTH.

QO Taasa 7 BKJAOYAET NPOABUHYTHIC MPUEMBI CO3/AHNS COBPEMEHHBIX MOJeeii
TIyOOKOTO 06y IeH s

Q T'nasa 8 oObsAcHAET TE€HEPAaTUBHDBIC, NJIN TTIOPOKAAIONINE, MOJE/IN: MO/ICTN F]Iy6OKOFO
06y1{eH1/151, crocobHbIe CO3/1aBaTb I/1306p8.>K€HI/IH 1 TEKCT, IpUYEM MHOT/[a pe3yJabTaT
TIoJIydaeTCda Ha YAUBJIEHUE XY/10KE€CTBEHHBIM.

QO Trasa 9 nocsiieHa 3aKPEIIEHNUIO BCETO, O YEM PACCKA3bIBAIOCH B MIPEBILY X
IJIaBax, a TakyKe OTNUCAHUIO TIEPCIEKTUB TIYOOKOro 00yYeH s 1 UCCIE0BAHIIO €r0
BEPOSATHOTO GY/IyIIEro.

TpeboBaHusa K nporpaMMHOMY/annapaTHOMY
obecneyeHunio

Bo Bcex mpuMepax B aToit kHure ucnonabsyercst Keras (https.//keras.rstudio.com) —
hpeliMBOPK IIyGOKOro 00y4YeHMs ¢ OTKPBITHIM HCXOAHBIM KOJOM U AOCTYIIHbII 151 32~
rpy3ku GecruiatHo. BaM MoHagoOUTCst JOCTYI K KOMIIBIOTEPY € OTIEPAIIMOHHO CHCTEMOIT
(OC) UNIX; dpeiiMBOPK MOKHO TAKIKe MCII0Ab30BaTh B Windows, HO sI He PEKOMEH/IYIO
MOCTYTIATh TaK.

Tak:ke xelaTeIbHO, YTOOBI KOMIIBIOTED OBLI OCHAIIEH COBPEMEHHON BUAECOKAPTON
NVIDIA, rakoii kak TITAN X. Ctporo roBopsi, 3T0 HeoOs13aTeIbHO, HO TIOMOJKET MOJTY-
4uTh GoJIee ONOKUTENbHBIE BIEYATICHUS 32 CYET YCKOPEHUSI TPUMEPOB B HECKOJIBKO
pas. JlomoTHUTEbHBIE TTOAPOOHOCTH O HACTPOIiKe paboyueil CTAHIIII MOKHO HAWTH Ha
crpanute: https;//tensorflow.rstudio.com/tools/local_gpu.

Eciu y Bac Her goctyna k pabodeii cTaHiuu ¢ coBpeMerHoil Bugeokaproil NVIDIA,
MOJKETE BOCIOJIb30BATHCS 00JAUHbIM OKPYysKeHneM. HarpumMep, MOKHO UCIIOIb30BATh
skseMiusapbl Google Cloud, (takue kak ni-standard-8, ocHamieHHble TpaduyecKuMU
yckoputessivit NVIDTA Tesla K80) uiu axsemiuisiper Amazon Web Services (AWS)
¢ GPU (rakue, kak p2.xlarge). JlomoHUTEIbHBIE TOAPOOHOCTH O BO3MOKHBIX BapHaH-
TaxX MCHOJIb30BaHus 06auHbIx aKk3eMIUIsipoB ¢ GPU BbI Halizere 110 agpecy: https://
tensorflow.rstudio.com/tools/cloud gpu.
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NcxoaHbIN Ko,

Koz Beex mpuMepoB B KHUTE JOCTYIIEH JIJIsk 3arPY3KH B BUie CTpaHuIl R Ha caiite KHUTT
www.manning.com/books/deep-learning-with-r, a taxxe B penosutopuu GitHub Attps://
github.com/jjallaire /deep-learning-with-r-notebooks.

DopyM KHUM

[Mokynka kauru «Imy6okoe o6ydenne Ha R» BriioyaeT cBOGOAHBIN OCTYIT K YaCTHOMY
Be6-(hopyMy, OpranM3oBaHHOMY H3AaTeabcTBOM Manning Publications, rae MoXHO
OCTaBJISITh KOMMEHTAPUH O KHUTE, 33/[aBaTh TEXHUYECKUE BOITPOCHI, & TAK/KE MOJIYIATh
MOMOII[b OT aBTOPA U IPYTHUX M0Jb30BaTesell. YToObI MOMyInuTh 0CTYI K GOpyMy U 3a-
PETHCTPUPOBATHCS Ha HEM, OTKPOiiTe B BeO-Gpaysepe cTpanuily https;//forums.manning.
com/forums/deep-learning-with-r. Ysuats 6oblie o gpyrux ¢hopyMax Ha caiite usza-
TesbeTBa Manning v MO3HAKOMUTBCST € TIPABUJIAMHE TTOBEJIEHUST BBl CMOKETE HA CTPAHUIIE
https.//forums.manning.com/forums/about.

NzpateabetBo Manning o6s13yercst IPeA0CTABUTh CBOUM YHTATEJISIM MECTO BCTPEYH,
T7le MOKET COCTOSITHCST CO/IePKATEIbHBIN INATIOT MEXKAY OT/IeJTbHBIMUA YUTATEISIMU
U MESKY YUTaTesIMU U aBTopoM. HO cO CTOPOHBI aBTOpa OTCYTCTBYIOT KaKue-Jn60
00st3aTesIbeTBA YAEHATH (GOPYMY KaKoe-TO OTpeie/leHHOe BHUMAHUE — €0 IPUCYTCTBUE
Ha (hopyMe ocTaercs 100POBOIbHBIM (1 HeoIIaunBaeMbiM ). MbI TIpe/ijiaracM 3a1aBaTh
ABTOPY CTUMYJIUPYIOIINE BOIIPOCKL, 4TOOBI €r0 HHTEpec He yraca!

Dopym 1 apXUBBI IPEABIAYIIUX 0OCYKACHUHT OYIyT TOCTYIIHBI Ha caiiTe U3aTebCTBA,
ITOKa KHUTA HAaXOJUTCS B ITeYaTH.

OT n3patenbCcTBa

Bamu 3ameuanus, npesiokeHus, BOIPOChl OTIIPABJIANTE 110 ajpecy comp@piter.com
(usparenberBo «IIuteps, KOMIIbIOTEpHAS PeAKINA ).

Mpbr Oyiem pajibl y3HATh Batile MHEHE!

Ha Be0-caiite usgarebcTBa WWW.piter.com Bbl HalizeTe noApoOHyIo HH(GOPMALINIO O Ha-
HIUX KHUTAX.



O6 aBTOpax

Opancya [Momne (Frangois Chollet) sanumaercst mpo-
6siemaTukol raybokoro obyuenust B Google, B ropoje
Maynrtun-Bsio, mrar Kamudopuus. Cosnarens Keras —
6ubarorexku riyboKkoro obydyeHus, a TakKe y4acTHUK
[IpOeKTa 110 pa3paboTke (hpeiMBOPKa MAIIMHHOIO 00yye-
nug TensorFlow. Takske 3annmaercs uccjaeroBaHusIMU
B 00J1aCTH MAITUHHOTO 00yUYeHUsI, OCHOBHOE BHUMAaHUE
yJIeJIsist PACTIO3HABAHIIO 0OPA30B U IPUMEHEHIIO MAIIIH-
HOro 00y4eHust K (POPMaIbHBIM paccyskaeHusiM. Boicry-
[aJ ¢ AOKJaaMy Ha KPYIHBIX KOH(MEPEHIUSAX B 9TOM
obaactu, Braovas «Conference on Computer Vision and

Pattern Recognition» (CVPR), «Conference and Workshop on Neural Information
Processing Systems» (NIPS), «International Conference on Learning Representations»

(ICLR), u ap.

k. Tk, Anep (J. J. Allaire) — ocrosaresnp RStudio u cosmparesb MHTErpUPOBAHHON
cpeabl paspaborku RStudio IDE. fsasierca asropom unrepdeiica R k 6ubinorexam

TensorFlow u Keras.



O6 nnntocTpaunmn Ha 0bnoXxke

Winoctpanus Ha o60xke «[1ybokoe oOyuyenue Ha R» mognucana kak «Omexia
kuTaiickoil xenmuubl B 1700 rogy». Ona B3sara us kuuru «Collection of the Dresses
of Different Nations, Ancient and Modern» (KoJuieKiust KOCTIOMOB Pa3HbIX HAPOJIOB,
aHTUYHBIX 1 coBpeMentbix) Tomaca [Ixkeddepuca (Thomas Jefferys), onybiankosan-
voii B Jlongone mexay 1757 u 1772 romamu. Ha TuTyipHON cTpaHuile yKazaHo, 4TO
9TO BBIIOJHEHHAS BPYYHYIO Kasaurpadudeckas LBETHAA rpaBiopa, odpaboTannas
ryMMHUAPaOUKOM.

Tomac Ixedbdepuc (1719-1771) nocun 3Banue I'eorpad xoponsg l'eopra III.
Anrmiickuil Kaprorpad GbLI BEAYIINM IOCTABIMKOM KapT Toro Bpemeru. OH BbIrpaBu-
POBAJI M HANleYaTal MHOKECTBO KapT [T HY /I TPABUTENBCTBA U APYTUX ODUITHATBHBIX
OPTaHOB U MIMPOKUIT CIEKTP KOMMEPUECKUX KAPT U aTJIACOB, B YacTHOCTU KapT CeBepHOI
Awmepuru. Byyun kaprorpadoMm, HHTepecoBajicsl MECTHON OZIEsK/I0M HAPO/I0B, HACEJISI-
IOIIUX PA3HbIE 3eMJIH, U COOPAI BIECTSIITYIO KOJUIEKIIUIO PA3JINYHBIX TIJIATHEB B YETHIPEX
tomax. QuapoBaHue TaJTeKNX 3eMeJTb U JATbHUX MY TEIeCTBII IS YAI0BOIbCTBUS OBLIO
OTHOCHTEJIBHO HOBBIM siBJieHreM B KoHIle X VIIT Beka, U KOITEKINH, TAKKUE KaK 9Ta, ObLIH
BeChMa IMOITYJISIPHBI, 3HAKOMST C BHELITHUM BHU/IOM JKUTEJIEH APYTHX CTPaH.

PasnooOpasue pucyHKoB, coOpanHbIxX J[sreddeprcoM, CBUAETETBCTBYET O MPOSIBIIEHIN
HaponaMu Mupa okoso 200 et SpKoil MHANBUAYAILHOCTH W yHUKaTbHOCTH. C Tex
TIOP CTUJTH OBl CUITHHO U3MEHUIICS U MCUE3TI0 Pa3HooOpasue, XapaKTepu3yIoliee
pa3nuUHble 00TACTH U CTPAHbL. Temeps TPYAHO OTIUINUTH TI0 OJIEK/E MaKe KUTeTelt
PA3HBIX KOHTUHEHTOB. Eciu B3IJIAHYTDH Ha 9TO C ONTUMUCTUYECKON TOUKU 3penud,
MbI MMOKEPTBOBAJIN KYJIbTYPHBIM 1 BHECIITHUM pa3Hoo6p33HeM B Yyroly HaCbIII€HHOCTH
JMYHON JKU3HU WU B yTOLY O0Jiee pasHo0OpasHOl U MHTEPECHON MHTEIEKTYATbHOI
U TEXHUYECKOM JIeTebHOCTH.

B narire Bpems, Korza TpyIHO OTIUYUTD OIHY TEXHUUYECKYIO KHUTY OT IPYTOH, N3/1aTe/Ib-
ctBO Manning nposiBUJIO MHUIIUATHBY U JIEJIOBYIO CMETKY, YKparias 06I105KK1 KHUT 130~
GpaskeHUsIMH, OCHOBAHHBIMHU Ha HOTaTOM Pa3HOOGPA3UK KU3HEHHOTO YKJIajla HapOIoB
JIBYXBEKOBOH aBHOCTH, TIPU/IaB HOBYTO KU3HDb pucyHKaM [[xxeddepuca.



HYACTDb I

OCHOBbI
rnyoboKoro
0byueHwus

InaBbl 1-4 3TOM KHMIM AaayT BaM 6a30BOe NpeacTaBneHne o TOM, YTO TaKoe ry-
60Koe 06yUeHMe, rAe OHO MPUMEHSIETCS M KaK paboTaeT. Takke Bbl MO3HAKOMUTECH
C KaHOHMYECKMM MPOLIECCOM PELLEHMS 3aAay aHanM3a AaHHbIX MeTofaMu ry6oKoro
06yyueHmns. Eciu Bbl eLle He 0UEHb XOPOLLO OPUEHTUPYETECh B FYBOKOM 06YUEHMH,
0653aTe/IbHO MPOYMTANTE MEPBYIO YaCTb KHUMM OT Hayasna [0 KOHLA, Npexae Yem
NEPEXOAUTL K OMUCAHWI0 NMPUEMOB NMPaKTUYECKOrO MPUMEHEHUS, O KOTOPbIX paccka-
3bIBAETCA BO BTOPOM YacCTu.



YT0 Takoe rnybokoe
obyyeHune?

OTa rnasa oxBaTblBaeT cnenyouime TeMbl:

v/ 0606LLUEHHbIe OrpeseneHnst OCHOBHbIX MOHSTUI;
v/ UCTOpUSI Pa3BUTUS MALLMHHOIO 06YYeHus;

v KJtoyeBble (hakTopbl pocTa MoMyAsipHOCTM Fy60KOro 06yYeHWs U NMOTEHLMAN STOM
AMCUMNMHDBL B Byayliem.

3a mocJIeiHre HECKOJIbKO JIET TeMa UCKyccTBeHHOro nnTesiekta (M) Bei3Basa 60Jb-
VIO IIYMUXY B CPEJCTBAX MacCoBoOi uHpopmaru. Mammnuoe obyduenue, riybokoe
o6yuenne u VUM ynoMuHamuch B 6€CYUCIEHHOM KOJIMYECTBE CTATEl, MHOTHE 13 KOTOPBIX
HUKaK He CBSA3aHbI ¢ ONUCaHUeM TexHoaoruil. Ham obernaiu mosiBjieHe BUPTYalbHbIX
cobeceTHUKOB, aBTOMOOUIIEH € aBTOTIMIIOTOM U BUPTYAIBHBIX IOMOIHUKOB. MHorma 6y-
JIyTllee PHCOBAIN B MPAYHBIX TOHAX, & MHOT A N300PAXKAJH yTOMMIECKIM: OCBOOOK/IEHITE
JIOJIEN OT PYTUHHOTO TPY/IA U BBITIOJHEHE OCHOBHOW PabOThl pPOOOTAMHU, HAJIETIEHHBIMU
HCKYCCTBEHHBIM MHTEJJIEKTOM. ByyiemMy uim HacTOSIIeMy CHEIUaIicTy B 00JacTH
MalIMHHOTO 0OYYEHUS BaXKHO YMETh BBIIEJSTD MOJE3HbI CUTHAJ U3 1ITyMa, BU/IETh
B Pa3/yThIX TIPECC-PENU3aX U3MEHEHVS], IEHCTBUTENBHO CIIOCOOHDIE TOBIUATH HA MUP.
Harire Gyy1iee mocraBjieHo Ha KapTy, U BaM TIPEACTOUT CHITPATh B HEM aKTUBHYIO POJIb:
3aKOHUYHUB YTEHUE ITOH KHUTHU, BBl BOJIBETECH B PSI/IBI TEX, KTO Pa3padaTbiBaeT CUCTEMBI
NI1. IToTomy gaBaiiTe pacCMOTPUM CJEAYIONINE BOIIPOCHL Yero yske Z0CTUIIO IIIyboKoe
o6yuenne? Hackosbko aTo BakHO? B kakoMm HampasJjieHue MonieT paabHeiinee pas-
Butre? MOKHO JI1 BEPUTD MTOTHATON MyMuxe?

Ora riaBa 3akiaabiBaeT GyHAAMEHT Ui TanbHeiinero obeyxaenust VIV, MammaHOro
U TIIyOOKOTO 06y IeH s
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1.1. ICKYCCTBEHHbIA UHTENNEKT, MALLMHHOE
n rnybokoe obyyeHune

[Ipex e Bcero, ONpesesiiM, 4YTO MOAPA3yMEBAETCS IO/l UCKYCCTBEHHBIM NHTEJLTIEKTOM.
Yro rtakoe MU, mamunnoe u riaybokoe obydenue (puc. 1.1)? Kak onu cBsasanbl gpyr
C Ipyrom?

VickycCTBEHHbIN
VHTennekT

MalumnHHoe
obyyeHune

my6okoe
obyyeHune

Puc. 1.1. VIckyCcCTBEHHbIN UHTENNEKT, MaLUMHHOE U rNy6okoe 0byyeHne

1.1.1. VIcKyCCTBEHHbIA UHTENNEKT

West ncKycCTBEHHOTO MHTEJIEKTa TosiBriack B 1950-x, Koria rpyiina sHTY3HacTOB
U3 TOJIBKO 3aposkaromieiics obaactu nHGOPMATUKK 3a1a/1aCh BOIIPOCOM, MOKHO JIL
3aCTaBUTh KOMITBIOTEPDI «/[yMaTb», — BOIPOCOM, TIOCTIEICTBUSI KOTOPOTO MbI U3ydaeM
110 cux nop. Koporko aty 061acTh MOKHO OIIPEAEINTD TAK: AGMOMAMUIAUUSL UHTNELLEK -
MYanrvivLx 3a0au, 00buHo 6oinoansemvix 100vmu. CoorsercrBernno, I — a10 061acTh,
oXBaThIBaOLIag MalIMHHOe 00ydeHne u riybokoe oOydyeHune, a TakkKe BKJII0YAIOIIAs]
MHOTIHUE II0AXO/bI, He CBg3aHHble ¢ oOydennem. Hampumep, epsbie mporpaMMbl st
UTPBI B MAXMATBI JIEMCTBOBAJIH 110 JKECTKO OIpe/IeJIEHHBIM TIPaBUJIaM, 3alaHHBIM TPO-
rpaMMUCTaMU, U He MOTJTH KBaJIU(UITUPOBATHCS KaK OCYINECTBISIONNE MATUHHOE
oOyuenue. J{oroe BpeMsi MHOTUE 9KCIIEPThI II0JIATaJIl, YTO UCKYCCTBEHHBII NHTELIEKT
YPOBH:I YeJIOBEKA MOXKHO CO3/1aTh, €CJIU JATh IPOrPAMMUCTY AOCTaTOUHbBII HAGODP SIBHBIX
MIPABUJT JIJIsI MAHUITYJIMPOBAHUS 3HAHUSIMUA. DTOT MTOJIX0/l U3BECTEH KaK CUMBOIUUECKULL
WU v ssnsincst nomunupyioieit mapagurmoit N ¢ 1950-x 1o konmna 1980-x. ITuk ero
HOILYJIAPHOCTHU NIPHLIENICs Ha OyM axcnepmuvix cucmem B 1980-x.

CumBommueckuii VIV mpekpacHO CIPaBJIsJICS C pellieHreM YeTKO ONpefieJIeHHbIX JIO-
TMYeCKUX 33/1a9, TAKMX Kak UTpa B IIaXMaThl, HO, KaK 0Ka3aJI0Ch, HEBO3MOKHO 33/1aTh
CTpOTHE TIPABUJIA /TSI PeNieHnst H0iee CIOKHBIX, HEYETKIX 3a/1a4, TAKIX KaK KIACCH-
bukanmst m306pakeHnil, pacro3HaBaHye Pedn 1 mepeBo Ha ApyTHe s3biku. Ha cMeny
cumBosmaeckomy MV mpuiiies HOBBIH TOIXOM: Mawunioe odyuenue.
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1.1.2. MawwuHHoe oby4deHune

B Bukropuanckoit Anriy skuia aeau Azxa Jlasieiic (Ada Lovelace) — apyr u copatHuk
Yapubza Bab6umxa (Charles Babbage), usobperaresnst ananumuueckotl evruuciumenvrotl
MawubL, IEPBOTO N3BECTHOTO MEXaHMYECKOTO KOMIbIoTepa. HecoMHeHHo, aHaimuTy-
JecKast MalMHa OIEPeIIa CBOE BPEMsT, HO OHA HE 3a/[yMbIBAIaCh KaK YHUBEPCATbHBII
KOMITbIoTEp, Kor/a pazpabareiBaiach B 1830-x u 1840-x, moTOMY UTO H/Iest yHUBEPCATb-
HBIX BBIYMCJICHUIT €Ile He POANIach. JTa MAIlMHA MPOCTO JaBajia BO3MOKHOCTD HC-
MOJIb30BATH MEXAaHWYECKUE OTEPAIINU /LT aBTOMATH3AI[MH HEKOTOPBIX BbIYMCIEHWI 13
0bs1acTH MATEMATUYECKOrO aHA/IN3a, YTO U 00YCI0BUIIO Takoe ee HasBaHue. B 1843 roay
Ana JlaBneiic sameTnmia; «AHATUTHYECKAsT MAITMHA HE MOJKET CO3/1aBaTh YTO-TO HOBOE.
Omna MOJKET JIe1aTh BCE, YTO MBI M CAMU 3HAEM, KaK BBITIOJHSATD... €€ 11eJIb COCTOMT JIMIIIh
B TOM, ‘{TO6I)I ImoMoraTb HaM OCYIIECTBJIATD TO, C Y€M MbI YK€ XOPOIIIO 3HAKOMbBI».

IMosanee nuonep MU Anan Teiopunr (Alan Turing) B cBoell 3HaMeHHUTON cTaThe
«Computing Machinery and Intelligence»! Hassan sT0 3amedanue «apryMeHToOM Abl
Jlasieiic»2. B a10ii craThe ObLI IpeacTaBien mecm Tviopuiiza, a TAKKe II€PEUNCIeHbI
OCHOBHbIE MJIeH, KOTOPbIE MOTYT IPpUBECTH K co3ziannio . Teiopunr nutuposan Axy
JlaBueiic, pasMBbIILIsAs HAJl CIOCOOHOCTBIO OOBIYHBIX KOMITLIOTEPOB K CaMOOOYUEHUIO
U CO3/IAaHUIO Yero-Inbo HOBOTO, U MIPHUIIIET K BBIBOLY, UTO J1a, MOTYT.

Ob6acTh MATMHHOTO 06YYIEHMST BO3HUKIIA U3 BOMIPOCA: MOJKET JIF KOMITBIOTED BBIHTH 32
PaMKHU «TOTO, YTO MbI M CAMU 3HAEM KaK BBITTOJHATH> U CAMOCTOSITEIBHO HAYIUTHCS Pe-
MaTh HEKOTOPYIO OTIPe/Ie/IeHHYT0 3aa4y? MoskeT I KOMIBIOTep YANBUTS Hac? MoxkeT
JIF KOMTIBIOTEP Ge3 MOMOTITH TPOTPAMMUCTA, 3a/IaI0TIETO TIPABUIa 0OPAbOTKI TaHHDIX,
ABTOMATUYECKH OIPEIETUTH TH TIPABUJIA, UCCIETYsI TaHHbIE?

ITOT BOIIPOC OTKPBLJ IBEPU B HOBYIO MTAPAJIUTMY TIPOrpaMMUPOBaHus. B kiaccuieckom
IPOTPAMMUPOBAHUY, B Tapagurme cuMBosimdeckoro VU, o BBogsaT npasuiia (po-
rpaMMy) U JlaHHbIE JiJist 00PabOTKU B COOTBETCTBUM € STUMHE MPABUJIAMU U TIOTYUYAIOT
orernt (puc. 1.2). B MammuHHOM 00y4€eHUN JIOIU BBOJAT JAHHBIE 1 OTBETHI, COOTBET-
CTBYIOIITME 9TUM JIAHHBIM, @ HA BBIXO/IE TTOJIYYAIOT TPABUIIA. DTH IIPABIJIA 3aTEM MOKHO
MPUMEHUTD K HOBBIM JIAHHBIM JIJIS1 TIOJTYYeHUST OPUTHHATBHBIX OTBETOB.

Mpasuna Knaccuyeckoe

[aHHble ——s-| POrpamMmMmpoBaHue

— OTBeTbl

RarHbie ’ MalumHHoe

— lNpaBuna
OTBeTbHl — 0byueHue

Puc. 1.2. MaluvHHoe 0byyeHue: HoBasl napaaurMa nporpaMMmMpoBaHust

! «BbruuciuTesibHble MAIIMHBL U Pa3yM», [IEPEBOJI HA PYCCKUN I3bIK MOKHO HAITHU 110 ajpecy:
https://bio.wikireading.ru/6066. — IIpumeu. nep.
2 A. M. Turing, «Computing Machinery and Intelligence», Mind 59, no. 236 (1950): 433—460.
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B mammaHOM 06yuYeHUY cHcTeMa 06yuaemcs, a He porpaMmMupyercst sisao. Eif mepe-
JAI0TCST MHOTOYHCJIEHHBIE TIPUMEPBI, NUMETOIIIe OTHOIIEHNE K PelllaeMoil 3a/1aue, a OHa
HAXOJUT B 9TUX TIPUMEPAX CTATUCTUYECKYIO CTPYKTYPY, KOTOPAs TI03BOJISIET CUCTEME
BbIPabOTATh TIPABUJIA JIJIT ABTOMATHYECKOTO pelieHus 3agaur. Hampumep, 4To6b! aB-
TOMATU3UPOBATH 3ajIauy omnpenerenus (ororpaduil, cieTaHHBIX B OTIIYCKE, MOXKHO
nepeaarh CUcTeMe MAIMHHOTO O6YUYEHUsT MHOKECTBO pUMepoB (oTorpaduii, yixe
KJ1acCU(DUIMPOBAHHBIX JIIOJIbMH, U CCTEMA U3YYUT CTATUCTHYECKUE TPABUJIA KIACCH-
(pukarum koHkpeTHBIX hoToTpachuii.

PaciBer MammHHOTO 00y4YeHus Hadasicst ToJIbKo B 1990-X, HO aTa 06/1acTh OBICTPO TIpe-
BpaTHIach B Hanboree MOy ISIPHBIN U yCTemHbIit pasaen VN, u ata Temaen s 6oima
TIO/IKPETLTEHa MosTBIeHneM GoJree OBICTPOIENCTBYIONIEN allTapaTyphl 1 OTPOMHBIX Ha-
60poB MaHHBIX. ManmMHHOE 00yUeHe TECHO CBI3AHO ¢ MATEMATHIECKON CTATHCTHKOM,
HO UMeeT HECKOJIbKO BaKHbBIX OTJINYM. B oTinune ot CTaTUCTUKHN, MAallIMHHOE o6yqe—
Hue 00bIYHO MMEET /110 ¢ OOJNBIIMMU U CIOKHBIMU HabopaMu JaHHbIX (HaIpUMep,
COCTOSIIITIMHE W3 MIJIIMOHOB (hoTOTpaduii, Kaskaas 13 KOTOPBIX COCTOUT U3 JIECIATKOB
TBICSY ITMKCEJIOB), K KOTOPBIM MPAKTHYECKN HEBO3MOKHO TIPUMEHHUTH KJIaCCHIeCKIe
METOIbI CTATHCTIHYECKOTO aHAN3A, Takue Kak OaitecoBckie MeTombl. Kak pe3ynbrar,
MAIUHHOE U B 0COOEHHOCTH TITyO0KOe 0OyUeH e He MMEIOT MOTITHONH MaTeMAaTUIeCKOiT
H]IaT(l)OprI 1 OCHOBBIBAIOTCA ITOYTH NCKIIIOYUTEIbHO Ha MHKEHEPHBIX PENICHMAX. ITO
IpaKTHIecKas TUCIUIINHA, B KOTOPOI Nen Jalle JOKa3bIBAIOTCS SMITIMPUIECK, a He
TEOPEeTUIECKL.

1.1.3. ObyyeHune npeacTaBieHUIO AaHHbIX

Yrob6bl 1aTh ONMpeiesieHue 21y60KoMYy 00yuenuio N TIOHSAThH Pa3HUILY MEKIY TIyOOKIM
o6ydeHneM U IPYTUMU METOIaM¥ MAllTMHHOTO 00YYeH s, CHAYaIa Hy)KHO MOJYYUTh
HEKOTOPOE TPECTABIECHUE O TOM, YTO 0eAaiom aJrOPUTMbI MAITUHHOTO 00yUYeHMSI.
YyTb BBIIIE OTMEYATIOCD, YTO MAINTMHHOE 00YyUEHNE BISIBJISIET [TPABUJIA PEIIEHUST 33141
06paboTKN JAHHBIX 10 TPUMEPAM OKUIAEMBIX Pe3yIbTaToB. TO eCTh It MAITHHHOTO
06ydeH st HaM HYKHBI TPU COCTABJISIONINE:

Q Bxoouvie danmnvie — HATIPUMEP, €CJIW PEINACTCS 3a/a9a PACTIO3HABAHNS PEYH, TAKU-
MU BXOZHBIMI TAHHBIMU MOTYT OBITH (haii/Ibl ¢ 3aIIMCHIO PEYN PasHbIX Jiofeit. Ecan
permaercs 3agava kaaccudukanuy n306paskeHui, TAKUMI JaHHBIMHA MOTYT OBITh
n300paKeHus.

Q Ipumepvr oxcudaemvix pesyipmamos — B 3aade PaclO3HABAHM PEYU DTO MOIYT
OBITH TPAHCKPUIILUU 3BYKOBBIX (DaillloB, COCTaBIEHHbIE JIOAbMU. B 3a1ade Kiac-
cuduKanuy n300paKeHil 0KUIAEMBIM PE3YIbTATOM MOIYT OBITh TEr'H, TAKHE KaK
«cobakay, «KOIIKa» U JIp.

a Cnocob OUECHKU Kauecmea pa6ombt ajizopumma — 9TO HeO6XOlII/IMO JJIA OllpeaesIEeHN A,
HACKOJIbKO /TaJIEKO OTKJIOHAIOTCA PE3YJIbTAThI, BO3BPAIlla€MbIC aJITOPUTMOM, OT OKN-
Jla€MbIX. Orenka HCITOJIB3YETCS KaK CUT'HaJT O6paTHOI';I CBA3N /IJIsI KOPPEKTUPOBKU
pa6OTI)I aJITOpHUTMa. ITOT dTaI KOPPEKTUPOBKU Mbl 1 Ha3bIBa€M 06y”'t€Hu€M.
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Mojieib MaIHHOTO 00yYeHs TPaHCHOPMUPYET UCXOAHbIE JaHHbIE B 3HAYUMbIE PE3YJIb-
TaThl, «00y4asiCh» Ha U3BECTHBIX [IPUMePAX BXOAHBIX JAHHBIX U Pe3ysbTatoB. To ecTh
rJIaBHOM 3aayeil MallnHHOTO U TJIyOOKOTO 00yUYeHUs ABISETCA 3HAUUMOe NPeodpa-
306anue 0annblx, WM, UHBIMU CJI0BaMU, 00yYeHne npedcmasieniio BXOAHbIX JaHHbIX,
npUOIMIKAIOIIEMY HAC K 0KUAaeMOMY pe3yJbraTy. IIpekie ueM ABUHYThCS AaJibllle,
JaBaiiTe OIpee/M, YTO eCTh IIpe[cTaBieHre TaHHbix? 1o cyTu, aTo Apyroii crocob
npedcmasnenust, Wik Koouposanus, faHubix. Hanpumep, BeTHoe H300paskeHne MOKHO
sakomuposath B hopmare RGB (red-green-blue — kpacubiii-senenbiii-cunnii) i HSV
(hue-saturation-value — TOH-HaCBIIIIEHHOCTh-3HAYEHHUE): TO ABA PA3HBIX [IPEICTABICHNUS
OJIHUX ¥ TeX Ke JaHHbIX. HeKoTopble 3a1aun TPYAHO PEIIAIOTCS ¢ JAaHHBIMU B OJTHOM
IpeJCTaBJeHIH, HO JIeTKO — B ApyroM. Hamnpumep, 3agaya «BbiOpaTh BCe KPaCHbIE MIUK-
ceJibl B U300paskeHum» Jierde pemaercs ¢ ganabiMu B hopmate RGB, Torza kak 3azaua
«clesath n300paskeHne MeHee HaChIIIEHHbIM»> IIPOLIE PEIaeTcs ¢ JaHHBIMU B (hopMa-
te HSV. I'maBHas 3azaua Moziesieil MalimHHOro 00yueHusl KaK pas U 3aKJII04aeTcs B [1o-
HCKE COOTBETCTBYIOLIETO IPeACTAaBIeHNS BXOAHBIX JAaHHBIX — IIPeo0OpasoBaHmil, KOTOPbIE
CHIeJIaloT JaHHble OoJiee IPUTOAHBIMIE JJIsl PELIeH s 3a4a4l, TAKOU Kak KIacCU(bUKaIIUsI.

O6parnmcst K KOHKPETHOMY TpUMepy. PaccMOTpuM crctemy

y [ ] ®
KoopAuHAT ¢ ocsiMA X 1 Y U HECKOJBKO TOUEK B 3TOU cUCTeMe O
KoopaWHAT (X, V), Kak Mmoka3ano Ha puc. 1.3. °®
Kax Buznte, y HAC UMEETCSA HECKOJIBKO GEJIbIX 1 YEePHBIX TOUEK. OO ®
JlomycTiM HaM HY;KHO pa3paboTaTh aJrOPUTM, IIPUHUMAIOIIAN O
KOOPAMHATHI (X, y) TOYKK U BO3BPAILAIOMIMIA HanboIee BeposT- 00 0
HBII [IBET, YepHbIN 1in Oesblil. B ganHoM ciryyae: o
0 BXOAHBLIMU JAHHBIMU ABJISIOTCS KOOPAUHATLI TOYEK; x

Puc. 1.3. Npumep

O OXHJAEMbIM PE3YJIbTAaTOM (BJISIETCS IIBET TOYEK;
HEKOTOPbIX AaHHbIX

a Mepoﬁ KadeCTBa aJITOpUTMa MOKET 6bITb, HallpuMep, IIPOIEHT
IIpaBUJbHO K]IaCCI/I(l)I/IL[I/IpOBaHHbIX TOYEK.

B saHHOM ciyyae HaM HY’KHO HOJIYYUTh HOBBIN CIIOCOO Mpejl-

CTaBJICHUSI MCXO/HbBIX JAHHBIX, II03BOJISIONIAN YETKO OT/E/SATh OeJible TOYKU OT YEPHBDIX.
Taxum npeobpazoBaHreM, KPOME IIPOYKX JAPYTHX, MOTJIO Obl OBITh M3MEHEHHE CUCTEMBI
KOOPAMHAT, KaK TT0OKa3aHo Ha puc. 1.4.

1: McxoaoHble gaHHble 2: N'ameHeHwne cuctembl koopgmHat — 3: Jlydiwlee npeacraBneHune
y
Yo e o ©
e ©
O Q.. ®
() O Ole®e
Oo ') e .
X
(@] o ° o o ( ]
1 © )
X

Puc. 1.4. /13MeHeHne cucTeMbl KoopauHaT
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Koopaunatsl Halmmx Toyek B 9TOM HOBOH cucTeMe KOOPAMHAT MOKHO Ha3BaTbh HOBLIM
npejcraBieHueM gannpix. [Ipudem Gosiee yuaunbiv! 3asady KiaaccubuKamy JaHHbIX
«4epHBIiT/GeIbIil> B 9TOM TIPEICTABICHUI MOKHO CBECTH K IPOCTOMY MPABUITY: <4E€PHbIE
TOYKU UMEIOT KOOPAMHATY X > 0» uin «6esible TOUKU UME0T KoopanHaTy X < 0». IT0
HOBOE IpeJicTaBIeHe (DaKTUUECKU PelIaeT M0CTaBJIeHHYIO 3a/1a4y.

B manHOM mpuMepe MbI ONpPeeJuIn U3MeHeHne KoopanHaT Bpyunyto. Ho ecau Obr
BMECTO 3TOTO MbI PEaTM30BaIN CUCTEMATUYECKNN TIONCK Pa3HbIX BAPUAHTOB N3MEHEHU:T
CUCTEMBI KOOP/IMHAT C MCITOJTh30BAHUEM TIPOTIEHTA MPABUIBbHO KIACCU(MDUITNPOBAHHBIX
TOYEK B KauecTBe 0OPATHOI CBSI3H, MbI ObI MOJIYUNJIM BEPCUIO MAITUHHOTO 00YUEHNS.
Obyuenue B KOHTEKCTE MAIIMHHOTO 0OYYEHUsT OTIUCHIBAET ABTOMATHYECKIIT TTPOTIece
IIOKCKa JIYYIIEro [Ipe/ICTaBIeHUsL.

Bce airoputMbl MAIMHHOTO 00YYEHUST 3aKTIOYAIOTCS B ABTOMATUYECKOM TIOMCKE TAKUX
npeobpazoBanuii, KOTOPbIE CMOTYT TIPUBECTH JAHHbBIE K BULY, 60JIee TPUTOAHOMY JIJIst
JAHHOI 3a/[a4i. JTHU OIlePaIUU MOTYT U3MEHSITh KOOPAMHATHI, KAK MbI TOJIBKO UTO BH-
JIeJIU, WM BBIMOJHSATD JIMHENHbIE TIPOEKINUU (YTO MOKET IIPUBOIUTD K YHUUTOKEHIIO
urGOopMaINK ), TPAHC/IALNIO, HeJIMHEIHbIe onepalny (TaKKe, Kak <BbIOPaTh BCE TOUYKH
¢ KOOPAMHATOI X > 0») U T. . AJITOPUTMBI MAIIMHHOIO 00y4eHysl OOBIYHO He OTINYa-
I0TCST 4eM-TO OCOOEHHBIM; OHU TIPOCTO BHINOJIHSIOT MOUCK B [TPE0TIPEIeIeHHOM Habope
oreparuii, KOTOPbIN HA3BIBAIOT NPOCMPAHCMBOM 2UNOMES.

To ecTh TexHUYECKU MAIIMHHOE 06y‘~IEHI/Ie — 9TO IIOMCK 3HAYMMOTIO IIpe/ICTaBJICHUA
HEKOTOPbIX BXO/[HbIX /[TaHHBIX B IIPEAOIIPEAECTIEHHOM IIPOCTPAHCTBE BO3MOKHOCTE
C NCIIOJIb30BaHNEM CHUT'HaJIa O6paTHOﬁ CBsI3M. JTa IIpocCTad nuaesd Mmo3BOJIAET pelllaTb
'-IpeSBbILIaI‘/JIHO ].HI/IPOKI/II‘/JI KPYT MHTEJIVIEKTYAJIbHBIX 3a/la4: OT paCllO3HaBaHUA pedun 10
ABTOMAaTUYECKOI'O BOXK/IECHUA aBTOMOOMJIA.

Tenepp, KOr/Ia BbI MOJYYUIIN TIPEACTABICHIE O TOM, YTO IIOHUMAETCA TOJ] 00yUeHUCM,
JlaBaiite OCMOTPUM, YTO OCOOEHHOTO B 2/60KOM 00yUeHU.

1.1.4. «['nybuHa» rnybokoro oby4yeHus

[ny6okoe obyderne — aTo 0CcoObII pasjies MAIIMHHOTO 00y UYeH s HOBBII MOAXO/T K TT0-
HCKY [IPEICTABJIEHUST JAHHBIX, JIEJIAIOIIAN YIIOp HA M3YUEHIE [TOCTIE0BATENbHBIX CI0e8
(v yposneti) Bee Gosiee BSHAYNMBIX TIpecTaBienuit. [loz ay6unoii 8 2iy6okom obyuenuu
He TojipasymMeBaeTcs bosee Ty6OKOe TIOHUMAHKE, IOCTUTAEMOE DTUM MOXOI0M; UIest
3aKJIF0YAETCST B MHOTOCJIOMHOM TipejicTaBieHui. KoJmaecTBO CI0eB, Ha KOTOPbIE IEJIUTCST
MOJI€JIb TAHHBIX, HA3BIBAIOT 21yOur0 Mojiesin. JIpyTuMu MOXOSIIIUMY HA3BaHUSIMU
VISt 9TOH 06JaCTH MAIIMHHOTO 00yUYeHNst MOTJIU OBl CITY/KUTh: MHOZ0CAOUN0E 06yue-
nue u uepapxuvecxoe obyuenue. CoppeMentoe riybokoe oGydeHne 4acTo BOBJIEKaeT
B IIPOTIECC JIECSITKU U JIaKe COTHU MTOCJIEI0BATENBHBIX CJIOEB IIPE/ICTABIEHIS], U BCE OHU
ABTOMATUYECKHU OMPEJIENISIIOTCS IO/l BO3/IEHCTBUEM 00YYAIONNX JaHHbIX. MexKy TeM
JPYTHE MOXObI K MAITMHHOMY OOYYEHUI0 OPUEHTUPOBAHBI HA M3YUEHUH O/THOTO-IBYX
CJIOEB TIPEJICTABJIEHUS JIAHHDIX; [I0 HTOU IPUYNHE UX UHOT/IA HA3BIBAIOT HOBEPXHOCIIHBIM
obyuenuem.
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B ruiybokoM obydueHur Takue MHOTOCJIOWHbIEC MPEACTABICHUST U3ydaloTcst (TTOUTH
BCerja) ¢ UCIOoJb30BaHUEM MOjlesIell, KOTOPble HAa3bIBAIOT HEUPOHHbIMU CeMAMU,
CTPYKTYPHUPOBAHHBIX B BU/IE CJIOEB, HAJIOKEHHBIX JAPYT Ha pyra. TepMuH Helponnas
cemb 3aMMCTBOBAH M3 HEHPOOMOJIOTUHN, TEM He MeHee, XOTsI HEKOTOPBIE OCHOBOIO-
Jlaraiotue ujaeu raybokoro 0OyYeHrsl OTYACTH 3aMMCTBOBAHBI U3 HAYKHM O MO3Te,
Mojiesin TIy6oKOTo 06yUeHUsT He SIBJISIIOTCS MOJICJIIMU Mo3Ta. HeT HUKakuX joka3a-
TEJNBCTB, YTO MO3T PEATU3YeT MEXaHU3MbI, TOJOOHBIE MEXaHU3MaM, MCITOIb3YEMBIM
B COBPEMEHHBIX MOJIEJISIX TIIyOOKOTro 0OydeHust. Bam MOTYT BCTPETHTBCS HAyYHO-TI0-
MyJISIPHBIE CTATBHH, T/Ie YTBEPKAAETCs, 4To raybokoe obydeHne paboTaeTt mogo6HO
MO3TY WM MOJIETUpYeT paboTy MO3Ta, HO B ICHCTBUTEIBHOCTH 9TO He Tak. Bbiio Gbr
HEMPaBUJIHHO U KOHTPIPOAYKTUBHO 3aCTABJIATH HAUMHAIONNX OCBOCHIE 9TON 06aacTh
IyMaTh, 4TO rIy6oKoe 06yUeHre KaKUM-TO 06pa3oM CBsI3aHO ¢ HEHpoOroIorueii; Bam
HE HY’KHO TIPE/ICTaBICHIE «KaK HAIll MO3T», U BBI TAKXKe MOKETe 3a0bITh BCE, UTO YK-
TN O TUIIOTETHYECKO CBA3KM MEXKIY TIyOoKuM obydeHrem u 6romnorueii. Hamuoro
MPOAYKTUBHEE CYUTATH TIIyHOKOE 00yUeHIE MAaTeMATUIECKON OCHOBOT JIJIsI U3yYEeHUS
IIpe/ICTaBJIeHUH JaHHBIX.

Kax BBITJISIAT IPEICTaBICHUS, OTyYaeMble aJITOPUTMOM IIyGOKOTo 00yuerHust? JlaBaii-
TE MCCJEYEM, KaK CEeTh, IMEFOIIast HECKOJIBKO ¢JIoeB B ryOuny (puc. 1.5), mpeoGpasyer
usobpaskeHue 1UPhI VIS €€ PACTIO3HABAHISL.

Cnon1 Cnoin2 Cnon3 Cnoné

McxoaHbln obpas
Ha Bxopae

4

Pesynerat

OCoONOUAWN-=O

Puc. 1.5. ny6okas HelipoHHas ceTb Anst knaccudukaumm umdp

Kax noxasano ua puc. 1.6, cetb oaranto npeobpasyer 06pas mudpbi B peicTaBIeHIE,
Bce GOJIbINEe OTJINYAOIIEeCss OT UCXOAHOTO 00pasa 1 Hecylee Bee GOJIbIIe MOJIe3HOl
urdopmarum o pesyibrare. [1yGoKyio ceTh MOKHO PACCMATPUBATH KAK MHOTOATAITHYTO
oTieparuio OYuCTKI MHGOPMAIUH, r7ie HOOPMAIIAA TPOXOIUT Yepes3 MoCae10BaTe b-
HOCTb (DMIIBTPOB M BBIXOAUT U3 HEe B OUUIIIEHHOM BU/IE (TO €CTh B BUJIE, IPUTOTHOM JIJIS
pelieHnst HEKOTOPbIX 3a/1a4).

C TexXHUYECKOI TOUKY 3peHwst TIy6oKoe 06ydeHre — 9TO0 MHOTOCTYTIEHYAThIH Cocod
HoJlydyeHud npejcTaBieHus Janubix. Maea npocta, Ho, Kak 0OKa3blBaeTcs, OUYeHb IPO-
CThIe MEXaHU3MbI TIPU OTIPEIETIEHHOM MaciiTabe MOTYT BBITJISIICTh HEMOHATHBIMU
1 TAUHCTBEHHBIMU.
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MpencTaBnexve MpencTaBneHne MpencTaBnexHve
nocne cnos 1 nocne crnos 2 nocne cnost 3

MNpencTtaenexne

nocre cnos 4

(pesynerar)
NexoaHbiin ] ] ] ?
obpas Ha Bxoae 2
3
I 4
5
6
7
8
L | L | L L | 9

Cnoin 1 Cnoin 2 Cnon 3 Cnon 4

Puc. 1.6. [nybokne npeactaBneHust, Nony4YaemMble MOAENbIO
Knaccndukaummn undp

1.1.5. MpuHUMN aencTBUS rNy6okoro oby4yeHus
B TPeX KapTUHKax

Terepb BbI 3HAETE, YTO CYTh MANIMHHOTO OOYYEHUS 3aKII0YACTCS B IPEOOPA3OBAHIN
BBOjIa (HarpuMep, U300paKeHuil) B pe3yibTar (TaKoil, Kak IHOAIKCH <KOIIKa» ), KOTOPOe
BBISIBJISIETCST ITyTEM MICCIIE0BAHNST MHOKECTBA TPUMEPOB BXOIHBIX TAHHBIX U PE3YJIbTa-
TOB. BBl Takske 3Haere, 4TO TIy6OKME HEHPOHHBIE CETH TTPEBPAIIAIOT UCXOIHbIC JAaHHBIE
B PE3yJIbTAT, BBIIOJHSIS JVIMHHYIO MOCJIEI0BATENbHOCTD MPOCTHIX MPe0Opa30BaHIil
(caoeB) u obydaiorest 5TUM MpeobpasoBaHUsM Ha TTpuMepax. Ternepb MOCMOTPHUM, Kak
HUMEHHO MTPOUCXOUT OOyUEeHHE.

YTo UMEHHO YPOBEHD JI€JIA€T CO CBOMMU BXOJHBIMU JTAHHBIMY, OTIPE/IEISIETCS €T0
gecamit, KOTOpbie (haKTHUECKH SIBIISIIOTCS HAGOPOM uncelt. Bbipakasich TEXHUUECKUM
SI3BIKOM, MOKHO CKa3aTh, UTO MPeoOpa3oBaHme, Peai3yeMoe CII0EM, NApaAMempusy -
emcs ero Becamu (puc. 1.7). (Beca Tak:ke mWHOTZIa Ha3BIBAIOT NAPAMEMPAMU CIIO.)
B aHHOM KOHTEKCTE TIOJT 00yueHuem MOoApasyMeBaeTcsl MOMCK Habopa 3HAYEHUIT BECOB
BCEX CJIOEB B CETH, TIPU KOTOPOM CETh OyIeT MPaBUIBHO 0TOOpakaTh 00pasoBbie
BXOJIHBIE JITAHHBIE B COOTBETCTBYIOIIHE UM Pe3ysibraThl. Ho BOT B ueM J1eJio: TiryboKast
HEWPOHHAs CeTh MOYKET COMEPIKATDH NEeCATKU MUJITHOHOB MapaMeTpoB. Ilowck mpa-
BUJTbHOTO 3HAUEHUS JIJIST KQKIOTO U3 HUX MOJKET OKa3aThCs CJAOKHEHIIel 3a1auet,
0COOEHHO eCJIi U3MEHEHYE 3HAUEHUST OJJHOTO MTapaMeTpa BIHsIEeT Ha MOBEICHIE BCeX
OCTaJIbHBIX!
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BxoaHble gaHHble X

Cnoi

(npeobpasoBaHue
Llenb: nonck

[aHHbIX)
NPaBUbHbIX —~,. *
3HayeHui

Crnon
BCeX BeCOB (npeoGpasoBaHvie
[aHHbIX)

Y

Puc. 1.7. HelipoHHas ceTb NapaMeTpU3yeTcs ee BeCaMu

YToOBI 4€M-TO YIPABIATE, CHAYATA HYKHO MOJYIUTH BO3MOKHOCTD HAGII0IaTDh 32
1M, UTOOBI YIPABIATH PE3YJIBTATOM PabOThl HEHPOHHON CETH, HY/KHO HMETh BO3MOJK-
HOCTb U3MEPUTh, HACKOJILKO 9TOT PE3YJIbTAT JajleK OT 05KUAeMOro. ITy 3a/ady peliaeT
GyHKUUs noOmepyb CeTH, KOTOPYIO TAKKe HAZBIBAIOT yenesoll Qynxyuei. OyHKIMs 10-
Tepb IPUHUMAET TIPeJICKa3aHme, BhIZJAHHOE CeThIO, U ICTUHHOE 3HaYeHue (KOTOpoe CeTh
MOJKHA OBITTa BEPHYTH ), 1 BBIYUCIISET OIEHKY PACCTOSTHIISI MESKTY HIMH, OTPAKATOIYIO,
HACKOJIBKO XOPOIIO CeTh CITPaBUJIACh C JAHHBIM KOHKPETHBIM TTpuMepoM (puc. 1.8).

BxogHble gaHHble X

Crnoit
(npeobpasoBaHue faHHbIX)
Crnon
(npeobpasoBaHve JaHHbIX)

Mpenckasaxus
v

VctuHHoe
3HaveHve Y

DyHKUMA NoTepb

OueHka notepb

Puc. 1.8. OyHKUMS NOTepb OLEHMBAET KayecTBO pe3y/bTaTos,
NPOU3BOANMBIX HEMPOHHOW CETbIO

OcHOBHast XUTPOCTH IIIyGOKOTO 00YUEHHS 3aKJIF0YAETCS B UCTIOJIB30BAHUN 9TOU OIEHKH
ISt KOPPEKTHPOBKU 3HAYEHUIT BECOB C 11EJIbIO0 YMEHBIIEHHS TTOTEPD B TEKYIIEM TTPUMEPE
(puc. 1.9). /lanaast KOPPEeKTUPOBKA SIBJISIETCS 3a7aUell onmumu3amopa, KOTOPhIN peain-
3YeT TaK Ha3bIBAEMBbI aI20pumm o0pammozo pacnpocmpanenus ouuodKky — NeHTPAIbHBIN
asnroputm riry6okoro obyuenust. [ToapobHee 06 ajroprrTme 06PaTHOTO PaCIPOCTPAHEHHST
OMMOKY PAcCKa3bIBACTCS B CIIEAYIOIIEH TIaBe.
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BxogHble aaHHble X

Cnoit
Beca
(npeobpa3oBaHvie faHHbIX)
Cnow
Beca
(npeobpasoBaHvie AaHHbIX)

Mpenckasaxus
v

KoppekTupoBka

BECOB
PyHKUMA NoTepb

OntumusaTop

Puc. 1.9. OueHka noTepb MCNob3yeTcs kKak obpaTHas CBs3b AJ11 KOPPEKTUPOBKN BECOB

MctuHHoe
3HaveHue Y

[TepBoHAUATHLHO BecaM CETH MPUCBAUBAIOTCS CJIydaliHble 3HAUEHUS, TO €CTh (haKTHye-
CKU CETh Peajin3yeT MOCAe[0BATETbHOCTD CIyYaiHbIX TIpeobpasoBanmii. EcTecTBEHHO,
MOJTyYaeMbIli €10 Pe3yIbTAT JIATEK OT Ujleasa, U OT[eHKa TOTEPh, COOTBETCTBEHHO, OUY€HD
BbIcOKa. HO ¢ KasKabIM MPUMePOM, 00pabaThiBAEMbIM CEThIO, BeCAa KOPPEKTUPYIOTCST
B HY’KHOM HAalIPaBJICHUH, U OI[eHKa IOTEPb YMEHBIIAETCSL. DTO YUK 00YUeHUs, KOTOPIiT
MOBTOPSIETCST IOCTATOYHOE KOJNYECTBO pa3 (0OOBIYHO JECATKU UTEPAIUN C THICSTIAMU
MPUMEPOB) U TIOPOKAECT BECOBBIE 3HAUCHWS, MUHUMU3UPYIOIIHe (QDYHKITUIO MOTEPb.
CeTh ¢ MUHUMAJIbHBIME TTOTEPSIMU ¥ BO3BPAIIAOIIAS PE3YIbTAThI, OJIM3KNE K UCTUH-
HBIM, Ha3bIBaeTCst 00yUeHHOI ceThio. TTOBTOPIOCH €lile pas: 3TO MPOCTON MEXaHU3M,
KOTOprfI IIpn ommpeaeJIeHHOM MacmTa6e HaYMHACT BBITJIA/ECTD HEIIOHATHBIM 1 TalH-
CTBCHHDBIM.

1.1.6. Kakol cTyneHu pasBuUTUS AOCTUIIO riybokoe obyyeHune

HecmotTpst Ha To uTO riryboKoe 0OydeHue IBIseTcs JaBHUM Pas3iesIoM MalInHHOIo 00y-
YyeHus, (pakThyeckoe ero pa3BUTHE HAYAIOCh ToJbKO B Havase 2010-x. 3a npomeniime
HECKOJIBKO JIET B 9TOI 00/1aCTH ITPOU3O0IILIA HU MHOTO HU MAJIO PEBOJIONUSA, ¢ OCOOEHHO
3aMETHBIME YCIIEXaMU B MOJIEIUPOBAHUY BOCIIPUSTHS — 3PEHUST U CITyXa — 3a/lad, KaKy-
[IUXCST €CTECTBEHHBIMU U MOHSATHBIMHY JIJIs1 Y€JIOBEKA, HO JI0JITO€ BPEMST HE JIaBABIINXCST
KOMITBIOTEPAM.

B JaCTHOCTH, I‘JIy6OKO€ O6y‘{€‘HI/I€ JAOCTUTIJIO CJIEAYIOIUX ITPOPbIBOB B TPpaJAUITMOHHO
CJIOKHBIX 00/IaCTAX MALIMHHOIO 06yquH51:

O kiaccudukaiys n300paskeHNi Ha YPOBHE YEJIOBEKA;
QO pacrio3HaBaHHUe PeYr Ha YPOBHE UETIOBEKA,

[ pacrnosHaBaHME PYKOIIMCHOTO TEKCTA Ha YPOBHE U€JIOBEKA,
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yJIydIIeHHe Ka4ecTBa MAITHHHOTO MEPEBO/Ia ¢ OJIHOTO SI3bIKA Ha IPYTOIT;
yJIydllieHHe KaueCcTBA MAIIMHHOTO YTEHUS TEKCTa BCITYX;
nosiBjieHue U POBLIX MOMOILIHUKOB, TakuX Kak Google Now u Amazon Alexa;

yupaBJjeHue aBTOMOOMJIEM Ha YPOBHE Y€JIOBECKA;

0O 00 0 D

MOBBIIIEHHE TOYHOCTHU I[EJIEBON PEKJIAMBI, UCI0JAb3yeMoil kommarusamu Google,
Baidu u Bing;

Q 1OBbIIIEHUE PEJIEBAHTHOCTH IIOMCKA B UHTEPHETE;
Q nosBJIEeHNe BO3MOXKXHOCTH OTBEYATh HA BOTIPOCHI, 33/[aHHBIE BCIYX;
Q wurpa B ['o cusbHee yesioBeka.

MbI Bee eliie IpOoIoJIKaeM UCCIeI0BaTh BO3MOKHOCTH, KOTOPbIE TauT B cebe riybokoe
oGydenune. Mbl HaYa M MPUMEHSTH €r0 K MIMPOKOMY KPYTy HpobJeM 3a Ipe/eaMu
MAITMHHOTO BOCIIPUATHS U IOHUMAHUSI €CTECTBEHHOTO SI3bIKa, TAKUX KaK (hopMasibHbIe
paccyskaenus. Ycrex B 9TOM HallpaBJeHUN MOKET O3HAYaTh HAYaJI0 HOBOI 9Pbl, KOT/a
riy6okoe o0yueHue OyaIeT moMoraTh JIOJAAM B HayKe, paspaboTKe IIPOrpaMMHOIo obe-
CIIEYEHUS U MHOTUX JIPYTUX 00JIACTSX.

1.1.7. He BepbTe pekname

B cdepe rmy6okoro o6ydeHnst 3a TTOCTEHIE TOIBI YAATOCH TOOUTHCS 3AMETHBIX YCIIEXOB,
OJTHAKO OJKUIAHUS Ha Oy/IyIiee AecsaTUIeTne OOBITHO HAMHOTO TTPEBBIIAIOT BEPOSTHBIE
nocTxkenus. /laxke mpu TOM, YTO MHOTHE 3HAYUTEJbHBIE TIPUMEHEHMS, TAKUE KaK aBTO-
TIAJTOTHI JI7TsT aBTOMOOUITEH, HAXOSITCST TPAKTHYECKY Ha 3aKTIOUNTETLHON CTaI! Peai-
3aIMK, MHOTHE JIPYTHE, TAaKKe KaK TIOJTHOTIEHHbIE TUAIOTOBBIE CUCTEMBI, TIEPEBOT MEKITY
MIPOMBBOJILHBIMU SI3BIKAMU Ha YPOBHE UeJIOBEKA M TIOHUMaHUE eCTECTBEHHOTO SI3bIKa Ha
YPOBHE YeI0BEKA, CKOPEE BCETO, €Tl IOTOE BPeMsT GYIIyT OCTaBAThCS HEOCTIKIMBIMIL.
B wacTHOCTH, He CTOUT Beephe3 BOCTPUHUMATE PA3TOBOPLI 00 uHmenriekme Ha yposne
uen06eKa. 3aBBIEHHBIE OKUIAHIS OT OIKANRTIIETO OYAYIINETO TAasAT OMACHOCTD: U3-32
HEBO3MOKHOCTH Pean3al[iil HOBBIX TEXHOJIOTMI MHBECTUIIUH B UCCIIEAOBAHUS Oy YT
MasaTh M MIPOTPECC 3aMEJITTITCS Ha I0JITOE BPeMsl.

Takoe y:xe nmpoucxoaunso panpiie. B npouiom MU nepesxus Be BOJIHBI IO/ /beMa OI1-
TUMU3Ma, 32 KOTOPBIMH CJIEJOBAJI CIIa/l, COTIPOBOKIAEMBII Pa304apOBAHUSMU U CKETI-
TUIIM3MOM U, KaK pe3yJbTaT, CHUKeHUeM (uHaHCcHpoBaHud. Bce Havamoch ¢ cuM-
Bosmueckoro MU B 1960-x. B Te panHue rojpl aBajnuch BeCbMa MHOTOOOEIIAIOIINE
porHo3bl pazsutug M. OnnH n3 caMbIX U3BECTHBIX TMOHEPOB M CTOPOHHUKOB TIOZIX0/1a
cumBosimaeckoro MM — Mapsun Muncku (Marvin Minsky) — 8 1967 roay sastBur:
«B TeueHme MOKOJIEHUS... TIPOOJIEMa CO3/IaHMsT “UCKYCCTBEHHOTO HHTeJIeKTa” Oymer
MpaKTUYECKU petieHas. Tpu roza ciycts, 8 1970 rofy, oH cuemnan 6osiee TOUHOE TIPe-
ckazanue: «Hepes Tp — BOCEMb JIET Y HAC MTOSIBUTCA MAIlIUHA C UHTEJIIEKTOM CPEHETO
gesioBekar. B 2016 roay sT0 H0CTHKEHME BCE €llle KayKeTCsl TaeKuM OyyIInM — TIOKa
MBI HE MOKEM IPe/ICKa3aTh, CKOJBKO BpeMeHU YiiieT Ha 3T0, — HO B 1960-X 1 B Havasie
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1970-x HexkoTopbie aKcepThI (KaK M MHOTHE JITO/I1 HBIHE ) TI0JIaTaJIu, YTO 9TO HAXOAUTCS
PsIMO 32 yT7I0M. HeCcKOIbKO JIET CITyCTs, M3-32 HEONPABAABITUXCS BBICOKUX OKUIAHUH,
HCCIIENI0BATEN W TPABUTEIbCTBEHHbBIE (DOH/IBI OTBEPHYJIUCH OT 9TON 06JacTH — Tak
Havasiach niepBas auma MU (BriosHe ymecTHas Metadopa, TOTOMY UTO BCE 9TO TIPOUC-
XOZIUJIO BCKOPE TIOCJIe Havyaaa XOJO0HON BOMHBI ).

Iror cnaz 661 He mocaeannM. B 1980-x Havasics mogbeM nHTEpeca K CUMBOJIMYECKO-
My MM 6narogapss 6yMy 9KCIIEPTHBIX CHCTEM B KPYIIHBIX KOMIIaHUAX. [IepBbie ycrexu
BbI3BaJI BOJIHY I/IHBGCTI/H_[I/II‘/JI7 1 KOPIIOparuu 1mo BCEMY MUDPY CTa/IN CO3MaBaTh CBOU OT-
nenbt U, sarumaroruecs: pazpaboTioii axcnepTHbix cucteM. K 1985 roy koMmnanuu
Tpatuin Gosee murapaa gojuapos CIITA B roj Ha pasBUTHE TEXHOJOIMHU, HO K Ha-
gany 1990-x, 13-3a JOPOrOBU3HBI B 0OCTYKUBAHNIN, CJIOKHOCTEH B MaCIITabUPOBAHNI
U OFPaHUYEHHOCTH TPUMEHEHNS, UHTEPEC CHOBA HAaJaJs 1MajiaTh. Tak Havamach BTOpast
3uma 1.

B macrosmiee BpeMst MBI HOAXOANM K TPETheMY ITUKJY pazodapoBanus B VIV, Ho moka
MBI ellle HaxouMmcs B (hade 3aBbIllieHHOTO onTuMu3Ma. Ceifuac Jrydiiie BCero yMepuTh
HAIIN OJKUIaHVsT HA GIVKAIITYIO TIEPCIIEKTHBY ¥ TOCTAPATHCS IOHECTH JI0 JTIOEH, MAJIo
3HAKOMBIX C TEXHUYECKOU CTOPOHOM 9TOI 06JIACTH, YTO UMEHHO MOXKET JaTh rIyOOKOe
o6ydeHre U Ha YTO OHO HE CIIOCOGHO.

1.1.8. MNepcnekTtuebl A

Jlaske Ipu TOM, 4TO HAIIM OKUAAHUS HA OIMKANIITYIO IEPCIEKTUBY MOTYT OBITh HEpe-
AJIMCTUYHBIMU, JOJITOCPOYHAA KapTHUHA BBITJIANUT BECbMa APKO. MBI TOJIBKO HAUMHAEM
IIpUMEHATDH I‘JIy6OKO€ 06yquHe K pelIeHn1o MHOTUX BasKHbIX 3a/iad: OT MEITUIIMHCKUX
AMarHo30B /10 UG POBHIX MTOMOIIHUKOB. B mocieaHue mATh JIeT UCCIeI0BaHus B 00-
gactu IV npoABUTadnuch yAUBUTEIHHO OBICTPO, BO MHOTOM (Jiarojiapsi BBICOKOMY
YPOBHIO (PMHAHCUPOBAHWSA, HUKOT/A TPEXkAe He HAOI0JAaBIIEMYCS B KOPOTKOI
HUCTOPUH UCKYCCTBEHHOTO WHTEJIJICKTA, HO TIOKA CJIUIITKOM MaJOMY, YTOObI 3TOT MPO-
rpecc BOILJIOTUTh B MPOYKTHI U TIPOIleCChl, (hOpPMUPYIOIHe HAll MUP. BoJbIInHCTBO
PE3yJIbTaTOB UCCAEAOBAHUI B IIyOOKOM 00yUYEeHUHN MTOKa He HAILJIN MPAKTHUECKOTO
MPUMEHEHMS, 110 KpaliHell Mepe MPUMEHEHN K PEIIeHUIO TIOJTHOTO CIIEKTPa 33/1a4, T/Ie
9Ta TEXHOJIOTHS MOTJIa Obl HAiiTH TpuMeHeHue. Bar 10kTop U Batn Gyxraarep moka
He ucnoab3yior V. Bel camn B cBoeli TOBCE/ITHEBHOM KM3HU TOKe, BEPOSITHO, HE MC-
noJsib3yete Texnosiornu . Koneuno, Bbl MOKeTe 3a/1aBaTh IIPOCTbIE BOIIPOCHI CBOEMY
CMapT(l)OHy 1 I10JI1y49aTb Pa3yMHbI€ OTBETDHI, BbI MOJKETE ITIOJIYIUTb BECbMa I10JIE3HBIE
PEKOMEH/IAIIY TTPU BHIGOPE TOBAPOB Ha AMAazon.com u 1o (pase «IeHb POKIECHUS>
6bicTpo HaiiTu B Google Photos dortorpaduu co g poskaeHus Bauiei qouepu, Ko-
TOPBIN GBI B TIPOLILIOM MeCsIIie. ITO, HECOMHEHHO, 00JIbINoi iar Briepea. Ho takue
MHCTPYMEHTBI JIMNIb JOMOJHAIOT Hallly *ku3Hb. VI errie He 3aHs1J1 IIeHTPaIbHOE MECTO
B Hallleil JKu3Hu, paboTe 1 MBICJISIX.

Ceituac TpysiHO TIOBepuTh, uTo VIV MOKeT 0Ka3aTh 3HAYNTEIbHOE BIAUSHIE HA HAII
MU, TOTOMY UTO €Ille He Pa3BEPHYJICS BO BCIO MHUPb, — Tak B 1995 roxy TpyaHO OBbLIO
MOBEPUTH B Oyylilee BJIUsHIE HHTePHETA. B TO BpeMsi OOJIBIIUHCTBO HE TOHUMAJIO,
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KaKoe OTHOIIEHNE K HUM MOKeT UMeTh MHTePHET U KaK OH M3MEHUT UX KU3Hb. 10
JKe MOKHO CErOJIHs CKa3aTh 0 TyGoKoM 06ydeHnr U 00 UCKYCCTBEHHOM HHTEJIIEKTE.
Byibre yBepeHbI: 9pa HCKYCCTBEHHOTO MHTE/JIEKTa HACTYTIUT. B HeanekoM Oy aytiem
MW craner BanmmM MOMOIIHUKOM U Jlaske JAPYTOM; OH OTBETUT Ha Balld BOIPOCHI,
MIOMOJKET BOCITUTHIBATD JIETeil M MPOCIENUT 3a 30poBbeM. OH OCTABUT TPOAYKTHI
K Balllell ABepU U OTBE3ET Bac U3 MyHKTa A B IIyHKT B. D10 Oyzer Bam unrepdeiic
K MUPY, KOTOPBIil Bce Gojiee yCa0KHsAeTCS U HanojHsiercs uidopmanueid. 1, uro
ocobeHHo BaxkHo, IV Gyzer crmoco6CTBOBATh YeJI0BEYECTBY B ABUKCHUH BIIEPE,
MOMOTasi yY€HbIM /I€JIATh HOBbIE TPOPBIBHBIE OTKPBITHUS BO BCEX 00JIACTSIX HAYKH, OT
TeHOMUKH JI0 MATEMATUKH.

[To myT MBI MOKEM CTOJIKHYTBHCS C HeyJadaMu U, BO3MOKHO, TIEPEKUTH HOBYIO
3umy M — Tak ke Kak IMocje BCIJIecKa Pa3BUTHUS MHTepHeT-uHaycTpun B 1998—
1999 romax mpowusormies craj, BBI3BAaHHBIN YMEHbIIEHNEM WHBECTUIIUI B HavaJe
2000-x. Ho MBI mpuseM Tyda — paHO WM 1M034HO. B koHeurnom urore U Gyner
HMPUMEHSATHCS BO BCEX Ipolleccax B HalleM oOIecTBe ¥ B HAIllel JKU3HHU, Tak jKe Kak
MHTEPHET CETO/IHSI.

He BepbTe pekiame, HO JOBEPSIITE JOJATOCPOYHBIM IPOTHO3aM. MokeT HoTpeboBaThCst
Kakoe-TO BpeMs, 110Ka UCKYCCTBEeHHbII NHTeJIeKT PACKPOeT BeCh CBOi IIoTeH1uall, Iy -
GUHY KOTOPOT'O [TOKa ellle HUKTO HE MOKET JasKe MPeACTaBuTh, Ho IV mpuaer u usMeHnT
Har MUP (haHTACTHYECKUM 0OPa3OM.

1.2. YT0 661510 A0 rnybokoro obyyeHus:
KpaTkasi UICTOpUS MALLMHHOIO 06y4eHus

[y6okoe 06ydeHne JOCTUIIO YPOBHsI 00IECTBEHHOTO BHUMAHUS ¥ WHBECTUIUH, He-
BU/IAHHBIX [IPEK/IE B UCTOPUK UCKYCCTBEHHOTO MHTEJLIEKTa, HO 9TO He TIepBast yCIelHast
dhopma MammHHOTO 00y4YeHust. MOKHO € YBEPEHHOCTBIO CKa3aTh, 4TO OOJIBITHHCTBO
AJITOPUTMOB MAaIIMHHOTO O6y‘{eHI/Iﬂ, HCIIOJIb3YEMbBIX ceiyac B TIPOMBINIJIEHHOCTH, HE
SABJISTIOTCSI JITOPUTMaMU T1y6oKoro obydenist. [y6okoe 0OydeHune He Beer/a siBJsieTcst
[PaBUJIbHBIM UHCTPYMEHTOM: HHOT/IA IPOCTO HEOCTATOUHO JAHHBIX s IIIyGOKOTO
obyueHwst, UHOT/IA PobJIeMa JIydlile PEIIaeTcs: ¢ IPUMEHEHUEM J[IPYTUX aJTOPUTMOB,
Ecsm riry6okoe o6ydeHie — Balll [IEPBbI KOHTAKT ¢ MAIIHHHBIM 00y Y€HUEM, BbI MOJKETe
OKa3aThCsl B CUTYAIUK, KOTJIA, IOJIYYKB B PYKH MOJIOTOK TJIyOOKOr0 0Oy4YeHuUs, Bbl HAUHE-
Te BOCIPUHUMATH BCE 3a/1auli MAIIMHHOTO OOYYeHUs KaK IBO3/U. EAMHCTBEHHbIN CIOCO0
HE IIOITaCTb B 9TY JIOBYHIKY — INOSHAKOMUTDLCA C APYTIUMU NNOAXOJaMU U IMTPAaKTUKOBATb
1X, KOTZIa 9TO HeOOXOIUMO.

B 5710ii kHKre Mbl He OyzieM oApoOHO 00CYKAATh KIACCUYECKHE OAXO0/bl K MAIIUHHOMY
06y4eHnIO, HO KOPOTKO MPEACTABUM UX W OIUIIEM UCTOPUYECKUI KOHTEKCT, B KOTOPOM
oHy pazpabaTblBaINCh. DTO MOMOKET BaM yBUIETh, KAKOE MECTO 3aHUMAET riyboKoe
oOyuenue B 6oJee MUPOKOM KOHTEKCTE MAITMHHOIO 00yYeHNs, U JIydllle IOHATh, OTKYAa
HPUILIO TIyGOKOe 0OyUeHUE U OUYEeMY OHO MMeeT GOJIBINoe 3HAUEHIE.,
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1.2.1. BepoaTHOCTHOe MoAenMpoBaHue

Beposmmuocmioe moderuposanie — 310 TPUMEHEHVE TIPUHITHTIOB CTATUCTHKY K AHATI3Y
MAHHBIX. ITO OJ[HA U3 CAMBIX PAHHUX (hOPM MAITHHOTO 00YYEHs, KOTOPas 10 CUX TTOP
HAXO/IUT IIUPOKOE UCToyb30Banue. OMHNM 13 HanboJiee M3BECTHBIX aJITOPUTMOB B 3TOI
KaTerOPUH SIBJISIETCS HAUBHBIN GalleCOBCKUIN aJITOPUTM.

Hausublii 6aiieCOBCKUIT aIrOPUTM — 3TO BUJ KJIACCH(PUKATOPA MAIUHHOTO O0YYEHHS,
OCHOBAHHBII HAa TIPUMEHEHNH TeopeMbl Baiieca co cTporumu (Wi «HauBHBIME >, OTKY /1A
U [IPOUCXOJNUT Ha3BaHUE AJITOPUTMA) IIPE/IIOJ0KEHUAMU O HE3aBUCUMOCTH BXO/IHBIX
JaHHBIX. JTa hopMa aHaIM3a JAaHHBIX IIPEIIEeCTBOBAJA TIOSBICHUIO KOMIIBIOTEPOB
U IECATUIICTUSMU TTPUMEHAIACh BPYUHYIO, TOKA HE MOSIBUJIACDH ee TIepBasi peaansaius
Ha KoMibtotepe (B 1950-x rogax). Teopema Baiieca u OCHOBBI CTATUCTUKY GBI 32710~
JKEHbI B BOCEMHA/IIIATOM CTOJIETHH, U 3TO BCE, YTO HYKHO JIJISI UCIIOIb30BaHM S HAUBHBIX
GaitecOBCKUX KIaccuUKaTOpoB.

C 5TUM aJITOPUTMOM TECHO CBsI3aHA MOJIENb J02ZUCMUUECKOU pezpeccuu (COKpaIeH-
Ho logreg), KOTOpy10 MHOTrAA paccMaTPUBAIOT Kak aHasor npumepa <hello world»
B MalmHHOM 00yueHuu. IlycTh Bac He BBOAUT B 320y KieHUe HasBaHue. Moesb
JIOTUCTUYECKON PEerpeccru — 3TO aJITOPUTM KjiaccuduKaiuu, a He perpeccun. Tak
JKe KaK HauBHBII 6alleCOBCKUI aJrOpUTM, MOZIE/Ib JIOTUCTUYECKOI perpeccuu Oblia
paspaboTaHa 3a10/IT0 [0 IOSIBJIEHM KOMIIbIOTEPOB, HO A0 CUX IIOP OCTAETCSI BOCTpPe-
GoBaHHOU GJ1arojapst CBOeil IPOCTOTE U YHUBEPCAAbHOU pupoje. HacTo aTo nepsoe,
YTO TBITAETCS CEJaTh UCCIe0BaTEb CO CBOUM HAOOPOM JaHHBIX, YTOOBI OJYYUTh
npeJcTaBIeHue O Kiaccuukaimm.

1.2.2. lNepBble HEMPOHHbIE CETU

Pannue Bepcuyt HeHPOHHbBIX ceTell ObLIN TOJHOCTHIO BHITECHEHBI COBPEMEHHBIMU BapH-
aHTaMHU, O KOTOPBIX PACCKA3BIBAETCS HA CTPAHUIIAX HTOU KHUTH, HO BaM OYJIET TT0JIE3HO
3HaTh, KAK BO3HUKJIO T1yOoKoe oOydeHnne. OCHOBHBIE MeH HEHPOHHBIX CeTell B YIIPO-
IeHHOM Bujie ObLn nccseaoBansl eile B 1950-x. J[o/roe BpeMs pa3BUTHE 9TOTO IOAXOAA
TOPMOBIIIOCH U3-3a OTCYTCTBUS 3 (EKTUBHOTO cri0coba 00y4IeHrst GOMbIINX HEHPOHHBIX
cereii. Ho curyarus mamenuiach B cepenuie 1980-X, Kora HECKOTBKO UCCTE0BaTENElH,
HE3aBUCHMO JPYT OT JAPYra, BHOBb OTKPBLIN aJITOPUTM 00PATHOTO PACIpPOCTPAHEHS
ommbKkK — crocod 0OydeHus IeNoYeK MapaMeTPIYeCKUX ONepainii ¢ UCIIOAb30BAHIEM
MeTOojIa TPAJIMEHTHOTO CITycKa (/lajiee B KHUTE Mbl JIaJIMM TOUYHBIE OIPEIeIEHUsT 9TUM
HOHHTI/IHM) — 1 HaYaJin HpI/IMeHHTb €ero K HeﬁpOHHbIM CETAM.

[TepBoe ycrentaoe mpakTHdeckoe NpuMeHeHne HeHPOHHBIX cetelt matupyercd 1989 ro-
nom, korma Su Jlexkys (Yann LeCun) B Bell Labs o0beunm pasnaue uaen CBepTOUHBIX
HEHPOHHBIX ceTeil 1 06PATHOTO PACITPOCTPAHEHST OTITHOKI U IPYMEHIT UX JIJIST PETTEHUST
3ajlaun pacIio3HaBaHusi pyKomucHbIX 1udp. [lomyuuBiiasicst B pe3ysibrare HEHPOHHAsT
cerb ObuIa HazBaHa LeNet u ucnojib3oBasach moutoBoii caysk6oit CIITA B 1990-x s
aBTOMATHYECKOTO PACTIO3HABAHUST TIOYTOBBIX NHIEKCOB HA KOHBEPTAX.
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1.2.3. SlpepHble MeToAbI

[To mMepe mpuBJieUeHNST BHUMAHUS UCCeJoBaTenell K HeHpoHHBIM ceTsaM B 1990-x
u GJaroiapsi MePBOMY yCIIeXy IPUOOPEN U3BECTHOCTD HOBBIH TTOAXO0/] K MATHHHOMY
00yueHNI0, OBICTPO OTIPABUBIINN HEHPOHHBIE CETH OOPATHO B HEOBITHE: SJIEPHBIE Me-
tozbl (kernel methods). Adeprvie memodvr — o1o rpynna anropuTMoB KiaccupuKaiuu,
U3 KOTOPBIX HAMOOJIBIIYIO U3BECTHOCTD MOJIYIUI Memod 0nopHuix éexmopos (Support
Vector Machine, SVM). Cospemennast hopmyiuposka SVM Obuia npeioxena Biaaau-
mupom Bamankom (Vladimir Vapnik) u Kopunnoii Koprec (Corinna Cortes) B Hauase
1990-x B Bell Labs u onry6imkosana B 1995 roay'. IlpexHsis muHeliHas popMyinpoBKa
Obu1a onyOankosana Bannukom u Asekceem Yepsonenkucom (Alexey Chervonenkis)
B Havasie 1963 romga’.

Merto[ OTIOPHBIX BEKTOPOB ITPEJHA3HAYEH [IJIs PEIlIeHMs 3a1a4 KJac- /
cuduKaIuy myTeM 1momcka Xopomux pewarouux epanuy, (puc. 1.10), o/ o o
pasesISTIoNUX JiBa Habopa TOUEK, IPUHA/JIEKAINX PA3HbIM KaTero- ’\ L]
pusiM. Pernatoreii rpanuiieil MoskeT ObITh JIMHUS WM TOBEPXHOCTD, N o®
pasjiesstionas BBIGOPKY 06yJalonux JaHHbIX HA IPOCTPAHCTBA, TIPU- Oo\\.
HaJJIesKalme IByM Kateropusam. Jluist kiraccuuKaium HOBbIX TOUEK O \\0.
JOCTATOYHO TOJIBKO TIPOBEPUTB, 110 KAKYIO CTOPOHY OT IPAHUIIBI OHU 00 o °
HAXOJISITCSI. o (\
[Towck TakWX rpaHUI] METO/I OTIOPHBIX BEKTOPOB OCYTIECTBIISIET B /[BaA ‘
JTana: Puc. 1.10.
Pewatowias
1. Jlaruble 0TOOPAKAIOTCS B HOBOE TIPOCTPAHCTBO GoJiee BHICOKOI rpaHu1La

Pa3MEPHOCTH, /i€ TPAHUIIA MOKET OBITH IPEICTABIEHA KAK TUIIEP-
IJIOCKOCTD (eI JIaHHble ObLIN JByMEPHBIMU, Kak Ha puc. 1.10,
TUTIEPILTIOCKOCTD BBIPOKIACTCS B JITHUIO).

2. Xopolasg pemaoiiasi rpaiuiia (pasaeasonias THIepIIOCKOCTb) BbIYUCIISIETCS
[yTeM MaKCUMU3AINUU PACCTOSAHUSA OT THIEPIIOCKOCTH 0 OIMKalINX TOYeK
Kayk/I0r0 KJIacca, 9TOT ATall Ha3blBAIOT MAKCUMUSAUUET 3A430PA. DTO TTO3BOJSET
06061UTh KIaccuUKAIUIO HOBBIX 06Pa3IoB, He TIPUHA/JIEKANNX 00yIatoneMy
HabOPY JaHHBIX.

Metoanka 0TOOpakeHNsT JaHHBIX B TPOCTPAHCTBO GoJiee BBICOKOH Pa3MEePHOCTH, TJie
3a1aua KaaccnUKaIuy CTAaHOBUTCS MPOIIE, MOKET XOPOIIO BBITJISETh Ha Gymare, HO
Ha MPaKTUKE 9aCTO OKA3bIBACTCS TPYAHOPA3PEIMMOil. BOT TyT M IpuxoauT Ha moMonh
U3sIIHast porieypa kernel trick (kroueBast ujest, o0 KOTOPOU si/IePHBIE METOIBI MOJIY-
ynimn cBoe HazBanue). CyThb ee 3aKII0YaeTCs B CIeAy0MeM: YToObI HATH XOoporine
pemamnme TUIMEPIIOCKOCT B HOBOM ITPOCTPAHCTBE, ABHO BBIYHCJIATH KOOPJANHATDBI
TOYEK B HTOM NPOCTPAHCTBE HE TPEOYETCS; JOCTATOYHO BEIYUCANTD PACCTOSHIST MEKLY

! Vladimir Vapnik and Corinna Cortes, «Support-Vector Networks», Machine Learning 20, no. 3
(1995): 273-297.

2 Vladimir Vapnik and Alexey Chervonenkis, «A Note on One Class of Perceptrons», Automation
and Remote Control 25 (1964).
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apaMu TOYeK, 4TO MOKHO 3(h(HEKTHBHO C/IETaTh ¢ TOMOIILIO PyHKuuu a0pa. DyHKIms
sipa — 9TO He3aTpaTHAst BBIYMCIUTEIbHAS OMePaIiist, 0TOOpasKaroIas Joobie 1Be TOY-
KM U3 UCXOZHOTO ITPOCTPAHCTBA U BBIUMCISAIONIAS PACCTOSHUE MEK/Y HUMU B 1[EJIEBOM
IIPOCTPAHCTBE IPE/CTaBACHUS, TOJTHOCTBIO MUHYS SIBHOE BBIYMCJIEHUE HOBOTO IIpel-
crapienus. OYHKIUYU gpa 0OBIYHO OMPEAESTIOTCS BPYYHYTO, 8 He U3BJICKAIOTCS U3
JAHHBIX — B CJIy4ae ¢ METO/IOM OIIOPHBIX BEKTOPOB 10 JJAHHBIM OIIPE/IeIseTCs TOJIbKO
pas/iesigonias ruiepIIocKOCTb.

Ha MomeHT pa3paboTKu METO OMOPHBIX BEKTOPOB AEMOHCTPUPOBAJ JTy4IIYIO IPOM3BO-
AUTEJIbHOCTD Ha IMTPOCTBIX 3a/la4ax KJIaCCI/I(l)I/IKaHI/H/I n 6bI]I OJHUM N3 HEMHOTUX METO/10B
MAIIMHHOTO 00yYeH s, 00JIaIaI0IIIX OOITMPHOM TeOPETHUECKON Ha30ii U MOIATOIIINXCS
CEPHE3HOMY MAaTEMAaTHIECKOMY aHAJIM3Y, YTO CIAETATI0 €T0 XOPOIIO TIOHSATHBIM M JIETKO
MHTEPIPETUPYEMbBIM. Biiarogapst aTuM cBOWCTBAM METO OTIOPHBIX BEKTOPOB MPUOGpe
‘{pe3BquaI>,IHyIO HOHyﬂHpHOCTb Ha I0JIrrue robl.

OtHAKO METOJT OTIOPHBIX BEKTOPOB OKA3aJICs TPYIHO TIPUMEHUMBIM K GOJIBITM HabopaM
JAHHBIX U HE JaBaJl XOPOUIMX Pe3yJIbTaTOB IS TAKUX 33j1a4, Kak Kiraccudukaius uso-
Opaskennit. Tak kak SVM sBisieTcs IOBEPXHOCTHBIM METOIOM, AJIS €r0 IPUMEHEHIS
K 3a/[a4aM Paclio3HaBaHus TpedyeTcs cCHaYa a BPYYHYIO BBIJETUTD IPEACTABUTETHHYIO
BBIOOPKY (3TOT IIar HA3BIBAETCSI KOHCMPYUPOBAHUEM NPUSHAKOS), UTO COMPSIKEHO CO
CJIOKHOCTSIMU M UPEBATO OMINOKAMH.

1.2.4. [lepeBbsi peLeHnii, CrlyyarHble neca
W FPaAVEHTHbIV BYCTUHT

Zepesvsi pewenuii — 9T0 MepapxuvecKue CTPYKTYPhI, KOTOPBIE MTO3BOJISIOT KIaccudu-
I[UPOBATh BXOJIHbIE IAHHBIE UJIU MTPECKA3BIBATH BBIXOHbIE 3HAUYEHUS 110 33JAHHBIM
ncxonnbiM 3HaderusM (puc. 1.11). Ouu Jerko BU3yasnsupyioTcs: © MHTEPIPETUPYIOTCS.
[lepeBbs pelrtenuii, hopMupyeMble Ha OCHOBE JAHHbBIX, 3AMHTEPECOBAIN UCCIIeI0BATENEl
B 2000-x, 1 k 2010 rogy M 4acTo OT/IaBaN MTPEATOUTEHNE TTEPE]] SIJIEPHBIMU METOIAMH.

BxopHble faHHble

Kateropus Karteropus Kateropus Kateropus

Puc. 1.11. [lepeBo pelleHuit: 06y4aeMbiMU NapaMeTpaMi SBISKOTCS BOMPOCh! O A@HHbIX.
Takum BonpocoM Mor 6bl 6bITb, Hanpumep, Bonpoc «KoahduuMeHT 2 B AaHHbIX
6onbLe 3,5?»
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B wactHOoCTH, anroput™ cayuainozo reca (Random Forest) mpeanosKui HaaeKHbIi
U IIPAKTUYHBII TOAX0/] K 00yYEHHUO HA OCHOBE JIEPEBHEB PEIeHIIT, BKIIOUAOIIIIT CO3/1a-
HUe OOJIBIIIOTO KOJUUECTBA CHEIHATU3UPOBAHHBIX IE€PEBHEB PEIICHUH € TIOCIEYIOIIIM
oObe/IMHEHNE BBIIABAEMBIX UMHU Pe3ysibTaToB. CirydaiiHbie Jieca MPUMEHUMBI K MIUPOKO-
MY KPYTY 3aJla4 — MOKHO CKa3aTh, UTO OHU [TOYTU BCET/IA SIBJISIIOTCS OTITUMATbHBIM aJl-
TOPUTMOM JIJIs1 JTIOOBIX 33714 IIOBEPXHOCTHOTO MaruHHoro ooyuenus. Koraa B 2010 romgy
ObLJI 3aIlyIIEH OIYJIAPHBII KOHKYPCHbII BeO-caiit Kaggle (http.//kaggle.com), nocss-
IIEHHBIH MAalIMHHOMY OOYY€eHHI0, CiIydaiitble jieca OBICTPO MPEBPATUIINCH B HarboJiee
MOMyYJIPHYO Tatdopmy, Toka B 2014 rojry He TIOSBIIICS Memoo epaduenmiiozo Oycmu-
2a. MeTtoJ| rpailueHTHOro OYCTUHIa, BO MHOTOM HAIIOMUHAIONIMIA CJIy4YaiiHblii j1ec, — 9T
[IpreM MALTMHHOTO 00y4eHus], OCHOBAaHHBIN Ha 00beArHeHIH CJIa0bIX MO/IeJIeil IIPOrHO-
3MPOBaHUS, 00BIYHO — IepeBbeB pemmenuii. OH UCIO/Ib3yeT IPafueHTHbII OYCTUHT, CIIO-
€06 yaryunieHus 060l MoJIe/I MAIIUHHOTO 00yUYeHHUsT Iy TeM UTEPATUBHOTO 00y YEHMsI
HOBBIX MOJIEJIel, CIIeIUaJIU3UPOBAHHBIX /IS YCTPAHEHHUS CJIA0BIX MECT B IIPEAbIAYIIIIX
Mojiesisix. IIpUMEHUTETBHO K JIEPEBbSIM PEIIeHUH TIPHeM TPaeHTHOTO GyCTHHTA 110-
3BOJISIET TIOJTYYUTh MOJIEJIH, KOTOPBIE B OOJIBIIIMHCTBE CJYYAEB IIPEBOCXOIST CIydaiiHbie
Jieca — TIPU COXPaHEHWH aHAJOTUYHBIX CBOMCTB. Ha ceroguaniauii 1eHb aT0 OUH U3
JIYUIIUX AJITOPUTMOB, XOTS U He CAMbILL JIYUIITUH, JIJIs1 PENeHns 3a/1a4, He CBSI3aHHbIX
¢ pacrosHaBanueM. Hapsay ¢ riy6okum obydeHneM 9To oJuH 13 HarboJiee MUPOKO
HCIIOJIb3yeMbIX ITPpUeMOoB Ha caiite Kaggle.

1.2.5. Hazag K HEMPOHHbIM CETAM

[Ipumepno B 2010 roxy, HeCMOTPS Ha TIOYTH MOJTHYIO TIOTEPIO MHTEpeca K HEHPOHHBIM
CETSIM CO CTOPOHBI HAYYHOTO COOOIIECTRa, PSAIL UCCASOBATEEH, TPOOIKABIINX pabo-
TaTh ¢ HEHPOHHBIME CETSAMM, CTAIN J0OUBATHCS BXKHBIX ycrexoB: Tpybl [[xreddpu
Xunrona (Geoffrey Hinton) us yunsepcurera B Toponto, Monrya Benrno (Yoshua
Bengio) us yauBepcurteta B Monpease, Ana Jlekyna (Yann LeCun) us yauBepcureta
8 Huio-Ilopxke u nccieoBaren B Hay4HO-HCCIC0BATEILCKOM HHCTHTYTE HCKYCCTBEH-
noro unressiekra IDSTA B [Beiinapun.

B 2011 rogy len Kupecan (Dan Ciresan) ns IDSIA Beiurpasn akasieMuaecknii KOHKypC
1o KIaccuuKanum n300pasKeHNi ¢ IpUMeHEHneM TIIyOOKIX HEHPOHHBIX ceTeid, 00y-
yaeMbIX Ha GPU, — 5T0 ObLI IEPBEII MPAKTUYECKUH YCIIEX COBPEMEHHOIO IIIyOOKOro
o6yuenus. Ho nepesiom npousotien B 2012 roxy, korga rpymina XuHTOHA IPUHSLIA y4ya-
cTHe B eXerofiHoM copesHoBannu ImageNet 1o KpymHoMactabHOMY Paciio3HaBaHUIO
06pazos. ImageNet mpeiToKMIa OUeHD CJIOKHOE Ha TO BPEMST 3aJIaHNE, 3aKII0UATOTICeCsT
B KJaccu(pUKAIMN [[BETHBIX H300paskeHUil ¢ BRICOKMM paspelienueM Ha 1000 pasHbIx
KaTeropuii mocjie 00ydeHust 10 BbIOOPKE, BKIOUAOIIe 1,4 MIITHOHa H300paskeHI.
B 2011 roy Moesb-tobeiuTe b, OCHOBaHHAST HA KJIACCUYECKHUX TIO/IX0/IaX K PACIO3HA-
BaHUIO 06PA30B, TIOKA3a/Ia TOYHOCTD JuIIb 74,3 %. B 2012 roxy komanna Anexca Kpu-
sxkescku (Alex Krizhevsky), 8 kotopoii cosernukom 6b11 Ixxeddpu Xunron (Geoffrey
Hinton), nocturaa rounoctu B 83,6 % — 3nauntesibbiil popbiB. C TeX mop KaskIbli Tojl
HepBbIe MO3UITUI B 9TOM COPEBHOBAHUM 3aHUMAIOT IJIyOOKHE CBEPTOYHbIE HEHPOHHBIE
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ceru. B 2015 roxy nobeaurens goctur rouHocTr B 96,4 %, 1 3agava kaaccubuKaum Ha
ImageNet Oblta couTeHa penenHoi TOTHOCTDHIO.

Haunnas ¢ 2012 roza riy6okue cBepTOUYHbIE HeipOHHbIE ceTH (COKPAIEHHO cononets)
MEPENIN B Pa3psi/l IEPEAOBBIX AITOPUTMOB [IJIsl BCEX 3a/la4 Paclio3HaBaHIsi 0OPa30B;
B 6oJiee OBIIEM TIIaHe OHU € YCIIEXOM MOTYT UCTIOh30BAThCA B JIOOBIX 33/1a4ax Paciios-
HaBaHust, Ha KpymHBIX KOH(DEPEHIUAX [0 PACIIO3HABAHUIO 00PA30B, TIPOBOIUBIITIXCSI
B 2015 1 2016 rogax, 6bLI0 TPYAHO HAUTH IIPE3EHTALINIO, HE BKIIOYAIONIYIO CBEPTOYHBIE
HEMPOCeTH B TOM WJIH HHOM BH/Ie. B TO ke BpeMst riry6okoe o6ydeHue HaIIIo TIPUMEHe-
HUEe BO MHOTUX JIPYTUX BUAX 3a/1a4, TAKUX Kak 06paboTKa ecTeCTBEHHOro sA3bika. OHO
IIOJIHOCTBIO 3aMEHUJIO METO/L OLIOPHBIX BEKTOPOB U /IePeBbs PellleHUil B LIMPOKOM Kpyre
3aza4. Hanpumep, B TeueHne HECKOIBKUX JieT EBporielickast opraHusalius 1o si/iepHbIM
uccienosanusim (European Organization for Nuclear Research, CERN) ucnosnbszosaia
METO/Ibl HA OCHOBE JIEPEBbEB PEIEeHUI Ui TAHHBIX, TOJYUaeMbIX C JIeTEKTOPA YaCTUIL
ATLAS B 60J1b1110M aZpOHHOM KoJLTalizepe, 1o 3ateM B CERN ObL10 IPUHATO pellenne
MepeiTh Ha NCIToJIb30BaHue TIyOOKUX HEHPOHHBIX ceTeil Ha ocHoBe Keras ns-3a nx 6osee
BBICOKOI TIPOU3BOIMTENLHOCTU U TIPOCTOTHI 00yUeH s Ha GOJIBIITNX HAOOPaX JAHHBIX.

1.2.6. OTnnunTenbHble YepTbl rybokoro obydeHus

OcHoBHas puurHa OBICTPOTO B3JeTa TIyOOKOTO 0OYUEHUS 3aKII0UAETCS B JIyUIIieil
MPOU3BOANUTENLHOCTH BO MHOTHX 3a/auaX. OMHAKO 9TO He eIMHCTBEHHAS MPUYITHA.
I'ny6okoe oOydeHne TakKe CyLUIeCTBEHHO YIIPOIIAeT pelieHne npodiieM, IOJTHOCTHIO
ABTOMATU3UPYS BAKHEHIIHUE 1Iar B MAIIMHHOM 0OYUYEHUY, BBITIOTHABIIUNCS paHbIIe
BPYUYHYI0, — KOHCTPYHPOBAaHHE MPU3HAKOB.

[IpeiecTBOBABIINE METO/bI MAIIMHHOTO OOYYEHUS — METO/[bI TOBEPXHOCTHOTO 00yYe-
HIsT — BKJIIOYAJIN IPeoOpa3oBatiie BXOAHbBIX JTAHHBIX TOJIBKO B OJIHO WJIH [[BA [TOCJIE/0-
BaTeJIbHBIX MPOCTPAHCTBA, 0OBIYHO TIOCPECTBOM MIPOCTHIX IPEOOPAZOBAHKHN, TAKUX KaK
HeJIMHEIHAsT TPOEKINS B TIPOCTPAHCTBO (oJiee BBICOKON Pa3MepHOCTH (METO/[ OTIOPHBIX
BEKTOPOB) WJIH JiepeBbst peteHnii. OHaKO TOUHBIE IPECTABIEHMS, HEOOXOMMbIE /ISt
PEIEHUs CIOKHBIX 3a/1a4, OOBIYHO HEJb3s1 MOJIYYUTh TAKUMHU criocobamu. [ToaTomy
JIOJSAM MPUXOJNIIOCH NPHUJIArath OOJIbIINE YCUIINST, 9TOOBI TIPUBECTH UCXO/HBIE TAHHbBIE
K BHjLy, G0J1ee TIPUTOAHOMY /ist 00pabOTKM HTHUMU METOAAMMU: UM TIPUXO/UIOCH BPYYHYIO
YJIYUIIIaTh CJION MPEeICTaBIEHHsT CBOMX JAHHBIX. JTO HA3BIBAETCSI KOHCMPYUPOBAHUEM
npusnaxos. Tnybokoe obydeHne, HAIPOTUB, MOJHOCTHIO ABTOMATU3UPYET HTOT IIar:
¢ IPUMEHEHUEM METO0B T1yOOKOro 00ydyeHust Bce MPU3HAKK U3BJIEKAIOTCS 32 OUH
mpoxoj, 6e3 HeoOXOAUMOCTH KOHCTPYUPOBATH X BPYUHYIO. DTO OUEHb YIPOCTUIO
IPOIIECC MAIUHHOTO 00YYEHUSsT, IOTOMY YTO YACTO CJIOKHBIA U MHOTOCTYTIEHYATHII
KOHBeiiep 0Ka3aJ0Ch BO3MOKHBIM 3aMEHUTD €IMHCTBEHHOMU TIPOCTOI CKBO3HOIT MOJIENBIO
r1y6OKOro 06yYeHus.

Bbl MosKeTe CIpoCUTh: €CJTU CYTh BOIIPOCA 3aKJII0UAETCS B TIOJyYEHUN HECKOJIBKUX T10-
CJIeIOBAaTeIbHBIX CJI0€B TPEJCTaBIEHU, MOKHO JI1 MHOTOKPATHO TPUMEHUTH METOJIbI
HOBEPXHOCTHOTO 00y4eHust st umurain addekra riybokoro odyuenns? Ha mpak-
THKe HabogaeTcst ObICTPOE YMEHbIIEHHE MOCIe0BaTeIbHbIX IPUMEHEHNI MEeTOI0B
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HOBEPXHOCTHOrO 00YYEHUS, IIOCKOJIBKY ONMUMALbHBLL CILOTL NePE020 NPEeOCMABLCHUS.
6 MPEXCAOUHOU MOOCLU He ACNACTNCS ONMUMATLLHBIM NEePEbIM CLOEM 8 00HOCIOUHOU ULU
osyxcaotinot modeau. OcobeHHOCTh IpeobpasoBaHusd B IIyOOKOM 00y4eHI COCTOUT
B TOM, UTO MOJIEJTh MOXKET MCCJIEJ0BATh BCE CIIOU MPE/ICTABICHUS 8Mecme U OJTHOBPe-
MEHHO, a He TTOCIe0BaTeIbHO (MTOCIeI0BaTebHOE NCCAeI0BAHIE TAK/Ke HA3bIBAIOT
«orcadnvims). IIpu COBMECTHOM M3YYEHUU MTPU3HAKOB, KOTAA MOJeJb KOPPEKTUPYET
OJ/IMH M3 CBOMX BHYTPEHHUX IPU3HAKOB, BCE IIPOUNEe TPU3HAKY, 3aBUCSIINE OT HETO,
ABTOMATUYECKH KOPPEKTUPYIOTCS B COOTBETCTBUM C U3MEHEHMSIMU, O€3 BMEIIaTe/IbCTBa
uesIoBeKa. Bee KOHTPOIMPYeTCst e IMHCTBEHHBIM CUTHAJIOM OOPATHOI CBSI3H: KayKI0€ U3-
MeHEHUE B MOJIEJIN CJIYKUT KOHEUHOM 1111, DTO HAMHOTO 6oJiee MOIIHBIH TTOXO0, YeM
JKAJTHO HAKJIQJ[BIBATh TTOBEPXHOCTHBIE MOJIEU JIPYT HA JIPYTa, IOTOMY YTO MTO3BOJISET
usyuaTh 6oJjiee CJI0KHbIe aOCTPAaKTHBIE IIPEACTABICHI, pa3duBast X Ha JAJUHHbBIE PsI/Ibl
MTPOMEKYTOYHBIX ITPOCTPAHCTB (CJI0EB), B KOTOPBIX KAK/I0€ TOCJIE/IyIOIIee TPOCTPAHCTBO
MOJIy4aeTcsi B Pe3yJIbTaTe MPOCTOr0 PeoOpasoBaHUST TIPEBILYIIETO.

Metoanka ry6okoro o6yuenust 06gagaeT IBYMs BAKHBIMU XapaKTePUCTHKAMI: OHA
n0IMANHO, NOCIOUHO KOHCMPYUpyem éce 6ojiee CLOHCHbIE NPEOCMABICHUSL T COBMECTHHO
uccaedyem npomencymounvie npedcmasienus, Graroapst 4eMy KaxIblii cI0it 0OHOBIIS-
€TCST B COOTBETCTBUU € MOTPEOHOCTSIMU TTPEICTABIEHNUST CJIOST BBITITE W TIOTPEGHOCTIMI
caost HuKe. BMecTe 911 /iBa CBOICTBA [I€TAI0T IIyGOKOe 0OyYeHne HaMHOTO YCIIelTHee
MPEABIAYIINX MOAX00B K MAITHHHOMY O0yUYeHUTO.

1.2.7. CoBpeMeHHbIN NaHawadT MaLIMHHOIO 0byyeHus!

KonxypcHbriii caiit Kaggle maet oTIMuHYy0 BO3MOKHOCTD MOJYUUTh TIPEACTABICHUE
0 TekymieM JaHamadTe aIrOPUTMOB U HHCTPYMEHTOB MALIMHHOTO 00ydeHust. Biuarogapst
COPEBHOBATETBHOMY XapakTepy (B HEKOTOPBIX KOHKYPCAX y4acTBYIOT THICSYN COMCKA-
TeJiel, a IIPU3bI COCTABJISIOT MUJLINOHBI 1o/1apoB CIIIA) u mmpokomy pazHooOpasmio
3a/1a4 MalMHHOTO 06yYeHus, Ha caiite Kaggle MoskHO peasibHO OIIEHUTD, KAaKUE TIOXO/bI
MCITOJTH3YIOTCST M HACKOJIBKO YCITenTHO. Tak KaKol Jke aITOpUTM YBEePEHHO BBIUTPBIBAET
coctsizanusa? KakiMu HHCTPYMEHTAMU MOJIb3YIOTCS moOeuTenn?

B 2016 1 2017 rozgax na caiite Kaggle riaBeHcTBoBain ABa OAXO04A: METO/I IPa{UEHT-
Horo Oyctunra u riybokoe obyderue. MeTos rpagueHTHOro OyCTHHTa, B YaCTHOCTH,
HCIIOJIB30BAJICS [IJIsT PEIIEHNST 3a/1a4, T7Ie TPUCYTCTBOBAIM CTPYKTYPUPOBAaHHBIE IAHHBIE,
Torga Kak riybokoe oOydueHne UCnoab30Bal0Ch A PEIleHrs 3a1ad Pacllo3HABAHMS,
TaKUX Kak Kiaaccuduranust n3obpaxkeruii. Te, KTo MPaKTUKYeT MEPBBIN MOAXO, TOYTH
BCErla UCIIOJIb3YIOT BeINKoIennyIo 6ubamnorexy X GBoost, mpeaaraiolyio HoamepKKy
IBYX SI3BIKOB, HanboJiee MOIyJIIPHBIX B HayKe o gaHHbIX, — Python u R. Mexuy Tem
GOJIBIIMHCTBO KOHKYPCAHTOB, IPAKTUKYIOIUX IJIyOOKOe 00ydeHne, UCIOIb3Y10T G1ubm-
oreky Keras — mpocTyio B IpuMeHeHnH, THOKYIO U TTOAAePKUBAIONIYIO A3bIK Python.

ITUM ABYM METOAAM BbI JOJLKHBI YAEAATh 0c000e BHUMAaHKE, YTOOBI JOOUTHCS yCIexa
B IIPUMEHEHMN MAalIMHHOrO 00y4eHus B Hallle BPEeMsL: METO/ TPaJueHTHOro OycTuHra
JUIs 3a/1a4 [IOBEPXHOCTHOr0 00ydeHus 1 riybokoe oOydeHue st 3aa4 Paciio3HaBaHMsL.
B TEXHUYECKOM IIJIaHE 9TO O3HAYAET, YTO BbI JOJIKHDI BJIAJIETDh ABYMS 6I/I6JII/IOTeKaMI/I —
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XGBoost n Keras, 3annmarorniuMu JOMIHUPYIOIIEE MOJI0KeHe B KOHKYPCax Ha caite
Kaggle. Kak ToJIbKO BBI B3sJIM B PYKU Ty KHUTY, BBI YK€ CIeTaIH GOJIBITON Iar K 9TOi
TeJIu.

1.3. Mouemy rnybokoe obyyeHune? Moyemy cenyac?

JlBe KioueBbie wen Tay6oKoro o6ydeHus JUIst PEleHus 3a/1a4 paciio3HaBanus obpa-
30B — CBEPTOYHbBIC HEHPOHHBIE CETH M AITOPUTM 0OPATHOTO PACIIPOCTPAHEHUS OIIUG-
K11 — ObLIN XOPOLIO U3BecTHHI yxke B 1989 roay. AIropuT™ H0Jroii KpaTKOCPOUHOIL
namaru (Long Short-Term Memory, LSTM), cocrasigionuii 0CHOBY riiyGoKoro o0y-
YeHUsI IJisI IPOTHO3UPOBAHUSI BDEMEHHBIX PsiIoB, ObL1 ipesioxked B 1997 roxy u ¢ tex
[Op TOYTH He uaMenuiics. Tak moyemy ske ry6okoe obydeHne HaYaao IPUMEHSThCS
T0J1bKO ¢ 2012 roza? Yro n3MeHniIoch 3a 9T JBa JeCATUIIETUA?

B nesoM ManmmHHBIM 00y4EHUEM ABUKYT TPU TEXHIIECKIE CHIIBL:
Q obopynoBaHue;

Q #aGopPbI JaHHBIX U TECTBI;

O aJrOpUTMUYECKUE JOCTUKEHIHS.

[TockonbKy 9Ta 06J1aCTh PYKOBOACTBYETCS 9KCIIEPUMEHTAIbHBIMY BBIBOJIAMU, & HE
Teopueil, aropuTMUYEcCKre JOCTUKEHUST BO3SMOXKHDBI TOJbKO IIPU HAJIMYUHN JTaHHBIX
1 060PYIOBAHMS, IPUTOHBIX IS TPOBEPKY Uie (MJIH, KaK 9TO 4acTo ObIBAET, /It BO3-
POSKJIEHUSI CTapbIX ujieit). MammHaoe 00ydeHne — aTo He MaTeMaTHKa 1 He (DU3UKA, TIie
[POPBIBBI MOTYT OBITH CJIETAHBI C TIOMOIIBIO PYYKU U GyMari. ITo HHKeHepHAs HayKa.

Hacrosuum yskum MmectoM Ha nipotsikennn 1990-x u 2000-x rogos 6bLn gaHHbIe 1 000-
pynosanue. Ho B Teuenne 3TOro BpeMeH! MPOUCXOIIIO0 OYPHOE Pa3BUTHE WHTEPHETA,
a JIUIst PHIHKA UTPOBOTO TPOTPAMMHOTO OOecTiedeH st GBI CO3[aHbl BHICOKOTIPOM3BO-
IUTeTbHBIE TpadIruecKue IPOIeCCOPHL.

1.3.1. O6opynoBaHue

Mesxmy 1990 u 2010 rogamu GbICTPOAEHCTBYE CTAHAAPTHBIX ITPOIECCOPOB BHIPOCJIO MIPH-
Mepro B 5000 pas. B pesymbTate ceitdac Ha HOyTOYKe MOKHO 3aITyCKaTh HEOOIIBIIINE MO-
nenn Try60KOTO 06YUEH s, TOT/Ia KakK 25 JIeT Ha3a/l ATO B MPUHITUTIE GBITIO HEBO3MOIKHO.

Ho tunuunbie Mojiesin rirybOKOro oOydeHus!, UCIIOJIb3Y€eMble IS PACITIO3HABAHUS
00pasos WK peun, TPeOYIOT BHIYUCIUTENBHON MOLUIHOCTY Ha IIOPAAKK OOJIbIIE, YEM
MoIHOCTh HOYTOYKa. B teuenue 2000-x takue kommanuu, kak NVIDIA u AMD,
BJIOJKUJIN MUJIJTHOHBI J[OJIJIAPOB B Pa3paboTKy OBICTPHIX MPOIECCOPOB ¢ MACCOBBIM
napajuiesiudmom (rpaduueckux mporeccopos — Graphical Processing Unit [GPU]J)
ISt TTo/iiepsKKu rpacdukn Bee GoJiee pEaTUCTUIHBIX BUIEOUTP — HEOPOTHUX, CHEIU-
ANIMBUPOBAHHBIX CYIEPKOMITBIOTEPOB, TPEHAZHAYECHHBIX JIJIs1 OTOOPAKEHMST Ha IKPAHE
CJIOJKHBIX TPEXMEPHBIX CIIEH B PEKUME PEAILHOTO BPEMEHU. T MHBECTUIIH IPIHECIN
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10JIb3y Hay4HOMY coo0iectBy, korga B 2007 roxy komnanus NVIDIA seinycruia
CUDA (https.//developer.nvidia.com/about-cuda), nporpaMMublil nHTEpdEIiC 15t
smneiiku cBonx GPU. Heckosbko GPU rernepbs MOTYT 3aMEHUTH MOIITHBIE KJIACTEPHI HA
OGBIYHBIX MIPOIECCOPAX B PA3IMYHBIX 33/la4ax, JOMYCKAIONINX BO3MOKHOCTh MacCOBOTO
pacrapaJuieIMBaHus BBIYUCJACHUT, HAUMHAS ¢ (hU3MIecKoro Moaeauposanust. [iay6o-
KIie HeIIPOHHBIE CETH, BBITIOTHSIIONNE B OCHOBHOM YMHO KEHIE MHOKECTBA MAJIEHbKITX
MaTPHII, TAKKe JOTYCKAIOT BLICOKYIO CTETeHb pachapaiennBanss; u 6mke k 2011
rojly HekoTopble uccuaegoBarenu Havyanu nucatb CUDA-peanusaium HelipoHHBIX
ceteit. Onquumu n3 epsbix ctanu Jlan Kaitecan (Dan Ciresan)! u Anekc KpuskeBcku
(Alex Krizhevsky)?.

ITosyunioch Tak, 4To UTPOBASI HHLYCTPHUS CyOCHANPOBAJIA CO3/IaHIE CYTTEPKOMITBIOTE-
POB JIJIST CJIEAYIONIETO TIOKOJIEHUST TPUJIOKEHNI NCKYCCTBEHHOTO NHTeJIeKTa. MHorma
KPYITHbIE JOCTUKEeHUS HaunHatoTcs ¢ urp. CoBpeMeHHbI rpahrdecKuii mporeccop
NVIDIA TITAN X, crousmuii 1000 gosuapos CIHIA B konie 2015 roga, ciocoben
BBIZIATH TTUKOBYIO MIPOU3BOAUTEIBHOCTD 6,6 Tepadiornca ¢ ouHapHON TOYHOCTBIO:
6,6 TpHJLIMOHA OTIepaIyil B CEKYH/IY ¢ uncaamu Tuia float32. dto nouru B 350 pa3
6oJIbIIe TIPOU3BOANTENBHOCTI COBPEMEHHOTO HOYTOYKA. I'paduiaeckoMy mporeccopy
TITAN X tpeGyeTcst BCero HECKOIBKO [Hek 17ist 00yuerust Mozesi ImageNet, BRIUTpas-
meit koukype ILSVRC HeckobKo JieT ToMy Hazan. Mesxay Tem 6oJIbliiie KOMITAHH
obyuaroT MojiesH TJIyGOKOro 0OyUueHusT Ha KaacTepax, cocrosiux u3 cored GPU, pas-
pabOTaHHBIX CHENUATBHO st HYK/ Tybokoro odydenust, Takux kak NVIDIA Tesla
K80. O1u knacrepb 061a4a10T TAKON BHIYMCIUTEIBHOM MOIHOCTHIO, KOTOpast He Oblia
6b1 Bo3MoxkHa 6e3 coppementbix GPU.

Bouee toro, uuaycrpus riaybokoro oOydyeHust HaurHaeT BBIXOAUTD 3a pamku GPU
U MHBECTUPOBATH CPEJICTBA B pazBuTHe elile HoJiee CHeuaiu3upOBaHHBIX TPOIECCO-
poB, Hanbosiee 3(pGEKTUBHO ITOKa3bIBaIOIUX cebsd B 001acTU r1yOOKOro oOy4eHusl.
B 2016 rozy na csoeii exkeronnoii kondepennnn Google I/0 xomnanus Google mpoze-
MOHCTPUPOBAJa CBOH 1poekT TenzopHoro mpoieccopa (Tensor Processing Unit, TPU):
IIPOLECCOP € HOBOM apXUTEKTYPOIi, IPeJHA3HAYEHHBII J/Is1 UCIIOAb30BAHMS B IIyOOKIX
HEHPOHHBIX CEeTsAX, KOTOPbIii, Kak coobiaercs, B 10 pas npousBouTesbHee U 9HEpPro-
addexrusnee, uem GPU.

1.3.2. [laHHble

W Horza MCKYCCTBEHHbII HHTELIEKT OObsIBASETC HOBOI MHAYCTPUAIBHON PEBOJIIOINEI.
Ecnu riy6okoe o6ydenune — mapoBoii BUTaTeIb 9TOM PEBOJIOIIH, TO TaHHbIE — 3TO
YTOJIb: CHIPhE, MUTAIOTIECE HATIM MHTEIJIEKTYaIbHbIE MATITIHBI, 663 KOTOPOTO HEBO3MOJK-
HO ABHsKenue Briepe. K Bompocy o maHHbIX: B0GABOK K 9KCIOHEHIIUATLHOMY POCTY

! Cwm. crartbio «Flexible, High Performance Convolutional Neural Networks for Image
Classification» B marepuanax 22-ii MeXAyHAPOAHON KOH(EPEHIIUN IO MCKYCCTBEHHOMY HMH-
resuiekty (2011), www.ijcai.org/Proceedings,/11/Papers,/210.pdY.

2 Cwm. crarbio «ImageNet Classification with Deep Convolutional Neural Networks» B sxypraie
«Advances in Neural Information Processing Systems», Ne 25 (2012), http.//mng.bz/2286.



1.3. Mouemy rnybokoe obyyeHune? Mouemy cenvac? 47

eMKOCTH YCTPOUCTB XpaHeHust nHbopManuu, Habmoaasemycst B mociennue 20 et
(cormacHo 3akoHy Mypa), lepeMeHbI B MTPOBOM MUPE BBI3BAIM OYPHbII POCT HHTEPHE-
Ta, 6Iaroiapst YeMy MosiBUIACh BO3MOKHOCTD HAKAMIMBATD U PACITPOCTPAHATH OYCHb
Gosrbiiive 0ObEMbI JIAHHBIX JIJIST MAIIMHHOTO 00yYeHus. B HacTosiIee BpeMst KpymHbIe
KOMIaHUU PaboTaIoT ¢ KOJJIEKIUAMU M306pakeHU T, BUECO U TEKCTOBBIX MATEPUAJIOB,
KOTOPbIE HEBO3MOKHO ObLI0 6bI cobpaTh He3 nHTepHera. Hampumep, nzobpakenus Ha
caiite Flickr, knaccuduuupoBaHHble 10J1b30BaTEIAMHE, CTAIN 30JI0TON KIJIOMU /IS pas-
paboTUMKOB MoJIe/Iell paciiosHaBaHust 06pa3oB. To ske MOKHO CKa3aTh O BUACOPOJUKAX
Ha YouTube. A Buknneaus craia KIiou4eBbIM HCTOYHIKOM HAGOPOB TAHHBIX JI7IsT 3a/1a4
06pabOTKH €CTECTBEHHOTO SI3bIKA.

Eci v ectb HAOOP JAHHBIX, CTABIINI KATATU3aTOPOM JJISI PA3BUTHUS TJIyOOKOTO 06y-
YeHwst, TO 9T0 KoJutekimst ImageNet, Briouaromiast 1,4 MUJIOHA M300pasKeHHI, KIacCh-
durupoBanubix BpyuHyto Ha 1000 kateropuii (kaxaoe 306pakeHHe OTHECEHO TOITBKO
K oxHO# Kateropun ). Ho ocobenHoit kosekinio ImageNet /ieiaet He CTOBKO ee OrPoM-
HBII pa3Mep, HO CKOJIBKO €5KeTOIHbIE COPEBHOBAHUS', B KOTOPDIX OHA 3a/1€fICTBOBAHA.

Kax noxasbisaer nipumep Kaggle, mybinutble KOHKYPChl — OTJIUYHbBII CIIOCOO MOTH-
Bal[lM UCCJIe0BATENEll U MHKEHEPOB TIPEO/I0JIEBATh BCE HOBbIE 1 HOBbIe pyOesku. Ha-
Jidre OOIX KPUTEPUEB OIEHKH JIOCTHKEHU T HCCIIe[0BATEEN 3HAYNTEIBHO TOMOTJIO
HeJlaBHEMY POCTY TIIyb6OKOro o6ydeHus.

1.3.3. AnropuTMbl

Kpome o6opynoBanus u gaHHbIX, 10 KoHia 2000-X HaM He XBaTalo HALEKHOTO CI1ocoba
00yueHuss oyeHb TIyOOKHMX HEHpOHHBIX ceTell. Kak pesysbrar, HeipOHHbBIE CETH OCTa-
BaJIMCh OYeHb HErIyOOKUME, UMEIOIUMK OJUH WK JBA CJIOS IPEJCTABICHIS; B CBS3H
C 9TUM OHU He MOIJIU IPOTUBOCTOSATH OOJIee COBEPIIEHHBIM TOBEPXHOCTHBIM METOLAM,
TaKMM KaK METOJI OIIOPHBIX BEKTOPOB U carydaiitbie jeca. OcHOBHas pobieMa 3aKIioJa-
JIaCh B pacnpocmpanenuu zpaduenma depes riaybokue nakersl cjioes. Curtnan obpaTHoit
CBSI3M, HCIIOJIb3y€eMBblIii 111 00ydeHns HEeiPOHHBIX CETell, 3aTyXaeT 10 Mepe yBeJIMIeHIs
KOJIMYECTBA CJIOEB.

Curyanust mamenmirach B 2009-2010 rogax ¢ mosiBJieHHEM HEKOTOPBIX MPOCTHIX, HO
BKHBIX AJITOPUTMUUYECKUX YCOBEPIIEHCTBOBAHUI, MO3BOJUBIINX YIYIIIUTH PACTIPO-
CTpaHeHue rpajneHTa;

Q yJaydllleHHbIEe QYHKYUU AKMUBAUUL;

d yJaydlIeHHbIC CXeMbl UHUUUAAUIAUUYU 6€CO08, HAUNHAA C TIPEABAPUTE