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06 aBTOpax

Anronmo JLKymIM — IMPEKTOp IO MPOTPaMMHOMY OGECIIeueHUI0 U
MpeApUMHUMATENb C TATOM K CO3TAaHMIO U YNIPaBIeHUIO ITI06aIbHBI-
MM MHHOBAUMOHHBIMM TEXHOMOTMYECKUMY KOMIaHMsaMM. Crerm-
anu3upyeTcsi B 06/1aCTU TOMCKOBBIX CUCTEM, OHJIAITHOBBIX CEPBUCOB,
MalIMHHOTO 06y4yeHus:, MHGOPMALMOHHOTO ITOMCKa, aHATUTUKM U 00-
JIauHbIX Bblunciaeunit. [IpodeccroHabHbIN OIBIT MpuobpeTan B 1e-
cTu crpaHax EBpornbl M AMepuKu. AHTOHMO paboTan B MOMKHOCTH UC-
MOJIHUTENIBHOTO AUPEKTOPA, TeHePaJbHOr0 JUPEKTOPA, TEXHIUECKOTO
IVIpeKTOpa, BUlle-IIPE3UNEHTA U PYKOBOAUTENS TPYIITHI B PAs3IMUHbIX
OTpaciix: OT usjarensckoro 6usHeca (Elsevier) ;o mHTepHeT-TEXHO-
JIOTUI AJiS KOHeYHOro nonb3oparens (Ask.com m Tiscali) 1 HUOKP B
cdepe BbicoKMK TexHOMOIUWH (Microsoft u Google).

Buipaxcaio 6nazodapHocms ceoemMy manaHmausomy coaemopy,
Cyoncumy Ilany, 3a HeusmeHHOe cmpemieHue NomMous, He mpebys
Huyez0 e3ameH. S oueHb UyeHI0 e20 npedaHHOCMb KOMAHOHOU pa-
6ome, 61azodaps wemy Ima KHUZA U CMO2J1d CMamb yem-mo cmo-
AWUM.

FBnazodapw maxxe Oparcya Illonne u mHozux nodeti, BHECUUX
einad e Keras, 3a mo, 4mo oHU mpamuJiu céoe 8pPemMsa U CUJbl Ha
c030aHue eneuamasiowjezo UHCMpymeHmapus onsa enyboxozo o6y-
ueHusl, KOMopwliii NPpoCcm 8 UCNOoNb308aHUU U He mpebyem ceéepXee-
CMecmeeHHbIX YCUNUIL.

Cnacubo marice Hauum pedakmopam u3 usdamenscmsa Packt,
Jueus Iyoxucapu, Yepun Jca u Juneuty Ilasapy, u peyeHseHmam us
Packt u Google 3a noddepicky u yeHHbie npednoxceHus. be3 sac ama
KHU2Aa He COCMOsNAch Obl.

S maxowe 6nazodaper ceoemy HAUANLHUKY, Bpady, u Koanezam
Maiixy u Koppado u3 Google, komopuie nodeuenu mMena Hanucame
my KHuzy, HUmajiu ee YepHo8ble BAPUAHMB! U BbICKA3bIEAIU CE0E
MHeHUe.

Euwe s npusnamenex kogeiine Same Fusy 6 Bapwase, z0e y meHs
énepeble NOSIBUACH MbICb HANUCAMS Sy KHU2Y, K020d S HACTa¥C-
Oancs uaweukotl 4as, 8blOPAHHOL U3 8ecbMa OGUUUPHO20 MEHI).
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2mo mecmo obnadaem 0co6oli Mazuetl, U s 20pA40 PEKOMEHAYIO €20
ecem, uwywjum, 2de 6s1 hodcmezHyms ceoe 8006paxcenue (http: //
www. samefusy . pl/).

Hanee a xouy nobnazodapume omden kadpos ¢ Google, nowed-
wull Hascmpeuy moemy noxcenaHurw omoams 8ce OMUUCTEHUS OM
npoodaxcu 3moti KHU2u Ha cmunenduu npedcmasumensim smHude-
CKUX MEHbUIUHCMS.

Cnacubo moum dpy3wsim, Opuky, Jlaype, Ppanuecko, Smmope u
AHmoHesne, Komopsie nodJdepicusanu MeHs, Ko20d s 6 Mmom Hyxc-
dasica. Jlpyscba — 6onwiuas yeHHoCms, U vl —~ MOU HACMoAUjUe Opy-
364.

Cnacu6o moemy catiy JIoperyo, komopeili no6youn meHsa ycmpo-
umscs 8 Google, Moemy coiHy JIeonap0o 3a nOCMoOAHHOE Cmpemie-
HUe OmKpbisams umo-mo Hogoe u moeti douepu Aspope, 6aazodapsa
Komopoii s ecmpeuaro kaxcovtli ety ¢ ynui6xoii. M HakoHel, cnacu-
60 moemy omuy Snuo u mamepu Mapuu 3a ux 1106086s.

Cymxur Ilan - pyKOBOOUTENDb OTHEeNa TEXHOIOTUYECKUX MCCIe-
nosanuii B Elsevier Labs, paboraeT Haj co3maHueM MHTeNIEKTyalb-
HbIX CMCTE€M IIOMCKa I10 COTepXXUMOMY M MeTajaHHbIM. B obmacTh
€ro MHTEPEeCOB BXOIAT MHGOPMAIVIOHHBI TOMCK, OHTOMIOrMHM, 06pa-
6OTKa eCcTeCTBEHHBIX SI3bIKOB, MalllMHHOEe 06y4eHue U pacipeseneH-
Hasg obpaboTka. B Hacrosimee Bpemst sanumaetcs Kiaaccudukanyeit
U YCTaHOBJIEHMEM CXO[CTBA M300paskeHuit ¢ IpUMMEHEeHNeM Mopeeii
r1y6okoro obyuennus. JIo 3Toro pa6otan B MPOMBILLIEHHOCTH Gespe-
LIENTYPHbIX MEAULMHCKYX NIPeNapaToB, ITie YY4aCTBOBA/T B TIOCTPOSHUM
OHTOJIOTMYECKO/ CUCTEMBl CEMaHTUYECKOTO IOMCKA, OpraHu3auum
KOHTEKCTHOJ pekambl U miaaTdopm 06paboTky maHHbIX. BegeT mno-
CBSIILIEHHBIN TeXHOMOrMAM 651or Salmon Run.

Boipaxcaio GnazodapHocms ceoemy coasmopy, ARmMoHuo Py,
npuznacuswemMy MeHa NPUHIMy yuacmue 8 HanucCaHuu KHuzu. 3mo
pedxas 803MONHOCMb, 61a200apst KOMOPOU A MHO20MY HAYUUICA.
K momy e, ecnu Gbt He OH, MeHsa Gbi 30eCh 8 OYKBAILHOM CMbICTE HE
ObL0.

Xouy no6nazodapume Pona [[aHusna, dupexmopa Elsevier Labs,
u bpaonu I1. Annena, enasrozo apxumekmopa 8 Elsevier, komopeuie
NO3HAKOMUNU MEHA C 2ny6oxkumM ofyueHuem U 3acmasuii noge-
pumo 8 803MONCHOCIU IMOLI MEXHONOZUU.
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Bnazodaprw maxe Opancya Ilonne u mHoaux nodeti, sHeCutux
exnad e Keras, 3a mo, umo oHu mpamuiu ceoe epems U Cuibl Ha
co30aHue eneuamnawujez0 UHCMpyMeHmapus Ons 21y6oKozo0
obyueHUsl, Komopslli npocm 6 ucnonb3oéaHuu u He mpebyem
ceepxsecmecmeeHHbIX YCUNUL.

Cnacubo maxxce Hauwum pedakmopam u3 usdamenscmea Packt,
Husus ITyoxcapu, Yepun Jca u Juuewty Ilasapy, u peyenseHmam u3
Packt u Google 3a noddepicky u yeHHoie npednoxceHusn. bes eac ama
KHU2a He COCMOANACH Obl.

A maxice npusHameneH KoJiezam U HaUAbHUKAM, C KOMOpsLIMU
paboman Ha npomAMEHUU CB0eU HU3HU, a 0COOEHHO meM, Kmo
eepul 8 MeH U NOMO2dl MHe CMpoums C80I0 U3BUNUCMYIO
npogeccuoHanvHyo Kapoepy.

Haxoney, s 6nazodapen ceoeli cembe, KOmopas Ha NPOMsKeHuu
HECKOJIbKUX MeCyes MUpuiacy ¢ mem, Kax s paspuléancs mexcoy
pabomoti, 3motl KHU20ll u cemvell — UMEHHO 6 MAaKoM nopsoke.
Hadeiocw, vl coznacumecs, umo 0esio mozo cmouJio.



O peueHseHTe

Huk Makkimop B HacTosiee BpeMs paboTaeT CTapiiMM Crelyaiu-
CTOM I10 aHa/lIM3y AAaHHBIX B KomIitauuu PayScale Inc., Cuat, mrrat
Bammnrron, CHIA. To sToro pa6oran B xommauuu Zillow and Caesars
Entertainment. 3aiuTi fuccepTanym o MNpMUKIagHOM MaTeMaThKe B
VHuBepcuTeTe LITaTa MoHTaHa, Kojnemke Cearoro benenukra u Yau-
BepcuteTe Cesitoro MoanHa. Huk — aBTop kauru «TensorFlow Machine
Learning Cookbook», Briiennieit B usgatenbcrse Packt Publishing.

Ero crpacTe — 13y4aTh U OeNTUThCA 3HAHUSIMU 00 aHAIUTHKE, Ma-
INMHHOM O0y4eHMM U UCKYCCTBEHHOM MHTe/UIeKTe. [Inoabl cBoux pas-
Mbitenuit Huk my6mkyeT B 6710re Ha caifTe fromdata.org M B CBOM
akkayHTe B TBUTTepe 110 afpecy enfmeclure.



lNpeaucnoeue

Kuyra, KOTOPYIO BbI IepKUTE B pyKax, — KpaTKoe, HO 06CTOSITe/IbHOE
BBefIEHME B COBPeMEHHbIe HelfpPOHHbIE CeTH, MCKYCCTBEHHBIN MHTe-
JIeKT ¥ TEXHOMoruyu rry6okoro o6yyennsi. OHa HamucaHa CHelManbHO
1S TIPOTPaMMMCTOB ¥ CIIELMATMCTOB 110 aHanM3y U o6paboTke [aH-
HBIX.

HasHaueHue

B xkHure npepacranieHo 6oee 20 paboTOCIIOCOOHBIX HEIIPOHHBIX CeTel,
HaIlMCaHHBIX Ha si3bIKe Python ¢ Mcnonb3oBanuemM MOIYIbHOM 6M6IM-
orexu Keras, pabotawomeit nosepx oubmorek TensorFlow ot Google
uin Theano ot kommanuy Lisa Lab.

YyrraTesnb LIaT 3a MIaroM Io3HaAKOMUTCS € AITOPUTMaMU 00y4eHus ¢
yuuTeIeM, HauMHas C IPOCTON IUHEHOM perpeccuu 1 KiacCuyeckoro
MHOTOC/IONMHOTrO NepLenTpoda 1 KOHYas 6oJiee CI0KHBIMY INTyOOKUMU
CBEPTOUYHBIMM CETSIMU U MOPOXKAAIOIIVMIU COCTA3aTeNbHBIMMU CETSIMMU.
B xuure Takxe pacCMaTpUBAIOTCA aTOPUTMBI 00yueHus 6e3 yunTerns:
aBTOKOAMPOBIIMKY M TOpOXKAawIye ceTu. IIogpo6HO 0ObsCHsETCS,
YTO TaKoe pEeKyppPeHTHble CeTU M CETM C JONrOi KpaTKOCPOYHOM
namsaTsio (long short-term memory, LSTM). OnucbiBaeTcst GyHKIMO-
HaJibHbBI API 6u6mmoTreky Keras u o6¢cykpaeTcst, Kak pacuinputs Keras,
ety BCTPeTUTCA 3ajaua, AJis KOTOpOit B Hell HeT roTOBOTO peleHus.
Taxke paccMaTpMBalOTCs 60ree KPYITHbIE M CIKHBIE CUCTEMBI, COCTO-
sIIMe U3 OIMCAHHBIX paHee CTPYKTYPHBIX G/I0KOB. B 3akiouenue ga-
eTcd BBeIeHMe B TEXHOIOTUIO ITy6OKOTo 06yUeHMsI ¢ ToAKpeIvieHueM
U ee TMpYMEeHEeHME K IIOCTPOSHMIO UTP CO BCTPOEHHBIM MCKYCCTBEHHBIM
UHTEJ/IEKTOM.

Ew roBopuTh 0 IPaKTUYECKUX MPUIOKEHUNAX, TO B KHUTY BKIIIO-
YeH KOJ MpPOTrpaMM i KiaaccudbyuKalyuyM HOBOCTEH 1O 3apaHee 3a-
JaHHBIM KaTeropusM, IJiT CHMHTAKCHMYECKOTO aHajau3a TeKcTa, AJIS
aHaJIM3a SMOIMOHAILHOM OKpaCcKM TEKCTa, IJIsI CMHTe3a TEKCTOB U 4ya-
cTepedHoil pasmeTku. He ocTaBieHa 6e3 BHMMaHuUs Takke 06paboTka
M300pakeHMIt: pacro3HaBaHe PYKOMMCHBIX 1Udp, KIaccubuKaumus
M306pakeHMIT TI0 KaTeropusM M pacrno3HaBaHue 00beKTOB C Mocie-
OYIOLIIMM aHHOTUpPOBaHMeM u3o6pakeHuii. U3 obnacty aHanusa 3By-
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KOBBIX CUTHAJIOB B3SIT IPMMeED PaCIIO3HAaBAHUS CI0B, IPOM3HOCHMMBIX
HecKonbKUMM Tuuamu. Texuuka o6y4eHms ¢ MoJKpenieHueM pume-
HsIeTCs 71 TIOCTPOeHMS Y6oKoit ceTu Q-06yueHms, CIIOCOOHOI aB-
TOHOMHO UTPaTh B UTPBI.

CYTb KHUTU COCTABJISAIOT SKCIIEPUMEHTHI. Kamaﬂ CEeTb IIpeacraBJie-
Ha HeCKOJIbKMMY BapMaHTaMM, KAUeCcTBO KOTOPHIX NOCTEII€HHO YIy4-
uraeTcst MyTeM M3MeHeHMs BXOJIHbIX [apaMeTpoB, GopMbl ceTH, BUAA
(byHKUMM TOTEPDb U IPUMEHSIEMbIX aJITOPUTMOB ONITUMU3ALIUNA. B pse
cIy4yaeB MPUBOISITCA CpaBHUTENIbHBIE pe3y/IbTaThl 00ydenyus ga CPU
u GPU.

YeMm myb6okoe obyueHne otanyaeTcs ot
MaLLUMHHOrO 06y4eHUs U UCKYCCTBEHHOrO
MHTE/JIeKTa

HckycerBennsnlin vHTeNnekT (MU) — oueds mmpokas 061acTs uccie-
JIOBaHMJi, TOCBSLIEHHAS KOZHUMUGHBIM CITOCOGHOCTSIM MAlIMH: 06yye-
HMe olpeJe/leHHOMY IOBeAEHUI0, YIIpeXKaallee B3aUMOLECTBUE C
OKpYKalolleli cpefioi, CloCOGHOCTD K JIOTMYECKOMY BbIBOLY M JeIyK-
LMY, KOMIIBIOTEpHOE 3peHye, paclo3HaBaHUe peul, pelienue 3aaady,
TpefcTaBjeHyre 3HaHUM, BOCIpUATHE AEMCTBUTENIHHOCTU U MHOTOE
Ipyroe (3a noapo6HoOCTIMM OTchutaeM K Kuure S. Russell, P. Norvig
«Artificial Intelligence: A Modern Approach», Prentice Hall, 2003).
Menee ¢popmanbHo nox MY nounmaetcs mo06as cuTyarysi, B KOTOpoit
MAIUMHLI UMUTHUPYIOT UHMeEleKmyaivHoe TTOBeNeHue, CUUTAIONIeeCs
MPUCYLIUM YesIoBeKy. ICKyCCTBeHHBI MHTE/IEKT 3aUMCTBYET METOIbI
UccIefoBaHMs 13 UHGOPMATUKY, MATEMATUKU U CTATUCTUKM.
MammuHOe obyueHme (MO) - orpacis WU, MOCBsIIEHHAs TOMY,
KaK 06yuaTh KOMIIBIOTEpH! PELlIeHII0 KOHKPETHBIX 3aay 6€3 porpam-
mupoBanus (cM. kaury C. M. Bishop «Pattern Recognition and Machine
Learning», Springer, 2006). OcuosHasg nged MO sakiaouaeTcsd B TOM,
YTO MOXKHO CO3[aBaTh a/IFOPUTMBI, CITOCOOHBIE 06YYaThCS HAa JAaHHBIX
U BIIOC/IENCTBUM JaBaTh IpeAckasauusi. CyllecTBYeT TPM OCHOBHBIX
Buga MO. B cnyuae o6yueHUsI ¢ yuuTe/IeM MallyHe IpeXbsBIIsSIOTCS
IaHHBIe U [IpaBUTIbHBIE PE3YAbTATHI, & 11e/b COCTOUT B TOM, YTOOBI Ma-
IIMHA 00yymiach Ha 3TUX NPMMepax ¥ CMOIJIa BbIIaBaTh OCMBIC/IEH-
Hble pe3yiIbTaThl AJI OAHHBIX, KOTOphIe paHblle He BuAena. B ciyuae
06y4yeHus 6e3 yuuTesst MalIMHe MpebsaB/IsSIOTCS TObKO CaMM TaHHbIe,
a OHa JI0/DKHA BBISIBUTB CTPYKTYPY 6€3 IMOCTOPOHHET0 BMELIATEIbCTRA.
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B cryuae o6yueHMs ¢ IOAKpeIIeHyieM MalliyHa BeleT ce0st Kak areHrT,
KOTOPBIII B3aMMOAENCTBYET C OKpYKalolleit cpenoit M obydaercs: Ha-
XOOUTDb BapMaHThI ITOBeJeHNS, TPUMHOCAILME BO3HATpaXKIeHMe.

I'ny6okoe o6yuenue (I'O) — nogMHOXeCTBO MeTOA0B MO, B KOTOPHIX
TIPUMMEHSIOTCS MICKYcCTBeHHbIe HelipoHHble ceTy (MHC), mocTpoeHHble
Ha 6a3e aHATOTUM CO CTPYKTYPOi HelipOHOB Y€elI0BeYecKOro Mo3ra (CM.
cratpio Y. Bengio «Learning Deep Architectures for Al», Found. Trends,
vol. 2, 2009). HedhopmanbHO TOBOPS, CIIOBO «ITTyOOKMIt» IO pa3yMeBa-
eT Hammume 6onpuioro uucna cnoes 8 UHC, Ho ero unTepriperauys co
BpeMeHeM MeHsaack. Eciu ellie yeTsIpe rofa Hasaj CYUTAIOCH, uTo 10
CJI0€B IOCTaTOYHO, YTOOBI HAa3bIBATh CETh ZIYHOKOIi, TO Terneppb Imydo-
KOt 00BIYHO Ha3bIBaeTCs CeTh, COEPKallasi COTHU CI0€eB.

WUcKyceTBeHHBIN
MHTeNNeKT.

I'ny6okoe o6yyeHMe - 3TO HACTOsIIEE I[yHAaMU (CM. CTaThiO
C.D.Manning «Computational Linguistics and Deep Learning» B xyp-
Hase «Computational Linguistics», vol. 41, 2015) B 06/acTy MaluH-
HOTO 00y4YeHMUs: B TOM CMBIC/IE, YTO CPABHUTEIHHO HEOGOMBIIOE YUCITO
XUTPOYMHBIX METOJOB C OrPOMHBIM YCIIEXOM IIPMMEHSIETCS] B CAMBIX
pasHbIX obnacTax (06paboTka M306pakeHuis, TekcTa, BULEO U peun,
KOMIIBIOTEPHOE 3pEeHMe), YTO MO3BOIWIO NOOUTHCH 3HAUUTEIBHOIO
rporpecca II0 CpaBHEHMIO C pe3yabTaTaMy, JOCTUTHYTBIMU 34 IIpe] -
HIeCTBYIOIIME AeCATKY jJeT. CBoumu ycnexamu 'O 06513aH0 TakKe Ha-
UKo 60bIIMX 06beMOB 06yYalOUIVX JaHHbIX (Hampyumep, Habopa
ImageNet B o6iactu 06paboTKy 1300pakeHiT) U OTHOCUTENBHO Ae-
nesbIx rpadpuueckux mpoieccopos (GPU), mO3BOISIONINX TOCTPOUTD
oueHb 3¢ HeKTUBHYIO IpoLleaypy BerunciieHnit. B komnanusx Google,
Microsoft, Amazon, Apple, Facebook 1 MHOTUX APYIUX MeTOIbI ITy-
OOKOro 06y4eHMs TOCTOSTHHO MCITONB3YIOTCS AJISl aHalIu3a 60JIbLIX
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MacCMBOB AaHHbIX. Tereps 3T 3HaHMUS U HaBBIKY BBILUIM 33 paMKU
YMCTO aKaZeMUUeCKUX VICC/IeIOBAHU U CTaIU JOCTOSTHUEM KPYITHBIX
TIPOMBILIVIEHHBIX KOMIauuit. OHM CTay HeOTheMJIEMOJ COCTaBHOM
YaCThI0 COBPEMEHHOI MPOrpaMMHOM IPOAYKUMM, Y BlaJeHue UMM
06s513aTeIbHO IJ1s1 IPOrpaMMucTa. B 9Toi KHure He NpenonaraeTcs
Hajuuue y YUTATeNs CIelMaTbHOM MaTeMaTu4eCcKoit IOATOTOBKMU.
OnmHaKo ke 3HaKOMCTBO C s13bIKoM Python siBisieTcss H@OGXOAMMBIM
YCIIOBUEM.

Kpatkoe coaepaHue KHUru

Bznase 1 «OcHO8bL HEUPOHHBIX Cemeli» U3/1aTalOTCSI OCHOBHbBIe CBeJIeHMS
0 HelIpOHHBIX CeTAX.

B z2nase 2 «Ycmanoeka Keras u onucanue API» onycaHo, KaK ycTaHO-
BuTh Keras B o6make AWS, Microsoft Azure, Google Cloud unu Ha Baury
COGCTBEHHYIO MAIlIMHY, a TAKXKE JaeTcd KpaTKuii 0630p pasnuyHbix API
oubmmorexu Keras.

I'nasa 3 «InyGoKoe 06yueHUe C npUMeHeHUEM CeepmOouHbIX cemeli» 3Ha-
KOMMUT C [TOHSITMEM CBEPTOUHOI ceTy. DTo QyHAaMeHTa/bHOe HOBLIe-
CTBO CTaJI0 IIPHMUYMHOI ycIexa riy6okoro obyueHus B IpMMeHEHUM K
pasIMYHBIM IPeAMETHBIM 06/1aCTSIM, OT BUEO A0 Peuy, BbliiAs Nanexo
3a Tipepenbl 00paboTky U300paskeHuit, IIe 3Ta uaest IepBOHaYaIbHO
3apOJINIIACh,

I'nasa 4 «Ilopoxcdarowue cocmszamesnvhoie cemu u WaveNet» copep-
SKUT BBEIEHME B TOPOXKIALINME COCTSI3aTeNbHbIE CeTU, UCTIONb3yeMble
IJist CMHTe3a JaHHbBIX, TIOXOKUX Ha MopoKAaeMsble J10abMy. MBI 1Ipef -
CTaB/sieM DTYOOKYIO HelpoHHYIO ceTh WaveNet, npenHasHayeHHYIO
IUTSI BBICOKOKAUeCTBEHHOM MMUTALMY Yell0Be4Yeckoro rojioca 1 3pyva-
HUSI MY3bIKaJIbHBIX UHCTPYMEHTOB.

B 2nase 5 «IlozpyxceHus ¢106» 06CYKIAI0TCSI METOAbI ITy6oKoro 06-
YUeHM s, CTyKaliue 7151 BhISIBJIEHMS CBsi3eli MeX/Ty C/IOBaMU U IPYIIIy-
POBKM TIOXOXMUX CJIOB. -

B anase 6 «PexyppeHmHble HelipoHHble cemu» pacCMaTpUBAETCS KJIace
HEPOHHBIX CeTeil, ONTYMMU3UPOBAHHBIX )11 00pabOTKM MOCIefoBa-
TeJIbHBIX JaHHBIX, B T. 4. TEKCTA.

Inasa 7 «JononHumensHoie Modenu 21y6oK020 00YUEHUS» COREPKUT
KpaTKuit 0630p GyHKUKOHaNbHOTO API Keras, perpecCMOHHBIX CeTeit,
aBTOKOJVIPOBILMKOB U T. 1.

B znase 8 «HckyccmeeHHbill UnmesieKm uzpaem 6 uzpbl» Bbl y3HaeTe 0
IIy6OKOM 00y4eHM ¢ IIOAKpeIieHeM U 0 TOM, Kak Keras 11o3somnsieT
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€ro MCII0/Ib30BaTh AJIsl ITOCTPOESHMUS INTYOOKUX CeTelt, yMEeIoIMX UTPaTh
B apKaJHble UTPbI.

IIpunoxeHre COOEPKUT CBOAKY OGCY)KAAEMBIX B KHMUTE TeM U UH-
dopmarnio o HoBoBBeneHMIX B Bepcuy Keras 2.0.

Y10 He0OXO0AMMO ANA YTEHUNA KHUTU

Bam monago6uTcs ciaegyiolee nmporpaMMHoe obecrieueHme:
QO TensorFlow Bepcun 1.0.0 mau BoiLIe;
QO Keras Bepcun 2.0.2 wiy BblIllLe;
O Matplotlib Bepcunu 1.5.3 win Bblilie;
O Scikit-learn Bepcun 0.18.1 uu Bbile;
O NumPy Bepcun 1.12.1 unu Boiie.

K 060pynoBaHUIO IIPeIbABISIIOTCS CIeIYIOIIMe TPeOOBaHMs:
O 32- wn 64-paspsigHas apxXuTeKTypa;
QO CPU c TakoBoit uacroroit He HmoKke 2 I'T1i;
QO omnepaTuBHag NaMAaTh 06beMOM He MeHbile 4 I'B;
Q de MmeHee 10 b cBO60IHOTO MeCTa Ha JUCKE.

Ha koro paccuuTtaHa 3ta KHUra

Ecnu BBI — CHENMaNUCT 10 aHanu3y M 06paboTKe JaHHbIX CO 3HAHMEM
MAaIIMHHOrO OOYUeHMsI WJIM 3aHMMaeTech MporpaMmupoBanuem MU
M 3HaKOMBbI C Hel{pOHHBIMM CETSIMM, TO 3Ta KHUTA CTAHET HEIlIOXOi
OTIpaBHOI TOYKO¥ /IS OBJAfeHMs MeTOlaMy ITyGOKOro obydyeHust
¢ npuMmeHeHueM 6ubmioteku Keras. 3uanmue Python — obsi3arenbHoe
yciioBye.

padpmueckue BbiaeneHus

B st0it xuure TN MHGOpMaLuK 06o3HavaeTcs mpudrTom. Hioke mpu-
BeJeHO HeCKOJIbKO IIPUMEpOB C MTOSICHEHUAMM.

®dparmMeHTHI KOAA BHYTPY a63ala, MuMeHa Tabnul, 6a3bl JaHHBIX, M1a-
nok u ¢aiinos, URL-anpeca, faHHbie, KOTOpble BBOAUT I10/Ib30BATEIb,
M agpeca B TBUTTepe BHIAEMAIOTCS CenyomumM o6pasom: «KKpome Toro,
MBI 3aIpy’KaeM VICTUHHbIe METKM COOTBETCTBEHHO BY trainM Y testH
OpuMeHsieM K HUM VHUTapHOe KOZUPOBaHME».
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Kycok kona BBITIAAUT TaK:

from keras.models import Sequential
model = Sequential ()
model.add (Dense (12, input_dim=8, kernel initializer='random uniform'))

Kenag TIpUBJIeYb BHUMAaHME K 4acTU KOJa, MBI BbIJie/IsseM ee nony-

XUPHBIM WpUPTOM:

# 10 outputs

# final stage is softmax

model = Sequential ()

model.add (Dense (NB_CLASSES, input_shape=(RESHAPED, ) ))

model.add (Activation('softmax'))

model.summary ()

Bxogsas u BbIXOOHas I/IH(bOpMBILI/[H KOMaHOHBIX YTUJIUT BbITAAOUT
Tak:

pip install quiver engine

HoBble TepmMyHBI M Ba)KHBIe )ParMeHThI BbIEISIOTCS TTOMYKUAP-
HbIM WwpudTom. Hanpumep, amemenTsi rpadmueckoro unTepdeiica B
MEHIO M/ IMAJIOTOBBIX OKHaX BHIIVISIAAT B KHUTe Tak: «IIepBOHaYaIb-
HO Hallla ITPOCTasi CeThb MMEET BepHOCTb 92.22 %, T. e. IpUMeEpHO § U3
100 pykonCHBIX CMMBOJIOB PaCO3HAIOTCA HelIPaBUILHO.

TaknM 3HaukoM 0603Ha4aloTCA NPeaynPeXxAeHUs U BaXHbIe
npuMedaHua.

OT3bIBbI

MsI Bcerga pazbl OT3bIBAM UMTaTeNEl . PacckaxuTe HaM, YTO BbI ayma-
ere 06 3TOit KHUTe ~ UTO BaM MOHPABUIOCH MM, GBITh MOXET, He TI0-
HPaBWIOCh. YMTATENbCKME OT3bIBbI BaKHbI JI HAac, TAK KaK IOMOTAIOT
BBIITYCKATh KHUTY, U3 KOTOPbIX Bbl yepraeTe MakCUMYM IT0JIe3HOTO AJIs
cebs.

YTo6s! OTMPaBUTb OGBIUHBIN OT3bIB, IPOCTO MOLUIUTE TMUCHMO Ha
anpec feedback@packtpub.com, YKa3aB Ha3BaHMe KHUTY B KAYeCTBe Te-
Mbl. EC/int BBI IB/IsI€TECh CTILMAIICTOM B HEKOTOPOI1 06/1aCTH U XOTeIu
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OBl CTaTh aBTOPOM MM COaBTOPOM KHUTHU, TIO3HAKOMBTECH C MHCTPYK-
LIUSAMU ]I aBTOPOB I10 aZipeCy www.packtpub.com/authors.

MoppepxKa KAMEHTOB

CyacTIMBbIM OﬁﬂaﬂaTEJIHM kaur Packt Mbl MOXeM MIPENJIOKUTD PN,
YyaI1yr, KOTOpbI€ IO3BOJIAT U3BJIeUb U3 CBOEro HpMO6p€TEHI/IH MakKcu-
MYM II0JIb3bI.

3arpyska Koaa npuMepos

Brl MOXKeTe cKayaTb KOJ, IIPMMEPOB K 9TON KHUTe 13 CBOei YUeTHOM
3aIICH HA CaiiTe http://www.packtpub.com. EC/IM KHMUTa GbUIa KyIuie-
Ha B Apyrom mecre, SaﬁJII/ITe Ha CTPaHUIY http://www.packtpub.com/
support, 3aPETUCTPUPYIITECH, M MBI OTIIPaBMM (aiijIbl 10 JTEKTPOHHOM
rnoure.

st ckaumBauus ¢GaityioB ¢ KOJOM BBIIIOTHUTE ClefyIoline OeiicT-
BUSL:

1. 3apervcTpupyiiTecs WIM 3aiijuTe Ha Hall CaiiT, yKasaB CBOi
ajJipec 3J1eKTPOHHOI TTOYTHI 1 ITaPOIb.

HaBepute Mbiub Ha BK1aaKy SUPPORT B BepxHeit uacTu cTpa-
HUIIBI.

Hlenxkuure 1o ccoiike Code Downloads & Errata.

BBenuTe MM KHUIM B IToje Search.

Br16epuTe MHTEPECYIONTYIO BaC KHUTY.

C IOMOIIBIO BHITIAHAIOIIEro MeHIO YKaXKUTe, THE Bbl IPUoOpen
KHUTY.

7. Haxxmute Code Download.

3arpykeHHblit (aitl MOXHO pacrakoBaTh, BOCIIOIb30BABIIMCD I10-
CJIeDHUMU BepCUIMHM IPOTPaMM :
O WinRAR / 7-Zip gns Windows;
O Zipeg/iZip / UnRarX gnsa Mac;
O 7-Zip /PeaZip gna Linux.

N

Al

Kon x 3T0iT KHIUre MMeeTcst TaKKe Ha cTpaHutie caitta GitHub mo agpe-
CY https://github.com/PacktPublishing/Deep~Learning-with-Keras. ITo
apecyhttps://github.com/PacktPublishing/ pa3MellleH Takke Kog U BU-
Jleo K IPYTMM KHUTaM U3 Hallero o6nmpHoro kataiora. [Tono6ombITeT-
ByiiTe!
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3arpysKa LUBETHbIX UANIOCTPaLUM

Mpb1 Takke npepnaraem PDF-aiin, copepskaiimii 1JBeTHbIE U30-
OpakeHus1, BCTpedaloumecs: B Kuure. 1BeT IOMOXET Jiyyliie HOHSTb,

KaK M3MEeHSIOTCSI Pe3ynbTaThl. DTOT (aif/l MOKHO CKayaTh I10 afpecy
https://www.packtpub.com/sites/default/files/downloads/DeepLearn-

ingwithKeras_ColorImages.pdf.

Oneyatku

Mb! poBepsIiv CoflepsRUMOe KHUIM CO BCeM TILAHMeM, HO KaKue-
TO OIUMOKM BCe )Ke MOIIM NTPOCKO/Ib3HYTh. EC/M BbI HalineTe B Halielt
KHUTe OmMOKY, B TEKCTE MIM B KoOfe, IOXanyiicTa, COOBIINTe HaM O
Heji. Tak Bbl U36aBUTE OPYIUX YMTaTe/el OT pa304apoOBaHyS Y IIOMO-
)KeTe HaM cliefaTh CIeaylolye u3gaHus KHuru ayqure. Ipu o6uapy-
KeHMY OTeyaTKky Npocbba 3aiiTi Ha CTPAHUILY http://www.packtpub.
com/support, BBIGPATh KHUTY, IEIKHYTH 110 cchUiKe Errata Submission
Form u BBecTu MHbOpMaLuio 06 oneuatke. [IpoBepus Balue coodie-
HMe, Mbl TOMeCTUM MHOpManMIo 06 OlleYaTKe Ha HallleM caiiTe Win
nobaBum ee B CIMCOK 3aMEUEHHBIX OIEYaToOK B paspene Errata mms
JAaHHOM KHUTY.

Cnucok paHee OTIPaB/IEHHBIX OIEYATOK MOKHO MPOCMOTPETD, BbI-
6paB Ha3BaHME€ KHUI'U Ha CTPAaHULE http://www.packtpub.com/books/
content/support. 3alpolleHHass MHbOpMaUys MOSBUTCSI B pasjene
Errata.

HapyweHue aBTopckux npas

HesakoHHOe pasMellleHMe 3alMIEHHOr0 aBTOPCKMM IpaBOM Ma-
Tepyuaia B UnTepHeTe - ipobnema s Bcex HocuTeneit uHGOpMaLu.
B uspnatenscrBe Packt Mbl OTHOCKMMCS K 3aIUMTE NPAB UHTE/UIEKTYa Thb-
HOJ COGCTBEHHOCTM UM JIULIEH3MPOBAaHMIO OYeHb cepbe3Ho. Ecu BbI
OGHapyXMUTe He3aKOHHbIe KONMYM HAUIMX U3NaHui B M060i Gopme B
Wurepuere, noxanyiicra, He3aMeAIMTENbHO COOGLIMTE HAM aZipec WIN
HasBaHue BeG-caiiTa, YTOGbI Mbl MOI/IM [IPENIPUHATh COOTBETCTBYIO-
Liye Mephl.

IIpocuM OTIIPaBUTh CCHIIKY Ha BI3bIBAIOLMIT II0J03PEHNE B TMpaT-
CTBe MaTepuall 110 agpecy copyright@packtpub.com.

MsI 6ymem npu3HaTeNbHbI 3a MIOMOLIb B 33lUTE [IPaB HAIIMX aB-
TOPOB UM COZENCTBME B HALIMX CTapaHUAX IPeJoCTaB/IsATh YUTATENSIM
[1o/1e3HbIe CBeIeHMUS.
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Bonpocbi

Ecnyt Bac CMyII@eT 4TO-TO B TOI KHUTE, BBl MOXeTe CBSI3aThCS C HAMMU
IIO afpecy questions@packtpub.com, M MBI C€/IaéM BCE BOSMOXHOE [JIsA
pelreHMs Ipo6GIeMbl.
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OcHOBbI HEMPOHHDbIX ceTe

VickyccTBeHHbIe HEMpOHHbIE ceTy (IjIs KPaTKOCTM Helipocemu Win
NIPOCTO cemu) — 9TO KIacc Mofeneil MallMHHOTO 06y4eHusi, B OCHOBE
KOTOPBIX JIeXXaT UCCIeJ0BAHNS LIeHTPATbHO HePBHOI CUCTeMbl MJle-
KonuTamlux. HeifpoceTb COCTOUT 13 HECKONBKMX B3aMMOCBS3aHHBIX
HelipoHO6, OPraHU30BAHHBIX B /10U, KOTOPbie 06GMEHMBAIOTCH MEXIY
06071 co061eHMsIMM (KaK FOBOPSIT, 8036Y#0aioncst) TIPU BBITIOTHEHUM
OlIpefieJieHHbIX YCI0BUIA. [TepBrle MccIenOBaHMsI OTHOCSTCS K 1950-M
rofam, Korga 6bUIO BBEJEHO IOHATHE TEepLENTPOHA (CM. CTATHIO
F. Rosenblatt «The Perceptron: A Probabilistic Model for Information
Storage and Organization in the Brain», Psychological Review, vol. 65,
pp. 386-408, 1958), ABYCnO/HOI ceTu HyiA BHIMOMHEHMS IIPOCTBIX
oneparuit. 3aTeM B KoHLe 1960-X ronoB 6bUT MpeJIokeH anzopumm
obpammozo pacnpocmpanerus s 3bGeKTUBHOTO 0OYYeHUs] MHOTO-
CTOMHBIX ceTeit (cM. crathu P. J. Werbos «Backpropagation through
Time: What It Does and How to Do It», Proceedings of the IEEE, vol.
78, pp. 1550-1560, 1990 u G. E. Hinton, S. Osindero, Y. W. Teh «A Fast
Learning Algorithm for Deep Belief Nets, Neural Computing, vol. 18,
pp. 1527-1554, 2006). B HeKOTOPbIX paboTax yTBePKIALTCS, YTO 3TU
METO/Ibl KOPHAMM YXOIST INy6iKe, YeM IPUHSITO CYUMTATh (CM. CTAThIO
J. Schmidhuber «Deep Learning in Neural Networks: An Overview, by,
vol. 61, pp. 85-117, 2015). HeliporHbie ceTy 6bLIM IIPEAMETOM MHTEH-
CMBHBIX Hay4HBIX MCCIeqoBaHuit 10 1980-x romos, Korma Ha IepBbIii
TUIaH BBILUIY Apyrue, 60nee IpocTele, NOAX0Abl. OMHAKO C CepelyHbI
2000-x ronoB oTMeYaeTcst BO3POXAEHMe MHTepeca K 9T0i TeMe B CBsI-
34 C TPOPBIBHBIM &JTOPUTMOM ObICTPOrO 06yueHMs, NMpeaioKeHHbIM
Ibx. XunrtoHoM (cM. S. Leven «The Roots of Backpropagation: From Or-
dered Derivatives to Neural Networks and Political Forecasting», Neu-
ral Networks, vol. 9, 1996, u D. E. Rumelhart, G. E. Hinton, R. ]. Williams
«Learning Representations by Backpropagating Errors», vol. 323, 1986),
U nosiB/ieHeM (mpumepHo B 2011 roxy) rpadmuueckux mpoiieccopos
AJIS MacCOBO-Tapajlyie/IbHbIX YMCIEHHBIX PaCyeTOB.



Mopnepxkka KAMeHToB % 23

DTU TOCTYDKEHUS. TPONOXKUIY AOPOTY COBPEMEHHOMY 271y60KOMY 00-
yueHUio, KI1acCy HelpPOHHBIX ceTeit, IJI1 KOTOPbIX XapaKTepHO 60bIIoe
YIC/IO CJI0EB U KOTOPHBIE CITOCOGHBI 06Y4aTh BeCbMa M30LIpEeHHbIE MO-
JleIY Ha OCHOBE Mepapxuu ypoBHeii abcTparnpoBaHus. HecKoIbKo et
Hasap 2/1y60Koil CYUTAIACh CETh C 3—5 CI0SIMU, TEIEPD JKe UX YMCII0 BO3-
pocito 1o 100-200.

O6yuenye myTem IOCIeN0BaTEbHOTO abCTparupoBaHusl HAIlOMM-
HaeT MO ey 3peHUsT B MO3Te UeIoBeKa, 3BOMIOLIMOHPOBABLINE M-
JIMOHBI JieT. YesoBeueckasi cucTeMa 3peHUst TeiiCTBUTEIbHO COCTOUT
13 HeCKOJIbKUX YpOBHEI. [71a3 coegyHeH ¢ 06/1aCThI0O MO3ra, KOTopas
Ha3bIBAETCS IMEPBUUYHONM 3PUTEIBLHOI KOPOW, U1 3pUTENLHONI KO-
poit V1 u 3aHuMaeT 3aJHMI1 MOJIIOC 3aThIJIOYHON JONAM KaXAOro Io-
Jyniapus. OTa 06/1acTh MMEETCSI Y MEOTMX MJIEKOTIUTAIONIUX U UTPaeT
B)KHYIO pOJib B PAcllo3HaBaHMM IIPOCTBIX 00pa3oB U 00paboTKe MH-
dopmatu 06 M3MeHEHMM OPUEHTALMM, IPOCTPAHCTBEHHOM YacToTe
1 uBete. COINIaCHO HEKOTOPBIM OIleHKaM, epBMYHas 3pUTeIbHAas KO-
pa copgepxut npumepHo 140 munnnoHoOB HeliponoB u 10 Muwinapaos
cBa3eit mexxpy HumMu. Kopa V1 coepunsietcst ¢ obnactsimu V2, V3, V4, V5
1 V6, 0OTBEYAIOIIMMMU 33 BCIO TTOCTIEAYIONYIO 06paboTKy U306 paskeHMit
U pacro3HaBaHMue 6ojee CJIOKHBIX 00bEKTOB: QUTYD, JIULI, KMBOTHBIX
1 MHOTOTO Jpyroro. Takass MHOrOC/IOMHas OpraHu3anus sIBUIach pe-
3Y/IbTATOM MHOXKECTBA IIONBITOK, KOTOPbIE TIpUPOZA IIpeanpuHuMa-
Jla Ha MPOTIKeHUU COTeH MUWLUIMOHOB jieT. COMIacHO OleHKaM, Kopa
TOJIOBHOTO MO3ra 4Yejl0BeKa HAaCYMTHIBAET IMOpsimKa 16 MuUuMapaoB
HeMpOHOB, ¥ mpuMepHo 10-25 % 13 HUX OTHOCATCS K 3pEHMIO (CM. CTa-
Th10 S. Herculano-Houzel «The Human Brain in Numbers: A Linearly
Scaled-up Primate Brain», vol. 3, 2009). I'my6okoe obGyuyeHMue 3aUM-
CTBOBAJIO UJIeI0 MHOTOC/OVMHOM OpraHM3auMu y 3pUTENbHOl CUCTe-
MBI UeJIOBEeKa: Hapy)XHble CIOM UCKYCCTBEHHBIX HEIIpOHOB 06yUYaloTCs
6a30BbIM CBOICTBAM M306pakeHMit, a 6osee Ty6oKue 00pabaThiBaIOT
6o/1ee CII0XKHbIe KOHLeTILIUN.

B 9T0jt KHUTe PacCMOTPEHO HECKOJBbKO BaXXKHBIX aCIIEKTOB Heli-
POHHBIX CceTelt Ha MpuMepe KoAa ¢ UCIIOIb30BaHMeM MUHMMAIUCT-
cKoOil ¥ BecbMa 3G PeKTUBHOI O6MOIMOTEKM INIYOOKOTO 00yueHMs
Keras, HanmMCaHHOI Ha s13biKe Python u pabortarmieit mosepx 6u-
ommnotexu TensorFlow ot Google (CM. https://www.tensorflow.org/)
unu 6ubnmorexu Theano, paspaboranHoit B MoHpeanbCKOM VHM-
BepcuTeTe (CM. http://deeplearning. net/software/theano/). I/ITaK,
MPUCTYIIUM.
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B 37071 r11aBe 6yZYT pacCMOTpPEHBI CIeHyIOIIyie TeMbI:
MepLenTpoH;

MHOTOC/IOVHBIN IIepLEeNTPOH;

GYHKIUY aKTUBALUY;

TpaJVieHTHBIN CITYCK;

CTOXaCTMYECKUIL TPaIMEHTHBII CITYCK;

aJITOPUTM 0OPaTHOTO PACIIPOCTPaHeHMsI.

(ONCNORONONE)

MepuenTpoH

[lepuienTpoH ~ 3TO MPOCTOJ AATOPUTM, KOTOPBIN IOMYYaeT BXOLHOI
BEKTOD X, CoOOepsKalluii n 3HaUeHU i (X}, X, -+, X ), KOTOpBIE YACTO HA3BI-
BalOTCSI BXOAHBIMU ITPU3HAKAMM, WJIM IIPOCTO IIPU3HAKAMM, U BhIOAET
Ha Bbixozie 1 (#a) wan O (HeT). PopManbHO rOBOPS, MBI OIpeAenseM
dbyHKIMIO:

f(x)={ (1), ecmmwx+b>0
B IIPOTUBHOM ciy4dae

m

31ech W — BEeKTOpP BeCOB, WX — CKa/lsipHOe TIpOM3BeIeHe Z:l Wik,
a b - cmemenne. Kak Mbl 3Haem 13 reomeTpuy, ypapHeHue wx + b = 0
onpeJensieT rpaHUYHYI0 I'MITePIIOCKOCT, TTOTOXKe e KOTOPOoit u3me-
HSEeTCS B 3aBUCUMOCTY OT 3HauUeHuit w u b. ECiu x JIeXXUT BbIlIe 5TO
TUIIePIUTOCKOCTH (B ABYMEPHOM CiIyyae — MPSMOii), TO OTBET IIONOXM-
TEJbHBIN, MHAYe OTPULIATeIbHEI. OueHb pocToi anroputm! C omo-
LIBIO ITEPLIENITPOHA HEJIb3sI BBIPA3UTh OTBET «Moxcem 6pime». OH MOKeT
oTBeTUTH da (1) uan Hem (0), ecriv Mbl 3HaeM, Kak ONMpPEeAenuTs w i b,
a 9TO U eCTb MpoIlecc 06ydeHN s, KOTOPbI 06CYKIAETCS B CIENYIOUUX
paszenax.

Mepsbiit npumep kopa ¢ ucnonbsosaHnem Keras

HcxopHbiM CTPOUTENbHBIM 6710KOM Keras siBiisleTcst Monenb, a mpo-
creifiias Mo/eIb Ha3bIBaeTCs MocIeqoBaTeabHoii. B Keras mocnenosa-
Te/IbHast MOJIeJIb IIPEeJICTaB/IgeT co60i1 IMHeIHbII KOHBelep (CTeK) 1o~
€B HelipOHHOI1 ceTu. B crienyolem gparmente onpefesieH OaMH CI0it ¢
12 HeiipoHaMM, KOTOPbI/ OXKMAAET MOTYYNUTh 8 BXOAHBIX II€PeMEHHBIX
(TIpM3HAKOB):
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from keras.models import Sequential
model = Sequential ()
model.add(Dense (12, input_dim=8, kernel initializer='random uniform'))

Ha sTame yMHMUIManu3aluy KaXAOMy HeVpOHY MOXKHO Ha3HAUMUTh
Bec. Keras mpejjaraer HeCKOJIBKO BApUAHTOB, IIEPEUUCIMM Haubonee
YIIOTpe6GUTENbHBIE:

O random_uniform: Beca MHUIMATU3UPYIOTCS PaBHOMEpPHO pac-
MpefeIeHHBIMU  CTyYaiiHbIMM 3HAYEHMSIMM U3 JuanasoHa
(~0.05, 0.05) NupiMy cioBaMu, 11060e 3HaYeHue U3 3Toro UH-
TepBaia BIOMPAETCS C OIMHAKOBOJ BEPOSTHOCTHIO;

O random normal: BeCa MHMULUMATUBUPYIOTCSI HOPMAaJbHO pac-
npefeeHHbIMU CAYYaifHBIMM 3HaueHUsSMU cO cpegHum 0 n
CTaHIAPTHBIM OTKIOHeHHeM 0.05. Te, KTO He 3HAET, YTO TaKOe
HOpMaJIbHOE paclipefeneHyue, MOTYT IIpeJICTaBIsATh ce6e CUM-
MEeTPUUHYIO KOJI0K01000pa3Hy0 KPUBYIO;

O zero: BCe BeCa MUBULIMANU3UPYIOTCS HYJIIMMU.

Tlonsoe omnmcaHue napaMeTpoB MMeEETCAd Ha CTPpAaHULE https://

keras.io/initializations/.

MHOrocnoiHbIA NepuenTpoH ~- nepebIn
npuMep HeMpoceTH

B 3T0J1 r1aBe Mbl OTIpeennM IIEPBbI IpUMep CeTH C HECKOMbKUMM JIH-
HEeMHBIMU C10sIMU. VICTOpUYECKH TIepLIENITPOHOM Ha3biBajach MOAENb
C eOVHCTBeHHBIM JIMHEHBIM CJI0eM, TI0STOMY MOZEe/Ib C HECKOTbKUMMU
C/I0SIMM JIOTUYHO Ha3BaThb MHOTOCIONMHEBIM mHepuenTpoHoMm (MCII).
Ha pucyske HuKe mokasaHa HeiipoHHas ceTh OGLIETO BMIAA C OMHUM
BXOAHBIM, OJHUM IIPOMEXYTOUYHBIM ¥ OGHMM BbIXOIHBIM CI0EM.
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Kaskpiii y3e/1 mepBoro 105 mojy4aeT BXOLHOM CUTHAM U BO36YXK-
JlaeTCs B COOTBETCTBMM C 3apaHee ONpeAeeHHBIMU JIOKAJIbHBIMU
TPaHMYHBIMU YCIOBUSIMM. BbIXop mepBOro ciiost IOJAeTcs Ha BXOQ
BTOPOTO, & BBIXOJ, BTOPOTO — II0C/IeAHEMY C/1010, COCTOSILIEMY BCEro U3
OfHOTrOo HeiipoHa. UHTepecHo, 4yTo Takass MHOTOC/IOIHASA OpraHu3anys
OTAAJIEHHO HAallOMMHAeT PaboTy YeOBeYecKoi CUCTEMBbI 3peHus, O
YeM Mbl Y3Ke TOBOPWIN.

JTa cemb NNOTHasi B TOM CMBIC/IE, YTO Kaxablil HEMPOH OAHOrO
€109 CBA3aH CO BCEMU HEIMPOHaMM NpenbiayLLErO C/I0A U BCEMU
HelpoOHaMu Cneaywwero cnos.

Mpobnembl 06yueHns nepuentTpoHa
U X peweHue

PaccmoTpuM oMH HefpOH; KakoB OIITUMMAJIbHbIA BbIGOp Beca w 1
cvemenus b? B uzeane Mbl Xotenu 6bl MPeAbIBUTL Ha60p o6ydaro-
HMX TIPUMEPOB U MOPYYUTb KOMIIBIOTEPY BBIOPATh BEC M CMeEIIeHHe,
Tak YTOOBI O1K6Ka PY BBIYMCIEHUM pe3yIbTaTa 6blla MUHMMAIbHA.
[lepexonss K KOHKpeTMKe, MpPenonokuM, YTo MMeeTcss Habop u30-
6pakeHMit KOIIEK U OPYroit Habop U3o6pakeHNit, Ha KOTOPBIX KOILIeK
HeT. [I/151 IpocTOTHI 6y/ieM CUMTATh, YTO KAKAbIA HEIPOH aHAIU3UpYeT
TOJIBKO OAMH BXOAHOJ NyKcelb. Ml XoTesnu 651, 4TOOBI B Ipoliecce 06-
paboTku M306paXkeHNit KOMIIBIOTEPOM Halll HeJipOH M3MeHSI CBOIf BeC
U CMellleHMe TakKuM 06pa3oM, YTOGBI UMCIO U306pakeHnii, OlMO60IHO
Pacrio3HaHHbIX KaK He KOLIKHM, CO BpeMeHeM YMEHbIaA0Ch. DTOT MOL-
XOJ KaXeTCs MHTYUTUBHO OYEBUIHBIM, HO JIJISl HEro Tpe6yeTcsi, YTOBbI
Majioe M3MEHEeHUe Beca (/MM CMelLleHusT) IPUBOAMIO K MAJIOMY U3-
MeHEHUIO pe3ynbTaTa.

Ecnu umMeeTcs: 60MIBILION CKAavyOK Ha BHIXOJE, TO NPO2ZpeccusHoe 06-
y4yeHMe HEBO3MOKHO (pa3Be YTO NMpo6GoBaTh Bce BO3MOXHbIE HaIlpaB-
JIEHUS — 3TO Ha3bIBAETCS MCUEPITBIBAIOIINM HOMCKOM — He 3Hasl, TOCTH-
raem Ji Mbl Kakoro-Hubyap ynyunieHus). B KoHlle KOHLIOB, IeTU BeOb
y4yarcs nocrenneHHo. K cokanenuio, Ijs MepuenTpoHa TaKoe «I1ocTe-
IIeHHOoe» MoBeJleHye He XapakTepHo. [leplientpod BolgaeT 3HaueHue 0
uny 1, pasHMLA MeXIY HUMU BeJMKa, X 9TO HUKAK He CIOCOGCTBYET ero
06y4eH110, UTO BUTHO U3 C/IEAYIOLIET0 PUCYHKA:
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HaM HYXHO 4TO-TO 60Jee IJaAKoe — HempepbiBHas, auddepenm-
pyemast GyHKIIMSI, MOHOTOHHO Bo3pacraiomas ot 0 1o 1.

Curmomnpa
CurmMouaa onpeaenseTcs CIeayIiolyM 06pa3om:
1
o (x) = —x
l+e

Kak BupgHO 13 rpaduka HIKe, OHa HellpepblBHA U u3MeHseTcst oT 0
IIo 1, Korga aprymeHT npoberaet 06/1aCTh ONIpeleNnenust (-, ©):
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HeilpoH MOXeT BOCIOIb30BATbLCS CUTMOMAOI M)A BHIYMCICHUS
HeNMHeHOM QYHKUMM o(Z = wx + b). OTMeTuM, 4TO KOrja BeJuuMuHa
Z =wx + b o4eHb BenuKa U MONOKUTENbHA, e — 0, TaK uTo 6(2) — 1, a
KOTZIa 3Ta BeJIMYMHA BeNMKa [0 MOAYAIO ¥ OTPUIIATeIbHE, TO €2 — o,
TaK 4YTO ¢(Z) — 0. IHbIMU Cc/I0BaMy, HEJipOH ¢ CUTMOMAHOM PYyHKLMeI!
aKTUBaLMY BeJeT cebst MoJ06HO MepIenTPOHY, HO M3MEHSIeTCs IIJIaBHO
U MOXXeT IIOPOXIAaTh Takue 3HaueHus, Kak 0.5539 uam 0.123191. B He-
KOTOpOM CMBIC/Ie CUTMOMIHBI HEIPOH YMeeT JAaBaTh OTBET «MOXKeT
OBITB».

bnok nuxeitHoi pekTudurkaumm

Curmouza — He eMHCTBeHHAas MajKas GYHKLMS, IpUMeHsaeMasl B
HeJMPOHHBIX ceTdaX. B mocnenHee Bpems crana oueHb IMOMY/ISPHA CO-
BCeM MpocTasi PyHKLMSA, Ha3biBaeMasi 6JI0KOM JIMHEHO pekTudu-
kanuy (rectified linear unit, ReLU), TOCKOMBKY B 9KCIIEpUMMEHTAX OHA
JaeT 3amevarenbHbie pe3yapTaThl. ReLU onpenensietcss dopmynoit f(x)
= max(0, x), a ee rpadK [MoKasaH Ha pUCYHKe Hipke. Kak BuauM, oHa
paBHa HYJIIO 111 OTPULIATENbHBIX 3HAYEHMIT X 1 JTMHETHO Bo3pacTaeT
JULSI TIONIOKUTENIbHBIX.

PyHKUMKM akTMBaLum

Curmompga v ReLU HaseIBaloTCs yHKyusmu akmueayuu. B pasgene
«TecTupoBaHye pasIMYHBIX ONITMMMU3ATOPOB B Keras» MBI YBUIMM, UTO
HenpepbiBHOE M3MEHEeHNe, XapakTepHoe s 3tvx GyHKIMIL, KpaliHe
BaXKHO /i1 pa3pabOTKy alNrOpUTMOB OGYYEeHNUs], KOTOpbIe afamnTupy-
I0TCS IIOCTENeHHO, CTPEMSCh YMEHBIIUTh OIMUOKY ceTu. Ha pucymke
HIDKe TI0Ka3aHa CxeMa NMpUMeHeHUs QYHKUMU aKTUBALUM ¢ K BXOIHO-
MY BEKTOPY (X,, X, ..., X, ), BEKTOPY BECOB (W, W,, ..., W, ), CMEILeHNIO b
M CyMMarTopy Z:
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B3BewweHHas cymma

DYHKUMA aKTUBALMK

Keras mopaepsxuBaeT HeCKO/IbKO (l)YHKIJ,MVI aKTUBALIU, UX TIOTHBIN
TepedeHb IIPMBENEH Ha CTPAHUIIE https://keras.io/activations/.

PeanbHbit npumep - pacnosHaBaHue
PYKOMUCHBIX LUdp

B sToM paszene Mbl IOCTPOUM CEThb, YMEIOLIYIO PAacIIO3HABaTh PYKO-
mcHbIe g psl. 1715 3TOro0 6yIeM UCIonb30BaTh Habop aHHbIX MNIST
(CM. http://yann.lecun.com/exdb/mnist/), BKAOUawmuii 60 000 obyua-
foryx v 10 000 TecTOBBIX IpMMepoB. B o6yuaioyux mpumMepax ueroBe-
KOM IIpOCTaB/IeHbI IIpaBUIbHbIe OTBeThI. Hanpumep, ¢ M306paskeHeM
PYKOIIMCHO I Phl TPU acCOLMMPOBAHA METKa 3.

Korpa umeetcs Habop HaHHBIX, COepKalliuil IpaBUIbHbIE OTBETHI,
TOBOPAT 00 06yueHuu ¢ yuumesnem. O6yuaionyie IpuMepbl UCTIONb3YIOT-
cs1 aJis1 o6yderumst cetu. C TeCTOBBIMM NTPUMepaMy TaKKe acCOUMpPoBa-
HBI IIpaBUJIbHBIE OTBETHI, HO UEesl B TOM, YTOOBI IPUTBOPUTLCS, GYITO
OHU HeM3BeCTHBHI, AAaTh CEeTM BO3MOXHOCTD COe/NaTh IIpefcKasaHue, a
3aTeM, CpPaBHUB €T0 C IPaBWIbHBIM OTBETOM, OLIEHUTb, HACKOIBKO XO-
pOLIIO CeTh HAyuMJIach pacrio3HaBaTh UUPpsl. Tak 4TO TECTOBBIE IIPU-
Mepbl IPUMEHSIIOTCS TOMBKO JJIsS IIPOBEPKU i”'—g;"&j:jq
CETU — UTO Y He YAUBUTENBHO.

Bce usobpaxenus: B Habope MNIST mo- 3
JIYTOHOBBIE, pasMepa 28 x 28 mukceseii.
Ha pucyHke nmpuBeaeHO HECKOIbKO IpH-
MepoB.
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YHuTapHoe KoaupoBaHue

B0 MHOTUX NPUIOKEHUSIX yO,06HO ITpeo6pa3oBhIBaTh KaTeropuaib-
Hble (HEYUC/IOBbIE) ITPU3HAKYU B ymciaoBble. Harpumep, KaTeropuab-
HBIVi IpM3HaK — uudpy, npuanmarouyo suauedue d ot 010 9, - MOXHO
MIpe/iCTaBUTh OMHAPHBIM BeKTOpoM Jyinibl 10, B KOTOpoM d-blit 57e-
MEHT paBeH 1, a Bce ocTanbHble — HYMIO. Takoe mpefcTaBIeHye Hasbl-
BaeTCst yHUmapHsim koduposaruem (one-hot encoding) u oueHb 4acTo
NpUMeHsIeTCs B o6bIue JaHHBIX, KOT/a a/IrOPUTM O6YUEeHMs paccuy-
TaH Ha paboTy ¢ YNCIaMMU.

OnpeaeneHne npocToit HeilpoHHOI ceTn B Keras

Bocmonesyemcs 6ubmmorekoit Keras, uTo6bl ONpenenuThb ceTh, pac-
MO3HAILIYIO PYKOIUCcHbIe udpsl 13 Habopa MNIST. HauHeM ¢ oueHb
MIPOCTOI] HEMPOCETU U NOCTeTIeHHO Oy/IeM ee YAyUIIaTh.

Keras mpemocras/isieT cpefcrsa Jjis 3arpy3ku Habopa AaHHBIX U
pa3buenns ero Ha OOYYAIOLIMIL, X train, M TECTOBBIIL, X_test. JIs1 TOA-
nepkkyu Bbrumciaennit Ha GPU naHHble Tpeo6pasyioTcs K TUITY float32
¥ HOpMMpYIOTCSL Ha uHTepBai [0, 1]. Kpome TOro, B v_train M Y_test
MbI 3arpyskaeM IpaBMIbHble METKM M IPUMeHSIeM K HUM YHUTapHOe
KogupoBaHye. BOT KaK BHIVISAUT KOJ:

from _ future__ import print function

import numpy as np

from keras.datasets import mnist

from keras.models import Sequential

from keras.layers.core import Dense, Activation

from keras.optimizers import SGD

from keras.utils import np_utils

np.random.seed (1671) # nns BOCHPOM3BOOMMOCTM pPe3yNbTATOB

# cerp u ee oByueHue

NB_EPOCH = 200

BATCH SIZE = 128

VERBOSE = 1

NB CLASSES = 10 # KONMYECTBO pesynbTaTOB = uMCIy Ludp

OPTIMIZER = SGD() # CIC-omnTuMmMzaTOp, OBCYXIOAETCS HMXE B DTON Ijape
N_HIDDEN = 128

VALIDATION_SPLIT=0.2 # xakas wacTh ofydalouero Habopa 3apesepBUPOBaHa INIA KOHTPOJIA

# maHHBIS: CIIYHAMHO NEPEeTACOBaHH M PasSOMTHE Ha OOyHalouidi U TECTOBEI HaGOpP
#

(X_train, y train), (X_test, y test) = mnist.load_data()

# X _train comepxur 60000 M306paxerwii pasMepa 28x28 -->
npeoBpazyeMm B Maccus 60000 x 784 RESHAPED = 784
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#

X train = X_train.reshape (60000, RESHAPED)
X _test = X_test.reshape (10000, RESHAPED)
X_train = X_train.astype('float32")

X test = X test.astype('float32')

# HOpMMpPOBAThb

#

X_train /= 255

X test /= 255

print (X_train.shape[0], 'train samples')
print (X_test.shape[0], 'test samples')

# npeoBpasz’oBaTh BEKTOPH KJIaCCOB B OMHAPHHE MATPULE! KJIacCOB
Y train = np_utils.to_categorical(y_train, NB_CLASSES)
Y test = np_utils.to_categorical(y_test, NB_CLASSES)

Bo BXOZHOM CJIO€ C KaXkKIbIM IMKCEIEeM U300paKeHUsI acCOLMUpPO-

BaH OAVH HepPOH, T. €. BCero nomydaetcs 28 x 28 = 784 Helipona.
OG6BIYHO 3HAYEHUS, aCCOLIUMMPOBAHHBbIE C MMKCEISIMU, HOPMUPYIOTCSI

C LieJbI0 IPUBECTU UX K AmanasoHy [0, 1] (9TO 3Ha4YUT, UTO SIPKOCTH
KaXI0TO IIVKCeJIst AeTUTCS Ha MakCUMaTbHO BO3MOXHYIO SIPKOCTD 255).
Ha Brixofe nomydaetcst 10 KnaccoB, 10 OGHOMY ISl K&KR0I TP

Tocnemuuit ¢/10it COCTOUT U3 €OUHCTBEHHOTO HelipoHa ¢ QyHKIVelk
akTuBanuu softmax, sBasoIeiicss 06001eHeM CUIMOMIBI. Softmax
cnaoujueaem K-MepHbIit BEKTOp, Collep>Kalliuii IIPOM3BOJIbHbIE Belle-
CTBeHHbIE UMCIIa, B K-MepHBIi BEKTOP BellleCTBeHHBIX UMCesT U3 UHTep-
Bana (0, 1). B Hamem cryuae oHa arperupyet 10 OTBETOB, BHIIAHHBIX
npepbIayIIUM cioem u3 10 HelipoHOB:

# 10 BEIXOOOB

# Ha nocrnepgHeM sTane softmax

model = Sequential({)

model.add (Dense (NB_CLASSES, input_shape=(RESHAPED,)))
model.add(Activation('softmax"'))

model.summary ()

OmnpeeneHHyIo TakKuM 06pa3oM MOz Heo6X0AMMO OTKOMITUIIN-
pOBaTh, T. €. IPUBECTU K BULY, AOMYCKAIOLIEMY JCIIONHeHue 6a30B0ii
oubmorexoit (Theano i TensorFlow). Ilepen koMnuiasumeit Heo6-
XOIMMO IIPUHATh HECKOMBKO PeIeHMiA:

QO BBIGpaTH ONMUMU3AMOP, T. €. KOHKPETHBI alTOPUTM, KOTOPBIN
OymeT 0GHOBJISATH Beca B Ipoliecce 0OyyeHMsl MOAeNN;

O BbIGpaTh 1eeBYI0 GQYHKIMIO, KOTOPYIO ONTUMM3ATOD MUCIIOJNb-
3yeT AJI1 HaBUTalMM II0 MPOCTPAHCTBY BECOB (YacCTO LiejeBast
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GYHKIMS HAa3bIBAETCS TakKe (yHKUUell nomeps, a IPOLeCC OIl-
TUMM3aLUUU — MUHUMU3ayuell TIOTEPH);
QO oLeHUTh Ka4ecTBO 00yUeHHOM MOJeIn.

[lepeuncIMM HECKONBKO PaclpOCTPaHEHHBIX LieNeBbIX (GYHKIMIA
(TIOMHBI/ TTepeveHsb LieleBhIX QYHKIMIA, o iepKuBaeMbIxX Keras, mpu-
BeZl€H Ha CTPAHULE https://keras.io/objectives/):

QO Cpegnexsanpatudeckass ommb6ka (CKO): sTo ycpenHeHHas
CyMMa Pa3HOCTel KBaJipaTOB MEXAY TIpeAcKa3aHHbIMU U MC-
TUHHBIMY 3HaYeHUAMU. Eciiu 0603HaUUTD Y BEKTOP 1 MpefCKa-
3aHUiA, a Y — BeKTOp n HabmofaeMbIX 3HaUeHUit, TO CpeHeKBa-
Iparuyeckas olmnb6Ka paBHa

— 1 " 2
CKO= ;ZJY ~Y)

Ecnn npepckasaHue cuibHO OTIMYAETCA OT MCTUHHOIO 3Ha-
YeHuq, TO BO3BEAEHNE B KBAZpaT Aenaer otamunue euwe Gonee
ABCTBEHHbIM,

O BuHapHas NepeKpecTHast SHTPOIIUS: eC/M MOAENb IPecKa-
3bIBaeT 3HaYE€HMe p, TOrJa KaK MCTMHHOE 3HaYeHMe PaBHO t, TO
6uHapHas repeKpecTHasi SHTPOIMS paBHa:

—tlog(p) - (1 -t) log(1 - p)

JTa uenesas GYHKUMS NOAXOAMUT ANS mpeackadaHua BuHap-
HbIX METOK.

O KareropmansHas nepekpectTHasi SHTponus: 310 jorapud-
MuyYecKas IoTeps B C/ryyae HeCKOJNIbKMX KiaccoB. Eciu Mmonenb
NpeJCKa3blBaeT 3HAYeHMS P, , TOTJA KaK MCTUHHbIE 3HAUEHUS
PaBHBI ¢, ,, TO KaTeropuanbHast NepekpecTHas SHTPONUS paB-
Ha:

L=-%t logp,)

37ta uenesas GYHKUMSI NOAXOAMT ANA NpeacKasaHWUs MHOTO-
Knaccosbix MeTok. OHa ke NMo yMONYaHWio UCNONb3yeTcs co-
BMECTHO C (PyHKUMEN aKTMBaLMKM Softmax.
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Huke nepeuncieHo HeCKOIBKO MOMY/ISPHBIX ITOKa3aTeNel KauecTsa
(TIONHBIV CIIMCOK CM. Ha CTPAHULIE https://keras.io/metrics/):

O BepHOCTb: OTHOIIEHME YMCIA IIPAaBUIBHBIX TpencKazaHuit K
061IeMY YKCITY METOK;

O TOYHOCTb: OIS MPaBUIbHBIX OTBETOB MOJEIN;

O monHoTAa: 10N 06HAPYXEHHbIX UCTUHHBIX COOBITUIA.

INokasaTeny KauecTBa IIOXOXKM Ha 1ie/ieBble PYHKLNUM, PasauualoTcs
OHM TOJILKO TEM, UTO ITOKa3aTeJIM MCIIONb3YIOTCS He I 06yJeHUss Mo-
Ienu, a 114 OlleHKM ee KayecTBa. Kommunsaiis monenu B Keras rmpous-
BOIMUTCS IIPOCTO:

model.compile (loss='categorical crossentropy',
optimizer=0PTIMIZER,
metrics={'accuracy'])

st 06yueHUsT OTKOMIIMIUPOBAHHOM MOIETY CIYKUT PYHKLIMS fit (),
NPMHMMAIONIAs B YaCTHOCTY CIeIyIolIyie TapaMeTphL:

Q epochs: YMCIO TIEPUOLOB — CKOJBKO pa3 obyualoumit Habop
npeabsBiseTcss Mofenu. Ha Kaxaoil uTepauuyu ONTUMMU3ATOD
MbITaeTCs MOAKOPPEKTUPOBATh Beca, CTpeMsiCb MUHUMMU3UDO-
BaThb 1IeJIEBYI0 QYHKIINIO;

O batch_size: CKOABKO OOYy4aloOIIMX MPUMEPOB NODKEH YBUIOETh
ONITUMM3ATOD, IIPEXIEe YeM OH OGHOBUT Beca.

O6yuuThb Mogens B Keras oueHb IIpocTo. JI0NyCTUM, 4TO BbIITOIHSIET-
CSI NB_EPOCH UTepaLmii:

history = model.fit(X_train, Y train,
batch size=BATCH_SIZE, epochs=NB_EPOCH,
verbose=VERBOSE, validation split=VALIDATION_SPLIT)

Mbl 3apesepBupoBasni Yactb obyvatouiero Habopa ons KOoH-
Tpons. pes B ToM, YTOGbI OTAIOXKUTL YACTb 0BYYAIOLUMX JAHHBIX
[N KOHTPONA KavecTea B npouecce o6yyeHns. 3Ta peKoMeHay-
eMasn NpakTvka s BCeX 3aAay MallMHHOro obyyeHus, u pganee
Mbl 6yAeM ee NpuaepX1BaThCs.

Iocsie Toro Kak Mojenb o0ydeHa, ee CjieqyeT MPOBEPUTh Ha Te-
CTOBOM Habope, KOTOPBIiA CONEPXUT paHee He NMpPeabsBISIBIINECS
npumMepbl. TakuM 06pa3oM, Mbl CMOXEM TOTYYUTH MUHMMAJIbHOE
3HaueHue, JOCTUraemMoe IeneBoit pysKumeit, U Hauayyilee 3Haye-
HMe 1T0Ka3aTells KayecTsa.
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TomuepKHeM, yTO 06yJaroLIMit ¥ TECTOBBI HAG0P He JOJDKHbI Iepe-
cexaTbcsl. He MeeT HMKaKoro cMpic/Ia OLeHMBATh MOJENb Ha MpuMe-
pe, KOTOpbIit OHa BUAEIa BO BpeMst 06yueHust. CMbICT O6YUEHMS B TOM,
4TOOBI MOJIeNIb MOIJIa 060611aThCsI HA paHee He BCTpeyaBluuecs AaH-
Hble, a He B TOM, YTOOBI OHa 3aOMyHaIa TO, YTO yXKe U3BeCTHO.

score = model.evaluate(x_test, Y test, verbose=VERBOSE)
print ("Test score:", score[0])
print ('Test accuracy:', score[l])

Bbl TOZBKO YTO ONpeleNunIu CBOIO IIEPBYIO HEMPOHHYIO CeTh Ha
Keras, MoxeTe IpMHMMAaTh IO3]paBieHMs. Bcero HeCKObKO CTPOK KO-
Iia — ¥ KOMIIBIOTEP YMeeT pacrio3HaBaTh PyKONMCHbIe M pol. Ternepsb
BBITIOJTHUM 3TOT KOJ ¥ OLIEHUM Ka4eCTBo.

MporoH npocroit cetn Keras u cozgaHue 3TanoHa
AN cpaBHEHUA

Ha pucyHke HMKe IOKa3aHO, UTO TIPOUCXOAUT BO BpeMs MPOroHa
IIPOTPaMMBI:

& ¢ e S : o code — ~bash —118x71""
gulli-macbookpro:code gulli$ python keras_MINST_V1,py

Using TensorFlow backend,

60000 train samples

10000 test samples

Layer (type) Output Shape Param # Connected to

dense_1 (Dense) (None, 10) 7850 dense_input_1[0] [0]

activation_1 (Activation) (None, 10) [ dense_1[0) [0

Total params: 7850

Train on 48000 samples, validate on 1200¢ samples

Epoch 1/200

48000/48000 [ 1 - 03 - loss: 1.4102 ~ acc: 0.6554 - val_loss: 0.9073 - val_acc: 0.8244
Epoch 2/200

48000/48000 [ ] - s - loss: ©.8006 - acc: @.8279 - val_loss: 9.6625 - val_acc: 06,8567
Epoch 3/200
48000/48000 [
Epoch 4/200
48000/48000
Epoch 5/200
48000/48000

] ~ 85 ~ loss: ©.6467 ~ acc: 0.8495 - val_loss: 0,5650 - val_acc: 0.6704

] - 03 ~ loss: ©.5728 - acc: B.B600 - val_loss: 0.5112 - val_acc: 0.8778

] - @ ~ loss: ©.5280 ~ acc: 0.8677 - val_loss: @.4767 - val_acc: 0.8B22

Cuauajia pacnevyaTslBaeTCs apXMUTEKTypa CeTu, Mbl BUAUM TUIIbI
cnoes, GopMy BBIXOJa, KOMMYECTBO ONTUMUZMPYEMBIX ITAPAaMETPOB
U XapakTep CBA3eil MexXAy cIosMu. 3aTeM ceTh ob6ydaeTcs Ha 48 000
npuMepax, a 12 000 npumepoB 3ape3epBUPOBAHO AJISI KOHTPOJIS.
[locTpoennas HelipoHHas ceTh TecTupyetcs Ha 10 000 mpumepax.
Kaxk Buaum, Keras ucronb3ayer 1j1s BerunciaeHuit 6a3oByio 6ubamore-
ky TensorFlow. Iloka 4To He 6ynemM BOaBaTbCsa B AeTaNM O6YUeHMS,
HO OTMETMM, YTO NporpaMMa BaITIOAHMIA 200 UTepaumit 1 ¢ Kax-
JBIM Pa30M BePHOCTD YIYULIAIach.
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ITo 3aBepieHuy 06yYeHyst Mbl IPOBEPSIEM MOAEb Ha TeCTOBOM Ha-
60pe ¥ BUIUM, UTO Ha 06yJaroleM Habope mosydyeHa BepHocTs 92.36%,
Ha KOHTponbHOM — 92.27%, a Ha TecToBOM — 92.22%. '

9TO 3HAUMT, YTO /IO HEIPABUIbHO PACIIO3HAHHBIX PYKOIVICHBIX
CMMBOJIOB COCTaBJISIET YyTh MEHEe OIHOTO Ha J1ecsiTh. Be3ycnoBHO, 3TOT
Pe3yabTaT MOXXHO YIYULITUTh.

Epoch 198/200

48000/48000 [ ] ~ @s - loss: 0.2761 - acc: 0,9230 - val_loss: 0.2762 - val_acc: 9.9224
Epoch 199/200

48000/48000 [ ] - @5 - loss: ©.2760 - acc: ©.9231 - val_loss: €.2762 - val_scc: ©,9223
Epoch 200/200

48000/48000 | ] - @s - loss: ©.2758 - acc: ©.9236 - val_loss: ©.2761 - val_acc: ©.9227
9808/10000 | +] - ETA: 0s

Test score: 8.277792117235

Test accuracy: 0,9222

gulli-macbookpro:code gulli$ §

YnyuweHue npocroit cetu B Keras nocpeacrsom
£06aBNEHUNA CKPbITbIX CNOEB

Mb1 mocTurn BepHocTH 92.36% uHa obywaroniem Habope, 92.27% —
Ha KOHTpOJbHOM U 92.22% — Ha TecTOBOM. [/151 Haya/sa HEIIOXO0, HO
€CTh BO3MOXHOCTD 1006UThCs 6onbinero. [IocMOTpUM, Kaxk.

IlepBoe yay4llleHMe — BKJIIOUUTH B CETh NOIOIHUTE/LHBIE CIIOW.
Tocne BXOAHOTO C/10S1 TIOMECTUM IIepBbIii IITOTHBIN CI0HM C N_HIDDEN
HelipoHamy U QYHKIMEH aKTUBALMU relu. ITOT CIOJi Ha3bIBAETCH
CKpbimbiM, IOTOMY YTO OH HaIIPSIMYIO He COeIMHEeH HU C BXOAOM, HU C
BhIXOHOM. ITociie MepBOro CKphITOTO C/I0S1 IOGABUM ellle OOMH, TAKOKe
cofiep>Kalliuit N_HIDDEN HEIPOHOB, a YK€ 32 HUM OyAeT pacroloXeH
BBIXOIHOJ ¢J107i ¢ 10 HelipoHaMy, KOTOpble BO30YKIOAI0TCS, €C/IN pac-
II03HaHa COOTBETCTBYIONIad uudpa. Bot Kof, onpeaensiomuii HOBYIO
CeTh:
from _ future  import print function
import numpy as np
from keras.datasets import mnist
from keras.models import Sequential
from keras.layers.core import Dense, Activation
from keras.optimizers import SGD

from keras.utils import np utils
np.random.seed(1671) # nis BOCHPOM3BOOMMOCTM PEe3yJIbTATOB

# ceTr M ee obyueHue

NB_EPOCH = 20

BATCH_SIZE = 128

VERBOSE = 1

NB_CLASSES = 10 # KomMuecTBO pe3yNnbTaTOB = uMCIy uudp
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OPTIMIZER = SGD() # CI'C~onrmMusaTop, OBCyXImaeTCs HWKE B DTOM IJIaBe
N_HIDDEN = 128
VALIDATION SPLIT=0.2 # xaKas 4acTh OGydalWero HaGopa 3ape3epBUPOBAHA IJIA KOHTPOMA

# maHHHe: CIyualfHO NEpPeTACOBAHH 1M Pa30MTH Ha OOyYaomyMit ¥ TECTOBH HaBOp
#

(X_train, y_train), (X _test, y_test) = mnist.load_data()

# X train comepxarr 60000 maoBpaxenmit pasmepa 28x28 --> npeofpasyeM B MacCHUs
60000 x 784 RESHAPED = 784

#

X_train = X_train.reshape (60000, RESHAPED)

X _test = X test.reshape (10000, RESHAPED)

X _train = X train.astype('float32"')

X_test = X test.astype('float32')

# HOpMMpPOBaThb

X train /= 255

X test /= 255

print (X_train.shape[0], 'train samples')
print (X test.shape[0], 'test samples')

# npeoBpasoBaTh BEKTOPH KJIACCOB B OMHAPHEE MaTpPMUB KIIACCOB
Y train = np_utils.to_categorical(y~train, NB_CLASSES)
Y_test = np_utils.to_categorical(y_test, NB CLASSES)

# M _HIDDEN CKPEITHIX CJIOEB

# 10 BeIXOZOB

# Ha nocsegHem sTane softmax

model = Sequential ()

model.add (Dense (N_HIDDEN, input_shape= (RESHAPED,)))

model.add (Activation('relu'))

model.add (Dense (N_HIDDEN) )

model.add (Activation('relu'))

model.add(Dense(NB*CLASSES))

model.add (Activation('softmax'))

model.summary ()

model.compile (loss='categorical crossentropy',
optimizer=OPTIMIZER,
metrics=['accuracy'])

history = model.fit (X_train, Y _train,
batch_size=BATCH_SIZE, epochs=NB_EPOCH,
verbose=VERBOSE, validation_split=VALIDATION_ SPLIT)

score = model.evaluate(X_test, Y test, verbose=VERBOSE)

print ("Test score:", score[0])

print ('Test accuracy:', score[l])

BBINIOJTHMM 3TOT KOZ, ¥ IOCMOTPYMM, KaKue pe3yabTaThl HAeT Takas
MHOTroc/IolHas ceTb. Hertoxo. lo6aBuB fBa CKPHITHIX CJI0H, MbI J0-
cTurnu BepHoctH 94.50% Ha obyuaroumem Habope, 94.63% — Ha KOH-
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TPOJILHOM U 94.41% — Ha TeCTOBOM, T. €. TOJYUMJIN IPUPOCT 2.2% Ha
TeCTOBOM Habope 110 CpaBHEHMIO C TpelbIayilel ceTbio. Y npu 3TOM
YUCIIO UTepalyii pe3ko ymenpmnaock - ¢ 200 go 20. Xopolo, HO Ml
XOTUM 60bLIErO.

Eciu xoTUTe, MOXKETE ITOCMOTPETH, UTO GYAeT, eciiu 106aBUTh TOIb-
KO OIIMH CKPBITHIH CI0i BMECTO ABYX WM ety 06aBUTb O0/IbIIIE IBYX
coeB. OCTaB/AI0 3TO B KaUeCTBe yIIpaskHeHMs. Ha pucyHKe HMKe I10-
Ka3aH pes3y/IbTaT paboTsl IOC/IeHHEN IPOrpaMMBI.

® o e - -bash —118x86. - "
gulli-macbookpro:code gullis python karas MINST_V2.py
Using TensorFlow backend.
66008 train samples
10009 test samples
Layer (type) Output Shape Param # Connected to
dense_1 (Dense) (None, 128) 100480 dense_input_1(@] (@
activation_ 1 (Actlvation} (None, 128) [] dense_1[2] (@)
dense_2 (Dense) {None, 1208) 16512 activation_1(0]lQ]
activation_2 (Activation) {(None, 128) ] dense_2[0] (0]
dense_3 (Dense) (None, 10) 1299 activation_2(e] (@)
activation_3 (Activation} {None, 10) @ dense_31(8] [0
Total params: 118282
Train on 48@80 samples, validate on 12800 samples
Epoch 1/2¢
48000/48000 |= ) - 15 ~ loss: 1.5266 ~ acc: ©.61€1 - val_loss: 8.7838 ~ val_acc: 0.8296
Epoch 2/20
§48009/48000 | J - 1s - loss: 0.6108 - occ: 0.8464 - val_loss: 9.4603 - val acc: 0.6796
{ Epoch 3/28
1 48008/48000 | 1 - 1s - loss: ©.4422 - acc: 0.8794 -~ val_loss: ©.3765 - val_acc: 90,8963
Epoch 4720
48900/48000 | } - 1s - loss: 0.3796 - acc: 0.8946 - val_loss: 0.3374 - val_acci 0.9@65
Epoch 5/20
48000/48000 ( ====] - 1s - lass: 0.3450 - acc: 9.9827 - val_loss: 0.3119 - val_acci 0,9116
Epoch 6/2¢
48000748080 | 1 - 1s -~ lass: ©.3214 ~ ace: 8,9090 - val_loss: 0.2949 - val_occ: 8.9165
‘Epoch 7/20
48008/48000 | ] - 1s - loss: ©,3033 - acc: 0.9148 - val_loss! 9,2794 - val_acar 0.9213
Epoch 8/20
48000/48000 | 1 - 15 - loss: 0,2885 - acc: 8.9161 - val_loss: 0.26668 -~ val_acc! 0.9251
Epoch 9/28
48000/48000 | ] - 18 - loss: 0.2763 - acc: 08,9220 - val_loss: 0.256% ~- val_acc: 0.9287
Epoch 10/20
48000/46008 | ] = 18 - loss: @.2654 - acc: 0,9245 -~ val_loss: 90,2491 - val_ace: 0.9304
Epoch 11/20
480006/480e0 | } - 1s - loss: 0,2556 - acc: 90,9274 - val_loss: 9.2480 - val acc: 0.9335
Epoch 12/29
48000/48000 [ == 1 - 1s - loss: 9,2464 - ace; 0.9299 ~ val_loss: ©.2320 - val_ace: 9.9355
Epoch 13/28 )
40000/48000 | ] - 1s - loss: 09,2382 - ace: 0.9321 - val_less: 0.2279 - val_acc: 0.9369
Epoch 14/20
48000748000 | ) - 1s - loss: ©.2309 - acc: £,9342 - val_loss: ©.2208 — val_accy 6.9388
Epoch 15/20
48020/48020 (= } - 1s - loss: 90,2237 - ace: @,9365 - val_loss: €.2140 - val_acc: ©.9413
Epoch 16/20
48000/48000 | } - 1s ~ loss: 9.2172 - ace: 0.9380 - val_loss: 0.2085 - val_acc: 0.9423
Epoch 17/20
4800@/48000 | 1 - 15 - loss: ©,2110 - acc: 6.9397 - val_ less: 0.2835 - val_acc: 0.9435
Epoch 18/20
48008/48008 | ] - 1s - loss: ©.2051 - pce: 8.9415 - val loss: 0.1993 ~ val_acc: ©.9445
Epoch 19/28
48008/46000 | 1 - 1s - loss: 0.1997 - oce: 9,9427 - val_loss: ©0.1954 ~ val_acc: 0.9461
Epoch 20/20
48000/48000 [ ) - 1s - loss: ©€.1947 - acc: ©.9450 - val_loss: 0.1914 - val_acc: 8.9463
{ 9696/10000 [ .1 - ETA: @s

| Test score: ©6,191052276902

; Test ‘accuracy: 8.9441

{ quili-macbookpro:code qullis &
| SR
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DanbHenwee ynyyweHue npocroii cetu Keras
C NOMOLLbIO MPOPEUBAHUSA

Haie nocienuee noctiskeHue — BepHOCTh 94.50% Ha o6GyualoiieM
Habope, 94.63% — Ha KOHTPO/IbHOM 1 94.41% — Ha TecTOBOM. BTOpoe
yIy4dilleHye COBCeM IIpocToe. Mbl IIpUMEHUM IIpOpeXXuBaHue — C Be-
POSITHOCTBIO dropout ByIeM cIydaifHbiM 06pa3oM oTOPachiBaTh HEKO-
TOpbIe 3HAYEHUS, PACTIPOCTPAHAOIIMECS BHYTPU CETH, COCTOSILE U3
IJIOTHBIX CKPBITBIX CJIOEB. DTO XOPOILO U3BecTHas GopMa peryaspusa-
LIM1 B MalIMHHOM 06yueHun. Kak H1 cTpaHHo, oTépackiBaHMe HEKOTO-
PBIX 3HaUEHUI NIPUBOAUT K MOBBIIIEHNIO KAUECTBA:

from __future__ import print function

import numpy as np

from keras.datasets import mnist

from keras.models import Sequential

from keras.layers.core import Dense, Dropout, Activation
from keras.optimizers import SGD

from keras.utils import np_utils

np.random.seed(1671) # mnA BOCHPOM3BOAMMOCTM pe3yJlbTATOB

# ceTp U ee oOydeHMEe

NB_EPOCH = 20

BATCH SIZE = 128

VERBOSE = 1

NB_CLASSES = 10 # xOmMYecCTBO pe3yNbTaTOB = uMuCIy UMdp

OPTIMIZER = SGD() # CI'C-onTmMmzsaTop, oBCyxOaeTcsa HMXe B DTOM TIjabe
N_HIDDEN = 128

VALIDATION SPLIT=0.2 # kaxasa wacTb ofydanlero Hatopa B3apesepBUpOBaHA
oms koHTposa DROPOUT = 0.3

# ImaHHBle: CIYYalHO NEePeTaCOoBaHE M PASOMTH Ha OOyudaluwpii ¥ TeCTOBHI HaGOp
#

(X_train, y_train), (X_test, y test) = mnist.load_datal()

# X_train comepxur 60000 ms0oGpaxeHunit pasMepa 28x28 --> npeoBpasyem
B MaccuB 60000 x 784 RESHAPED = 784
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#

X _train = X train.reshape (60000, RESHAPED)
X test = X_test.reshape (10000, RESHAPED)
X_train = X_train.astype('float32")

X_test = X_test.astype('float32')

# HopMmpoBaTh

X_train /= 255

X test /= 255

# npeoBpa30BaTh BEKTOPH KJIACCOB B OMHAPHBIE MATPMLE KJIACCOB
Y train = np_utils.to_categorical (y_train, NB_CLASSES)

Y test = np_utils.to_categorical(y_test, NB_CLASSES)

# M_HIDDEN CKpHITHX CJIOEB

model = Sequential ()

model.add (Dense (N_HIDDEN, input_shape= (RESHAPED,)))

model.add (Activation('relu'))

model . add (Dropout (DROPOUT) )

model.add (Dense (N_HIDDEN) )

model.add (Activation('relu'))

model.add (Dropout (DROPOUT) )

model.add (Dense (NB_CLASSES))

model.add (Activation('softmax"'))

model . summary ()

model.compile (loss='categorical crossentropy',
optimizer=0PTIMIZER,
metrics=["'accuracy'])

history = model.fit (X_train, Y_train,
batch_size=BATCH_SIZE, epochs=NB_EPOCH,
verbose=VERBOSE, validation_split=VALIDATION_SPLIT)

score = model.evaluate (X test, Y_test, verbose=VERBOSE)

print ("Test score:", score[0])

print ('Test accuracy:', score[l])

Brinonuus Te e 20 MTepanuit, 4TO M paHbllle, MBI YBUINM, UTO CEThb
JocTUITIa BepHocTH 91.54% Ha obyuatomiem Habope, 94.48% —~ Ha KOH-

TPONLHOM U 94.25% — Ha TeCcTOBOM:
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3 G o ;/1Gode —~bash
gulli-macbookpro:code gullis python keras MINST V3. 1.py
Using TensorFlow backend.
60000 train samples
. 10020 test samples

‘Layer (type) Qutput Shape Param # Connected to

| dense_1 (Dense) (None, 128) 100480 dense_input.1(e) o)
activation_1 (Activation) (None, 178) v dense_1(0] (01
dropout_1 (Dropout) (None, 128) [] activation_1[8] (0]
dense.2 (Dense) (None, 128) 16512 dropout_110110)
activation_2 (Activatiom) (Nonse, 128) @ dense_210)10)
dropout,_2 {(Dropout) {None, 128} 2 activation_2(8]10]
dense_3 (Dense) (None, 10} 1290 dropout_2(e@] (8]
activation_3 (Activation) (None, 1@} [] dense_3{8] [8]

Total params: 119282

Train on 48808 samples, validate on 12808 samples

Epoch 1729

45000/480008 | ) - 1s « loss: 1.7206 - acc: 9.4625 - val_loss: 0.93125 -~ val_acc: €.863p
Epoch 2/28

48000/48000 { ) - 15 ~ loss: 8.9254 - acc: 8.7149 - val_loss: 9.5374 - val_acc: 0.8621

[ Epoch 3720

. 48000/48000 | ) - 25 - loss: B.6938 - acc: 0,7883 - val_loss: 8.4240 - val_sce: 0.8872
Epoch 4/20

} 48000/48000 {r= ] - 1s ~ less: B.5917 - acc: 0.8205 - val loss: 9.3724 - val_acc: 0.8958
Epach.5/28

' 48900/48090 [ ] ~ 1% - loss: 0.5307 - acci 0.8398 - val_loss: 9.3370 ~ val_acc: 0.9938
Epoch 6/20

48000/48000 [= =#) « 15 ~ loss: 0.4868 - acc: @.8546 - val_loss: 8.3126 - val_acc: 0.9084
Epoch 7/29

48000/48200 [ ] ~ 15 - loss: ©.4563 - acc: 0.8654 - val_loss: 9,2939 - val _acc: 2.9126

' Epoch B/20Q

48808/48000 | 1 - 1s ~ loss: 0.4322 - acc: 9.8726 - val_loss: 0.2789 ~ val_acc: 9:9173
Epoch 9/29 .

48800/48000 [ ] - 1s ~ loss: 0.4061 — acc: 9.8799 - val_loss: 9.2666 - val_ pre: 0.9196

; Epach 10/20

48000/48200 [ ] » 15 ~ loss: 0.3908 - acc: 0.8848 - val_loss: 0.2556 - vail_ acc: 0.9236

i Epach 11/20

4B000/48000 [ ] - 1s - loss: 9.3758 - acc: €,8893 - val_loss: 90,2463 - val_acc: 0.9263

: Epoch 12/20

48000/48000 [ =} - 1s = less: ©,3592 - acc: 8.8938 - val_loss; ©.2372 - val_oce: 0.9297
Epoch 13/20

48000/48009 [: J ~ 1$ - loss: 0.3491 - accr 9.8970 - val_loss: 0.2204 - val_scc: 0.9323
Epoch 14,20

48000/48000 |( ) - 1s - loss: 0.3361 - acc: ©.9089 - val_loss: D,2224 - vat_acc: 08,9344
Epoch 15/20

[ 48000/48000 |=x= 1 - 18 - loss: B.3266 - acc: ©.9036 - val_loss: 0.2165 - val_acc: 9.9348
Epoch 16720

48000/480089 | ] - 1s - loss: ©,3182 - acc: 0.9864 - val_loss: ©,2102 - val_acc: 9.9371
Epoch 17/20

48p00/48000 [ ] = 1s = loss: B.3073 - acc: 0.9103 - val_loss: 9,2035 - val_acc: 9.9395
Epach 18/20

48000/4800¢8 | ) = is ~ loss: 0.2998 - acc: ©.9109 - val_less: 08,1987 - vol_acc: 0.9418

. Epoch 19/20

4B208/48000 [ ] =15 - loss: ©,2938 ~ acc: ©.9131 - val_loss: 8.1938 - val_acc: ©.9423
Epoch 20/29

' 48000/48090 [ 1 = 15 = loss: 0,2855 -~ acc: 0.9154 - val_loss: 9.1893 - val acc: 0.9448
9888/10009 [ | - ETA: Os

Test score: 0.191873697177
i Test accuracy: 0.9425
gulli-macbookpro:code gullis &

OTMeTHM, YTO BEpHOCTH Ha o6yualonieM Habope JO/MKHA ObITH BbI-
Ille, YeM Ha TECTOBOM, B IIPOTUBHOM C/Iyyae Mbl IIpepBaiyu obyueHme
CIUIIKOM paHo. YBeJIMYMUB UMCIO Mepuomos no 250, MbI HMOMy4UM
BepHOCTb 98.1% Ha obyualtouiem nabope, 97.73% — Ha KOHTPOJIBHOM U
97.7% — Ha TECTOBOM:



PeanbHbIlii npuMep - pacno3HaBaHWe pyKONUCHbIX Uudp % 41

48000/48000 [ ] - 1s ~ loss: 0.0630 - acc: 0.9804 - val_loss: 9.9785 - val_scc: 9.9769
Epoch 2497258

43000/48000 |: ] - 1s - loss: 0.8634 - acc: 0.9799 - val_loss: @.8789 - val_acc: 9.9775
Epoch 258/250

43000/48090 |: ] - 1s - loss: 0.0616 - acc: 0.9810 - val_loss: 0.8787 - val_acc: 9.9773
9696/10000 [ .} - ETA: @s
Test score: 0.0726828922328

Test accuracy: 8.9777

gulli-macbookpro:code gullis & l

{Eb&&ﬁ 248/350

..... —— o

VHTepecHO MOHAG/IONATh 3a TEM, KaK BO3pacTaeT BepHOCTb Ha 06-
yUalolieM ¥ TeCTOBOM Habope IIpy YBelIMYeHUM Yucia repuoaos. Kak
BUIHO M3 MPUBENEHHOT0 HipKe rpaduka, 3TV ABe KPUBbIE CXOISITCH,
KOI[a YMCIIO ITepuooB IpUOIM3UTEIHHO paBHO 250, TaK YTO NOCAELY-
101iee 06yUeHMe HUYEro He JAacT.

CE Aol logs T

3aMeueHO, YTO CeTH CO CIYYaliHBIM IPOPEXMBAHMEM BHYTPEHHUX
CJI0€B YacTo Jiyulle 06061aI0TCsl HAa HOBBIE IIPMMEPHI 13 TeCTOBOIO Ha-
6opa. IHTYUTMBHO 9TO MOKHO OOBSICHUTB TEM, YTO KaXXIbIi1 HelipoH
CTaHOBUTCSI «yMHee», IOTOMY YTO 3HaeT, YTO HeJIb3sl 10J1araThCsl Ha
cocezieil. B riponiecce TecTypoBaHMsI IPOPEXMBaHKe He IPOU3BOIUTCS,
T. . MCIIONb3YIOTCS BCE TIATENLHO HacTpoeHHbie HelipoHbl. Kopoue
TOBOpSI, B 00LLEM C/Tydae peKOMEHAYeTC S IPOBEPsiTh, Kak OymeT pabo-
TaTh CETh, €CIM MPUMEHEHA Ta WK MHasg Gopma IPOpeRVBAHMUSL.

TectupoBaHue pa3nuuHbix ontuMusaropos B Keras

MsI orpefenuau 1 UCTIONb30BaIN CETh, Terephb OyAeT IoIe3HO Ha
VHTYUTUBHOM YPOBHE OOBSICHUTH, KaK IPOUCXOIUT OOyUeHMe CeTHu.
OCTaHOBMMCST Ha OZHOM IIOITY/ISIPHOM MeToje 00yueHus — rpajMeHT-
HoM crrycke (T'C). ITpencraBum cebe 0011yI0 GyHKIMIO cTouMocT C(w)
OT O[IHOJi TIeEpeMeHHOo W ¢ rpadMKOM Takoro BUAA:
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\

Y OyHKUmMA
\ CTOMMOCTH

\

F o
3oL

fissh

L) i HauanbHbiii Bec

I'paguent

I'paqueHTHBIN CIIYCK MOXHO YTIOAOGUTD aJdbIMHNICTY, CITyCKAIolle-
Mycs ¢ ropH B Jonuny. l'opa nipeacrasnena ¢yukimeis C, a 1onuHa — ee
MMHUMAaIbHBIM 3HaueHueM C . . ATbIIMHUCT HAaXOAMTCS B Ha4aIbHOM
TOYKe W, ¥ IlepeMellaeTcst Hebonbiuyumy maxkamu. Ha kaxxgom wrare r

rpagyveHT JaeT HallpaBJIeHMe MaKCMMaJIbHOT'O poCTa. MaremaTuyecku
ac

3TO HanpaBsJIeH}e OTpeNe/ISIeTCsl YaCTHOM MPOU3BOLHOM 3, B TOUKE W,,
B KOTOPOJi aJbIIMHUCT OKa3aJIcs Ha 1mare r. Ilo3ToMy, ABUTasiCh IPOTHU-

ac
BOIIOJIO)KHOM HaIlpaB/JIeHUM "ﬁ(w,-), anbIMHUCT 6YAeT HaNpaB/IsTh-

Cs1 B CTOPOHY A0MMHBL. Ha KaXXI0M 1iare aablIMHUCT MOXKET YUUTHIBATD
IUTVHY CBOEJ HOTU TIpe]] CIeAYIONYM IaroM. B TepMUHONOIMY METOAA
rPafyeHTHOrO CIIyCKa 9TO Ha3bIBAETCS CKOPOCcmolo o6yueHus n > 0. Ecnu
OHa CJIMILIKOM MaJia, TO aJIbIIMHUCT GyIeT JBUTaThCs MeJIeHHO, a ecIu
CTMLIKOM BEJIMKA, TO €CTh WIAHC IPOCKOYMTL MYIMO JOMMUHBI.

BCOMHMM, YTO CUTMOMAE ~ ITagKast (YHKIS, TaK YTO Mbl MOXKEM
BBIYMCIMTH €e TPOU3BOAHYI0. MOXHO [10Ka3aTh, YTO MPOM3BOSHAS
CUTMOU/BI ’

1

o(x)=——
1+e™*
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nMmeeT BUA,
do(x)

) = o(x)(1-o(x))

Oyuxkuus ReLU He nuddepennypyema B Touke 0. OMIHAKO MOXKHO
J0OTIpefieNIUTb ee IPOU3BOJHYIO B 3TOJ TOUKe, BBIOPAB B KaueCTse 3Ha-
uenys 0 wiu 1. Torma npousBofHOM 610Ka TVMHENHOM peRTUDUKALNM
y = max(0, x) 6yeT Takas KyCOUHO-IOCTOSHHAsA GYHKINI:

dy 0 x<0
dc 1 x>0

3Hasl MPOM3BOJHYIO, MBI MOXXeM ONTUMM3UPOBATL CEThb METOJIOM
rpaiyeHTHOrO cIiycka. Keras monb3yeTcs JAJist BBIUYMCIEHMS TTPOU3BO-
nHoit 6a3oBoit 6ubmorexoit (TensorFlow mwiu Theano), Tak 4To HaM
IyMaThb O peanu3ainyu He HYKHO. MbI IIpoCTo BbIGMpaeM GYHKIMIO aK-
TUBaL My, a Keras BeIuMc/IsSeT ee IpoOU3BOLHYIO.

HeltponHasi ceTb IIPeCTaBASET CO60i KOMIIO3UINIO HECKOMbKUX
dbyHKRIMI ¢ TRICSTYAMM, @ MHOIJA ¥ MWIIMOHAMU NapaMeTpoB. Kax-
Iblii C10i1 BBIYMCAsIET GYHKUMIO, OMIMOKY KOTOPO HeoBX0OUMO MMU-
HMMU3MPOBATh, YTOOBI YAYULIMTb BEPHOCTh Ha dTame obyuenus. [pu
06CY)KIEHUM 06PATHOTO PacIipoCTpaHeHMsT Mbl ITOMIMEM, YTO MUHM-
MM3alus — He Takoe IIPOCToe [el0, KaK B HallleM WUIIOCTPaTUBHOM
npumepe. Ho Bce paBHO OHa OCHOBaHa Ha TeX ke U esX, UTO CIYCK aJlb-
NUHKUCTA B JONUHY.

B Keras peanyu3oBaH ObICTpbIii BapMaHT IPaiMeHTHOIO CIIYCKa —
CTOXacTUYEeCKMIi rpagueHTHLIN ciryck (CI'C) 1 aBa 60nee mpoaBu-
HYTBIX MeTofa ontumusanyuy: RMSprop 1 Adam. B o60oux yuacTByeT
TOHSITHE UMITY/IbCA B JOIMOTHEHMe K YCKOPEHUIO, UCTIONb3YeMOMY B
CI'C. B pesynbraTe mocturaetcs 6omee GbICTpasi CXOAMMOCTD, IIPaB-
Ia, UeHOi yBenuueHUs obbema BbIUMCIeHMUit. ITOMHBIN MepedeHb
ONITMMM3ATOPOB, IoAgepKuBaeMbix Keras, mpuBegeH Ha CTpaHUIE
https://keras.io/optimizers/.J0 CUX IIOP MBI II0 YMOJIYaHUIO BbIOM-
panu ontumusatop CI'C. Terepb mompo6yem JiBa Apyrux. Jjist 3TOro
BCEro-To ¥ Hajo YTO M3MEHUTH Iapy CTPOK:

from keras.optimizers import RMSprop, Adam

OPTIMIZER = RMSprop () # onrmMmsarTop
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Bot u Bce. Pe3yibTaThl TeCTUPOBaHMA ITOKa3aHbI Ha PYCYHKe HIKe:

1871

-9 pro: 9

: Using TensorFlow backend.
‘60002 train samples
;10002 test samples

Layer (type) © Qutput Shape Parem # Connected 1o
dense_1 (Dense) (None, 128) 100480 dense_input_1(0) (8
activation_1 (Activatiom)  (None, 128) ] dense_110] (6]
:dropnut_l {bropout) (None, 128) [) activation_1(0) (@1
:EER;E; “{Dense) (None, 128) 16512 dropout_1(8]10)
s activation_2 {Activation) (None, 128) [] dense_2(8](@)
;ﬂronnvt_z (Dropout) {None, 128} : ) activatioa_2 (0} (@)
:dcnsc~3 (Dense) (none, 108) 1290 dropout_2{0] {e]
activation_3 (Activation) (None, 19) [] dense_310) (9}

Total params: 118282

: Train on 4800@ samples, validatée on 12000 samples

Epoch 1/28
48090/48000 | ] - 25 - loss: 0.4714 - acc: ©8.8571 - val_loss: 9,178 - val_acc: 8.9478
Epoch 2/20
48000/48000 [ | - 18 ~ loss: 0.2257 - acc: 0.9328 - val_loss: 0.1350 - val_acc: 0,9608
& Epoch 3720
: 48099/40000 ( 1 = 1% - loss: 80,1737 ~ acc: ©.9477 - val_loss: B.1217 - val_accs 0.9643
* Epoch 4720
: 48600/49800 [ b~ 213 - loss: 0,1522 - acc: 9.9542 ~ val_loss: 9.1895 -+ val_acc: 9.9687
: Epoch 5720
' 48209/48000 . } ~ 15 - loss: €.1312 ~ acc: 0.9609 - val_loss: @.1039 - val_acc: 8.9793
: Epoch- 6720
: 48006/48000 | ==e=n] ~ 1§ ~ loss! 9.1222 ~ acc: 0.9648 - val_loss: 9.1004 -« val_acc: @.9710
Epoch 7/20
4Bp00/48000 | ] = 1s - loss: 8.1134 - acc: 9.9660 ~ val_loss: ©,8985 - vat_acci 09730
Epoch 8/20
© 48000/48000 [ ] - 15 - loss: 8.1046 - acci ©,9688 - val_loss: @.8975 - val_acc: 0.9739
¢ Epoch 9/29
48000/48000 {: ] ~ 18 - loss: 9.1089 ~ acc: 9.9705 ~ val_loss: 0.10%4 - val_acc: 0.9732
; Epoch 16/28
: 46000/48000. [ 1 < 13 ~ loss: 9.097@ ~ acc: 0.9717 - val_loss: -0.0867 - vat _acc: 0.9748
Epoch 11/2¢
48009/48000 | | - 15 - loss: 8.0922 - acc: 0.9726 - val_loss: 2.0056 - val_acc: 6.9764
Epoch 12/29
43000/48000 [ 1 - 15 ~ loss: 8.0874 - acc: ©0.9751 - val_loss: 90,0975 - val_acc: 0.9747
Epach 13/28
46000/48000 [ | - 18 - loss: 0,08853 - ace: ©.9750 - val_loss: 0.0980 - val_scc: .9760
Epoch 14/20
48800/48000 | ] - 1s - loss: 0.0807 - acc: ©.9754 - val_loss: 8.1083 - val_.dcc: 0.9760
{ Epoch 15/20
48000/48000 | 1 ~ 25 ~ loss! 0.8777 - acc: 0.9771 - val_loss: ©,1023 - val_acc: 6.9766
* Epoch 16/20
- 48090748000 | J = 15 - loss: B.0742 - acc: €.9778 - val_loss: 0.1074 - val acc: 0.9765 r
: Epoch 17/20
48000/46000 | J - 15 - Loss: 0.0746 ~ acc: ©.9786 - val_loss: 2.1104 - val_ace: B.9750
: Epoch 18720
; 48002/48800 [ 1~ 15 - toss: 2.0730 - acc: 0.97868 - val_loss: 9.1046 - val_acc: €.9776
* Epoch 19/20
' 48008/48000 [ er] ~ 16 ~ 1oss: 0.0711 - acc: 8.9793 - val_loss: 0.1112 « val_acc: 9,9769
t Epoch 208/20
¢ 48000/48000 ( ] - 15 = loss: 0.0725 - acc: 0,9797 - val_loss: ,1069 - val_acc: @.9759
9888/18000 Wb~ ETA: es

{ Test score: 9.0962571567255

Test accuracy: 0.97B4

- [tace’, 'loss', ‘val_mcc', ‘val_loss’]
&

Kax Buaum, RMSprop 6sictpee CI'C, Tak 4TO 151 JOCTVDKEHUS BEp-
Hocti 97.97% Ha o6yvaioiieM Habope, 97.59% Ha KOHTPOJIBHOM U
97.84% Ha TecTOBOM IIOHaZ0OWIOCH Bcero 20 uTepaumit. s MOMIHO-
ThI IIOCMOTPMM, KaK M3MEHSIeTCs BepHOCTh U ToTeps IpM YBeIMYeH U
YKCaa IepuomgoB:
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Teneps nonpo6yem onTumusatop Adam. Jast 3TOro HY>XKHO M3Me-
HUTD OJIHY CTPOKY:

OPTIMIZER = Adam() # onTuMmsarop

Kak Bumno, Adam uyTh syuire. 3a 20 uTepaunii JOCTUTAaeTCs Bep-
HocTh 98.28% Ha obyuaromieMm Ha6ope, 98.03% Ha KOHTDOJILHOM MU
97.93% Ha TeCTOBOM.

% miodel accurécy S IR T ool loss L TR

ITO IMATHI BapUaHT, a STAJIOHHAs BEPHOCTb, HAIIOMHUM, Gblj1a paB-
Ha 92.36%.

Mal Ioc/IefoBaTebHO YAy4YlIaeM MOZeNlb, HO C KaXAbIM pasoM
MIPUPOCT JaeTcsl Bce TpyaHee. Cetyac ONTUMMU3ALIUSI IPOU3BOAUTCS C
npopexuBanmem 30%. st ITOTHOTHI KapTUHBI NIOKaXXeM BepHOCTb Ha
TECTOBBIX JAHHBIX JJI OPYTMX 3HAUEHUI TIpOpeXMBaHus, Korja B Ka-
YecTBe ONTMMMU3ATopa ucnonbayercs Adam:



46 <+ [naea 1.0OcCHOBbI HEAPOHHbIX ceTel

BepHocTb
98,10% -~ BepHocTb
96.02%
97.68% o

97.98% L
S 9?,88%//
§ o7.86% -
)
Q

97.74% \

97.66%
AY

97.62%

Dropout=G.1  Dropout=0.2  Dropout=0.3  Dropout=C.4

YBenuueHue unucna nepuoaos

IpeanpumMeM elile OFHY TOIBITKY: YBEIUYUM UMCIIO TIEPUOAOB 00Y-
yenus ¢ 20 no 200. VBbI, BpeMst BbIUMCIEHUI TIPY STOM YBETUYMUBAECTCS
B 10 pa3, HoO HUKAKOTrO BHIUIPBIIIIA MBI He TI0Iy4aeM. DKCIIePUMEHT OKa-
3aJ1CS1 HEYOAYHBIM, HO MBI Y3HAJTH, YTO YBEIMUYEHME BpeMeHU 00yueHms
HeoOsI3aTeNIbHO IPUBOIUT K WIVUIIEeHHI0. YCTieX 06yJ4eHus: 06yC/IoB/IeH
CKOpee IIpMMeHeHMeM yIauyHbIX MeTOOB, 4 He BpeMeHeM, I0TpadyeH-
HBIM Ha pacueTsl. Pesy/ibTaThl 1IecTOro BapuaHTa IpeAcTaBjeHbl Ha
orenyiolem rpagpuxe:

BepHocTb
160.00% [
BepHocTb
97.70% 47 84%, 97.93% a7 #1%
98.00% e
o
g /
S 95.00% /
S .00% S
3 94 41%
Q
94.00%
s?.zzsg//
92.00% -
MINST 4 MINST_DRP MINST_ADM
MINST 2HID MINST _RMS MINST_EPC

YnpasneHue cKopocTbio 06y4eHus onTuMmusaTopa

Mgl MOskeM ellie TIOIpOGOBATH U3MEHUTH CKOPOCTb 00yYeHMS OTITH-
mu3aTtopa. 13 cnepyioniero rpadmka BULHO, YTO ONTVMAalIbHOE 3HaYe-
Hue 6mm3Ko K 0.001, a 5T0 Kax pas ¥ ecTh 3HaUeHMe, IO pasyMeBaeMOoe
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no ymomuauuio. I[pexpacHo! Adam pa6oTaert, He Tpebysl HMKaKOil Ha-
CTPOIKU.

BepHocTb
120.00% ~—— BepHoCcTb
96.26% 97.53% 96.48%
»\MAMM-N.WM
90.00%
0
E
Q
£ 6000%
3 ;
Q
30.00%
10.28%
/
0.00%
MINST_LR=0.1 MINST_LR=0.001
MINST_LR=0.01 MINST_LR=0,0001

YBenuueHue uMcna HeiipoHOB B CKPbITbIX CNOSAX

Ellle ofHa BO3MOXXHOCTb — M3MEHUTD YMCIO HEJIPOHOB BO BHYTPeH-
HUX CKPBITBIX C/10siX. Ha cienyloniem rpadyke oKasaHbl Pe3yiabTaThl,
TIoJTydaeMble Mpy YBEIUUEHUM YMC/Ia HeHPOHOB, T. €. CTIOKHOCTU MO-
nenu. Kak BuaIHO, BpeMs BBIYMCIeHNIT GBICTPO PacTeT, IOCKOIbKY IIpU-
XOOAUTCS ONTUMM3MPOBATh BCe Gosblie apaMeTpoB. Ho JocTuraemblit
BBIATDBIII ITPY 3TOM CTAHOBUTCS BCe MeHblIe 1 MeHblie,

O6uwee uucno napameTpoB
g 2000000 — OBwee
g uucno
g 1500000 napameTpos
8
2 1000000
o
3 L~
$ 500000 e
@ e
o e
3 R
Q NHIDDEN=32 NHIDDEN=128 NHIDDEN=512

NHIDDEN=64 NHIDDEN=258 NHIDDEN=1024

Ha cnenyiomem rpadyke 1oka3aHo, Kak M3MeHseTcsl BpeMsi OfFHOM
UTepanyu IIpu POCTe YMCTa CKPBITHIX HeIPOHOB.
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Bpems BbinonHeHUn 0AHOW UTepaLHK

16
33

12

Bpems
BbINOJIHEHWA
onHOM
uTepauun

Bpems Boinosnernus 00Hol umepayuu
(=]

1 1.2 [
0
NMIDDEN=32  NHIDDEN=128  NHIDDEN=512
NHIDDEN=64 NHIDDEN=256  NHIDDEN=1024

A Ha arom rpaduke Mbl BUOUM U3MEHEHUE BEPHOCTH IIPU POCTE

YKCJ1a HelIpOHOB.

—— BepHocTb

BepHocTb
99.00%
. 98.38%
98.17%  98.19%
97.96% . e
96.00% e
ar. a1
0
S
] 97.00%
by
[2a]
96.00%
95.34%
95.00%
NHIODEN=32 NHIDDEN=128 NHIDOEN=512
NHIDDEN=64 NHIDDEN=256 NHIDDEN=1024

YBenuueHuve pasMepa naketa

AJITOPUTM TPajUeHTHOTO CIyCKa IbITAeTCs MUHMMM3UPOBATH
GYHKIMIO CTOMMOCTY OZHOBPEMEHHO Ha BCeX IpMMepax M3 obyyaro-
wero Habopa M JJis BCeX IMPeACTaBIeHHbIX B HEM IPM3HAKOB, AJro-
PUTM CTOXaCTMYECKOTO TIPAJUEHTHOrO0 CIycka OBXOAMUTCS ropasfio
JelieBie, IIOTOMY YTO B HEM pacCMaTpPUBAEeTCSl TOMbKO BATCH SIZE
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IIpMUMEepoOB. HOCMOTpMM, KaK 3aBUCUT IOBeJeHMEe MOJE/IM OT 3TOrO

mapaMeTpa. Kak Buaum, ontumManbHas BepPHOCTb AOCTUTrAETCs, KOTaa
BATCH SIZE=128:

BepHocTb
98.05%

97.95% T
97.85% \

BN

97.75% \

.,

—~BepHocTb

Beprocms

97.65% :
BATCH_SIZE=64 BATCH_SIZE=256

BATCH_SIZE=128 BATCH_SIZE=512

MNonBepeHue UTOroB SKCNEPUMEHTOB
No pacno3HaBaHUIO PYKONMUCHBIX LUpp

Utak, oripo60oBaB IMATh BAPUAHTOB, Mbl CMOITIM YIYYIIMTDb BbIOpaH-
HbIli TOKa3aTelb KauecTBa ¢ 92.36% 1o 97.93%. CHauasa Mbl orpeze-
JIMJIV TIPOCTYI0 OLHOCTIOMHYIO ceTh cpencTBaMy Keras. 3aTeM Mbl yiry4-
LIWIM Ka4yecTBO, JJ00aBUB CKPBIThIE C/IOM. JalbHeIero yayqueHys
YAAJIOCh JOOUTHCS ITYTEM BKIKOUEHMSI CITYYaifHOrO NMPOpeKUBaHMs ce-

TU U BbI6OpA TOAXOASIIEr0 ONTUMU3ATOPA. [10STyUeHHbIe pe3y/bTaThl
CBeJeHbI B TaONMITY HIOKE.

Ha oponna

92.37% 92.22%

Mpocras

C ABYMA CKpbITbIMK 94.50% 94.63% 94.41%
cnoamu (128)

C npopexxusaHuem o o 97.7%
(30%) 98.10% 97.73% (200 neproa08)

97.84%
0, 0,
RMSprop 97.97% 97.59% (20 nepnogos)
o,
Adam 98.28% 98.03% 97.93%
(20 nepuopos)

OpHaKo cleAyouMe ABa SKCIepUMeHTa He TIPMHECIU CYlUIeCTBeH-
HOTO YIy4lleHus. YBeJuueHue Yucia BHYTPEHHUX HelpOHOB BiieyeT
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3a co60i1 YUIOXKHEHe MO U PoCcT o0beMa BBIYMCIeHM, HO AaeT
eflBa ocsi3aeMblit BRIMIpbINI. To Xe camMoe OTHOCUTCS K YBeJIM4eHUIO
yKcIa nepuoaoB obyuenus. Hai mocinenumii SKCriepuMeHT COCTOSI B
U3MeHeHU! rapaMeTpa ONTUMMU3aTOPa BATCH STZE.

MpumeHeHne perynsipusaumu
AN NpefoTBpalleHus nepeobyueHus

VIHTYUTUBHO TIPEACTABIISIeTCS, YTO XOPOLliasi MOJe/b MaLHHOTO 06y-
YyeHus1 O/DKHA IaBaTh MaJTyIo OLIMOKY Ha 00yJaroliyx JaHHbIX. MaTeMaTi-
YecK! 3TO PABHOCWIBHO MUHMMM3ALIMY TIOCTPOEHHOM MOAENbI0 GyHKIIMU
IOTepPb Ha 06YYAIOLIMX JaHHbIX M BhIpaskaeTcsi ciemyromeii popmyroii:

min: {loss(Training Data | Model}

OIHAKO 3TOr0 MOXKET OKas3aThCs HemocTaToyHo. Monenb MOXKeT
CTaTh U3OBITOYHO CJIOXKHOI, CTPeMSCh YIOBUTDb BCe CBSI3Y, IIPUCYILIMeE
06y4aomM SAaHHBIM. Y TaKOTO YBeJnueHNs CJIOKHOCTY eCTh iBa He-
JKeJIaTeJIbHbIX TOCTeNCTBUS. Bo-TepBbiX, A7 BBHIIIOTHEHMS CIIOXKHOM
MOJE/IM HY)XKHO MHOTO BpeMeHU. Bo-BTOPBIX, CJIOKHAs MOJAETb MOXKET
[MOKa3bIBATh BEMKOJIEITHOE KauecTBO Ha 00ydamoumuxX AAaHHBIX — I10-
CKOJIBKY OHa 3aTIOMHMJIA BCe IPUCYTCTBYIOIIME B HUX CBSI3M, HO ropas-
[0 Xyzliee Ha KOHTPOMBHBIX — TIOCKOJIbKY MOJe/b He 06ob1aeTcs Ha
HOBbIe fauHbie. Takum 06pa3om, o6ydeHMe CBeI0Ch He K CIIOCOOHOCTH
K 00061eH1Io, a K 3arnoMuHanmuio. Ha aiegyoineM rpaduke moxkasa-
Ha TMIMuYHas QYHKIMSA I0Tepb, KOTOPasi YOpIBaeT Kak Ha obyvalolieM,
TaK M Ha KOHTPOIbHOM Habope. OgHAKO B KAKO¥-TO MOMEHT IT0Teps Ha
KOHTPOJIbHBIX JJaHHBIX HaYMHAET PaCcTU U3-3a epeobyueHus.

n

MNepeobyuenme

KoHTponbHbie
DaHHble

Obyuatoume
aHHble

Mepuog ———————>

s
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DBpUCTMYECKOE NIPABUIO COCTOUT B TOM, YTO €C/IM B IIpoliecce 06-
y4eHus Mbl Hab/TI0JaeM BO3pacTaHue [1oTepy Ha KOHTPOILHOM Habope
T10C/Ie IIePBOHAYAIBHOTO YOBIBaHMS, 3HAYMUT, MOAE/ID CIIMIIKOM C/IOKHA
M CIIMIIKOM OJIM3KO MOJOrHAHa K 06yJalouyM JaHHBIM. B MaliMHHOM
obydyeHuy sTOT HEeHOMEH Has3bIBAETCS nepeofyueHuem.

Ins pelenusi Mpo6ieMspl rmepeobyueHysi HeOOX0AMMO KaK-TO BbI-
pasuUTh CIOKHOCTh MOJEIM U YIIPaBisTh eto. M xak 310 caenarb? Ho
Belb MOJe/Ib 110 CYIIEeCTBY — BCETO JIMIIbL BEKTOP BecoB. ITosaToMy ee
CJIOXHOCTH MOXHO IIPEICTaBUTD B BUJE KOJIMYECTBA HEHYJIEBBIX BECOB.
WHBIMM ¢JIOBAMU, eCI gBe Mogenu M1 u M2 paroT IpMMepHO OIUHAKO-
BOE Ka4yecTBO B TepMMHAX QYHKIMU [1OTePh, TO CJIefyeT NMpernoyecTb
Ty, B KOTOPOI1 KOJIMYECTBO HEHY/IEBbIX BECOB MeHblle. [IJIs1 yIIpaB/ieHus
Ba’KHOCTBIO BbIGOpA 60J1ee MpoCcToif MOAEIM MOXHO 3aBeCTHM IUIepIa-
pameTp A > 0 ¥ MMHMMM3UPOBATH C/IEAYIOIYI0 QYHKLIMIO:

min: {loss(Training Data | Model} + A » complexity(Model)

B MaluyMHHOM O6Gy4YeHuM MPUMEHSIOTCS TpU criocoba perynspusa-
7178

O Perynapusauusa mo HopMme L1 (M3BecTHas TaxkKe II0J Ha3Ba-
HueM lasso): ClIOKHOCTb MoZeny BhIpaXkaeTcs B BUAE CYMMbI
MopyJ/ieit BecoB.

O Perynspusanys o Hopme L2 (rpe6HeBast): CJIOXHOCTb MOZie-
JIV BRIpaXkaeTcs B BUIE CyMMBbl KBaJipaTOB BECOB.

QO DmacTUYHAA CeTh: IJi BbIPKEHUS CIOXKHOCTY MOIENIN IIpu-
MeHsIeTCs KOMOMHAIMS ABYX TIPeIbIAYLIINX CIIOCOOO0B.

OTMeTHM, UTO UIEI0 PETY/ISPMU3aLINY MOKHO IIPMMEHNUTH K BecaM, K
MO ey M K aKTUBALMNU.

TakuM 06pa3oM, Peryiapusaums MOXeET CII0cOOCTBOBATH IOBbIIIe-
HMIO KayecTBa CeTH, 0COGEeHHO ey HaIMLO OYeBUAHOe Nepeobyue-
Hue. OcrasisieM 3KCIEePMMEHTH B KauecTBe YIIPaXXHeHUsI I MHTepe-
CYIOIIMXCS YuTaTene.

Keras mopjepxuBaer Bce Tpu GopMbl peryaspusauuu. J1o6aButh
perysipusaiyio pocTo, HyKe 1MoKa3aHo 3aAanne L2-peryaspusaTopa
sapa (Bekropa BecoB W):

from keras im_port regularizers model.add(Dense (64, input_dim=64,
kernel_regularizer=regularizers.12(0.01)))

IlomHoe omnucaHue IapaMeTpoB MMEETCS Ha CTpaHUIE https://

keras.io/regularizers/.
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Hacrpoiika runepnapamertpos

Omycannble Bblllle 9KCIIEPUMEHTHI TOMOIM COCTABUTH IPENCTaB-
JieHMe O TOM, KaKMe MMEeIOTCsI CII0coObl HacTpoiiku HelipoceTu. OqHaKO
TO, YTO TOAUTCS JJISL JAHHOTO IpuMepa, MOKET He IOJONTU B APYTUX
cnydasx. s Kaxkpoii ceT MMeeTcst MHOTO AONYCKAIUMX ONTUMMU3a-
L0 TapaMeTPOB (KOJIMYECTBO CKPBITHIX HEJIPOHOB, BATCH_SIZE, KOMM-
YeCTBO IIEPUOAOB U PN IPYIUX, 3aBUCAIIMX OT CJIOXKHOCTY CETH).

HacTpoiikoil runepnapamMeTpoB Ha3biBaeTCs IIPOLECC TTOMCKA OIl-
TUMaJILHOIO COYeTAHMS STUX [1apaMeTpoB, IIPY KOTOPOM JOCTUTAET-
csl MUHMMYM (QYHKLIMHU cTouMocTy. Ecii MMeeTcs n rmapaMeTpos, TO
MOXXHO CYMUTaTh, YTO OHU OIpeHesioT N-MepHOe NPOCTPaHCTBO, a
Hallla LeJIb — HA/iTV B 3TOM NPOCTPAHCTBE TOUKY, B KOTOPOi YHKIIUS
CTOVIMOCTM IPMHUMMAET MUHMMaJbHOe 3HaueHue. 1S AOCTIREHUS
9TOJ UeIM MOXHO, HallpyMep, COo37aTh KOOPOAMHATHYIO CETKY B IIPO-
CTPAHCTBE U VIS KaXXA0I0 ee y3/1a BBIYMCIUTD 3HaueHne (PYHKIIUY CTO-
UMOCTH. IHBIMM C/IOBaMM, BBITIOTHUTH ITOJIHbBI ITepe6bop Bcex KoMOu~
Hauuit mapaMeTpoB.

Mpeackasanue Bbixoaa

OO6yueHHYIO CeThb eCTeCTBEHHO VICIIO/Nb30BaTh /ISl MPeACcKa3aHusl.
B Keras 3T0 0ueHb IpOCTO:

# BEHUMCIMTE NpencKasaHue
predictions = model.predict (X)

Jl1st 3aJaHHOr0 BXOOHOTO BEKTOpa MOXHO BBIYMCIUTL HECKOJIBbKO
3HaYeHMI:
O model.evaluate () : BHIYUCALIET IOTEPIO;
O model.predict_classes(): BbIUMCISET KaTeropMajbHble BHIXO-
b,
Q model.predict_proba () : BHIUMCISET BEPOSTHOCTH KIaCCOB.

MpakTUyeckoe U3noxeHne anropuTma
0OpaTHOro pacnpocTpaHeHus

MHoroc/10/1HbI1 NepuenTpoH o6yJaeTcss Ha JAaHHAIX C HIOMOLIBIO IPO-
Lecca, Ha3bIBaeMOoro o6paTHBIM paciipocTpaHeneM. Ero MOXHO omu-
caTh Kak ITOCTOSHHOE MUCIpaBJieHKe OIMOO0K 10 Mepe uxX obHapyxe-
Hus. [TocMOTpuM, Kak OH paboTaer.
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Hanomuum, 4To ¢ m060ii HEfpOHHOM CEThIO ACCOLMMPOBAH Ha-
60p BECcoB, KOTOpbIe CIYKAT AJIS BBIYMCIEHMS BBIXOOHBIX 3HAUeHMI
10 BXOOHBIM. KpoMe TOro, B HeiipOHHOI CeTH MOXKET ObITh HECKOIHKO
CKPBITBIX CJIOEB.

IlepBoHavaIbHO BCEM BecaM MPUCBAUBAIOTCS CTyMaliHble 3HAYEHMS.
3aTeM ceTh aKTUMBUPYETCS /i K&KOOTO BXOAHOTO 3HAUeHUsT U3 06yua-
I01Ier0 Habopa: 3HaYEHMS PaCTIPOCTPAHAIOTCS B NPAMOM HaTIpaBAeHUU
OT BXOZHOTO CJIOS Uepes3 CKpbIThle K BBIXOAHOMY, KOTOPbIN 1 BblAaeT
rpefcKasaHue:

Mpamoe pacnpocTpaHeHue

TMockonbKy MCTUHHOE HAGTI0IaeMoe 3HaueHue A1 06yJaroero Ha-
6opa M3BECTHO, MBI MOXEM BbIUMCIUTE OUIMOKY TIpecKasanus. Umes
3aK/TI0YaeTCsl B TOM, 4TOOBI BBITIONHUTE 06PaTHOE pacIpoCTpaHeHue
OLIMOGKM U C TIOMOIIBIO TTOAXOASIIEro aJrOpUTMa ONTUMM3ANUM, Ha-
MpUMep TPAIMEHTHOTO CIIyCKa, MOANPABUTh Beca HeiPOHHOM CeT ¢
IIE/TbI0 YMEHbUIEHWS OIIOKM:

%ﬂlm&m’uwl’ﬂwnn—-ﬂ

O6parHoe pacnpocTpaHeHHe oLNOKK
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Ipoliecc MPSMOTO pacHpOCTpaHEeHUs] CUTHAla OT BXOZHOTO CJIOS
K BBIXOZIHOMY M OOpaTHOTO pacrpoCTpaHeHus: OIIMUOKU MOBTOPSET-
CSI HECKOJIBKO pas, IToKa OIMGKa He CTaHeT HIKe 3apaHee 3aJaHHO-
ro II0POTOBOTO 3HAaUeHMS. Bech mpoliecc 1300pakeH Ha ClIeAyIoleM
pUCYHKE:

MeTka

DyHKYUMA

notepb

Mpu3Haku MNpepcka3aHue
e & MOBEND y

A __ Ontumuzarop Bblumc- _f
= nseT oBHOBNEHHbIE
Beca

TIpusHaKky — 5TO BXOAHbIE JaHHble, 4 METKM CIyXKaT AJIsS YIIpaBJe-
HuUs mIpoieccom obyueHus. Momens 0GHOBISIETCS TAKUM 06pa3om, UTO
(yHKIIMS TI0TEPh Ha KaXXAOM Lliare MUHMMU3KUPYETCA. B HelipoHHOM
ceT BakKeH He CTONBKO OTKJIMK OTHEeIbHO B3STOT0 HePOHA, CKOMTbKO
Bech HabOP KOPPEKTHPYEMBIX BECOB B KaKI0M cjioe. [I03ToMy ceTb Imo-
CTeITeHHOo U3MEHSeT BHYTPEHHME Beca, TAK YTOOBI YBEJIMUUTD KOJTYe-
CTBO IPaBWIBHO MIPeACKa3aHHbIX MeToK. KoHeuHo, 11 MMHUMMU3AIIUHN
pacxoXmeHus B mpouecce o6ydyeHus: MPUHIUTIMATbHO BaKHO, YTOGHI
ObUTM BHIGPAHBI TTOAX0AAIINME IPU3HAKM, 8 aHHbIe ObUIM Pa3MeueHbl
MPaBUIBHO.

B HanpaBneHuu rnyb6oKoro ooyueHus

OKCTIepUMEHTUPYSI C PaCIIO3HABAHMEM PYKOMIMCHBIX HUGD, MBI IIPULL-
JIYt K BHIBOZY, YTO YeM 6imke K 99 % HOCTUTHYTas BepHOCTb, TEM TPV -
Hee ee YIy4NTh. Eciu MbI XOTUM IIPOABMHYTHCS Jajblie, TO HY)XHA
Kaxasi-To HoBas uaes. Yero Ham He xBaraet?

BakHejtuiee Hab/II0@HME COCTOUT B TOM, YTO A0 CUX IIOP MBI HE yuu-
ThIBAM MH(OPMALMIO O PACIIONOKEeHMM M300pakeHMsl B IPOCTPaH-
crBe. Tak, MpUBeOEHHbI HIWKE KOJ, peobpasyeT pacTpoBoe 1306pa-
XeHMe, IpeCcTas/sIIolee Bce uUdpbl, B IUVIOCKUIT BEKTOP, B KOTOPOM
BCS IPOCTPaHCTBEHHAs MH(OPMALVs IOTepsIHA:

# X train comepxmr 60000 msoCpaxenuit pasmepa 28x28 --> mpeoBpasyem
B mMaccue 60000 x 784
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X train = X train.reshape (60000, 784)
X test = X test.reshape(10000, 784)

OpHako Xe Haill Mo3T paboraer MHaue. HaroMHNUM, UTO B OCHOBE
3peHMS ISKUT HECKOJTbKO 00J1acTel KOphl, KaskKAast U3 KOTOPBIX pacios-
HaeT Bce Oosiee KpYITHbIe CTPYKTYPbI, COXpaHsisl Ipy 3TOM MHGOpMa-
LMIO O JIOKaJIU3aluu B mpocTpancTBe. CHavana Mbl BUIMM OTHEe/NbHbIE
TIMKCEIM, 3aTeM pacrio3HaeM cpexy HUX MPOCThIe reoMeTpuyecKue
(dbopMblI, a 3aTeM Bce HoJtee CITOKHbIE 7IeMeHTHI: IIpeiMeThl, INLIA, Tejla
JIofen, SKMBOTHBIX U T. 1.

B rmaBe 3 MbI MO3HAKOMMUMCSI CO CIELUATbHBIM TUIIOM CEeTU TIy-
60oKoro obyueHus, cBepTOUHON HejipoHHOM ceTnio (CHC), paspa-
GOTaHHOI TaK, YTO6Bl MOKHO GbUIO ONHOBPEMEHHO COXPaHUTh IIPO-
CTPaHCTBEHHYIO JIOKA/IU3AIMIO B M306pakeHUM U 06ydaThes Bee boree
BBICOKMM YPOBHAM abCTpaKkLuK: ONVDKHMIA K BXOJHBIM JAaHHBIM C/I0H
obyJaeTcs paciio3HaBaHMIO MPOCTBIX 00pa3oB, a ueM CJIoii Jasblle,
TeM 6Gosiee coKHBIE 00pa3bl OH pacrnio3dHaeT. Ho npexne uyeM mepe-
XoauTh K ob6cyxxaenuio CHC, HaM npecTOUT pacCMOTPeTb HeKOTOopbIe
0COOeHHOCTM apXUTeKTyphl Keras 11 JONOMHUTE/IbHbIe KOHLISNILIMY Ma-
LIMHHOTO 06yYeHMs.

Pesiome

B 571011 I71aBe MbI TT03HAaKOMMIMCh C OCHOBaMM HeIpOHHBIX CceTeil: YTO
TaKoe IeplLeNTPOH M MHOTOCIOMHBIN MepLelTPOH, KaK OIIpeae/sioT-
cs1 HeifpouHbie ceTu B Keras, Kak I10CTeIIEHHO YIYYLIUTh Ka4eCTBO ce-
T TI0 CPAaBHEHUIO C STAJIOHOM U KaK HacTpauBaTh IUIeplIapameTpsl.
Kpome Toro, Mbl Ternepb 3HaeM O HEKOTOPBIX IONe3HbIX QYHKUIMAX aK-
TUBALMM (CUTMouJe U 610Ke THelHoi akTuBauuy ReLU), o ToM, Kak
06y4aTh CeTh C TIOMOIIBIO ANTOPUTMa 06pPaTHOrO pacHpoCTpaHeHwus,
OCHOBaHHOTO Ha MeToje rPageHTHOTO CITyCcKa WM CTOXaCTUYeCKOro
IPaZiMEeHTHOrO CITYCKa, MY Ha 60/ee CIIOKHBIX MeTomax Tina Adam u
RMSprop.

B cnenyromiest raBe Mbl YBUIOUM, KaK ycTaHOBUTH Keras B o6iaxe
AWS, Microsoft Azure, Google Cloud 111 Ha CBOIO JIOKa/IbHYIO MALIMHY.
MsI Takske manum 063op API Keras.
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YctaHoBKa Keras
u onucaHue API

B nipeabiyedi r1aBe Mbl OGCYTMIM OCHOBHbIE IIPUHIMITE HEAPOHHbIX
ceTell U IIPUBEIM HECKOJIbKO IPUMEpPOB ceTeil, yMEeIOIIMX paclio3Ha-
BaTh PYKOMMCHBIE I¥GpbI U3 HaGopa nauHbix MNIST.

B aroit maBe Mbl 06cyaum yeranoBKy Keras, Theano u TensorFlow.
Mb1 yBUIMM, KaK HACTPOUTDh pabouee OKpyKeHue U 338 KOPOTKOE Bpe-
MsI IepeifTy OT CMYTHO MAeM K paboTocrocoOHOolT HelipoceTn. 3aTeM
Mbl TTIOTOBOPUM O TOM, KaK IIPOU3BECTU YCTAHOBKY B MHGPACTPYKTY-
pe, OCHOBAaHHOJ Ha KoHTejiHepax Docker, u B obnakax Google GCP,
Amazon AWS u Microsoft Azure. ITonnyTHO MbI IpeAcTaBUM 0630p API
Keras u omuieM HEKOTOpbIE MOJIe3HbIEe oNepalku, B T. U. 3arpPy3Ky U
COXpaHeHMe apXUTeKTyphl U BeCOB HEIPOHHOI CeTH, PaHHIOID OCTa-
HOBKY, COXpaHeHNe UCTOPUM, KOHTPOIbHbIE TOUKM U B3aMMOZEICTBHE
¢ TensorBoard 1 Quiver.

YcraHoBKa Keras

B cnenyionmx pasjenax Mbl IIOKaskeM, Kak yCcTaHOBUTh Keras Ha pas-
JMYHbIE TUIATHOPMBEIL.

lWar 1 - ycraHoBKa 3aBUCMMOCTEN

IMepBBIM [€MOM YCTAHOBUM MaKeT numpy, OIAEPKMBAIOLINI pado-
Ty C MHOTOMEPHBIMY MacCMBAMM U MaTpULIaMy, a Takke ¢ MaTeMa-
TUUECKUMU PYHKIMIMHU. 3aTEM YCTAHOBUM OUBIMOTEKY AJIST HAYIHBIX
pacyeToB scipy. IIoc/e 3TOro uMeeT CMbICT YCTAHOBUTD MAKeT scikit-
learn, CYMTAIOIIMIICS B MalIMHHOM O6yUueHUM Ha Python yHMBEpCa/Tb-
HBIM CPeZICTBOM ~ HOXXOM IIBejillapcKoi apMun. Kpome TOro, nones-
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HO 6YIeT YCTAaHOBUTH OMOMMOTEKY 06paBGOTKY U300pasKeHU pillow U
OMBIMOTEKY CepUaM3aliMyu JaHHbBIX h5py, KOTOpOI Keras monbsyercs
IJIs1 cCOXpaHeHUs Mogeeit. JIis YCTaHOBKM BCEro He0OXOaMMOro J0-
CTaTOYHO OJIHOM KOMaH/Ibl.

MO’KHO BMECTO 3TOTO YCTaHOBUTH AMcTpuOyTHB Anaconda Python,
KOTOp]:II‘/JI yXKe COOepXMT numpy, scipy, scikit-learn, hSpy, pillow U
MHOXECTBO JApPYIMX OGMOMMOTEK, MCIIOAb3yeMbIX B HAay4HBIX pacue-
tax (cm. S. loffe, C. Szegedy «Batch Normalization: Accelerating Deep
Network Training by Reducing Internal Covariate Shift», arxiv.org/
abs/1502.03167, 2015). CriMcoK IakeToOB, BXOASIIMX B COCTaB Ahaconda
Python, CM. Ha CTpPaHUIIE https://docs.continuum.io/anaconda/pkg-
docs. Ha CHMMKe 5KpaHa HIOKe IoKa3aHa Ipoleaypa YCTaAHOBKU He-
00XOIMMBIX [TaKETOB.

LI <code~—-bash — 103220 .

wgulll—macbookpro ccde gullis pip install numpy scipy scikit-learn pillow hSDy
; Collecting numpy
. Using cached numpy-1.11.2-cp27-cp27m-macosx_10_6_intel.macosx_10_9_intel.macosx_18_9_xB86_64.macosx_10
_10_intel.macosx_10_10_x86_64.whl
Collecting scipy
Using cached scipy-0.18,1-cp27-cp27m-macosx_10_6_intel.macosx_1@_9_intel.macosx_10_9_x86_64.macosx_10
_10_intel.macosx_10_106_x86_%4.whl
Collecting scikit-learn
Using cached scikit_learn-@.18.1-cp27-cp27m-macosx_10_6_intel.macosx_10_9_intel.macosx_10_9_x86_64.ma
cosx_10_10_intel.macosx_10_18_x86_64.whl
Collecting pillow
Using cached Pillow-3.4.2-cp27-cp27m-macosx_10_6_intel.macosx_1¢_9_intel.macosx_10_9_xB6_64.macosx_190
_le_intel.macosx_10_108_xB6_64.whl
i Collecting hSpy
Using cached hSpy-2.6.0-cp27-cp27m-macosx_16_6_intel.macosx_10_9_intel.macosx_1¢_9_x86_64.macosx_10_1
0 intel.macosx_10_10_x86_64.whl
Requirement already satisfied: six in /Users/gulli/miniconda2/lib/python2.7/site-packages (from hSpy)
Installing collected packages: numpy, scipy, scikit-learn, pillow, h5py

Successfully installed h5py—2 6.8 numpy-1.11.2 pillow-3.4. 2 scikit-learn-0.18.1 scipy-0.18.1
gulli-macbookpro code gullis &

War 2 - ycraHoBka Theano

VeraHoBuTh Theano MoMOoKeT pip:

r

[ D i ..-google-cloud-sdk — root@7b599d0dcaah j—bash —117x8"

{ gulll—ma:huukpro google-cloud-: sdk gullis$ pip install Theano

| Collecting Theano

l:neqnxrement already satisfied: numpy>=1.7.1 in /Users/gulli/miniconda2/1ib/python2.7/site-packages (from Theano)
,wNequirement already satisfled: scipy>=8.11 in /Users/gulli/miniconda2/Llib/python2.7/site-packages (from Theano)
{ Requirement already satisfied: six>=1.9.@ in /Users/gulli/miniconda2/11ib/python2.7/site-packages (from Theano)
Installing collected packages: Theano

‘Successfully installed Theano-@,8.2

’,gulli—macboukpro:gougle—CIOUd~sdk gullis ¥

War 3 ~ ycraHoBka TensorFlow

Terepb MOXHO ycTaHOBMTb TensorFlow, crenyss MHCTPYKIVMSM Ha
caitte TensorFlow IO aapecy https://www.tensorflow.org/versions/
r0.11/get_started/os_setup.html#pip-installation. N Ha 3TOT pas
JIJIsI YCTAHOBKM HY)KHOTO TaKeTa UCIIONb3yeTcs pip, KaK IMOKa3aHOo Ha
pUCYHKe HIKe.
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X ; : code-—-bash——103x27 R A O e : i
igulli-macbookpro:code gullis expnrt TF BINARY _URL=https://storage. googleapis.com/tensorflow/mac/cpu/ten
sorflow-0,11.0~-py2-none-any.whl
gulli-macbookpro:code gulli$ sudo pip install --upgrade $TF_BINARY_URL ~-ignore-installed I
Collecting tensorflow==0.11.8 from https://storage.googleapis.com/tensorflow/mac/cpu/tensorflow-2.11.0-
py2-none-any.whl
Using cached https://storage.googleapis.com/tensorflow/mac/cpu/tensorflow-0.11.8-py2-none-any,whl
Collecting mock>=2.0.0 (from tensorflow==0.11.0)
Using cached mock-2.8.0-py2.py3-nene-any.whl
Collecting protobuf==3.0.0 (from tensorflows==0.11.0)
Using cached protobuf-3.8.@8-py2.py3-none-any.whl
Collecting numpy>=1.11,0 (from tensorflow==0.11.0)
Using cached numpy-1.11,2-cp27-cp27m-macosx_10_6_intel.macosx_18_9_intel.macosx_18_9_x86_54.macosx_10
_19_intel.macosx_10_10_xB86_64.whl
Collecting wheel (from tensorflow==0.11.9)
Using cached wheel-9.29,0-py2.py3-none-any.whl
Collecting six>=1.10.8 {from tensorflow==0.11.0)
Using cached six-1.10.0-py2.py3-none-any.whl
Collecting funcsigs>=1; python_version <-"3,3" (from mock>=2.0.8->tensorflow==0.11.9)
Using cached funcsigs-1.0.2-py2.py3-none-any.whl
Collecting pbr>=0.11 (from mock>=2.0.8->tensorflow==0.11.0)
Using cached pbr-1.10.0-py2.py3~none-any.wht
Collecting setuptools {from protobuf==3.@.08->tensorflow==0.11.0)
Using cached setuptools-28.8.0-py2.py3-none-any.whl
Installing collected packages: six, funcsigs, pbr, mock, setuptools, protobuf, numpy, wheel, tensorflow
Successfully installed funcsigs-1.6.2 mock-2.0.9 numpy-1.11,2 pbr-1.10.0 protobuf-3,0.0 setuptools-28.8
.@ six-1,10.0 tensorfiow-0.11.@ wheel-8.29.0
gulli-macbookpro:code gulli$ ¥

Lar 4 - ycraHoBKa Keras

Tenepb MOXHO YCT&HOB]/ITI: KeraS'

code - bash —103x14:..

gulli- macbookpro code gu111$ pip lnstall keras E
‘Collecting keras i
Requirement already satisfied: theano in /Users/gulli/miniconda2/lib/python2.7/site-packages (from kera
s)

Requirement already satisfied: pyyaml in /Users/gulli/miniconda2/1lib/python2.7/site-packages (from kera
s)

Requirement already satisfied: six in /Users/gulli/miniconda2/1lib/python2.7/site-packages (from keras)

Requirement already satisfied: numpy>=1,9,1 in /Users/gulli/miniconda2/lib/python2.7/site-packages (fro
m theano->keras)

Requirement already satisfied: scipy»=0.14 in /Users/qulli/miniconda2/lib/python2.7/site-packages (from
theano->keras)

Installing collected packages: keras

Successfully installed keras-1.1.1

i gulli-macbookpro:code gullis

Lar 5 - npoBepka pa6orocnoco6Hoctn Theano,
TensorFlow u Keras

IIpoBepuM co3faHHOe OKpykeHye. CHauaja mompobyeM omnpene-
mutb curmouny B Theano. Kak Buaum, 3T0 04eHb IPOCTO: HYXKHO ITPO-
CTO 3amMcaTh MareMaTu4ecKkyio GopMysTy M MPUMMEHUTh ee KO BCEM
JneMeHTaM MaTpuubl. 3amnycrure 060m0uky Python Shell u BBemute
MOKa3aHHbII HIKe KoA:

.. code — python = 103x9

[>>> import theann
'>>> import theano.tensor as T
i>>> x = T.dmatrix('x')
i>>> 5 =1/ (1 + T.exp{-x)) :
i>>> logistic = theano.function([x], s)
i>>> logistic([[e, 1], [-1, -21]) :
array([[ 0.5 . 8.73105858),
[ 0.26894142, 0.11920292]11)

>>> &
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Wtaxk, Theano patoraer. s npoBepku TensorFlow npocTo nMmop-
TMpyeM Habop maHHbIX MNIST, Kak ITOKa3aHo Ha pUCYHKe HIKe. B ra-
Be 1 Mbl yXe BUZIESTM HECKOIBKO MMPUMEPOB HelipoceTeit, CO3IaHHbIX B
Keras:

igulli-macbookpro:code gulli$ python
Python 2.7.12 {Continuum Analytics, Inc.| (default, Jul 2 2016, 17:43:17)

code — python —103x17 -

[GCC 4.2.1 (Based on Apple Inc. build 5658) (LLVM build 2336,11.90}] on darwin
Type "help", "copyright®, “"credits" or "license" for more information.
Anaconda is brought to you by Continuum Analytics.

Please check out: http://continuum.io/thanks and https://anaconda.org
>>> from tensorflow.examples.tutorials.mnist import input_data

>>> mnist = input_data.read_data_sets("MNIST_data/", one_hot=True)
Successfully downloaded train-images-1idx3-ubyte.gz 9912422 bytes.
Extracting MNIST_data/train-images-idx3-ubyte.gz

Successfully downloaded train-labels-idxl-ubyte.gz 28881 bytas
Extracting MNIST_data/train-labels-idxl-ubyte.gz

Successfully downloaded t1@k-images-idx3-ubyte.gz 1648877 bytes.
Extracting MNIST_data/t10k-images-idx3-ubyte.gz

Successfully downloaded tl@k-labels-idxi~ubyte.gz 4542 bytes.
Extr;cting MNIST_data/t10k-labels-1idx1-ubyte.gz

>»>> ,;‘

Hacrpoiika Keras

Koudurypaumonnslit (aitn Keras oueHb MPOCT. 3aTPy3uTe €ro B peiak-
TOp vi. BOT CIIMCOK IIapaMeTpoB:

napameﬂ) Ea _‘;Bﬁaqelim ¢

Onpepenser npeacTaBneHne U306paxeHnii:

image dim ordering
9o tf - npunaToe B8 TensorFlow, th - B Theano

epsilon 3HavyeHue KOHCTaHTbl epsilon B BbIYUCNEHUSX
floatx MoxeTt NPUHMMATb 3HaYEHUE float32 WK float 64
backend MoxeT npuHMMaTh 3HaUeHNe tensorflow WK theano

3HaueHVe th IapaMeTpa image dim_ordering ONpEneNseT MHTYM-
TUBHO HEOUEBUAHBII MOPSANOK M3MEpPeHUt U306pakeHns: (NTy6MHa,
IMpPUHA, BBICOTA) BMECTO (WIMpPMHA, BHICOTA, IMTyOMHA), KaK B ClIyyae
t£. Huoke rIpMBeieHbl 3HaUeHMS TapaMeTpPOB Ha MOei MalluHe:

-code —vi ~/keras/keras.json — 103x8

“image_dim_ordering": “th",
"epsilon": 1le-07,

"floatx": “float32",
"backend": "tensorflow"

}

“~/.keras/keras,json" [noeoll 6L, 113C
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Mpu ycraHoske Bepcuu TensorFlow ¢ nogaepxkoit GPU Keras
asTomartuyecku 6yger ncnone3oeatb GPU, ecnn B kavectse 6a-
30BoW BubnnoTekn BoiGpaHa TensorFlow.

YcraHoBKa Keras B koHTeitHep Docker

OnuH U3 caMBIX OPOCTBIX CIIOc0O60B HauaTh pabory ¢ TensorFlow u
Keras — ycTaHOBUTD MX B KOHTeltHep Docker. YIo6HO BOCNIONb30BaTHCS
roToBbiM 06pazom Docker mj1s y6oKOro o6yuenns, CO3AaHHbIM CO06-
LIEeCTBOM; OH COJIEPSKUT Bee momyisipublie 6mubmoreku I'O (TensorFlow,
Theano, Torch, Caffe u T. 1.). Heobxomumble aitsibl MMEIOTCSA B pero-
sutopum Ha GitHub 1o agpecy nttps://github.com/saiprashanths/dl-
docker. B Ipeanonoxenuu, uto Docker yxe ycTaHOB/IEH U paboTaeT (CM.
https://www.docker.com/products/overview), YCTAHOBKA H€ BhI3bIBAET
HMKaKUX TPYAHOCTEN:

gulli-macbookpro:di-docker gullis git clone https://github.com/saiprashanths/d{~docker?
E%;ﬁing into 'dl-docker'..,

remote: Counting objects: 89, done.

remote: Total 89 (delta @), reused @ (delta @), pack-reused 89

Unpacking objects: 100% (89/89), done.
gulli-macbookpro:dl-docker gullig &

Ha cnepyrolieM CHMMKe 3KpaHa ITOKa3aHO, Kak MOCje TOMyYeHUs
o6pa3sa u3 Git ctpouTcs KoHTeltHep Docker:

‘gulli-macbookpro:dl-docker gulli$ cd dl-docker/ H
‘qulli-macbookpro:dl~docker gulli$ docker build -t floydhub/dl-docker:cpu —-f Dockerfile
.Cpu .
Sending build context to Docker daemon 284.2 kB
Step 1 : FROM ubuntu:14.04
———> 3f755ca42730
Step 2 : MAINTAINER Sai Soundararaj <saip@outlook.com>
-——> Using cache
--—> af@2b42bdelc
Step 3 : ARG THEANO_VERSION=rel-@.8.2
-——> Using cache
-—=> ¢8d@3ba70cff
Step 4 : ARG TENSORFLOW_VERSION=0.8.0
-——> Using cache
---> de@ed51e5732
Step 5 : ARG TENSORFLOW_ARCH=cpu
-~—> Using cache
--~> 270d4bfbccaa
Step 6 : ARG KERAS_VERSION=1.0.3
——--> Using cache
-——> 61219a95474f
Step 7 : ARG LASAGNE_VERSION=v@.1
-—-> Using cache
-~-> 585e125f1e76
Step 8 : ARG TORCH_VERSION=latest
-——> Using cache
---> fabc4246c2ec
Step 9 : ARG CAFFE_VERSION=master
-——> Using cache
---> 989ad8491fe4
L§tep 10 : RUN apt-get update && apt-get install -y be build-
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A 31ech MBI BUAMM, KaK 3TOT KOHTeliHep 3alyCcKaeTcs:

lgulli-macbookpro:dl-docker gulli$ docker run -it -p 888B:8888 -p 6006:6006 floydhub/dl:
—docker:cpu bash

iroot@780e0dS54bfcd:~# 1s

caffe iTorch run_jupyter.sh torch

root@780e@ds4bfco:~# §

U3 KoHTeliHepa MOXHO aKTMBMPOBATh MOALEPXKKY cepBepa Jupyter
Notebooks (CM. http://jupyter.org/):

root 780e0d54bfc0 ~# sh run_jupyter.sh
17,459 okbuni Copying /root/.ipython/kernels -~> /root/.local/share/jupy

ter/kernels
Ty 19158137408 Nolotnoxape] Writing notebook server cookie secret to /root/,local/sha

re/Jupyter/runtlme/nutebook cookie_secret

5 Movabonkhon! WARNING: The notebook server is listening on all IP addre
sses and not using encryption. This is not recommended.

Serving notebooks from local directory: /root

@ active kernels

N ol The Jupyter Notebook is running at: http://lall ip addres
tem] BBBE/?token-503b59dc969d43f588633e3bd153dd1525837ff46d7b1eb9

. soni Use Control-C to stop this server and shut down all kerne
1s (twice to skip confirmation).

[C 1@8:51:17.539 NotebookAppl

Copy/paste this URL into your browser when you connect for the first time,

to login with a token:

http://locathos 8888/?tuken—soab59dc969d43f588633e3bd153dd1525837ff46d7b1eb9
i 392 GET / (172.17.0.1) @.60ms

si 302 GET /tree? (172.17.0.1) 0.86ms

i C +1 302 GET /?token=503b59dc969d43f588638e3bd153dd15258371f46
d7b1eb9 (172.17.0.1) 0.36ms

o
|

Cucrema 6ygeT paboTaTh IMPSIMO Ha JIOKAJIbHOM MalllMHe:

- jupyter " Logout

Files Kunning Clusters
Salact ltems to perform actlons on them, Upload ;- New~ &
H ," # : :
2 cufir
03 Mureh
03 torch

O un_jopyieesh

EcTh TaxKe BO3MOXKHOCTb IOIy4MTh moctyn K TensorBoard (cm.
https://www.tensorflow.org/how_tos/ summaries_and_tensorboard/),

JJISI 4eTO HY>KHO BBIIIOJTHUTD NTOKAa3aHHYIO HUXXE KOMaHay.

[foot@7h599d0dcaeb:~# tensorboard —-logdir .§ J

B pezyanaTe BBbI YBI/IMTE TAKYIO CTPaHMUILy:

@ locathost:6006/
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YcraHoBka Keras B Google Cloud ML

Veranosuth Keras B o6nmako Google Cloud ouenb npocro. CHavana
HY’KHO YCTaHOBUTb KOMaHIHBI uHTepdeiic (daiin MOXKHO CKayaTh I10
afipecy https://cloud.google.com/sdk/), K marpopme Google Cloud;
Iocjie 3TOro Mbl CMOXeM ycronb3oBarb CloudML, yipaBisieMyio
c1yk6y, KoTopasi T03BO/isteT 6e3 TpyAa CTPOMTb MOAENM MAallVHHOIO
obyuenus cpeacrBamu TensorFlow. IIpexxne yem nepexoauts K Keras,
BocrionbsyeMcs Google Cloud B couetanuu ¢ TensorFlow, 4To6b1 06y4MUTh
Mozenb Ha Habope maHubix MNIST, kotopsiit umeercs Ha GitHub. Kop,
6yIeT HaxoOUThCS Ha JIOKalIbHOM MalIuHe, a 06yueHue MpouCcXoouTh B
obnake.

gulli—macbt;;kprn:google-cloud—sdk gulli$ git clone ht’cps://github.com/Gm‘n_)'l.eCmudl’fa':?arm/::u:uﬂml.-s;m};\:é;;i
Cloning into ‘cloudml-samples'... i
[remnte: Counting objects: 118, done, s
I
|

remote: Total 118 (delta @), reused @ (delta @), pack-reused 118
Recelving objects: 100% (118/118), 84.48 KiB | @ bytes/s, done.
Resolving deltas: 100% (49/49), done.
gulli-macbookpro:google-cloud-sdk gullis 3

Ha cienpyioineM CHUMKe 3KpaHa I10Ka3aH IIPOTOKO 06YT-IEHMHI

Ul Timmacboskaro: codeBook gu L Lig cd <loudml-sanp (és/inist7¥ratnables
gulli-macbookpro:trainable gullis ls
trainer
igulli-macbookpro:trainable gulli$ gcloud bets ml local train  --package-path=trainer --module-name=trainer.task
iSuccessfully downloaded train-images-idx3-ubyte,gz 0912422 bytes.
Extracting /var/folders/dx/s5b4011928z_s156btf35mj ré@cn@/T/tmpcARKF|/traln-images-1dx3-ubyte.gz
Successfully downloaded train-lapels-idxl-ubyte.gz 28881 bytes.
Extracting /var/folders/dx/s5b401192s2_s1s6btf3%mjrddcnel/T/tmpcARkfj/train-labels-idx1-ubyte.gz
Successfully downloaded t1Bk-images-idx3-ubyte.gz 1648877 bytes.
Extracting /var/folders/dx/s5b401192sz_s1s6btf35mjrédcnol/T/tmpcARKT]/t10k-1mages-1dx3-ubyte,gz
Successfully downloaded t16k-labels-idx1-ubyte.gz 4542 bytes.
Extracting /var/folders/dx/s5b401192sz_s136bt735m] rédcn@l/T/tmpcARKSj/t10k-1abels-idx1-ubyte.gz
Step 0: loss = 2.32 (0.018 sec)
Step 100: loss = 2.19 (0.002 sec)
Step 200: loss = 1.94 {0.002 sec)
Step 300: loss = 1.64 (0,002 sec)
Step 400: loss = 1.32 (0.202 sec)
Step 500: loss = 0.95 (0.002 sec)
Step 660: loss = 0.80 (0.002 sec)
Step 700: loss = 0.67 (0.002 sec)
Step B@d: loss = 0,62 (0.002 sec)
Step 900: loss = 0.48 (0.002 sec)
Training Data Evel:
Num examples: 55000 Num correct: 47295 Precision @ 1: @.8599
validation Data Eval:
Num examples: 5000 Num correct: 4347 Preclsion @ 1: 0.8694
Test Data Eval:
Num examples: 10006 Num correct: 8643 Precision @ 1: 2.8649
Step 1900: loss = .58 (0,818 sec)
Step 1100: loss = 0.49 (9,115 sec)
Step 1200: loss = ©.49 (9,002 sec)
Step 1300: loss = 0.48 (0,002 sec)
Step 1400: loss = 0,46 (0,002 sec)
Step 1500: loss = 0.34 (9.082 sec)
Step 1600: loss = 0.49 (0,002 sec)
Step 1700: loss = 0.29 (0.082 sec)
Step 1800: loss = 0.35 (0.902 sec)
Step 190¢: less = 0,39 {0.002 sec)
Training Data Eval:
Num examples: 556@@ Num correct: 49243 Precision @ 1: 0.8953
validation Data Eval: )
Num examples: 5000 Num correct: 4519 Precision @ 1: 0.99038
Test Data Eval:
Num examples: 12000 Num correct: 9000 Precision @ 1: ©.9000

gulli-machookpro:trainable guilis #

Yto6bl HAOMIONATH 33 IOC/IENOBaTENbHbIM yMeHbIIEHMEM IIepe-
KPeCTHOJ SHTPOIIMY, MOXHO BOCIO/Nb30BaThest TensorBoard:
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\li-macbookpro:trainable gulli$ tensorboard --logdir=data/ --port=8089
rting TensorBoard 29 on port 8080

I'paduk nepekpecTHoi SHTPOIIUY 1T0Ka3aH Ha PUCYHKE HIIKe.

xentropy_mean

4 Write a regexto creale a'tag grop . X

{J split onunderscores = : xentropy_mean
] Date dowriload links

“Tooltip soring method: d_efault_~ -

Smoothing

Horizontal Axls

* RELATIVE WALL

Yro6s1 BoCIIonb30BaThcs Keras mosepx TensorFlow, HyskHO npocTo
cKayvaThb ucxonublit kop Keras c caiita PyPl (https://pypi.Python.org/
pypi/Keras/1.2.0 WM 6ojiee MO3OHIO BEPCUIO), a 3aTeM UCIIONb30-
BaTh Keras kak naxketHoe petenue s CloudML:

gulli-macbookprostrainable gulli$ gcloud beta ml local train
let-keras-1.2.0-8-912d068f.tar.gz --module-name=trainer.task2
Using TensorFlow backend,

(@, ‘input_1', (None, 224, 224, 3))

(1, 'blockl_convl', (None, 224, 224, 64))
(2, 'blockl_conv2', (None, 224, 224, 64})
(3, ‘blockl_pool®, (None, 112, 112, 64))
(4, ‘block2_convl', (None, 112, 112, 128))
(5, 'block2_conv2', (None, 112, 112, 128))
(6, 'block2_pool’, -(None, 56, 56, 128))
{7, ’block3_convl', (None, 56, 56, 256))
(8, 'block3_conv2', (None, 56, 56, 256))
(9, 'block3_conv3', {None, 56, 56, 256))
(10, 'block3_poal’, (None, 28, 28, 256))
(11, 'block4_convi‘, (None, 28, 28, 512))
(12, 'block4_conv2’, (None, 28, 28, 512))
(13, ‘blocka_conv3’, (None, 28, 28, 512))
(14, 'block4_pool', (None, 14, 14, 512))
(15, 'blockS_convl', (None, 14, 14, 512))
(16, 'blockS_conv2', (None, 14, 14, 512))
(17, ‘blockS_convd', (None, 14, 14, 512))
(18, ‘block5_pool', (None, 7, 7, 512})
(19, 'flatten’, (None, 25088))

(20, 'fcl', (None, 4096))

(21, 'fcz', (None, 4096))

(22, 'predictions’', (Nene, 1000))
:gulli-macbookpro:trainable gullis \s

data trainer
gulli-macbookprostrainable gullis ¥

--packape-path=trainer --package-pathe../../../CloudML/fchol

Huke B KauecTse MpUMepa MPUBEJEH CKPUIIT trainer.task2.py:

from keras.applications.vgglé import VGG1é
from keras.models import Model
from keras.preprocessing import image
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from keras.applications.vgglé import preprocess_input
import numpy as np

# roroBas, yxe ofOyueHHas MoOeJib INIyBOKOIo ofyuenmsa VGG-16
base model = VGG16(weights='imagenet', include_ top=True)
for i, layer in enumerate (base model.layers):

print (i, layer.name, layer.output_shape)

YcraHoBkKa Keras B8 Amazon AWS

Vcranosuth TensorFlow u Keras B 06/1ak0 Amazon O4eHb IIPOCTO.
MOKHO Jake MCII0Nb30BaTh IOTOBBIM 00pa3 MallMHbI TFAMI.v3, CBO-
60mHbIi 1 6eCTIIaTHBIN (CM. https: //github.com/ritchieng/tensorflow-

aws—ami)I

US-wests2,CONSOIE.AWS.aMIZON.com /i 3

Services v Resource Groups A Atonio Gulli v Oregon v Suppart

1. Cheose AMI 2, Choose Instanca T 3. Cenhpirg inslancs 4 zddSwiage B RENE ®C
- i Cancal and B

Step 1: Choose an Amazon Machine Image (AMI) !

An AR Is a template that containg the software Configuration {operating system, application server. ang 2ppllcations) requirad o 1auncly your =

instance. You can select an AN provided by AWS. our Lsgr community, or the AWS Marketplace; or you can seleci ane of your own ArIs

9 Sprutity Groun 7R

Quick Start e e L 1101 08 1 AMls
: $ L TEAMLYS “

By AMIS ’ T
) TFAMLYS - ami-52hb0c32

AWNS Nearketplace (\

R Open-cource TensorFlow AMI that is mainlained by the public that
, Community AMIS Is open. free and it viorks.

i
Roctdisvice e ebs Wirluakzalien lype hm

Y 0O ing. SV.Steon

9rtoTr 06pa3 yCTaHaBAMBAETCS MeHblIe YeM 3a MSITb MUHYT U IOJ-
nepxxviBaer TensorFlow, Keras, OpenAl Gym u Bce HeoOXoaymbie
3aBucumocTy. I1o cocrosiauio Ha ssuBape 2017 ropy nogaepXuBaamuch
C/leIyIoNIie BepCcuu:

Q TensorFlow 0.12
O Keras 1.1.0
O TensorLayer 1.2.7
Q CUDA 8.0
O CuDNN 5.1
O Python 2.7
O Ubuntu 16.04
Kpome Toro, 06pas TFamr . v3 paboTaeT Ha BHIUMCIUTENbHBIX MHCTAH-

cax P2 (cM. nttps://aws.amazon.com/ec2/instance-types/#p2), KaK 1o-
Ka3aHo Ha gJieayrueM CHMMKe 3KpaHa:
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Us-we2st-2.CoNs01.aWS,amaZoN.COM, G-

T Services v  Resource Groups v %

2.ChoeseInstance Type 2. Condoweirstance 4. Add Steage & AU Tags & Configu
Step 2: Choose an Instance Type

Amazon ECZ provides 3 wide selection: of instance types optinizes 1o it ditferent use cases. inslances are virlual servers that can ruis applizations. They have
varying comtapations 6! CPU, memary, storage. and retworking capaclty. and give: you (he A2xIbliity (o Chooss the appropriale mix of resources for yaur
applications Lasrn more about INSIANCE types and how they can meet your computing needs.

Filterby:  GPUcompute v Current generation . v Show’Hids Columns

Currently selected: 12 micra (Varlabte ECUs, 1 vCPUS. 2.5 GHz, Intel Xeon Famlly. 1 GIB memory, ESS only)

LT instanée Storage ' EBS:Oplimized . " Netwark Periormance |
Fomily Type - "CPU" i3~ Memory (GIB) - (GB) <1 T Avallable < S a
GPU rompute p2 xlarge 4 61 EBS only Yes High
GPU compule p2 Bxlarge 74 486 285 onty Yes 10 Glgabit
GPY compute p2.16x1arge 4d 732 E8S only Yes 20 Glyabit

Hioke riepeunc/ieHbl HEKOTOPBIE XapaKTePUCTMUKY MHCTAaHCOB P2:

npoueccopsl Intel Xeon E5-2686v4 (Broadwell);

rpaduyeckue mporeccopst NVIDIA K80 ¢ 2496 napasiebHbIMU
sapamu ¥ 12 I'b namstu;

rofaepsKKa mpsAMoro ob6MeHa gfasHbIMyU Mexxay GPU;

pacuIMpeHHble CeTeBble BO3MOXHOCTM (CM. https://aws.ama-
zon.com/ec2/faqs/#What _networking capabilities_are_includ-

ed_in_this_feature), arperMypoBaHHas IPOIYCKHAs CIIOCO6-
HocTth cetn 20 I'6/c.

0 00

O6pa3s TraMI.v3 paboTaeT TaKKe Ha BBIYMCIUTENbHBIX MHCTaHCaX G2
(CM. https://aws.amazon. com/ecZ/instance—types/#g2), OGJIa,D;a}OIII,I/IX,
B 4YaCTHOCTHU, TaAKUMU CBOMCTBaAMM:

Q mnpoueccops! Intel Xeon E5-2670 (Sandy Bridge);
Q rpaduueckue mporieccopsl NVIDIA ¢ 1536 ssppamu CUDA 1 4 IT'B
BUJIEONIaMSITH.

YcraHoBKa Keras B Microsoft Azure

OnyH 13 croco6oB ycTaHOBUTH Keras B 00/1ako Azure — cHavasa ycra-
HOBUTH NOAepXKy Docker, a 3aTeM ckauaTbh KOHTE{HEPHYIO BEPCUIO
TensorFlow muroc Keras. B ceTv MOXKHO HaitT¥ noapo6Hble MHCTPYKLMM
o ycranoske Keras 1 TensorFlow B coueTanuy ¢ Docker, Ho 110 cyuect-

BY 3TO TO, YTO MBI yKe BUJ /U B NIpeibIayLieM pasjesie (CM. https://
blogs.msdn.microsoft.com/uk_faculty connection/2016/09/26/

tensorﬂow—on—docker—with—microsoft—azure/).
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Ecnu b1 vicionb3yerte Theano B kauectBe 6330B0it 6ubnmnorexu, To
JUISL 3aMTycKa Keras JOCTaTOYHO BCEro JIMILb 3aTPY3UTh FOTOBbIf TIaKer,
umMeromuiics B Komtexuyuyu Cortana Intelligence Gallery (cM. https://
gallery.cortanaintelligence.com/Experiment/Theano—Keras—1).B cie-
AYIOLEM ITpUMeEDE IOKAa3aHO, Kak MOXHO MMITOPTUpOBaTh Theano u
Keras B Azure ML HemocpeiCTBeHHO B Buje ZIP-daitna 1 ucmonp3o-
BaThb ux B Mopyne Execute Python Script. 3tum nmpyumepom Mbi 06s13a-
Hbl Xait HUHIO (CM. https:/ /goo.gl/VLR250), TIO CYILLECTBY 34ech Keras
BBITIOJIHAETCA BHYTPU MeTona azureml main():

# Cxpunt HOOJIXEH COmEepPXaTh " QYHKUMIO azureml _main, SBIsOWYyo0CS
# TOuYKOIl BXONA B 3TOT MOIYJIL.

import pandas as pd

import theano

import theano.tensor as T

from theano import function

from keras.models import Sequential

from keras.layers import Dense, Activation
import numpy as np

# Ora OyHKUMA TPUMHUMAET OBA HeOGS3aTElNbHEX apTyMeHTa :
# Param<dataframel>: a pandas.DataFrame
# Param<dataframe2>: a pandas.DataFrame
def azureml main(dataframel = None, dataframe2 = None) :
# 3mech momkHa OHTL JOTHKa IPOTPaMMBL
# print ('Input pandas.DataFrame #1:rnrn{0}'.format(dataframel))

Ecnu zip-(aiyn NOOKNOYEH K CTOPOHHEMY BXOIIHOMY NOPTY,

TO OH pacnakoBhHBaeTcsa B karanor ".Script Bundle-, KOTOPHIM

notamnAerca B sys.path. IosroMmy, ecnm zZip-daitn comepxmr

Python-¢aitn mymodule.py, 10 ero moxHO VMMIIOPTHPOBATL TaK:

import mymodule

model = Sequential ()

model.add (Dense (1, input~dim=784, activation="relu"))

model.compile(optimizer='rmsprop', loss='binary crossentropy',
metrics=['accuracy'])

data = np.random.random( (1000, 784) )

labels = np.random.randint (2, size=(1000,1))

model.fit (data, labels, nb_epoch=10, batch size=32)

model.evaluate (data, labels)

HoSe % e e

return dataframel

Ha puicyHKe HioKe OKasaH npumep uconb3osanms Microsoft Azure
ML ans seimonuenus: Theano 1 Keras:
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Keras API

Keras obnagaet MOAy/IbHOV MMHMMAIVCTCKOM ¥ JIETKO pacuIypsaeMoit
apxurekrypoii. ®paHxcya llomnne, aBTop Keras, muier:

IIpu paspaGomke 6ubAUOMeEKYU OCHOBHOE BHUMAHLUE YOEAANOCh
noddepcke Gbicmpbix SKcnepumenmos. CokpaujeHue nymu om udeu
K pe3yiemamy — K4 K ychewHou uccnedoéamensckoti pabome.

C nomompio Keras ornpenensioTcss BICOKOYPOBHEBbIE HENPOHHBIE
ceTy, paborawpuiye mosepx 6mommoreku TensorFlow (cM. https://
github.com/tensorﬂow/tensorﬁow) win Theano (CM. https://github.
com/Theano/Theano). [lagyM HEKOTOpHIe IIOSICHEHUS.

O MogyiabHOCTh. Mopenb npefacTapisger co6oi mocienoBaTelb-
HOCTb WU rpad aBTOHOMHBIX MOAYJIel, KOTOpbIe COeAUHAIOTCS
MeXay coboi1, Kak getanu KoHcTpykropa LEGO, o6pasys Heit-
poceTs. B 6ubnmoTeke MMeeTCcsi MHOXECTBO T'OTOBBIX MOIYJIE,
peanusylomMX pasiudHble TUIIbI CJI0€B, GYHKLUMIT CTOMMOCTH,
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ONTMMM3ATOPOB, CXeM MHULIManM3alum, GyHKUMIA aKTUBALMA
¥ METOZI0B Pery/sipu3alim.

Q Mwuummammsm. Bubnuoreka Hanucana Ha Python, Bce Mmogynu
KOPOTKMe U CaMOJOKYMEHT/POBaHHBbIE.

O PacumpsemocTb. B 61611M0TeKy MOXHO A00aBIATb HOBYIO
($YHKUMOHANIBHOCTD. JTOJ TEMe MOCBsIIeHa I71aBa 7.

BeeneHue B apxurekrypy Keras

B sTom paszene Mbl pPacCMOTPUM camble BaXXHbI€ KOMIIOHEHTBI
Keras, mpumeHsieMble 1J1s1 OIlpeeneHns HeMpOHHBIX ceTeit. CHayana
olpefenyM, YTO Takoe TEH30p, 3aTeM 06CYIUM pa3/IMyHble CIIocO6bI
coeIMHeHMs TOTOBBIX MOAY/IeH U B 3aK/I0UeHMe ONMuINeM Haubosee
YIIOTPEOUTEIbHBIE MOLY/IN.

Y10 Takoe TeHzop?

Keras nonb3yercst 6ubmorekoit Theano wiu TensorFlow mst a¢-
(heKTUBHBIX BbIYMCIeHUI ¢ TeH3opamu. Ho uTo Takoe TeH3op? Jla npo-
CTO MHOTOMEpHBII MaccuB uau martpuna. Obe GUBIUOTERM YMEIOT
3¢ eKTUBHO BBIIOTHATD CUMBOIMYECKME BHIYUCICHUS C TEH30PaMH,
a 9TO0 OCHOBHOJ! CTPOUTEIbHBLI GTOK 115 CO3MaHMS HEAPOHHBIX CceTelt.

CoenuvineHue mopenein Keras
B Keras ecTs ABa criocoba coenyueHMUst Moaereit:

Q mnocnenoBaTenbHasI KOMIIO3ULINS;
O dyHKuMOHaIbHAA KOMIIO3UIIASL.

PaccmoTpuMm UX ogpobHee.

TMocnedosamenvHan Komnosuyus

B 3TOM CiTydae roToBbIe MOJE/IM COOMHSIIOTCS B IMHeH bl KOHBe-
ep CJ10eB, HaIIOMMHAIOLINIE CTeK WiK ouepes. B maBe 1 Mbl BCTpeya-
JIMCh C TAKMMU MTOC/IeA0BaTeIbHBIMM KOHBeMiepaMi, HallpUMep:

model
model
model
model
model
model
model
model

= Sequential ()

.add (Dense (N_HIDDEN, input_ shape=(784,)))
.add (Activation('relu'))

.add (Dropout (DROPOUT) )

.add (Dense (N_HIDDEN) )

.add (Activation ('relu'))

.add (Dropout (DROPOUT) )

.add(Dense (nb_classes))
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model.add (Activation ('softmax'))
model.summary ()

myHKMUOHCMbHaﬂ KoMmno3uyun

®ydKuMOHaNbHbI APl mo3BosisieT onpenensiTh Goiee CIOXKHbIE
Mozenu, HalpuMep, alluKiIndeckue rpagpl, MOIEIHN C pasaensieMbIMu
CJIOSIMU UM € HECKOJIbKMMM Bbixomamu. [Ipumepsl 6yayT IpuBeaeHbl
B riaBe 7.

0630p roToBbIX C10EB HEMPOHHbIX CETEH

Keras peaocCTaB/igeT HECKOJIbKO IOTOBBIX CJIOEB. Mpl paccCMOTpUM
Haubosee YHOTPEGMTEJII)HBIE M OTMEeTUM, B KaKUX Il1aBax 3T CJIOU UC-
IMOJIb3YIOTCS.

OObIYHbIN NJIOTHbINA CRON

TInoTHas MOfenb — 3TO IMOMHOCBA3HbIN €101t HelipoHHOM ceTu. ITpu-
Mephl MbI Y>Ke Buenn B riase 1. Hiocke npyuBeneH NPOTOTUIT MOAENH CO
BCEMM IIapaMeTpaMu:

keras.layers.core.Dense (units, activation=None, use_bias=True,
kernel initializer='glorot uniform', bias_initializer='zeros',
kernel regularizer=None, bias_regularizer=None, activity regularizer=None,
kernel constraint=None, bias_constraint=None)

PekyppeHTHble HEMPOHHbIEe CeTU — NpocTa,
LSTM un GRU

PexyppeHTHbIe HelfpOHHbIE CETM — TO K/IacC HefpOHHEIX ceTeil, B
KOTOPBIX MCIIONB3YETCsl TOCTeoBaTeNbHasl MpMpona BXOTHBIX AaH-
HbIX. BXOgHBIMMU JaHHBIMM MOXKET GBbITh TEKCT, pEUb, BpeMEeHHBIEe PSI/IbI
U BooGIIe /11060i1 0GBEKT, B KOTOPOM IOSIBJIEHUE 3JIeMEHTA IOCIeno-
BaTeIbHOCTY 3a8BUCUT OT IPeLIECTBYIOUIUX 37IeMeHTOB. B rmase 6 Mbl
6yneM 06CYXIaTh PEKYPPEHTHbIE CeTU TPeX BUAOB: npocThie, LSTM u
GRU. Huske TipuBefieHbl IPOTOTUIIBI MOZe/Ieli CO BCeMM NapaMeTpamu:

keras.layers.recurrent.Recurrent (return_sequences=False,

go_backwards=False, stateful=False, unroll=False, implementation=0)
keras.layers.recurrent.SimpleRNN (units, activation='tanh', use bias=True,
kernel initializer='glorot uniform', recurrent_initializer='orthogonal',
bias_initializer='zeros’, kernel regularizer=None,
recurrent_regularizer=None, bias_regularizer=None,

activity regularizer=None, kernel constraint=None,

recurrent constraint=None, bias_constraint=None, dropout=0.0,
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recurrent dropout=0,0)

keras.layers.recurrent.GRU (units, activation='tanh',
recurrent_activation='hard_sigmoid', use bias=True,
kernel initializer='glorot uniform', recurrent initializer='orthogonal',
bias_initializer='zeros', kernel regularizer=None,
recurrent_regularizer=None, bias_regularizer=None,
activity regularizer=None, kernel constraint=None,
recurrent_constraint=None, bias constraint=None, dropout=0.0,
recurrent_dropout=0,0)

keras.layers.recurrent.LSTM(units, activation='tanh',
recurrent_activation='hard_sigmoid', use bias=True,
kernel initializer='glorot_uniform', recurrent_ initializer='orthogonal',
biaswinitializer='zeros‘,unit_forget_bias=True,kernel_regularizer=None,
recurrent_regularizer=None, bias regularizer=None,
activity regularizer=None, kernel constraint=None,
recurrent_constraint=None, bias_constraint=None, dropout=0.0,
recurrent_dropout=0.0)

CBepTOoUHbIE U NYJIMHIrOBbIE C/IOU

CBepTOYHBIE CeTU — KJIACC HEIPOHHBIX ceTell, B KOTOPbIX CBepTOY-
Hble U TIYIMHTOBbBIE OIlepallUy UCITOIb3YIOTCS AJISt TIOCTENeHHOro 06-
y4eHusl HOBONBHO C/IOKHBIX MOAesiell ¢ INOBBIIAIOIMMCA YPOBHEM
abcrpakumy. Takoit crroco6 06yuenys HaTloMMHaeT MOJIeNb UejloBeue-
CKOTI'0 3peHus, CIOKMBUIVIOCS B pe3y/IbTaTe MUWINMOHOB JIET SBOMTIOIUHA.
CsepTouHble ceTH 06CYRIAI0TCS B iaBe 3. Hioke IpuBeIeHbI IPOTOTH -
TIbI MOZIE/Ielf CO BCeMM IapaMeTpaMu:

keras.layers.convolutional.ConvlD (filters, kernel size, strides=l,
padding='valid', dilation_rate=1, activation=None, use_bias=True,
kernel initializer='glorot uniform', bias initializer='zeros',
kernel regularizer=None, bias_regularizer=None, activity_regularizer=None,
kernel constraint=None, bias constraint=None)

keras.layers.convolutional.Conv2D (filters, kernel size, strides=(1, 1),
padding='valid', data_format=None, dilation rate=(1, 1), activation=None,
use_bias=True, kernel initializer='glorot_uniform’,
bias_initializer='zeros', kernel regularizer=None, bias_regularizer=None,
activity_regularizer=None, kernel constraint=None, bias_constraint=None)

keras.layers.pooling.MaxPoolinglD(pool_size=2, strides=None,
padding='valid')

keras.layers.pooling.MaxPooling2D (pool size=(2, 2), strides=None,
padding='valid', data_format=None)
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Perynapusauusa

Lenp peryisipmsanmu — IpeIoTBPaTUThb epeobyueHne. Mol yxke BU-
Jely IpUMepPB! UCTIONb30BaHyS B Iase 1. B (105X pasjiMyYHbIX TUIIOB
MMeIOTCS ITapaMeTphl peryisipusaunui. Hiske npuseneH CIIMCOK napa-
METPOB PEryasipmM3aluin, 4acTo UCIIONb3yeMbIX B IVIOTHBIX ¥ CBEPTOY-
HBIX MOAY/ISIX.

QO kernel regularizer: dyHRUMS perynsipusauuy, NIpuMeHsieMas
K MaTpuiie BeCOB;

o bias_regularizer: CDYHKHJ/IH peryiaspmusanumy, IIpuMeHsemas K
BEKTOpY CMeLleHN];

O activity regularizer: CIJYHKU,I/IH peryasapusanuu, npumMense-
Masl K BbIXOOY CJI0s1 (ero byHKIMM aKTUBALUN).

KpoMe TOTO, A/ peryiasapu3anyy MOXKHO VICIIONb30BAaTh IIPOPEXU-
BaHMe M 3aYaCTyIO 3TO AaeT BecoMblit 3¢ deKT:

keras.layers.core.Dropout (rate, noise_shape=None, seed=None)
rge:

QO rate — BelllecTBeHHOe UK cio oT 0 A0 1, TOKa3biBaxollee, CKOILKO
BXOJHBIX OIIOKOB OTOPACHIBATD;

O noise_shape — OJHOMEPHbIN LeN0UMCICHHDIN TEH30D, 3a4al0-
1yt GopMy JBOMYHOI MacKM NPOPEXUBaHUS, KOTOpas YMHO-
JKAeTCsT Ha BXOAHOM CUTHAM;

Q seed - 1IeJI0€ YKCIIO, CIYXKALLEe AJI VHUIIMANM3alluu reHepaTo-
pa CIydaiiHbIX UKCell.

NMakeTHaa HOPpMUpPOBKA

ITakeTHass HOPMMpPOBKa (CM. https://www.colwiz.com/cite-in-
google—~docs/cid=f20£9683aaf69ce) IIO3BOMISET YCKOPUTH OOydeHMe U
B 06LIEM CJTydae TIONYYMUTh GOJBILIYI0 BePHOCTD. IIpuMeps! 6yayT pac-
CMOTPpEHBI B I7IaBe 4 TPy 06CYKIeHUM ITOPOKAAIOLIMX COCTSI3aTeTbHbIX
cereii. Huke nmpuBefeH NMpOTOTUT C TapaMeTpamu:

keras.layers.normalization.BatchNormalization (axis=-1, momentum=0.99,
epsilon=0.001, center=True, scale=True, beta_initializer='zeros',
gamma_initializer='ones', moving_mean_initializer=' zeros',
moving variance_initializer='ones', beta_regularizer=None,
gamma_regularizer=None, beta_constraint=None, gamma_constraint=None)
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0630p roToBbiX GYHKLMIA aKTUBaLMK

K uncny roroBbiX QyHKUMIT akTMBAUMU OTHOCATCH, B YaCTHOCTH,
CUIMOM/1a, IMHeHas QYHKIMS, runep6oImdecKuii TAaHTeHE Y 610K JIM-
HeifHol pektuduKauum (ReLU). Heckonbko npuMepoB Mbl YKe BUIETU
B IV1aBe 1, a B MOC/IeNYIOMMX IIaBax BCTPETUM U apyrue. Ha pucyHke
HIDKE MpUBeNeHb! rpadMKy BhILIETIEPEUMCIeHHbIX (PYHKIIMI.

Curmoupga

Nunetinan pyHKuUn

W sty sy

0630p yHKUMIA NOTEpb

QYHRUMM TI0TEPh (MU LieneBble QYHKUMMU) (CM. https://keras.io/
losses/) MOXXHO OTHECTM K UeThIpeM KaTeropusaM:

O BepHoCTB, UCTIOMb3yeMast B 3aa4ax Kiaccuburaumm. Takux GyHK-
Ly YETBIPE: binary accuracy (CpemHsIs BEpHOCTH II0 BCEM IIpen-
CKasaHWsIM B 3aflauax GMHapHON KIaccuyMKaumm), categorical
accuracy (CPEIHsIS BEPHOCTh IO BCEM IPEACKA3aHMSIM B 3afayax
MHOTOKJ1aCCOBOM Knaccucbmxaumn), sparse_categorical_accuracy
(ncTonmb3yeTcs), KOIAa MeTKM pa3pexkeHHbIE) U top k categorical
accuracy (YCIEXOM CUMTAETCS CTyYaif, KOrma MCTMHHBI LieneBoit
KITAcC HaXOMUTCS CPeAM IIEPBBIX top_k MPEACKA3AHMIT).

O OmmbKa, M3MepsIOIas pasauume MeXAy IpeNcKa3saHHBIMU U
(hakTMueCKUMM 3HAYEHUSIMI. BapuaHThl TAKOBLI: nse (CpeaHe-
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KBaJipaTuueckasl OIIMOKa), rmse (KBaJpaTHHIf KOpeHb U3
CpemHEKBAAPATUUECKOM OLIMOKM), mae (CpemHSIS abCONIOTHAs
O1IMOKA), mape (CpeqHsIS OMIMOKA B MPOLEHTAX), msle (CPEMHSS
KBaAipaTUYHO-IorapmupMmieckas oumbka).

O KycouyHo-nuHetHas QyHKLNS TOTEpb, KOTOPas 06BIYHO MpUMe-
HseTcs 171 06yueHus knaccupuxaTopos. CyluecTByeT iBa Bapu-
aHTa: KycouHOo-UHeliHas, onpepe/nseMast KaK max(1 -y, +* Yoreas
0) 1 keadpamuuHras KycouHo-nuHeliHas, paBHas KBagpaTy Kycou-
HO-JIMHENHO.

O KnaccoBass mnoTepsi MCIIONAb3YETCS [JiSl BBIYMCIEHUS] Tepe-
KpecTHO# SHTponuM B 3amauax Kiaccudmxanmu. CyliecTBy-
€T HeCKOJILKO BapuaHTOB, BK/IO4Yasa 6MHapHylo repeKpeCTHYIO
IHTPOIIUIO (CM. https://en.wikipedia.org/wiki/Cross_entropy) M
KaTeropuasabHyI0 IIepeKPEeCTHYIO SHTPOIIUIO.

Heckonbko NpUMepoB LieneBbix GYHKUMI MBI BUAEIM B TaBe 1,
a IONIOTHUTeNbHbIe 6YAyT IPUBEEHbI B C/IeAYIOWUMX [1aBax.

0630p nokasarenei Kayecrsa

OyHKUMM 10Ka3aTeneil KayecTBa (CM. https://keras.io/metrics/)
aHaJIOTUYHBI 11eeBbIM (QYHKIMSAM. EMMHCTBEHHOE pasiuuue MeEXITY
HUMM COCTOUT B TOM, UTO Pe3yIbTaTbl BbIUMCIEHMS IOKa3aTenel He
UCIIONB3YIOTCS Ha 3Tamne obyuenust mogenn. [lpumepsl Mbl BUOETU B
mage 1, a AONONMHUTENbHbIE OYayT MPUBEIEHbI HIDKE,

0630p onTMMU3aToOpoB

K uucny ontumusaropoB otHocsitcsi CI'C, RMSprop u Adam. He-
CKOJIbKO IPMMEePOB Mbl BUZe/IK B InaBe 1, a fononHauTensHble (Adagrad
u Adadelta, CM. https://keras.io/optimizers/) OYAYT IPUBEIEHBI B Cle-
IYIOLMX I7IaBax.

HEKOTopre nosiesHblie onepauuu

Hiske rmepeumciieHbl HEKOTOpble BCIIOMOTaTe/IbHbIE Ollepalum,
BKIoueHHble B Keras API. Ux niensb — ynpoCcTUTh CO3aHKe ceTelt, po-
1ecc 06yuYeHMs ¥ COXpaHeHMe IIPOMEKYTOUHBIX Pe3y/IbTaTOB.

CoxpaHeHue 1 3arpy3Ka BeCOB U apXUTeKTypsbl
Moaenu

It coOXpaHeHus U 3arpy3Kyu apXUTEKTYPbl MOAEIU CITyKaT CIeayI0-
myie QYHKIUN:
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# coxpaHuTb B dopmare JSON

json_string = model.to_json ()

# coxpauurs B dpopmaTe YAML

yaml_string = model.to_yaml ()

# BOCCTaHOBMUTL MOZeNnk u3 JSON-daiina

from keras.models import model from json
model = model from_json(json_string)

# BOCCTaHOBMTH MOAEeNs M3 YAML-odaiina
model = model_ from_yaml (yaml_ string)

s coxpaHeHMsl ¥ 3arpy3ky TapaMeTpOB MOZENU CIYKAT CIeAYIo-
yie GyHKIUN:

from keras.models import load_model

# coszpmare HDFS5-daitn 'my model.h5'
model.save ('my model.h5'")

# ymanmTe CymecCTBYOUYK MOOEJb

del model

# BEepHYTb OTKOMIMIMPOBAHHY MOINEJb, MOEHTMYHYKD MCXOOHOM
model = load_model('my_model.hS')

OGpaTHbie BbI30BbI 4191 yNIPaB/ieHns MPoLEecCoM
o0yuyeHuna

ITponecc 06y4eHnsI MOXXHO OCTaHOBUTbD, KOT/Ia ITOKA3aTeNlb KauecTsa
nepecTtaeT YIy4LIaThes. [IJI 5TOTO CIYKUT cienyioinas GyHKuus 06-
paTHOTO BbI30BA:

keras.callbacks.EarlyStopping (monitor="'val loss', min_delta=0,
patience=0, verbose=0, mode="auto')

HMcTopuio noTepb MOXHO COXpPaHWUTD, OTIpENeNUB TaKue o6paTHbIe
BBI30BBbI:

class LossHistory(keras.callbacks.Callback):
def on_train _begin(self, logs={}):
self.losses = []

def on_batch_end(self, batch, logs={}):
self.losses.append(logs.get ('loss'))
model = Sequential ()
model.add (Dense (10, input dim=784, init='uniform'))
model.add (Activation('softmax'))
model.compile (loss='categorical crossentropy’', optimizer='rmsprop')
history = LossHistory()
model.fit (X_train,Y train, batch_size=128, nb_epoch=20,
verbose=0, callbacks=[history])
print history.losses
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KoHTpOnbHbIE TOYKU

KoHTponbHash TOUKa — 39TO IMpOLecC NepUOoANYECKOro COXpaHeHUs
MIHOBEHHOIO CHMMEKA COCTOSHUS MPUIOKEHUS, TaK YTOBBI MPUIOKE-
HMe MOKHO 6bIIO ITepe3alyCTUTh C ITOC/IeqHEer0 COXpaHeHHOTo COCTO-
SIHYSL B C/Ty4Yae 0TKa3a. ITO GbIBAET MOJIE3HO MPY 00yUEeHUY TITYOOKMX
Mojesnielt, KOTopoe 4acTo 3aHMMaeT AJuTeNlbHOoe Bpemsi. COCTosTHMEM
1y60K0i Moaenu o6yueHus B 11060i1 MOMEHT BpeMeH! SIBJISTIOTCS Be-
ca, BBIUMCIEHHbIE K 9TOMY MOMeHTY. Keras coxpansieT Beca B (popmare
HDF5 (CM. https://www.hdfgroup.org/) U IPEIOCTAB/SIET CPEICTBA CO-
XpaHeHUsI KOHTPOJIbHO TOUKM ¢ 1ToMOo1Ibio APl 06paTHBIX BHI30BOB.

[IprBeaeM HECKOIBKO CUTYa1MIi1, KOTAA KOHTPOIbHAS TOUYKA [T0/Ie3HA.

O Ecmu Tpebyercs mepesanyckaTh IPOrpaMMYy C IocaeHei KOH-
TPOJILHO TOYKY ITOC/IE TOTO, KaK CIIOTOBBII MHcTaHC AWS Spot
(cm. http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/
how-spot-instances-work.html) WJIM BBITECHSIeMas BUPTYyalib-
Has mammHa Google (CM. https://cloud.google.com/compute/
docs/ instances/preemptible) HeOXINnJaHHO OCTaHOBWJIACh.

O Ecmu TpebyeTcs OCTaHOBUTH O6GyueHMe, HallpuMep, IJIsS TOrOo
YTOObI IPOBEPUTb MOJE/Th Ha TECTOBBIX JAaHHBIX, a 3aT€M IpO-
JIOJDKUTH C TIOC/IEIHEl KOHTPONbHOM TOUKM.

QO Ecnu TpebyeTcst cOXpaHATh 6eTa-Bepcuio (C HaIyqinMM IIoKa-
3aTefieM KauecTBa, HallpUuMep, IIOTepeii Ha KOHTPOABHOM Ha-
6ope) momenu, 06yuyaeMoit Ha IPOTSKeHUM HECKONBKUX Mepu-
0J0B.

B niepBoM U BTOpOM CiTyuyae MOXKHO COXPaHSITh KOHTPOILHYIO TOUKY
TocjIe KaKI0ro Nepuoa, jisi 4Yero AOCTATOYHO CTaHAapTHOTO UCIIOND-
30BaHMI 06PATHOTO BhI30BA Mode 1Checkpoint. [IpYMBeIeHHBIN HIKE KO
IT0OKa3bIBaeT, KaK COXPaHUTb KOHTPOJIbHYIO TOUKY B IIpolecce obyde-
Hus TTy60Koit Moaenu B Keras:

from _ future_ import division, print_function
from keras.callbacks import ModelCheckpoint
from keras.datasets import mnist

from keras.models import Sequential

from keras.layers.core import Dense, Dropout
from keras.utils import np utils

import numpy as np

import os

BATCH_SIZE
NUM_EPOCHS

128
20

I
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MODEL_DIR = "/tmp"

(Xtrain, ytrain), (Xtest, ytest) = mnist.load_data()

Xtrain = Xtrain.reshape (60000, 784).astype("float32") / 255

Xtest = Xtest.reshape (10000, 784).astype ("float32") / 255
Ytrain = np_utils.to_categorical (ytrain, 10)

Ytest = np utils.to_categorical (ytest, 10)

print (Xtrain.shape, Xtest.shape, Ytrain.shape, Ytest.shape)

model = Sequential ()

model.add{Dense (512, input_shape=(784,), activation="relu"))
model.add (Dropout (0.2))

model.add (Dense (512, activation="relu"))

model.add (Dropout (0.2))

model .add (Dense (10, activation="softmax"))

model.compile (optimizer="rmsprop", loss="categorical_crossentropy",
metrics=["accuracy"])

# coxpaHMUTB MOIENb

checkpoint = ModelCheckpoint (filepath=os.path.join (MODEL_DIR,
"model-{epoch:02d}.h5"))

model.fit (Xtrain, Ytrain, batch_size=BATCH_SIZE, nb_epoch=NUM_EPOCHS,
validation split=0.1, callbacks=[checkpoint])

B TpeTrbem cjlydae HYXKHO cieuTh 3a IOKasaTesleM KayecTBa, Ha-
IIpyMep BEPHOCTBIO MIIN ITOTepeif, M COXpPaHSATh KOHTPOILHYIO TOYKY,
TOMIBKO eC/IM TeKYIUMIA TIoKa3aTenb JIy4llie, UeM y npe,u;i:mymeﬁ coxpa-
HeHHoI Bepcun. B Keras iMeeTcst HOMOMTHUTENBHBI TApaMeTp 06beK-
TaKOHTPOHbHOﬁTOHKM;savq}msthmﬂy,KOTOpOMyCHQHY@THpMCBOMTb
3Ha4YeHMe true, €CAM YKa3aHHas GYHKUMOHAIBHOCTH He06X0AuMa.

Mcnonb3oBaHune TensorBoard coBmecTHO ¢ Keras

Keras npennaraet o6paTHbIi BbI30OB IS COXpaHEeHMsI TTOKasaTesneit
KauecTBa Ha 06y4alolieM ¥ TECTOBOM Habope, a TAaKKe TUCTOrPaMM aK-
TUBALIMK JJIS1 PA3/IUYHBIX CJIOEB MOJEIN:

keras.callbacks.TensorBoard(log dir='./logs', histogram_freq=0,
write graph=True, write_ images=False)

CoxpaHeHHbIE JaHHbIE MOXHO 3aT€M BU3YaIU3UPOBATD C TTIOMOLIbIO
nporpamMmmbl TensorBoard, 3amyiesHo 13 KOMaHAHOM CTPOKM:

tensorboard --logdir=/full_path_ to_your_logs
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Ucnonb3oBaHue Quiver coBmecTHO ¢ Keras

B m1aBe 3 Mbl 6ymeM OGCYKOaTh CBEPTOUYHbIE CETH, CIEIMaIbHO
npefHasHayeHHble OJIsi 00paboTKM M300pakeHuit. A ceituac masum
KpaTKuit 0630p IpuIoKeHusi Quiver (CM. https://github.com/jakebi-
an/quiver), TIOJIE3HOTO [J1S1 MHTEPAKTUBHOM BU3YalIu3aLUy IPM3HAKOB
CBEPTOUYHELIX ceTeit. [Tociie IpoCTOoit yCTaHOBKY AJIS €T0 MCIIOIb30BaHMs
JOCTaTOYHO OGHOM CTPOKM:

pip install quiver engine
from quiver engine import server server.launch(model)

DTa KOMaHZa 3allycKaeT CepBep BuU3yaau3aUMM Ha IOPTY
localhost:5000. Quiver MO3BOJISET BU3YaNbHO MCCIeNOBAaTh HeMpPOH-
HYIO CeTb, KaK IT0Ka3aHo B CJIeqyIoleM IpumMepe:
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B aroi1 maBe Mbl 06CcyamaM, Kak ycraHoBUTh Theano, TensorFlow u
Keras:

QO Ha JIOKaJIbHYIO MallVHY;
O B KoHTelHep Docker;
QO B o6aako Google GCP, Amazon AWS u Microsoft Azure.

TToMMMO 3TOTO MBI PaCCMOTPEIM HECKOMBKO Moaymneit Keras u Takue
pacIpocTpaHeHHbIe orepaunu, Kak 3arpy3ka u coxpaHeHye apXuTeK-
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TYP U BeCOB HE/{POHHBIX CeTell, paHHsIS OCTAaHOBKA, COXpaHeHe UCTO-
pyu, KOHTPO/IbHBIE TOUKH, B3auMogelicTeue ¢ TensorBoard u Quiver.

B wrepyromieii raBe Mbl I03HAKOMUMCSI CO CBEPTOYHBIMU CETSIMH,
bynnameHnTaabHOM HOBaLMelt B [ry60KoM 06yueHM, KOTOPas yCIell-
HO NPUMEHSETCS B TAKMX Pa3HbIX NpeIMETHBIX 06/1aCTSIX, Kak o6pa-
60TKa TeKCTa, BMAEO M Peuy, a He TONbKO 171 06paboTku u306paKe-
HMIA, KaK IIepBOHAYaIbHO 3alyMbIBajIOCh.



naBa

DHOEROOOOBBORDDODOOGDOOIRYOOOEOODDERBDDOE

[ny6okoe obyueHue
C NPpUMEHEHUEM
CBEPTOUHbIX CeTen

B mpempiaymux rimaBax Mbl O6CYXRKIOANU IUIOTHBIE CETH, THE KaXKIblit
Hel{pOH CBSI3aH CO BCeMM HeMipOHaMM COCeAHUX CJI0eB. MbI IpuMeHWIN
IUIOTHBIE CeTH K KiIaccubuMraiuMy pyKOIMcHBIX Uudp u3 Habopa
JanHbix MNIST. B 5TOM KOHTEKCTe KaXKIAOMY IMMKCE/II0 BXOIHOIO U30-
OpaskeHMsI COMOCTAB/ISIETCSA OTAENbHBIA HEMPOH, TAK UTO BCEro MOIy-
yaercs 784 (28 x 28 nuxceneii) BXOOHBIX HeltpoHOB. OLHAKO IPU Ta-
KOJ CTpaTeruy UTHOPUPYeTCsT IIPOCTPAHCTBEHHAS CTPYKTYPA U CBS3U
BHYTpM U306pakenud. Tax, crenyiomuit dparmeHT KoJsia peotpasyer
pacTpoBble M306pakeHMs BeeX b P B INIOCKMI BEKTOP, UTO IIPUBOAUT
K norepe uHboOpMauu o IPOCTPaHCTBEHHOM IOKAMM3aLN

# X train comepxmr 60000 msobpaxenmi pasmepa 28x28 --> npeoBpasyem B
# MaccuB 60000 x 784

X _train = X_train.reshape (60000, 784)

X _test = X test.reshape (10000, 784)

CBepTouHbIe CeTH 3a[eHCTBYIOT IPOCTPAHCTBEHHYI0 MH(GOPMALIo
¥ TIOTOMY XOPOLIO NOAXOAST A1 Kiraccupukauuy M3o6paxeHuit. B aux
MCIIONb3YeTCsl CTIelVaabHas apXUTEKTyPa, MHCTIMPUPOBAHHAS HAHHbI-
MM, [TOTyYEeHHBIMU B HM3UONOTMUECKMX SKCIIEPUMEHTAX CO 3PUTENTb-
HOI1 Kopoii. Kak yXe oTMeuanoch, Hallla 3puTeabHast CUCTEMAa COCTOUT
13 HECKOJbKUX YPOBHEN KOpBI, NpHUYeM KaKIblit TOCIeyIomuii pac-
T03HAeT Bce Gosiee KPYNHBIE CTPYKTYPHl B TOCTYIalomeil uadopma-
uuu. CHavasaa Mbl BUAMM OTAeNbHbIE ITMKCEIH, 3aTEM pasMyaeM B HMUX
IIPOCThbIe reoMeTpudeckue GopMbl, a 3aTeM — BCe Gostee CIOKHBIE 3/1€-
MEHTBI: TIpeiMeThI, TIULIA, TeJa TIOAeN M KMBOTHBIX U T. I1.
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CBepTOYHbIE CeTU 3aBOPAXMBAIOT. Ha MpOTSKEeHUM KPaTKOro Bpe-
MeHU OHM CTa/IU PesonioYUOHHOT TEXHONIOTMET, TepeBepHyBILIel rIpe -
CTaBJeHMA O BO3MOXKHOM B TaKuX 00JACTAX, Kak 06paboTKa TeKCTa,
BUIE0 U peYH, a He TOJIbKO U306pakeHMiA.

B 31011 IM1aBe MBI paCCMOTPUM C/I€AYIOLIME TEMBL:

Q my6oKue CBepTOYHbIE HEIfpOHHBIE CETH;
O knaccuuraums M3006pakeHnis.

[ny6okas cBepTOUYHasi HEMPOHHasA CeTb

I'my6oxkasi cBepTouHas HeitpouHas cets (TCHC) cocTouT 13 60/b110-
ro yucia cnoeB. OOLIYHO B Helt uepedyIoTCs CI0U ABYX TUIIOB — CBep-
TOYHbIE Y TyIMHTrOBbIe. [71y6MHa GuiasTpa Bo3pacTaeT cjieBa HalIpaBo.
Ha mocmepHMx STamax O6bIYHO MCIIONb3YETCS OOUH WIU HEeCKOJIBKO
TIOTHOCBSI3HBIX CJIO€B.

KapTbi npusHakos

Ceeptka
CsepTKa . Cybanckpetnsaums Cy6puckpetnsauus  [MonHocsA3HbIM

B oCHOBe CBEPTOUHBIX CETEI JIeXKAT TPU UIEN:

Q noxanpHOE peLeNTUBHOe NoJe;
Q pasgenseMble Beca;
O nynuHr.

PaccMOTpMM UX NOOYEpenHo.

JlokanbHble peuenTuBHbIe nons

Ins coxpaHeHMs] TIPOCTPaHCTBEHHOI MHGOpMalyM yao6HO mpeq-
CTaBIATh KaXKIoe M300pakeHme martpuileir mukcesneit. Torga nias Ko-
JUPOBAHUS JIOKAJIBHOM CTPYKTYPHI MOXHO IPOCTO COEOMHUTDH IOA-
MaTpUITY COCENHMX BXOIHBIX HEIIPOHOB C OGHUM CKPbITHIM Heif{pOHOM
CJIEAYIOIETO €105, KOTOPBIN 1 MpelcTaB/iseT OOHO JIOKaIbHOe peler-
TMBHOe To/1e. DTa onepanusi, HasblBaeMasl CBEpPTKOI, U 1a/la Ha3BaHue
TUITY CeTeil.
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Hcnonb3ys nmepekphIBaloIiyecs MoAMaTPUILbl, Mbl CMOXeM 3aKOAM-
poBaTh 6onbiue nHGopManyy. [Ipeanonoxum, K IpUMepy, 4To pasmep
KaKJ 0¥l MogMaTpHIbl paBeH 5 x 5 ¥ YTO 3TU NOAMAaTPULBI UCIIONb3Y-
J0TCS A71s1 06pabOTKY M306paskeHuit pasmepa 28 x 28 u3 Habopa MNIST.
Torga Mbl cymeeM CO34aTh 23 x 23 HelipOHOB JIOKAJTbHOTO PELIeNTHB-
HOTO I10JI B CIEIVIONIeM CKPBITOM ¢Jtoe. I efiCTBUTENbHO, NOAMATPIILY
MOYKHO CABMHYTD TOJIBKO Ha 23 MO3ULIMM, @ 3aTeM OHa YiJeT 3a IpaHu-
1y uso6paxenus. B Keras pasmep ofHOI OAMAaTPUIIbI, HAa3bIBAEMbIA
aynuHoi mara (stride length), ssBisieTcst runepriapaMeTpoMm, KOTOPbIA
MOYXHO HacTPOMTbD B IIpoliecce KOHCTPYMPOBaHUS CeTell.

OmnpenenumM KapTy IPU3HAKOB [IpY IIepexoie OT OAHOr0 CJI0A K Ipy-
romy. KoHeuHO, MOXXHO 3aBECTM HECKO/IbKO KapT NMPU3HAKOB, KOTOpbIE
o6yualorcs HesaBucumo. Harpumep, ist 06paboTKY 1306pakeHuit 13
Habopa MINST MoxxHO HavaTh ¢ 28 x 28 BXOAHBIX HEMIPOHOB, a 3aTeM
OpraHM30BaTh k KapT MpM3HAKOB pa3mepa 23 x 23 (c mwarom 5 x 5) B
CTegyloieM CKpLITOM ClIoe.

Paspensiemble Beca U cMeLleHUA

JTOIyCTUM, MBI XOTMM OTOMTH OT CTPOKOBOTO MpeCTaBIE€HNS TTMK-
cefiell M MOAYYMTh BO3MOXHOCTh OOHAPYKMBATh OJUH M TOT Ke IIpU-
3HaK He3aBMCUMO OT TOTO, B KAKOM MeCTe M300paskeHys OH HaXOAUTCS.
Ha yM cpasy IPUXOAUT MBICIb BOCIIONb30BaThCS 06LIMM Ha60pOM Be-
COB ¥ CMellleHuii IS BCceX HeifpOHOB B CKPBITHIX C/104X. Torna Kaxabli
C/10¥1 0OYUMTCS Pacio3HaBaTh MHOKECTBO NO3UIMOHHO-HE3ABUCYMbIX
IIPU3HAKOB B M300paKeHUN.

Ecnu BXoAHOE M300paxkeHye umeeT pasmep (256, 256) ¢ TpeMsi KaHa-
namu B mopsigke tf (TensorFlow), To ero MOXKHO PeACTaBUTH TEH30POM
(256, 256, 3). OT™MeTHM, uTO B pexkume th (Theano) MHaeKC KaHasa I/1y-
6uHBI paBeH 1, a B pexxume tf (TensoFlow) - 3.

B Keras, 4T06bI 06aBUTh CBEPTOYHBII CJI0J € 32 BBIXOAAMU U PUIb-
TpOM paszmepa 3 x 3, Mbl IIMIIEM:

model = Sequential()
model.add (Conv2D (32, (3, 3), input_shape=(256, 256, 3))

To ke caMoe MOXHO 3anucaTh U Io-ApyromMy:
model = Sequential{)

model.add(Conv2D(32, kernel size=3, input_shape=(256, 256, 3))

DTO 3HAYMT, YTO CBEPTKA C 41poM 3 x 3 mpuMeHsieTcs K u3obpasxke-
HMIO pasMepa 256 x 256 ¢ TpeMsI BXOZHBIMM KaHajJaMU (BXOJHBIMU
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(bunpTpamn), ¥ B pedyabraTe MonydaeTcss 32 BBIXOOHBIX KaHaia (BbI-
XORHBIX GUILTPA).
ITpumep cBepPTKY NpKBESeH Ha CIEAYIOUEM PUCYHKE.

MynuHrosbie cnou

JlomycTMM, MbI XOTMM arperMpoBaTh BbIXO[ KapThl NPU3HAKOB.
M B 3TOM CIyd4ae MOXHO BOCIIONb30BAThCS IIPOCTPAHCTBEHHON
CMEKHOCTBIO BBIXOZIOB, MOPOXKAEHHBIX U3 OJHOM KapThl IMPU3HAKOB,
Y arpernpoBaTh 3HAUEHMS IOAMATPULIbI B OMHO BHIXOJHOE 3HaYeHMe,
KOTOpOe JIaeT CBOAHOE OIIYICaHMe CMbLCA, ACCOIMMPOBAHHOTO C JaHHOM
busMyeckoit 06/1aCThIO.

Max-nynun2

YacTo mpuMeEHSIeTCSl max-nyauHz, Korma IpocTto Gepercs Makcy-
MaJIbHBI/ OTKIMUK B ob6nacti. B Keras, 4ToObI onpegenuTh CI0if max-
NyJIMHra pasMepa 2 x 2, Mbl IMIIeM

model.add (MaxPooling2D(pool _size = (2, 2)))

Ha cnenyroniem pucyHKe npuBenes mpumep max-ImyayHra:

Yepeounennwiii nynune

Jpyroi BapuaHT - yCpefHeHHbIt yIMHT, Korga 6epeTcs cpenHee
apudmeTHyecKoe OTKIMKOB B HEKOTOPOI 06/1acTH.
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B Keras pean30BaHO €lie MHOI'O IIYIMHIOBBIX CII0€B, UX TIOJIHBIN
IepedeHsb IIpuBeIeH Ha CTPAHUIIE https://keras.io/layers/pooling/. Bce
oInepauuy IyIMHTa CBOAATCS K TOMY WJIM MHOMY CTIOCO6Y arpernposa-
HMS 3HAYCeHMI B 3aJaHHOIT 00/IaCTH.

lMpomMeXyTouHble UTOru

MbI M37I0KMIY OCHOBHBIE IIOHSTUS cCBepTOYHLIX ceTeil. B CHC onepa-
UMM CBEPTKM U ITYIMHTA IIPMMEHSIOTCS B OLHOM HallpaBIeHuM (BpeMsI)
II/IS1 3BYKOBBIX M TEKCTOBBIX JAHHBIX, B ABYX HalIpaBlIeHUX (IIMPUHA U
BBICOTA) [JIsl M300pakeHMit ¥ B TpeX HallpaBleHMsX (IIMPUHA, BHICO-
Ta, BpeMs) s BUAeo. B cryyae n3obpakeHuii nepemeltenye GunbTpa
0 BXOHOI MaTpuile MOPOXAAeT KapTy, JalOIyI0 OTKIAUKM GUIbTpa
JIJIST KaKIOTO TIOJIOKEeHMST B ITPOCTPAHCTBe. llHave roBoOpsl, CBEpTOYHAS
CeTh COCTOMUT U3 HECKOJIbKMX COOPaHHBIX B CTONKY GUIBTPOB, KOTOphIE
06y4YaloTCca pacrio3HaBaTh KOHKPETHBIE BU3YyalbHble IPU3HAKM He3a-
BUCUMO OT TOTO, B KAKOM MecTe M300paskeHnss OHM HaxomATces. B Ha-
YaJIbHBIX CJIOSX CETU NMPU3HAKK MPOCTHIE, & 3aTeM CTAHOBSTCS Bce 60-
Jiee CJIOKHBIMMA.

Mpumep NCHC - LeNet

SIa Jlexyn (Yann le Cun) npemtoxui (cM. craThio Y. LeCun, Y. Bengio
«Convolutional Networks for Images, Speech, and Time-Series», Brain
Theory Neural Networks, vol. 3361, 1995) cemeiicTBO CBEPTOUHBIX Ce-
Teii, monyunBiiee HazpaHue LeNet, 06yueHHBIX paclo3HaBaHUIO py-
KOMMCHBIX myp u3 Habopa MNIST 1 ycTOUMBEBIX K IPOCTBIM Treome-
TPUUYECKUM ITPeoOpa3oBaHMAM U cKakeHUI0. OCHOBHAS MUJlest COCTOUT
B HA/IMYMU YepenyIoIMXCs CJIOEB, pean3yIolNX onepauuy CBepTKY
M max-IyauHra. Onepanuy CBepTKM OCHOBAaHbI Ha TLIATENLHO I10J0-
OpaHHBIX JIOKA/IbHBIX PELIeNITUBHBIX MOIAX C BecaMi, paszenseMbIMU
MeXIy HeCKOJIbKUMM KapTaMu Ipu3HakoB. [lowiegHue cou HOMHO-
CBsI3HbIE — KaK B TpaguioHHOM MCII co CKpBITBIMU CTIOSIMM U QYHK-
1Medt aktuBaluy softmax B BBIXOZHOM CTI0€.

Kop LeNet B Keras

Ina onpenenenus cetit LeNet mcnonb3yercss MOLyAb JBYMepHOI!
CBEPTOYHOM CeTu:

keras.layers.convolutional.Conv2D (filters, kernel size, padding='valid')
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31ech filters — YACIIO CBEPTOYHBIX SIIEP (HAMpPUMeEp, pa3sMepHOCTDb
BBIXOA), kernel_size — OQHO Ile/I0€ UUCIO MU KOPTEX (GO CITUCOK)
U3 IBYX LIE/IBIX YMCE, 33/1aI0LIVX MPUHY U BBICOTY ABYMEPHOTO OKHA
CBePTKM (€C/IM YKa3aHO OJHO YMCJIO, TO LIVPYHA U BLICOTA ONVHAKOBBI),
a padding='same' O3HAYaET, YTO UCIIONb3YeTCS AOMONHeHue, CylecTBy-
eT [IBa PeXUMa: padding='valid' O3HAYAET, YTO CBEPTKA BHIYMUCIISIETCS
TOJIbKO TaM, e QUIBLTP LeIMKOM MoMelaeTcss B 06/1acTy BXOAa, TI0-
3TOMY BBIXOJ] OKa3bIBA€TCSI MEHbLIE BXOAA,  padding='same’' — YTO pPa3-
Mep BBIXOZIA TaKOii JKe (Same), Kak pa3mep BXOZa, [JIs1 YeTO BXOIHAs
00671aCTb IOTIONHSACTCS HYISAMU I10 KpasM.

MBI TaKKe UCIO/Ib3yeM MOZY/b MaxPooling2D:

keras.layers.pooling.MaxPooling2D(pool size=(2, 2), strides=(2, 2))

31ech pool size=(2, 2) — KOPTEX U3 ABYX LEJIBIX UMCEJI, OTIpeessi-
10X KO3GPUIMEHTh YMEHbIIeHYs M306pakeHus TI0 BePTUKaIU U
o ropusoHTanu. Takum obpasom, (2, 2) O3HAUYAET, YTO M3OOPAKEHME
YMEHbIIAeTCs] BABOe B 060MX HampasiieHMsix. HakoHel, mapameTp
strides=(2, 2) ONpefenseT mar o6paboTKi.

Temneps nepeiinem x Kopy. CHaya a UMIOPTUPYETCS P, MOAYIIelt:

from keras import backend as K

from keras.models import Sequential

from keras.layers.convolutional import Conv2D
from keras.layers.convolutional import MaxPooling2D
from keras.layers.core import Activation

from keras.layers.core import Flatten

from keras.layers.core import Dense

from keras.datasets import mnist

from keras.utils import np_utils

from keras.optimizers import SGD, RMSprop, Adam
import numpy as np

import matplotlib.pyplot as plt

3arem onpegensercd ceTb LeNet:

#define the ConvNet
class LeNet:
@staticmethod
def build(input_ shape, classes):
model = Sequential ()
# CONV => RELU => POOL

ITeperiit 10Vt — CBepTOUHBIN ¢ byHKIMel akTuBauuy ReLU, 3a HUM
CrienyerT Cioi max-ny/amHra. B Hameit cetu 6ymet 20 CBepTOYHBIX QiITh-
TPOB pasmepa 5 x 5. Pasmep BbIxo[a Takoii xe, Kak pasMep BXo#a —
28 x 28. IIoCKOJbKY NepBbIM 3/IeMEHTOM KOHBeliepa sIB/ISeTCs MOAYIIb
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Convolution2D, HEOOXOAMMO OIIpeNeaUTh ero GopMy, input_shape. Omle-
pauyus max-IyJMHra peajausyeT CKo/lIb3sllee OKHO, [TlepeMeliarolieecs
10 CJI010, ¥ BRIUUC/ISIET MaKCMMAJIbHOE 3HaUeHM e B o6nactu. lllar rnepe-
MellleHus 110 TOPU3O0HTAIU U T10 BEPTUKAIN paBeH 2.
model.add (Convolution2D (20, kernel size=5, padding="same",
input_shape=input_shape))
model.add (Activation ("relu"))

model.add (MaxPooling2D(pool size=(2, 2), strides=(2, 2))})
# CONV => RELU => POOL

3areM A06aBIsSeTCS BTOPOJ CBEPTOUHBINA C10ii ¢ QyHKIMEN akTu-
Bamyu ReLU, a 3a HuM elue ofuH c/10¥ max-myauura. Ho Teneps mel
YBeTMUMBAEM UMCIO CBePTOYHBIX GuibTpoB ¢ 20 Ao 50. VBenmuenue
yncina GuabTpoB B 6oee TyOOKUX CI0SIX — CTAHAAPTHLIN IIpUeM ITy-
G0KOro 06yYeHMsI.
model.add (Conv2D (50, kernel size=5, border_mode="same"))

model.add (Activation ("relu")
model.add (MaxPooling2D(pool size=(2, 2), strides=(2, 2)))

3areM MIeT NOBOJBHO CTAHIAPTHBIA CJIOM YIUIOLIEHUS, IIOTHBIN
oot ¢ 500 HeitpoHamu u softmax-knaccuduxarop c 10 knaccamm:

# coou Flatten => RELU
model.add(Flatten ()

model .add (Dense (500))
model.add (Activation("relu"))

# softmax-xmaccupnxaTop

model .add (Dense (classes))
model.add (Activation("softmax"))
return model

Hy, BoT 1 BCE. MBI TONBKO YTO ONpeneIuIy CBOIO IIEPBYIO CETh ITy-
6okoro obyuenust! IIocMOTpUM, KaK OHa BHIIVISIANUT.

MnotHbIk
50 kapr MnoTHbIA Bbl-
npHM3HaKos — XOBHON CNoW
20 kapt II RN e,
npH3HaKkos

o 4 qa

ﬁaepﬂ(a i TNynunr Ceeprka )

Bxopn o
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Hanbire HY)XeH KoJj, OGWEHMH CeTH, HO OH OUY€HB IIOXO0XX Ha TOT, 4TO
MbI BuIenu B mase 1. Ha stor Pa3 II0Ka3aH TaKXXe KOJ IeYaTy I1oTepu:

# ceTp u ee oBydeHue

NB_EPOCH = 20

BATCH SIZE = 128

VERBOSE = 1

OPTIMIZER = Adam{()

VALIDATION_ SPLIT=0.2

IMG_ROWS, IMG_COLS = 28, 28 # pasMeps BXOOHOTO M306paxeHMs
NB_CLASSES = 10 # umcno BHXOZOB = uucno umop

INPUT SHAPE = (1, IMG_ROWS, IMG_COLS)

# HaHHEE: MepeTacoBaHH M Pa3sbuTH Ha OBYdYaloWMit M TeCTOBH Habop
(X_train, y_train), (X_test, y test) = mnist.load data()
k.set_image_dim ordering(“"th")

# paccMaTpMBaeM KaK UMCNA C IUIaBAOmWEN TOUKOM MU HOpMUpYeM
X train = X_train.astype('float32")

X_test = X test.astype('float32')

X train /= 255

X test /= 255

# HaM HyxHa ¢opMa 60K x [1 x 28 x 28], nomasaemas Ha BXO.O CBEpPTOYHON ceTn
X_train = X_train{:, np.newaxis, :, :]

X_test = X test[:, np.newaxis, :, :]

print (X train.shape([0], 'train samples')

print (X_test.shape(0], 'test samples')

# npeofpasyeM BEKTOpPH KJACCOB B OMHADHHE MATPULE KJIACCOB
y_train = np utils.to_categorical (y_train, NB_CLASSES)
y_test = np utils.to_categorical(y_test, NB_CLASSES)

# VHMUMaMMBUPOBATHL ONTUMUSATOP M MOMENb
model = LeNet.build(input_shape=INPUT SHAPE, classes=NB_CLASSES)
model.compile (loss="categorical crossentropy"”, optimizer=OPTIMIZER,
metrics=["accuracy"])
history = model.fit (X_train, y train,
batch_size=BATCH_SIZE, epochs=NB_EPOCH,
verbose=VERBOSE, validation_split=VALIDATION SPLIT)
score = model.evaluate(x_test, y_test, verbose=VERBOSE)
print ("Test score:", score(0]
print ('Test accuracy:', scoref[l])

# nepeuucCiMTL BCE MaHHEE B UCTODPUM
print (history.history.keys())

# nocTpouTh TpadMK M3MeHeHMS BepHOCTH
plt.plot(history.history['acc'])
plt.plot (history.history['val acc']
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plt.title('model accuracy')

plt.ylabel ('accuracy')
plt.xlabel ("epoch')

plt.legend(['train', 'test'], loc='upper left')

plt.show()

# nocTpouTh rpaduK MBMEHEHMA MNOTEPKU
plt.plot (history.history['loss'])
plt.plot (history.history['val_loss'])

plt.title('model loss')
plt.ylabel('loss')
plt.xlabel ('epoch')

plt.legend(['train', 'test']), loc='upper left')

plt.show()

Teriepp BBITIONMHKMM KopA. Kak BUIMUM, BpeMsl 3aMeTHO BbIPOCIIO, Te-
mepb Ha KaXAYI0 UTepanmio obyueHMst ceTy yXOoauT ~134 ceKyHObl
BMecTO ~1-2 cekyHz st cetu m3 miaBbl 1. OfHAKO ¥ MaKC/MalbHas

BEPHOCTD TeTlephb paBHa 9

9.96%.

Using TensorFlaw backend.
(60000, ‘train samples')
(10000, 'test samples')

Epoch 1/20
48000/48000

Epoch 2/20
48000/48000

Epoch 3/20
48000/48009 [:

1

Epoch 4/20
48000/48000

1

Epoch 5/20
48000/48000

Epoch 6/20
48000/48000

Epoch 7/20
46000/46000

Epoch 8/20
48090/48000

Epoch 9/20
48000/48008

Epoch 10/29
48000/48000

Epoch 11/26
48000/48009 [

Epoch 12/20
48000748000 [

Epoch 13/2¢
4B8008/48008

Epoch 14/20
48000/48000

Epoch 15/20
48000/48000

Epoch 16/20
48000/48000

Epoch 17/20
48000748000

Epoch 16/20
48000748000

Epoch 19/20
48000748000

Epoch 20/28
48000/48000

10000/10200

('\nTest score:', ©.872166633289733453)
('Test accuracy:', 0.99060000000002004)
['acc’, 'loss', 'val_acc', ‘val_loss']

Train on 48000 samples, validate on 12000 samples

1245
1238
129s
131s
127s
127s
128s
123s
123s
124s
125s
1245
125s
123s
124s
123s
123s
124s
123s

123s
11s

loss:
loss:
losst
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
losst

loss:

0.1766
0.0465
2.0300
2.0202
0.0144
0.0106
2.0086
0.0059
2.0053
2.0045
0.0040
©.0032
@.0030
0.0034
0.0025
°.0018
0.0027
9.0014
0.0020

9.0016

acc:

accs

ace:

Bcct

acc:

9.9445

@.9847

¢ 0.9908

0.9937

1 8.9957
i 8.9965

10,9972

92,9980
90,9982
©.,9987
2.9989
9.9989

¢ 9.9991

9,9991

2.9993

1 9.9995

2.9993

¢ 0.9996

: 0.9985

©,9995

: s NEy :- -.code — python keras_teNet.py —121x50. . -
‘gulli-macbookpro:code gullis python keras_LeNet.py

val_loss:
val_loss:
val_loss:
val_loss:
val_loss:
val_loss:
val_loss:
val_loss:
val_loss:
val_loss:
val_loss:
val_loss:
val_loss!
val_loss:
val_loss:
val_loss:
val_loss:
val_loss:
val_loss:

val_loss:

0.0568

0.0407
9.9367
0.8375
0.0482
0.8332
0.0388
0.0464
0.0463
0.0565
2.0558
0.0551
0.056%
9.0459
2.0542
¢.0604
0.0533
0.0580
9.0623

0.0837

val_acc:
val_acc:
val_acc:
val_acc:
val_ace:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acc:
val_acct
val_scc:

val_acc:

0.9826
0.9877
9.9895
0.9896
6.9875
0.9909
9.9909
©.9908
09,9908
92,9891
0.9908
0.9914
0.9908
0.9926
0.9913
2.9916
0.9927
©.9923
0,9911

0.9911

U3 rpadyuKoB BEPHOCTU ¥ HOTEPU BULHO, UTO 11 OCTVIKEHMS Bep-
HocTy 99.2% 6b110 6bI OCTATOUHO BCETO 45 uTepanuii.
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] B ; X ode-—python keras_LeNet.) py—’lZ’MB
ﬁgulll-macbookpro code gullls pvthon keras Leﬂel py

Using TensorFlow backend.

(60000, 'train samples')

(10009, 'test samples'’)

Train on 4800¢ samples, valldate on 12008 samples

Epoch 1/4

48000/48000 [: ] - 1395 - loss: 0.1758 - acc: 0.9450 - val_loss: 0.0618 - val_acc: @.9806

Epoch 2/4

48000/48000 [: ] - 1365 ~ loss: 0.0461 - acc: 0.9849 - val_loss: 0.0408 - vel_acc: 0.9878
j Epoch 3/4

48000/48000 | ] - 130s - loss: 0.0294 - acc: 0.9905 - val_loss: 0,0413 ~ val_acc: 0.9889
; Epoch 4/4

: 418000/48000 [ ] - 129s - loss: 0.9199 - acc: ©.9936 - val_loss: ©,0373 - val_acc: 0.9900
110000/10000 [ 1 - 128

¢ {'\nTest score:', 9.027187118735135736)
. (‘Test accuracy:', 0.99209999999999998)
i ['ace’, “loss', ‘val acce’, 'val_loss')

{8

PaccmoTprM HECKONMBKO M306pakeHuit u3 Ha6opa MNIST, mpocto
4TOOBI IIOHSATH, HACKOMBLKO XOpouio 3HaueHne 99.2%. Hanmpumep, ectsb
MHOTO C110c000B Hamucauus uudphbl 9, OOMH U3 HMX T0Ka3aH Ha pU-
cyHKe HypKe. To ke camoe MOXHO cKas3aTh 0 Hudpax 3, 7,4 u 5. Uncio 1
Ha 3TOM PUCYHKe pacro3HaTh Tak TPyAHO, YTO, HABEPHOe, U Y YeJIoBeKa
BO3HUKJIU GBI npoGJIeMLI

Ha cnemytomem rpadike Mbl IIOJ{BEM UTOT CBOMM YcrHexaM. Mbl Ha-
yany ¢ TPOCTOM MOAeNnu, JocTuriieit sepuoctu 92.22%, 1. e. u3 100
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vdp NpuMepHO 8 pacmo3HaBalIuCh HENPaBUWIBHO. A UCIIONb30BaHNe
[IYGOKOM apXUTEKTYphl TO3BOIMIO OOUTHCS NpupocTa 7% U Momy-
YUTH BepHOCTh 99.20% ~ HeIlpaBWIBHO pacHo3HaeTcs JMIIb OLHAa
umdpa us 100.

BepHocTb

g 100 00% ~——-BepHocTb

G8.00%

45 00%

94.00% / |

MINST_V1 WMINST_DRP MIMNST_ADM MIMST_LNT
MINST_2HID MINST_RMS MINST_EPC

BepHocme

O cune rny6okoro obyyeHums

Yro6BI IYYILIE IIOHSTh CUITY IITyOOKOTO 0GyYeHMs ¥ CBePTOYHbIX CeTel,
Mbl MOXXEM IIOCTaBUTD elle OAUH IKCIIEPUMEHT: YMEHbIUUTDb pasmep
o6yuaroniero Habopa u mnoHabmoO#aTh 3a CHWKeHNEeM Kauecrtsa. st
3TOro pasobrem Habop n3 50 000 npumMepoB Ha gBa Habopa:

Q pasmep cobcTBeHHO obyuarouiero Habopa Gyfer NocienoBa-
TeJbHO YMEeHbIIIaThCs U cocTaBaaTs 5900, 3000, 1800, 600 u 300
MpUMEPOB;

O ocTrajbHble IPUMeEpBI GYAYT BXOOUTH B KOHTPONbHBIN Habop,
MUCIIONb3YEeMBIit IS OIIeHKM X0[a 00yueHusl.

TecToBbIiT HaGop ocTaeTcss HeM3MeHHbBIM U cogepskuT 10 000 mpu-
MEepOB.

TTpu TaKoi KoHGUrypaImMy CpaBHUM TOJIBKO UTO OIIPENE/IEHHYIO CBep-
TOUYHYIO CeTh INTYOOKOTO 00yUeHMs C IepBOii HEIIPOHHOI CeThI0, OTIpere-
7enHolt B mase 1. Ha crienyiomem rpaguke BUAHO, YTO ITyOOKast CETh
BCEITA IPEBOCXOAUT IIPOCTYIO M pa3pbIB TeM OOJIbILE, YeM MeHblIe 00y-
yaroyx npumepos. [pu 5900 mpumepax BEpHOCTb INTy60KOIt ceTv paB-
Ha 96.68% ripotus 85.56% y npocroit. Ho BakHee, 4TO npyu xankux 300
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MpyMepax BepHOCTh ITYGOKOI ceTu Bee ele cocTaBisieT 72.44%, Torna
KaK y IIpOCTO¥ CeTM OHa CHMU3MUIIACh 10 48.26%. Bce sKCIIEpMMEHTHI IIPO-
BOZIMJIMCH JIIs1 YeThIpEX UTepalyii o6yuesys. Tem caMbIM OATBEpKIa-
eTCs 'PaHAMO3HBII IIPOrpecc, JOCTUIHYTHIN B pe3y/ibTaTe U300peTeHus
ry6okoro o6ydenus. Ha niepBbiit B3IV, 3TO MOXKET TI0Ka3aThCs yau-
BUTEJIbHBIM C MATEMAaTUYECKOJ TOUKM 3peHMSI, TIOTOMY UTO B INTyGOKOIf
CeTy ropasfio 6obllle HEM3BECTHBIX (BECOB), a, CJIeI0BATENbHO, U 3KC-
TepUMEHTAIbHBIX TOUEK BPOJie Obl IOMKHO OBITh GOJIbIIIE.

accuracy_deap and accuracy

o
100.00% =~ BCCUracy_deep

e ACCUFACY

50.00%

25.00%

0.00%

MINST_DEP=5300 MINST_DEP=1800 MINST_DEP=300
MINST_DEP=3000 MINST_DEP=600

i !
{ i

OnHaKO CBEPTOYHBIE CETY BbIMTPHIBAIOT OT COXPAHEHUS MPOCTPaH-
CTBeHHOJi MH(pOpMaLyuy, fo6aBIeHnst CBEPTKM, IIyIMHIA U KapT Ipu-
3HAKOB, a 3TV MEXaHV3Mb! COBEpPIIEHCTBOBAIMUCH B XO71€ MWIJIMOHOJIET-
Heli 9BONIOLVY (BeAb TaKasl OpraHm3alius MoaACMOTpeHa Y 3pUTeNbHO
KOpBI TOJIOBHOI'O MO3ra).

O630p COBpeMeHHBIX Pe3y/lbTaToB i Habopa AaHHBIX MNIST
Ol'IyﬁJII/IKOBaH Ha CTPAaHUIE http://rodrigob.github.io/are_we there_yet/
build/classification datasets_ results.html. II0 COCTOSIHMIO Ha SIHBapb
2017 ropma Iy4uIuM JOCTMKEeHKeM 6b11a yactoTra omubox 0.21%.

Pacno3HaBaHue usobpaxeHuit
u3 Habopa CIFAR-10 c nomolubio
rnyb6okoro ooyueHus

Ha6op pauspix CIFAR-10 cozepsxut 60 000 mBeTHBIX M306paskeHMit
pasmepa 32 x 32 muKcens ¢ 3 KaHajaMmy, pas6utsix Ha 10 Kiaccos.
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B o6yuaiomem Ha6ope 50 000 nsobpaskenuit, B TecroBoM — 10 000. Ha
cremyoumeM pucyske, B3sitom u3 penosutopust CIFAR (https://www.
cs.toronto.edu/~kriz/cifar.html), IIPEACTABIEHbI CITyYaitHO BHIGpaHHBIE
MpUMEPHI 13 KAKAO0TO Kacca:

-
i

!
i

i camoner
aBTOMOGUND
| nTHua
KowKa
oneHb

cobaka

narywka
nowapb
kopa6nb

rpy30BHK

3afaua COCTOMT B TOM, YTOGBI pacIIO3HATh He NPeAbsBISIBIINECS Pa-
Hee U306 pakeHMs M OTHECTU UX K ofHOMY 13 10 K/IaccoB.

IIpexye BCero MMIIOPTUPYEM DS MOZYJIeli, OlpenenM HeKOTopble
KOHCTaHTBI ¥ 3arpy3¥M HabOp JaHHBIX:

from keras.datasets import cifarl0

from keras.utils import np_utils

from keras.models import Sequential

from keras.layers.core import Dense, Dropout, Activation, Flatten
from keras.layers.convolutional import Conv2D, MaxPooling2D

from keras.optimizers import SGD, Adam, RMSprop

import matplotlib.pyplot as plt

# HaBop CIFAR_10 comepxur 60K m3obpaxenuyt 32x32 c 3 xaHanamm
IMG_CHANNELS = 3

IMG_ROWS = 32

IMG_COLS = 32

# KOHCTAHTH



92 <« [nasa 3.lnybokoe obyyeHue c NpUMEHeHNEM CBEPTOUHbIX CETEl

BATCH SIZE = 128
NB_EPOCH = 20
NB_CLASSES = 10
VERBOSE = 1
VALIDATION SPLIT = 0.2
OPTIM = RMSprop ()

# sarpy3uTh Habop HaHHHX

(X_train, y_train), (X_test, y test) = cifarl0.load_data()
print (*X_train shape:', X_train.shape)
print(X_train.shape([0], 'train samples')

print (X_test.shape[0], 'test samples')

Tenepb IPpUMEHMM YHUTAPHOE KOAMPOBaHME ¥ HOPMUPYEM U306pa-
KEeHUA:

# nmpeobBpasoBaTk K KaTerOpMallbHOMY BMIY
Y _train = np_utils.to_categorical (y_train, NB_CLASSES)
Y_test = np_utils.to_categorical (y_test, NB_CLASSES)

# npeobpasoBaTh K QopMATy C MaBanliell TOYKOM UM HOPMMPOBATh
X train = X train.astype('float32")

X test = X_test.astype('float32')

X_train /= 255

X test /= 255

B Hameit cetyt 6yaer 32 cBepTouHbIX GuabTpa pasmepa 3 x 3. Pas-
Mep BBIXOfia TaKoM Xe, KaK pasMep BX0Ja, T. e. 32 x 32, a B KauecTBe
dbyHKIMM aKTMBALMU McHonb3yeTcsa ReLU, BHOCSas HeMMHETHOCTD.
Jainee ciepyeT orepanys max-myJauMHra ¢ pasMepom 61o0ka 2 x 2 1 rpo-
pexxuBanue ¢ kosdduumentom 25%:

# cers

model = Sequential()

model.add (Conv2D(32, (3, 3), padding='same',

input_shape=(IMG_ROWS, IMG_COLS, IMG_CHANNELS)))

model.add (Activation('relu'))

model.add(MaxPoolingQD(pool_size=(2, 2)))

model.add (Dropout (0.25))

CrepymolLmit 3/leMeHT KOHBeliepa — INTOTHBIN 1o ¢ 512 HeitpoHamu
U pyHKuMelt aktuBanyy ReLU, a 3a HuM npopexxnBanue ¢ Koadhuim-
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enToM 50% 1 BRIXOAHOI C/1oit softmax-knaccuduxanuu ¢ 10 knaccamu,
110 OMHOMY Ha KaTeropuio:

model.add (Flatten())
model.add(Dense (512))

model.add (Activation('relu'))
model.add (Dropout (0.5))

nmodel .add (Dense (NB_CLASSES) )
model.add(Activation('softmax'))
model. summary ()

Omnpenenus HeiipoceTh, Mbl MOKeM IepeiiTy K 06yJeHNI0 MOAEIN.
B JaHHOM C/Tyyae Mbl BbIJieJIsieM KOHTPOJIbHBI Habop, ToMUMO 06yya-
JoLIero 1 tectoporo. O6yuaromumii Ha6op HyXKeH /151 00y4eHUsI MOJEeNH,
KOHTPOJIbHBIH — IJ1s1 BbIGOpa Hau/IyyIIero IIoAXoAa K 06y4ennio, a Tec-
TOBBIVi — AJISI TIPOBEPKM O06YUEHHOI MO Ha HOBBIX JaHHbIX.

# obyuenue

model.compile(loss='categorical _crossentropy', optimizer=OPTIM,
metrics=['accuracy'])

model.fit (X_train, Y_train, batch_size=BATCH_SIZE,
epochs=NB_EPOCH, validation split=VALIDATION_SPLIT,
verbose=VERBOSE)

score = model.evaluate(X_test, Y test,
batch_size=BATCH_SIZE, verbose=VERBOSE)

print ("Test score:", score[0])

print ('Test accuracy:', score[l]

CoxpaHMM elle apXUTEKTypy IITyOOoKo ceTn:

# coxpaHuUTb MOZEJb

model_json = model.to_json()

open ('cifarl0_architecture.json', 'w') .write (model_json)
# U Beca, BHUMCJIEHHHE B pe3yJbTaTe OOYHYEHMUS CeTH
model.save_weights(‘cifarlO_weights.hS', overwrite=True)

BrirtonauM mporpammy. CeTsb focTUraeT BEpHOCTY Ha TECTOBOM Ha-
6ope 66.4% nipyu 20 uTepauusax. Mbl TaKKe IIOCTPOWIN I'padyKM Bep-
HOCTU M TIOTEPH M COXPaHUIIU CETh METOINOM model . summary ()
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Using Tensorflow backend.
('X_train shape:*, {50800, 3, 32, 32})
(50000, 'train samples’)

- ks AT e
-gulli-macbookpro:code gullis python keras CIFAR1Q_simple.py

(*\nTest score:’, 1.0762448620796203)
('Test accuracy:*, 9,56490900000000005)
['ace’, 'loss', 'val_acc’, 'val_loss')

(10009, ‘test samples’)

Layer (type) Output Shape Param # Connected to

convolution2d_1 {(Convolution2D) (Npne, 32, 32, 32) 896 canvolution2d_input_118) (8

activation_1 [Activation) (None, 32, 32, 32) [] convotution2d_119} (9]

maxpaoling2d_1 (MaxPooling2D) (None, 32, 18, 16) ] activation_1[8] (0]

dropout_1 (Dropout}) (None, 32, 16, 16) ] maxpoollag2d_1{e][e)

flatten_1 (Flatten) {None, 8192) [] drapout_1(8] (9]

dense_1 (Dense) (None, 512) 4194816 flatten_110] (@]

sBctivation_2 (Activation) {None, 512) @ dense_110) [0)

dropout_2 (Dropout) {(None, 512} Q activatlion_2[e)la)

dense_2 (Dense) (None, 12) 5130 dropout_2[8][e}

activation_3 (Activation) (None, 18} [] dense_2(@] [8]

Total params: 4200842

Train on 40000 samples, validate on 10009 samples

Epoch 1/20

400900/40000 | 1 - 1148 - loss: 1.7380 - acc: 9.3855 - val_loss: 1.5353 - val_acc: 0.4376
j Epoch 2/20

40000/40000 [ 1 - 114s - loss: 1.3847 - acc: 0.5081 - val_loss: 1.,2392 - val_acc: 9.5629
Epoch 3/20 .

{ 4v0e00/40000- ( 1 - 1168 - loss: 1.2481 - acc: 8.5566 - val_loss: 1.2737 - val_scc: 8.5448
Epoch 4/20

400908/46000 [ 1 ~ 1185 - loss: 1.1590 - acc: ©,5913 - val_loss: 1.1919 - val_ascc: 0.5722
Epoch 5/20

40000/40000 [ ]« 1165 - loss: 1.0994 - acc: 0.6138 - val_loss: 1.0858 - val_act: 8.6257
Epoch 6/20

40000/40000 [ ] « 1185 - loss: 1.0282 - ace: 0.6391 - val_loss: 1.0771 -~ val_acc: 0.6245
Epoch 7/20@

49908/40000 1+ 11895 - loss: 0.9828 ~ acc: 8.6523 - val_loss: 1.0491 ~ val acc: 0.6375
Epoch 8720

40008/40800 [ 1 = 114s - loss: -2.9328 - acc: 0.6739 - val_loss: 1.0344 - val_ace: 90,6453
Epoch 9/20

40000/40080 | ] = 1145 - loss: .8978 - acc: 9.6858 - val_loss: 1.0789 - val_acc: 0.6384
Epoch. 10/29

40000/40900 {. ] - 1185 - loss: 8.8556 - acc: 0.7904 - val_loss: 1.0872 - val_acc: 0.6538
Epoch 11726

48000/40000 | ] = 114s -~ loss: 0.8215 - acc: 09,7142 - val_loss: 1.1334 - val_acc: 0.6450
Epoch 12/29

4060200/40000 | ) - 1185 ~ loss: 9.7930 - acc: ©.7256 ~ val_loss: 1,0761 -~ val_acc: 0.6464
Epoch 13720

409008/408000 [ ] <1185 - loss: 0.7631 - acc: €.7337 - val_loss: 1.0204 - val_acc: ©,6587
Epoch 14/20

490008/40000. [ |« 121s - loss: @.7381 - acc: 0.7433 ~ val_loss: 0.9647 - val_acc: 90,6853
Epoch 15/29

40000/40000 | | = 1145 - lass: 0,7094 ~ acc: 0.7529 - val_loss: 1.8852 - val_acc: 0.6604
Epoch 16/20

40080/40000 | 1 - 1148 - loss: 0.6872 - acc; 0.7608 - val_loss: 1.0144 - val_acc: ©.5680
Epoch 17/2@

30000/420006 [ ] = 1158 - loss: 0.6642 - acc: 9.7682 - val_loss: 8.9787 - val_ace: 8.6781
Epoch 18720

40006/40000 | 1 = 114s - loss: @.6524 - acc: ©,7758 - val_loss: 1.0035 - val_acc: 9,6863
Epoch 19720

40000740000 | | - 1145 ~ l0ss: 0.6302 - acc: 0.7834 - val_loss: 1,1080 - val_acc: 0.6571
Epoch 20/20

40000/40000 | ) - 1135 - loss: 0.6081 - ace: 0.7992 - val_loss: 1.8744 - val_ace: 8.6672
Testing...

10009,/10000 [ - 13s

Ha cnepyionyx rpaduxax mokasaHo, Kak MU3SMEHSIOTCS BEPHOCTh U
roreps Ha 00yJalolleM U TECTOBOM Habope B 3aBUCUMOCTH OT HOMepa

UTepaLyum:
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S model accuracy

MoBbiweHKe KayecTBa pacno3HaBaHus
Habopa CIFAR-10 nyteM yrnyb6neHus cetu

OmyH U3 CI1Ioco60B MIOBBICUTD KAYECTBO PacIiO3HABAHMS — ONPENETUTD
6oree IIYOOKYIO CETh C HECKOMBbKMMM OIepalysiMy CBepTKM. B naHHOM
C1y4ae Mbl BO3bMEM TaKylo [10C/Ie[0BATETIbHOCTh MOZY/IENt:

conv+conv+maxpool+dropout+conv+conv+maxpool

U B KoHIIE ~ CTaHJapTHa4d II0CIe0BATEIbHOCTD dense+dropout+dense.
dyukumelt aktuBauuy Bcerga O6ymer ReLU. BOT Kak BBIIISIAMT KO
oIpezesieHNs HOBOJI CeT:

model = Sequential()

model.add (Conv2D (32, (3, 3), padding='same',
input_shape= (IMG_ROWS, IMG_COLS, IMG_CHANNELS) ))

model.add (Activation('relu'))

model.add(Conv2D(32, (3, 3), padding='same'))

model.add (Activation('relu'))

model .add (MaxPooling2D (pool_size=(2, 2)))

model.add (Dropout (0.25))

model.add(Conv2D (64, (3, 3), padding='same')

model .add (Activation{'relu'))

model.add (Conv2D (64, 3, 3))

model.add (Activation('relu'))

model.add (MaxPooling2D (pool size=(2, 2)))

model.add (Dropout (0.25))

model.add(Flatten())

model .add (Dense (512))

model.add (Activation('relu'))

model.add (Dropout (0.5))

model.add (Dense (NB_CLASSES) )

model.add (Activation ('softmax'))
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Tenepe mporonum nporpammy. CHayana COXpaHMM CeTb, @ 3aTeM
BBIIOMHUM 40 uTepaimii.

'qulli-macbookpro:code gullis python

Using Tensorflow hackend

(‘X_train shape:', (5000, 3, 32, 132))

(50602, 'train samples')

(10083, ‘test samples')

Layer (type) Cutput Shape Param # Connécted to
convalution2d_1 (Convolution20) (None, 32, 32, 32) 896 convolution2d_input_1[0] (8]
activation_1 (Activation) (None, 32, 32, 32) ] convolution2d_1{¢](0)
convalution2d, 2 (Convolution20) (Nene, 32, 32, 22) 9248 activation_1[9] (e
activation_2 (Activation) (None, 32, 32, :32) [] convolution2d_2(9} (@
maxpooling2d_1 (MaxPooling2D) (None, 32, 16, 16) [] activation_2[e] (@
dropout_1 (Dropout) {None, 32, 16, 15) [] maxpooting2d_1(e} (e
convolution2d_3 (Convolution20) (None, 64, 16, 18) 18496 dropout_1(0] (8
activation 3 (Activation) (None, 64, 16, 16) @ convolution2d_3(0] (e}
convolution2d_a {Convelution2D) (None, 64, 14, 14) 36928 activation_3(¢] (0]
activation_4 (Activation) (None, €4, 14, 14) 0 convolution2d_4(9) (e}
maxpaoling2d_2 (MaxPooling2D) (None, 64, 7, 7) [] activation_4(e)(a]
dropout_2 (Dropout) (None, 64, 7, 7} [] maxpaoling2d_2{0] (8]
flatten_} (Ftatten) {None, 3136) ° dropout_2{0] (8]

dense_1 (Deuse) (None, 512) 1606144 flatten_1(8] (@
activation_5 (Activation) {None, 512) [] dense_1[e] (9)

dropout.3 (Dropout) (None, 512) [] activation_5(@] [e]

dense_2 (Dense) (None, 18) 5139 dropout_3(0] [0]
activation_6 (Activation) {None, 10) [] dense_2[0] (0]

Total params: 1626842

Train on 48000 samples, validote on 1800@ samples

Epoch 1749

40900/49000 {: } - 4308 ~ loss: 1.8179 - ace: 0.3443 - val_loss: 1.5250 - val_acc: 0,4951
Epoch 2/40

40000/40008 [ } - 3825 - loss: 1.3506 - acc: 2.5182 - val_loss: 1.1998 - val_acc: 0.5714

Kak mokasaHO Ha cemyolieM CHMMEKe 9KpaHa, JOCTUTHYTa Bep-
HOCTb 76.9%.

Epoch 39/40

40000/40000 | } = 348s - loss: 0.5497 - acc: 0.8246 ~ val_lass: 8.8669 - val_acc: 90,7811
Epoch 40/40

40800/40008 | J - 346s - loss: 0.5447 - acc: 0.8200 - val_loss: ©.7910 ~ val_acc: 0.7816
Testing...

10000/10000 | 1 ~41s

{'\nTest score:’, 0.79934534568786619)
{'Test accuracy:', 0.76929999999999598)
[*ace*, 'loss', 'val_acc', 'val_loss')

Takum 06pasom, Mbl YIY4IIVIY IPeABIAYIMIT pesybTaT Ha 10.5%.
15t IOMHOTBI KAPTUHBI TOCTPOUM ellie rpadyKu 3aBUCUMOCTH BEPHO-
CTY Y TIOTEPY OT YMCIIa UTePALIMIL:



MosbilweHne KayecTBa pacno3HaBaHus
Habopa CIFAR-10 nyrem nononHeHus
AAHHbIX

Eille oMMH CIIOCO6 TIOBBICUTH KaueCTBO — CreHEpUPOBATh JOIOIHM-
TeNbHbIE O6yUaroume u306paxkenus. mest COCTOUT B TOM, YTOOI B3ITh
cTaHaapTHblif Ha6op JaHHbIX CIFAR M TONOMHUTHL €ro, MOLBEpPrHYB
U306paKeHMS Pas3IMUHBIM IPeobpa30BaHMAM: BpallleHUIO, Iapast-
JIeIbHOMY TIepeHOoCY, MacllTabMpOBaHMIO, OTPAKEHUIO OTHOCUTEIBHO
TOPU30HTAIBHOI U BEPTUKATbHOI OCH, IIepeCcTaHOBKe KAaHAa/IOB U T. [I.
[IpuBeneM COOTBETCTBYIOLIMIA KO

from keras.preprocessing.image import ImageDataGenerator
from keras.datasets import cifarl0

import numpy as np

NUM_TO_AUGMENT=5

# 3arpysurb HabOP HAHHHX
(X_train, y_train), (X _test, y test) = cifarl0.load data()

# nonosHenne
print ("Augmenting training set images...")
datagen = ImageDataGenerator (

rotation range=40,

width shift range=0.2,

height_shift range=0.2,

zoom_range=0.2,

horizontal flip=True,

fill mode='nearest')

ADTYMEHT rotation_range — 9TO AMana3oH YIJIOB B rpaaycax (0-180),
Ha KOTOpbie MOXHO ITOBOPauMBaTh M306pakeHMs: (CTy4aifHBIM 06pa-
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30M). APTYMEHTHI width_shift M height_shift — AMANA30HbI CIYYAHOTO
TnlapajiyielIbHOTO IIePEHOCA 110 TOPM3OHTAIM U IT0 BePTUKAIU. APTYMeHT
zoom_range 33Ja€T AMANa30H CIy4aiiHOTO MaciTabupoBaHust U306pa-
XKeHMI, horizontal flip TOBOPUT, YTO C/TyUaifHBIM 06Pa3OM OTOGPaHHYIO
TIO/IOBUMHY M300PAXEHMIt HY)KHO OTPasUThb OTHOCHTENLHO BePTUKAIIb-
HOJ OCH, 4 fill_mode ONpeIENsieT CTPATerMI0 BbIYMCICHMS] HOBBIX MUK-
cerneit, 06pasyIomyxcs Py IIOBOPOTE UM MTApaslIe/IbHOM IIepeHoCe:

xtas, ytas = [], []
for i in range(X train.shape[0]):
num_aug = 0
x = X_train(i] # (3, 32, 32)
X x.reshape((l,) + x.shape) # (1, 3, 32, 32)
for x_aug in datagen.flow (x, batch size=l,
save_to_dir='preview', save prefix='cifar', save_format='jpeg'):
if num_aug >= NUM_TO_AUGMENT:
break
xtas.append(x_aug[0])
num_aug += 1

B pesynbraTe NONOMHEHMS MBI IIOTYYMM MHOTO HOBBIX M306pasKe-
HMi1, CreHepMPOBaHHbIX HAa OCHOBe cTaHAapTHoro Habopa CIFAR-10:

cifar_0_85.jpeg clfar_0_270.jpeg cifar_0_396.jpeg cifar.0_429.jpeg cifar_0_483.jpeg cifar_0_475.jpeg

Ay,

cifar_0_1052.jpeq cifar_0_1185.jpeg

£

cifar_0_2259.]peg cifar_0.2364.jpeg

I
cifar.01778.jpeg

cifar_0_2615.jpeg clfar.0_2745.jpeg cifar_ 0_2834.jpeg

: cifar_0.2974.jpeg cifar_0_3070Jpeg cifar_0.3135.jpeg cifar_0_3497.jpeg cifar_0_3549.)peg cifar_0_3613.Jpag

Tenepr mocMOTpUM, YTO 3TO Ham fAaeT. Mbl TeHepupyeM HOBBIE
usobpakeHus, a 3aTeM 06y4aeM Ty e CaMyio CBEPTOYHYIO CETb, UTO
U paHbllle, HA IIONIOTHEHHOM Habope AaHHbIX. DddekTuBHOCTH pagy
reHepaTop paboraeT mapaiesbHo 06y4eHNI0 MOZEeIN. DTO MMO3BOJISIET

nononusaTk Habop Ha CPU 1 ogHoBpeMeHHO 06yyaTh ceTh Ha GPU. Koz
[TI0Ka3aH HIDKe:



R
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# MHMUMANMBUPOBATh T'€HEPATOP
datagen.fit (X_train)

# oByunrs

history = model.fit_generator (datagen.flow(X_train, Y_train,
batch size=BATCH SIZE), samples per_epoch=X_train.shape(0],
epochs=NB_EPOCH, verbose=VERBOSE)

score = model.evaluate(X_test, Y_test,
batch_size=BATCH_SIZE, verbose=VERBOSE)

print ("Test score:", score(0])

print ('Test accuracy:', score[l])

Kaxxpasi uTepaums Ternepb 06X0AMUTCS JOPOKe, ITIOCKOIBKY 06yualo-
VX JaHHBIX CTajao0 6onblie. BeimonmuuB Beero 50 uTepanyii, Msl J0-
CcTUIK BepHOCTHU 78.3%:

Epoch 46/50

50000/50000 [ } - 405s - loss: 0.8288 - acc: ©.7297
Epoch 47/50

150000/50000 [ ] - 424s - loss: 0.8349 - acc: ©.7303
iEpoch 48/50

50000/50000 [ ] - 408s - loss: 0.8319 - acc: 0.7295
Epoch 49/50

50000/50000 | 1 - 403s - loss: 0.8386 - acc: 0.7281
Epoch 50/50

50000/50000 [ ] ~ 398s - loss: 0.8394 - acc: 0.7267
{Testing...

110000/10000 [ 1 - 425

i{*\nTest score:', 0.73110332846641546)
i('Test accuracy:’, 0.78369999999999995)
‘acc', 'loss’)

IMonyyeHHbIE B XO/Ie IKCIIEPUMEHTOB Pe3y/IbTaThl OTPasKeHbI Ha ClIe-
nyiouem rpaduke:

BepHocTn
80.00% T8.30% .- BEPHOCTD
ae e iy
78.G0%
-3
g
§ 72.00%
& /
68.00% 66 40% i
/
64.007%
CIFAR1C simpie CIFAR10_ceep, augmenied
CIFAR10_deep
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O630p COBpeMEHHBIX pe3y/bTaToB sl Habopa JaHHbIX CIFAR-10
OnyonvKOBaH Ha CTpaHHuLe http://rodrigob.github.io/are_we_there yet/
build/classification_datasets_ results.html. II0 COCTOSIHMIO Ha SIHBApPb
2017 rona myYimmm JOCTYREHMEM 6blIa BEpHOCTE 96.53%.

lNpeackasaHne Ha ocHoBe pesynbTaTos 06yyeHus
Ha Ha6ope CIFAR-10

IlycTe Terepb MBI XOTMM MCIIONB30BaTh 0o6yueHHYI0 Ha HaGope
CIFAR-10 mozenb 151 MaccoBoit 06paboTKi M300paskeHMil. Tockonbky
MbI COXPaHM/IM MOZIe/Ib BMECTE C BecaMmy, TO 06y4aTh ee KaXablii pas
He HYXXHO.

import numpy as np

import scipy.misc

from keras.models import model from json
from keras.optimizers import SGD

# 3arpysmuTh MOmeNh

model architecture = 'cifarl0 architecture.json'

model weights = 'cifarl0_weights.h5’

model = model_from_json (open (model architecture).read())
model.load_weights (model weights)

# 3arpysuTh U30BpPaKEHUS

img_names = ['cat-standing.jpg’, 'dog.jpg']

imgs = [np.transpose(scipy.misc.imresize(scipy.misc.imread(img_na.me), (32,32)),
(1, 0, 2)).astype('float32') for img_name in img names]

imgs = np.array(imgs) / 255

# oByunrs

optim = SGD()

model.compile (loss="' categorical_crossentropy', optimizer=optim,
metrics=["'accuracy'])

# npenckasark
predictions = model.predict_classes (imgs)
print (predictions)

MlaBajiTe IOCMOTPUM, UTO TIpe/ICKa3bIBAET MOMENb AJis M306paKe-

TS

o

Hut i ol v LY 5. Kak u oxmpganock, Mbl [Io/ly4aeM KaTeropum
3 (xowka) u 5 (cobaka):

Igutli-machookpro:code gulli$ python keras EvaluateCTF) ART@. py T e
' Using TensorFlow backend.

1272 [ 1 - 0s §
13 5
lqulli-machookpro:code qullis B i
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OueHb rny6oKue cBepTouHbIe CeTU Aif
pacrno3HaBaHUsa 60bLIMX U306paXKEHN

B 2014 romy 6Bl BHECEH MHTEpECHbI BKIAL B paclio3HaBaHMEe M30-
6paxkermit (cM. K. Simonyan, A. Zisserman «Very Deep Convolutional
Networks for Large-Scale Image Recognition», 2014). B aroit paboTte
MOKAa3aHOo, UTO, Y8eJUUUS UYUCTO 8eCO8biX ¢10e8 00 16—19, MoxHo 0o-
6UMbCa 3HAUUMENBHOZO0 YIYUUWEHUS N0 CPABHEHUID C hpedulecmeyiouju-
MU KoHpuzypayuamu. B ogHoi U3 paccmaTpuBaeMbix Moneneit (D umm
VGG-16) 66110 16 cnoes. [Ias o6yueHust Momeny Ha Habope HaHHBIX
ImageNet ILSVRC-2012 (http://image-net.org/challenges/LSVRC/2012/)
6pUIa HaIMCaHa IIporpaMMa Ha Java C MCIIOb30BaHueM OMOIMOTeRU
Caffe (nttp://caffe.berkeleyvision.org/). DTOT Habop CONEPKUT U30-
6paxkenyst u3 1000 kimacco, pa3éuTeie Ha TPy Habopa: 06ydaroLMii
(1.3 MWIIMOHA M306pakeHMit), KOHTPOIbHBI (50 000 M306paskeHMIT) U
tectoBblit (100 000 u306paxennit). Bce u306paskeHUs TPeXKaHalbHbIe
pasmepa 224 x 224. [Ins 9T0it Mozenu olnbKa Hellona aHus B IepBble
5 KnaccoB coctaBwia 7.5% Ha Ha6ope ILSVRC-2012-val u 7.4% Ha Ha-
6ope ILSVRC-2012-test.
ITpuBemem umuTaty c caiita ImageNet:

Llens copesHosanus — oyeHums codepxarue gomozpaguti ons
yeneil NOUCKA U d8MOMAMUUECK020 AHHOMUPOBAHUS C NPUMEHE-
HUemM noOMHOMNecmaa 60bUI020 pA3MEUEeHHO2Z0 8pYyUHYyl0 Habopa
ImageNet (10 mMuniuoOHO8 nomeveHHbIX U300paxceHuli 065eKkmoe
u3 10 ¢ auwHumM molcau kamezopuil) Onsa o6yuexus. Tecmogsie u3o-
GpaxceHus He cOOepHcam HUKAKUX dHHOmMayull — HU cezmeHmayuu,
HU MEMoOK, a anzopumm OOIHceH 8bl8eCmU MeMKU U300PaNeHHbIX
00Bexkmos.

Beca, TMMOJyUYeHHbIE B pe3yiibTaTe OGV‘!GHMFI Moaenun, peaJII/ISOBaHHOﬁ
Ha Caffe, 65111 Ipeobpa3oBaHbl K BUILY, HOHATHOMY Keras (CM. nttps://
gist.github. com/baraldilorenzo/07d7802847aaad0a35d3), TaK UTO UX MOKHO
3arpysmuTh B MOJ€eJlb, KOTOpasi HMXKe onpenesiena Tak ke, Kak B Opurn-
HaNIbHO1 CTaThe:
from keras.models import Sequential
from keras.layers.core import Flatten, Dense, Dropout
from keras.layers.convolutional import Conv2D, MaxPooling2D, ZeroPadding2D

from keras.optimizers import SGD
import cv2, numpy as np

# onpememuTh ceTb VGG16
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def VGG_16(weights_path=None) :
model = Sequential()
model .add (ZeroPadding2D( (1, 1), input_shape=(3,224,224)))
model.add (Conv2D(64, (3, 3), activation='relu')
model .add (ZeroPadding2D ({(1,1)))
model.add (Conv2D (64, (3, 3), activation='relu'))
model .add (MaxPooling2D((2,2), strides=(2,2)))
model.add (ZeroPadding2D( (1,1)))
model.add(Conv2D(128, (3, 3), activation='relu'))
model.add (ZeroPadding2D( (1,1)))
model.add(Conv2D(128, (3, 3), activation='relu'))
model.add (MaxPooling2D((2,2), strides=(2,2)))
model.add (ZeroPadding2D({(1,1)))
model.add (Conv2D(256, (3, 3), activation='relu')
medel.add (ZeroPadding2D((1,1)))
model.add (Conv2D (256, (3, 3), activation='relu'))
model .add (ZeroPadding2D((1,1)))
model.add (Conv2D (256, (3, 3), activation='relu'))
model .add (MaxPooling2D((2,2), strides=(2,2)))
model.add (ZeroPadding2D((1,1)))
model.add(Conv2D (512, (3, 3), activation='relu'))
model.add (ZeroPadding2D ((1,1)))
model.add(Conv2D(512, (3, 3), activation='relu'))
model .add(ZeroPadding2D((1,1)))
model.add(Conv2D (512, (3, 3), activation='relu'))
model.add (MaxPooling2D((2,2), strides=(2,2)))
model.add (ZeroPadding2D((1,1)))
model .add (Conv2D (512, (3, 3), activation='relu'))
model.add (ZeroPadding2D ((1,1)))
model.add (Conv2D (512, (3, 3), activation='relu'))
model.add (ZeroPadding2D((1,1)))
model.add(Conv2D(512, (3, 3), activation='relu'))
model .add (MaxPooling2D((2,2), strides=(2,2)))
model.add (Flatten())

# BepxHme cmom cerm VGG

model.add (Dense (4096, activation='relu'))
model.add (Dropout (0.5))

model.add (Dense (4096, activation='relu'))
model.add (Dropout (0.5))

model .add (Dense (1000, activation='softmax'))

if weights_path:
model.load weights(weights_path)

return model

Pacno3sHaBaHue KoluekK ¢ nomoubio cetv VGG-16

..... N

i
Ternepsb pOTECTUPYEM CETh Ha U306pakeHMM | L5
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im cv2.resize(cv2.imread('cat.jpg'), (224, 224)).astype (np.float32)
im im.transpose ((2,0,1))
im = np.expand_dims (im, axis=0)

It

# TecTupoBaTh NpemoOydYeHHY©L MOIENb

model = VGG_16('/Users/gulli/Keras/codeBook/code/data/vgglé_weights.h5')
optimizer = SGD()

model .compile (optimizer=optimizer, loss='categorical crossentropy')

out = model.predict (im)

print np.argmax (out)

IIporpaMmMa BO3BpalyaeT Kiaacc 285 - KOLIKY ITOPOAbI C(bMHKC (cMm.
https://gist.github.com/yrevar/942d3a0a009ec965eb3a):

¥ set properly.
3 gulli-macbookpro:code gulli$ python keras_VGG16.py
{Using TensorFlow backend.

1285

§ gulli-macbookpro: code gullis §

Ucnonb3oBaHue BcrpoeHHoro B Keras
moayna VGG-16

[Mpunoxenus Keras — 310 rpeiBapuTENbHO IIOCTPOEHHbIE Y 06yYeH-
Hble IyO60KMe Mopenu. Beca aBToMaTHyecKM 3arpykaloTcsl IPU CO3-
JDaHUM 9K3eMIUISIpa MOJAEIM UM XPAHSATCSH B KATANOTe ~/.keras/models/.
Vcrionb30BaTh BCTPOEHHBII KOZ, O4eHb IIPOCTO:

from keras.models import Model

from keras.preprocessing import image

from keras.optimizers import SGD

from keras.applications.vggl6é import VGG1l6
import matplotlib.pyplot as plt

import numpy as np

import cv2

# roToBas Momesyb C mpemoOydeHHEIMM Ha Habope imagenet Becamm
model = VGG16(weights='imagenet', include_top=True)

sgd = SGD(1lr=0.1, decay=le-6, momentum=0.9, nesterov=True)
model.compile (optimizer=sgd, loss='categorical_crossentropy')

# coemaTb pasMep TaKyMM Xe, Kak y u300paxeHut, Ha KOTOpPhX oBydanack momenb VGG16
im = cv2.resize(cv2.imread('steam-locomotive.jpg'), (224, 224)
im = np.expand_dims (im, axis=0)

# npexnckasaHue
out = model.predict (im)
plt.plot (out.ravel())
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plt.show ()
print np.argmax (out)

# momxkHa GHTHL HanewaTaua Kareropusa 820 ~ napomos

Teneps Bo3bMeM usobpaxenne 1apoBo3a:

Ha raxom esgun moit Aenyika. Beimonaus
TIpOTPaMMy, Mbl ONIYYUM Kareropuio 820, Ko-
Topoit B Ha6ope ImageNet o603uauaercs na-
P0603. BaxkHO TaKXe, UTO BEpOSITHOCTBL BCEX
OCTATBHBIX KJIaCCOB OU€Hb MaJla, KaK BUIHO U3
cnenywoiero rpaduka:

B 3akmouenne sroro paspena ormetum, uto VGG-16 — nuip OIHa
U3 Mofesielt, BctpoeHHbIx B Keras. TTomubiii repevyeHs Npeso6ydeHHbIX
mMopaenei IIpUBeOeH Ha CTPAHUIIE https://keras. io/applications/.

Wcnonb3oBanue rotosbix Mmoaeneii ry6okoro
obyueHus ans BbIAGNEHMS NPU3HAKOB

Mogens VGG-16 u Boo6uie mo6yio 'CHC MOXHO oueHb IpoCTO UC-
0/Ib30BATh A7 BBIACIEHUS MPpU3HAKOB. Hike mokasana peanusauus
3TOJ MIEN A7 BBIIENEHMS IPU3HAKOB B KOHKPETHOM CI10e€.

from keras.applications.vgg16 import VGG16

from keras.models import Model

from keras.preprocessing import image

from keras.applications.vgglG import pPreprocess_input
import numpy as np

# TIpenBapuUTeNbHO NOCTPOEHHAA U obyueHHas MoOLesb rayGoxoro ofyuenms VGGL6
base_model = VGGl6(weights='imagenet', include top=True)
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for i, layer in enumerate(base_model.layers):
print (i, layer.name, layer.output_shape)

# BemenmmTe npusHaky M3 cnoa block4d_pool

model = Model (input=base model.input,
output=base_model.get~layer(‘block4_pool').output)

img path = 'cat.jpg'

img = image.load img(img_path, target_size=(224, 224))

x = image.img to_array(img)

x = np.expand_dims (X, axis=0)

X = preprocess_input (x)

# mosyunTh NPMBHAKM
features = model.predict (x)

Bo3HMKaeT BONPOC, a 3a4eM MOXKET ITOHa00UThCS BbIEIATh MPU-
3HaKMU U3 mpomexyrounoro cnosi TCHC? Jeno B TOM, YTO €C/IM CeTh
06yunach KnaccuuumMpoBaTh 306 pakeHys, TO Ka/Iblii ee coii 06-
VUW/ICSl HAXOAUTD IPM3HAKY, Heo6X0oaMMble JIJist OKOHYATENbHO Kiac-
cudukanmu. HuskHue cnoy uaeHTuGULIMpyoT Takye HU3KOypOBHEBbIe
IIPU3HAKM, KaK LIBeTa ¥ TPaHMIIbI, 8 BEPXHME COCTABIISIOT U3 HUX NIPU-
3HaKy Gojlee BHICOKOIO YPOBHS, HAPpUMep, reoMeTpuyecKue Gurypbl
i 06beKThbl. ClleloBaTeNbHO, IPOMEXYTOUHBIA C/1071 cIloco6eH Bbl-
ZIeIATh M3 U306paKeHsl BaXKHbIe TIPM3HAKY, KOTOPbie MOTYT OKa3aTh-
Cs1 TTOJIe3HbI 1)1 APYTUX BUOOB Kiaccupuxauyy. [IpenmyInecTs TyT He-
CKOJIbKO. BO-TIepBbBIX, MOXHO OTIepeThCs Ha HaXOAsIIMecs B OTKPBITOM
JOCTyIle KpyIHOMacIuTabHple oOydeHHble MOJEIN U IepeHecT! pe-
3yAbTaThl MX OOYUEHMS Ha Apyrue rpegMeTHble 061acTu. Bo-BTOPBIX,
MOXXHO COKOHOMMTb BpeMs Ha JOpOTOCTOSIeM 00ydeHMM 60JIbIIoi
Mopeay. B-TpeThbuX, MOXHO IIOTY4UTh Pa3yMHOEe pelueHyue naxe ToI-
[a, KOrha [l HeKOTOpOji TpeMeTHO 06/IacTy HeJOCTaTOYHO 06Y-
yaoumx rnpumepoB. Kpome Toro, Mbl IojTlyyaeM xopoliee HayaabHOe
npubMOKeHMe IJIsT PelieHNs MMeloleiics 3a4auM BMeCTO C1y4aifHo
TUTIOTEe3bl.

OueHb rny6okas ceTb inception-v3, npumeHsemas
ANS nepeHoca obyueHus

ITepenoc o6yueHus — BecbMa 3¢ deKTUBHAS TeXHMUKA TITy6OKOro 06-
yUeHMs1, MMeEIOLIast IIPUIOKEHMs B pa3HbIX 06/acTsx. nes oyeHs npo-
cra, I/ ee OGBSICHEHVS BOCIIONb3yeMCsl aHajorueit. [Ipeaonoxmm,
Bbl XOTUTE U3YUUTD HOBBI A3BIK, CKasKeM, UCTIaHCKuit. Toraa rnonesHo
HAyYaTh C TOTO, YTO BBI YXKE 3HAeTEe O KAKOM-TO JAPYrOM S3bIKe, HANpy-
Mep, aHIVINJICKOM.
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B pycie sroit umeu cneumanucTsl mo KOMITbIOTEPHOMY 3PEHMIO
aKTUBHO MCITIONb3YIOT Npefobyyenubie CHC ans mopoxaenms npen-
CTaB/IeHM! B HOBBIX 3a/ja4aX, rjie Habop JaHHbIX He HACTOIBKO BeJIUK,
uT06b! 06y4nTh CHC ¢ uyaq. Ewe oxna yacto BCTpEYaIoasics TakTu-
Ka — B35Th IpefobyyenHylo Ha Ha6ope ImageNet ceTb u HacCTPOUTH ee
o[l HOBYIO 3a/avy.

Inception-v3 - oueHs 1ny6okas cBepTOUHas ceTh, pa3paboTaHHas
Google. Keras peanmayet nonnyio ceTs, IIOKa3aHHYIO Ha PUCYHKe HUXKe,
¥ MOJIeJTh, Tpefo6yyeHHas Ha Ha6ope ImageNet, Bk/IloYeHa B JUCTpHU-
6yTuB. ITo ymor4aHuio B 3T0j Mogenu UCIIO/Tb3YIOTCS] TPEXKAHANbHbIE
n306paxeHUs pasmepa 299 x 299:

Rty |

B |

i Convolution

B 0CHOBY 3TOr0 CXeMaTU4eCKOro IIp¥Mepa MONOXKEHO IPUIIOKEHHE,
VIMEIOIIeeCs] HA CTPAHUIIE https://keras.io/applications/. [IpeAmonara-
eTcs, UTO ecTh 06yyaromuit Habop JaHHbIX D B mpeaMeTHoi ob6racry,
OTIMYHOI OT ImageNet. B D umeercs 1024 BXOmHbIX npusHaka u 200
BBIXO[IHBIX KaTeropuit. PaccMorpum cienyomuit dpparMenT kona:
from keras.applications.inception_v3 import InceptionV3
from keras.preprocessing import image
from keras.models import Model

from keras.layers import Dense, GlobalAveragePooling2D
from keras import backend as K

# cospmars 6a30ByD NMpenoByUeHHYI0 MOmess
base model = InceptionV3(weights='imagenet', include_top=False)

MBI ucronb3yeM 06y4eHHYIO CeTh inception-v3 1 He BK/II04aeM Bepx-
HMe CIoH, IIOTOMY YTO XOTUM aqanTupoBats ee K D. B Hamelt mogenu
BBIXOZHbBIM GYIEeT IVIOTHBI CJIOI] softmax-knaccudpukanymu ¢ 200 kiac-
camu. [ls npeo6pasoBaHys BXOOHBIX DAHHBIX K dopme, nipurogHoit
AJIS1 3TOr'0 IIJIOTHOTO C/104, IIpUMeHseTcst MOJYJIb GlobalAveragePooling2D.
B neiicTBuTeNbHOCTY TEH30D base_model.output MMeeT GopMy (samples,
channels, rows, cols), ecJut dim_ordering="th", WiIu dopmy (samples, rows,
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COIS, channels), €C/IM dim_ordering="tf", TOTAa KaK INIOTHOMY CJIOIO HY)XXHA

dopma (samples, channels).TIo3ToOMY GlobalAveragePool ing2D IIPOM3BOAUT

ycpegHeHHe 110 CTPOKaM rows " cronbam cols. BBI‘J‘ISIHYB Ha r1ogjiegHue

geTsipe C/10s1 (an include_top=True), Mbl YBUIUM Takue ('])OprI:

# layer.name, layer.input_shape, layer.output_shape

('mixedl10', [(None, 8, 8, 320), (None, 8, 8, 768), (None, 8, 8, 768),
(None, 8, 8, 192)], (None, 8, 8, 2048))

(*avg_pcol', (None, 8, 8, 2048), (None, 1, 1, 2048))

('flatten', (None, 1, 1, 2048), (None, 2048))

('predictions', (None, 2048), (None, 1000)

Ec/11 JKe MONOXUTD include_top=False, TO TPU BEPXHMX CIOS YAATIAIOT-
51, CBEPXY OCTAeTCS €10 mixed10, TAK YTO MOMY/Ib GlobalAveragePooling2D
npeobpasyet (None, 8, 8, 2048) B (None, 2048), Te Kakaplii sMeMeHT
TeHsopa (None, 2048) — pe3y/IbTaT yCpeAHEHMs 110 COOTBETCTBYIOLIEMY
noaTeH3opy pasmepa (8, 8) rensopa (None, 8, 8, 2048):

# DOGaBUTh rio6anbHblL CIJION NYyJMHTA, BBIOJHAKIErO NMPOCTPAHCTBEHHOE yCcpeInHeHue
x = base_model.output

x = GlobalAveragePooling2D() (x) # nepshM HoGaBiiseM NOJHOCBABHEN CJIOM

x = Dense (1024, activation='relu') (x) # a nocnemmm ReLU-cmoi ¢ 200 xnaccamm

predictions = Dense (200, activation='softmax') (x) # obyuaeMas MomeJyb
model = Model {input=base_model.input, output=predictions)

Bce cBepTOYHbIE C/IOM MPeNOGYUeHBI, OITOMY 3aMOPaKMBAEM UX
Ha BpeMs 06yueHusi MOJe/N B LIeJIOM:

# saMoposuTh BCe CBepTOYHHe cyom cemu InceptionV3
for layer in base model.layers: layer.trainable = False

3aTeM MOJie/Ib KOMITUIVIPYeTCS U OﬁyanTCSI B TeueHMe HeCKOJIbKUX
1mepmoaoB, YTOOBI OGWMTB BepxHMe CIIOn:
# oTxoMOMIMPOBaTh MOAENb (3TO HyxHO menaTh [IOCJIIE TOro, xak HEKOTOpPHE CJOou
# moMeueHH Kak HeoOydaeMsle)

compile the model (should be done *after* setting layers to nontrainable)
model.compile (optimizer="'rmsprop', loss='categorical_crossentropy')

# ofyuaTh MOIEJIb Ha HOBHIX NAHHHX B TEYEHVE HECKOJIbKMX NeprMomoB
model.fit_generator(...)

3areM Mbl 3aMOpakMBaeM BepXHMe CJIOM MOJIENIM U HacTpauBaeMm
HIOKHMe. B JaHHOM c/lydyae 3aMOpakMBaIOTCs Iepsble 172 cmos (Tu-
reprapamMeTp HaCTPOWKI):
# ML pewnny oByuMTh 2 COA inception, Tak 4TO nepstle 172 cyosa 3aMopaxmMBaKnTCA,
# a ocrajnbHEHE Pa3MOpPaAXMBANTCS

for layer in
model.layers[:172]: layer.trainable = False
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for layer in
model.layers[172:]: layer.trainable = True

3arem MOOeNTb NePeKOMIUINPYeTCs, YTOOBI U3MEHeHUs BCTYIIUIU
B CuUny:
# ncnospsyem CI'C C Majoil CKOPOCTHI 0BydeHMs
from keras.optimizers
import SGD

model. compile (optimizer=SGD(1r=0.0001, momentum=0.9),
loss='categorical crossentropy')

# cHoBa oByuaem Momesnb (Ha ®TOT pas HacTpamBaeM 2 BepXHMX CJOsA inception)
# u Bepxume crnou Dense
model.fit_generator(...)

Tenepp Mbl MMeeM HOBYIO ITY6OKYIO CETb, B KOTOPOI MOBTOPHO MC-
TI0/Tb3YeTCsl YacTh CTAaHAAPTHONM ceTy Inception-v3, Ho 06yyeHa OHa Ha
AaHHbIX 13 IPYTOit NIPeAMETHOI! 06/1acTH IOCPeCTBOM NepeHoca 06-
yueHus1. Pasymeercs, st JOCTVOKEHYSI IIPUEMIEMOit BEPHOCTH MOKHO
HacTpOUTb MHOrO riapaMeTpoB. Ho B KadyecTBe OTIIPABHOI TOYKM MBI
Tenephb UCTI0Nb3yeM OYeHb GOMbUIYIO NIPefOGYUEHHYIO CETh, U, CIe0-
BaTe/IbHO, MOXXEM OTKa3aThCs OT [I0JTHOTO 00yUeHMUs Ha HaIIMX Maili-
Hax 1 BOCIIO/Ib30BAThCSA TeM, UTO YiKe ecTh B Keras.

Peslome

B 3T0i% r1aB€ Mbl HAYUM/IMCh MCITOB30BATD IYGOKME CBEepTOYHbIE CeTU
AJIsL pacrio3HaBanysl PyKOIUCHBIX 1mdp 13 Habopa MNIST ¢ BbICOKOIT
BEPHOCTBIO. 3aTeM MbI BOCIIOIL30BAINUCD Ha6opom manHbIX CIFAR 10,
YTOOBI IIOCTPOUTH ITYBOKMI KinaccuduraTop ¢ 10 KaTeropusaMmu, u Ha-
6opom ImageNet 1)1 OCTPOEHMUSI TOYHOTO Kkinaccudukaropa ¢ 1000
kareropuit. Kpome Toro, Mbl y3Hamm, Kak MOXKHO MCIIOIb30BaTh GOJb-
e npepobydeHHble cetyt TMa VGG16 1 oueHs IyOOKMe CeTH TUMa
InceptionV3. B 3axmoyenye Mb1 06cymmmm TEeXHMKY IepeHoca obyye-
HYs, IIO3BOISIIOINYIO 8AaNTHPOBATh [OTOBBIE MOXENM, O6YUYeHHEIe Ha
Gonbix Habopax JaHHBIX, K HOBBIM IIPEIMETHbBIM 06/IaCTSIM.

B ciienyloweii riape Mbl II03HAKOMMMCS C IIpYMeHEHMEM nopoxna-
IOLIMX COCTA3aTeNbHBIX CeTell K 3aaue CMHTe3a JaHHbIX, IOXOKMX Ha
NIOpOXkAaemMble TIOALMU. Mbl Takxke IpeJCTaBuM INTY60KYI0 HejfpoH-
Hylo cetb WaveNet 1/is1 BHICOKOKaueCTBEHHOTO BOCIIPOM3BEAEHMS Ye-
JIOBEYECKOro rojioca ¥ 3By4aHus: My3bIKaIbHbIX MHCTPYMEHTOB.
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Mopoxaawume
cocTs3aTtesibHble CeTH
un WaveNet

B 3TOi1 IMaBe Mbl 00CYOMM NOPOSKAAIOLIME COCTA3aTeNbHbIE ce-
1 (TICC) (generative adversarial network — GAN) u cerb WaveNet.
SIH JlexyH, ogyd 13 OTIOB ITy6oKoro o6yuenus, cuntaet I[ICC camoit

MHTEepecHoit uaeeit 3a nocnegaue 10 et pa3sBuTua MO (https://www.
quora.com/What-are-some-recent-and-potentially-upcoming-breakthroughs-

in—deep—learning). IICC cmocobHbl 06anTbCH IOPOXOEHUID CUHTE-
TUYECKUX JaHHBIX, KOTOPbIE BBHIIISASAT B TOYHOCTM KaK HaCTOAILIME.
Hanpumep, KOMIIbIOTED MOXHO Hay4uTb pUCOBaTh M CO3AaBaTh pe-
amMcTUYHble u306paxkenus. Uoes 6vuta npemnnoxkeHa SiHom Tyaden-
noy (cm. I. Goodfellow «NIPS 2016 Tutorial: Generative Adversarial
Networks», 2016), kotopslit pa6oTan B MOHpeaabCKOM YHUBEPCUTETE,
B Komnauuu Google Brain u, B nmocnenHee BpeMd, B OpenAl (attps://
openai.com/). WaveNet — ry6okast TOpOXIalolias ceThb, IpeiIoKeHHas
romnanueit Google DeepMind j1s1 06y4eHMsT KOMITbIOTEPOB BBICOKO-
KayecTBeHHOMY BOCIIPOM3BEIeHMIO YeJIOBEUYEeCKOI0 I0jI0Ca M 3BYy4aHuUs
MY3bIK&JIbHBIX MHCTPYMEHTOB.
MpbI 06CyAUM ClenyIolie TeMbl:

QO uro Takoe I1CC;
O rnyb6oxue ceeprounbie I1CC;
O mpunoxenud IICC.

Yrto Takoe MNCC?

OcHosHas uaes I1CC aHanoruyHa noddeske npoussedeHutl uckyccmsed,
T. . CO3JAHMIO PABOT (https://en.wikipedia.org/wiki/Art), OLIMOOUHO
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IIPUICBIBAEMBIX APYTUM, 0ObIYHO Gosee U3BECTHBIM, aBTopaM. I1ICC
obyyaer ABe HelipOHHbIE CEeTH OfHOBPEMEHHO, KaK MOKa3aHo Ha py-
cyHKe Hipke. [eHepaTop G(Z) nmoposaaeT IOAAENKY, 8 AUCKPUMUHATOP
D(Y) cymuT 0 TOM, HACKOTTBKO PETIPOIYKIMS pealucTUYHa, OCHOBBIBA-
SICh Ha HAaBIIONIeHMSIX Ay TEHTUYHbIX IPOU3BeAeHNI! 1 Kormit. D(Y) npu-
HMMaeT BXo[ Y (Harpumep, 306 paskeH1e) 1 BHIPaKaeT CBOE CYKAeHMe
0 €ro MOAJIMHHOCTH ~ B 061I,eM Cryyae 3HaYeHue, 6113Koe K 0, 03Haya-
eT nodnuHHelil, a OIU3K0e K eqVHMIIE — NOJJeIKd. G(Z) npuHMMaeT Ha
BXofle cry4aiiHbli myMm Z v o6ydyaeTcss 06MaHbIBaTh D, 3aCTaBss ero
AyMaTh, 4TO pesynbTat paboTs! G(Z) — moa/MHHoe rpoussenenne. Ta-
KM 06pasom, Le/ib 06y4eHMs AUCKPMMIUHATOPA — MAKCUMMU3MUPOBAT
D(Y) nna Bcex u306paxkeHUit U3 VICTMHHOTO pacripefeneHusl TaHHbIX
Y MMHMMM3UPOBATD 1151 U306 pake N1, He BHIGPAHHBIX U3 MCTUHHOTO
pacrpenenenus. CienosaTenbHo, G u D BeayT ce6st KaK IPOTUBHUKM B
HEKOTOPO¥i UTpe, OTCIOAA ¥ HasBaHUe cocmasamervHoe 06yueHue. OTMe-
™M, 4T0 G 1 D 06y4aroTcs nonepeMeHHO, a B KauecTBe Le/IeBOit QyHK-
UMy BbICTYTAeT GYHKLMS TI0Teph, ONTUMUSMPYeMast METOOM Ipajy-
eHTHOro crycka. [lopoxnaomas Mozenb o6yyaercss MOAAeIbIBATE, a
JVICKPMMMHAHTHAsI Paclo3HaBaTh NOAAeNKM. [IUCKPUMMHAHTHAS CETh
(06bIYHO CTaHOAPTHAs CBEPTOYHAS HEPOHHAS CeTh) MbITAeTCS Kiac-
cuduuMpoBaTh U306paskeHye KaK HaCTOSLIee MIM CreHepYpOBaHHOE.
Baxxnast HoBas upaest — o6paTHOe pacrpoCTpaHeHye Yepes IMUCKPUMU-
HaTOP ¥ TeHePaTop C Le/bI0 KOPPEeKTMPOBAaTh IIapaMeTphl TeHepaTopa
Tak“M 06pa3oM, 4TO6b! FeHepaTop MOT 06yYMTHCS, KaK yCIelHee 06-
MaHbBIBaTh AUCKPUMMHATOP. B KOHEUHOM UTOre reHepaTop HayuuTcs
TIOPOXXAATD IMOJIe/IbHble U300pakeHNsI, HEOTIMUMMble OT HACTOSIIMX.

4 N

CryuaiiHbii MNopoxpatowas mogens
wym J (chanbcucbukatop)

) noaaenka
Hackonbko <II:|
noxoje Ha <::| OuckpuMunanTHas Mogens
NOANUHHUK? (apbutp)
<j noanu-

HUK

Pasymeercst, ot IICC TpebyeTcs HaiiT TOUKY DaBHOBECUS B MTpe
ABYX UTPOKOB. UT06BI 06yueHMe 0Ka3a10Ch 3 deKTUBHBIM, HEOBXOMM -
MO, 4T06bI O6HOBJIEHME, B Pe3y/IbTaTe KOTOPOTO OfMH UIPOK OITYCKa-
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eTcsl BHM3, ONHOBPEMEHHO NPUBOAWIO K OIIyCKaHMIO JPYrOro Urpoka.
3agymaiitech 06 arom! Eciu danbcudmraTop HayuMTcss 06MaHbIBaTh
apbuUTpa B KAXAOM cIydae, To camomy danscudukaropy 6onblire He-
yeMy yuuThcs. IHOTma o6a Urpoxa JOCTUTaloT paBHOBeCHs, HO 3TO He
rapaHTUPyeTCs, ¥ Urpa MOXeT MPOLo/DKaThes Aoaro. Ha cnenyroliem
rpadMKe IOKa3aH IpuMep 00yUeHuss 060UX UTPOKOB.

T — it

~iseer [IOTEPA AHCKPUMUHATOPA
.+ NOTEPA FeHEPATOPa

L) 00 150 200 0 ano 350

HekoTtopblie npunoxxenus MNCC

Mgl BUgenu, 9To TeHepaTop o0yuaeTcsl IOAAeNbIBaTh JaHHbIe. DTO
3HAYUT, YTO OH 06ydyaeTcs CO3[aBaTh HOBble CUMHTeETHMYECKUE OaH-
Hble, KOTOpbIE BBIIISAST Tak, OyATO CO3HaHbl ueloBeKoM. Ilpexne
YyeM IepexoauTh K KOAY, X0y IPOAeMOHCTPUPOBaTh Pe3y/abTaThl U3
HenasHei1 ctathy Han Zhang, Tao Xu, Hongsheng Li, Shaoting Zhang,
Xiaolei Huang, Xiaogang Wang, Dimitris Metaxas «StackGAN: Text to
Photo-Realistic Image Synthesis with Stacked Generative Adversarial
Networks» (Ko,u JOCTYIIeH IO aApecy https://github.com/hanzhanggit/
StackGAN).
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3necs I1ICC ncnonb3yercs 41 CMHTE3a M3006paskeHui 110 TeKCTOBO-
My OIMCaHMIO. Pe3ynbTaThl BIIeUaT/ISIOT. B IepBoM cTO/N61Ie Mbl BUIMM
peasibHbIe M306paXKeHMST U3 TeCTOBOTO Habopa, a BO BCX OCTAIbHEBIX ~
u3006pakeHys], creHepupoBanHbie Ha cragym I u 11 cetu StackGAN.
HoronuuTenbHble IPUMEPbl MOXKHO HaitT Ha YouTube (nttps://www.
youtube.com/watch?v=SuRyL5vhCIM&feature=youtu .be):

Tenepb mocMOTPUM, KaK MOXXHO Hayunthb IICC noddensieams nabop
AaHHbIXx MNIST. B 9TOM Clyyae B KayecTBe reHepaTopa U JUCKPUMMU-
Hatopa [1CC mcnonb3yloTes cBepTouHbie cetu (cMm. A. Radford, L. Metz,
and S. Chintala «Unsupervised Representation Learning with Deep
Convolutional Generative Adversarial Networks», arXiv: 1511.06434,
2015). B Havasie reHepaTop MOPOXAAET HEYTO Hepa360pUMBOe, HO TI0-
CJTe HECKOJIBKMX UTepanyii CUHTeTUYeCcKye UG phl CTAHOBATCS BCe 60-
nee oTYeTAMBBRIMU. Ha crienyromem pucyHKe maHesn yIiopsaaodeHsl o
HOMEpY UTepauyum 1, KaK BUIMUTe, KAUeCTBO IOCTENEHHO MTOBbIIIAET .
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Yo Takoe MCC?

Tajee 1OKa3aHbl MMUTALMM PYKOMMCHBIX 1Mdp Ha MOCTERYIOMMX
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ynbibatowasics HelTpanbHas HeiTpanbHbIA ynbibaiowpiics
YEeHLKHa MEHLWMHA MYy>KUMHA MYXXurHa

My>KyuHa MYy>XX4uHa JKeHWMnHa YKEeHLUHa B O4YKax
B O4KaX 6e3 oukos 6e3 oukoB

Iny6okue cBepToUuHbIe NOpoXAaowue
cocT3aTesibHble CeTH

Inybokue cBepTOYHBIE IOPOXKIAIOUIME COCTA3ATENbHbIE CEeTH
(T'CIICC, anrn. DCGAN) BriepBbie omyicalsi B craThe A. Radford, L. Metz,
and S. Chintala «Unsupervised Representation Learning with Deep
Convolutional Generative Adversarial Networks», arXiv: 1511.06434,
2015. B reHepatope ucnonb3yercsi 100-mepHoe IIPOCTPAHCTBO C PaB-
'HOMEPHBIM pacripefiesiennem Z, KOTopoe IPOeLMpYeTCs Ha IIPOCTPaH-
CTBO MeHbllell pa3MepHOCTH C IIOMOLIBIO N1OC/IEN0BAaTEIbHOCTY Map-
HBIX Oomepaluii cBepTky. [Ipumep mokasaH Ha pUCYHKE HMKE.
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Project and reshape

w4,

i 4

G(2)

Puc. 1. Fenepatop I'CMCC ucnonsayetca ans moaennposaiua cueHbl LSUN. 100-mepHoe pasHomepHoe
pacnpeneneHve Z NPOEUMPYETCs Ha CBEPTOUHOE NPEACTAB/IEHNE MeHbluelH Pa3MEePHOCTH C MHOTMMM
KapTaMu NPU3HaKOB. 3aTeM NOC/EA0BATENLHOCTb CBEPTOK € APOGHBIM ILAroM (B HEKOTOPbIX HEABHNX
paboTax OHU OWHBOUHO Ha3bIBAIOTCH 0BPaLIEHHBIMM CBEPTKaMK) NpeoGpasyeT 3TO BbICOKOYPOBHEBOE
npeacTasaeHue B naobpaxeHue pasmepa 64 x 64 nukcens. OBpalaem BHUMaHKE Ha OTCYTCTBUE MOHO-
CBA3HbIX M NYSINHrOBbIX C/IOEB.

Tenepatop ['CIICC MOXHO ommcaTh ClefyiolM KoaoM Ha Keras;
uMeeTcsl TakKKe Jpyras peanmsanus I10 afpecy https://github.com/
jacobgil/keras~-dcgan.

def generator_model () :
model = Sequential()
model.add (Dense (input_dim=100, output_dim=1024))
model.add (Activation('tanh')
model.add (Dense (128*7*7))
model.add (BatchNormalization () )
model.add (Activation('tanh'))
model.add (Reshape ((128, 7, 7), input_shape=(128%7*7,)))
model.add (UpSampling2D(size=(2, 2)))
model.add (Convolution2D (64, 5, 5, border mode='same'))
model.add (Activation('tanh'))
model.add (UpSampling2D(size=(2, 2)))
model.add (Convolution2D(1, 5, 5, border mode='same’))
model.add (Activation('tanh'))
return model

OTMeTHM, 4TO 34ech ucnonbayercs cuntakcyuc Keras 1.x. Ho 6iaro-
Iap4 yHac/lIeJ0BaHHBIM MHTepdeiicaM Kof, 6yaeT paboTaTh 1 B Bepcuu
Keras 2.0. IIpaBaa, BBIAAIOTCS TIpeAyNPEXAEHNS, TOKa3aHHbIe Ha Clle-
OyIoLleM PUCYHKe:
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ﬁ% BN e kcmu dogan =~ nymon dcganpy rnudn lmm 140:111 . IR
aulli-macbookpro: kerns-d(nun “guilis pythml degan. py --mode train
Using Tensortlaw backend

degan.py:40: Userwarnmu lmiau your "ConvaD’ ¢cell Lo the Keras 2 API: "Conv2D{64, (5, 5), padding="seme”, Lnput_shape=(1, 28, 28...)"

1nput_shape=(1, 28, 28))
degan.py:43: UserWarning: Upuate your “ConvaD' call to the Keras 2 API: ‘Conv2D(128, (5, 5))°
model.add(Convolution20(128, §, 5))
ﬂcnan Dy 20: UserWarning: Updale your ‘Dense’ call Lo ihe Keras 2 API: “Dense(units=1024, lnpul_dim=109)"
L. add{Dense( input_din=100, output_dim=1024))

dcgnn. UserWarning: Update your 'Conv2D' call to the Keras 2 API: ‘Conv2D(64, (5, §), padding="same")'
model.add{Convolulion2D(64, 5, 5, border_mode='sama'))
degan.py:30: UserWarning: Update your "Conv2D' call to the Keras 2 API: "ConvaD(1, (5, 5), padding="same")
model. add{Convolution2d{1, 5, $, border_node='some’})
(*Epoch is', @)
(*Number of batches’, 468) é

Temepr paccmoTpyuM Koz. IlepBeiif IJIOTHBIE €10 TIPUHMMAET
100-mepHbIit BXOOHOI BeKTOp U nmopokaaeT 1024 BbIX0Aa, B KaUecTBe
GyHKUMM aKTUBaLIMM UCTIONb3YyeTcs tanh. TIpeamnonaraeTcs, YTo BXOJ -
Hble TaHHbIe BHIOMPAIOTCST M3 PABHOMEPHOTO paclipeleleHus Ha OT-
peske [-1, 1]. Crenyromuii IJIOTHBIN CJIOM MTOPOKIAET Ha BBIXOIE TEH-
30p dhopmbl 128 x 7 x 7, IpMMeHSs MaKeTHYI0 HOpMUPOBKY (cM. S. Ioffe,
C. Szegedy «Batch Normalization: Accelerating Deep Network Training
by Reducing Internal Covariate Shift», arXiv: 1502.03167, 2014) — Tex-
HMKY, IOMOTaIOLIYIO CTa6MIU3MpOBaTh 06yUeHMe ITyTeM HOPMUPOBKYU
BXOAHBIX AAHHBIX, TaK YTO6GBI MX cpefHee GbUIO paBHO HYIIO, & JMC-
nepcyid — eAyHULIe. IMIIMPUYECKM YCTAHOBIIEHO, UTO MaKeTHAas! HOp-
MMPOBKa BO MHOTUX C/TydasiX yCKOpsieT 00yueHue, CMATIaeT npobe-
Mbl, BBI3BaHHbIE HEYAAUYHOI MHMLIMaIM3aleil, 1 BOo6Ie IPUBOIUT K
6ojiee TOYHBIM pe3yIbTaTaM. B KoHBeiiep BCTaB/ISeTCS TaKXKe MOIYIIb
Reshape (), KOTOPBI MOpoKnaeTr nanusie ¢dopmer 127 x 7 x 7 (127 Ka-
HajoB, IIMPMHA 7, BBICOTA 7) C MapaMeTPOM dim ordering PABHBIM tf,
M MOAYb NMOBBIIAIOIEH [TepeaucKpPeTU3alum UpSampling (), KOTOPBI
MIOBTODPSIET KaXKIbIM IUKcenb B kKBaapate 2 x 2. [Toc/ie 3TOT0 UAET CBEp-
TOYHBII CJIOM, MOPOKAAIOIIUI 64 GUALTPA C IAPOM pasmepa 5 x 5 u
tyHKUMelt akTUBaLyy tanh, a 332 HUM ellle OJIMH MOMY/Ib UpSampling () U
NOCNeq sl CBEPTKA C OAHUM BBIXOJHBIM GUIBTPOM, SIAPOM pasMepa
5 x 5 u dyHKUMel akTuBauyy tanh. OTMETUM, YTO B STO CBEPTOUYHOM
CeTU HeT NMYAMHTOBbIX onepauuii. JIIMCKpMMUHATOP ONMChIBAETCS Clle-
JOYIOLIMM KOZOM:
def discriminator model():

model = Sequential ()

model .add (Convolution2D(6é4, 5, 5, border mode='same', input_shape=(1, 28, 28)))
model.add{Activation('tanh'))

model.add(MaxPoolingZD(pool_size= (2, 2)))

model.add(Convolution2D (128, 5, 5))

model.add (Activation('tanh'))

model.add (MaxPooling2D(pool size=(2, 2)))

model.add(Flatten{())

model.add (Dense (1024) )
model.add(Activation('tanh'))
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model.add (Dense (1))
model.add (Activation('sigmoid"))
return model

Ms1 6epem usobpaxenue 13 craHgaptHoro Ha6opa MNIST, umero-
mee ¢popmy (1, 28, 28), npumensiemM cBepTKy ¢ 64 ¢unbrpamu pasme-
pa 5 x 5 u dyHkuuio akTuBauuy tanh. /lanee cnenyer onepaumst max-
IyIMHIa 1Mo 0671acTU pasMepa 2 x 2 U ellle OfHA CBepTKa U orepanus
max-nyauara. [locsegHue ABa CI0s IIOTHBIE, M CaMblii BepXHUit, na-
JOIIMIA TIpeficKa3aHye O MOAAenKe, COCTOUT BCETO U3 OGHOIo HelipoHa
¢ curmouaHoi dyukumeit akruBauun. Ha mpoTsykeHMM BBIGPaHHOTO
KOJIMYeCTBa IIepMOJIOB TeHepaTop U OUCKPUMMHATOP 110 ouepenyu 06-
YYAIOTCS C UCIIONb30BAHUEM binary crossentropy B KauecTBe QYHKUMM
roTepsb. B KaskKIOM Iepuope reHepaTop AeaeT psif IIpeackasaHuii (Ha-
IpuMep, MIOPOXKIAET MOAAeNbHbIE M300paKEeHMsI PYKOIUCHBIX LMUDP),
a AUCKPVMMMHATOD TBITAETCS OOYUMTLCS IOCIe CMelleHMs IpencKa-
3aHMA C HACTOSLIMMM M3ob6pakeHmusmu u3 Ha6opa MNIST. Uepes 32
repyuoza reepaTop o6y4aeTcs MOA eTbIBATh 3TOT HA60p AaHHBIX. Hu-
KTO He IMCaJl IPOTrpaMMmy i BbiBoZa Mpp, OMHAKO MalllyiHa Haydu-
71ach MOPOXAATh UMGPHI, HEOT/IMYMMBbIE OT HAllMCAHHBIX YEJIOBEKOM.
OtmeruM, uto o6yuenue IICC MoxeT 0Ka3aTbCsl OUeHb TPYLHOM 3a-
Javeil U3-3a HEO6XOAMMOCTH IIOAAEePKUBATh paBHOBeCKe Mexy 060-
yMM Urpokamu. Eciy ata TeMa Bac 3aMHTepecoBaja, peKOMeHYIO I10-
3HAKOMUTHCS C MPAKTMUYECKUMU TIpMeMaMU, OTIMCAHHBIMMU 110 aapecy
https://github.com/soumith/ganhacks.
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MpumeHeHue Keras adversarial
ansa co3panma NCC, noaaensisaowien
MNIST

Keras adversarial (https://github.com/bstriner/keras-adversarial) — Ha-
nucaHHbIi Ha Python makeT ¢ OTKPBITHIM MCXOOHBIM KOZOM, IIpegHa-
3HadeHHslit as noctpoenus IICC. Ero aBTop - ben Crpaiinep (Ben
Striner) (https://github.com/bstriner M https://github.com/bstriner/
keras-adversarial/blob/master/LICENSE. txt). [IoCKOMLKY Bepcust Keras 2.0
NOSIBMJIaCh COBCEM HENABHO, S peKOMEHIYI0 CKauaTh CaMylo Iocnen-
HIOIO BEpCUIO 3TOTO ITaKeTa:

git clone --depth=50 --branch=master
https://github.com/bstriner/keras-adversarial.git

U ycraHOBUTD €T0:

python setup.py install

CoBMmectuMocTb ¢ Keras 2.0 o6¢cykmaeTcs 10 agpecy https://github.
com/bstriner/keras-adversarial/issues/11.

Eciu reneparop G ¥ guckpumMmuHaTop D ocHOBaHBI Ha OJHOM U TOMI
ke Mogeny M, TO UX MOXHO 00beIVHUTb B COCTS3aTe/bHYIO MOAeNb;
OHa TIOTyYaeT TOT K€ BXOZH, UTO U M, HO Ileny U MoKa3aTe/IM KauyecTBa
pasauunsl 11 G u D. B 6ubnnoreke ornpefenera cregyioumas GyHKIUs
CO3HaHMsT MOJIEJIN:
adversarial_model = AdversarialModel (base model=M,

player_params=[generator.trainable weights, discriminator.trainable weights],
player_names=["generator", "discriminator"])

Ecnn reHeparTtop Gu ANCKPUMMUHATOD D ocuoBansl Ha Pa3HbIX Moe-
JISIX, TO MOXHO BOCIIO/Ib30BaTbhCS TaKoi d)YHKLII/IeﬁZ
adversarial model = AdversarialModel (player models=[gan_g, gan_d],

player params=[generator.trainable weights, discriminator.trainable weights],
player names=["generator", "discriminator"])

PaccMoTpuM nnpumep Bbluvcienuit o MNIST:

import matplotlib as mpl
# OTa CcTpoka NO3BONAET UCNOJNb30BaTh Mpl Oes onpemenerma DISPLAY
mpl.use('Agg"')

Hitke paccmaTpuBaeTCs OTKPBITBI UCXOOHBIN KOL, (https://github.
com/bstriner/keras-adversarial/blob/master/examples/example_gan_convolu-

tional.py). B HeM ucmonb3yercs cunrakcuc Keras 1.x, HO kof, pabotaer



MpumeHeHue Keras adversarial ans cospanua NCC... <& 119

u ¢ Keras 2.x 67arogaps Habopy BCIioMoraTeabHbIX GyHKUMit B daiine
legacy.py. Co,uepxmmoe cbaﬁma legacy.py IIPUBEICHO B ITPWIOXKCHUU,
a TaKoKe IO afpecy https://github.com/bstriner/keras-adversarial/blob/
master/keras_adversarial/legacy.py.

Cuayasia UMIIOPTUPYETCS psifi Mopysiei. Mbl yske BCTpeUaauch CO Bee-
Mu, Kpome LeakyReLU, ciettmanpHoii Bepcun ReLU, KoTopas noryckaer
MaJIblit TPaiMeHT, KOrZa HelfpOH He aKTUBeH. DKCIIePUMEeHTAIbHO MOKa-
3aHO, 4TO B psje cryyaeB ¢yHkums LeakyReLU MoskKeT yaydiumnTh Kave-
crBo TICC (cm. B. Xu, N. Wang, T. Chen, M. Li «Empirical Evaluation of
Rectified Activations in Convolutional Network», arXiv:1505.00853,2014).

from keras.layers import Dense, Reshape, Flatten, Dropout, LeakyRelU,
Input, Activation, BatchNormalization

from keras.models import Sequential, Model

from keras.layers.convolutional import Convolution2D, UpSampling2D

from keras.optimizers import Adam

from keras.regularizers import 11, 1112

from keras.datasets import mnist

import pandas as pd
import numpy as np

3aTeM UMIIOPTUPYIOTCS crienanbHble Mmonynu i I1ICC:

from keras_adversarial import AdversarialModel, ImageGridCallback,
simple gan, gan_targets

from keras_adversarial import AdversarialOptimizerSimultaneous,
normal latent_ sampling, AdversarialOptimizerAlternating

from image utils import dim_ordering fix, dim_ordering_input,
dim_ordering_ reshape, dim_ordering_unfix

CocTs3aTenbHble MOJEIM 06YUAIOTCS B XO/ie UTPBI C HECKOIBKUMU
urpokamu. Eciu naHa 6a3oBast MozieNb € 11 LeJIsIMU U K UTPOKaM¥, TO
co3paeTcst MoJenb ¢ n*k uensiMu, B KOTOPOI KaskAbli UTPOK OIITUMU3U-
pyeT noTepio Ha cBouX Lensix. Kpome Toro, GyHKUMA simple_gan IOPOXK-
paet IICC ¢ 3aaHHBIMU LIeISIMM gan_targets. OTMETUM, YTO B 6ubII0-
TeKe Lie/IX JIJIsl TeHepaTopa i AUCKPUMMHATOPA IPOTUBOIIONOXHBI, 3TO
craggaprHag npaxktuka pis [ICC:

def gan_targets(n):
nan
CrasmapTsee uenm OoOydeHus
[generator_fake, generator real, discriminator fake, discriminator real] = [1, G, 0, 1]
:param n: YuCJO NPUMEPOB
:return: Maccmus LeJen

anr

generator fake = np.ones((n, 1))
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generator_real = np.zeros((n, 1))

discriminator_fake = np.zeros((n, 1))

discriminator_real = np.ones((n, 1))

return [generator fake, generator real, discriminator fake, discriminator real]

T'eHepaTop B 5TOM IIpuMepe olipefenseTcs Tak e, KaK Mbl Bue-
nu panbiie. Ho Terneps Mbl Uconb3yeM (QYHKIIMOHANBHBIN CMHTAaK-
CUC — KaXKIBIi MOLY/Ib B KOHBeliepe MPOCTO IlepeaeTcsl B KauecTse
napamMeTtpa cieyiomemy Moaymio. [lepBblii €101 ceTu IVIOTHBIN, MHU-
LMaJIN3UPOBaH B PEXUME glorot normal. B 3TOM pexkume MCIOAL3YET-
¢Sl rayCccoB IIyM, MacIITa0MpPOBaHHbIl HA CYMMY BXOZOB M BBIXO[ OB
U3 y37a. AHaJIOTMYHO MHULMAIN3YPOBAHBI BCe OCTA/IbHbIE MOZY/IN.
TapaMeTp mode=2 QYHKIUMY BatchNormalization OIIpedenseT IONPU3Ha-
KOBYIO HOpPMMPOBKY Ha OCHOBe CTaTMCTMKU KaXXIOro nakera. JKcre-
PUMEHTATBHO IIOKAa3aHo, YTO TaK ITONyYaioTcs 6osiee KaueCTBEHHBIE
pesy/ibTaThl:

def model_generator():
nch = 256
g_input = Input(shape=[100])
H = Dense(nch * 14 * 14, init='glorot normal') (g_input)

= BatchNormalization (mode=2) (H)

= Activation('relu') (H)

dim_ordering_ reshape(nch, 14) (H)

= UpSampling2D(size=(2, 2)) (H)

= Convolution2D(int(nch / 2), 3, 3, border_mode='same',

init='glorot_uniform') (H)

= BatchNormalization (mode=2, axis=1) (H)

= Activation('relu') (H)

H = Convolution2D(int(nch / 4), 3, 3, border mode='same',
init="'glorot_uniform') (H)

H = BatchNormalization(mode=2, axis=1) (H)

H = Activation('relu') (H)

H = Convolution2D(1l, 1, 1, border_mode='same',
init='glorot uniform') (H)

g V = Activation('sigmoid') (H)

return Model (g_input, g_V)

[oiesfigac s iils o]
]

jariigas)

JOUCKPUMMHATOP OYeHb IIOXOXK Ha OIlpefe/leHHbIi HaMmyM BbllIe,
EnuncTBeHHOE pasniuyme — Monyns LeakyRelU:

def model discriminator(input_shape=(1, 28, 28), dropout_rate=0.5):
d_input = dim_ordering_ input (input_shape, name="input_x")
nch = 512
H = Convolution2D(int(nch / 2), 5, 5, subsample=(2, 2),
border mode='same', activation='relu') (d_input)
H = LeakyReLU(0.2) (H)
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=]
i

Dropout (dropout_rate) (H)

= Convolution2D(nch, 5, 5, subsample=(2, 2),
border mode='same', activation='relu') (H)
= LeakyReLU(0.2) (H)

= Dropout (dropout_rate) (H)

= Flatten() (H)

Dense {int(nch / 2)) (H)

= LeakyReLU(0.2) (H)

= Dropout (dropout_rate) (H)

| V = Dense(l, activation='sigmoid') (H)
return Model (d_input, d V)

=4

[oFas i niie e siiias]
1]

Jasee cyieAyIOT ABE MPOCThIe PYHKLIMM IS 3aTPY3KU U HOPMUPOBKMA
Hab6opa manHbIXx MNIST:

def mnist process(x):
X = x.astype (np.float32) / 255.0
return x

def mnist_data():
(xtrain, ytrain), (xtest, ytest) = mnist.load data()
return mnist process(xtrain), mnist_process(xtest)

Ha crepyroniem 1are onpepesnsercsi coBMecTHast mopenb [1ICC B Bu-
e KOMOMHAaLMK TeHepaTopa U AMCKPMMMHATOPA. 3aMeTUM, UTO Beca
MHMUMANIU3UPYIOTCS QYHKIMEN normal latent sampling, KOTOpast Ipo-
U3BOIMT BbIOOPKY 13 HOPMA/IBHOTO pacIpenenesus:

if name__ == "__main_ ":
# z npuHapmnexur R*100
latent _dim = 100
# x npunamymexuT R™{28x28}
input_shape = (1, 28, 28)
# renepatTop (z -> x)
generator = model_generator ()
# IOUCKpUMMHATOP (X -> V)
discriminator = model discriminator (input_shape=input_shape)
# IICC (x - > yfake, yreal), z reHepupyercs Ha GPU
gan = simple gan(generator, discriminator, normal latent sampling((latent dim,)))
# neuataTb ofuMe CBEOEHMA O MOIEJAX
generator.summary ()
discriminator.summary ()
gan.summary ()

3arem B npumepe cosgaercsa [ICC ¥ KOMIUIMPYETCS MOJeNb, 06y-
4JeHHas C MICIIO/Nb30BaHMeM onTumusaropa Adam ¥ GyHKIUM ITOTEPh

binary crossentropy:

# HMOCTPOMTH COCTA3ATEJBHYD MOIENb
model = AdversarialModel (base model=gan,
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player params=[generator.trainable weights, discriminator.trainable weights],
player names=["generator", "discriminator"])

model .adversarial compile (adversarial optimizer=AdversarialOptimizerSimultaneous(),
player optimizers=[Adam(le-4, decay=le-4), Adam(le-3, decay=le-4)],
loss='binary crossentropy')

OrmnpenensieTcss TeHepaTop, KOTOPBIf CO3aeT HOBbie M306paskeHMs,
MOXO0XKKe Ha HacTosmye. B Kakmom nepuone o6yuyeHus reHepupyeTcs
HOBO€ NOAeIbHOe U300 pakeHue:

def generator_sampler():
zsamples = np.random.normal (size=(10 * 10, latent_dim))
gen = dim_ordering_unfix (generator.predict (zsamples))
return gen.reshape ((10, 10, 28, 28))

generator cb = ImageGridCallback(
"output/gan_convolutional/epoch-{:03d}.png",generator_sampler)
xtrain, xtest = mnist_data()
xtrain = dim_ordering fix (xtrain.reshape((-1, 1, 28, 28)))
xtest = dim_ordering fix (xtest.reshape((-1, 1, 28, 28)))
y = gan_targets (xtrain.shape([0]
ytest = gan_targets(xtest.shape([0])
history = model.fit (x=xtrain, y=y,
validation data=(xtest, ytest), callbacks=[generator cb], nb_epoch=100,
batch_size=32)
df = pd.DataFrame (history.history)
df.to_csv("output/gan_convolutional/history.csv")
generator.save {"output/gan_convolutional/generator.h5")
discriminator.save ("output/gan_convolutional/discriminator.h5")

31ech dim _ordering_unfix — BCIIOMOTaTe/MbHasH GYHKLMS I71sT oA e piK-
KM pasnuuHbix hopmaToB M3obpaxenmii. OHa ompeneneHa B ¢aitie
image_utils.py ¥ BBIIJISIAUT CIEAYIONMM 00pa3om:

def dim_ordering fix(x):
if K.image dim ordering() == 'th':
return x
else:
return np.transpose(x, (0, 2, 3, 1)

Tenepp 3aMyCTMM IPOTPaMMy U TIOCMOTPUM, KaK U3MEHSIeTCs 110~
Teps reHepaTopa U AMCKpUMMHaTopa. Ha creayoiieM CHUMKe 9KpaHa
pacreyaTaHbl XapaKTEPUCTUKY 00eMX ceTeit:



; o
:gulli-macbookpr:
Using TensorFlow backend.

w2
exanples gulli$ python example_

convolutional.py

/Users/qulli/miniconde2/1ib/python2.7/s1le-packages/keras_adversarial~8.9,3-py2.7,&q0/keras_adversarisl/legecy.py:48: UserWarning: Update yo
ur ‘ConvaD’ call to the Keras 2 API: ‘Conv2D(256, (5, 5). padding="same", strides=(2, 2), activation="relu", kernel_initializera"glorot_unif
orm", kernel_regularizer=None)
fusers/qulli/miniconda2/1ib/python2,7/site-packeges/keres_adversarial-@.0.3-py2.7,e99/kerns_adversarial/legacy.py:48: UserWarning: Update yo
ur ‘Conv2D' call to the Keras 2 API: "Conv2D(512, (3, 5), padding="ssme", strides=(2, 2), activstlon="relu", kernel_initializer="glorot_unif
orm", kernel_regularizer=None)*

Layer (type) Output Shape Paran ¥
input_1 (Inputlayer) (None, 128) L]
dense_1 (Dense)} (None, 50176) 5067776
batch_normalization_1 (Batch (None, 50176) 200704
activation_1 (Activation) {None, 50176} [)
reshape_1 (Reshapa) {None, 14, 14, 256) °
up_sompling2d_1 (UpSampling2 (None, 28, 28, 256) °
ConvZd_1 (Canvad) None, 28, 26, 128) 295040
batch_normalization_2 (Batch (None, 28, 28, 128) 112
activetion_2 (Activation]  (None, 28, 28, 128) ®
conv2d_2 (ConvaD) (None, 28, 28, €4) 73792
batch_normalization_3 (Bakch (Nome, 28, 28, 6€4) 112
activation_3 (Activation]  (None, 28, 28, 64) []
conv2d_3 (ConvaDd) (None, 28, 28, 1) 65
activation 4 (Activation)  (None, 28, 28, 1) )
Total params: $,637,601.0

Trainable params: 5,537,137.0

Mon~trainable params: 100,464.9

Layer (type) OQutpul Shepe Param ¢
nput_x (Inputlayer) (None, 28, 28, 1) °
conv2d_a (Conv2o) (None, 14, 14, 256) 6656
leaky_re_lu_1 (LeakyRelU) None, 14, 14, 256) 9
dropout_1 (Dropout} {None, 14, 14, 256) ]
conv2d_5 (Conv2D) (None, 7, 7, 512) 3277312
Teaky_re_lu_2 (LeakyRelU)  (None, 7, 7, 512} °
dropout_2 (Dropout] {None, 7, 7, 512) [}
flatten_1 (Flatten] {None, 25088) ]
dense_2 (Dense) {None, 256) 6422784
leaky_re_lu_3 (LeakyRelLU} (None, 256) []
Gropout_3 (Cropout) hone, 256) 0]
dense_3 (Dense) None, 1) 2

Totel perams: 9,767,009.0

Non-trainable params: 8.0

Treinable parems; 9,7€7,009.0

A Ha 5TOM CHMMKe Mbl BUIMM KOJAMYECTBO IPMMEPOB, UCIOIB30-
BaHHBIX /151 O6GYYEHMS U /I KOHTPOJIS:




124 < [naBsa 4.Mopoxaatowume coctasatensHble ceTv n WaveNet

mples — -bash — 123x35;

“Trainable params: 15,244,
Non-trainable params: 109,736

Train on 66000 samples, validate on 10000 samples

Epoch 1/100

60200/60000 [ 1 - 7579¢ - loss: 1B.6313 - generator_loss: 18,4795 ~ generator_yfake_loss: 10.7
765 - generator_yreal_loss: 7.7030 - discriminator_loss: 0.1519 - discriminator_yfake_loss: ©,6793 - discriminator_yreal_lo
s5: 0.8726 ~ val_loss: 16.2338 - val_generator_loss: 15.9908 - val_generator_yfake_loss: 7.5463 - val_generator_yreal_loss:
8.4445 ~ val_discriminator_loss: 9,2431 - val _discriminator_yfake_loss: 0.2044 ~ val_discriminator_yreal_loss: 0.0386
Epoch 2/100

60000/60000 - 7737s - loss: 14.5333 - generator_loss: 14.2141 - generator_yfake_loss: 7,22
08 - generatar_yreal_loss: 6.9933 - discriminator_loss: 9.3192 - discriminator_yfake_loss: @.1523 - discriminator_yreal_los
s: ©.1668 - val_loss: 13,6769 - val_generator_lossi 13.4410 - val_generator_yfake_losst 6.04@5 - val_generator_yreal_loss:
7.4006 - val_discriminator_lass: 08,2359 - val_discriminator_yfake_loss: ©.1093 - val_discriminator_yreal_loss: 09,1265
Epoch 3/10¢

60000/60000 [ 1 - 78425 - loss: 11.6130 - generator_loss: 11,2356 - generator_yfake_loss: 4.08
83 - generator_yreal_loss: 7.1473 - discriminator_loss: @.3775 - discriminator_yfake_loss: .1708 - discriminator_yreal_los
s: 9.2067 - val_loss: 10,7820 - val_generator_loss: 10.3857 - val_generator_yfake_loss: 2.3510 - val_generator_yreal_loss:
0.9348 - val_discriminator_loss: ©.3983 ~ val_discriminator_yfake_loss: 0.3050 - val_discriminator_yreel_loss: ¢,8913
Epoch 4/100

60000/60000 ] - 7567s - loss: 9.6041 - generator_loss: 9.1363 - generator_yfake_loas: 3.1345
- generator_yreal_loss: 6.0018 - discriminator_loss: 0.4678 - discriminator_yfake_loss: ©,2147 - discriminator_yreal_loss:
8.2531 - val_loss: 7.8728 - val_generator_loss: 7.4582 - val_generator_yfake_loss: 2.1574 - val_generstor_yresl_loss: 5.3¢
@7 - val_discriminator_loss: 0.4146 - val_discriminator_yfake_loss: 8.2797 - val_discriminator_yreal_loss: 9.1350

Epoch 5/100

60008/60000 [: ) - 79715 - loss: 9.0191 - generator_loss: 8.5203 - generator_yfake_loss: 2.9953
- generator_yreal_loss: 5,8250 - discriminator_loss: ©.4988 -~ discriminator_yfake_loss: ©.2289 - discrimipator_yreal_lossi
0.2699 - val_loss: 7.3837 - val_generator_loss: 6,9287 - val_generator_yfake_loss: 1.9531 ~ val_generator_yreal_loss: 4.97
56 - val_discriminator_loss: @.455¢ - val_discriminator_yfake_loss: 8.3175 - val_discriminator_yresl_loss: 9.1375

Epoch 6/100

60000/60000 | ] - 73335 - loss: 8.7654 - generator_loss: 8.2540 - generator_yfake_loss: 2.93587
- generator_yreal_loss: 5.3184 - discriminator_loss: 0.5114 - discriminator_yfake_lass: 0.2354 - discriminator_yreal_loss:
8.2759 - val_less: 7.4316 - val_generator_loss: 6.9901 - val_generator_yfake_loss: 2.2178 - val_generator_yreal_loss: 4,77
22 - val_discriminator_loss: 9.4416 - val_discriminator_yfake_loss: ©.2494 - val_discriminator_yreal_loss: 9.1922

Epoch 7/10@

Iocie 5-6 uteparuit Mbl yXe UMeeM UCKYCCTBEHHbIE M306pakeHNs
MPpUEMJIEMOTO Ka4eCTBa, T. €. KOMIIBIOTEP 00yuwsics TOPOXKIATh PyKO-
MMCHbIe TGP

o

2

aposii- 00G.pny

NpumeHenue Keras adversarial

ana cos3panma MNCC, nopaensisatowen
CIFAR

Teneps npumenum [1CC s noamensiBanyus Habopa JaHHbIX CIFAR-10
Y IIOTYYEeHUS CMHTETUYECKMX M300pakeHni1, TOXMKUX Ha HacTosLIye.
HCXOI[HI)IVI KOJI, HaXOOMTCS 110 aJpecCy https://github.com/bstriner/keras-
adversarial/blob/master/examples/ example gan cifarlO. py). Kak ¥ paHbl1e,
UCIIONB3YETCSI CMHTAaKCUC Keras I.X, HO 6)13[‘0,113])5[ BCIioMoOraTeJlbHbIM
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dyuxkumsam u3 daitna legacy.py xoa paboraet u 11 Keras 2.x. CHauana
MMIIOPTUPYETCS PSi| TAaKeTOB:

import matplotlib as mpl

# 3Ta CcTpoka NO3BOJNAET UCNONB30BaTh mpl Ge3 omnpenenenus DISPLAY

mpl.use ('Agg"')

import pandas as pd

import numpy as np

import os

from keras.layers import Dense, Reshape, Flatten, Dropout, LeakyRelU,
Activation, BatchNormalization, SpatialDropout2D

from keras.layers.convolutional import Convolution2D, UpSampling2D,
MaxPooling2D, AveragePooling2D

from keras.models import Sequential, Model

from keras.optimizers import Adam

from keras.callbacks import TensorBoard

from keras.regularizers import 1112

from keras_adversarial import AdversarialModel, ImageGridCallback,

simple gan, gan_targets

from keras_adversarial import AdversarialOptimizerSimultaneous,
normal latent sampling, fix_names

import keras.backend as K

from cifarl0 utils import cifarl(_data

from image utils import dim ordering_fix, dim_ordering_ unfix,
dim_ordering_shape

3aTeM OIpenenseTcs reHepaTop, B KOTOPOM MCIIONb3YeTCsT KOMOM-
Halisg CBEPTOK C perynspusaimeii mo Hopme L1 u L2, makeTHo# HOp-
MMPOBKOJ M IOBBILIAIOUIE) Nepeayuckperusanyeil. [lapaMmerp axis=1
TOBOPUT, TIO KAKOMY M3MEPEHUIO0 TEH30pa MPOU3SBOIUTL HOPMUPOBKY
CHAYaJa, a mode=0 O3HAYAET MOMPU3HAKOBYID HOPMUPOBKY. JTa KOH-
KpeTHasl CeTh CTaja pe3yabTaTOM MHOIOYMC/IEHHBIX 3KCNEPUMEHTOB,
HO TIO CYTM Jiejla OHa IO-IIpeXXHEMY SIB/ISIETCS I0C/Ie10BaTelbHOCTHIO
omiepaiuii AByMEpPHOI CBEPTKM U MOBBIINAIOIIEN ITepenucKpeT3aLumy,
B Hayajie KOTOPOit UCIIOMb3YeTCS MOAYIb Dense, @ B KOHIIe — (GyHKLMS
aKTUBALMM sigmoid. Kpome TOTO, BO BCEX CBEPTKAX MPUMeHsIeTcsl PyHK-
LIS aKTUBALMU LeakyRelLU U IIaKeTHAd HOPMUPOBKA BatchNormalization:

def model_generator():
model = Sequential ()

nch = 256
reg = lambda: 1112 (11=le-7, 12=le-7)
h=25

model.add(Dense(input_dim=100,output_dim=nch*4'*4,W_regularizer=reg()))
model .add (BatchNormalization (mode=0))

model.add (Reshape (dim ordering shape ((nch, 4, 4))))

model.add (Convolution2D(nch/2, h, h, border mode='same', W_regularizer=reg()))
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model.add (BatchNormalization (mode=0, axis=1))

model.add (LeakyReLU(0.2))

model.add (UpSampling2D(size=(2, 2)))

model .add (Convolution2D(nch / 2, h, h, border _mode='same', W_regularizer=reg())
model.add (BatchNormalization (mode=0, axis=1))

model.add (LeakyReLU(0.2))

model.add (UpSampling2D(size=(2, 2)))

model.add (Convolution2D(nch / 4, h, h, border mode="'same’, W_regularizer=reg()))
model.add (BatchNormalization {mode=0, axis=1))

model.add (LeakyReLU(0.2))

model.add (UpSampling2D(size=(2, 2)))

model.add (Convolution2D(3, h, h, border_mode='same', W _regularizer=reg())
model.add (Activation('sigmoid'))

return model

3arem oIpefessieTcss AUCKPUMMHATOP. Y1 CHOBa MBI MMeeM Ioc/e-
JOBaTeIbHOCTD ONlepaluit IBYMepHO CBEPTKM, HO B 3TOM C/Iydae uc-
TIO/Ib3YeTCs] MOAYMb SpatialDropout2D, KOTOPBIN OTGPACHIBAET Liejble
I ByMepHble KapThl IPU3HAKOB, a He OTAe/IbHbIe 371eMeHThI. [To TeM ke
IPUYMHEM UCIIONB3YIOTCSI MOAY/IM MaxPooling2D M AveragePooling2D:

def model discriminator():
nch = 256
h=5
reg = lambda: 1112 (ll=le-7, 1l2=le-7)
cl = Convolution2D(nch / 4, h, h, border_mode='same', W_regularizer=reg(),
input_shape=dim_ordering_shape((3, 32, 32)))
c2 = Convolution2D(nch / 2, h, h, border_mode='same', W_regularizer=reg())
c3 Convolution2D(nch, h, h, border mode='same', W_regularizer=reg())
c4 = Convolution2D(1, h, h, border mode='same', W regularizer=reg())

def m(dropout):
model = Sequential()
model.add(cl)
model.add (SpatialDropout2D (dropout))
model.add (MaxPooling2D (pool_size=(2, 2)))
model.add (LeakyReLU(0.2))
model.add(c2)
model.add (SpatialDropout2D (dropout))
model.add (MaxPooling2D{pool_size=(2, 2)))
model.add (LeakyReLU(0.2))
model.add (c3)
model.add (SpatialDropout2D(dropout))
model.add(MaxPoolingZD(pool_size=(2, 2)))
model.add (LeakyReLU(0,2)
model.add (c4)
model.add(AveragePoolingZD(pool_size=(4, 4) , border_mode='valid'))
model.add (Flatten())
model.add (Activation('sigmoid')
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return model
return m

Tenepb MOXHO mocTpouTh U camu I1CC. Cnepyrouias GyHKUMA TIpU-
HMMaeT HeCcKOJIbKO apryMeHTOB, BKJIIOUas reHepaTop, JMCKPUMMMHA-
TOP, YMC/IO JIATEHTHBIX M3MepeHuii u 1enu ICC:

def example gan(adversarial_optimizer, path, opt_g, opt_d, nb_epoch,
generator, discriminator, latent_dim, targets=gan_targets,
loss='binary crossentropy'):
csvpath = os.path.join(path, "history.csv")
if os.path.exists(csvpath):
print ("Already exists: {}".format (csvpath))
return

Hanee cosparorcs aee IICC, B oqHOM 13 HUX IUCKPUMMHATOP C IPO-
pexXuBaHMEM, B IPyroii — 6es:

print ("Training: {}".format (csvpath))

# IICC (x - > yfake, yreal), z renepupywnrca Ha GPU

# MOXHO Tawke NO3KCHepuMeHTMpoBaTh ¢ uniform_latent sampling

d g = discriminator (0)

d d = discriminator(0.5)

generator.summary ()

d_d.summary ()

gan_g = simple_gan(generator, d_g, None)

gan_d = simple_gan(generator, d_d, None)

X = gan_g.inputs[l]

z = normal latent_sampling((latent dim,)) (x)

# MCKIIOUMTB Z M3 BXOIOHHX HOaHHEIX

gan_g = Model ([x], fix_names(gan_g([z, x]), gan_g.output_names))
gan_d = Model ([x], fix_names (gan_d({z, x]), gan_d.output_names))

Ternepp 06e IICC KOMOMHMPYIOTCS B COCTSI3aTeNbHYIO MOJENb C pas-
OeTbHBIMM BeCaMU, U MOJe/lb KOMITUIIUPYETCS

# INOCTPOUTE COCTA3ATENbHYI0 MOLENb

model = AdversarialModel (player models=[gan_g, gan_d],
player params=[generator.trainable weights, d_d.trainable_weights],
player names=["generator", "discriminator"])

model.adversarial_compile (adversarial optimizer=adversarial optimizer,
player optimizers=[opt_g, opt_d], loss=loss)

A 3710 IpocTas GYHKUMS 00paTHOTO BbI30BA [JIS1 BLIOOPKYM 13006pa-
SKEeHMI 1 3aIMCcK UX B daiit.

# cospaTh OBPATHEIT BHIBOB OJIf I'€HEpaLUMM U306paxeHui
zsamples = np.random.normal (size=(10 * 10, latent_dim))
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def generator_sampler():
xpred = dim_ordering_unfix (generator.predict (zsamples)) .transpose ((0, 2, 3, 1))
return xpred.reshape ((10, 10) + xpred.shape[l:])

generator cb = ImageGridCallback(os.path.join(path, "epoch-{:03d}.png"),
generator_sampler, cmap=None)

Tenepp HacTago Bpems 3arpysuth Ha6op ganHbix CIFAR-10 1 06-
yunThb Mopenb. Ecnu B KadecTBe 6a30BOV 6MGNMOTEKU MCIIONb3YeTCsl
TensorFlow, To uHbopMaLus o rnorepe coxpansercss B TensorBoard,
YTOOBI MOXKHO 6BITIO CJIEAUTD 3a TEM, KaK I10Tepsi CO BpeMeHeM yMeHb-
maetcs. Vcropus xpauurcs B dopmare CSV, a Beca Mofenu — B ¢op-
mate h5:

# oByumTb MomOeJib )

xtrain, xtest = cifarl0_datal()

y = targets(xtrain.shape([0])

ytest = targets (xtest.shape[0]

callbacks = [generator_cb]

if K.backend() == "tensorflow":
callbacks.append (TensorBoard(log dir=os.path.join(path, 'logs'),

histogram_freq=0, write_graph=True, write_images=True})

history = model.fit (x=dim ordering fix (xtrain), y=y,
validation_data=(dim_ordering_fix (xtest), ytest),
callbacks=callbacks, nb_epoch=nb epoch, batch_size=32)

# coxpauuTh ucrTopmo B popmaTe CSV

df = pd.DataFrame (history.history)

df.to_csv(csvpath)

# coxXpaHuTL MOIEJM

generator.save (os.path.join(path, "generator.h5"))

d_d.save(os.path.join(path, "discriminator.h5"))

W HakoHell, MOXXHO 3anyCTUThL BCIO ceTb. [eHepaTop NpoOM3BOOUT
BBIOOPKY M3 ITpocTpaHcTBa ¢o 100 laTeHTHBIMM M3MepeHUsIMH, a B Ka-
YyecTBe OnTMMKU3aTopa ays obenux IICC Bri6pan Adam:

def main():

# z npunammexuT R”100

latent_dim = 100

# x npunamiexur R*{28x28)

# reneparop (z -> Xx)

generator = model generator()

# mucxpummHaTop (X -> )

discriminator = model_discriminator ()

example gan(AdversarialOptimizerSimultaneous(), "output/gan-cifarlQ",
opt_g=Adam(le-4, decay=le-5),
opt_d=Adam(le-3, decay=le-5),
nb_epoch=100, generator=generator, discriminator=discriminator,
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latent_dim=latent_dim)
if _name == "_main_":
main ()

Uto6bI COCTABUTD IOHOE NpeCcTaBieHMue 00 MICXOGHOM KoJie, HYX-
HO ellleé pacCMOTPETh HeCKOJIbKO BCIIOMOTaTeNbHbIX QYHKLMIL AJis1 co-
XpaHeHUsI CeTKU U300pakeHmii:

from matplotlib import pyplot as plt, gridspec
import os

def write image grid(filepath, imgs, figsize=None, cmap='gray'):
directory = os.path.dirname (filepath)
if not os.path.exists(directory):
os.makedirs (directory)
fig = create_image grid(imgs, figsize, cmap=cmap)
fig. savefig (filepath)
plt.close (fig)

def create image_grid(imgs, figsize=None, cmap='gray'):
n = imgs.shape[0]
m = imgs.shape(l]
if figsize is None:
figsize=(n,m)
fig = plt.figure (figsize=figsize)
gsl = gridspec.GridSpec(n, m)
gsl.update (wspace=0.025, hspace=0.025) # set the spacing between axes.
for i in range(n):
for j in range(m):
ax = plt.subplot(gsl[i, j])
img = imgs[i, Jj, :]
ax.imshow (img, cmap=cmap)
ax.axis('off')
return fig

Kpome TOro, He06X0MMBbI METO/IBI 1J1s1 Pa6OTHI C pasIUuYHbIMU op-
MaTamu u306paxennit (mpumensiembiMu B Theano u TensorFlow):

import keras.backend as K
import numpy as np
from keras.layers import Input, Reshape

def dim_ordering fix(x):
if K.image dim ordering() == 'th':
return x
else:
return np.transpose(x, (0, 2, 3, 1))

def dim ordering unfix (x):
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if K.image_dim_ordering() == 'th':
return x

else:
return np.transpose{x, (0, 3, 1, 2)

def dim ordering_shape (input_shape) :
if K.image dim_ordering() == 'th':
return input_ shape
else:
return (input_shape{l], input shape[2], input_shape[0])

def dim ordering_input (input_shape, name):

if K.image dim_ordering() == 'th':
return Input (input_shape, name=name)
else:

return Input ( (input_shape([1], input_shape(2], input_shape[0]), name=name)

def dim ordering reshape(k, w, **kwargs):

if K.image_dim_ordering() == 'th':
return Reshape((k, w, w), **kwargs)
else:

return Reshape((w, w, k), **kwargs)

# U eme onHa QYHKUMS IS MCNPABJIEHUA MMEH
def fix names (outputs, names):
if not isinstance (outputs, list):
outputs = [outputs]
if not isinstance(names, list):
names = [names]
return [Activation('linear', name=name) (output)
for output, name in zip (outputs, names)]

Ha crepyioweM CHMMKe 5KpaHa IOoKa3aHbl XapaKTEPUCTUKYU OIIpe-
JleJIeHHBIX CeTeii:
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A
qulti-pachookpro; examples quilis python example_gan_cifari@.py
Using Tensorklve tuckend.

Training: . output/gan-citarl@/nistory . anv

Layer (Uype) Ouiput Shape © param §
dense, 1 (Derse) : {Ncne, 4896} 413696
bavcn_narewlicationl (Batch (Ncne, 4096} 16284
rosnape_1 (Reskapes  iNona,. 236, 4, 43 [
conv2d_1 {ConviD} (None, 128, 4, 3) © 919329
batcn normaslzatilon ? (Batch (Noné, 128, &, 4) 512
teaky_re L1 [(LeakyRell)  (None, 128, 4, 4] 3
up_sarpling26_1 (UpSamplingZ {Hane, 128, -8, .04 []
Gonvie 3 (Eonvaby {iione, 176, 6, 8 T
hatch narpalizailon.3 (Bétch (None, 128, @, ) 812
(oaxy_re_tu,2 (LeakyReLU] ~~ iNone, 128, B, &1 @ o
up_sarpling2d 2 (UpSampling2 (Nono. 128, 16, 16) [)
convza3 (ConvaD) (None, 64, 16, 16) 204664
batsh_normatizatfon 4 (Batch (None. 64, 16, 16} 256
\eaxy, re_lu_3 (LeakyRely) {None, 64, 16, 16) [
up_sanplingzd_2 (UpSamplingZ iNone, 64, 32,.32) )
tonvad_4 (ConwaD] (None, 3, 37, 32) 4603
activation 1 {Activation) (None, 3, 32, 32) °

Total params: 2,870,083.8
Trainable params: 1,861,251.0
Non-tfainable params:-8,832.0

Layer {lype} Outpul Shupe ’ Parat &
conv2d. 5 (ConvaDd) iNone, &4, 32, 32) 4864
maa_poelingzd_1 u_laavoui‘mgﬂ (None, &4, 1B, /16) ]
1eaky_re_tud (LeakyRetd) {None, 64, 16; 16} (]
conv2d_6 (Convid} {None, - 128, 16, 16) 284020
Rox pos iTng2d 7 (Naxpoolingd (Wone, 178, 8, B) (]
Acaky_re tu_5 (LoakyRell)- (None, 128, 8, B) ]
convzy.7 {Convad) (None, 256, 0, 8) 819456
o909 11ng24.3 (RaxPootin? (None, 236, 4, 47 0
leakyre_tu.6 (LenkyRell) — (Node, 256, 9, 4} []
conv20.8 {Convan} (Nonie, 1, 4,4} 6491
average_pooiing2d_1 (Average (Nove, 1, 1, 1) °
flatten_1 (Flarten) {None, 1) @

activation_2 (Activation} {None,. 1

Total params: 1,035,649.8
Trainable porass: 1,835,649.0
[Non-1rzinable params: 8.9

Train on 59992 sasples;, valldate an’1208D sampley

Ecnu 3anmycTUTh 3TY IIPOrpaMMYy, TO Ha NIEPBOii UTepaLuy GyIyT re-
HEPUPOBAThCS HepealMCTUUHble n306paxkenus. Ho mocie 99 urepa-
Uit ceTh 06y4aeTcsl MOPOXKAATh M300paKeHMsl, KOTOPhIE BBIMISIAT,
KakK HacTosiine n3obpaxenus 13 Habopa CIFAR-10:
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epoch-000.png

Hioke MBI BUAMM HacTosilive u3obpaxenus us Habopa CIFAR-10
CIIpaBa u MOJJEeNIKY C/IeBa:

epoch-097.png

WaveNet - nopoxpaatowasn moaenb
ANns o6yyeHUus reHepauum 3ByKa

WaveNet — m1y60Kas MOpOKAAIoLLast MOAEIb /ISl TeHePalyy 3BYKOBBIX
CUTHAJIOB. JTa IIPOPBIBHAS TEXHOIOIMS 6blIa M306peTeHa KOMIIaHuet
Goog]e DeepMind (httpé://deepmind.com/blog/wavenet—generative—model—
raw-audio/) ISl OOY4YEHMS TIOJIb30BATENEl TOMY, KaK TOBOPUTD C KOM-
nbloTepaMu. Pe3yibTaThl IIOMCTUHE BITEYAT/IAIOT, BbI MOXETe HaiiTH
B CeTU MPUMEPBI TOTO, KAK KOMIILIOTep TOBOPUT rol0CaMy 3HAMeHM-
TOCTei, Hanpumep, MaTTa JelimoHa. CipalivBaeTcsl, IOUEMY CHMHTE3
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ayJMOCUrHaIOB — Takas TpyAHas 3amaua? CablUMMbIE HaMu Ludpo-
BOI1 3BYK uMeeT yacTtoTy 16 000 oTcueToB B ceKyHAy (vHOrna 48 000 u
gaxe 6oyblIe), M IMTOCTPOUTH ITPOrHOCTUYECKYIO MOJellb, KoTopas 06y-
YaeTcs BOCTIPOM3BOAUTD OTCUET Ha OCHOBE BCeX IPeNbIOYIIUX — OUeHb
genpocToe Aeno. TeM He MeHee DKCIIEpMMEHTHI MOKa3bIBalOT, UYTO
WaveNet ymyuiinia Ka4eCcTBO CUCTEM pedeBoro BOCIIPOU3BEACHMUSA
Tekcra (text-to-speech, TTS), yMeHbIIMB pa3nuuMe C YeIOBEYECKUM
rosiocoM Ha 50 % aJis aMepMKaHCKOro BapuaHTa aHIJIMIICKOTO A3bIKa U
MaHapMHCKOTO AuajaekTa Kutaitckoro. Bonee Toro, DeepMind noka-
3ana, uro WaveNet MOXHO Takke MCII0/b30BaTh 1)1 FeHEPAL MK 3BYYa-
HYS MY3BIKAJTbHBIX MHCTPYMEHTOB, B YaCTHOCTU GOpTenbsiHO. Tenepsb
II0pa [aTh HECKONIBKO orpeaenenuit. TTS-cucteMbl 06bI9HO AeAT Ha
JBa Kjacca:

O KoMInuasuyuoHHEIA cuuTes. Kaskablit ¢pparMeHT Ipou3HeceH-
HOI1 peuy CHauajia 3allOMMHAETCs, a 3aTeM BOCCTaHaB/IMBaeT-
s, KOrJa HYXKHO BOCITpoM3BecTy rosoc. OfHako 3TOT MOAXOL,
He MaclITabMpyercs, IIOTOMY UTO BOCIIPOM3BECTM BO3MOKHO
TOJILKO paHee 3amoMHeHHbie parMeHThl U Hellb3s1 BOCIIPOU3-
BECTY HOBBIE TOJIOCA MJTK APYyTHe TUTIBI 3BY4aHUs, IJII KOTOPBIX
HeT 3alIOMHeHHBIX PparMeHTOB.

O HapamMeTpuuecKuii cMHTe3. B 3TOM C/Tyyae co3JaeTcst MOIelb
IJIST XpaHeHUs BCeX XapaKTepHBIX IPU3HAKOB CUHTE3UpYeMO-
ro ayamo. Jlo nmosineHuss WaveNet 3BydaHue, TeHepupyemoe
napamerpuyeckumu TTS-cuctemamy, 6bI7I0 MeHee eCTeCTBeH-
HbIM, YeM Y KOMIWISIIMOHHBIX. WaveNet yfanoch yaydyliUTh
KauyeCTBO 34 CUeT IIPSIMOT0 MOAETVPOBaHMS ITIOPOKAEHUS 3BYKa
BMECTO IIPUMEHEeHMs! IPOMEXKYTOUHBIX aJITOPUTMOB 06paboTKU
CUTHAJIOB.

B mpunnume WaveNet MOXXHO paccMaTpuBaTh KaK CTEK OfHOMeEp-
HbIX CBEPTOUYHBIX (JIOEB (C ABYMEPHO¥ CBEPTKOI MbI MO3HAKOMMUIUCH
B IVIaBe 3) ¢ TIOCTOSHHBIM IaroM 1 u 6e3 cioes nynuHra. OTMeETUM,
YTO BXOJ M BBIXOJ, IO TIOCTPOEHUIO MMEIOT OIMHAKOBhII pasmep, 1o-
9TOMY CBEpPTOYHAS CeTh MPEKPacHO MOAXOIUT JJIs1 MOAEeIMPOBaHUS
TaKuX MOC/IeI0BATEIbHBIX JAHHBIX, KaK 3BYKOBble CUTHaNbl. OaHaKo
6BIJI0 1TOKA3aHO, YTO IJis TOCTVOKeHMs] GoNMbLIOro pasmMepa peLel-
TMBHOIO TI0/IS1 BHIXOJAHOTO HelipoHa (HallOMHMM, YTO peLlelITUBHbIM
rnojieM HelipoHa Ha3blBaeTCsS MHOXKECTBO HeJpOHOB IIpeAblayIlero
€108, OT KOTOPBIX JAHHBIN HeifpoH 1oiydaeT BXOAHbIE CUTHAJIbI) He-
06X0AMO MO0 MMeTh MHOTO 60MbIMX GUIBTPOB, 1160 Ype3MepHO
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YBeIMUYUTH ITy6UHY ceTy. [0 3T0it IpMumMHe UMCThie CBEPTOYHBIE CETU
He cTUIIKOM 3¢ GeKTUBHBI A1 06y4eHus CuMHTe3y 3ByKa. OCHOBHAs
unest WaveNet — kaysanbHas cBeptka ¢ mponyckamu (dilated causal
convolution) (cm. crateio Fisher Yu, Vladlen Koltun «Multi-Scale
Context Aggregation by Dilated Convolutions», 2016, moctynuyo

II0 adpecy https://www.semanticscholar.org/paper/Multi-Scale~Context-
Aggregation-by-Dilated-Yu-Koltun/420c46d7cafcb841309£02ad04cf51cblfl
90a48), MHOIOA HasbiBaeMas Abpipuatoit (atrous) cBepTkoit (atrous -
ByJIibrapusauus d)paHuyscxoro BbIpaXXeHust a trous, o3HavaluUiero
«C ABIpaMK»). ITO MIPOCTO 03HAYAET, YTO IIpU IpUMEHEHUU (bI/IJ'Ipra B
CBEpPTOYHOM CJIO€ HEKOTOpbIe BXOAHble 3HaueHMs IponyckawTes. Ha-
InpyMep, B OJHOMEPHOM CTy4yae d)I/IJIpr W LIUMPUHBI 3 C I'IpOI'IYCKOM 1

BBIYMC/ISET CIeAVIOYI0 CYMMY:
w[0]x[0] + w[1]x[2] + W[3]x[4]

Bnaropaps aToif IIpocToit unee dsipox CTAHOBUTCS BO3MOXKHBIM CO-
OpaTh HECKOIBKO ABIPUATBHIX CBEPTOYHBIX CIOE€B C SKCTIOHEHIMAIbHO
yBeMMUMBAIOWMMUCS GUIBTPAMM U PACIIPOCTPAHUTD 00/1aCTh BIAUSHUS
BXOJHBIX HE/POHOB, He yBenuuyBas DTyGMHY ceTu HO 3ampeaenbHbIX
3Havenwmit. Takum o6pasom, WaveNet ~ 3T0 cBepTOUHAs CETh, CJIOU KO-
TOpOJi MMEIOT pa3Hbie KO3(UIMEHTh! MPOMYCKa, B PE3y/IbTaTe Yero
pelLieNTUBHOE M0JIe MOXKET KCIOHEeHLMATbHO PacTy C YBEIMUEHUEM
DIYOMHBI Y, CIeA0BaTE/NbHO, HMOKPBIBATL THICSUM BPEMEHHBIX LIATOB
3BYKOBOTO CUTHaMa. Bo BpeMsi 06yueHus] BXOTHBIMM JAHHBIMM SBJISI-
10TCS 3BYKM 3allMCaHHOI yenoBeueckoit peun. CUTHABI OIBEPTAIOTCS
OUCKpeTU3anyy ¢ GUKCUPOBAHHBIM HeI0YMCIeHHRIM arom. WaveNet
onpepessieT HauaJbHbI/ CBEPTOUHBIN C/10i1, UMEIONUINI JOCTYII TONMBKO
K TEKYILeMY U IIpenbIAylieMy BXony. B KOHILIe momy4daeTcs nocieiosa-
TeTbHOCTDb IVIOTHBIX C/I0€B, KOMOMHUPYIOIIVIX TIpeablEyIe pe3yabra-
ThbI, 32 KOTOPbIMM CJIeyeT C/10¥i ¢ PpyHKIMel akTuBaumuu softmax ms
IIOpOXKIeHMsl KaTeropuaabHbIX BIXOAOB. Ha KaXmoM Luare 3HadeHMe,
IpeAcKasaHHoOe CeThI0, TI0JaeTcss 06paTHO Ha BXoA. B TO ke BpeMs Bbl-
YUCISEeTCs HOBOE TIpelcKasaHye NI cieayloliero mara. B ponyu byHk-
LUK TI0TePhb BBLICTYIAET IlepeKpecTHasi SHTPOIUS MEeXAY BBIXOAOM
TeKYILIero 11ara ¥ BXoAoM cienyioiiero. ITo aapecy https://github.com/
basveeling/wavenet pasMéllleHa peanm3alus Ha Keras, pa3pa60TaHHaﬂ
Bacom Beenunrom (Bas Veeling). Ee jierko ycTaHOBUTD C TIOMOMIBIO git:

pip install virtualenv

mkdir ~/virtualenvs && cd ~/virtualenvs

virtualenv wavenet
source wavenet/bin/activate
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cd ~

git clone https://github.com/basveeling/wavenet.git
cd wavenet

pip install -r requirements.txt

9TOT KOA, HanmcaH ang Keras 1.x, uHbopMaluus o xone ero nepe-
Hoca Ha Keras 2.x HY6JII/IKYQTCH IO agpecy https://github.com/basveel-
ing/wavenet/issues/29. IIporiemypa 06y4eHus: OueHb IIpoCTa, HO TpedyeT
GONBLINX BHIYUCIUTEILHBIX PecypcoB (yoeouTech, YTO UMeeTcs afek-
BaTHas nopaepxkka GPU).

$ python wavenet.py with 'data dir=your data_dir_ name'’

l“eHepaumI 3BYKOBbBIX CUTHaAJIOB II0C/IE 06Y‘JEHI/IH HUYYTh HE CIIOXK-
Hee!:

python wavenet.py predict with 'models/[run folder]/config.json predict seconds=1'

B WuTepHeTe MOXHO HailTH CBelIeHUsI O MHOTOYMCIEHHbIX TUIIep-
rapaMeTpax Jjis HaCTpOiKu rpouecca obyuyeHus. CeTb Homydaercs
BeCchbMa ITyBOKOJE, KaK C/enyeT U3 IPUBEAEHHON HMKe pacreyaTky
BHYTPEHHMX CJIOeB. 3aMeTUM, UYTO BXOJHO 3BYKOBOJ CUTHAJI JUCKpe-
TU3VIPYETCS C IapaMeTpPaMM fragment_length = 1152 U nb_output_bins =
256, 9TO M1 €CTh TEH30D, IofaBaemslit WaveNet. CeTb WaveNet ycTpoeHa
B BuJie TIOBTOPSIONMXCS 67I0KOB, Ha3bIBaeMbIX ocTaTkaMu (residual).
Kaxxnplit 610K aBaseTcss 00beIMHEHMEM B peXXVMe YMHOXEHUS OBYX
MOZYJIei CBEPTKM C IIPOITyCKaMy (B OFHOM QYHKIMS aKTUBALMS — CUT-
MOMZa, B IPyroM — tanh) ¢ nocieaymomum o6beJMHEHUEM B peXMMe
CYMMBI C MOAY/IEM OZHOMEPHOJ CBepTKU. OTMETUM, 4TO pasMep Abl-
POK B CBEPTKax C MPOIYyCKaMM SKCIIOHEHIIMAIbHO BO3pacTaeT (paBeH
2 *+ i) or 1 mo 512, XaK BuAHO U3 crenyloero ¢pparmeHTa Koja:

def residual_block(x):

original x = x

tanh_out = CausalAtrousConvolutionlD(nb_filters, 2, atrous_rate=2 ** i,
border mode='valid', causal=True, bias=use_bias,
name='dilated conv_%d tanh s%d' % (2 ** i, s), activation='tanh',
W_regularizer=12(res_12)) (x)

sigm_out = CausalAtrousConvolutionlD(nb_filters, 2, atrous_rate=2 ** i,
border mode='valid', causal=True, bias=use_bias,
name='dilated conv_%d_sigm s%d' % (2 ** i, s), activation="'sigmoid',
W regularizer=12(res_l2)) (x)

x = layers.Merge (mode='mul',
name='gated activation %d_s%d' % (i, s)) ([tanb_out, sigm_out])
res_x = layers.ConvolutionlD(nb filters, 1, border mode='same', bias=use bias,
W _regularizer=12(res_12)) (x)

skip_x = layers.ConvolutionlD(nb_filters, 1, border mode='same', bias=use_bias,
W_regularizer=12(res_12)) (x)
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res_x = layers.Merge (mode='sum') ([original_x, res x])
return res_x, skip_x

ITocne ocTaToyHoro 6710Ka ¢ MPOMyCKaMy MUIET IOC/Ae0BATeNb-
HOCTb 0ObefMHEHHbIX CBEPTOUHBIX MOJYJIei, 3a HUMM [iBa CBep-
TOYHBIX MOIYJA M 3a HUMU BBIXOAHOI CI0it ¢ PyHKUMEN aKTUBaA-
iy softmax, MOPOXAAIOIMIA nb output_bins KATeropuii. Bor nmonHas
CTPYKTYpa CeTH:

Layer (type) Output Shape Param # Connected to

input part (Inputlayer) (None, 1152, 256) 0

initial causal conv (CausalAtrou (None, 1152, 256) 131328 input part[0]
[0]

dilated conv_1_ tanh_s0 (CausalAt (None, 1152, 256) 131072
initial_causal_conv[0][0]

dilated conv_1 sigm s0 (CausalAt (None, 1152, 256) 131072
initial_causal_conv[0] [0]

gated activation_0_sO (Merge) (None, 1152, 256) 0
dilated conv_1_ tanh s0[0][0]
dilated conv_1 sigm sO[0][0]

convolutionld 1 (ConvolutionlD) (None, 1152, 256) 65536
gated activation 0 s0[0][0]

merge_1 (Merge) (None, 1152, 256) 0 initial_causal_conv([0] [0}
convolutionld 1[0][0]

dilated conv_2_tanh s0 (CausalAt (None, 1152, 256) 131072 merge 1[0][0]

dilated conv_2_sigm s0 (CausalAt (None, 1152, 256) 131072 merge_1[0] [0]

gated activation_1_s0 (Merge) (None, 1152, 256) 0
dilated conv_2 tanh_s0[0][0]
dilated conv_2_sigm s0[0][0]
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convolutionld 3 (ConvolutionlD) (None, 1152, 256) 65536
gated activation_1 sO[0][0]

merge 2 (Merge) (Nome, 1152, 256) 0 merge_1[0][0]
convolutionld 3{0][0]

dilated conv_4_tanh_s0 (CausalAt (None, 1152, 256) 131072 merge 2[0] [0]

dilated conv_4_sigm s0 (CausalAt (None, 1152, 256) 131072 merge 2[0][0]

gated activation 2 s0 (Merge) (None, 1152, 256) 0
dilated conv_4 tanh s0[0]][0]
dilated conv_4_sigm s0[0] [0]

convolutionld 5 (ConvolutionlD) (None, 1152, 256) 65536
gated activation 2 sO[0][0]

nerge 3 (Merge) (None, 1152, 256) 0 merge_2[0][0]
convolutionld 5[0][0]

dilated conv_8 tanh s0 (CausalAt (None, 1152, 256) 131072 mexge 3[0][0]

dilated conv_8 sigm sO (CausalAt (None, 1152, 256) 131072 merge 3[0][0]

gated activation 3_s0 (Merge) (None, 1152, 256) 0
dilated conv 8 tanh s0[0] [0]
dilated conv_8_sigm s0[0][0]

convolutionld 7 (ConvolutionlD) (None, 1152, 256) 65536
gated activation_3 s0[0][0]

merge 4 (Merge) (None, 1152, 256) 0 merge_3[0][0]
convolutionld 7[0][0]

dilated conv_16_ tanh_s0 (CausalA (None, 1152, 256) 131072 merge 4[0][0]
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dilated conv_16_sigm sO (CausalA (None, 1152, 256)

131072 merge_4[0][0]

gated_activation 4 s0 (Merge) (None, 1152, 256) 0
dilated conv_16_tanh_s0[0][0]
dilated conv_16 sigm s0[0][0]

convolutionld 9 (ConvolutionlD) (None, 1152, 256) 65536

gated activation_4_s0[0][0]

merge_5 (Merge) (None, 1152, 256) 0 merge 4[0][0]
convolutionld 9[0][0]

dilated conv_32_tanh _s0 (CausalA (None, 1152, 256)

131072 merge_5[0] [0]

dilated conv_32_sigm sO (CausalA (None, 1152, 256)

131072 mexrge 5[0][0]

gated_activation 5 s0 (Merge) (None, 1152, 256) 0
dilated conv_32_tanh_ s0[0][0]
dilated conv_32_sigm s0[0][0]

convolutionld 11 (ConvolutionlD) (None, 1152, 256)
gated_activation 5 s0[0][0]

65536

merge 6 (Merge) (None, 1152, 256) 0 merge 5[0][0]
convolutionld 11[0][0]

dilated conv_64_ tanh_s0 (CausalA (None, 1152, 256)

131072 merge_6[0] [0]

dilated conv_64_sigm s0 (CausalA (None, 1152, 256)

131072 merge 6[0][0]

gated activation_6 s0 (Merge) (None, 1152, 256) 0
dilated conv_64 tanh s0[0][0]
dilated conv_64_sigm s0[0][0]

convolutionld 13 (ConvolutionlD) (None, 1152, 256)
gated activation_6_ s0[0][0]

65536
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merge_7 {Merge) (None, 1152, 256) 0 merge_6[0][0]
convolutionld 13[0][0]

dilated _conv_128_ tanh_s0 (Causal (None, 1152, 256)

131072 merge 7[0][0]

dilated conv_128_sigm sO (Causal (None, 1152, 256)

131072 merge_7[0] [0]

gated activation_7_s0 (Merge) (None, 1152, 256) 0
dilated conv_128 tanh_s0[0][0]
dilated conv_128 sigm s0[0][0]

convolutionld 15 (ConvolutionlD) (None, 1152, 256)
gated activation_ 7_s0[0][0]

65536

merge 8 (Merge) (None, 1152, 256) 0 merge_7[0][0]
convolutionld 15[0] [0]

dilated conv_256 tanh_s0 (Causal (None, 1152, 256)

131072 merge 8[0][0]

dilated conv_256_sigm s0 (Causal (None, 1152, 256)

131072 merge_8[0] [0]

gated activation 8_s0 (Merge) (None, 1152, 256) 0
dilated conv_256_tanh_s0[0][0]
dilated conv_256_sigm s0[0] [0]

convolutionld 17 (ConvolutionlD) (Neme, 1152, 256)
gated_activation_8 s0[0][0]

65536

merge 9 (Merge) (None, 1152, 256) 0 merge_8[0][0]
convolutionld 17[0][0]

dilated conv_512_tanh_s0 (Causal (None, 1152, 256)

131072 merge 9[0] [0]

dilated conv_512_sigm s0 (Causal (None, 1152, 256)

131072 merge 9[0] [0]

gated activation 9 s0 (Merge) (None, 1152, 256) 0
dilated conv_512 tanh s0[0][0]
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dilated_conv_512_sigm s0([0][0]

convolutionld 2 (ConvolutionlD) (None, 1152, 256) 65536
gated activation_0_s0[0][0]

convolutionld 4 (ConvolutionlD) (None, 1152, 256) 65536
gated activation_1_s0[0] [0]

convolutionld 6 (ConvolutionlD) (None, 1152, 256) 65536
gated activation 2 s0[0][0]

convolutionld 8 (ConvolutionlD) (None, 1152, 256) 65536
gated activation_3_s0[0][0]

convolutionld 10 (ConvolutionlD) (None, 1152, 256) 65536
gated _activation_4_s0[0] [0]

convolutionld 12 (ConvolutionlD) (None, 1152, 256) 65536
gated activation_5 s0[0][0]

convolutionld 14 (ConvolutionlD) (None, 1152, 256) 65536
gated activation_6_s0[0][0]

convolutionld 16 (ConvolutionlD) (None, 1152, 256) 65536
gated activation_7_s0[0][0]

convolutionld 18 (ConvolutionlD) (None, 1152, 256) 65536
gated activation_8_s0[0] [0]

convolutionld 20 (ConvolutionlD) (None, 1152, 256) 65536
gated_activation_8 s0[0][0]

merge_11 (Merge) (None, 1152, 256) 0 convolutionld 2[0][0]
convolutionld 4[0]{0]
convolutionld 6[0][0]
convolutionld 8{0][0]
convolutionld 10{0][0]
convolutionld 12[0][0]
convolutionld 14[0][0]
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convolutionld 16[0] [0]
convolutionld_18[0] [0]
convolutionld 20[0][0]

activation_1 (Activation) (None, 1152, 256) 0 merge_11[0][0]

convolutionld 21 (ConvolutionlD) (None, 1152, 256) 65792 activation 1[0][0]

activation 2 (Activation) (None, 1152, 256) 0 convolutionld 21[0][0]

convolutionld 22 (ConvolutionlD) (None, 1152, 256) 65792 activation 2[0] [0]

output_softmax (Activation) (None, 1152, 256) 0 convolutionld 22[0][0]

Total params: 4,129,536
Trainable params: 4,129,536
Non-trainable params: 0

DeepMind obydana ceTb Ha Habopax AaHHBIX, codepXaliuX peyb
HEeCKOJIbKMX JIIOZIE, 9TO 3aMETHO YIYYLIWIO CIIOCOOHOCTh 06yJaThCs
pasmesieMOMY ITPeACTaBlIeHUIO I3bIKOB U MHTOHALINIA, &, SHAYUUT, ITPU-
OM3UITO Pe3yabTaThl K eCTECTBEHHOMY 3BY4aHMI0 peun. B VinTrepHeTe
(https://deepmind.com/blog/wavenet—generative—model—raw—audio/) nMeeTcs
MoTpsicalonias mog0opKa MPMMepPOB CUHTE3UPOBAaHHOM peun, U UHTe-
PECHO OTMETUTh, YTO Ka4eCTBO 3ByYaHMs IIoBbILIaeTcs, Korna WaveNet
BUANT He TOJbKO 3BYKOBbIE CHTHAJIbI, HO IOTIOTHUTEIbLHBIN TEKCT, IIpe-
06pa30BaHHbIM B MOCIEAOBATEIbHOCTb JMHTBUCTMUECKUX U (POHETH-
YeCcKuX MpU3HaKoB. MHe 60i1bliie BCETO HPABSTCS NIPUMEPBI, B KOTOPBIX
OIHO M TO 3Ke TIPeIJIOKeHME IMIPOM3HOCUTCS C pa3IUYHOM MHTOHALIMEN.
U KoHe4yHO, 3aBOpakMBaeT My3bIKa, CO3aHHas M UCIIONHsIeMast CeThbIo
WaveNet. ITocayiuaiite, He nnoxaneere!

Pe3slome

B 9T0i1 I1aBe Mbl 06CymIM Mopokpamouye ceeprouHsle cetu (IICC).
Tumrynas I[ICC cocTouT U3 ABYX ceTeil: OfHa 00y4aeTcs MOpoXIaTh
CHMHTeTHYeCcKMe NaHHble, TTOX0XKMe Ha IOAJIMHHLIE, a Apyras — OT/Iu-
YyaTh MOMJIMHHbIE JaHHbIEe OT MOAJEeNbHbIX. O6e ceTy COPeBHYIOTCS
JpYr ¢ APYTOM M T€M CaMbIM CIOCOGCTBYIOT B3aMMHOMY COBepIIeH-
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CTBOBaHMIO. MBI pacCMOTpeNM MCXOOHBINM KO, ceTeit, 00yJarolmxcs
nojzensiBath M306paxkenus u3 Ha6opos MNIST u CIFAR-10. Kpome
TOTO, Mbl 06CYAMIN ITYOOKYIO MMopoXxaaomyoo cetk WaveNet, paspa-
6oTaHHy10 KoMniaHueit Google DeepMind 111 06y4eHNsI KOMIIBIOTEPOB
BBICOKOKAYeCTBEHHOMY BOCIPOM3BEIEHMIO UeI0OBEUECKOTO Tojoca U
3ByYaHUsI MY3BIKQIBHBIX MHCTpYMeHTOB. WaveNet HeIlloCcpenCcTBEHHO
TIOPOXXIAeT 3BYKOBbIEe CUTHAJIbI, IPMMeEHSIs ITapamMmeTpuiecKuii CUHTE3
peuy Ha OCHOBe CBEPTOUHBIX CeTeii ¢ mporyckaMmy. CBepTOYHasi CeTh C
TIPONyCKaMM — 3TO CIIeLMa/IbHbIi BUJ CBEPTOUYHBIX CETei, B KOTOPbhIX
CBepTOYHBble PUABTPBI UMEIOT JBIPKM, UTO TO3BOJSIET PELIeNITUBHOMY
TIOJTIO SKCITOHEHIIUAIBHO PACTH C YBeJIMUEHUEM TTYGUHBI M TEM CAMbIM
OXBAaTHIBATh THICSIYM BpeMeHHBIX 1IaroB ayauo. DeepMind mokasasna,
yTo ceTh WaveNet MOXKHO MCIIONb30BATh HJISI CMHTE3a 4€/I0BEYECKOr0
rosoca ¥ 3By4aHUS My3bIKaJIbHBIX MHCTPYMEHTOB C KauyeCcTBOM, 3Ha-
YMTeNbHO IIPEBBIIAIOIIMM MIPeabIAYIINe NOCTVDKREeHNS. B crenyomeii
IJIaBe Mbl 06CYOMM TIOTPYKEHNS CJIOB — Ha6Op METOIOB INTyOOKOro 06-
yueHMs )11 OOHapYKeHMS CBA3eli MeXAY CJIOBaMM U TPYIIIIMPOBKY I10-
XOXMX CJIOB.
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MNMorpyxeHus cnos

B BuKMIIeqUM IIOTPYIKEHME, MM BEKTOPHOe IIpejcTaBeHye cl1oB (word
embedding) onpegensercs Kak o6lee HasBaHue PasAUUHBIX METOIOB
A3bIKOBOTO MOZENIMPOBAHUS ¥ 0GYUeHMs IIPU3HAKOB, IPUMEHAEMBIX
B 06paboTKe ecTrecTBeHHBIX sA3bIKOB (OES, anmi. NLP), xorma cio-
Ba win $pasbl U3 CI0Baps OTOOPAKAIOTCS Ha BEKTOPHI BellleCTBeHHbIX
Yuces.

ITorpyxeHue CJIOB — 3TO CIOCO6 MpeoGpa3oBaTh TEKCTOBOE Mpern-
CTaB/IeHMEe CJIOB B UMC/IOBbIe BEKTOPBI, JTOIyCKalOLMe aHalIu3 CTaH-
JApTHBIMM aJIrOPUTMaMy MaIIMHHOTO OOydeHMs, IPUHMMAILIMU
Ha BXOjle unucia.

B rnaBe 1 MBI y3Ke BCTpeUaauch ¢ OJHUM BUAOM IOI'DYKeHMS CIIOB —
VHUTapPHBIM KOAMPOBaHMEM. DTO CaMblii IPOCTOM MOAXOZA, K ITOIpysKe-
HM10. HalloMHMM, YTO YHUTapHbBIM KOIOM CJIOBa GyIeT BEKTOp, YMCITO
9JIeMeHTOB KOTOPOTO PaBHO pa3mMepy C/10Baps, TAKO, YTO /IEMEeHT, CO-
OTBETCTBYIOLIMIT TAHHOMY CJIOBY, paBeH 1, a Bce ocTalbHble 0.

OcHoBHas nMpobeMa YHUTApHOTO KOAMPOBaHMS B TOM, YTO HET HU-
Kakoro croco6a mpeacTaBuTh CXOACTBO CI0B. B mo6om 3agaHHOM KOp-
IIyCe TeKCTOB MbI OKM/IaeM, UYTO MEXIY C/TI0OBaMM «KOILIKa» U «cobaka»
MV «HOXK» U «BUIK@» eCTh KaKoe-TO CX0ACTBO. CXOICTBO BEKTOPOB BhI-
YUCIAETCS C TIOMOIIbIO CKAJIIPHOTO IIpOM3BeAeHMs, T. €. CYMMBI I1pO-
M3BeIeHMIi COOTBETCTBEHHBIX 3JIEMEHTOB. B cirydae yHUTapHOTO Koau-
POBaHMS CKAISIPHOE IIPOU3BeieHNe TI0OBIX IBYX CJIOB PABHO HYIIO.

[as mpeomosieHysi OrpaHMYEHUIt YHUTApPHOTO KOOMPOBAaHUS CO-
obuiectso OES 3aumMcTBOBAO 13 MHGOpMaMoHHOro movicka (M)
UIe BeKTOPU3aLMY TeKCTa C MCII0Nb30BaHMeM JOKYMeHTa B Kaye-
CTBe KOHTEKCTA. 3/1eCb CTOMT OTMETUTh TaKue moaxonsi, kak TF-IDF
(https://en.wikipedia.org/wiki/T£%E2%80%93idf), JIATEHTHO-CEMaHTH-
yeckmii aHanu3 (JICA) (https://en.wikipedia.org/wiki/Latent_semantic_
analysis) M TeMaTHU4YeCKOe MOoZelVpoBaHue (https://en.wikipedia.org/
wiki/Topic_model). HO 9TM IpemcTaB/ieHMs Y/IaBIMBAIOT HECKOIbKO
MHYI0, TOKYMEHTO-L[eHTPUUECKYIO, UIEI0 CeMaHTMYeCKOTO CXOMCTBA.
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Cepbe3Hass pa3paboTKa METOHOB IOTPYKEHMS CI0B Hayanach B
2000 rogy. Ilorpy>keHue €JIOB OTJIMUAETCS OT MPeNIIecTBYIOIMX Me-
TOIOB, IIpuMeHsieMbIx B WII, Tem, 4TO ¢JI0Ba MCMOMB3YIOTCS KaK CO6-
CTBEHHbI/I KOHTEKCT, UTO NPUBOAUT K Ooee ecTecTBeHHOI dopme
CeMaHTUYeCKOTO CXOJACTBA C TOYKU 3pEHMS TTOHUMMAHUS UEeTOBEKOM.
B HacTosilee BpeMs NTOTpYKEHME CJIOB — OOIIEpUHSTast TEXHUKA BeK-
TOpPM3aLMM TEKCTa BO BcexX 3amauax OES: kmaccuduxaums TeKCTos,
KJlacTepy3alys JOKYMEHTOB, YacTepevyHas pa3MeTKa, pacrio3HaBaHue
MMEHOBaHHbIX CYIHOCTEN, aHann3 3SMOLMOHATIBHOM OKPACKU U T. 1.

B 5T0J1 I1aBe MbI pacCMOTPUM ABe GOopMEI MOTPYKeHUS ¢oB, GloVe
1 word2vec, M3BeCTHble IT0[ OOLIMM Ha3BaHMEM «paclpeneneHHoe
IIpefiCTaB/IeHe CII0B». DTU MpeNcTaBlIeHus OKasanuch 6omee sddek-
TUBHBIMY U IOTOMY IIMPOKO PaciipOCTPaHEHbI B Cpele CIIeLaIMCTOB
110 rry6okomy obyduernuio 1 OES.

Mp! Taxoke y3HaeM o criocob6ax MmoposkaeHus Co6CTBEHHBIX MOrPyKe-
HUi1 B riporpamme Ha Keras, a paBHO 0 TOM, KakK MCITO/Ib30BaTh U Ha-
CTpauBaTh NIpefobyueHHbIE MoIenu Ha ocHoBe word2vec u GloVe.

ByayT pacCMOTpeH»I ClIeAYIOIIVIE TEMBI:

O mnocTpoeHMe DpasIUYHBIX paclpeneneHHbIX TpPeaCcTaBIeHu
CJIOB B KOHTEKCTE;

Q mocTpoeHye Mofenelt Ha OCHOBE HOTPYKeHM 1JIg pellieHus Ta-
kux 3azau OEf, kak rpaMmaTiueckuit paséop TpeaoKeHus U
aHa/jn3 3MOHUMOHANbHOM OKPACKMU.

PacnpeneneHHble npeacTaBneHus

PacnpezeneHHOe NIpeACTaBIeHMe — 3TO TOIITKA YIOBUTb CMBICI CI0-
Ba IyTeM PaCcCMOTPEHMS ero CBsi3elt C APYTUMM CJIOBAMM B KOHTEKCTE.
OTa upes chopMyIMpPOBaHa B CIEAYIOIEM BrICKasbiBaHUM JIk. P. dup-
Ta (J. R. Firth) (cM. crathio Andrew M. Dai, Christopher Olah, Quoc V.
Le «Document Embedding with Paragraph Vectors», arXiv:1507.07998,
2015), nuHrBUCTa, KOTOPEII TIEPBLIM BbIABUHYII €€:

Mbt y3Haem cn08o no komnanuu, ¢ KOmopoti OHO Opyxcum.
PaccMoTpyuM TaKue 1Ba IPeIOKe s :

Tapusc — cmonuya Opanyuu.
Bepnun - cmonuya I'epmanuu.

Haxe eciu BbI COBCEM He 3HaeTe reorpaduio (MM PycCKuit S3bIK),
BCe paBHO HeTPYAHO c006pa3uth, uro napsl cios ([lapux, Bepmuy) u
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(®panuus, l'epmaHyist) KaK-TO CBA3aHBI M UTO MEXAY COOTBETCTBEHHBI-
MM CJIOBaMy CBSI3Y OAMHAKOBEHL, T. €.

Hapuwxic : panyus :: bepaun : Tepmarus

CremoBaTebHO, 3a/1aua pacIpeneeHHOTO IpeCTaBIeHys — HalTH
TaKy10 o01yi0 (QYHKIUIO ¢ TIpeobpa3oBaHMs CJIOBA B COOTBETCTBYIO-
LIMi1 eMy BEKTOp, UTO CIpaBe/IMBbl COOTHOIIEHUS CIENYIOIETO BU/IA:

¢ («Ilapux») — ¢ («PpaBuUsI») = ¢ («<BepiuH») — ¢ («l'epManus»)

WHBIMU CIOBaMH, LIe/Tb pacIpeAe/ieHHOrO IpeaCcTaBieHnns — peod-
pPa30BaTh CIOBA B BEKTOPBI, TaK YTOGBI CXOJCTBO BEKTOPOB KOPpenupo-
BaJIO C CEMaHTU4YeCKMM CXOJCTBOM CJIOB.

B cnemyromux pasjenax Mbl pacCMOTPUM JBa Haubolee M3BeCTHBIX
norpykeHus cinoB: word2vec u GloVe.

word2vec

T'pyrna moneneit word2vec 6s11a paspaboraHna B 2013 rogy rpymnroii mc-
ciemosateneit Google mon pykoBoacTtsoMm Tomama Mukonosa (Tomas
Mikolov). Mogmenu oGyvaiorcs 6e3 yumTenss Ha OGOMBIIOM KOpITyce
TEKCTOB M TOPOXKIAIOT BEKTOPHOE TTPOCTPaHCTBO CJI0B. PasMepHOCTD
IIPOCTPAHCTBA IOTPYReHust word2vec 06bIYHO MeHbIEe pa3MepPHOCTH
MPOCTPAHCTBA MOTPYKEHUST )i YHUTAPHOTO KOZMPOBAHUS, KOTOpas
paBHa pasmepy crnoBapsi. Kpome Toro, 3To MpoCcTpaHCTBO MOTPYKeHUS
TUIOTHEE Pa3pesKeHHOTO MOTPYKEHUs IPY YHUTAPHOM KOAMPOBaHUM.
CylecTBYIOT iBe apXUTeKTypbl word2vec:

Q wHemnpepsiBHI Memok ¢10B (Continuous Bag Of Words, CBOW);
O skip-rpammbl.

B apxurtextype CBOW Mozenb mpencKasbiBaeT TeKyliee CJIOBO, ec-
JIt U3BECTHO OKHO OKpYXalolux ero ¢1oB. Kpome Toro, nopsiiok KoH-
TEeKCTHBIX C/IOB He BMSET Ha mpejcKa3aHue (3TO JONylLieHKue MoJe-
JIM MelliKa coB). B apxurexrype skip-rpaMm Mofens NpencKa3biBaeT
OKpysKalolllye CJI0Ba I10 M3BECTHOMY LieHTpaJIbHOMY ¢/10BY. COINIacHO
3asBJIeHNI0 aBTopoB, CBOW OnicTpee, HO skip-rpaMMmbl JIyullle IIpen-
CKa3bIBAIOT pelKue CJIOBa.

HNHTepecHO OTMETUTh, UTO XOTA word2veC cO3JaeT MOTrpPYKeHMUS,
MCIIONb3yeMBble B MOAENSX mry6okoro o6yyenus: OESl, o6a BapuaHTa
word2vec, KOTopble MBI 6yzieM 06CYKAaTh M KOTOpble CHUCKAIU Hau-
OONMBLINIT YCIIeX Y IPU3HaHUeE, SBJISIOTCS MEIKMMU HEepOHHBIMMU ce-
TAMU.
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Mogaenb skip-rpamm

Mopeib skip-rpamMM ob6ydaeTcst mpeicKa3blBaTh OKpYKalouiye cJI0Ba
T10 MI3B€CTHOMY LIeHTpa/IbHOMY. UTOGHI ITOHSTD, KaK OHa paboraert, pac-
CMOTPHUM TaKoe IPEAJIOKEHNE:

I love green eggs and ham. ($1 mo610 3e/ieHble Ai1a U BETYUHY)!

B mpennonoxeHnu, YTO pasmep OKHa PaBeH 3, IpeasioKeH) e MOKHO
Pas3NoKUTDb Ha TaKyMe Maphbl (KOHTEKCT, CIOBO):

([L, green), love)

([love, eggs], green)
([green, and], eggs)

ITocKonbKy MoJenb skip-rpaMm npepcKkasbiBaeT KOHTEKCTHOE CII0BO
IO IIeHTPATbHOMY, Mbl MOXXEM Ipeo6pa3oBaTh 3TOT HAOOP JAaHHBIX B
Habop nap (Bxon, Beixox). To ecTh, 3Hasi BXOAHOE CJIOBO, MbI OKMUIAEM,
YTO Mogens skip-rpamMM IpefcKaskeT COOTBETCTBYIOLIEE BBIXOTHOE:

(love, 1), (love, green), (green, love), (green, eggs), (eggs, green), (eggs, and), ...

MBI MOXEM TaKKe CTeHepupoBaTh JONOMHUTEIbHbIE OTPULIATENb-
Hble TIpMMepbl, 06BeOUHSSA B APy KaXKI0e BXOIHOe CJIOBO CO CIyvait-
HBIM CJTIOBOM M3 CJIOBapsl, HaTIpuMep:

(love, Sam), (love, zebra), (green, thing), ...

HaxkoHell, Mbl reHepUupyem IOJOXUTE/IbHbIE U OTPULATE/IbHbBIC IIPpU-
Mepbl aJ141 KJ'IEICCI/ICIJMKB.TOI)&Z

((ove, I), 1), ((love, green), 1), ..., ((love, Sam), 0), ((love, zebra), 0), ...

Terepb MOXHO OOGYUMTH KiIaccuPMKaTOp, KOTOPHIA IpUHUMAET
BEKTOp CJIOB M KOHTEKCTHBI BeKTOp U npenckaseisaer 0 uau 1 B 3a-
BUCUMOCTU OT TOTO, KaKOJi IIpMMeEpP BUAMT: IONOXUTEIbHbIN MU OT-
putiaTenbHbii. PesyasTaToM 06yueHMs CeTH SIB/SIOTCS Beca CIos I10-
I'PY>KeHMSI CJIOB (CEepbIit BJIOK Ha pUCYHKe HIDKE):

! «Green eggs and ham» — getckas ckaska, HanucadHas JokTopoM Chio3oM. — ITpum. nepes.
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cnoso KOHTEKCT I

5 {Mone, 1) {None, 1}
Bﬂbeddmg Embedding

CkansipHoe
npoussepeHue

Dense

Metka {None, 0 f 1)

OnmiueM, Kak cTpoutcs Mmozens skip-rpamm B Keras. [Tpeanonoxum,
uyTO pasMep cioBaps paBeH 5000, pasMep BBIXOZHOIO IPOCTPAHCTBA
norpykenus 300, pasmep okHa 1. ITocnenHee o3Havaet, YTO KOHTEKCT
COCTOMT U3 MPeIbIAYIIEro U cleaylolero ¢1osa. CHauana MMIOPTUPY-
eM HY)KHbIe MOOYIM U MHUUMAIU3UPYEeM NIepeMeHHbIe:!

from keras.layers import Merge

from keras.layers.core import Dense, Reshape
from keras.layers.embeddings import Embedding
from keras.models import Sequential

vocab_size = 5000
embed_size = 300

3areM co3JadMM II0CIENOBATEIbHYIO MOZENb C/I0Ba. Bxonom moze-
M SBISIIOTCS UAEHTU(PUKATOPSI CIOB B C/IoBape. Becam norpyxeHuii
NepBOHavaJbHO MPUCBAUBAIOTCS HeGOMblIMe C/Iy4YaiiHO BbIOpaHHbIE
3HaueHus. B nmpouecce o6yuenms Monens 6yseT 06HOBIATH Beca, IIpy-
MeHSIsl aJTOpUTM 06paTHOro pacrpocrpaHeHus. Crenylomuit CIoi
ajanTupyeT Gopmy BXoza 1op, pasmep MOrpyKeHus:

word model = Sequential{)

word_model.add (Embedding (vocab_size, embed_size,
embeddings_initializer="glorot_uniform",
input_length=1))

word_model.add(Reshape((embed_size, )))
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Ham TakKe HYKHa elie OfHa MOJEb ISl KOHTeKCTHBIX CIoB. [I1s
KaXk1o¥i mapsl skip-rpaMm Mbl MeeM OHO KOHTEKCTHOE CJI0BO, COOT-
BETCTBYIOLIEE 1[eJIEBOMY CJIOBY, TAaK YTO 3Ta MOJEIb MAECHTUYHA MOJe-
JIVL CJIOB:

context_model = Sequential()

context_model.add (Embedding(vocab_size, embed size,
embeddings_initializer="glorot uniform",
input_length=1))

context_model.add(Reshape ( (embed_size,)))

Ha Bbixome 06eMx Mopesei momydaroTcs BEeKTOPhl pa3Mepa embed
size. X CKansIpHOE IIPOM3BeAeHNeE IIOAeTCS Ha BXOJ IIJIOTHOMY CJI0I0
¢ curMouIHOM PyHKIMel aKTUBALMM, KOTOPbIN MTOPOKAAET OAUH BbI-
xop. HarroMHMM, UTO CUrMoua mpeobpa3yeT CBOJt apr'yMeHT B UMCIO
u3 auamnasoHa [0,1] 1 acMMIITOTMYECKU BBICTPO NMPUOIIDKAETCS K efy-
HUIe Ha TTOJIOKUTENbHOM Imoyocu 1 K 0 — Ha oTpULIaTeNbHOM!.

model = Sequential()

model .add (Merge { [word model, context model], mode="dot"))
model.add (Dense(l, init="glorot uniform", activation="sigmoid"))
model.compile (loss="mean_squared_error", optimizer="adam")

B kauecTBe QYHKIIMK IIOTEPD UCIIONB3YETCS nean_squared_error; UJes
B TOM, UTOOBI MMHMMU3UPOBATh CKAIAPHOE NMPOU3BEAeHNe IS 1010~
KUTEIbHbIX IPYMEPOB U MakCUMM3MPOBaTh [JI OTpULIATeNbHbIX. Ha-
TIOMHMM, 4YTO CKaJIIpHOE [IpOM3BeeHye PaBHO CYMMe IIPOU3BEAeHMI
COOTBETCTBEHHEIX 57IeMEHTOB, II03TOMY CKaJISIpHOe TIPOoM3BeieHue 110-
XOKMX BEKTOPOB GyzeT 60/bllle, YeM HEIOXOXMX, T. K. Y IIOXOKUX BeK-
TOPOB GOJbLIE OAMHAKOBLIX 3/IeMEHTOB B COOTBETCTBEHHBIX ITO3UIMSX.

Keras mpenocrasnsieT QyHKIMIO i1 M3BJeueHUS SKip-rpaMm 13
TeKCTa, Ipeodbpa3oBaHHOTO B CMMCOK MHAEKCOB CjI0B. Himke mpuBeneH
TIpMMep ee UCIIONb30BaHus JiIs M3BIedeHus repBbix 10 U3 56 crexe-
pupoBaHHBIX SKip-rpamMM (MOMOKUTENBHBIX Y OTPULATEIbHBIX).

CHavaja UMIOPTUPYEM NaKeThl M MHUIMATU3UPYEeM oA Iexalmi
aHa/IN3y TeKCT:

from keras.preprocessing,text import *
from keras.preprocessing.sequence import skipgrams

text = "I love green eggs and ham ."

3aTem OOBSIBISIEM OOBEKT 1 BBIAEIEHUS JIEKCEM U IIPOITYCKAEM
yepes Hero TeKCT. [TIoNy4aeTcs CrcoK 1eKCeM:
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tokenizer = Tokenizer()
tokenizer.fit on_ texts([text])

OOBEKT tokenizer CO3JAET CI0Bapb, COIMOCTABJIAIOLINIA KakIOMY
VHUKA/IBHOMY CJIOBY LieJIOUMCIeHHBI MAeHTUDUKATOD, U [Ie/laeT ero
JOCTYIHBIM Yepes aTpubYT word_index. Mbl YUTAEM 3TOT aTPUBYT U CO3-
JaeM JBe TabauLbl COOTBETCTBUS:

word2id = tokenizer.word index
id2word = {v:k for k, v in word2id.items()}

Haxosell, BXOZHO} CIMCOK CJIOB IIpeo6pasyeTcs B CIIMICOK UAEHTHU-
¢duKaTopoB U Tepenaercss GYHKUUM skipgrams. 3aT€M Mbl Ile4aTaeM
nepsbie 10 13 56 creHepUpOBaHHBIX skip-rpamMM (I1apa, MeTKa):

wids = [word2id[w] for w in text_to_word sequence(text)]
pairs, labels = skipgrams (wids, len(word2id))

print (len(pairs), len(labels))

for 1 in range(10):

print("({:s} ({:d}), (:s} ({:d})) -> {:d}".format(
id2word{pairs(i][0]], pairs(i][0],
id2word[pairs{[i][1]1], pairs[i][1],
labels[i]))

Hiuke 1oKa3aHbl pe3yiibTaThl padoThl 3TOM mporpaMmel. Ha Baieit
MallyHe pe3yabTaTbl MOI'YT OTIMYATHCS, IOTOMY UTO (DYHKU,MH skip-
grans TPOU3BOAMUT CIYUAHYIO BBIGOPKY M3 MHOXeCTBA BO3MOXKHBIX
IMOJIOXXUTEJAbHBIX IIPMMEDPOB. KpOMe TOT0, F'eHepal s OTPULATEIbHBIX
IIPXMEepPOB IPOU3BOAMUTCS ITyTeM BBIGOPKM CITYYaliHbIX I1ap JIeKCeM U3
tekcra. C YBeJIMUEHMEM pazMepa BXOOHOT'O TEKCTa BE€POATHOCTb BbI-
6paTh Iapbl He CBSI3aHHBIX MEXAY c060i1 c/1oB Bo3pacTaeT. Ho B Halrem
npuMepe TEKCT OY4eHb KOPOTKMIA, IO3TOMY BBICOKM MIAHCHI, 4TO 6yAyT
CTeHEepUPOBaHbI U MOJOXUTEIbHbIE IPUMEPDI TOXKe.

(and (1), ham (3)) -> 0

(green (6), i (4)) -> 0

(love (2), i (4)) -> 1

(and (1), love (2)) -> 0

(love (2), eggs (5)) -> 0

(ham (3), ham (3)) -> 0

(green (6), and (1)) -> 1

(eggs (5), love (2)) ->1

(i (4), ham (3)) -> 0

(and (1), green (6)) -> 1

Kog atoro npuMepa HaXOOAUTCA B cbar?me skipgram_ example.py B UCXOZ-
HOM KOJie K 5TOi IJ1aBe.
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Moaenb CBOW

Teneps paccmoTpum mMogenb CBOW 13 cemeiicrBa word2vec. Harmom-
HMM, YTO OHA TIPEACKa3bIBAET CJIOBO T10 M3BECTHBIM KOHTEKCTHBIM CJ10-
BaMm. TakyM 006pa3oM, /IS IEPBOTO KopTeXka U3 mnpumMepa Hinke CBOW
IOJKHA TPeficKa3aTh CI0BO love, 3Hast KOHTEKCTHbIe cj1oBa I u green:

([L, green), love) ([love, eggs], green) ([green, and), eggs) ...

Kak u mopens skip-rpamm, mozens CBOW mpezcraisier co6oii
KknaccuduKaTop, KOTOPbIi [IOTy4aeT Ha BXOAE KOHTEKCTHBIE CI0Ba U
TpeAcKasbIiBaeT LeieBoe c10Bo. Ho apxuTekTypa npoiuie, 4eM B Moje-
mv skip-rpamMm. BXxogHpIMM JaHHBIMU MOZEM SIBIISIOTCSA UAeHTUdMKE-
TOPBbI KOHTEKCTHBIX ¢10B. OHY MOCTYNAIOT Ha BXO]L C110S1 IOTPY>KeHus,
Beca KOTOPOTO MHUUMAIU3UPYIOTCS HeGOMbUIMMY CyYaliHbIMUY 3Ha-
YEHUSIMU. DTOT CJI0N peodpasyeT KakKIblil IeHT(UKATOP B BEKTOD
pa3mMepa embed size. CIe@QOBaTeNbHO, KaXXJasi CTpOKa BXOOHOTO KOH-
TeKCTa IpeobpasyeTcs B MaTPUILy pa3Mepa (2*window size, embed size).
3aTem MaTpulla IofaeTcs Ha BXoJ ¢iost lambda, KOTOpBIN BRIUUC/SET
cpenHee 1o BceM morpyxkeHusm. [losyuyeHHast BeMUMHA MepenaeTcs
IJIOTHOMY CJI0I0, KOTOPBIN CO3aeT IVIOTHBIM BEKTOP pa3Mepa vocab
size IJISI KAXKAO0# CTPOKU. B KauectBe QyHKIMM aKTMBALUK B TUIOTHOM
c1oe ucnonb3yercs softmax, koropas Bo3BpalllaeT BepOSITHOCTD, paB-
HYI0 MaKCMMaJBHOMY 3JIEMEHTY BBIXOHHOTO BekTtopa. Mnentuduxa-
TOpP ¢ MAKCUMAIBHOV BEPOSITHOCTBK) COOTBETCTBYET 11€7IEBOMY C/IOBY.

KOHTEKCTHbIE C/IOBA
[None, 2»window_size)

'Embedding

{None, 2*window_size
embed_size)

Lambda

* {None, embed_size)

Dense

¢ {None, vocab_size)

target_word_id =
softmax{output)
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Huxe npusenen kog Mopmeny Ha Keras. Mel CHOBa Ipefrionaraem,
uyTo pasmep cioBapsi paBeH 5000, pasMep BBHIXOOHOIO IIPOCTPAHCTBA
norpyxenust 300, pazmep KOHTeKCTHOro oKHa 1. CHayata MMIOpTUpY-
€M ITaKeThl ¥ MHULVaNU3UpyeM IepeMeHHbIe:

from keras.models import Sequential

from keras.layers.core import Dense, Lambda

from keras.layers.embeddings import Embedding
import keras.backend as K

vocab_size 5000
embed_size 300
window_size = 1

3atem CTPOMM IOCIENOBATE/IbHYI0O MOAE/b, B KOTOPYIO BK/IIOYaeM
croit TIOTpY>KeHus C BeCaMy, MHULINAIN3MPOBaHHBIMU MaJIbIMU C/Iy-
YaiiHpIMM 3HaueHUsIMU. OTMETUM, YTO AJIMHA BXOAA input_length 3TO-
0 CJ10S paBHA UMCTY KOHTEKCTHBIX CJIIOB. Kaxgoe KOHTEKCTHOE CJI0BO
rojaeTcd Ha BXO0[H CJ10s, U BeCa 0GHOBISIIOTCS B npouecce 06paTHOI‘O
pacrpoCcTpaHeHMs. Ha BeIxope cnos noJay4yaeTcsa MaTpuia l'IOI‘py)KeHI/Iﬁ
KOHTEKCTHBIX CJIOB, KOTOpas yCpeaHSeTCS B OOAMH BEKTOP (Ha KaXayro
cTpOKy Bxoga) cioem lambda. HakoHer, IIOTHBII c/10# TIpeobpasyeT
CTPOKHU B IVIOTHBIN BEKTOp pa3Mepa vocab_size. IleneBBIM CTTOBOM 6y,I[6T
TO, AJi1 KOTOPOTO BEPOATHOCTDb I/I,ZLEHTI/ICIJI/IKaTOpa B [VJIOTHOM BbIXOJ-
HOM BEKTOpe MaKCMMaJIbHa.
model = Sequential()
model.add (Embedding (input_dim=vocab_size, output_dim=embed_size,

embeddings_initializer='glorot_uniform’',

input_length=window_size*2))
model .add (Lambda (lambda x: K.mean(x, axis=1), output shape=(embed size,)))
model .add (Dense (vocab_size, kernel initializer=' glorot_uniform’',

activation='softmax'))
model.compile (loss='categorical crossentropy', optimizer="adam")

B xavecTBe (YHKIMM IIOTEPb 34€Ch MCIONb3YETCS categorical
crossentropy — TUTIMYHBIA BHIOOP IS CJIy4dast, KO KaTeTrOpuii iBe WiIn
Gosbliie (B HallleM IIpUMepe vocab_size).

Kop, sToro nmpumMepa Haxogurtcs B Qaiiie keras cbow.py B MCXOJAHOM
KoOJe K 3TOi1 I71aBe.

U3BneueHne norpyxenum word2vec us mogenu

Bbllre yke 0TMeUajioch, 4To XOTs 00e Mofie/u ceMelicTBa word2vec
MOXXHO CBECTH K 3ajaue Kmaccubukanyy, caMa 3Ta 3ajada Hac He MH-
TepecyerT. A MHTepeceH HaM no6ouHkIi 3¢ deKkT Knaccudurauyy — ma-
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TpUIla BECOB, KOTOpas IIpeo6pasyeT CJIOBO U3 CJIOBAps B IVIOTHOE pac-
npeneleHHOe IIpeficTaBlIeHy e H3K0M pa3sMepPHOCTU.

EcTh HemMa/lo IPUMMEPOB TOTO, KaK paclpefeieHHble IIpefcTaBiie-
HUS BbISIBSIOT YAMBUTEIbHYIO CHMHTAaKCUUYECKYI0O M CeMaHTUYeCKYIo
undopmanyoo. Taxk, Ha ciegyonemM pUCYHKe, B3STOM U3 IIpe3eHTa-
uuu Tomanra MukosnoBa Ha KoHdepenmyu NIPS 2013 (cm. T. Mikolov,
I. Sutskever, K. Chen, G. 8. Corrado, J. Dean, Q. Le, T. Strochmann
«Learning Representations of Text using Neural Networks», NIPS
2013), noKa3aHo, YTO BeKTOPbI, COegUHSIOLIMe CJI0Ba, MMeloLe oOfu-
HaKOBBI/ CMBIC/T, HO OTHOCSIIMECS K pasHbIM IT0/1aM, TIPUOAU3UTETBHO
napasuiejibHbl B pefyIIMPOBAHHOM JBYMEpPHOM IIPOCTPAHCTBE ¥ UTO
3a9acTyl0 MOXHO TOJMYUUTh COMIacyllMecss ¢ MHTYMLMENR pe3yib-
TaThl, IPOM3BOAA apudmMeTHUecKme AeCTBUS Haf, BEKTOpaMu CJIOB.
B nnpeseHTalMU MHOT'O TaKUX [IPYMEPOB.

QUEENS
WOMAN |
//AUNT 3 \
MAN | ncLe QUEEN | KINGS
‘ w\ QUEEN
KING . KING

WHTYUTUBHO Ka)XeTCs, YTO IMporiecc 00yyeHus] IPUBHOCUT OCTa-
TOYHO MHGOPMaLMK BO BHYTPEHHIOIO KOOMPOBKY, UTOOBI TpefCcKasaTh
BBIXOJHOE CJIOBO, BCTpedalolleecss B KOHTeKcTe BxogHoro. IToaromy
TOUKM, TIPEACTABISIONIME CI0OBA B 3TOM IPOCTPAHCTBE, pacronaramoT-
cst 6MKe K TOYKaM CJIOB, C KOTOPBIMM OHM BCTPEYAIOTCS] COBMECTHO.
B pesynprare MOXoxye ¢10Ba 06pa3yior xiacrepsl. U cioBa, BeTpe-
YalolMecss BMecTe ¢ IIOXOXKUMY CI0BaMy, ToXe 06pasyIoT KiacTepsl.
CnenoBaTelbHO, BEKTODBI, COENMHSIONME TOYKM, NPeCTaBIsIol/e
CeMaHTHYeCKy CBSI3aHHbIE CJIOBA B pacrpesie/leHHOM IpeiCTaB/IeHM,
JIeMOHCTPUPYIOT PEry/IsIpHOE NOBeAeHNe.

Keras IpenocCTaBiseT CpeACTBa [jisi M3BedeHMsl BECOB U3 06yueH-
HBIX Mopesneit. B ciydae skip-rpamm Beca c/1ost HOTpy)XeHMsI MOKHO
MOTYYUTD CJIEAYIOUM 06pasom:

merge layer = model.layers(0]
word model = merge layer.lavers([0]
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word embed layer = word_model.layers[0]
weights = word_embed layer.get_weights() [0]

A B cryuae CBOW a5t mosryyeHust BeCOB AOCTATOYHO OHOJ CTPOY-
Ki:

weights = model.layers[0].get_weights () [0]

B 06oux ciyuasx MaTpuiia BECOB MMEET PasMep vocab_size X embed
size. JJI1 BBIUMCIEHMS paclpeleseHHOTO IIpefiCTaB/leHusl CI0Ba M3
C7I0Bapsi HY’)KHO ITOCTPOUTH YHUTAPHBIN BEKTOD, 3amicaB 1 B 3/ieMeHT
BeKTOpa pa3sMepa vocab_size C MHAEKCOM, PaBHBIM MIEHTU(}UKATOPY
CJ10Ba, ¥ YMHOXUTb €T0 Ha MaTPUILy BeCOB, IIOJYYMB B pe3y/ibTaTe BeK-
TOP ITOTPYREHUS pa3Mepa embed_size.

Huke mokasaHa BU3yaaM3alys HOTPYKeHMil CI0B, BBINOTHEHHAs
Kpucrodepom Ona (cm. Andrew M. Dai, Christopher Olah, and Quoc V.
Le «<Document Embedding with Paragraph Vectors», arXiv:1507.07998,
2015). [ynig 3Toro 6bUIO TPOM3BEAEHO IOHMXEHME PasMEepHOCTU M0
IBVX U3MepeHMit u ucronb3oBaHa 6ubmmoreka T-SNE. Cnosa, 06-
pasyIollixe TUITbl CYLIHOCTe}, BbIOPaHbl U3 CMHOHMMUYECKUX PS/IOB
(cuncetoB) cemaHTHyeckoit cetu WordNet. Kak BuaHO, TOUKH, COOT-
BETCTBYIOLIME ITOXOXMUM TUIIAM CYHIHOCTei1, 06pasyloT K/IacTephl.

@ »

A

KOIl STOro 1npumepa HaXoAMUTCA B d)af/[]le keras_skipgram.py B MCXO[-
HOM KOJie K 5TOJ IJIaBe.
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CropoHHue peanusaumum word2vec

B npensiayiyx pasgenax 6b110 MOAPOOHO pacCMOTPEHO CEMENICTBO
mogeJeii word2vec. Bel moHMMaeTe, Kak pa6oTalor Mozeny skip-rpamMmm
u CBOW 11 KaK caMOCTOSITEeIbHO MMOCTPOUTD MX peanu3alinio ¢ IIoMo-
wpio Keras. OqHaKko CyIIECTBYIOT TOTOBbIe peanusaluu word2vec u B
NpelII0I0KEeHNH, UTO Ballla 3a7ava He CJIMILIKOM CJI0JKHA U He CMTBHO
OT/IMYAeTCs OT TUIIMYHOM, UMeeT CMbICI BOCIIO/Ib30BAThCS OTHONI U3
HUX U He U306peTaTh BeJIOCHUITe.

Onna Takas peanusanus word2vec — 6ubnmoTeKka gensim. U xors sta
KHUra rnocssigeHa Keras, a He gensim, Mbl peliviIy BKIIOYUTH ee 06-
CyxaeHue, MocKkonbKy Keras He nopaepsxusaer word2vec, a MHTErpa-
uus gensim u Keras — pacrnpocrpaHeHHas IpakTUKA.

YcraHOBKa gensim He BbI3bIBAET CNOXKHOCTEN M MogpobHO
OMUCaHa Ha CTpaHUUe https://radimrehurek.com/gensim/in-
stall.html.

Huke mokasaHo, Kax IOCTPOUTD MoJieNlb word2vec ¢ TOMOIIbBIO gen-
sim 1 o6y4uTh ee Ha TeKCTe 13 KopIyca text8, HOCTYIHOM 10 afipe-
CY http://mattmahoney.net/dc/text8.zip. ITOT aita comepKUT oKomo 17
MUJUTMOHOB CJIOB, B3ATHIX U3 CTaTel BUKMUNenuu. TekcT 6b1 noaBep-
THYT OYMCTKe — YOAJIeHNIO Pa3MeTK!, 3HaKOB MpenmMHaHns M CUMBO-
JI0B, He NpuHaaIexauux xogyiposke ASCII. Ilepsrle 100 Munamnonos
3HAKOB OUMIIEHHOIO TeKCTa U cocTaBwIu Kopiryc text8. OH yacTo uc-
MO/Ib3YeTCS B KauecTBe NpuMepa A Mojeny word2vec, IOTOMY 4YTO
obydeHye Ha HeM IIPOMCXOOUT GBICTPO M AAeT XOPOIIME PE3Y/IbTAThI.
CHavasia MMIIOpTUPYeM HeOOXOOUMEBIE I1aKeThI:

from gensim.models import KeyedVectors

import logging

import os

3aTem uMTaeM IOTOK CJIOB M3 KOpIIyca text8 u pasbuBaeM ero Ha
npeanoxxeHus 1no 50 ¢JIOB B KakpoM. Bubnmoreka gensim comepxur
BCTPOEHHBI/ 06paboTuMK text8, KOTOphlii AefaeT HeYTO Nomo6GHOe.
TTockonbKy MBI XOTMM NOKA3aTh, KaK IIOCTPOUTH MOAENb i 11060T0
(TIpenTIoYTHTENBHO GOMBUIOTO) KOPIYCa, KOTOPBIVi MOXET U He IToMe-
IATHCS LIEIMKOM B ITaMSTh, TO MPOJAEMOHCTPUPYEM ITOPOXKIECHME STUX
IIpe/IOKeHMI ¢ TOMOIIbI0 reHepaTopa Python.
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Knacc Text8sentences HOPOXKAAET MPEAJIOKEHUS 10 maxlen CIOB B KaXK-
noM us daiina text8. B JaHHOM c/Tydae Mbl Taky YyuTaeM Becb Qaitl B
TaMsITh, HO IpU 06xone (I)aﬁJIOB, HaxoOA1IUXCcs1 B HECKOJIbKMX KaTalo-
Tax, reHepaTop M03BOJISIET 3arPY3UTh B IAMATH YaCTh JaHHBIX, o6pa60-
TaThb €e U OTAAaTh BbIBbIBaIOIJ.Ieﬁ CTOpOHE:

class Text8Sentences (object):

def _ init__(self, fname, maxlen):
self.fname = fname
self.maxlen = maxlen

def _iter (self):
with open(os.path.join(DATA_DIR, "text8"), "rb") as ftext:
text = ftext.read().split(" ")
sentences, words = [], []
for word in text:
if len(words) >= self.maxlen:
yield words
words = []
words .append (word)
yield words

Tenepp 3aifMeMcsl BBI3bIBalOlIe)l IporpaMMoil. B 6Gubmmorexe
gensim ucrmonb3yercss uMeromuiics B Python MexaHu3M IpoTOKO/IN-
poBaHMs ISl YBEAOMJIEHMS O Xone 06paboTKe, MOSTOMY [ Havana
aKTUBUpYEM ero. B ciemyionieir cTpoke CO34aeTcsl 3K3eMIVISAp Kiacca
Text8Sentences, 4 3aTE€M MOJeIb 00y4yaeTcs Ha MpeajIoKeHUAX U3 Ha-
60pa JasHbIX. Mbl 3a7amM pasMep BeKTOpoB norpyxeHust 300 u pac-
CMaTPMBaeM TOJIBKO CJIOBA, KOTOPEIE BCTPEUAIOTCS B KOPITyCe He MeHee
30 pas. PasmMep OKHa 110 YMOTYaHMIO PaBeH 5, II03TOMY KOHTEKCTOM
IJISL C/IOBA W, GYZIYT CIIOBA W, o, W, gy Wiy Wy o0 Wy Wiy Wiy Wi, Wy W
ITo ymonmyauuio cosgaercs: mogenb CBOW, HO 3TO MOXHO M3MEHUTD,
3a4aB I1apaMeTp sg=1:

logging.basicConfig (format="% (asctime)s : %(levelname)s : % (message)s',
level=logging.INFO)

DATA DIR = ". ./data/"
sentences = Text8Sentences(os.path.join(DATA DIR, "text8"), 50)
model = word2vec.Word2Vec (sentences, size=300, min_count=30)

Peamusanyst word2vec nmpousBOIMT Ba IIPOXOAA 110 AAHHBIM: CHa-
yaja CTPOMUTCS CJI0Baph, a 3aTeM — akTuyecKas MoJesb. 3a XOI0M pa-
60TbI MOKHO C/IeIMUTh 10 pacriedyaTke Ha KOHCOMHN:



156 < [haea 5.MorpyxeHus cnos

2017-01-30 16:16:27,786 : INFO : PROGRESS: at 76.44% examples, 691859 words/s, In_gsize 0, out_qsize 0
2017-01-30 16:16:28,801 : INFO : PROGRESS: at 77.74% examples, 693040 words/s, In_gsize 0, out_gsize 0
2017-01-30 16:16:29,807 : INFO : PROGRESS: at 79.00% examples, 693746 words/s, in_gsize 2, out_gsize 0
2017-01-30 16:16:30,815 : INFO : PROGRESS: at 79.99% examples, 692107 words/s, in_gstze 0, out_gsize 0
2017-01-30 16:16:31,819 : INFO : PROGRESS: at 80.03% examples, 682583 words/s, in_gsize 0, out_gsize 0
2017-01-30 16:16:32,842 : INFO : PROGRESS: at 81.15% examples, 682090 words/s, in_gsize 1, out_gsize 0
2017-01-30 16:16:33,869 : INFO : PAOGRESS: at 82.46% examples, 683117 words/s, in_gsize 0, out_gsize 1
2017-01-30 16:16:34,873 : INFO : PROGRESS: at 83.77% examples, 684403 words/s, In_gsize 0, out_gsize 0
2017-01-30 16:16:35,882 : INFO : PROGRESS: at 85.02% examples, 685224 words/s, In_gsize 5, out_gsize 0
2017-01-30 16:16:36,884 : INFO : PROGRESS: at 86.36% examples, 686831 words/s, In_gsize 0, out_gsize 1
2017-01-30 16:16:37,925 : INFO : PROGRESS: at 87.51% examples, 686556 words/s, In_gsize 2, out_qgsize 0
2017-01-30 16:16:38,925 : INFO : PROGRESS: at 88.57% examples, 685873 words/s, in_gslize 0, out_gslze 0
2017-01-30 16:16:39,933 : INFO : PROGRESS: at 89.84% examples, 686756 words/s, in_gsize 0, out_gsize 0
2017-01-30 16:16:40,936 : INFO : PROGRESS: at 91.17% examples, 688126 wards/s, in_gsize 0, out_gsize 0
2017-01-30 16:16:41,939 : INFO : PROGRESS: at 92.43% examples, 688894 words/s, In_gsize 0, out_gsize 1
2017-01-30 16:16:42,946 : INFO : PROGRESS: at 93.69% examples, 689612 words/s, in_gsize 1, out_gsize 0
2017-01-30 16:16:43,960 : INFO : PROGRESS: at 94.97% examples, 690484 words/s, in_gsize 1, out_gsize 0
2017-01-30 16:16:44,978 : INFO : PROGRESS: at 96.30% examples, 691348 words/s, in_gslze 0, out_gsize 0
2017-01-30 16:16:45,982 : INFO : PROGRESS: at 97.58% examples, 692158 words/s, In_gsize 0, out_gsize 0
2017-01-30 16:16:46,980 : INFO : PROGRESS: at 98.83% examples, 692731 words/s, in_gsize 2, out_gsize 0
2017-01-30 16:16:48,092 : INFO : PROGRESS: at 99.92% examples, 691317 words/s, In_gsize 4, out_qsize 1
2017-01-30 16:16:48,124 : INFO : warker thread finished; awaiting finish of 2 more threads

2017-01-30 16:16:48,125 : INFO : worker thread finished; awaiting finish of 1 more threads

2017-01-30 16:16:48,128 : INFO : worker thread finished; awaiting finish of 0 more threads

2017-01-30 16:16:48,129 ; INFO : training on 85026040 raw words (59645573 effective words) took 86.2s, 691572
effective words/s

2017-01-30 16:16:48,129 . INFO : precomputing L2-norms of word weight vectors

[Tocste co3JaHMs MOETY HYXKHO HOPMYPOBATD MOTYYMBIIMECS BEK-
TOpBI. B TOKYMEHTALIUM CKa3aHo, 4YTO 3TO CIKOHOMUT MHOTO IIaMSTH.
O6Y4eHHYI0O MOZE/Th MOXKHO COXPaHUTDb Ha [VICKE:

model.init_sims(replace=True)
model.save ("word2vec_gensim.bin")

JI1s1 3arpy3Ku COXpaHEHHO MOIey B TaMsITh CIY>)KUT TaKoil METO[;:

model = Word2Vec.load("word2vec gensim.bin")

Janee MOXHO 3alIpOCUTh Y MOJEIN BCe U3BECTHBIE eif CIoBa:

>>> model.vocab.keys () [0:10]
[ 'homomorphism',
'woods',
'spiders’,
‘hanging’,
'woody' ,
'localized’,
'sprague’,
'originality’',
'alphabetic',
'hermann’']

MOJKHO ITOTYYUTh BEKTOPHOE npencrasjieHe 3aJaHHOTO CJIOBa:

>>> model [ "woman"}

array([ -3.13099056e~01, -1.85702944e+00, 1.18816841e+00,
-1.86561719e~01, -2.23673001le-01, 1.06527400e+00,

&mldr;
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4,31755871e-01, -2.90115297e-01, 1.0095518le-01,
-5.17173052e-01, 7.22485244e-01, -1.30940580e+00], dtype="float32")

MOXXHO TaksKe HaliTU CI0Ba, IIOX0XKYe Ha 3aJaHHoe:

>>> model.most_similar ("woman")
[('child', 0,7057571411132812),
('girl', 0.702182412147522),
('man', 0.6846336126327515),
('herself', 0.6292711496353149),
{'lady', 0.6229539513587952),
('person’', 0.6190367937088013),
("lover', 0.6062309741973877),
('baby', 0.5993420481681824),
('mother', 0.5954475402832031),
('daughter', 0.5871444940567017)]

MoKHO IaBaTh YKa3aHMUsI O TOM, KaKue (JIOBa CUMUTATh ITOXOXKMMMU.
Tak, ceAyiomasg KoMaH1a Bo3Bpaliaer nepsbie 10 ¢/10B, IOX0XMe Ha
woman (KEHIIMHA) U king (KOPOJIb), HO He ITOXOXMe Ha man (MY)KIMHA):

>>> model .most_similar(positive=['woman', 'king'], negative=['man'], topn=10)

[('queen', 0.6237582564353943),
('prince’', 0.5638638734817505),
('elizabeth', 0.5557916164398193),
('princess', 0.5456407070159912),
('throne', 0.5439794063568115),
('daughter', 0.5364126563072205),
('empress', 0.5354889631271362),
('isabella', 0.5233952403068542),
('regent', 0.520746111869812),
('matilda', 0.5167444944381714)]

MoskHO TaKKe 3aIlIpoCUTDh Mepy CXOACTBa MeXAY 3aJdaHHbIMU CJI0-
BaMu. YTobbI TIOJIYYUTDb NIpeACTaB/IeHue O TOM, KaK ITOJIOXKeHN e CIIOB B
TIPOCTPAHCTBE IOTPYKEHUA KOoppeaupyer ¢ ux CeMaHTI/IKOﬁ, paccmMo-
TpUM CJleayiouiye rnapol CJioB:

>>> model.similarity("girl", "woman")

0.702182479574

>>> model.similarity("girl", "man")

0.574259909834

»>> model.similarity("girl", "car")

0.289332921793

>>> model.similarity("bus", "car")

0.483853497748

Kak BUIVM, CJIOBA girl M woman 6omplie ITOXOXU, UeM girl U man, d car
(aBTOMOGWB) U bus (ABTOHGYC) GOMbIIIE, YEM girl U car. ITO XOPOLIO CO-
[J1aCyeTCs C TeM, KaK PaHXMUPOBaJl ObI CXOXKeCThb Ue/loBeK.
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Kog, aToro mpumepa HaxonuTcs B daitne word2vec_gensim.py B MCXOH-
HOM KOJIe K 3TOlt I/iaBe.

Besepnenue B GloVe

IMorpyxerne croB GloVe (Global Vector — mio6anbHblil BeKTOp) Obl-
JI0 TipenioxkeHo B pabote J. Pennington, R. Socher, and C. Manning
«GloVe: Global Vectors for Word Representation», Proceedings of the
2014 Conference on Empirical Methods in Natural Language Processing
(EMNLP), pp. 1532-1543, 2013. ABTOpbI omychiBaoT GloVe Kak ainro-
pUTM 06yUYeHUs 6e3 YUuTeIs, IeJIb KOTOPOTO — MOTy4eHlMe BeKTOPHbBIX
TpencTaBieHuit ¢1oB. O6ydeHKe NPOM3BOLUTCS HAa arperMpoBaHHOM
I7106aTBHO CTATUCTUKE COBMECTHO BCTPEUaeMOCTU C/I0B U3 KOpITyca,
a IoMyJaloumecs MpeAcTaBIeHMs BCKPBIBAIOT MHTEPECHBIE JIMHeTHbIe
CTPYKTYPbl B BEKTOPHOM IIPOCTPAHCTBE CJIOB.

GloVe ornnuaercs or word2vec Tem, 4To word2vec — IIPOTHOCTU-
yeckasi MOZeNb, Toraa kKak GloVe ocHoBaHa Ha cueT4yMKax. Ha mepsom
mare CTpouTcs OOMbllasi MaTpuiia COBMECTHOJ BCTPeYaeMOCTU Iap
(cToBO, KOHTEKCT) B oOy4aroliem Kopiryce. KaKaplit s7ieMeHT MaTpu-
I[bI OITMCHIBAET, KAaK YacTO C/I0BO, MMpeACTaB/IeHHOe JaHHO CTPOKOIA,
BCTPEUY3eTcss B KOHTEKCTe (0OBIYHO 3TO IMOCIEM0BATEIbHOCTL CIOB),
HpeﬂCTaBHEHHOM ,D,aHHbIM CTonﬁuom

KOHTEKCT npusHaku KOHTEKCT
cnosa cnosa { "pm”aK" matpuua
. . NPU3HaK,
MaTpuUa COBMECTHON | == . -mMaTpuua * l ,((OF;_,-,eKCT)'
BCTPEYaeMoCTH Cnosa . "(cnogo, -
1 KOHTEKCTa " NpU3HaK)

AnropMTM GloVe npeoGpaayeT MaTpUIly COBMECTHOM BCTpeyaemo-
CTY B mapy MaTpull: (CJIOBO, IPM3HAK) U (MpU3HaK, KOHTEKCT). DTOT
mpouecc HasbiBaeTcs hakTopMsanyeil MaTpUIBI ¥ BLIOTHSIETCS
WUTEPATMBHO C MOMOILBI0O MeTOAa CTOXaCTMIECKOro IpajyieHTHOIO
ciycka (CI'C). B hbopme ypaBHeHMs OH 3aTIChIBAETCS TAK:

R=P*Q~R

3nech R - ¥cxopHas MaTpuiia COBMECTHOM BcTpeyaemocTu. CHava-
J1a Mbl MHUIMaIU3upyeMm P 1 Q cay4yaiiHpIMM 3HaUY€HUAMMY Y IIbITaeM-
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¢Sl BOCCO3MaTh R' IyTeM MX IlepeMHOXeHMsl. PasHuIla MeXOy peKOH-
CTPYMPOBAHHOM MaTpuueit R' 1 uCXomHOM R IOKa3bIBaeT, Kak Hafo
U3MeHUTb 3HaueHus P u Q, utobel R' cTana 6mke K R, T. e. ombka
PEKOHCTPYKIMY YMEHbIIWIACh. 3Ta Ollepalysi IIOBTOPSAETCS HECKOJIb-
KO pas, noka aaroputm CI'C He coitmeTcs M olMbKa PEKOHCTPYKIVN
He CTaHeT HMUXKe 33JJaHHOTO IOPOroBOro 3HadeHud. ITonyunBuIasics B
3TOT MOMEHT MaTpuiia (C1oBO, IPM3HAK) U IBASETCS NOTPY>)KeHUeM B
cmeicae GloVe. st yekopenus nponecca CI'C 4acTo BBITIOTHSIETCS I1a-
paJutenbHO, Kak onucaHo B crathe «Hogwild!: A Lock-Free Approach to
Parallelizing Stochastic Gradient Descent» (nttps://people.eecs.berke-
ley.edu/~brecht/papers/hogwildTR.pdf).

OTMeTUM, YTO ITPOTHOCTHUECKME MO e Ha OCHOBe HelipOHHBIX ce-
Teit Tuna word2vec 1 OCHOBaHHbIE HA cueTuMKax monenu tuna GloVe
MpecnenyioT OAHY U Ty e Lieb. Te 1 gpyrue cTposiT BeKTOPHOE IIPOo-
CTPaHCTBO, TAK UTO MOJIOKEHMe C10Ba B HEM 3aBUCUT OT COCEIHMX CI0B.
HejipoHHas ceTh HauuHaeT paboTy C OTHAENIBHBIX NPUMEPOB COBMECT-
HOJ BCTPEYaeMOCTH CJIOB, & OCHOBAaHHBbIE Ha CUETUYMKAX MOJeIN — CO
CTAaTMCTUKM COBMECTHO BCTPEUaEMOCTHM BCeX ¢10B B Kopryce. Henas-
HO 6b1/I0 OMYGIMKOBAHO HECKOIBKO paboT, B KOTOPBIX AEMOHCTPUPYeT-
CS KOpPesLys MeXAY MOAEes MY 060¥X TUIIOB.

B 3TOit KHUTe MBI He 6ymeM ImoapoGHO paccMarTpuMBaTh reHepannio
BekTopoB GloVe. Xora B obuem ciydae GloVe ormuuaercs: 6ombLieii
BEPHOCTEIO, ueM word2vec, ¥ ObicTpee obydaeTcss IIPU MCIOIb30Ba-
HUM pachapa/ienvBaHus, noguepxka ee Ha Python moka He cTo/b
passuTas, Kak word2vec. Ha paHHBII MOMEHT e€AMHCTBEHHBIM J0-
CTYIIHBIM MHCTpYMeHTOM 6bu1 npoekT GloVe-Python (nttps://github.
com/maciejkula/glove-python), Ipeaaraloliuii MOLEILHYIO peannu3anmio
GloVe na Python.

Ucnonb3oBaHue npenobyvyeHHbIX
NOrpy>KeHuu

Boob61e rosops, o6yuats Mmogenb word2vec unu GloVe ¢ Hyns ciemyeT
TOJIBKO TOT/A, KOTTIA MMEeeTCs OYeHb GONbLION 06beM y3KOoCTIenyani-
3MpOBaHHBIX TEKCTOB. Yalle Bcero TeM WIX MHBIM CITOCOO0M MCIIO/Nb-
3yI0TCSl TpefobydeHHble morpykenus. ECTb TpM OCHOBHBIX cIriocoba
BKJIIOYEHMSI TIOTPYREeHMI B COOCTBEHHYIO CETh:

O obyueHMe NOTPYREHWI ¢ HYIS;
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O HacTpoliKa IOTPYyXeHuiT Ha OCHOBe Ipefo0yYeHHbIX Mopeneit
GloVe/word2vec;

O mouck morpyxeHmuit B mnpenoOyueHHsix Mogensx GloVe/
word2vec.

B mepBoM ciTyyae Beca NMOTPYKEHMIT MHUIMAIU3UPYIOTCS HeGOMb-
MMM CTYYaifHBIMU 3HAYEHMSAMM ¥ O6YYalOTCS METOOM OOpaTHOro
pacmpocTpaHeHus. Takoii Ccrioco6 Mbl BUIEIM Ha IpUMepe MOHeei
skip-rpamm 1 CBOW B Keras. 3To peXXuM 10 YMOTYAHUIO IIPY UCTIONb-
soBanuu cnost Embedding B co6cTBeHHOIT ceTu.

Bo BTOpOM Ciy4ae U3 IpenobyuyeHHO Mopenu Gepercss Marpula
BECOB U UCIIONB3YeTCs A1 MHUIMANM3allUuY BEeCOB CJ1051 TOTPY>KeHMS.
CeTh Tarke OOHOBI/ISIET BeCca MeTOAOM 06PaTHOTO PaclpOCTPaHeHMUS,
HO MOJIe/Th CXOOUTCS BBICTPEE BCIEACTBIE XOPOUIEro BbI6GOpa HavasIb-
HBIX BECOB.

B TperbeM ci1y4ae MOTrPyKeHus CJIOB UIYTCA B Ipefo0ydeHHOoit Mo-
e, M BXOOHBIE NaHHbIE N1peo0pasyioTCs B BEKTOPHBIE TTOTPYKeHMS.
Ha npeo6pa30BaHHBIX JaHHBIX MOXHO 3aT€M 06YUMTS JIIO6YI0 MOZIeNb
(Heob6s13aTeNIbBHO CeTh INTyO0oKoro obyuenus). Eciu npenoGyueHHas
Mogjenb obydyanach Ha TEKCTax M3 TOif )Ke IpeaMeTHOI 06/1acTi, YTo
U 1[eJIeBas, TO ITOT CIOCO6 OOLIYHO /IaeT TIpeKpacHbIe pe3y/IbTaThl U
SIBJISIETCS CAMBIM JEIIEBbIM.

[l aHIIOSI3BIYHBIX TEKCTOB 0OIIEro XapaKkTepa MOXHO MCIIONb30-
BaTh Mogenb word2vec ot Google, o6yuenHyio Ha 10 MwuiMapaax cioB
13 Habopa faHHbX Google news. Pa3mep cioBaps COCTaB/sAET IpUMeEp-
HO 3 MWUIMOHA (JIOB, @ Pa3MEPHOCTb IIPOCTPAHCTBA HOTPYKeHUS paB-
Ha 300. Mopenb Google news (pasmepom okosno 1.5 I'B) MOKHO cKauaThb
IO aapecy https://drive.google.com/file/d/0B7XkCwpISKDYNINUTT1SS21pQmM/
edit?usp=sharing.,

C caitta GloVe MOXHO CKauaTh MOJe/Ib, OOYUeHHYI0O Ha 6 MUJIIN-
apaax JiekceM U3 aHDIOS3bIYHONM BMKUIIEAUM U KOPITyCe TEKCTOB, CO-
JepXauleM IHOpsAKa MWIMapna oioB. Pasmep ciioBapsi COCTaBIISIET
npumepHo 400 000 ci1oB, AJis cKAuMBaHMUSA AOCTYITHBI MOJENN C pas-
MEpPHOCTBIO IPOCTPAHCTBA Norpyxenus 50, 100, 200 u 300. Pazmep mo-
Ienu cocrapisier npubnusutensHo 822 MB. CkauaTh MoJenb MOKHO
IO aApecy http://nlp.stanford.edu/data/glove.6B.zip. TaM K€ MMEIOTCS
6oJiee KpyIHbIe MOAEN, OOyUeHHbIe Ha JaHHbIX U3 PEII03UTOPU IPo-
ekta Common Crawl u u3 Twitter.

B crnegyromyx passenax Mbl pacCMOTPMM, KaK MCHONb30BaTh 3TU
MOJIe/IV TPEMS BBILIEYITOMSIHYTEIMM CIIOCO6aMMU.
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06yueHHne norpyxeHuim c Hyns

B sToM mpuMepe Mbl 00YUMM OJHOMEPHYIO CBEPTOYHYIO HEI{POH-
Hy10 ceThb (CHC) kmaccuduumMpoBaTh NpeiokeH)s Kak OKpalleHHbIe
ITOJIOXKUTEIbHO MM OTpUIATeNbHO. B I1aBe 3 MBI Y3Ke paccMaTpuUBaiu
obyuenue npymepHoit CHC pgna xnaccuduxanuyu usobpaxenmit. Ha-
MMOMHMM, 4TO B 3T0¥1 CHC 1cnionb3yeTcs IpoCTPaHCTBEHHAs CTPYKTypa
M300paXeHNs ITyTeM obecrieueHust T0KaAbHOM CBI3HOCTY MEXAY Hell-
pOHaMU COCeqHUX C/IOEB.

s c/1oB IpeniosKeHMs XapakTepHa JIMHeHast CTPYKTypa, aHalo-
TMYHAas IPOCTPAHCTBEHHOI CTPYKTYpe B M300pakeHuu. TpaauumoH-
Hble (He Ha 6a3e TTYOOKOTr0 06yUeHMs) IOAXOAb] K SI3bIKOBOMY MoOZe-
JIMPOBAHMIO TIOAPA3YMEBAIOT CO3NaHME CJIOBECHBIX N-TPAMM (https://
en.wikipedia.org/wiki/N-gram), YIaBAMBAIOIIMX 3TY JMMHENHYIO0 CTPYKTY-
py. Onaomepubie CHC zenaloT HeuTo Ioxoxkee, o0y4yasi CBEpPTOUHBIE
GuUIbTPBI, KOTOPBIE 3aTpParuBalOT Cpa3y HECKOJbKO CJIOB IpelioxKe-
HUs, ¥ IPUMEHSIS K pesy/ibTaTaM max-IIy/IMHT, YTOObI CO31aTh BEKTOP,
TpeNCTaBASIOUMI BasKHEIIMe CMbIC/IOBLIE aCTIEKTHI IIPeJIJIOKEHMS.

CymecTByeT elle OfMH KJIacC HelipOHHBIX ceTeli, peKyppeHTHbIe
HeiipouHsie cetu (PHC), cenmasbHO IpeJHa3HaueHHble 41 o6pa-
BOTKM MOC/IeA0BATETbHbIX TaHHBIX, B T. 4. TEKCTA, KOTOPBIN eCTh He UTO
MHOe, KaK I0C/IeJ0BaTeIbHOCTb C/10B. Ilopsinok o6paboTku B PHC He
TaKoii, kak B CHC. ITonpo6uee o PHC MbI 6yeM roBOpUTH B CJIeAYIO-
e I1aBe.

B Haest ceT BXOAHOJ TEKCT Ipeobpa3yeTcs B IOCIEA0BATENBHOCTD
MHIEKCOB CJI0B. JIJIl rpaMMaTHUYecKoro pa3bopa TeKCTa MBI BOCIIOJIb-
30Ba/IMCh 6MOAMOTEKOI IJ11 06paboTKM ecTecTBeHHbIX S3bIKOB NLTK
(natural language toolkit). MoskHO 66110 6bI TIPUMEHUTD J7151 3TOM Leu
peryasipHble BhIpaskKeHUs], HO CTaTUCTUYECKMe MO, IIpejiaraemMble
NLTK, 6oee nmpurogusl s pasbopa texkcra. Eciy Bac uHTepecyioT 110-
IPY’KeHMS CJIOB, TO, CKOpee Bcero, Bbl 3aHMMaeTech OES, Tak yto NLTK
yKe yCTaHOBJ/IEHa.

Mo appecy http://www.nltk.org/install.html MpuBeaeHa
uHdopmauma 06 ycranoeke NLTK. MoHapob4arcsa Takke BK/O-
yeHHble B coctaB NLTK aaHHble - 0By4eHHbie Mogenu, Kopnychl
TEKCTOB U npouee. MHCTPYKUMKM NO MX YCTAaHOBKE UMEKTCA Ha
)aHWUE http://www.nltk.org/data.html,

IMocnemoBaTeNbHOCTh MHIEKCOB CJIOB 3arpykaeTcs B C/I0J IOIpy-
JKeHMsI 3aJaHHOTO pasmMepa (B HalleM cilyyae 4MCIO CJIOB B CaMOM
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IJIMHHOM TIpejiokeHuu). [1o yMoauaHuio CjI0¥ MOrpy;KeHUsT VHULIU-
ATU3UPYETCS CAYyYaiHBIMM 3HaYeHUSIMM. BBIXOH CJIOSI TOTPYKeHUS
COeIMHIeTCS C OMHOMEPHBIM CBEPTOUYHBIM CJI0eM, KOTOPBI CBOpauu-
BaeT (B HauleM IIpMMEpE) CIOBECHble TPUTPAMMBbl 256 pas3IMUHBIMU
criocobamu (10 CYTH Aenna IPUMeHseT pa3iudHble 06yUeHHbIe IMHeN-
Hble KOMOMHALMY BECOB K IOTPY)KEHUSIM CJIOB). DTU MPU3HAKM 3aTEM
CBOJSITCS K €AMHCTBEHHOMY (JIOBY CJIOEM I7TI00a/IbHOTO max-IyJIMHIa.
BexTop giuHbI 256 MogaeTcsa Ha BXOJ, IVIOTHOTO CJ10S, KOTOPbIif BBIBO-
IUT BEeKTOp MIMHBI 2. OYHKUMS akTUBalMK softmax BosBpamniaer aBe
BEPOSITHOCTM: IIOJIOXKMUTENbHOM UM OTpUIlaTeIbHOM 3MOLIMOHANBHOM
okpacky. CeTh IOKa3aHa Ha PUCYHKe HIKeE.

i
|

l'IOCﬂg,EI,OBaTel'IbHOCTb MﬂeHTHq&MKaTOpOB cnos
y [None, 1, maxlen)

Embedding

i {None, embed_size, maxien)

ConvolutionlD

J {Mone, num_steps, hum_filters |

GlobalMaxPooling1D

I {None, num_filters)

Dense

, ¢ {(MNone, 2}

IMocmoTpyuM, Kak 3To peanusyetcs ¢ nomolubio Keras. CHavana — um-
nopr raketos. [locie 3Toro 3agaercst HauajbHOE 3HaUeHMe reHepaTo-
pa cIy4daitHbIX umcen — 42. 9TO cOesaHo JJisl TOTO, YTOGB! pe3y/IbTaThl
MIPOTOHA IPOrPaMMbl OBLIM BOCIIPOM3BOAMMbBIMM (HATIOMHMM, YTO Ma-
TpULBI BeCOB MHULIMANU3UPYIOTCS CTyYaiiHBIMU 3HAYEHUSIMMU).

from keras.layers.core import Dense, Dropout, SpatialDropoutlD

from keras.layers.convolutional import ConvilD

from keras.layers.embeddings import Embedding
from keras.layers.pooling import GlobalMaxPoolinglD
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from keras.models import Sequential

from keras.preprocessing.sequence import pad_sequences
from keras.utils import np utils

from sklearn.model selection import train_test_split
import collections

import matplotlib.pyplot as plt

import nltk

import numpy as np

np.random.seed (42)

Jlanee 06BABISIOTCS KOHCTAHTHL. Bo Bcex OCTaBMIMXCS IIpUMepax B
3TOI1 IVIaBe Mbl OyIeM KiaccupuLIpoBaTh IIPeAIcKeHUs U3 KOHKypCa
UMICH S1650, nposoausinerocs: Ha caitte Kaggle. B atom Ha6ope faH-
HBIX 0K0J10 7000 mpenioxkeHuMit, MpuyeM MOT0KUTENLHO OKpallleHHbIe
cHabXeHb! MeTKOj 1, a oTpuniaTenbHo — MeTKoi 0. KoHcTanTa 1NpUT_
FILE OIIpenensieT MyTh K ¢ailly IoMeueHHbIX Npemioxkennit. [lepsoii
CMMBOJI B KaXI0¥f cTpoKe daitna — merka (0 wim 1), 3aTeM 3HaK Taby-
JISLIMU ¥ 32 HUM TIpeJjioKeHne.

KOHCTaHTa vOCAB_SIZE TOBOPUT, YTO MbI Oy/leM paccMaTpyuBaTh TO/b-
Ko mepBbie 5000 jieKceM TeKCTa. EMBED_SIZE — pa3sMep ITOTPYXKeHUs, Te-
HepUPYEMOTO CIOEM IOTPY’>KeHMs! Halleil CeTM. NUM_FILTERS — YMCIO
CBePTOYHBIX (PUIBTPOB, 06yUaeMbIX B CBEPTOUHOM CJIO€, & NUM_WORDS —
pasMep Kaxaoro ¢puiabTpa, T. €. KOIMYEeCTBO CBOPAYMBAEMBIX 33 ONUH
pas c0B. KOHCTaHTBI BATCH_SIZE M NUM_EPOCHS — COOTBETCTBEHHO YMCIIO
3aIpy’kaeMbIX B OZHOM IIaKeTe 3aIluceil ¥ KOIMYECTBO ITPOXO/0B I10
BCeMy Habopy JaHHbIX B ITpoliecce 00yueHus.

INPUT_FILE = "../data/umich-sentiment-train.txt"”
VOCAB_SIZE = 5000
EMBED SIZE = 100

NUM_FILTERS = 256
NUM_WORDS = 3
BATCH_SIZE = 64

NUM_EPOCHS = 20

Jamee Mbl YMTaeM BXOOHbLIE NIpeAOXXeHMSA U CTPOUM ClI0Baph, CO-
nepxamm'/’l Hayubo/ee 4acTo BCTpedawuiecsa B Kopiyce cjioBa. 3atem
3TOT CJIOBAPb MUCIIO/Ib3YETCA IJIsL Hpeo6paSOBaHMﬁ BXOIHBIX Nipeajo-
JKeHMM B CNIMCOK MHIEKCOB C/IOB.

counter = collections.Counter ()
fin = open(INPUT FILE, "rb")
maxlen = 0
for line in fin:
_r sent = line.strip().split("t")
words = [x.lower() for x in nltk.word_tokenize(sent)]
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if len(words) > maxlen:
maxlen = len{words)
for word in words:
counter[word] += 1
fin.close ()

word2index = collections.defaultdict (int)

for wid, word in enumerate (counter.most common (VOCAB_SIZE)):
word2index [word[0]] = wid + 1

vocab_size = len(word2index) + 1

index2word = {v:k for k, v in word2index.items() }

Kaxmoe npeaioxXeHue AOOIIONHACTCA A0 OJIMHBI maxlen (B HaleM
TpUMepe 3TO UUC/IO CIOB B CAMOM JIJIMHHOM TIPeIJIOXKeHU U3 obyyda-
lourero Haﬁopa). Kpome TOr'0, METKU HpeoﬁpaBY}OTCSI B KaTeropyuajib-
HbIit opMarT ¢ moMoIbio cyxxeoHoit dhyukiuy Keras. ITocmeauue gsa
mara — CTaHJgapTHbIe oIlepalun 06pa60TKI/I TeKCTa, C KOTOPIMM MBbl
ele He pa3 BCTPeTUMCH.
xs, ys = [1, []
fin = open(INPUT_FILE, "rb")
for line in fin:
label, sent = line.strip().split("t")
ys.append (int (label))
words = [x.lower() for x in nltk.word tokenize(sent)]
wids = [word2index[word] for word in words]
xs.append (wids)

fin.close ()

X = pad_sequences (xs, maxlen=maxlen)

Y = np_utils.to_categorical (ys)

Hakonel, Mbl pa36uBaeM JaHHbIe Ha 00YYaloOIMii U TECTOBbIN Ha-
60p B nmponiopuuu 70:30. Teneps faHHbIe NpUBeeHbI K BUAY, IPUTOJ -
HOMY [JIiJ151 3aTPY3KU B CETh!

Xtrain, Xtest, Ytrain, Ytest = train test split(X, Y, test size=0.3, random state=42)

OrnpenenyM OMVCAaHHYIO paHee CeTh:

model = Sequential ()

model.add (Embedding (vocab_size, EMBED_SIZE, input_length=maxlen)

model.add (SpatialDropoutlD(Dropout (0.2)))

model.add (ConvlD(filters=NUM FILTERS, kernel size=NUM WORDS, activation="relu"))
model .add (GlobalMaxPoolinglD())

model .add(Dense (2, activation="softmax"))

Tenepb OTKOMIIWIUPYEM MOJeb. [IOCKOIbKY MBI CTPOMM OMHAapHbI
KnaccubuKaTop (MOJOKUTENbHAs UM OTpUliaTe/bHash SMOLMOHAIb-
Has OKpacka), TO B KayecTBe QYHKLMM TOTEPD BBIOMPAEM categorical
crossentropy. B KQUeCTBe ONTUMM3aTOPa BO3bMEM adam. O6YUYUM MOZENDb
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Ha HalleM 06yqa10meM Haﬁope, yKa3aB pasmep Iakera 64 ¥ 91cio ne-
puonoB 20:
model .compile (loss="categorical_crossentropy", optimizer="adam", metrics={"accuracy"])

history = model.fit (Xtrain, Ytrain, batch_size=BATCH_SIZE,
epochs=NUM_EPOCHS, validation_data=(Xtest, Ytest))

TIpoToKON 06y4YeHNMs TOKa3aH HYXKe:

. Epoch 9/20
4960/4960 [ | - 3s - loss: 0.0337 - acc: 0.9855 - val_ioss: 0.0263 - val_ace: 0.9882
Epoch 10/20
4960/4960 |: ] - 3s - loss: 0.0369 - acc: 0.9843 - val_loss: 0.0277 - val_acc: 0.9878
Epoch 11/20
4960/49860 [ ] - 3s - loss: 0.0331 - acc: 0.9881 - val_loss: 0.0303 - val_acc: 0.9878
Epoch 12/20
4960/4960 |: ] - 3s - loss: 0.0289 - acc: 0.9879 - val_loss: 0.0291 - val_acc: 0.9862
Epoch 13/20
4960/4960 | ] - 3s - loss: 0.0261 - acc: 0.9901 - val_loss: 0.0305 - val_acc: 0.9878
Epoch 14/20
} 4960/4960 ] - 3s - loss: 0.0261 - acc: 0.9895 - val_loss: 0.0310 - val_acc: 0.9859
; Epoch 15/20
4960/4960 |: ] - 3s - loss: 0.0355 - acc: 0.9857 - val_loss: 0.0307 - val_acc: 0.9873
Epoch 16/20
4960/4960 |: ] - 3s - loss: 0.0247 - acc: 0.9893 - val_loss: 0.0283 - val_acc: 0.9868
Epoch 17/20
4960/4960 | ] - 3s - loss: 0.0249 - acc: 0.9891 - val_loss: 0.0329 - val_acc: 0.9854
Epoch 18/20
4960/4960 |[: ] - 3s - loss: 0.0299 - acc: 0.9895 - val_loss: 0.0285 - val_acc: 0.9882
Epoch 19/20
4560/4960 [: ] - 3s - loss: 0.0282 - acc: 0.9887 - val_loss: 0.0287 - val_acc: 0.9882
Epoch 20/20
4960/4960 [: ] - 3s - loss: 0.0401 - acc: 0.9839 - val_loss: 0.0311 - val_acc: 0.9878
2126/2126 | ]-0s
Test score: 0.031, accuracy: 0.986

Kak BuauM, Ha TECTOBOM Habope BepHOCTh CeTy cocTaBuaa 98.6%.
Kop sToro npumMepa Hax0gUTCA B (hajise 1earn_embedding from scratch.
py B MCXOJZHOM KOZ€ K 3TOJ I71aBe.

Hactpoiika norpyxeHuit Ha OCHOBe
npepobyueHHo Mopenu word2vec

B sTtom npuMepe Mbl 6y,ueM MCII0/Ib30BATh TY JKe CeThb, UTO B IIpe-
ObIOYIIEM. B nporpaMMe eAVHCTBEHHOE CYIIeCTBEHHOE OTIINYME ~ [0~
TIOJTHUTENbHBIN KOZ, /ISl 3arpy3ku MOHeau word2vec u NOCTPOEeHUs
MaTpUIbl BECOB 4J1 CJIOA ITIOrPY>XeHUsI.

Kak BcCerga, HauMyHaeM C MMIIOPTa M 3aJaHMA Ha4Ya/IbHOI'O 3HAYEHMSA
CHanVIHOFO reHepaTopa 4jsi BOCIpomu3BOAMMOCTU. IToMuMoO TOrO, 4TO
OBITO MMIIOPTUPOBAHO B IIpeabIaylleM IpuMepe, Mbl ellle€ UMIIOPTUDY-
eM Mozenb word2vec 13 rmakeTa gensim:

from gensim.models import KeyedVectors

from keras.layers.core import Dense, Dropout, SpatialDropoutlD
from keras.layers.convolutional import ConvlD
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from keras.layers.embeddings import Embedding

from keras.layers.pooling import GlobalMaxPoolinglD
from keras.models import Sequential

from keras.preprocessing.sequence import pad sequences
from keras.utils import np_utils

from sklearn.model selection import train_test_split
import collections

import matplotlib.pyplot as plt

import nltk

import numpy as np

np.random.seed (42)

Iaee 3a/1a10TCS KOHCTAHTHI. 10 cpaBHEHUIO C MPEbIAYLINM CITy-
YyaeM Mbl YMeHbIIMIN NuM_Epocks ¢ 20 mo 10. HamoMHMM, YTO MHULIM-
anM3alysl BeCOB 3HAYEHMSMMY, B3STHIMYU U3 IIpefloGyYeHHON MozenH,
06BIYHO YCKOPSIET CXOAUMOCTD:

INPUT FILE = "../data/umich-sentiment-train.txt"

WORD2VEC_MODEL = "../data/GoogleNews-vectors-negative300.bin.gz"
VOCAB_SIZE = 5000

EMBED_SIZE = 300

NUM_FILTERS = 256
NUM_WORDS = 3
BATCH SIZE = 64
NUM EPCCHS = 10

B cienymoiieit yacTu M3 Habopa JaHHBIX M3B/IeKalOTCs C/I0Ba 1 CO3-
JaeTcs CI0Bapb CaMbIX YacCThIX TEPMOB, I1OC/Ie Yero Habop JaHHBIX
pas6yupaeTcs C LeIbI0 CO3JaHMsS CIMUCKA CIMCKOB JOTIOJIHEHHBIX C/IOB.
KpoMme TOro, MeTKH 1peo6pasyioTcs B KateropuanbHblii popmar. U Ha-
KOHell, Mbl pa36yBaeM JaHHbie Ha O6y4alOLUit ¥ TeCTOBbIt Habop.
DTOT 6JI0K HUYeM He OTIMYaeTcsl OT IpebIAyIIero npyumepa, rae 6uuim
IpuUBeIeHbl HOAPOOHbIE TIOSICHEeHMUS.

counter = collections.Counter ()
fin = open (INPUT FILE, "rb")
maxlen = 0
for line in fin:
_, sent = line.strip().split("t")
words = [x.lower() for x in nltk.word tokenize(sent)]
if len(words) > maxlen:
maxlen = len(words)
for word in words:
counter [word] += 1
fin.close ()

word2index = collections.defaultdict (int)
for wid, word in enumerate(counter.most_common(VOCAB_SIZE)):
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word2index[word[0]] = wid + 1
vocab sz = len(word2index) + 1
index2word = {v:k for k, v in word2index.items({()}

xs, ys = [1, []

fin = open(INPUT_FILE, "rb")

for line in fin:
label, sent = line.strip{().split("t")
ys.append (int (label))
words = [x.lower() for x in nltk.word tokenize(sent)]
wids = (word2index[word) for word in words]
xs.append (wids)

fin.close ()

X = pad_sequences (xs, maxlen=maxlen)

Y = np utils.to_categorical(ys)

Xtrain, Xtest, Ytrain, Ytest = train_test_split(x, Y, test_size=0.3,
random_state=42)

JIanee Mbl 3arpyxaem mogenb word2vec, npeno6ydeHnyio Ha 10
MWLIMapHax ¢10B 13 HoBocTeit Google News co cioBapeM Ha 3 M-
JIMOHa cJIoB. TTocie 3arpy3ky Mbl UIIEM B MO BEKTOPbI IIOTpyKe-
HMIT IJI CJIOB M3 HALIETo CJI0Bapsd UM 3aIMChiBAaeM BEKTOP MOTPYIKeHUIA
B Hallly MaTPHULY BECOB embedding_weights. CTPOKM 3TO MaTPUILIbI BECOB
COOTBETCTBYIOT CJIOBAM 13 CIOBAPS], & CTONOLIbI — BEKTOPY IOTPYKEeHMU
C/10Ba.

MaTpuiia embedding weights MMEET pa3Mep vocab_sz * EMBED_SIZE. Be-
JIVMYMHA vocab_sz HA €AVHMIYY OOJbIIe YyCIa YHMKAIbHBIX TEPMOB B
cI0Bape, JOTONHMUTENbHAsS GQUKTUBHAS JIeKCeMa _UNK_ IpPEeACTaBisier
OTCYTCTBYIOLIVE B CJIOBAape CJI0Ba.

BriosiHe BO3MOXHO, UTO B HallleM C/I0Bape eCTb CII0Ba, OTCYTCTBYIO-
urie B monenu word2vec Ha 6a3e GoogleNews. JI71s1 TakMX C/IOB BEKTOP
TOTpPY>KeHMIi IPUHMMAET 3HaYeHMe 110 YMOTYaHUI0 — BCe HYJIN.

# sarpyauTb Mogmenb word2vec
word2vec = Word2Vec.load_word2vec_format (WORD2VEC_MODEL, binary=True)
embedding weights = np.zeros ((vocab_sz, EMBED_SIZE))
for word, index in word2index.items():
try:
embedding weights{index, :] = word2vec [word]

except KeyError:
pass

Tereps olpenenum Halry ceTb. OTinuMe OT HPEAbIAYILEro puMepa
3aK/II0YAEeTCs B TOM, YTO Beca CJ10s HOTPY)KeHNd, XpaHALIMecsd B MaTpu-
1@ embedding weights, MVHMLIMANIM3YPOBaHbl B NpeIIeCTBYIONIe YacTu
pOrpaMmbl:
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model = Sequential ()

model .add (Embedding (vocab_sz, EMBED_SIZE, input length=maxlen,
weights=[embedding_weights])

model.add(SpatialDropoutlD(Dropout(0.2)))

model.add (ConvlD (filters=NUM FILTERS, kernel size=NUM WORDS, activation="relu"))

model.add(GlobalMaxPoolinglD())

model.add (Dense (2, activation="softmax"))

3aTeM Mbl KOMITMIMPYEM MOJ€/b, IPUMEHsIsT KaTeropualbHylo me-
peKpecTHYI0 SHTPONMIO B KayecTBe QYHKUMY NOTepb 1 ONTHMU3ATOP
Adam, 1 o6yuaem ceTb IIPK pasmMepe MakeTa 64 Ha POTSHKEHUA 10 e-
puozos. [Tociie aTOrO OLleHMBaeM 06y4YEHHYIO MOZeb.

model.compile (optimizer="adam", loss="categorical crossentropy”,
metrics=["accuracy"])

history = model.fit (Xtrain, Ytrain, batch_size=BATCH_SIZE,
epochs=NUM EPOCHS, validation_data=(Xtest, Ytest))

score = model.evaluate (Xtest, Ytest, verbose=l)

print ("Test score: {:.3f}, accuracy: {:.3f)}".format (score[0], score[l]))

Huske nokasaHbl pe3Yy/IbTaThl BBITIOTHEHMS 9TOM NPOrPamMMBbl;

((4960, 42), (2126, 42), (4960, 2), (2126, 2))
Train on 4960 samples, validate on 2126 samples

Epoch 1/10

4960/4960 [ ] - 78 - loss: 0.1766 - ace:
0.9369 - val loss: 0.0397 - val_acc: 0.9854

Epoch 2/10

4960/4960 [ ] - 7s - loss: 0.0725 - acc:
0.9706 - val_loss: 0.0346 - val_acc: 0.9887

Epoch 3/10

4960/4960 [ ] - 7s - loss: 0.0553 - acc:
0.9784 - val_loss: 0.0210 - val acc: 0.9915

Epoch 4/10

4960/4960 [ ] - 7s - loss: 0.0519 - acc:
0.9790 - val loss: 0.0241 - val_acc: 0.9934

Epoch 5/10

4960/4960 [ ] - 7s - loss: 0.0576 - acc:
0.9746 - val_loss: 0.0219 - val acc: 0.9929

Epoch 6/10

4960/4960 [ ] - 7s - loss: 0.0515 - acc:
0.9764 - val loss: 0.0185 - val_ace: 0.9929

Epoch 7/10

4960/4960 [ ] - 7s - loss: 0.0528 - acc:
0.9790 - val_loss: 0.0204 - val_acc: 0.9920

Epoch 8/10

4960/4960 [ ] - 7s - loss: 0.,0373 - acc:
0.9849 - val loss: 0.0221 - val_acc: 0.9934 .

Epoch 9/10

4960/4960 [ ] - 7s - loss: 0.0360 - acc:
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0.9845 - val_loss: 0.0194 - val acc: 0.9929
Epoch 10/10

4960/4960 [ ] - 7s - loss: 0.0389 - acc:
0.9853 - val loss: 0.0254 - val_acec: 0.9915
2126/2126 [ ] - 1s

Test score: 0.025, accuracy: 0.993

ocne 10 nepromoB 06yueHus MofieNib IOKa3biBaeT BEpPHOCTh 99.3%
Ha TeCTOBOM Ha6ope. DTo jIydllle, uem MpeablayImii mpumep, rae 6bi1a
IOCTUIHYTa BepHOCTh 98.6% nocie 20 nepuonos.

Kop 3Toro npymMepa HaxoguTcs B aiie finetune_word2vec_embeddings.
py B MICXOTHOM Kofe K 3TOJ I1aBe.

Hactpoiika norpy)xeHuit Ha OCHOBe
npenobyuyeHHoi mogenu GloVe

Tlorpy>xeHusl Ha OCHOBe IpenoOyueHHoi mopenu GloVe HacTpan-
BAIOTCS TIPMMEPHO Tak 3Ke, Kak B crydae Mogeny word2vec. Ha camom
nejie OT/IMYAeTCd TOJMBKO KOJ MOCTPOeHUs MAaTpPUIIbLI BeCOB I CJIOs
norpykeuus. ToIbKO ero Mbl ¥ paCCMOTPUM.

ECTb HECKOIBKO BU/IOB NpefobydyeHHbix Moaeseit GloVe. Mbl 6ynem
paboTaTh C TOii, uTo 06yyeHa Ha 6 MUIMApAAX JIEKCeM M Ha KopIryce
TeKCTOB 00beMOM IOPSIKA MWJIMAP/a C10B U3 aHIVIOSA3bIUHOA BUKM-
nenyu. Pasmep cioBapst mogenu coctapisgeT npumepHo 400 000 cios,
MMeIOTCsI 3aTpykaemble daiiibl 1715 pa3MepHocTy norpyskenus 50, 100,
200 1 300. Mbl Bo3sbMeM ¢aiint ajs pasmepHocTty 300.

EnyHCTBEHHOE, UTO HYKHO M3MEHUTD B KOZe NPeIbIAYIIero pume-
pa, — 4acTh, TIe CO3/AaeTcs Moesb word2vec 1 MHUUMATU3VUPYeTCs ee
MaTpuiia BecoB. A ec/iu 6bl MBI B3I MOJI€/Tb C pa3MEPHOCTBIO, OTINY-
Ho¥1 oT 300, TO HYXHO ObUTO GBI e1e ¥3MEeHUTb KOHCTAHTY EMBED_SIZE.

BekTopsl 3amucaHbl B ¢aiiie B TeKCTOBOM (opmMaTe uepes npober,
[03TOMY Hallla TIepBas 3afaua — IIPOUYMTATh MX B CJIOBAPb word2emb. ITO
IeflaeTcs aHaJIOTMYHO pasbopy CTpoku (aiiia JaHHBIX OIS MOIEeIn
word2vec.

GLOVE_MODEL = ". ./data/glove.6B.300d.txt"
word2emb = {}
fglove = open(GLOVE_MODEL, "rb")
for line in fglove:
cols = line.strip().split()
word = cols[0]
embedding = np.array(cols[l:], dtype="float32")
word2emb [word] = embedding
fglove.close()
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3aTeM co3aeM MaTpUIly BECOB HOTPYKeHUsI pa3Mepa vocab_sz X EM-
BED SIZE M 3aIIOJIHSIeM ee BeKTOpaMy U3 CJIOBapsl wordzemb. BEKTODSI,
KOTOpble COOTBETCTBYIOT C/I0BaM, MMEWIIMMCS B C10Bape, HO OTCYT-
cTRyIOIIMM B Mopeny GloVe, ocTaioTcs HyleBbIMM:

embedding weights = np.zeros((vocab_sz, EMBED_ SIZE))
for word, index in word2index.items{():

try:

embedding weights[index, :]
except KeyError:

pass

= word2emb [word]

Kopg, aToro npuMepa HaxoAuTcs B daiine finetune glove embeddings.py
B VICXODHOM KOJie K 3ToM I7naBe. Huke MoKa3aHbl pe3y/lbTaThl BbIMOJ-

HeHMSI OpOrpaMMBbI:

(4960, 42), (2126, 42), (4960, 2), (2126, 2))
Train on 4960 samples, validate on 2126 samples
Epoch 1/10

1

4360/4960 [
Epach 210

|

1

4960/4960 [
Epoch 3/10

il

496074960 [:
Epoch 4/10
496074960 :

R

Epoch 5/10
496074960 :

i

Epoch 610
4960/4960 [

1

Epoch 7/10
496074960 |

Epoch 8/10
4960/4960 :

1

Epoch 9110
4960/4960 |

Epoch 10/10
4860/4960 {:

2126/2126 [;

1
']
1

Test score: 0.027, accuracy: 0.991

1

- 7s - loss: 0.1748 - acc: 0.9240 - val_loss: 0.0390 - val_acc: 0.9840

- 7s - loss: 0.0859 - acc: 0.9649 - val_loss: 0.0431 - val_acc: 0.9845

] - 7s - loss: 0.0586 - acc: 0.9754 - val_loss: 0.0528 - val_acc: 0.9779

- 8s - loss: 0.0565 - acc: 0.9798 - val_loss: 0.0386 - val_acc: 0.9873
- 8s - loss: 0.0792 - acc: 0.9683 - val_loss: 0.0233 - val_acc: 0.9892
- 8s - loss: 0.0618 - acc: 0.9746 - val_loss: 0.0247 - val_acc: 0.9911
- 7s - loss: 0.0569 - acc: 0.9752 - val_foss: 0.0266 - val_acc: 0.9806

- 8s - loss: 0.0419 - ace: 0.9829 - val_loss: 0.0211 - val_acc: 0.9920

] - 7s - loss: 0.0371 - acc: 0.9849 - val_loss: 0.0208 - val_acc: 0.9920

- 9s - loss: 0.0422 - acc: 0.9815 - val_loss: 0.0266 - val_acc: 0.9908
-1s

i

i

TTpu 06yueHnn Ha NPOTsKeHEMM 10 TepuoI0B JOCTUTAETCSA BEPHOCTh
99.1%, 4TO NOUTYU HEe YCTYIaeT pe3ylabTaTaM, IIOTyUYeHHBIM I10C/Ie Ha-
CTpOIIKY BecoB Mogeny word2vec.

Mouck norpyxxeHum

U mowiepHsst CTpaTerus — MOUCK MOTPYXKeHMiT B IpenobyueHHOI!
ceTu. Jljist 3TOTO TPOLIE BCErO 3afaTh B HAlIMX MpUMepax MapameTp
trainable CJIOS TIOTPYKEHUSI PABHBIM False. TOrga nmpu o6paTHOM pac-
MPOCTpaHEeHUN He OBYIYT OOHOBSTHCS Beca 3TOTO CJ104:

model.add (Embedding (vocab_sz, EMBED SIZE, input_ length=maxlen,
weights=[embedding weights], trainable=False))
model.add(SpatialDropoutlD (Dropout (0.2)))
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IMocTynyB Tak B ipuMepax ajis mozeneit word2vec u GloVe, mbl 1o-
JIYY44M COOTBETCTBEHHO BepHOCTb 98.7% 1 98.9% mocne 10 nepuonos
obyuenmus.

OpHaxko B 00LIeM C/iyyae npenobyueHHble IIOTPYKeHUs MUCTIONb3Y-
10TCs1 He Tak. OB6bIYHO IIPOM3BOAMUTCS IIpegBapUTeIbHass 00padoTKa Ha-
0opa JaHHBbIX, 11elb KOTOPOii — TOCTPOUTDL BEKTOPHbIE MPEACTaBIEHUS
CJI0B IIyTEeM II0MCKA B KaKO-TO IIpefo0yuyeHHO! Mozeny, a 3aTeM BoC-
[I0/Ib30BAThCS ITUMY AAHHBIMM JIJ1s1 00yUeHusI Ipyroi Mmopenu. Bropas
Mofeb He 6yIeT Comep:KaTh CJI0sl TIOTPYKeHUsI ¥ Booblle MOKeT He
OBITE CETHIO INTYOOKOT0 00yYeHUS.

B nmpumepe HIKe omnmcaHa IUIOTHAs CeThb, KOTOpas NMpUHMMAET Ha
BXoze BekTop pasmepa 100, mpeacTaB/IsIOIIMI NpeijIoKeHye, 1 Bbi-
BOOUT 1, eciiut TIpejIoXKeHMe MMeeT IOIOKUTEAbHYIO SMOLIMOHAIbHYIO
oKkpacky, 1 0 — et OTpULATENbHYI0. MBI MO-TIPEKHEMY UCMIOIb3YeEM
Habop maHHbIX U3 KoHKypca UMICH S1650, copepykaiinii IpumMepHO
7000 mmpeaoKkeHUit.

Kak 1 panbliie, 60plive Kycku KoAa IOBTOPSIIOTCS, IIO3TOMY MBI
330CTPUM BHMMAaHME TOJIBKO Ha HOBBIX YACTSIX, HYXAAIOMIMXCSA B I10-
SCHeHMU. B Hauaje MMIIOPTUPYIOTCSA IaKeTbl, MHULMAIUIUDPYETCH
reHepaTop CIyYaifHbIX YMCeNl ¥ 3afaloTCsl 3HaueHusl KOHCTaHT. s
cospanusg 100-MepHBIX BEKTOPOB /ISl KaKAO0TO IpeAIoKeH U HaM I10-
HamobuTcst mozenb GloVe pasmepuoctu 100, KoTopast XpaHUTCS B aii-
JIe glove.6B.100d. txt:

from keras.layers.core import Dense, Dropout, SpatialDropoutlD

from keras.models import Sequential

from keras.preprocessing.sequence import pad_sequences

from keras.utils import np_utils

from sklearn.model selection import train_test_split

import collections

import matplotlib.pyplot as plt

import nltk
import numpy as np

np.random.seed{42)

INPUT_FILE = "../data/umich-sentiment-train.txt"
GLOVE_MODEL = "../data/glove.6B.100d.txt"
VOCAB_SIZE = 5000

EMBED SIZE = 100

BATCH_SIZE = 64

NUM_EPOCHS = 10

Janee Mbl UMTAEM MPEAJIOKEHMS ¥ cO3haeM TabnuIy 4acTOT CJIOB.
W3 37031 Tabmuibkl Mbl 0T6Mpaem 5000 caMbIX YacThIX JIEKCEM U CTPOUM
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Ta6/MIbl COOTBETCTBUS (OTOBpaKalolIye CI0BA Ha MHAEKCH 1 Hao60-
pot). 19 leKceM, OTCYTCTBYIOLIMX B C/IOBape, B TaGiuue Co3AaeTcs
duKkTMBHAS TekceMa _uNk_. [10/1b3ysICh 9TMMM TabMMIIAMU, MBI TIPE06-
pasyeM Ka/0e IIPeIOKeHNUE B [I0CNIe[0BaTeIbHOCTb UAEHTU(UKATO-
POB C/IOB, JOIIO/HSISL BCE MPEJIOKEHNMs A0 ONMHAKOBOM ANMMHBI (paB-
HOJ1 UMY C/IOB B CAMOM JUTMHHOM IpeJyIokeHun). Kpome Toro, MeTKu
npeo6pasyioTcs B KaTeropuaabHbIi opmar.

counter = collections.Counter ()
fin = open (INPUT_FILE, "rb")
maxlen = 0
for line in fin:
_, sent = line.strip().split("t")
words = [x.lower() for x in nltk.word_tokenize(sent)]
if len(words) > maxlen:
maxlen = len(words)
for word in words:
counter[word] += 1
fin.close ()

word2index = collections.defaultdict (int)

for wid, word in enumerate(counter.most_common(VOCAB_SIZE)):
word2index [word[0]] = wid + 1

vocab_sz = len (word2index) + 1

index2word = {v:k for k, v in word2index.items()}

index2word(0] = " UNK "

ws, ys = [1, []

fin = open (INPUT_FILE, "rb")

for line in fin:
label, sent = line.strip().split("t")
ys.append (int (label)
words = [x.lower{) for x in nltk.word_tokenize(sent)]
wids = [word2index[word] for word in words]
ws.append (wids)

fin.close()

W = pad_sequences (ws, maxlen=maxlen)

Y = np_utils.to_categorical (ys)

BekTopbl GloVe sarpyxarorcst B cioBapb. Eciu 661 MBI 3aX0TeNN JC-
[I0/Ib30BaTh Mofedb word2vec, To HYXHO 6bUI0 6bl JMIIbL 3aMEHUTD
9TOT 610K BbI30BOM (PYHKLMM Wordovec.load_word2vec_format() U3 OU-
6aMOTeKY genism, a CIeRyIoWuii — TOUCKOM B Mofien word2vec, a He
B clioBape word2emb:
word2emb = collections.defaultdict (int)

fglove = open (GLOVE_MODEL, "rb")
for line in fglove:
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cols = line.strip().split()
word = cols[0]
embedding = np.array(cols{1l:], dtype="float32")
word2emb [word] = embedding
fglove.close()

B ciepyroumem dparmeHTe Mbl UIIEM C/10BA KKIOr0 NpejioKeHNs
B MaTpupe I/I,EleHTI/ICl)I/IKaTOpOB CJIOB W M 3alIMChIBAEM B MaTpUILLY E CO-
OTBETCTBYIOLIMII BEKTOP MOTPYKeHUS. CyMMa 3TUX BEKTOPOB 06pa3yeT
BEKTOP Npelo’KeHusl, KOTOPBIi1 3aIIMChIBAETCSI B MAaTPULLY X. Ha BbIxO-
e [osy4yaeTcs MaTpuila x pasMepa num_records X EMBED SIZE):

X = np.zeros((W.shape[0], EMBED_SIZE))
for i in range(W.shape[0]):
E = np.zeros((EMBED_SIZE, maxlen))
words = [index2word[wid] for wid in W([i] .tolist ()]
for j in range(maxlen):
E[:, j] = word2emb[words(j]]
X[i, :] = np.sum(E, axis=l)

UTak, Mbl 3aBepLIMIM NIPeABAPUTENbHYI0 06paboTKy JaHHBIX C MC-
[10/1b30BaHMeM Npe06ydeHHO MOJENM U TOTOBbI IIPMMEHUTH UX JJIst
06y4eHMs ¥ OLIeHKM OKOHUaTeNbHOjI Mojenn. Kak 06b14HO, pasobsem
IaHHBIe Ha 06yyaoumii u TecToBbI Habop B mponopuuy 70:30:

Xtrain, Xtest, Ytrain, Ytest = train_test_split(x, Y, test size=0.3,
random_state=42)

Jl1st aHaMM3a SMOLMOHANIBHOI OKPAaCKM MBI 06YYMM IIPOCTYIO TI/IOT-
HYIO ceTh. [IpM ROMIWISIIMY 33[jaeM KaTeropuajbHYI0 epeKpecTHYIO
SHTPOIMIO B KauecTBe GYHKLMM [OTephb M onTuMu3aTop Adam u 06-
y4aeM ceTh Ha BEKTOpPax IpensIoKeHui, NOCTPOEHHbIX Ha OCHOBE Ipe-
no6y4deHHbIX IOTpykeHMit. Y HakoHel], OLeH)BaeM MOZIe/M Ha TeCTo-
BOM Habope.

model = Sequential ()

model.add (Dense (32, input_dim=100, activation="relu"))

model.add (Dropout (0.2))

model.add(Dense (2, activation="softmax"))

model.compile (optimizer="adam", loss="categorical crossentropy”,

metrics=["accuracy"])

history = model.fit (Xtrain, Ytrain, batch_size=BATCH_SIZE,
epochs=NUM_EPOCHS, validation_data=({Xtest, Ytest))

score = model.evaluate(Xtest, Ytest, verbose=l)

print ("Test score: {:.3f), accuracy: {:.3f}".format (score (0], score[l]))

Hiyke 110KasaHbl pe3yabTaThbl BhIIIOTTHEHNA IIPOrpaMMmbl:
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((4980, 100), (2126, 100), (4960, 2), (21286, 2))
Train on 4960 samples, validate on 2126 samples
Epoch 1/10
4960/4960 | ] - 0s - loss: 1.9577 - acc: 0.5667 - val_loss: 0.4448 - val_acc: 0.8556
Epoch 2/10 !
4960/4960 |: ] - Os - loss: 0.5245 - acc: 0.7942 - val_loss: 0.3167 - val_acc: 0.8078
Epoch 3/10
496074960 {: ] - Os - loss: 0.3026 - acc: 0.9002 - val_lass: 0,2456 - val_acc: 0.8473
Epoch 4/10
4960/4960 [ ] - Os - loss: 0.2338 - acc: 0.9270 - val_loss: 0.2068 - val_acc: 0.9388
Epoch 5/10
496074960 ; ] - Os - loss: 0.1802 - acc: 0.9520 - val_loss: 0.1720 - val_acc: 0.9581
Epoch 6/10
496074960 [ = ] - Os - loss: 0.1561 - acc: 0.9552 - val_loss: 0.1561 - val_acc: 0.9610
Epoch 710
4960/4960 [: ] - Os - loss: 0.1396 - acc: 0.9631 - val_loss: 0.1535 - val_acc: 0.9577
Epoch 8/10
4960/4960 [ ] - Os - loss: 0.1216 - acc: 0.9645 - val_loss: 0.1338 - val_acc: 0.9628
i Epoch 9/10 {
| 4960/4960 [ ] - Os - loss: 0.1152 - acc: 0.9641 - val_loss: 0,1273 - val_acc: 0.9643
¢+ Epoch 10110
4960/4960 [: ] - Os - loss: 0.1044 - acc: 0.9706 - val_loss: 0.1257 - val_acc: 0.9647
1888/2126 |[: ... - ETA: Os
‘ Test score: 0.126, accuracy: 0.965

IT10THAas ceTh ¢ MpeABapuUTeNbHOI 06paborkoii Ha 100-MepHOIt MO-
nemy GloVe gaeT BepHOCTb 96.5% Ha TeCcTOBOM Habope nocsie o6yueHus
Ha npoTskenuu 10 mepuomos. CeTh ¢ IpeaBapuUTeabHON 06paboTKOM
Ha 300-mepHoit Momenu word2vec naet BepHOCTb 98.5%.

Koz, sToro npumepa Haxogurcs B ¢aifie transfer_glove_embeddings.
py (I mpumepa ¢ mogenpio GloVe) u B aiifie transfer_word2vec_embed-
dings.py (IUIS IIPUMEPA C MOAENbI0 word2vec) B UCXOTHOM KOfie K 3TOif
IiaBe.

Pes3ioMe

B 9T0i1 IM1aBe Mbl U3YUMIH, KaK IIpeobpa3oBaTh CI0Ba U3 TEKCTA B BEK-
TOpHBIE MPEJCTAaBIEHMUS C COXpaHeHMeM AUCTPUOYTUBHOM CEMaHTUKYU
cioB. Myl TaKke Ha MHTYUTUBHOM YPOBHE TIOHSIIM, TI0YEMY MOTpyKe-
HUS CJI0B B BEKTOPHOE IIPOCTPAHCTBO IEMOHCTPUPYIOT TaKoe 1oBee-
HIe Y TTOYeMy OHM TIONIE3HBI JIs IPUMMEHeHUs B TTYy60KMX MOZemsax
TEKCTOBBIX JIAHHBIX.

3arem MBI PacCMOTPeNM [BE TOIMyISIpHble MOJEIN MOTPYXeHMS
cioB, word2vec u GloVe, 1 ysicHMIM, Kak OHM pab0TaloT. Mbl TaKKe 110-
3HAKOMIWIUCH C IIPYMeHeHueM 6M6/IMoTeKy gensim /17151 06yueHust Mo-
Jenyt word2vec Ha IaHHBIX.

HaxoHell, Mbl Y3HQJIX O Pa3JIMUHBIX Cr10co6ax MCIMOMb30BaHMs I10-
rpykeHuit B co6CTBEHHOI ceTy. [TepBblit — 00yUnTH BeCa IOTPYKEHMI
C Hy/lIs B Tpolecce ob6yyeHus ceTH. BTopoil — MMIIOPTUPOBATh Beca
rIorpyXeHuii u3 rpeno6ydenHoit mogenyu word2vec mau GloVe B csolo
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CeThb U HACTPOUTH MX B Ipoliecce o6ydeHms ceTy. TpeTuit — MCIonb3o-
BaTh Npeno6yyeHHbIe Beca HeITOCPeICTBEHHO B CBOEM IIPUJIOKEHUM.

B cnemyioneit rnase Mbl y3HaeM O PeKyPPeHTHBIX HeifpOHHbIX ce-
TSIX, ONTUMU3MPOBAHHBIX JyIi 06pabOTKM I10C/Ie0BATEILHOCTH, B T. Y.
TeKCTa.



ThaBa

Q0L BSLEBREBRLOEHOBRLOODOOROCLDOEPHSETHD

PeKkyppeHTHast HeMpOHHasA
cetb - PHC

B rnmage 3 Mbl NO3HAaKOMMIUCh CO CBEPTOYHBIMM HEPOHHBIMHA Ce-
Tamu (CHC) y3Hanu, Kak B HMX MCIOAB3YETCS ITPOCTPAHCTBEHHAS
reoMeTpus BXOOHBIX JaHHBIX. Tak, onepaiyy cCBepTKH M MyJIMHTa IIpy-
MEHSI0TCS BAONb BpeMeHHOM ocK 1151 3BYKOBBIX NaHHBIX, B JBYX IIPO-
CTPaHCTBEHHBIX M3MEPEHUSIX /IS M306pakeHuii i B TPEX M3MepPeHMsIX
(BBICOTA, LUIMPUHA, BpeMs) ISl BUEO.

B 9T0ii IM1aBe MBI 6yZieM FOBOPUTb O PEKYPPEHTHBIX HePOHHBIX
cetsix (PHC, auri. RNN) - kiacce HelipOHHBIX ceTeli, B KOTOPBIX yuu-
ThIBAeTCsS IIOCJIelOBAaTeIbHbBII XapakTep BXONHBIX AaHHBbIX. Ha Bxonm
TaKoi ceTy MOXET MOJAaBAaTbCS TEKCT, peub, BPEMEHHO Psif, UK elle
KaKye-TO JaHHble, B KOTOPBIX MOSIBJIEHKE 5JIeMeHTa B II0C/Ie40BaTe/lb-
HOCTM 3aBMCUT OT IIpeJLIECTBYIOIINX 37IeMeHToB. Hanpumep, cremy-
IOLMM CJIOBOM B IIPeJIOKEHUU «cobaKka...» CKopee GyIeT «1aeT», yeM
«MaluHa», ¥ uMmeHHO ero PHC npegckaskeT ¢ 60J1bilieil BEPOSITHOCTHIO.

PHC MOXHO paccMaTpuBaTh Kak rpad, COCTOSIIMM U3 31eMeHTap-
HbIX siyeeK, K&KJasi U3 KOTOPBIX BBIIOMHSIET OAHY U TY Xe oIepaluio
JIJIS KasKIoro JieMeHTa rocnenosatenbHocTi. PHC 061amaloT 601buIIoi
I'MOKOCTBIO U IIPUMEHSIIOTCA AJIst pelIeHNs TAKMX 3aa4, KaK pacrosHa-
BaHMe peuy, I3bIKOBOE MoJleNIMpoBaHye, MallMHHbINM IIepeBos, aHaau3
SMOLIMOHA/IIBHOM OKpaCKM, MOANMCHIBaHME M300pakeHMit M MHOTMX
JIpyrux. PHC MOXHO afanTypoBaTh K pa3IMIHBIM THUIIAM 3334, U3Me-
HSIs1 KOHQUrypaluio ssueek B rpade. Mbl pacCMOTPHM HECKOIBbKO TAKUX
KOHGUTYpaLuit U UX IIPUMEHEHMe K KOHKPETHBIM 334a4aM.

MsI Takke y3HaeM 06 OCHOBHOM OTPaHMUYEHUM IPOCTOit sueiiku
PHC u o IByX ee BapuaHTax: ZOJIroil KpaTKOCPpOYHOi mamaru (long
short term memory, LSTM) 1 BeHTM/ILHOM PeKyPPEeHTHOM OJIOKe
(gated recurrent unit, GRU), O3BONSIOIMX ITPEOKONIETh 3TO OTPaHM-
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yeuue. LSTM u GRU MOXHO ITOACTaBUTh BMECTO IIPOCTOM SUeitku, U
3Q4acTyIO 3TO 3aMEeTHO yayulaeT kauectBo ceTu. Xots LSTM u GRU -
He eIMHCTBEHHBbIE BapMaHThl, 3IMIMPUUECKM ITOKA33HO (CM. CTAaThU
R. Jozefowicz, W. Zaremba, 1. Sutskever «An Empirical Exploration of
Recurrent Network Architectures», JMLR, 2015 u K. Greff «LSTM: A
Search Space Odyssey», arXiv:1503.04069, 2015), uro 415 60/1bIINH-
CTBa 33734 00paboTKY MOCIeN0BaTeIbHOCTE OHY OKa3bIBaIOTCH Hau-
JYYUIMMHA.

Hakosel, Mbl JaiM HECKOJIIBKO PEKOMeHJaiMii O TOM, KaK IIOBbI-
cuth KayectBo PHC, 11 0 TOM, KOrJa 1 Kak UX C1efyeT IPUMEeHTh.

B 3T071 r1aBe paccMaTpUBaIOTCS CeAYIOlIMe BOIIPOChI:

O mpocras siueiika PHC;

Q peanusauus PHC 115 mopoxxaeHus TeKcTa ¢ IoMolbIo Keras;
QO Ttononoruu PHC;

O LSTM, GRU u npyrue BapuanTtsl PHC.

Mpoctblie aueitku PHC

TpafMIIMOHHO B HEMIPOHHDIX CETSIX HA OCHOBE MHOTOC/IOHBIX IepIier-
TPOHOB IIPEJIIONIaraeTcs, YTO BCe BXOABI He3aBMCUMBL. Jl1g mocineno-
BaTeIbHBIX JAHHBIX STO IPEATIoIOKeHe HapyllaeTcs. B npegbigyiem
pasaene Mbl BUIA eI IpyMep, Korga TepBoe CJI0BO ITPEeJIOKEHUsI BJIN-
geT Ha BTopoe. To JXe OTHOCUTCS M K peuy — pasroBapyuBas B IIYMHOI
KOMHATe, 1 MOTY BRIIBUHYTb PA3YMHYI0 I'MIIOTe3Y O ¢JIOBe, KOTOpOoe He
pacCIbILIa, UCXOAsS U3 CJIOB, MPOM3HECEHHBIX COOecelHUKOM paHee.
It BpeMEeHHBIX PSIOB, HalIlpuMep 1leH Ha aKuuy Wi IPOTHO30B I10-
rObl, TAKKE XapaKTepHa 3aBUCUMOCTD OT NPOLIIBIX JaHHBIX, 3TO AB-
JieHJe Ha3bIBaeTCs J0JITOBpeMEHHBIM TPEHI0M.

B sueiikax PHC sTta 3aBUCHMMOCTb TIpeACTaBiIseTcsI C IIOMOLILIO
CKPBITOTO COCTOSTHUSA, MY ITaMsITH, B KOTOPOI XPaHUTCS CBOOKA IMIPO-
mtoit HdopMan M. 3HaueHue CKPHITOTO COCTOSTHYS B /106071 MOMEHT
BpeMeHM — QYHKLIMS ero 3HaueHKs Ha [pefplayIleM 1are ¥ 3HaueHms
JlaHHBIX Ha TEKYLIEM Liare:

ht = ¢(ht_1’ Xr)’

rae h,u h, | — 3HaYeHMs CKPHITOTO COCTOSIHMS Ha Iuare t u t-1 coort-
BETCTBEHHO, ! X, — BXOHOe 3HaYeHye B MOMEHT t. OTMETUM, YTO 3TO
ypaBHeHMe PeKypPEeHTHOe, T. €. h, | MOXXHO BbIPA3UTh Uepes h,nx u
T. I., IOKa MBI He JIoiiieM 0 Havaja IoC/ieloBaTeIbHOCTU. ViIMeHHO
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tak B PHC KopupyeTcs 1 3anomMmuHaeTcst MHGOpMaLys 0 CKOJIb YTOJHO
JIJIVHHOM NMOC/IenoBaTe/IbHOCTH.

MbI Takke MoXeM npeacTaBuTh sueiiky PHC rpaguuecky, Kax Io-
Ka3aHo B JIeBOJ 4aCTH CJIEAYIOLIEro pUCcyHKa. B MOMeHT t siueiiKa 1momy-
yaeT Ha BXOJe 3HaUeHue X, ¥ BBIBOAUT 3HaUeHue y,. JacTp y, (CKpbiTOe
cocTosiHMe h,) TIofiaeTcs 06paTHO Ha BXOJ STYeKY 71 MCII0NIb30BaHMs
Ha cnepyiomem mare t+1. Ecny mapameTpsl TPaAULIMOHHOV HeipoH-
HOJt ceTy XpaHATCa B MaTpuue BecoB, To mapamerpbl PHC 3aparorcs
TpeMsi MaTpuilamMmu BecoB, U, V 1 W, coOTBETCTBYIOIIMMHU BXOAY, BbI-
XOOY 1 CKPBITOMY COCTOSTHUIO.

L yin R v(2) vi3)
A

v

| x(t) x(1) x(2) x(3)

! BpeMEHHbIE Laru
E

Ewe onun B3miag Ha PHC ~ passepmuia, 1oKasaHHasi Ha TOM Xe pU-
CYHKe CIpaBa. DTO 03Ha4yaeT, 4YTO Mbl PUCYeM CeTh Ha IPOTSKEHUU
Bceit mocnegopatenbHocT. Ha pucynke usobpaxeHa PHC c Tpems
cl10siMM, TIpUroAHas s o6paboTKu IOCIeoBaTe/IbHOCTEN C TpeMs
3/leMeHTaMM. 3aMeTUM, 4To MaTpuiibl BecoB U, V u W pasgensaiorcs
MeXKIy BCeMM L1araMy, NIOCKOJIbKY Ha KaXIOM Illare K pasHbIM JaHHBIM
IPUMEHSIIOTCS. OfHM U Te Xe omepalyy. biaropapsi UCIIONb30BaHNUIO
OJHMX U Te ke BeCOB Ha BCEX BpeMeHHBIX 1l1arax yIaeTcs CyleCTBEHHO
CHU3UTb KOJIMYECTBO 06yuaembIx mapameTpos PHC.

Boruuciienus, BoinonHsieMbie PHC, MOXXHO Takke ONMCaTh B BUJE
ypaBHeHuii. BuyrpeHHee coctossnue PHC B MOMEHT t onpezensiercs
3HaueHNeM BeKTOpa h, PaBHOTO pe3y/ibTaTy NPUMEHEHMs] HeluHel-
HOCTU tanh K cymMe TIpoU3BeAeHus MaTpulibl BecoB W Ha CKPHITOE CO-
CTOsIHVIE ht_l B MOMEHT t—1 1 mpousBeaeHuns MaTpulibl BecoB UHa BXOA -
HOe 3HaueHMe X, B MOMEHT L. Br160p HeMMHETHOCTY tanh, a He KaKkoi-To
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JIpYTOit, CBSI3aH C TE€M, YTO ee BTOpasg NpOoU3BOAHAS OYeHb MeMJIEHHO
yObIBAET, IPUOIIVDKASACH K HY/II0. [I03TOMY rpagyeHThl OCTAIOTCs B JIN-
HeHOoI YacTy QYHKIIMM aKTUBAlMY, YTO IIOMOTaeT CIIPaBUTHCS C IIPO-
GiieMoii Mcuesarouero rpaauedTa. Ilogpobuee 06 3Toit MpobieMe Mbi
TIOroBOpMM HUKE.

BbIXO/IHOIt BEKTOP y, B MOMEHT t paBeH Pe3y/Ibrary MpyMeHeHus
dyuKUMK Softmax K TpoM3BeIeHNI0 MaTpULIbI BecoB V Ha CKPBITOE CO-
cTosiHMe h, Vi IpefCTaBIseT Habop BePOATHOCTEN BBIXOHA!

h,=tanh(Wh,_, + Ux)
y, = softmax(Vh,)

Keras mpepocTaBnsier cjioit pekyppeHTHoit cetu SimpleRNN (cm.
https://keras.io/layers/recurrent/), BKJIIOYAIOLLMI BCIO ONIMCAaHHYIO BhI-
11e JIOTMKY, a Takke 6onee apdexrmnsrbie BapuanTsl LSTM 1 GRU, Ko-
TOpble 6YAYT pacCMOTPeHbI Huske. UTo6bI UCIIONb30BaTh UX, Heobs13a-
TeNbHO TOYHO NOHUMATh, KaK OHM paboTaloT. OfHaKo 3HaTh CTPYKTYPY
M ypaBHEHMs TIOIe3HO, eC/IM Bbl 3aX0TUTe rnoctpouTh cBoio PHC ajis
pelleHus IOCTaBIeHHOM 334auM.

Mpoctaa PHC ¢ npumeHeHnem Keras -
NopoXXAeHue TeKCTa

PHC aKTMBHO UCIIOJIb3YIOTCS B 06pabOTKe eCTeCTBEHHBIX A3bIKOB
(OES, aurn. NLP) nsis1 pemneHust pa3avyuHbIX 3afad. OfHa U3 HUX - 10~
CTpoeHMe S3bIKOBBIX MoJieseli. Takasg MoZe/lb II03BOJISIET IIpecKasarh
BEPOSITHOCTD ITOSABJIEHNS C/IOBA B TEKCTE MPY YCIIOBUU U3BECTHBIX IIpe-
IBIAVIIMX CJTOB. SI3bIKOBBIE MOIEIY BaXKHBI J/IS1 TAKMX BHICOKOYPOBHE-
BbIX MIPUIOKEHMIT, KaK MalUMHHBII [iepeBoj, UCIIPaBIeHNe IIpaBoII-
CaHus U T. 7.

Mo6ounbiM 3¢ ¢heKTOM yMeHMsT npeAcKas3bplBaTh Clegyiollee ClIo-
BO TI0 M3BECTHBIM IIPelpIAYIIMM SBASETCS IMOPOXAAIOIIAS MOJeb,
KOTOpasi TeHePUPYET TEKCT MyTEM BBIOOPKY CJIOB M3 BBIXOJHOIO pac-
npefenenns. B ¢Iyyae S3bIKOBOrO MOIETMPOBaHMS BXOLOM OOBIYHO
ABJIAETCS TOC/IEN0BaTeIbHOCTb CIOB, @ BBIXOAOM — IOC/IeNOBaTE/Ib-
HOCTb NpeACKa3saHHbIX CI0B. B pony 06y4alomyux JaHHBIX BBICTYIAeT
MIMeIoLyiicsl HelIoOMeYeHHbIN TeKCT, M METKa y, B MOMEHT ¢ CTaHOBUTCS
BXOJOM X,,| B MOMEHT t+1.

ITepBBIM HAIIMM IIPMMEPOM MCIIOIb30BaHMA Keras [yist MOCTpOeH s
PHC 6ygeT a3bIKOBas MOJI€/Ib, 0O0yUeHHasl IPeiCKa3bIBaTh C/IeA YOI Ui
cumBoi 1o 10 mpeawigymum Ha TekcTe «Ajicel B CTpaHe uynec». Mbl
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OCTAHOBMIMCH Ha MOLeNU s IpelcKka3aHus CMMBOJQ, IIOTOMY 4YTO Y
Hee MeHbIIe CII0Baps U o6yqenme IIPpOXOAUT 6bICTpee. Ho Ta xe uges
IpuMeHMMa M K IIpelCcKa3aHUIo CJIOB, HYXXHO TOJIBKO CMMBOJIBI 3aMe-
HUTH CTOBAMMU. OﬁyquHaﬂ MoOJeJsib 6Yﬂ,eT MCIIOb30BaHa AJisl IOPOX-
JeHMsI HOBOI'O TeKCTa B TOM K€ CTUJIe.

CHavana MMIIOPTUPYEM MOLYIIN:

from _ future  import print_function

from keras.layers import Dense, Activation

from keras.layers.recurrent import SimpleRNN

from keras.models import Sequential

from keras.utils.visualize_util import plot
import numpy as np

BXOomHOI TeKCT «Amucel B CTpade uymec» (Ha aHINIMIICKOM SI3BIKE)
GepeM c cajita rmpoekrta ['yTeH6epr 110 aipecy nttp://www.gutenberg.org/
files/11/11-0.txt. QA COgepKUT CUMBOJIBI KOHLIA CTPOKU U CMMBOJIbI
He B KogupoBke ASCII, mosTomy npoussenem npeaBapuUTeIbHYIO 006~
pabOTKY M 3anMLIeM Pe3y/IbTaT B IePEMEHHYIO text!

fin = open("../data/alice in_wonderland.txt", 'rb')
lines = []
for line in fin:

line = line.strip{().lower()

line = line.decode ("ascii", "ignore")

if len(line) ==

continue

lines.append(line)
fin.close ()
text = " ".join(lines)

TockonbKy Haua PHC 6ymeT mpenckassiBaTh CUMBOJIBI, TO M CIOBaphb
COCTOUT ¥ MHOXECTBA CMMBOJIOB, BCTPEUAIOMMXCSI B TeKCTe. TaKOBBIX
B HallleM ctydae 42. Mbl 6yem uMeTb Jie/I0 He ¢ CaMUMM CMMBOJIaMH,
a ¢ X MHIEKcaMU, I03TOMY B cieiyiolleM pparMeHTe CO3al0TCs He-
06x0mMMbIe Ta6IMIIbl COOTBETCTBUA:

chars = set([c for ¢ in text])

nb_chars = len(chars)

char2index = dict((c, i) for i, ¢ in enumerate (chars))
index2char = dict({(i, ¢) for i, c in enumerate(chars))

Crnemymouyii war — co3fiaHue BXOOHBIX CTPOK ¥ METOK. g storo
TIPOXOA¥M 10 TEKCTY C LIaroM STEP CYMMBOJIOB (B HalleM caydae 1) u
BbIIEJISIEM OTPe3Ky JIMHOM sEQLEN (B HaleM caydae 10). Crenyrommit
MocJie OTpesKa CMMBOJI GyieM MeTKOIA:
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SEQLEN 10

STEP = 1

input_chars = [}

label chars = []

for i in range(0, len(text) - SEQLEN, STEP):
input_chars.append(text[i:i + SEQLEN])
label_chars.append(text[i + SEQLEN])

STOT KOZ, CTPOMT M3 TEKCTA it turned into a pig TAKYIO IIOCIEI0BA-
TEeNIbHOCTb BXOAHBIX CTPOK M METOK:

it turned -> i
t turned i -> n
turned in -> t
turned int -> o
urned into ->

rned into -> a
ned into a ->

ed into a -> p
dintoap -> 1
into api -> g

CrenyIomyii 1war — BeKTOpyu3alysi BXOAHBIX CTPOK 1 MeTOK. Ha Bxoz,
PHC mopaloTcsl IIOCTpOeHHbIe BhIle BXOOHbBIE CTPOKU. B Kaxmoit u3
HUX SEQLEN CMMBOJIOB, @ ITOCKOJIBKY pa3Mep Halllero CJIOBaps COCTaB-
JISIeT nb_chars CMMBOJIOB, TO KaXX[blif BXOIHO! CMMBOJI IPeNCTaBIIsI-
eTcsl YHUTApHbIM BEKTOPOM IJIMHBI nb_chars. C/I€AOBaTeNbHO, KaX-
IpIit BXOJLHON 37IeMEHT IpefcTaBiisger co060it TeH30p HOPMBI SEQLEN X
nb_chars. BHIXO[{HAsi METKa — 3TO eJVHCTBEHHbI CUMBOJI, I03TOMY I10
aHaJIOTVM C IIPeJCTaB/IeHMeM BXOAHbIX CMMBOJIOB OHA MPeJICTaB/IseT s
VHUTaPHBIM BEKTOPOM JJIVHBI nb_chars.

X np.zeros{(len(input chars), SEQLEN, nb_chars), dtype=np.bool)
y = np.zeros ((len(input chars), nb_chars), dtype=np.bool)
for i, input_char in enumerate (input_chars) :
for j, ch in enumerate(input_char):
X[i, j, char2index[ch]] =1
y[i, char2index[label chars[i]]] =1

Ul HakOHel-TO Mbl TOTOBBI IIOCTPOUTD MoAelb. PasMepHOCTh BbIXO-
pa PHC nycrtb 6ymeT pasHa 128. 3To runeprapaMerp, OlpesensieMblii
B XOZie 9KCIIepMMEHTOB. B obuiem ciydae, ecau BbIOpPaTh CIMIIKOM
MaJieHbKOe 3HaueHue, TO eMKOCTh MOAEIN GY,IIET HenocTraTouHa OJisd
MOPOXIEHMST XOPOMMX TEKCTOB, ¥ Mbl YBUIMM IJIMHHbIE CEpUM TI0-
BTOPSIOIIMXCS CMMBOJIOB UM TIOBTOPSIOLIMECS IPYIIIIbI COB. Eciiu ke
3HaYeHMe BEIMKO, TO Y Mofaenu GyneT CAMILIKOM MHOIO I1apaMeTpoB,
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TaK 4YTO J/Is ee 06yyeHus oTpedyeTcs ropasfo 6o/blle JaHHbIX. Mbl
XOTMM IOTYYaTh HAa BbIXOZE OAMH CUMBOJI, 8 He N0CIeH0BaTe/IbHOCTD,
II03TOMY 3aJaeM IIapaMETP return_sequences=False. BxopHple maHHBIE
PHC 1Mel0T, KaK Mbl BUAeM, POopMy MaTPULIBI SEQLEN X nb_chars. Kpome
TOTO, Mbl 3a/Ia€M unroll=True, IOTOMY YTO IIPU 3TOM ITOBBIILIAETCS Kave-
cTBO paboThl 6a30B0it 6M6GMMoTeKM TensorFlow.

PHC coenuHsieTCs € IIJIOTHLIM (TIOMHOCBSI3HBIM) clloeM. B miot-
HOM CJIO€ nb_char HEJIDOHOB, KOTOPble BBIJAIOT OLIEHKM IOSBIEHNS
Ka)XJOTO CMMBOJa M3 cioBaps. OyHKIMeN akTUBaUVM B 3TOM CJIo€
sBsieTcsl softmax, KOTopasi HOpMMUPYeT OLleHKU, Ipeobpasys ux B
BeposaTHOCTM. CMMBOJI ¢ HaubonbIleli BEpOSITHOCTbIO BO3BpallaeT-
csl B KadecTBe mpenckasaHus. [Ipy KoMIOIUISLMM MOJIENN 3a0aeTCs
KaTeropuaabHas IepeKpPecTHas SHTPONNS B KayecTBe QyHKIMM I10-
Tepb (OHA XOPOLIO MOAXOIMUT JJIsl KATEeropMaabHOrO BBIXOAA) U OII-
TuMusatTop RMSprop:

HIDDEN SIZE = 128

BATCH SIZE = 128
NUM_ITERATIONS = 25
NUM_EPOCHS_PER_ITERATION = 1
NUM_PREDS_PER_EPOCH = 100

model = Sequential ()

model.add (SimpleRNN (HIDDEN_SIZE, return_sequences=False,
input_shape=(SEQLEN, nb_chars),unroll=True))

model.add(Dense (nb_chars))

model.add{(Activation ("softmax"))

model.compile (loss="categorical crossentropy", optimizer="rmsprop")

" Topxom K 06yueHK10 HEMHOTO OT/IMYaeTCs OT TOro, YTO Mbl BUIEIN
panbie. JIo cMX Op Mbl 06y4anu MozeIb B TedeHue QUKCHPOBAHHO-
ro yucia nepuonos, & 3aTEM OLeHMBAIYM €e Ha 3ape3epPBUPOBAHHBIX
IUTSL 9TOJ LIeJIM TECTOBBIX HAHHBIX. [IOCKOMbKY B JaHHOM Cirydae y Hac
HeT OMeYeHHbIX JaHHbIX, TO Mbl BBIIIOJIHSAEM OLUH Iepuoz, obydenHus
(wuM_EPOCHS_PER_ITERATION=1), 8 3aT€M TeCTMpyeM MoJelb. Tak nmpoucxo-
IUT Ha IIPOTSDKeHMU 25 mreparuit (vum_ITERATIONS=25). C/IeIOBATENBHO,
TIO CYLIeCTBY MBI BBITIOJIHSIEM NUM_ITERATIONS IIEPUO/IOB OOYUEeHUs 1 Te-
CTUpPYyeM MOJe/b [I0C/Ie KaXI0ro Iepmoia.

TecTUpOBaHKe IPOU3BOOUTCSI TaK: MOJE/Ib IMOPOXIAET CUMBOJ 110
3aJaHHbIM BXOAHBIM AaHHBIM, 3aT€M I1ePBbIii CUMBOJ BXOIHOI CTPO-
Ky OTOpachIBAeTCs, B KOHEL NOMMChIBAeTCs IIpefcKasaHHblil Ha IIpe-
IbIAYILIEeM IIPOrOHE CUMBOI M Y MOJeNy 3allpalluBaeTcs Cleaylollee
npepckasanue. Tak nmosropsiercst 100 pas (vuM_PREDS_PER_EPOCH=100), IO~
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cJie yero Mnmojay4yMBUIAsICA CTPOKa MnedaTaeTcd. oTa CTPOKa U SBJISAETCA
VHAVKAaTOPOM KavyeCTBa MOOC/IN

for iteration in range (NUM_ITERATIONS) :

print ("=" * 50)

print ("Iteration #: %d" % (iteration))

model .fit (X, y, batch size=BATCH_SIZE, epochs=NUM_EPOCHS_PER ITERATION)

test_idx = np.random.randint{len(input_chars))
test_chars = input_chars[test_idx]
print ("Generating from seed: %s" % (test_chars))
print (test_chars, end="")
for i in range (NUM_PREDS_PER_EPOCH) :
Xtest = np.zeros((l, SEQLEN, nb chars))
for i, ch in enumerate(test chars):
Xtest[0, i, char2index([ch]] =1
pred = model.predict (Xtest, verbose=0)[0]
ypred = index2char [np.argmax(pred)]
print (ypred, end="")
# coBuHyTbCA Blepen Ha test chars + ypred
test_chars = test_chars[l:] + ypred
print ()

Huxke moxasaH pesy/ibsraT paboThl nmporpamMmsel. BHauane moznenb
IpefcKasbiBAeT B3J,0P, HO K KOHIY 25-T0 Iepyoza OHa yKe IMIIeT MoY-
TU 6e3 OIMOOK, XOTH CO CBA3HOCTHIO MbIC/Iei 1e/10 06CTOUT HeBAXKHO.
VAMBUTEILHO, YTO MOJIeIh 00yuanach BHIBOOUTD CMBOJIBI U He UMeeT
HU Maslejilliero npeAcTaBieHns o CI0BaxX, M TeM He MeHee OHa Hay4uu-
1ach IOPOXAATH CI0BA, BBIMISAALINE TaK, GYATO B3SThI U3 OPUIMHANb-
HOTO TeKCTa.

‘ - SOOI — N— e e it P S

lteration #: 21

Epach 111

142544/142544 [: ]~ 10s - loss: 1.3916

Generating from seed: e with the

e with the white rabbit had no the that the mouse the mouse the mouse the mouse the mouse the maouse the mouse

Iteration #: 22

Epoch 1/1

142544/142544 [: ]- 10s - loss: 1.3831

Generating from seed: and an ol

and an ollar the caterpillar the seapped did not a moment the cook of the courter the caterpillar the seapped

lteration #: 23

Epoch 11

142544/142544 | ]~ 10s - loss: 1.8767

Generating from seed: ' the mock

‘the mock turtle said the dormouse some of the conce in the dormouse some of the conce in the dormouse some o

lteration #: 24

Epoch 1/1

142544/142544 | ]- 10s - loss: 1.3685
Generating from seed: raving mad i
aving made to goon of the sord alice could got to the dormouse so they looked at the sord alice could got to

i
i
i
!
{
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Topoxkmenvie ClIeQyIOIIEro CMMBOJIA MM CIOBA — HE €OUHCTBEH-
HOe, Ha YTO CIIOCOOHA Takass Mopenb. IlonoOHbIe MOLENU YCIELIHO
OPUMEHS/Ch JJIs TpencKasauus ueH akumit (cMm. A. Bernal, S. Fok,
R. Pidaparthi «Financial Market Time Series Prediction with Recurrent
Neural Networks», 2012) 1 17151 reHepaIiMu KjIaccuueckoil My3bIKH (CM.
G. Hadjeres, F. Pachet «DeepBach: A Steerable Model for Bach Chorales
Generation», arXiv:1612.01010, 2016). Aaapeit KapriaTblit IpUMBOIUT
ellle HeCKOJIbKO MOGOMBITHRIX MPYMEPOB ¥ UCXOMHBIN Kog, s Linux B
cratbe «The Unreasonable Effectiveness of Recurrent Neural Networks»
B CBOEeM Ojore IIO afpecy http://karpathy.github.io/2015/05/21/rnn-
effectiveness/.

Kop, storo npumepa HaxoguTCs B (baﬁme alice_chargen_rnn.py B UC-
XOZHOM KoJie K 9T0i1 iaBe. Camu TaHHbIe MOXKHO HaliTU Ha cajiTe Ipo-
ekra I'yrenbepr.

Tononoruu PHC

API mHOrocoiiHoro nepuentposa u CHC orpanmnuensl. O6e apxXuTek-
TYpbl IPMHUMAIOT Ha BXOZE U MOPOXAAIOT Ha BbIXOAE T€H30DPbI (PUK-
CMpPOBaHHOTO pasMepa, a [ npeobpa3oBaHMs BXOAA B BBIXOA, Bbl-
TIOHSIOT (PMKCUPOBAHHOE YMCIIO HIAT0B, OTIpefensieMoe YUC/IOM C/I0eB
cet. Y PHC Takoro orpaHMuUeHyss HET — BXO0M, BbIXOAOM UM TEM U
JPYTMM MOTYT OBITb [IOCTEOBATeIbHOCTU. ITO O3HAYAET, YTO JI/Is pe-
1eHNsT KOHKPeTHBIX 3ana4 PHC MoXHO KOHGUIypUpOBaTh pasHbIMM
crocobamu.

Kak mbl yxxe 3HaeM, PHC kom6MHMpyeT BXOAHOM BEKTOP C Ipelbl-
OYIIMM BEKTOPOM COCTOSTHUSA AJIsI IOSTy4eHUsI HOBOTrO BEKTOPA COCTOS-
HMSL. DTO MOXHO PacCMaTPUBATh KaK aHA/IOT BHIIIOHEHUS IPOrpaMMBbl
C HeKOTOPHIMY BXOAHBIMM JAHHBIMM M BHYTPEHHMMU IIepeMeHHbIMU.
CnenosaTenbHo, PHC MOKHO CUMTATh CIIOCOOOM OMMUCAHUS KOMITbIO-
TepHbIX mporpamm. Ha camom pene, nokasaHo, 4tro PHC ssisror-
cq nonabiMu 1Mo Thiopuury ucnonuurensmu (cm. H. T. Siegelmann,
E. D. Sontag «On the Computational Power of Neural Nets», Proceed-
ings of the Fifth Annual Workshop on Computational Learning Theory,
ACM, 1992) B TOM CMBICJIE, YTO NPU 3aJaHUM HAJJIXKALlMX BeCOB OHU
MOTYT MOJIETUPOBATH IPOM3BOJIbHbIE IPOrPaMMBI.

VmeHue paboTaTh ¢ MOC/AEIOBATETBHOCTSIMY OTKPbIBAaeT BO3MOXK-
HOCTb [JIS1 PasIMYHBIX TOMOJIOTHI, HEKOTOpbIe U3 KOTOPHIX Mbl 06CY-
IUM HIKE.
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(a) MHOrHe-ko-mHorum (1) (b) ofMH-KO-MHOTUM
i
(c) MHOTME-KO-MHOTHMM (2) (d) MHOTH1e-K —o.u.Homy

Bce 3TV TOTIONOTUM BBITEKAIOT 13 06111eit 6230B0i CTPYKTYPbI, TOKa-
3aHHOJI Ha IIpeabIAyIeM pycyHKe. B 6a30B0ii CTPYKTYpe BCe BXOIHbIE
110C/Ie0BaTeIbHOCTY MEIOT ONMHAKOBYIO JIVHY, 8 BBIXOA, NOpOXAa-
eTcs Ha KaXKI0M BpeMeHHoM iare. [Tpumep Mbl YKe BUAEIN B CETH I10-
POXKIEHMS CMMBOJIOB, 06YUeHHO1 Ha TeKcTe «Ayuchkl B CTpaHe uyzec».

Ipyroit mpumep PHC Tuia MHOrMe-KO-MHOTMM — CETh MalllMHHO-
ro mepepofa Ha pucynke (b), aBagiomascs NpeacraBuTeseM ob1e-
ro ceMeiicTBa CeTeil IOWIENOBATENIbHOCTh-B-TIOC/IEI0BATEIbHOCTD
(cM. O. Vinyals «Grammar as a Foreign Language», Advances in Neu-
ral Information Processing Systems, 2015). OHM IPUHMMAIOT Ha BXO-
Ie TIOC/e0BaTeILHOCTb U TMOPOXKIAIOT APYIYIO [I0CTIeI0BaTeIbHOCTD.
B crydae MallMHHOIO I€peBOfA BXOLOM MOXeT ObiTh, HampuMep,
110C/Ie0BaTeNbHOCTh aHIIMIACKMX C/IOB, @ BbIXOJOM - IepeBeleHHOoe
IpeaiokeHue Ha VCIAaHCKOM si3bIKe. TaKoii ke TUIT MOJAENM VCIIONb-
3yeTcs JJIs1 YaCTepeyHol pa3sMeTKH, KOIIa BXOIOM SBIISIOTCS CJIOBa
IIPeIJIOKEHUS, @ BHIXOIOM — COOTBETCTBYIOLIME METKM YacTeif peun.
OT rpenpiayLieil TOMOMOTMM 3Ta OTIMYAETCS TeM, YTO B HEKOTOpbIe
MOMEHTbI BpeMeHM MOXEeT OTCYTCTBOBAThb BXOl, 8 B HEKOTOpbIe — BbI-
xoz. C mpyMepoM TaKOi1 ceTu Mbl BCTPETUMCS HMXKe.

Eile ofyH BapMaHT TOMOJOTUM — CeTh TUIIA ONUH-KO-MHOIMM Ha
pUCYHKe (C), IIPMMEPOM KOTOPOI MOXKET CNYKUTh CeTb JJISt MOATIN-
cpiBaHUS U306paxkenmii (cM. A. Karpathy, F. Li «Deep Visual-Semantic
Alignments for Generating Image Descriptions», Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition, 2015),
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IIe BXOAOM sIBJIsieTCs M306paxkeHye, a BBIXOIOM — IIOC/IEA0BAaTeNb-
HOCTb CJIOB.

Ipumep ceTH TUIIa MHOTYE-K-OOHOMY Ha pucyHKe (d) - ceTb aHaIu-
38 DMOIMOHAIBHONM OKPACKU NpejIoKeHUIA, KOrjia BXOAOM SIBJISETCS
NOC/Iel0BaTeIbHOCTD CJIOB, & BBIXOJIOM — UHAMKATOD TIOJIOXUTENbHOI!
UM OTPULIATENbHOM OKpacku (cM. R. Socher «Recursive Deep Models for
Semantic Compositionality over a Sentiment Treebank», Proceedings of
the Conference on Empirical Methods in Natural Language Processing
(EMNLP). Vol. 1631, 2013). Hioke B 9TOj I71aBe Mbl pACCMOTPUM TIPU-
Mep TaKoi TOIo/Iorun (Mpasa, CyleCTBEHHO YITPOlLIeHHBIN 1o CpaB-
HEeHUIO C UNTUPOBAHHO BhIIlIe MOJIENbIO).

Mpob6nema ucyesarowero u B3pbIBHOro
rpagueHTa

Kak # B TpaAMIIMOHHBIX HEPOHHBIX ceTax, o6yuenue PHC Bkiaouaer
o6paTHOe paclipocTpaHeHMe. Pasmiruie B TOM, YTO ITIOCKOIBKY Ha BCEX
Larax MCIoJb3ylOTCS OAVHAKOBbIE IIapaMeTphbl, TO TPAIVEHT B KaX-
IOM BBIXOZie 3aBUCUT He TOJBKO OT TEKYIEr0 BPEMEHHOTO 1lara, Ho U
OT NpeabIIyIIMX. ‘

JTOT mpolliecC HAa3bIBAETCS] OOPAaTHBHIM PacHPOCTPAHEHUEM BO
Bpemenm (backpropagation through time, BPTT) (cm. ctatbio G. E. Hin-
ton, D. E. Rumelhart, R. ]J. Williams «Learning Internal Representations
by Backpropagating errors», Parallel Distributed Processing: Explora-
tions in the Microstructure of Cognition 1, 1985).

vy

i dL(3)
dh(2) | i e
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PaccmotpuM HeGonblnylo Tpexcioitnyio PHC, nmokasaHHyo Ha pu-
CYHKe Bbllle. B mpoliecce NpsIMOTO pacnpocTpaHeHUs (CIUVIOIIHBIE
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JIUHUY) CETh TOPOXKAAeT IpencKa3aHusl, KOTOpble CpaBHMUBAKOTCS C
MeTKaMy /il BbIYMCIIeHUsI ToTepy L, Ha KaXAOM BPeMEHHOM Iuare.
B mpoilecce 06paTHOTO pacnpocTpaHenysl (IyHKTUPHBIE JIMHUM) Ha
KaskKIOM BpeMEHHOM Iare BHIYMCISIOTCS IPpaayeHThl GYHKIMY [0Teph
rio mapamerpam U, Vuu W, u cymma rpaivieHTOB NpUMEHSIeTCs It 06-
HOBJIEHUS ITapaMeTpPOB.

B crepyomeM ypaBHEHMM IIOKa3aH TpafueHT QYHKIMY MOTeph
no W — marpuiue, B KOTOpOi1 3aKoAMPOBaHbl Beca s JOJITOCpPOY-
HBIX 3aBUCUMOCTei. Mbl aKLleHTMpyeM BHMMaHMe Ha 3TOil 4acTu
O0GHOBJIEHMSI, TOTOMY UTO MMEHHO OHA — IPMUUHA MTPO6GIeMbl 1cUe-
3al01Iero ¥ B3PBIBHOTO rpaaueHTa. [IBa Apyrux rpaameHTa QyHKIMK
notepsb 1o maTpuuam U 1 V Takske CYMMUPYIOTCS 110 BCEM BpeMeH-
HbIM LIaraMm:

A 3L
oW “ow

Temepb MOCMOTPUM, YTO MPOUCKOIUT C TPaANeHTOM QYHKUMM ITO-
Tepb Ha TMocaegHeM BpeMeHHOM miare (t = 3). Kak BUAMM, 3TOT rpa-
JIMEeHT MOXXHO pa3sJIOKUTD B IPOU3BeEHMe TPeX NIOArPafeHTOB, IIPU-
MeHuB TpaBuiIo aubdepeHIpoBaHNS CI0KHOM GyHKuMM. ['pagueHT
CKPBITOTO COCTOSIHUA h, 10 W MOXHO 3aTeM IPe/CTaBUTh B BIE CyM-
MBI I'PaIMEHTOB KaXI0T0 CKPBITOTO COCTOSTHUS 110 IIpeaniayiemMy. Ha-
KOHell, 'paieHT CKPBITOTO COCTOSIHUA 10 NpeablaylemMy MOXHO pas-
JIOKUTD B IIpOM3BelleHNe IrPalieHTOB TEKYILero CKphITOrO COCTOSHUSA
I10 IIpeApIAyLIeMy:

oL, _dL, dy, ok,
oW dy, oh, W
2. 3L, dy, oh, Ok,
,an3 ‘Oh, Oh oW

25, o |\ LLan | aw

AHanOrM4YHO BBIYMCISIOTCS TPaAMeHThl GyHKUuUK ToTepb L u L,
(ua marax 1 u 2) mo W, rocie uero ux cCymMma MCIOMb3yeTcs st 06-
HOBJIEHMS IpaauenTa no W. Msl He cTaHeM B 3TOJ KHUTE BIABaThCs
B MaTeMarydeckue aeraau. Ecm BaM 3TO MHTEPEeCHO, TOYMTaliTe B
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6more WILDML (https://goo.gl/1061bx) CTAaThi0, COAEPXKAILIYI0O OYEHb
xopoiee o6bsicHeHue BPTT ¢ noapo6HBIMM MaTeMaTUYeCKUMU Bbl-
KIagKaMMu.

Hy a Ham rociegHero BbhIpaskeHMs IrpafyieHTa B GopMyJie BhIIIe 10-
CTaTOYHO, YTOObI MMOHSTh, OTKY/]a BO3HMKAeT npobieMa Mcue3aouiero
" B3pbIBHOrO rpaavenTa B PHC. PaccmoTpuM ciydait, KOrga OTOeNb-
Hble TPafVeHThl CKPBITOTO COCTOSIHUS 1O TpenblaylieMy MeHsblre 1.
IIpy 06paTHOM pacrpocTpaHeHuM Yepes HEeCKONMbKO BPEMEHHBIX IlIa-
TOB IIpOM3BEeHMe IrPaJUeHTOB CTAaHOBUTCSI BCE MEHbIlIe M MeHbIle,
YTO U BefleT K MpobiieMe mcuesaroliero rpaguenta. C Apyroi CTOpoHbI,
ec/y rpagyenTsl 60sble 1, To mpou3BefieHMs PacTyT — 1 BOT BaM IIPO-
61ema B3PBIBHOTO IpajyieHTa.

W3-3a s¢deKra ucuesaliero rpaieHTa nojay4aercs, 4To rpagueH-
THI Ha OTJaJIeHHBIX 1Iarax He JaloT HMKAKOro BKIAAA B Ipoliecc 00y-
yeHus, Tak uTo PHC He MOXeT yuecThb HOTOBpEeMEHHbIE 3aBUCHMOCTH.
Jta npobremMa MOXeT BOSHUKHYTh M B TPaIUIIMOHHOM HEPOHHO ce-
TH, HO B cirydae PHC oHa nposiBiseTcs 6onee penseHO, IOTOMY YTO B
PHC Gonblire cj10eB (BpeMEHHBIX 1IaTr0B), Yepe3 KOTOpbie MPOUCXOAUT
obpaTHOe pacIpocTpaHeHue.

B3pbiBHbBIE TPafyeHTbl 0OHAPYKMBAIOTCA MPOILEe, IIOCKOIBKY KOrna
IpafyeHT CTAHOBUTCS CAUIIKOM OOJIBIIMM M IIPEBPAIIAETCS B HEYUC-
1o (NaN), npouecc o6ydeHust aBapuitHo 3aBepmaercs. Poct rpaaues-
TOB MOXXHO KOHTPOIMPOBAaTh, 06pe3sas UX NpU JOCTIIKEHUM 3a0aHHO-
ro riopora (cm. R. Pascanu, T. Mikolov, Y. Bengio «On the Difficulty of
Training Recurrent Neural Networks», ICML, Pp 1310-1318, 2013).

CyliecTByeT HECKOMBKO MOLXOM0B K CMSITYEHII0 TPo6IeMsl ucue3a-
IOLIVIX TPaiieHTOB, B YACTHOCTH, XOPOoIIast MHUIMaIU3aLMs MaTPULbI
W, ucnonp3oBanne dyEKuym aktupaumuu ReLU Bmecto tanh u npepo-
6ydeHue cioeB 6e3 yuuTesns, HO HauGosee TIOMY/ISPHbI APXUTEKTYPBI
LSTM m GRU. OHM crienuajibHO ITPOEKTVPOBAIMCH AJiS GOpBOLI ¢ MC-
4e3aiolyM I'pafiueHToM U 6onee 3¢ddeKTMBHO 06YUalOTCs TOMTOBpe-
MeHHBIM 3aBUCUMOCTSIM,

Hdonraa KpaTkocpouHasa namatb - LSTM

LSTM - sto BapuanT PHC, crioco6HbIit 06y4aThest SOMTOCPOYHBIM 3a-
Bucumoctam. LSTM-ceTu BriepBhie 6bUIM ITpeiyioskeHsl X0XpaiTepoM
u Imuaxy6epom, a 3aTeM yIyulieHbl MHOTUMM APYTUMMM UCCIeN0Ba-
tensiMy. OHM XOpoLIo paboTaloT y1st LUMPOKOTO KpyTa 3a4ady 1 SBJIAI0T-
€SI CaMBbIM IIONYJISIpHBIM THIIOM PHC.
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Mpi Busenu, Kak B npoctoit PHC mjisi peanusaliuu peKyppeHTHOCTYU
VCIIONB3YeTCsT KOMOMHALMS CKPBITOTO COCTOSHMS Ha MpeablayieM
nrare M TEKYIIMX BXOTHBIX JaHHBIX B CjI0€ ¢ QYHKUMEN aKTUBALIWM.
B LSTM-ceTu peKyppeHTHOCTb peanusyeTcs aHaJorMyHo, HO tanh-
CJIOeB He OJIMH, a YeThIpe, ¥ B3aMMOAeiCTBYIOT OHM BecbMa crieuyduu-
HBIM 06pa3om. Ha pucyHKe HiKe ITOKa3aHbl Ipeobpa3oBauus, IpUMe-
HsieMble K CKPBITOMY COCTOSIHMIO Ha BpeMeHHOM Liare t:

—
cft-1) i cit)
F i tanh
| —
g
0
sigm ‘ sigm tanh sigm ——)®
- |
h(t-1) T hit)
$ |
x(t) :

BoIMIIAUT CI0KHO, HO MBI pacCMOTPUM 9Ty cXeMmy 110 lnaram. Ha
TOPU3OHTANBHOM TMHUM CBEPXY IIOKAa3aHO COCTOSIHUE STUeMKU €, OHO
TipeficTaBisieT BHYTPEHHIO NaMsITh 6710Ka. Ha TMHuY cCHU3Y IIOKa3aHo
CKpBITOE COCTOSIHME, a BEHTWIH i, f, 0 U g — 9TO MEXaHU3MBbI, 6y1aroma-
psi kKoropbiM LSTM-ceTb 06xoauT mpo6iieMy Mcye3alollero rpaiieHTa.
B nportecce o6yuenus: LSTM HaxoguT mapaMeTpsl 3TUX BEHTUIIEH.

YTo6HI JTy4lile TOHATh, KAK ST BEHTUIM MOLYIMPYIOT CKPBITOE CO-
crosiaue LSTM-cety, paccMoTpuM (GOpMYITBI BBIYUCTEHMS CKPBITOTO
COCTOSTHMSA h, B MOMEHT t I10 COCTOSIHMIO h, | Ha IIpe/IbIAYILEM L1are:

i=c(Wh,_ +Ux)
f=oWh,,+ Ux)
o=c(Wh,_ +Ux)
g= tanh(I/Vght_1 +Ux,)
,=(_®H®E®Ii)
h,=tahn(c) ® o
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3mech i, f v 0 — BXOMHO BEHTMIIb, BEHT/Ib 3a6bIBAHMS M BHIXOILHOIM
BeHTWIb. Bce OHM BBIYMUCTISIIOTCS TI0 ONHUM U TeM Ke (GopMyiaM, HO C
PasHBIMU MaTpuLaMy napamerpos. CurmouaHas QyHKIMS MORYIN-
DyeT BbIXOJ, BEHTUJIEH, IPUBOAS €ro K Auanasony ot 0 1o 1, Tak uto
TIOPOXKIaeMBIi BBIXOAHOM BEKTOP MOXHO YMHOXUTD TOTEeMENTHO Ha
ApYroit BEKTOP, UTOGHI ONpe/iesnTh, KAKasi YaCcTh BTOPOTO BeKTOpa MO-
JKeT NPOWTK Yepe3 MepPEBbIii.

BeHTU/Ib 3a6bIBaHMS OMIPEeNsieT, Kakylo 4acTh IpemblayIero co-
CTOSIHVSA h,_ Ke/aTebHO MPOIYCTUTS Janblie. BXOAHO BEHTWIIB OIIpe-
JieJiseT, KaKylo 4acThb BHOBb BbIUMC/IEHHOTO COCTOSTHUS ISl TEKYIETO
BX0J1a X, IIPOITYCTUTD, & BBIXOAHOJ BEeHTU/Ib — KaKYIO YaCTh BHYTPEHHe-
TO COCTOSIHMSA NE€PeJaTh C/IeAyolLieMy CI010. BHyTpeHHee CKpbIToe co-
CTOSIHUE & BBIYMCISIETCS Ha OCHOBE TEKYILEr0 BXOJIa X, M IIPebIAYIIEero
CKPBITOTO COCTOSIHUSA h, . OTMeTHM, UTO BHIpaskeHue JIsl g COBIanaeT
C aHAJIOTMYHBIM BREIpaXXeHMEM A,1s stueliku ripoctoit PHC, HO B JaHHOM
cydae Mbl MOAYIUPYEM BBIXOJ, CMELIMBAsI €I0 C BHIXOJIOM BXOILHOTO
BEHTUN i.

3Has i, f, 0 U g, MBI MOXXEM BBIYMCJIUTb COCTOSIHME SUEIKU ¢, B MO-
MEHT L B TEpPMMHAX NPOU3BENEHUS C, | Ha BEHTU/Ib 3a0bIBaHMS U TPOU3-
BeJleHMs § Ha BXOIHO BEHTU/Ib i. DTO U eCTh CII0CO6 KOMOBMHUPOBAHUS
NpebIAYIIEro CONEPXUMOTIO IaMsITH C HOBBIM BX0A0M. EC/IM BeHTUIb
3a0bIBaHMS yCTaHOBIEH B 0, TO cTapoe 3alIOMHEHHOE COCTOSIHME T10J1-
HOCTBIO MTHOPUPYETCS, & eC/IM YCTAaHOBUTH B ) BXOOHOIM BEHTU/IB, TO
UTHOPMPYETCH HOBOE BhIYMCIEHHOE COCTOSIHME.

Hakowel, cKpbITOe COCTOsIHME h, B MOMEHT ¢ BBIYMCISIETCS MTyTEM
YMHOXeHMS TaMSTH C, Ha 3HaYeHye BIXOOHOTO BeHTWUJIS.

Baxkno mouumarb, uTo LSTM Bcerna MOXHO MOLCTaBUTH BMECTO
siuefiku tuna SimpleRNN, 1 enuHcTBeHHast pasHMIIA COCTOMT B TOM,
yto LSTM ycroiiunBa K npobneme ucuesaouiero rpagueHTa. 3aMeHNB
siueiixy PHC Ha LSTM, MBI MOXXeM He BOTHOBaThCSI HY O KaKMX M0604-
HbIX 3¢ deKrax.

Kaxk mpaBw/io pesynbTar NmosyyaeTcs TeM Jiydilie, yem Gosblie Bpe-
Ms 06yueHus. [lyist uHTEpecyiomuxcs B 61more WILDML uMeeTcs oueHb
nogpo6Hoe 0O6BSICHEHME NPUHIUIIOB paboTsl BeHTIIEH LSTM. Bonee
Har/s Hoe IOosiCHeHKe ecTh B craTbe Kpucrodepa Ona «Understanding
LSTMs» (http://colah.gi‘thub.io/posts/2015—08—Understanding-LSTMs/), rie
BCe BBIYMCIEHMS] Pa3bypaloTCs IIar 3a LIaroM, ¥ KaKAblii LIar conpo-
BOXXIAeTCSd WUTIOCTPalUsIMU.
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Mpumep LSTM - aHanu3 3sMOLUOHANIBHOWU OKpacKu

Keras mpegocrasnsier c¢ioit LSTM, KOTOpBIM MBI BOCIIOIb3YeMCH,
yTOOBI MOCTpoUTh U 06yunTh PHC Tua MHorue-k-ogaomy. Cerb 6ymeT
NPUHMMATh OpeaioKeHKe (I10Cef0oBaTeIbHOCTh CJI0B) U BBIAABATH
MHAMKATOP SMOLMOHAIbHOI OKpacKM (TIOIOXXUTENbHOM UK oTpuUlia-
TenbHoit). O6yualomuit Habop cocrout npumMepHo U3 7000 KopoTKUX
MpeaiokeHui, mpeaiaraBiuxcs Ha Koukypce Kaggle UMICH SI1650
0 KiaccuduKauuyu SMOLMOHATIBHOM OKPackU (https://inclass.kaggle.
com/c/si650winteri1). Kaxkoe mpemsioxkeHne CHabXeHO MeTKoi 1 (mo-
JIOXKUTe/NIbHas oKpacka) uwiu 0 (oTpuraTeapHas OKpacka).

Kak 06bIuHO, HAUMHAEM C MMIIOPTA:

from keras.layers.core import Activation, Dense, Dropout, SpatialDropoutlD
from keras.layers.embeddings import Embedding

from keras.layers.recurrent import LSTM

from keras.models import Sequential

from keras.preprocessing import sequence

from sklearn.model selection import train_test_split
import collections

import matplotlib.pyplot as plt

import nltk

import numpy as np

import os

[IpenBapuTeNbHO 3aiiMeMCs MCCIel0BaTeNbCKUM aHa/IM30M JaH-
HbIX. HamM HY)XHO 3HaTh, CKOJTbKO YHUKAJIbHBIX CJIOB BCTPEYAETCs B KOP-
TyCe TEKCTOB U CKOIBKO CJIOB B KaXKIOM IIpelIOKeHUM

maxlen = 0
word fregs = collections.Counter ()
num_recs = 0
ftrain = open(os.path.join(DATA DIR, "umich-sentiment-train.txt"), 'rb'")
for line in ftrain:
label, sentence = line.strip{().split("t")
words = nltk.word tokenize(sentence.decode("ascii", "ignore").lower())
if len(words) > maxlen:
maxlen = len(words)
for word in words:
word_fregs[word] += 1
num_recs += 1
ftrain.close()

Js1 HalIero KopIyca rnoayuaeM Takye 4mcia:

maxlen : 42
len(word freqgs) : 2313
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3Has KOAMYECTBO VHMKAJbHBIX C/IOB len(word freqs), MbI 3a/laeM
duUKCHpOBaHHBI pasMep ClI0Bapsi, a BCe OCTajibHble C/IOBA CUUTAEM
Hec/lI0BapHBIMU ¥ 3aMeHsieM ux pukTHBHBEIM cioBoM UNK (unknown).
Ha sTalle NpeAcKasaHusi 3TO MO3BOJUT HaM 00pabaThBaTh paHee He
BCTpeuaBlIMecs C/10Ba KaK HeCJIoBapHbIe.

3Has YMCIO CI0B B MIPEAIOKEHUM (naxlen), MbI MOXeM 3a8aTh QUK-
CUPOBAHHYIO AJIMHY IpeIoxKeHNs: 1 6olee KOPOTKME IPeAToKeHNUs
IOTIONHSATD HYIAMY, a Gosiee JyuHHbIE 06pe3aTh. Xots PHC croco6na
06pabaThiBaTh MOCIENOBATENLHOCTH EPEMEHHO JIMHBL, HOCTUTAeT-
¢s1 9TO 0OBIYHO JOTONTHEHMEM U 00pe3aHueM, KaK OMMCaHO BhIlie, UK
TPYINMPOBKOJ BXOZHBIX NAHHBIX B IIAKeThbl, COAepXKallyie IT0CIen0-
BaTEeMbHOCTM OAVHAKOBO A/MHBL. Mbl 6yeM MCIIONb30BaTh MepPBbIi
noxxon. Uro Kacaercs: BToporo, Keras pekoMeHyeT NaKeThbl ATMHbI 1
(cm. https://github.com/fchollet/keras/issues/40).

Vicxonst U3 BhIUYMCIEHHBIX I[TOKa3aTesei, Mbl 33Ja€M VOCABULARY SIZE
PaBHBIM 2002. 3TO 2000 CI0B B cjIoBape Iumoc ¢pukTHuBHOE ¢10BO UNK
mwoc pukTMBHOe c1oBO PAD (McCII0/Ib3YyeTCs /151 JOTIOTHEHUS IIPeI0-
KeHUi 10 GUKCUPOBAHHOTO YMCia C/I0B, B HALIEM CJTyYae MAX_SENTENCE_
LENGTH = 40).

DATA_DIR = "../data"

MAX_FEATURES = 2000
MAX_SENTENCE_LENGTH = 40

Jlanee HaM IMOHafOOGMTCA Mapa Tabmuy, COOTBETCTBUS. BXOOHBIMU
OaHHbIMU OJIsA PHC sBngetcs CTpOKa MHJAEKCOB C/I0B, ITpUYEM CJ10Ba
yIIOpSIIOUeHbl TI0 YOBIBAHMIO YaCTOThI BCTPEYaeMOCT! B 06ydaiolem
Ha60pe. Taﬁnmum COOTBETCTBMS ITO3BOAIIOT HaXOOUTh MHAEKC I10 CJI0-
BY 1 CJIOBO 110 MH[eKcY (BKmiovas ¢pukryBHbIe ctoBa PAD 1 UNK):
vocab_size = min (MAX_FEATURES, len(word fregs)) + 2
word2index = {x[0]: i+2 for i, x in enumerate(word_freqs.most_common(MAX_FEATURES))}
word2index ["PAD"] = 0

word2index ["UNK"] = 1
index2word = {v:k for k, v in word2index.items()}

3arem Mbl IIpeoOpa3yeM BXOAHbIE IIpeIIOKeHMsI B I10C/Ie[0BATeNb-
HOCTY MHIEKCOB CJIOB, HOIMOMHSAS MX [0 MAX SENTENCE_LENGTH CJIOB. ITo-
CKOJIbKY B HallleM CJIyyae pe3ylbTaToM sBIsSeTCs OMHapHas BeIMYMHA
(TTONOKXMTENbHAS WM OTPULIATENbHAS SMOLOHAIbHAS OKpacKa), 06-
pabaThiBaTh METKU He HYKHO:

i

X
y

np.empty ((num_recs, ), dtype=list)
np.zeros ((num_recs, ))



o

[Lonrasa kpaTkocpoyHas namsate - LSTM < 193

i=0
ftrain = open(os.path.join(DATA DIR, "umich-sentiment-train.txt"), 'rb')
for line in ftrain:
label, sentence = line.strip{).split("t")
words = nltk.word_tokenize(sentence.decode ("ascii”, "ignore").lower())
seqs = []
for word in words:
if word2index.has_key (word):
seqgs.append (word2index [word]))
else:
segs.append (word2index ["UNK"])
X[i] = segs
y[i] = int(label)
i+=1
ftrain.close()
X = sequence.pad_sequences (X, maxlen=MAX SENTENCE_LENGTH)

Haxouel, pa36usaeM Bechb HaGOp JaHHBIX Ha 00y4aIOLVIi 1 TeCTo-
Bblii B mponiopuuu 80:20:

Xtrain, Xtest, ytrain, ytest = train test_split(X, y, test_size=0.2,
random_state=42)

Ha pMcyHKe HMDKe TIOKasaHa c'rpyKTypa Haien PHC

(None, MAX SENTENCE LENGTH 1)

l¢l¢ll

Embedding

{None, MAX_SENTENCE_LENGTH, EMBEDDING_SIZE

LSTM

{None, HIDDEN_LAYER_SIZE)

Dense

{None, 0/1)

BXOonHbIMM JaHHBIMM SBJISIETCS IIOC/IEeH0BaTEeIbHOCTh MHAEKCOB
o10B. [IIMHa NOCIeN0BaTeIbHOCTY paBHA MAX SENTENCE LENGTH. [lepBOMY
M3MepeHMI0 TEH30pa IPUCBaUBAETCs 3HaUeHMe None, IIOKa3bIBaloLIeE,
YTO pasMep makeTa (UMCI0 3amucell, 3arpy>kaeMblX B CThb 3a OIVH pa3)
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B MOMEHT OIpeJie/ieHus CeTM Hey3BecTeH; OH OyZeT 3a/jaH Ha sTame
BBIIOJIHEHMS C TIOMOIIBIO TTApaMeTpa batch_size. TAKMM 06pa3oM, B
TIpeATIONOKEHMY, UTO pasMep IaKeTa oKa HeM3BEeCTeH, BXOIHOM TeH-
30p uMeeT GOpMY (None, MAX_SENTENCE_LENGTH, 1). Taxkue TeH30pbI nofa-
OTCS Ha BXOJ, CJIOS TIOTPY)KEHUSI pa3Mepa EMBEDDING_SIZE, BECA KOTOPOTO
MHULIMAIU3MPOBAHbl HEGOMBIIMMM CTy4YaiiHBIMM 3HA4EHUSIMA 1 IO -
fiexaT 06yYeHMIo. DTOT CJI0j IpeobpasyeT BXOAHO TEH30D K dbopme
(None, MAX SENTENCE_LENGTH, EMBEDDING_SI zE). BBIXOZA, C/TOsl TIOTPYXKEHUS 3a-
rpyxaertcs B LSTM ¢ JyIMHOM MOC/Ie0BaTeIbHOCTH MAX_SENTENCE_LENGTH
¥ pa3MepoM BBIXOIHOTO C/IOS HIDDEN_LAYER sIzE. Ha BbIXOZE LSTM mno-
nydaercst TeH30p GOpMbI (None, HIDDEN_LAYER SIZE, MAX_SENTENCE_LENGTH).
Io ymomuanuio LSTM BBIBOAUT eVHCTBEHHBI TeH30p thopMbI (None,
HIDDEN LAYER SIZE) B KayecTBe pesynbTHpYIOLIeil IoC/IeA0BaTe/IbHOCTI
(return_sequences=False). OH nozaeTcs Ha BXOJ, IIJIOTHOTO Cj10s C pas-
MepoM BbIX0Zia 1 1 CUrMOMAHO (QyHKLNMEN aKTUBaLIUH, KOTOPBIif BHI-
BoauT 0 (OTpULIATENbHAS OKpacKa) iy 1 (TTONIOKUTETbHAS OKpacka).
TIpy KOMIMISLMY MOJEIN YKasblBaeTCs OuHapHas NepeKpecTHas
SHTpONMS B KayecTBe (yHKUMU TOTepb, TOCKONBKY MOJE/DL IMPEN-
CcKa3bIBaeT GMHAapHOe 3HaueHue, ¥ Adam — Xopoumii YHMBepCaTbHBI
onTUMM3aTop. [MIepriapaMeTpbl EMBEDDING SIZE, HIDDEN_LAYER SIZE,
BATCH_SIZE VI NUM_EPOCHS (38@HHbIe HIDKe B BUJE KOHCTAHT) BHIOPaHBbI 110
pesy/ibTaTaM HecKOJIbKUX 9KCIIepMMeHTOB!
EMBEDDING_SIZE = 128
HIDDEN_LAYER_SIZE = 64

BATCH_SIZE = 32
NUM_EPOCHS = 10

model = Sequential ()

model . add (Embedding (vocab_size, EMBEDDING SIZE,

input_length=MAX_ SENTENCE_LENGTH))

model.add (SpatialDropoutlD(Dropout (0.2)))

model.add (LSTM(HIDDEN LAYER SIZE, dropout=0.2, recurrent_dropout=0.2))
model.add (Dense (1))

model.add (Activation ("sigmoid"))

model .compile (loss="binary crossentropy”, optimizer="adam", metrics={"accuracy"])

3arem Mbl 06y4aeM ceTb Ha TpoTshkeHyy 10 (woM_EPOCHS) TI€PUOLOB
¢ pa3mepoM raxera (sarce_s1ze) 32. [locie Kaxmoro nepuosa MOAe/b
MIpoBepsIeTCs Ha TECTOBBIX JAHHbIX:
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history = model.fit (Xtrain, ytrain, batch_size=BATCH_SIZE,
epochs=NUM EPOCHS, validation_data=(Xtest, ytest))

Ha pe3ynbTaTax BBIITOMTHEHMS IIPOrpaMMbl BUAHO, KaK yObIBaeT 1o-
Tepsl ¥ BO3pacTaeT BEPHOCTh:

Train on 5668 samples, validate on 1418 samples
Epoch 1/10
5668/5668 [ ] - 20s - loss: 0.3316 - acc: 0.8626 - val_loss: 0.0799 - val_acc: 0.9746
Epoch 2/10
5668/5668 | ] - 19s - loss; 0.0911 - acc: 0.9626 - val_loss: 0.0512 - val_ace: 0.9810
Epoch 3/10
5668/5668 [: ] - 18s - loss: 0.0649 - acc: 0.9730 - val_loss: 0.0553 - val_acc: 0.9859
Epoch 4/10
5668/5668 [: ] - 19s - loss: 0.0642 - acc: 0.9746 - val_loss: 0.0596 - val_acc: 0.9845
Epoch 5/10
5668/5668 | ] - 20s - loss: 0.0531 - acc: 0.9787 - val_loss: 0.0434 - val_acc: 0.9845
t Epoch 6/10
5668/5668 |: ) - 19s - loss: 0.0576 - acc: 0.9762 - val_loss: 0.0396 - val_acc: 0.9852
Epoch 7/10
5668/5668 | ] - 19s - loss: 0.0494 - acc: 0.9797 - val_loss: 0.0374 - val_acc: 0.9873
Epoch 8/10
5668/5668 |: ] - 19s - loss: 0.0467 - acc: 0.9809 - val_loss: 0.0374 - val_acc: 0.9859
Epoch 9/10
5668/5668 | ] - 18s - loss: 0.0440 - acc: 0.9811 - val_loss: 0.0425 - val_acc: 0.9852
Epoch 10/10
| 5668/5668 ] - 18s - loss: 0.0464 - acc: 0.9795 - val_loss: 0.0378 - val_acc: 0.9873

114181418 | 1-0s

B crenyromem ¢parmeHTe MBI CTPOMM IrpaduKM 3aBUCUMOCTH I10-
TEpPU U BEpHOCTU OT BpeMeHU:

plt.subplot (211)

plt.title ("Accuracy")

plt.plot(history.history["acc"], color="g", label="Train")
plt.plot(history.history["val acc"], color="b", label="Validation")
plt.legend(loc="best")

plt.subplot (212)

plt.title("Loss")

plt.plot(history.history["loss"], color="g", label="Train")
plt.plot (history.history["val loss"], color="b", label="Validation")
plt.legend(loc="best")

plt.tight_layout()

plt.show()

Bot uTo nmonyyaercs:
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Hakosel1, Mofie/ib OLI€HMBAETCS Ha IIOJTHOM TeCTOBOM Habope u Tie-
yaTaeTcs OLleHKa M BePHOCTb. Mbl Taxke BbIOMpaeM HECKOIBKO CiIy-
YaiiHBIX TpeNIOKEeHUH U3 TeCTOBOro Habopa ¥ reyaraeM Mpeackasa-
Hue PHC, MeTKy U caMo0 NpenjioxkeHue:

score, acc = model.evaluate(Xtest, ytest, batch_size=BATCH_SIZE)

)

print ("Test score: %.3f, accuracy: %.3f" % (score, acc))

for i in range(5):

idx = np.random.randint(len(Xtest))

xtest = Xtest[idx].reshape(l,40)

ylabel = ytest[idx]

ypred = model.predict (xtest) [0][0]

sent = " ".join([index2word[x] for x in xtest{0].tolist() if x != 0])
print("%.0ft%dt%s" % (ypred, ylabel, sent))

Kaxk BuayM, BepHOCTb 6/113Ka K 99 %. Ha 3TOM KOHKPETHOM Habope
TpecKa3aHysi MOZeIu B TOUHOCTY COBIIaZAAIOT C METKaMM, HO 3TO Bep-
HO He TSI BCeX NpencKasaHui.

i

Test score: 0.038, accuracy: 0.987

#pred label sentence

i like th mission impossible one ...

we 're gon na like watch mission impossible or hoot .

the people who are worth it know how much i love the da vinci code .
ok brokeback mountain is such a horrible movie .

brokeback mountain is the most amazing / beautiful / romantic /
Hearibraking movie i have ever or will ever see in my life

T o e e Y
N Ry
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EciM XOTUTe BBHIIOJIHMTEL 3Ty IPOrpaMMy Ha CBOeMl MalluHe, TO
HY)XHO GyJeT ckayaTh JaHHble ¢ cajita Kaggle.

Ko, sToro npumMepa HaxoguTcs B daiiie umich_sentiment_lstm.py B CO-
CTaBe MCXOIHOIO KOJia K 9TOM I71aBe.

BeHTUNbHDINM peKyppeHTHbIi 6510k — GRU

BeHTWIbHBI peKyppeHTHbIi 610K (gated recurrent unit, GRU) - ato
BapuanT LSTM, Briepsbie npenoxesHsiit K. Yo (cM. «Learning Phrase
Representations using RNN Encoder-Decoder for Statistical Machine
Translation», arXiv:1406.1078, 2014). OH Taxxe 06/1aAaeT yCTOAUMBO-
CThIO K TpobieMe 1cue3aloero rpajueHTa, Ho ero BHYTPEHHAS CTPYK-
Typa npolie, a IOTOMY ¥ 06yuaeTcsi OH GbICTpee, T. e. /ISt OGHOB/IEHUS
CKPBITOTO COCTOSIHMSI HY)XHO MeHbllle BpruMcieHuii. Ha cienyomem
pPUCYHKe IT0Ka3aHbl BeHTWIN B siueiike GRU:

hit-1) h(t)
L ¢ r y »
! r
z c
sigm sigm tanh
. 1 )
xt)

Bmecto Tpex BeHTUiei B sueiike LSTM - BxomHoro, 330BIBAHUS U
BBIXOJHOTO, B stueitke GRU Bcero Jisa BeHTU/IsI: OOGHOBIEHMSI Z U COPO-
ca r. BedTwi b 06HOBJIEHUS OIpenesiseT, KaKyl0 4acTb Mpeablayliero
3alIOMHEHHOTO 3HaYeHMs COXPAHATh, @ BeHTUIb cOpoca — KaK cMell-
BaTh HOBBIN BXOJ, C IpeabIAylei mamMsaToio. He cylllecTByeT HMKaKOTO
TIOCTOSIHHOT'O COCTOSIHMSA STUeIKY, OTAAMYHOIO OT CKPBITOIO COCTOSTHUS,
Kak B LSTM. Mexauu3sm pa6otei GRU onuchiBaeTcs ciemyoummu ¢op-
My/aMMu:
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z=0 (I/Vzht—l + Uth)
r=c(Wh_ +Ux)
c=tanh(W (h_, ®r) +U.x)
h=e®9e(1-2)®h,)

CorfiacHO SMIMpUYecKMM oneHkam (cm. cratby R. Jozefowicz,
W. Zaremba, and 1. Sutskever «An Empirical Exploration of Recurrent
Network Architectures», JMLR, 2015 1 J. Chung «Empirical Evaluation
of Gated Recurrent Neural Networks on Sequence Modeling»,
arXiv:1412.3555. 2014), xkauectrso GRU u LSTM cpaBHMMO, U JAaTb
alpyOPHYIO PEKOMEHIALIMIO, KaKylo MOAE/b BLIGpATh /15 KOHKpeTHOM
3aauy, HeBO3MOXHO. GRU 6bicTpee 06yyaloTcs ¥ TPeGYIOT MeHbIIe
JAHHBIX /151 AOCTIDREHNS 060611aeMOCTH, HO B CUTYALIUsIX, KOIZa 06y-
YAIOIIMX JAHHDIX JOCTATOYHO, 60/bIIAst BBIPa3yTe/IbHas CIIOCOGHOCTD
LSTM MoeT IPUBOAUTD K JTyuiuvm pesynsratam. Kak u LSTM, GRU
MOKHO MOZICTaBUTh BMECTO fueiiky Tuina SimpleRNN.

Keras mpenocTaisieT BCTpoeHHble peamsanuy LSTM u GRU Haps-
Iy C paccMOTpeHHbIM Bbllte knaccoM SimpleRNN.

Mpumep GRU —- yacrepeuHas pasMeTKa

B Keras ecTb peanusauys GRU, KOTOpoit Mbl BOCTIONb3yeMCs 151 110~
CTPOEHMsI CeTU YacTepeyHoi pasMeTKM, KOTOpas paclo3HaeT rpaMma-
TUYecKYe KaTeTOPUY CI0B: CYIleCTBUTEIbHbIE, [T1aro/bl, MpyIaraTenb-
Hbie ¥ T. fi. PaHbllie YyacTepeyHyI0 pasMeTKy IIPUXOANUTIOCH BBITIOMTHSATD
BPYYHYI0, HO TeIlepb 3TO Je/IaeTcsi aBTOMATHYeCK/ C IIOMOIUBI0 CTa-
TUCTUUECKUX MOJesieil. B mociequye robl K 9Toi 3aKaue OBIIO TAKKE
npuMeHeHO mTyb6okoe obyuenue (cm. R. Collobert «Natural Language
Processing (almost) from Scratch», Journal of Machine Learning
Research, pp. 2493-2537, 2011).

B xauecTBe 06YYaIOLIMX AAHHBIX HAM HYXXHbI TPEJJIOKEHus, B KO-
TOpBIX [IPOCTAB/IEHbl METKM wacteii peyn. OnUH U3 TaKUX HabopoB,
Penn Treebank (https://catalog.ldc.upenn.edu/1dc99t42), COJEPKUT
pasMeyeHHbIN TI0bMM KOPITYC TEKCTOB, cofiepauit MpuMepHo 4.5
MIUIIMOHA CJIOBa Ha aMepPUMKaHCKOM [AMajIeKTe aHIIMIACKOro s3bixka. Ho
3TOT pecypc TiaTHbU. 10%-as BbIGOpKa Habopa Penn Treebank cBo-
6oIHO HocTyHa B cocraBe nakera NLTK (http://www.nltk.org/), ¥ MBI
BOCIIO/Ib3YEMCH ei1 1 00ydenust Hallei CeTu.

Hawa Mmozaenb IPUMHUMAET I10C/1e10BaTe/IbHOCTh CI0B NPe/IIOKeHMS
M BHIBOIMT METKM YacTeit peun IJIst KaXJ0ro ¢oBa. Tak, s BXOIHOI
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MoC/enoBaTeIbHOCTH, cocTosie 13 cioB [The, cat, sat, on, the, mat, .],
BBIXOZHAS ITOCIeI0BATeIbHOCTDb GymeT cogepkaTh MeTKu [DT, NN, VB,
IN, DT, NN].

Hauumaem ¢ umnopra:

from keras.layers.core import Activation, Dense, Dropout, RepeatVector, SpatialDropoutlD
from keras.layers.embeddings import Embedding

from keras.layers.recurrent import GRU

from keras.layers.wrappers import TimeDistributed
from keras.models import Sequential

from keras.preprocessing import sequence

from keras.utils import np_utils

from sklearn.model selection import train_test_split
import collections

import nltk

import numpy as np

import os

Tanee ckaunpaeM Kopryc NLTK Treebank B popmate, yno6HOM 17151
Toc/enymoleil 06paboTkM — B e pasob6paHHOM Buze. IToKa3aHHBIN
HIDKe KOJL 3arpyKaeT JaHHble B IBa NapajlleNbHbIX ¢ajina: B OJHOM
CJI0Ba, COCTABIAIOLIME IPEJIOKEHMS, 8 B JPYTOM — METKM dacTeii peyun.

DATA DIR = "../data"

fedata = open(os.path.join(DATA DIR, "treebank sents.txt"), "wb")
ffdata open (os.path.join (DATA_DIR, “treebank poss.txt"), "wb")

"

sents = nltk.corpus.treebank.tagged sents()
for sent in sents:

words, poss = [}, []
for word, pos in sent:
if pos == "-NONE-":
continue

words.append (word)

poss.append (pos)
fedata.write ("{:s}n".format (" ".join{words)))
ffdata.write("{:s}n".format (" ".join(poss)))

fedata.close()
ffdata.close()

U Ha 3TOT pa3 Mbl BHIIIOJIHMM TIpeABapUTeIbHYI0 06paboTKy, uTO-
6Bl oIIpefenuTh pasmep cioBapsi. Ho Teneps y Hac 6y/ieT iBa C/IoBaps:
MCXOAHBIX CJIOB ¥ 1IeJIEBbIX MeTOK. TpefyeTcsl BBIYMCIUTD KOMMUYECTBO
VHUKAJIBHBIX 3/IEMEHTOB B KaKJOM cjIoBape. Kpome TOro, HaM HY>XXHO
3HaTh MaKCHMMalbHOE YMCJIO CJIOB B TIPENJIOKEHMM U KOMMUECTBO 3a-
mcedi. B cuiy B3aMMHOM OGHO3HAaYHOCTHM YaCTEPEeUYHOI pPasMeTKy I1o-
clegHMe IBa 3HAUEHMS OAMHAKOBBI [j1s 060MX C/I0Bapei.



200 < [nasa 6.PekyppeHTHas HelipoHHas ceTb - PHC

def parse_sentences (filename) :
word_freqs = collections.Counter ()
num_recs, maxlen = 0, 0
fin = open (filename, "rb")
for line in fin:
words = line.strip().lower().split ()
for word in words:
word fregs[word] += 1
if len(words) > maxlen:
maxlen = len{words)
num_recs += 1
fin.close ()
return word_fregs, maxlen, num recs

s_wordfregs, s_maxlen, s_numrecs = parse_sentences (
os.path.join (DATA_DIR, "treebank sents.txt"))

t_wordfreqgs, t_maxlen, t_numrecs = parse_sentences(
os.path.join (DATA _DIR, "treebank poss.txt"))

print (len(s_wordfregs), s_maxlen, s numrecs, len(t_wordfregs), t_maxlen, t_numrecs)

BBISICHSIETCS, UTO KOpIyC comepskuT 10 947 yHUKaIbHBIX CIOB U 45
YHUKaIbHbIX MeTOK. Pasmep camoro OIMHHOTO NpPeIOKeHUS paBeH
249, a umcio npemyiokeHuit — 3914. 3uas Bce 3T0, Mbl IPMHMMaeM pe-
mIeHye BK/II0YaTh B MCXOOHBIN CI0Baphb TOMbKO mepsbie 5000 coB. A B
LieJIeBOM CI0Bape 6yner 45 YHUKaIbHBIX METOK YacTeil peuyt, IOCKO/b-
Ky MBI XOTMM IIpeACcKa3bIBaTh Bce MeTKY. U B KauecTBe MakCUMMa/IbHOIA
I/IMHBI IIOC/IeOBATEIbHOCTY 3agaaum 250.

MAX_SEQLEN = 250
S_MAX FEATURES = 5000
T_MAX_FEATURES = 45

Kax 1 B IpuMepe aHaIM3a SMOLMOHAIBHONM OKPacKy, BXOAHbIe JaH-
Hble 6YIyT IIPeACTaBIeHbl T0CIeJ0BaTeNbHOCTBIO MHEKCOB CJIOB. A Ha
BBIXOAE BYIeT nocaeN0BaTeIbHOCTh MHIeKCOB MeTOK. [I03TOMY HY)KHO
TOCTPONUTD TaGIULIBI COOTBETCTBUS MEXKAY CI0BaMU (METKaMM) U UX
nHaexcaMy. IToka3aHHbI! HIMKe Kod MMEeHHO 3TO U Jenaer. IIpu pac-
CMOTpPEeHMM CIOBapS C/I0B MbI BK/II0UaeM B MHAEKC 1Ba AONOTHUTE b~
HbIX s7eMeHTa 1y1s1 puxTuBHLIX ciioB PAD 1 UNK. A B c/ioBape MeTOK
duxrusHoe ¢1oBO UNK He HYKHO, IIOCKOJIBKY HMKaKue METKU He OT-
OpachIBaIOTCA.

s_vocabsize = min(len(s_wordfreqgs), S_MAX FEATURES) + 2

s wordZindex = (x[0]):i+2 for i, x in
enumerate (s_wordfreqgs.most_common (S_MAX FEATURES)) }
s_word2index["PAD"] = 0

s_word2index ["UNK"] 1
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s_index2word = {v:k for k, v in s_word2index.items()}

t_vocabsize = len{t_wordfregs) + 1

t_word2index = {x(0]:1 for i, x in
enumerate(t_wordfreqs.most_common(T_MAX_FEATURES))}
t_wordZindex["PAD“] =0

t_index2word = {v:k for k, v in t_word21ndex.items(>}

Crrenyiolmii mar — mocTpoeHye HabOPOB AAHHBIX A/ TTOJaYy Ha
BXOZ ceT. Mbl BOCIIO/Nb3YeMCS 9TUMM TabauaMmu COOTBETCTBUS AJIsI
npeo6pa3oBaHyus BXOOHBIX IpeIJIOKEHUI B TOCIeA0BaTeIbHOCTh
UNeHTUGUKATOPOB CIOB JJIMHOM Max_SEQLEN (250). MeTKM NOIDKHBI
6BITh IIpeNCcTaBieHbl B BUe IOCTeJ0BATeIbHOCTY YHUTAPHBIX BEK-
TOpOB pa3sMepa T MAX FEATURES + 1 (46), TAlOKe JUTMHOM uax_seQLeN (250).
OYHKIMS build tensor YATAET AaHHbIe U3 060Mx (aitnos u npeobpa-
3yeT MX BO BXOLHOI1 M BBIXOHOI TeH30p. [Jisl TOCTPOEHNST BbIXOA-
HOTO TeH30pa IepemaloTcs AONOMHUTEbHbIE TTapaMeTpsl, IoApas-
yMeBaeMble 110 ymoruanyio. Haura ¢pysknus o6pauiaercs K QyHKIUH
np_utils.to _categorical (), KOTOpas Mpeo6pa3yeT BHIXOAHYIO IIOCIe/I0-
BaTeNbHOCTb UAEHTM(HUKATOPOB METOK YacTeil peuu B YHUTapHOE

rpefcTaBleHye:

def build tensor (filename, numrecs, word2index, maxlen,
make_categorical=False, num classes=0):
data = np.empty{ (numrecs, ), dtype=list)
fin = open (filename, "rb")
i=20
for line in fin:
wids = []
for word in line.strip().lower().split{():
if word2index.has key(word):
wids.append (word2index[word])
else:
wids.append (word2index ["UNK"])
if make categorical:

data[i] = np utils.to_categorical (wids, num_classes=num_classes)
else:

data[i] = wids
i+=1

fin.close()
pdata = sequence.pad_sequences (data, maxlen=maxlen)
return pdata

X = build tensor (os.path.join(DATA DIR, "treebank sents.txt"),
S_numrecs, s_word2index, MAX SEQLEN)

Y = build_tensor(os.path.join(DATA_DIR, "treebank poss.txt"),
t_numrecs, t_word2index, MAX SEQLEN, True, t_vocabsize)
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3arem pa36yBaeM HaOOp JaHHBIX Ha 06Y4YaIOIIMit ¥ TECTOBBIN B IIPO-
nopuuu 80:20:

Xtrain, Xtest, Ytrain, Ytest = train test split(X, Y, test_size=0.2,
random_state=42)

Ha pucyHKe HMKe IOKa3aHa cxeMa Haieit ceTy. BBIIISAUT CAOKHO-
BAaTO, IIO3TOMY pa3bepem ee I10 maram.

The cat sat on the mat
(None, MAX_SEQLEN, 1)

REEEEE

Embedding

{None, MAX_SEQLEN, EMBED_SIZE]

Encoder
RNN

{None, HIDDEN_SIZE)

RepeatVector

{None, MAX_SEQLEN, HIDDEN_SIZE

Decoder * * * * * *.%
RNN {

{None, MAX_SEQLEN, HIDDEN_SIZE

Yy bbb

Dense

(None, MAX_SEQLEN, t_vocab_size

BEAREE,

DT NN VB IN DT NN

Kax u panbuie, B IIpeldNONOKeHMM, UTO pa3Mep I1akeTa elle He
OIIpesieNieH, BXOJIOM B CeTb SIBJISIETCS TeH30p MAeHTU(PUKATOPOB C/IOB
$bopMBI (None, MAX_SEQLEN, 1). OH TIDOXOIUT Yepes CJIO¥ IOTPYKEeHUS,
KOTOPBIi1 IIpeobpasyeT Kaxkgoe CI0BO B IVIOTHBI BEKTOP pa3Mepa EM-
BED SIZE, TAK UTO TEH30P HAa BBIXOJIE 3TOTO CJIOS MMeeT POpMy (None,
MAX_SEQLEN, EMBED_SIZE). DTOT T@H30p ITOJIaeTcs Ha BXOZX KOAUPYIOLIETO
GRU-cnos ¢ pasmepoM BrIxoga rippeN_s1ze. GRU HacTpoeH Ha BO3BpaT
eIVHCTBEHHOT'O0 KOHTEKCTHOI'O BEKTOpa (return_sequences=False) rnocie
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06paboTKM MMOC/IeI0BATEIbHOCTY JIMHOM MAX SEQLEN, IIO3TOMY TEH30D
Ha Bbixoe GRU-c10s umeeT POpPMY (None, HIDDEN SIZE).

DTOT KOHTEKCTHBIA BeKTOp [Jajee pelIMIUpyeTcs CJI0emM
RepeatVector B TeH30p GOPMBI (None, MAX SEQLEN, HIDDEN SIZE) M IIOJa-
eTcsa Ha Bxoj aexonupyouiero GRU-ciosi. PesysnbTart MocTymaer IioT-
HOMY CJIOK0, KOTODBIil TOPOXKIAET BBIXOXHOM TeH30p (GOpMBI (None,
MAX_SEQLEN, t vocab_size). B KauecTBe GYHKUMYM aKTUBALMM B IVIOTHOM
cioe ucronb3yetcs softmax. 3HaueHneM argmax JJist KaKaoro cTonb-
11a 5TOT0 TEH30pa ABJISETCA MHAEKC TIpeJiCKa3aHHOM METKM YacTU peun
/IS CJIOBa B COOTBETCTBYIOLEH IO3MULN.

Hike mpuBedeHO ompepeneHye 3TO MOAENW; EMBED SIZE, HIDDEN
SIZE, BATCH SIZE M NUM EPOCHS — TMIlepIiapameTpbl, 3HaUeHUsT KOTOPBIX
BBIOpaHBI 110 pesyiIbTaTaM 3KCIepuMeHTOB. [Ipy KoMImisuyuu Mmoze-
JIX 6bL1a YKa3aHa CbYHKI.U/IH IIOTEPD categorical crossentropy, IOCKOJBKY
METKM MPUHAJIEKAT HECKOIBKMM KaTeTOpUsIM, U NONYASIPHBIA ONTH -
musatop Adam:

EMBED SIZE = 128
HIDDEN_SIZE = 64
BATCH_SIZE 32
NUM_EPOCHS 1

Il

I

model = Sequential ()

model.add(Embedding (s_vocabsize, EMBED_ SIZE, input_length=MAX SEQLEN))
model.add (SpatialDropoutlD (Dropout(0.2)))

model.add (GRU (HIDDEN_SIZE, dropout=0.2, recurrent_dropout=0.2))
model.add (RepeatVector (MAX SEQLEN))

model.add (GRU (HIDDEN SIZE, return_sequences=True))

model.add (TimeDistributed(Dense (t_vocabsize)))
model.add{Activation("softmax"))

model.compile (loss="categorical crossentropy", optimizer="adam",
metrics=["accuracy"))

Mogenb o6yqae'rc;[ Ha IIPOTSDKEHMM OOHOIO mepuonad. HOCKOJ'Ibe
KOJMMYeCTBO NMapaMeTpoB MOJe/IM BeJIUKO, TO ITI0C/e IIePBOro repmuona
HauyMHaeT IIPOABIATbCA TCHOCHIIUS K HEpEOGY‘IEHI/IIO — eCIM OIHU U Te
Xe JaHHBbIe ITOAAaBaTh B MOCIEAYIOUIUX ITepruoaax, ToO Moae/b HOATOH-
€TCA K HUM U XYXKe BeneT cebs Ha KOHTPOJIBHbIX HaAHHBIX.

model .fit (Xtrain, Ytrain, batch_size=BATCH_SIZE, epochs=NUM EPOCHS,
validation data=[Xtest, Ytest])

score, acc = model.evaluate (Xtest, Ytest, batch size=BATCH_SIZE)
print ("Test score: %.3f, accuracy: %.3f" % (score, acc))
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Hioke ToKasaH pe3y/abTaT obyueHMs M OLeHMBAaHUS MOLEN. Kaxk
BUIMM, yKe [oc/ie epBOro repuosia Mofiesb BeAeT cebs BecbMa He-
TIIOXO.

e et e e S et e e e e Bt

{ Train on 3131 samples, valldate on 783 samples ;
i Epoch 111 i
3131/3131 [ ] - 81s - loss: 0.3013 - acc: 0.8263 - val_loss: 0.2934 - val_acc: 0.9158

{783/783 | ]-3s
| Test score: 0.293, accuracy: 0.916

|

Kax u 11onosxxeHo, TpU Ki1acca peKyppeHTHBIX cerej1 B Keras (simpleRNN,
LSTM V GRU) B3a¥IMO3aMeHseMbl. UTo0bI y6eIuThCs B 3TOM, 3aMEHUM BCe
TPU BXOXKJEHMUS C/I0BA GRU B IpefbIayLIeli IporpaMMe Ha LSTM U CHO-
Ba 3amycTuM ee. VI3MEHUTb IPUAETCS TONBKO AMPEKTHUBY MMIIOPTa u
ornpezeneHne MOAENN:

from keras.layers.recurrent import LSTM

model = Sequential()

model . add (Embedding {s_vocabsize, EMBED_SIZE, input_length=MAX_SEQLEN))
model .add (SpatialDropoutlD (Dropout (0.2)))

model .add (LSTM(HIDDEN_SIZE, dropout=0.2, recurrent_dropout=0.2))
model.add (RepeatVector (MAX_SEQLEN) )

model.add (LSTM (HIDDEN_SIZE, return_sequences=True))
model.add(TimeDistributed(Dense(t_vocabsize)))

model.add (Activation("softmax"))

Pe3ynpTaThl ceTeit Ha ocHoBe GRU 1 LSTM commocTaByMbl.

Kitacc Mozeneit Buaa MocienoBaTe/bHOCTb-B-110C/I€A0BATENPHOCTD
o6amaeT MOILIHBIMYM BbIPa3sUTEIbHBIMY BO3MOXHOCTAMMU. Ero xa-
HOHMYeCKoe MPWIOKeHMe — MAIIMHHbI/ [epeBoll, HO eCTh M MHOIO
ApYTMX, B T. 4. paCCMOTpeHHOe Bblule. B KauecTse IPMMEpPOB MOXKHO
Ha3BaTh pasIMyHble 337iauy 00pabOTKYM eCTeCTBEHHOrO S3blka: pac-
[O3HaBaHUe MMEHOBaHHBIX CyIIHOCTeN (CM. J. Hammerton «Named
Entity Recognition with Long Short Term Memory», Proceedings
of the Seventh Conference on Natural Language Learning at HLT-
NAACL, Association for Computational Linguistics, 2003), rpamMMaTH-
yeckuit pa36op npeasioxenmii (cm. O. Vinyals «Grammar as a Foreign
Language», Advances in Neural Information Processing Systems, 2015),
a TaIOKe boJiee CIIOKHbIE CETY, Hanpymep, AJis oM/ CbIBaHNA u3obpa-
senusi (cM. A. Karpathy, F.Li «Deep Visual-Semantic Alignments for
Generating Image Descriptions», Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, 2015).

IMonHbIi KOH, IpUMepa HaxOoUTCA B ¢aitne pos_tagging_gru.py B CO-
CTaBe MCXOIHOro KoIa K 3TOjf IaBe.
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IBsyHanpasneHHbie PHC

Boixog PHC B MOMeHT BpeMeHM [ 3aBMCUT OT BBIXOJOB Ha BCeX Ipef-
IIeCTBYIOUIMX BpeMeHHbIX laraX. Ho BIiosiHe MOXET CIY4MThCS, YTO
BBIXOZl 3aBMCUT TaKKe OT OyAyLIMX BBIXOAOB. JTO CIpaBelIuBO, B
yacTHOCTH, OIS Tpuoskenmit OES, koraa aTpubyTsl ciosa mwan ¢pa-
3B, KOTOPbIE MbI [TbITaeMcs Ipe/iCKa3aTb, MOTYT 3aBMCETh OT KOHTEK-
CTa, oNpeieisieMOro BceM 00beMIIIOLIUM TIPeIoKeHUeM, a He TONbKO
TIpefLIecTBYIOIYMY cioBamu. [IByHanpasienHbie PHC momorator mo-
CTPOUTb APXUTEKTYPY CeTH, KOTOpasi NpUAaeT OAMHAKOBYIO BaXXHOCTD
HayaIy ¥ KOHIYY IIpeJIokeHus, U TO3BOMISIOT YBeInuuTh 06beM NaH-
HBIX, JIOCTYIIHBIX 17151 OOy4eHMs.

Jsynanpasnennas PHC - sto ise PHC, coOpaHHble BMECTe, KOTOpbIe
YYTAIOT BXOTHBIE JaHHbIE B pa3HBIX HAIIpaB/leHNsIX. B Halrem npumepe
opHa PHC 6ymer uuTaTh C710Ba OT Havayia IIPejIokeHNs K KOHLLY, a ApY-
rasi — OT KOHLIa K Haya/ly. BbIxoz Ha KakoM BpeMeHHOM Iuare GyzieT
3aBUCETDb OT CKPLITOro cocTosiHus o6enx PHC.

Keras mopiepxxuBaeT ApyHanpasiexHsie PHC ¢ momorsio 06epThi-
BAIOLIEro CJI0S Bidirectional. Tak, B clyyae 4aCTepPeYHO pa3sMeTKU Mbl
Mo 6bi crenath LSTM-ceTu AByHanpaBieHHbIMY, 06epPHYB UX CJ10-
©M Bidirectional, KaK ITOKa3aHO HIKe:

from keras.layers.wrappers import Bidirectional

model = Sequential ()

model.add (Embedding (s_vocabsize, EMBED_SIZE, input length=MAX_ SEQLEN))
model.add (SpatialDropoutlD(Dropout (0.2)))

model.add (Bidirectional (LSTM(HIDDEN SIZE, dropout=0.2, recurrent_dropout=0.2)))
model.add (RepeatVector (MAX SEQLEN))

model.add (Bidirectional (LSTM(HIDDEN SIZE, return_ sequences=True)))

model .add (TimeDistributed (Dense (t_vocabsize)))

model.add (Activation("softmax"))

TToyyaemoe KayeCcTBO CPaBHMMO C KayeCTBOM B Clydae OAHOHa-
npaBieHHoi LSTM-ceTu:

§Tra|n on 3131 samples, validate on 783 samples

{Epoch 1/1
13131/3131 [: ] - 268s - loss: 0.2889 - acc: 0.8226 - val_loss: 0.2788 - val_acc: 0.9036
17831783 | ]-12s

iTest score: 0.279, accuracy: 0.904

|98
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PHC ¢ 3anoMMHaHueM COCTOAHUSA

PHC MOXeT COXPaHSTb COCTOSIHME TIPU Iepexoe OT ONHOIO naKeTa K
Apyromy Bo BpeMsi 06ydeHust. iHaue roBopsl, CKPhITO€ COCTOSTHIE, BbI-
yyc/IeHHOe I/ OQHOTO IaKeTa 0O0y4yalolyX JAaHHBIX, MCIOIb3YeTCs B
KauecTBe Haya/JIbHOTO CKPHITOrO COCTOSHUSA IJISl CJIeAYIOIIEro makeTa.
Ho 3TOT pexuM Heo6X0aMMO 3aaBaTh SIBHO, IOTOMY 4TO B Keras PHC
10 YMOJTYAHMIO He 3alIOMMHAET COCTOSIHME U c6pachiBaeT €ro Imocie
06paboTKY K&XKAOTO MaKkeTa. 3aroMyHaHye COCTOSHNUS ITO3BO/ISET PHC
CTPOUTD CBOE BHYTPEHHEEe COCTOsIHYME Ha IPOTSHKEHNN 06paboTku BCet
[OC/IeqOBaTeIbHOCTM O6YUYAIOVX JaHHBIX U Jaxke MCIONIb30BATh €ro
Ha 9Tale IpefcKasaHusi.

K nocrourcrBam PHC ¢ 3anioMyHaHeM COCTOSIHUS CIeAYET OTHECTHI
MeHbHIMII pasMep ceTU U (M) COKpalleHye BpeMeH! obyuyeHmsl, a K
HeZocTaTKaM — TO, YTO MbI Telleph HeceM OTBETCTBEHHOCTD 33 BBIOOD
TAaKOTO pa3Mepa MaKeTa, KOTOPbI OTpaXaeT NepuoaNIHOCTDb AaHHBIX,
U 3a c6pOC COCTOSHMS TTOCTIe KaXAoro Tnepyuona. Kpome Toro, AaHHbIe
He C/lefiyeT NepeTacoBbIBaTh B Ipoliecce 06yyeHys, TIOTOMY UTO JIs
ceTell ¢ 3alIOMMHAHMEM COCTOSIHMS IIOPSAOK IpeabsaBIeHNs NaHHBIX
CylIecTBeHeH.

Mpumep LSTM c sanoMuHaHUeM COCTOAHUA =
npeacKkasaHue noTpeéneHusa anekTpuyecTsa

B 5TOM IIpMMepe Mbl [TpeficKakeM IoTpeb/ieHye 37IeKTPUIeCTBa C 110~
Momibio LSTM-ceTu ¢ 3sartoMuHaHueM 1 6e3 3a1I0MMHaHNsl COCTOSHUS
U CpaBHMM pe3y/IbTaThl. HalmoMHuM, 4TO B Keras PHC 110 yMmo/I4aHMIO
He 3alIOMMHAeT COCTOsiHMe. B Moensax ¢ 3arloMUHaHyeM BHYTPEHHEE
COCTOSIHVE, BHIYMC/IEHHOR IJIS1 o/ieMeHTa [ B IIpebIAYIIeM IIakeTe, oy-
IeT MCIIO0Mb30BaThCs B KaueCTBe HAauaIbHOTO COCTOSHMS /1eMEHTa iB
cenyronieM IaKeTe.

Ilist o6yueHus Mbl GyeM MCIoTb30BaTh HAGOp AaHHBIX M3 Pero-
sutopusi MawuHHOro obyueHmsi UCI (nttps://archive.ics.uci.edu/ml/
datasets/ElectricityLoadDiagramsZ0112014), KOTOpBIN COOEPKUT I/IHCl)Op-
Maluio o orpebnenun nexrpyuyectsa 370 MOTpeOUTeNIMM C VHTEP-
pasioM 15 MuHYT 3a nepmog, ¢ 2011 no 2014 roa. [ins npuMepa Mol C1y-
yajiHo BBIGpaMM moTpebuTesns ¢ Homepom 250.

BOBIIMHCTBO 330249 MOXHO peliyTh C ITOMOIBIO PHC 6e3 3amno-
MMHAHMS COCTOSIHMS, ITo3Tromy, mpuberas x PHC ¢ 3arnoMuHaHMEM
COCTOSIHUS, HYKHO TTOHMMAaTh, 3a4eM Bbl 3TO JlenaeTe. Kaxk npasuiio,
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TaKas HeoOXoIMMOCTb BO3SHMKAET, KOTJa B JaHHbIX UMEeTCs IIepuoau-
yeckas cocraisiomasi. U 1 notpebiaenns afeKTpudYecTBa neiicTBu-
TeIbHO XapaKTepHa MepyOAMYHOCTD — ITOTpebIeHKe Bhillle JHeM Y HU-
e HOubl0. Beigenm gaHHsble 1jist norpebutens 250, Hapucyem rpadmk
3a MepBble EeCATh AHEH M COXpPaHMM JaHHble B ABOMYHOM (opmare
NumPy a1 ciienyiolero mara.

import numpy as np

import matplotlib.pyplot as plt
import os

import re

DATA DIR = "../data"

fld = open(os.path.join(DATA DIR, "LD2011_2014.txt"), "rb")
data = []
cid = 250
for line in fld:
if line.startswith(""";"):
continue
cols = [float{re.sub(",", ".", X)) for x in line.strip().split(";"){1:]]
data.append (cols[cid])
fld.close ()

NUM_ENTRIES = 1000

plt.plot (range (NUM_ENTRIES), data[0:NUM_ENTRIES])
plt.ylabel ("electricity consumption™)

plt.xlabel ("time (lpt = 15 mins)")

plt.show()

np.save (os.path.join (DATA DIR, "LD 250.npy"), np.array(data))

Ha pucyHKe HIKe TI0Ka3aH MoayuuBIumiics rpaduk:
140 . ; - +
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Kak BuanuTe, UMeeTCSH OTUET/IMUBas CYTOUHAA epuoANYHOCTDb, TaK
yTO AJI4 9TON 3a7auy MOJENb C 3allOMMUHaHNeM COCTOSAHUSA OT/IMUHO
TIOJ0aeT. KpOMe TOT'0, U3 Pe3y/IbTAaTOB HabnmwomeHus cienyeT, 4To
MMeeT CMbIC/I B34Tb BATCH_SIZE PaBHBIM 96 (KOMMYecTBO 15-MI/IHYTHLIX
OTCUeTOB 3a 24 Yaca).

Ms1 GYII,(:‘M TOKa3bIBaTb OMHOBPEMEHHO KOJ 06enx BepCMﬁ: C 3ar1o-
MUHaHMeM 1 0e3 3aIIOMMHAaHNUS COCTOSTHMS, IIOCKO/IBKY II0UTY BeCh KOA,
cosnapgaert. Ha ominuns 6Y,H,EM crieuuaJbHO 06pa].|],aTb BHUMaHue.

Kak 06BIYHO, CHAYa/Ia MMIIOPTUpYeM Heo6X0AMMble GMOIMOTERN U
KJIacChl:
from keras.layers.core import Dense
from keras.layers.recurrent import LSTM
from keras.models import Sequential
from sklearn.preprocessing import MinMaxScaler
import numpy as np

import math
import os

3aTeM 3arpy3uM AaHHbIE /1 TOTpe6uTens 250 B 6OMBIIOI MacCus .
(pa3mepa 140256) 13 COXpaHEHHOTO paHee IBOUYHOTO ¢daitna NumPy u
npyBeeM ero K auanasony (0, 1). Haxonen, uameHuM GopMy BXOTHBIX
[aHHBIX Ha TPEXMEPHYIO, KaK TOro TpebyeT Halla ceTh:

DATA DIR = "../data"
data = np.load(os.path.join(DATA_DIR, "LD_250.npy"))
data = data.reshape(-1, 1)

scaler = MinMaxScaler(feature_range=(0, 1), copy=False)
data = scaler.fit_transform(data)

TIpyu 06paboTKe KaKAOTro MakeTa MOZIENb IPYMHYMAET MOC/IeN0BATEb-
HOCTb 15-MMHYTHBIX OTCYETOB U TPEACKa3bIBaeT cnepyiommii. JjvHa
BXOJ{HOJ TIOC/Ie0BATe/IbHOCTY ONpeiesieTCs iepeMeHHOM NUM_TIMESTEPS.
Tlo pe3y/bTaTam 3KCIIEPUMEHTOB Mbl BbIGpas 3HaU€HMe NUM_TIMESTERS=20,
T. e. /IHA BXOLHOI IoC/IefoBaTebHOCTY paBHa 20, a BBIXOAHOI — 1. Ha
C/Ie[yIONIeM Iare BXOJHOJ MaccuB Npeobpa3oBbIBAeTCs B TEH30PBI X U Y
(OpMBI (None, 4) M (None, 1)./ HaKoHeL, BXO/IHOJ1 TEH30D X ITpeobpa3syeT-
CS1 B TpeXMepHbIil B COOTBETCTBMY C TPeGOBAHMSIMY CeTH:

X = np.zeros((data .shape‘[O] , NUM TIMESTEPS))
Y = np.zeros(({(data.shape[0], 1))
for i in range(len(data) - NUM_TIMESTEPS - 1):

X[i] = data[i:i + NUM TIMESTEPS].T
Y[i] = data[i + NUM TIMESTEPS + 1]

# vEMernTs dopMy X, NpUBEDs ero K TPeM maMeperusM (OTCYETH, BPEMERHBIE Warw, NpU3HaKM)
X = np.expand_dims (X, axis=2)
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Jlanee Mbl pa36yBaeM TEH30DBI x ¥ Y Ha 06ydyalommii 1 TeCTOBbIA
Habop B nponopiyy 70:30. [TockombKy Mbl paboTaeM ¢ BpeMeHHBIMU
pamaMu, TO NMPOCTO BBIGMPaeM TOUKY pasjeNieHus U paspe3aem JaH-
Hble Ha [Be YacTH, He Moib3yIch QYHKUMEN train_test_split, KOTOpas
TNOTIOIHUTEILHO TIepeTacoBbhIBaET JaHHbIe:
sp = int (0.7 * len(data))

Xtrain, Xtest, Ytrain, Ytest = X[0O:sp], X[sp:], Y[0:sp], Y[sp:]
print (Xtrain.shape, Xtest.shape, Ytrain.shape, Ytest.shape)

CHayasia oIpefenseTcss Mofaenb 6e3 coxpaHeHUs coeqyHeHus. Kpo-
Me TOro, 3aal0TCs 3HaUeHUsI [IepeMeHHBIX BATCH SIZE M NUM_TIMESTEPS.
Pasmep Bhixoma LSTM-ceTy ompenieisieTcsl MePeMeHHO HIDDEN_SIZE,
9TO ellle OOMH IMIIepHapaMerp, KOTOPBIil OOBIYHO BBICTABIISETCS II0
pesynabTaTaM dKCriepuMeHTOB. Mbl 3afanu 3HaveHue 10, MoTomy 4To
Hallla [eb — IMTPOCTO CPaBHUTD JIBE CETH:

NUM_TIMESTEPS = 20

HIDDEN_SIZE = 10
BATCH_SIZE = 96 # 24 uaca (xommuecTBO 15-MMHYTHHX MHTEPBAJIOB)

# 6e3 CcOXpaHeHMss COCTOSAHUA

model = Sequential ()

model .add (LSTM (HIDDEN SIZE, input_shape=(NUM TIMESTEPS, 1), return sequences=False)
model.add (Dense (1)

OmnpenelieHe COOTBETCTBYIOIEH MOIENIN C COXpPaHEHMEeM COCTOsI-
HUS oueHb Moxoxe (CM. Hioke). B koHcTpyKkTOpe LSTM HYXHO 3a1aTh
TiapaMeTp stateful=True, @ BMECTO IIJapaMeTpPa input_shape, B KOTOPOM
IOJpa3syMeBaeTcs, YTO pasMep IlakeTa ONpENENseTcs Ha 3Tane Bbl-
IIOJIHEHMS, Mbl 3aJlaeM TIapaMeTP batch_input_shape, i€ 3TOT pasMep
yKasbiBaeTcsa sBHO. Kpome Toro, pasmeps! 06y4YalolIero 1 TeCTOBOIO
Hab6opa JaHHbIX NO/DKHBI OBITh KPAaTHBI pasMepy nakeTa. Kak sToro no-
GUTBCS, Mbl YBUAMM HIDKE [IPY PACCMOTPEHUY KOZAA OOYYeHMsI.

# C COXpaHeHMEM COCTOAHMSI

model = Sequential()

model.add (LSTM (HIDDEN_SIZE, stateful=True,
batch_input_shape=(BATCH_SIZE,NUM_TIMESTEPS,1), return sequences=False))
model.add(Dense (1))

Kon KoOMAMISIIMY Mojie/u oayHakoB ajist o6enx PHC. OTMeTnM, 4TO
B PO/IM TI0KA3aTeNsi KayecTBa BBICTYIIAeT He BePHOCTh, KAK O6BIYHO, a
cpenHeKBaApaTMyecKasi omybKa, IMOCKOAbKY Mbl MMeEEM 3afavy pe-
rpeccMu: HaC MHTEPEeCYeT He COBNaZieHMe Mpe/icKasaHusl ¢ MeTKoif, a
pacxoxkaeHe MeXay IpeAcKasaHusIMy M MeTKaMu. [1o/Hbi riepedeHb
BCTpOeHHbIX B Keras mokasaresieil KayecTBa MMeeT s B JOKYMeHTaluM.
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model.compile (loss="mean_squared error", optimizer="adam",
metrics=["mean_squared_error"])

Inst o6yuenusi Mogeny 6e3 coCTOSIHUS JOCTaTOYHO OJHOM CTPOKM,
KOTOpas BaM, HaBepHOe, YXKe CTaza IPUBbIYHOIA:

BATCH SIZE = 96 # 24 uyaca (KoiuuecTBO L5-MMHYTHHX MHTEPBAaJOB)

# Ge3 COXpaHEHUA COCTOAHMA
model.fit (Xtrain, Ytrain, epochs=NUM EPOCHS, batch_size=BATCH_SIZE,
validation data=(Xtest, Ytest), shuffle=False)

COOTBeTCTBYIOMIMIT KOT, JJIS1 MOJIe/IM C COXPaHeHMeM COCTOSIHUA 110~
Ka3aH HioKe. B HEM eCTb TpU BaXKHBIX MOMEHTA.

Bo-mepBbiX, pa3Mep Naxkera AO/DKEH OTPaXxaTb NePUOAVYHOCTD
JaHHBIX, ITOcKoAbKY PHC ¢ coxpaHeHMeM COCTOSIHMSI COTIOCTaB/ISIET
COCTOSTHMSI COOTBETCTBEHHBIX 3/IEMEHTOB COCeJHMX IaKeTOB, & 3TO
3HAUMT, YTO TIPY NPaBUIBHOM pasMepe TakeTa ceTh Gyzer oby4arncs
6picTpee. PasMephl 06yyaloLIero ¥ TECTOBOrO Habopa MO/KHbI GBITH
KpaTHbI pasMepy IakeTa. Mbl obecriedmiu BHITOIHEHNE 3TOTO YCJIO0-
Bis1, OTGPOCHB TIOCTeIHME HECKO/IBKO 3amyiceit B 060uX Habopax.

Bo-BTOpbIX, MBI B IIMK/Ie 00y4yaeM MOJie/Ib Ha ITPOTSHXKeHMU 3aJaHHO-
rO yMc/ia IIepUOJIOB, TIPY 3TOM COCTOSIHME COXpaHseTcsl TpU repexone
OT maxeTa K makerty. Ho mocie kaxaoro rnepmuoga COCTOsSIHNE MOAENN
Heob6xX0aMMo cOpPOCUTD BPYUHYIO.

B-TpeThbMX, JaHHble HeOOGXOAMMO NOAABaTh CTPOTO TNMOC/IENOBa-
tenpHO. ITo yMmomuauuio Keras nmepeTacoBbiBaeT JAaHHbIe B KaXA0M
HaKeTe, a 5TO HapyLIaeT COOTBETCTBYE 7IEMEHTOB, HE06X0AMMOe AJis
s¢pdexrupHoro obyuenust PHC ¢ coxpaHeHneM COCTOAHNS. YT06bI OT-
MEHUTb TaCOBaHMe, 3a[JaeTCs IapaMeTp shuffle=False IIPY OOpalIeHUN
K model .fit ()&

BATCH SIZE = 96 # 24 waca (xommuuecTBo 15-MMHYTHHX MHTEPBAaJIOB)

# C coxpaHeHMeM COCTOSHMUA
# pasMeph oOydaoleTo M TECTOBOT'O HaGopa MOJIKHEL Grrb KpaTHe BATCH_SIZE
train_size = (Xtrain.shape[0] // BATCH_SIZE) * BATCH_SIZE
test_size = (Xtest.shape[0] // BATCH SIZE) * BATCH_SIZE
Xtrain, Ytrain = Xtrain{O:train_sizel, Ytrain[0:train_size]
Xtest, Ytest = Xtest[O:test_size], Ytest[0:test_size]
print (Xtrain.shape, Xtest.shape, Ytrain.shape, Ytest.shape)
for i in range (NUM_EPOCHS) :
print ("Epoch {:d}/{:d}".format (i+l, NUM_EPOCHS) )
model.fit (Xtrain, Ytrain, batch_size=BATCH_SIZE, epochs=l,
validation_data=(Xtest, Ytest), shuffle=False)
model.reset_states()
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HakoHe1, Mbl OLleHMBaeM MOZE/Ib Ha TeCTOBbIX JaHHBIX U IeYaTaeM
pPes3ynbTaThl:

score, _ = model.evaluate(Xtest, Ytest, batch_size=BATCH_SIZE)
rmse = math.sqrt(score)
print ("MSE: (:.3f), RMSE: {:.3f}".format{score, rmse))

Iocne 06yyeHust Mofenu 6e3 COXpaHeHMS COCTOSTHMS Ha IpOTsDKe-
HUU ISTY IEPUOJOB TIONYYAIOTCS TaKue Pe3yIbTaThl:

(98179, 20, 1) (42077, 20, 1) (98179, 1) (42077, 1)
Train on 98179 samples, validate on 42077 samples
Epoch 1/5

98179/98179 | ] - 41s - loss: 0.0086 - mean_squared_error: 0.0086 - val_loss: 0.0040 -
val_mean_squared_error: 0.0040

Epoch 2/5

98179/98179 [ ] - 41s - loss: 0.0045 - mean_squared_error: 0.0045 - val_loss: 0.0039 -
val_mean_squared_error; 0.0039

Epoch 3/5

98179/98179 | ] - 43s - loss: 0.0041 - mean_squared_error: 0.0041 - val_loss: 0.0038 -
val_mean_squared_error: 0.0038

Epoch 4/5

98179/98179 [: ] - 44s - loss: 0.0039 - mean_squared_error; 0.0039 - val_loss: 0.0040 -
val_mean_squared_error: 0.0040

Epoch 5/5

98179/98179 | ] - 44s - loss: 0.0038 - mean_squared_error: 0.0038 - val_loss: 0.0038 -
val_mean_squared_error: 0.0038

h2077/42077 | ] - 28

MSE: 0.004, RMSE: 0.062

JIng Momenu ¢ cOXpaHeHueM COCTOSIHMS, KoTopasi ATk pa3 obyya-
Jlach B LMKJIE C OFIHMM IIEPUOIOM, TIOMYIMIUCH TAKME pe3yIbTaThl (06-
paTuTe BHMMaHME, YTO YMC/IO NMPUMEPOB B OGydalolleM M TeCTOBOM
Habope YMeHbIIEHO, YTOObI CHENATh ero KpaTHBIM pasMepy NaKeTa):

T 9811 es, validate on 42048 samples

Epoch 1/1

98112/98112 [: ] - 37s - loss: 0.0056 - mean_squared_error: 0.0056 - val_loss: 0.0038 -
val_mean_squared_error: 0.0038

Epoch 2/5

Train on 98112 samples, validate on 42048 samples

Epoch 11

98112/98112 [ ] - 36s - loss: 0.0044 - mean_squared_error: 0.0044 - val_loss: 0.0037 -
val_mean_squared_error: 0.0037

Epoch 3/5

Train on 98112 samples, validate on 42048 samples

Epoch 111

98112/98112 | ] - 38s - loss: 0.0043 - mean_squared_error: 0.0043 - val_loss: 0.0038 -
val_mean_squared_error: 0.0038

Epoch 4/5

Traln on 98112 samples, validate on 42048 samples

Epoch 1/1

98112/9B112 [: ] - 373 - loss: 0.0042 - mean_squared_error: 0.0042 - val_loss: 0.0038 -
val_mean_squared_error: 0.0038

Epoch 5/5

Train on 98112 samples, validate on 42048 samples

Epoch 1/1

98112/98112 | ] - 37s - loss: 0.0040 - mean_squared_error: 0.0040 - val_loss: 0.0035 -
val_mean_squared_error: 0.0035

41052/42048 [ .] - ETA: Os

{ MSE: 0.003, RMSE: 0.059
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Kaxk BMIVM, Pe3y/IbTaThl MOEN C COXpaHeHMeM COCTOSHMS UyTb
yaiure. YUMTBIBAs, YTO Mbl IIPUBE/IM JAHHbIE K 1Malla30Hy (0,1), B a6-
COMOTHBIX Ludpax Moaenb 6e3 coxpaHeHMs] COCTOSHUS AA€T YacTOTy
omm6b0oK 6.2%, a ¢ coxpanenueM — 5.9%. To jxe caMmoe MOXXHO BbIDa3UTh,
(Ka3aB, YTO BepHOCTb COCTABJ/IAET COOTBETCTBEHHO 93.8% 1 94.1%.

Koj 9TOTO IIpyMepa HaxoouUTcs B ABYX (hajinax: econs_data.py COLEP-
XUT Kof, pa36opa MCXOZHOTO Habopa NAaHHBIX, 8 econs_stateful.py — KOA
ompeneneHus U 06ydeHNns 06enx Mozeneil. 06a (ajtsia BXOASAT B COCTaB
MCXOIHOTO KoJa K 3TOM I71aBe.

Dpyrue BapnaHTbl PHC

B saxioduenye 3TOM IIaBbl KpaTKO pacCMOTpUM Ipyrue BapyuaHTBI
suejiky PHC. B oT0i1 06/1aCTU BeAYTCSA aKTUBHbIE MCCTIeAOBAHNUS U OBI-
IV TIpeJIOKEeHBI MHOTOUMCTIEHHbIE BaPMAHTBI JIS PeLIeHNsT KOHKPeT-
HBbIX 3a75a4.

OnuH 13 TIONY/sPHBIX BapuanToB LSTM xapakTepusyeTcs nobasine-
HMeM «CMOTPOBBIX INIa3KoB» (peephole connections), 6narogaps KoTo-
PBIM BEHTW/IbHBIE CIOM MOTYT BUAIETh COCTOSTHIE sS4eifKu. DTOT Bapu-
aHT npenjoxken B 2002 ropy T'epcom u Imupaxy6epoMm (cm. F. A. Gers,
N. N. Schraudolph, J. Schmidhuber «Learning Precise Timing with
LSTM Recurrent Networks», Journal of Machine Learning Research,
pp. 115-43).

Eme omyuH BapuaunT LSTM, KOTOpbIii B KOHEYHOM MTOre IPUBET K
GRU, - cnapUTh BEHTUIb 3a6BIBAHMS C BHIXOIHBIM BeHTHIeM. Pellre-
HMSL O TOM, YTO 3a6BITh, @ YTO OCTABUThb, IPMHMMAKTCSA COBMECTHO
060MMI BEHTUIAMM, a HOBast MH(bOpMAaLys 3aMelaeT 3a6bITyIo.

Keras mnpejjiaraet TONMbKO TP OCHOBHBIX BapuaHTa B BUAE CIOEB
SimpleRNN, LSTM 1 GRU. Ho 3T0 Heo6s3aTe/bHO TI/I0XO. I'ped skc-
IepUMEHTATBHO MCCIeN0Ball MHOTO BapuaHTOB LSTM (cm. K. Greff
«LSTM: A Search Space Odyssey», arXiv:1503.04069, 2015) u npyen
K BBIBOJIY, YTO HU OfIMH M3 HUX He [AaeT 3HaYNTeTbHOTO BBIMIPBIILA 10
CpaBHEHMIO CO CTaHJAPTHOM apxurektypoit LSTM. Takum o6pasom,
KOMTIOHEHTOB, uMelomuxcs B Keras, 06bI9HO JOCTaTOYHO IJISl pellie-
Hust OOIBIIMHCTBA 3a4ay4.

B cayuae, eciv BaM JEeMCTBUTENLHO HeoOXoAMMO CKOHCTPYMpPO-
BaTh COBCTBEHHBIN C/I0i, MOXHO MpuOETHYTh K IIpefoCTaB/seMoMy
Keras MeXaHM3My I07b30BaTeIbCKUX CI0EB. B criefylolieit I1aBe Mbl
MIOCMOTPUM, KaK 3TO Aenaercs. CylecTByeT TaKkKe KapKac Recurrent
Shop ¢ OTKPBITBIM MCXOGHBIM KOAOM (https://github.com/datalogai/
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recurrentshop), [IO3BOJISIIOIIMIT CO3AaBATH CIOXKHbIE PeKyppeHTHbIe Hell-
pOHHBIe ceTH ¢ IToMo1lsio Keras.

Pe3iome

B 9T0i1 I71aBe Mbl pacCMOTpenu 6a30BYI0 apXUTEKTYPY PeKYPPEHTHBIX
HeMpOHHBIX ceTeli ¥ 00bsCHUIN, TIOYeMy OHU IPeBOCXOAST TpaAULIU-
OHHbIe HeipOHHbBIE CeTU B IPMMEHEeHUM K IoIeOBaTeNbHBIM JaH-
HbIM. MBI TaKOKe BUEIHU, KaK MOXKHO Mcriosb30BaTh PHC st 06yduenus
aBTOPCKOMY CTMJTIO ITMChbMa U TIOPOXKI,eHM S HOBBIX TEKCTOB € IIOMOIIbIO
o6yueHHOIT Mojenu. MBI TOKa3aiu, Kak 3TOT IIpMMep MOKHO pacnpo-
CTPaHUTD Ha IIPeACcKa3aHMe LeH Ha akKIMU WIN IPYIVX BpeMEHHBIX ps-
IIOB, Ha BhIJEIeHYe peuy 13 3a1yMIeHHOIO 3ByKOBOI'O CUTHAJIA U T. 1.

Mpbl o6cyamnM pasnuubbie criocobsl coegyuenus 6moxkos PHC u
IIpYMeHeHre 3TUX TOIIOMIOTUI K pelIeHMI0 TaKuX 3a/ay4, KaK aHanius
3MOIMOHATbHO OKpacKy, MalllMHHBIA TIepeBo, MONIMChIBAHME 130~
OpakeHuit, Knaccudukanys 1 T. 1.

3areM MBI OCTAHOBMINMCH HA I[JIABHOM HEOOCTATKE apXUTEKTYPhI
npocToit PHC - mpo6ieMe vcye3alolux 1 B3pbIBHBIX IPaiMeHTOB. Mbl
BUEIN, UTO TIPOBIIeMY MCUe3aI0Iero rpaieHTa MOXHO pelInTs C 110-
Mo1IbIo apxuTekTypbl LSTM (1 GRU). MbI mogpo6Ho paccMoTpenu obe
STU apXUTEKTYphl U MPUBEIY [Ba IpUMepa: IIpefcKasaHyue 3MOLMO-
HaJIbHOJ OKpacKy TekcTa ¢ moMmoubio LSTM-Mopenu u npefickasaHue
MeTOK YacTeil peun ¢ mMoMOUIbl0 ocHOBaHHOW Ha GRU apxuTeKkTyphi
TUIIA TIOC/IEIOBATENbHOCTb-B-T10C/IeI0BATEIBHOCTD.

3arem mbl moropopuau o PHC ¢ coxpaHeHMeM COCTOSIHUS U ee II0f -
nepxkke B Keras. MbI mpuBeny npuMmep ucnonb3osanus Takoii PHC gisa
MpencKasaHus MoTpebneHus sNeKTpuIecTBa.

HaxoHelr, MbI KpaTKO YIIOMSIHY/IM O npyrux Bapuantax PHC, orcyT-
cryomux B Keras, o crmoco6ax mocTpoeHyst COOTBETCTBYIOLMX MOze-
Jei.

B cienyionneit maBe Mbl 6ymemM paccMaTpMBaTh MOZEIHA, He YKia-
IBIBAIOILMECS HY B OOVH U3 OIMCAHHBIX Bbillle WAOMOHOB. MBI TaKke
MIOKa)keM, KaK 13 IPOCThIX MO/Ie/Teii MOXXHO cO31aBaThb 607ee ClI0KHbIE,
nonb3ysch pyHkuyoHanbHbIM API Keras, 1 nipuBesieM HECKOJIBKO IIPM-
mepoB aganTaryu Keras o cBou moTpe6HOCTH.
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NononHutenbHblie Moaenu
MaLUMHHOI0 06yuyeHus

Ilo cux mop MBI 06CYKIanM B OCHOBHOM MOJENH, TIpeaHasHaueHHbIe
s knaceubukauyy. OHM 06Y4aloTcs Ha OCHOBe PU3HAKOB U METOK
06BEKTOB C Lie/IbI0 IPefCcKasbiBaTh METKM paHee He IpPeabsaB/sBUINX-
cs1 00beKTOB. Y TaKUX MOZe/Iel JOBOIBHO IIPOCTast APXUTEKTYpa — BCE
paccMOTpeHHbIe BhIllle MOAEIM OCHOBaHbI Ha JIMHEIHOM KoHBeitepe,
KOTOPBI} CTPOUTCS ¢ IIOMOIIbIO TTocienoBaTenbHoro API Keras.

Temoit 3TOM I1aBbl GyayT GoJtee CIOKHBIE apXUTEKTYPhI, B KOTOPBIX
KOHBejtep Heo6s3aTeTbHO IMHEMHbIA. MBI y3HaeM, KaK ONPeReIuTL CeTh
¢ romotIpI0 GyHKIMOHANBHOTO API. OTMETUM, BIipoYyeM, UTO GYHKIM-
oHaNbHEI API IPUTOIEH U IJIST TOCTPOSHMS IMHEIHOM apXUTEKTYPHI.

IIpocreiiniee 0606IIeHNE CeTell KIaccUpUKALUY — PerpecCuOHHbIe
cetu. Boobie, k1accuduranyst ¥ perpeccusl — IBe CaMbIX LIMPOKUX
KaTeropuy MalIMHHOTrO obydyeHus 6e3 yuurens. BMecTo KaTeropum
perpeccroHHas CeThb IpPeNCcKa3bIBaeT 3HaueHue HelpephIBHOI Beu-
yyHbl. C IpMMEpPOM TaKOTO Pojia Mbl BCTPEUAIMCH IIPU OOCYRIEHUN
PHC c cocTostHueM ¥ 6e3. MHOTMe 3a/1auy perpeccui MOXKHO IoduTy 6e3
YCUIMIL peliuTh C IIOMOLIBI0 Mofenelt Knaccubukauuu. B aToit riaBe
MBI PacCCMOTPUM IIpUMep ITOI0OHOT ceTH /IS TpeAcKa3aHus cogepKa-
Hug 6eH30ma B aTMocdepe.

Emie oguH Knacc mofenei npefHasHayeH /i BbISBIEHUS CTPYKTY-
Dbl HEIIOMeUYeHHBIX JaHHbIX. DTO TaK Ha3biBaeMoe obyueHue 6e3 yuu-
Temst. OTiuuMe OT Mozeneit Knaccudukauuu B TOM, YTO METKU IIpu-
CYTCTBYIOT JUILb HESBHO. [IpuMepsl HAM V)Ke BCTPEYaIUCh: MOIEIU
CBOW u skip-rpamMmbl U3 cemeiictsa word2vec. JIpyroit mpumep — aB-
TOKOAVPOBIIUKU. MbI paCcCMOTPUM aBTOKOIMPOBILIMKY MOApo6GHee U B
KauecTBe NpMMepa IIPUBEIEM IOCTPOEeHMEe KOMITAKTHOTO BEKTOPHOTO
MpenCcTaBaeHUS IPeJIOKEeHMS.
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3areM MbI IIOTOBOPUM O TOM, KaK COCTaB/ATb U3 PaCCMOTPEHHBIX
Mopienieli 6onee KpynHble rpadsl Beruncaenuit. 1eas Takoro rpada —
JOCTUYb HEKOTODOIi 1ienu, IjIs KOTOpOit ONHOM IocienoBaTelbHOI
MOJZie/TM HeNoCTaTOUYHO. B yacTHOCTH, rpad MOXKET MMETb HECKOIbKO
BXOJOB M BBIXOZ OB M COEOUHATHLCS C Pa3IMYHbIMM BHEIIHMMM KOMIIO-
HEHTaMM. MbI pacCMOTPUM NPUMED CeTHU JJ1S1 OTBETOB Ha BOIPOCHI.

3aTeM Mbl HEMHOTO OTBJIe4eMCsl Ha pacCMOTpeHue 6asosoro API
Keras 1 pacckaxeM, Kak €r0 MOXHO MCIIONb30BaTh OIS CO3JaHMS
TMOJIb30BATEIbCKMX KOMIIOHEHT, paciMpsomnx QyHKIMOHATIbHOCTh
Keras.

ITocme 3TOTO MBI BepHEMCS K Hepa3MeUeHHbIM HaHHbIM. Eme oy
KJ1acc Mogeseit, He TpeOyIoUX MeTOK, ~ IopoxaanLye cetn. OHu 06-
y4aloTcsl Ha Habope CYIEeCTBYIOIINUX 0ObEKTOB M ITBITAIOTCS BBISBUTH
MX UCTUHHOE paclipefiesieHue BeposiTHOCTU. Haliast pacmpenenenue,
MbI CMOJEM Je/1aTh U3 Hero BhIOOPKY, MoTydast IpUMephl, IIOXoXMe Ha
obyualomye faHHble. [Iofo6HbIi TIpUMep MBI BUIEIN B IIPeAbIAYIIe
1aBe, Korga ooydany PHC f7is reHepanyy TEKCTOB, TOXOKMX Ha «AJTU-
cy B CTpaHe 4ygec». Bo3Bpamarbcst K 3TOMY IpMMepy Mbl HE CTaHeM,
a TIOCMOTPUM, Kak IPUMEHUTb UAeI0 00YUeHMs pacpenenesunio qas-
HBIX /19 CO3JaHMsl MHTepeCHbIX BU3YaIbHBIX 3G(EeKTOB ¢ IOMOLIBIO
cetu VGG-16, npenobyueHHoit Ha Ha6ope AaHHbIX ImageNet.

Eure pas nepeuncium TeMbl, pacCMaTpUBaeMble B 3TOI I1aBe:

O ¢dysruuonaneubiit API Keras;

O perpeccruoHHbIE CeTH;

O aBTOKOAMPOBLIMKY Kak IpyMep 06yueHus: 6e3 yumTens;

Q KOMIIO3MIMS CJIOKHBIX ceTelt ¢ TOMOIIbI0 GYHKIIMOHATbHOTO API;
QO mnone3oBarenbckue pacmupenus Keras;

O nopoxpamolume ceTu.

®yHKunoHanbHblii APl Keras

B dysKuyonanbHoM API Keras Kaxkaplii /1071 orpeensieTcs Kak GpyHK-
LS Y IPEOCTABIISIOTCS O1lepaTophl /11 06beAMHEHMS STUX YHKLIMIA
B 607111031 Ipad BeruMcaeHuit. @YHKIMS IpeacTasisieT co60it peos-
pasoBaHye C OIHMM BXOLOM M OAHUM BbIXOAOM. Tak, BbIpakeHue y =
f(x) onpenenseT GyHKIMIO fC BXOKLOM X 1 BBIXOIOM Y. PaccMOTpuM po-
CTYI0 TIOC/TIEeN0BaTeNbHYI0 Mojiesb Keras (CM.https://keras.io/getting-
started/sequential—model—guide/)3
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from keras.models import Sequential
from keras.layers.core import dense, Activation

model = Sequential ([
dense (32, input_dim=784),
Activation ("sigmoid"),
dense (10),
Activation ("softmax"),

1
model.compile (loss="categorical_crossentropy", optimizer="adam")

Kak BUauM, ITOCIENOBaTeNbHAS MOJ/b MIPEJCTABIISAET CETh B BUE
JMHeHOTO KOHBejiepa, T. e. cryucka coeB. Ho MOKHO TaKKe IpefcTa-
BUTB CEThb B BUJIE TIOKA3aHHOI HYDKe KOMITO3MIMy QYHKLMIA. 31ech X -
BXO/IHOU TeH30p dopmbl (None, 784), a y — BBIXOLHOM TEH30D dhopmbl
(None, 10), rie None 03Ha4aeT, 4To pasMep I1akeTa [10Ka He OTIpE/Ie/IeH.

y = 0, (f(o,(8x))),

roe

glx)=W,x+b,

1
SO

f(xX)=Wx+b,

X

ox(x)= If

2.
k=1

Huke nokasaHo, KaK OmpenenuTh 3Ty CeTb C IIOMOIIbI0 IDYHKI.I,MO-
nanbHoro API Keras. O6paTute BHUMAaHMe, YTO IIeEpeMeHHas predictions
SBJISIETCS] KOMITO3MIIVEN TEX CAMBIX dJYHKI.U/If/'I, KOTOpbIe IIPUCYTCTBYIOT
B YpaBHEHMU BbIIIE:

from keras.layers import Input

from keras.layers.core import dense

from keras.models import Model
from keras.layers.core import Activation

inputs = Input (shape=(784,))

X
X

dense (32) (inputs)
Activation ("sigmoid") (x)
dense (10) (x)

X
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predictions = Activation("softmax") (x)
model = Model (inputs=inputs, outputs=predictions)

model.compile (loss="categorical crossentropy", optimizer="adam")

TockoabKy MOZAENb eCTh KOMIIO3ULIMS CIO0eB, KOTOPhIE SIBASIOTCS
TaKke QYHKIUAMY, TO ¥ MOZAENb sBisieTcs GyHkuueii. CremnoBaTesb-
HO, 06YYeHHYI0 MOJeTh MOXXHO pacCMaTpPUBaTh IIPOCTO KAK ellle OOMUH
CJ10}1 1 BBI3BIBATD €€, IepeaB TeH30p moaxoasieit popmsl. Takum 06-
pa3oM, eci Mbl yKe ITIOCTPOMIU MOJe/b, KOTOPast JeNaeT HeuTo Mo-
7lesHOe, HanpuMep, KaaccuduumpyeTt M306pakeHus, TO JIETKO MOXeM
pacIIpoOCTPaHMTDb ee Ha I0C/IeOBATeTbHOCTb U300pakeHmii, 06epHYB
otoeM Keras TimeDistributed:

sequence predictions = TimeDistributed(model) (input_sequences)

C nomowpio GYHKUMOHATBHOTO APl MOXHO onpenennTb /06yI0
CeTh, HOIYCKAIOIIYIO Ollpee/eHye IIOCPeCTBOM NI0C/Ie0BaTEIbHOTO
API. Ho 06paTHOe HEBEPHO — CJIeyIOLIMe TUIIBI CeTeil MOXKHO onpeze-
JINTH TOTHKO C TOMOIIbI0 GYHKIMOHANBHOTO API:

O Momenyt ¢ HeCKOILKMMM BXOIaMMU U BbIXOJIaMMU;
O Mogeny, ABJAIOIIMeCcs KOMIIO3UIIVel HeCKOIbKUX IoAMozenelt;
QO Mozeny, B KOTOPBIX UCITOAb3YIOTCS pasjeisieMble C/I0U.

Mogieny ¢ HecKOJMbKUMY BXOOAMM ¥ BBIXOJIAMU OTpeleNnsioTcs Iy-
TeM pas[e/ibHOM KOMIIO3MIIMY BXOZOB ¥ BBIXOZIOB, KaK INOKa3aHO B
IpesIAYIieM IpUMepe, ¢ TIoc/Ienylolieil mepegayeii MacCUMBOB BXOJI-
HBIX ¥ BBIXOAHBIX (YHKIIMIT B KauecTBe IapaMeTPOB inputs M outputs
KOHCTPYKTOPY K/Iacca Model:

model = Model (inputs=[inputl, input2], outputs=[outputl, output2])

O6bI9HO MOJIEIN C HECKOMBKVMMY BXOAAMM ¥ BbIXONAMU COCTOAT U3
HeCKOJIbKUX II0[ICETel, pe3y/NbTaThl BLIYUCAEHUST KOTOPBIX O0beAMHSI~
J0TCSL B KOHEUHBII pe3ynbTaT. DYHKIUS merge NpeiaraeT HeCKOIbKO
CrI0co60B 06beMMHEHMST TTPOMEKYTOYHBIX Pe3yAbTaTOB, HalpuMmep:
BEKTOpHOE CJIOKeHMe, CKalsipHOe NpOM3BeldeHue M KOHKaTeHalus.
C npumepamy 06beTMHEHNMSI Mbl BCTPETUMCS IIPY PACCMOTPEHUM BOIT-
POCHO-OTBETHOJ CUCTeMBbl HIKe.

He meHee Io/Ie3HbIM NpuMeHeHMeM (yHKIOHanbHOro API aBsi-
I0TCSL MOJENM C pasfenseMbIMy c1osMy. Pasiernsgemslil ¢10i onpene-
JSIeTCS OIMH pas, M UCIIOIb3YeTCs BO BCeX KOHBeliepax, Ifie HY>XKHbI ero
Beca.
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B 5701 I7IaBe Mbl 6yieM MOMb30BaThesl B OCHOBHOM (YHKIMOHAb-
HbpIM API, TaK UTO B IIpMMepax HefoCTaTKa He 6yneT. A Ha caitre Keras
MMeeTcs ellle MHOTO IPYMepPOB Ha 3Ty TEMY.

PerpeccnMoHHble ceTu

JIBa OCHOBHBIX BU/ia OOYdeHMs ¢ yuuTesneM — Kiaccuduxauus u pe-
rpeccysi. B 060ux cIydasx Mofienb 06y4aeTcsl Ha AaHHBIX C M3BECTHbI-
MM MeTKaMu. B ciyuae kinaccudukaumm METKU — IUCKPETHBIE 3HAYE-
HUS, HAaIIPMMED, XKaHpP TEKCTa UM KaTeropus unsobpaxkeHus. B ciaydae
perpeccuy MeTKaMM SBJISIOTCS 3HaYeHMs HeIpepbIBHOM BeIMUMHBI,
HanpuMep, LeHbl akuyit i ko3¢ GuUEeHT MHTEIEKTYalIbHOTO pas-
BuTHs yenoseka (1Q).

B 60/bIIMHCTBE PaCCMOTPEHHBIX Bblllle IPYMEpPOB MOAEIN y6o-
KOro 06yueHNs MCTIONb30Ba/IMCh IS KnaccuyKammu. B aTOM pasgerne .
MBI PaCCMOTPMM, KaK TaKast MOJI€/Ib [103BOJISIeT BHINOTHUTD PETPeCCuIo.

HaroMHMM, YTO B MOJE/ISAX KiaccudyuKayy B KOHIE MMeeTCs IUI0T-
HBIi1 Cj1071 ¢ HenuHeHo HYHKIMell akTUBaluY, YMCII0 BBIXO[,0B KOTO-
pOro paBHO WICTY KnaccoB B Mozeny. Tak, B MOZieM KiaccugmKauyumn
usobpaxenmit u3 HaGopa ImageNet pasmepHOCTDb IIOTHOTO BBIXOM-
Horo ciosi paBHa 1000, T. e. O MOXeT NPe/ICKa3biBaTh 1000 kraccos.
AHAJIOTMYHO B MOJENM aHaIu3a SMOIMOHAIbHON OKPAacKy IUIOTHBINA
C/10J1 MMeeT JiBa BbIXOJa, COOTBETCTBYIOLIVE MOIOKUTENbHOM 1 OTPH-
LIaTeJIbHOM OKpacKe.

B perpeccMOHHBIX MOJIE/ISX B KOHIIE TOXE MMEeTCs IUIOTHBII CTIOM,
HO TOTBLKO C OMHMM BBIXOZIOM 11 6€3 HeNlMHetHO M GyHKINY aKTABALHA.
9T0 3HAYMT, YTO IVIOTHBIH C/I0/1 BO3BPAIaeT NPOCTO CYMMY OTKIMKOB
HeJipOHOB IpeasIayLero cos. Kpome T0ro, B Kauecrse dyHKUUY IT10-
Tepb 06BIYHO UCIIO/b3YETCs CPeAHEKBaZpaTIIEeCKasA omm6ka (CKO,
aur1. MSE), HO ZOTTyCTMMO M HECKOJIBKO JPYIMX yHKLMIL (CM. https://
keras.io/losses/).

Mpumep perpeccun - npeackasalue COAEPIKAHUS
6eH30N1a B BO3AYXE

B sTOM IIpMMepe Mbl 3ajimeMcsi MpefcKasaHyMeM KOHLUEHTpanuu
6en3oia B aTMocdepe, 3Hast Takyie BeJIMUMHBI, KaK KOHLIEHTPaL My OKM-
Y yITIepoza, OKUCH a30Ta U T. /1., & TAKKe TeMIIepaTypy U OTHOCUTE/b-
HYIO BJIKHOCTD. B KauecTBe 06y4aioiliX JAHHBIX VCIIONb3YeTCs Habop
u3 perosurtopus MaumuHoro obydenyst UCI (htips://archive.ics.uci.
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edu/ml/datasets/Air+Quality). DTOT Habop comepxut 9358 mokasauHmii,
TIIOJYYEHHBIX C YaCOBBIM MHTEPBAJIOM OT MaTpPULbI M3 IIATU XMMU4Ye-
CKMX BATUYMKOB OKMCJIIOB MeTallJIOB. ManI/ﬂ.T,a JaTIYMKOB HaXoaujaach B
OOHOM UTAJIBTHCKOM ropoje, a moKa3aHus perucTpupoBajaucChb C MapTa
2004 1o ¢eBpanp 2005.

Kak 06b14HO, CHAaYa a8 MMIIOPTUPYEM HY)KHbIe OMOIMOTEeKH:

from keras.layers import Input

from keras.layers.core import dense

from keras.models import Model

from sklearn.preprocessing import StandardScaler

import matplotlib.pyplot as plt

import numpy as np

import os

import pandas as pd

Hab6op manubix mpenacrasied B Bume CSV-daitia. JaHHble 3arpy-
)aloTcsi Bo ¢dpeitM paHHbIX Pandas (CM. http://pandas.pydata.org/).
Pandas - nonynspHasi 6u6auoTeka sl aHanu3a JAaHHBIX, B OCHOBE
KOTOpOI JIeXXUT TOHSITHE ¢peitma NaHHBIX (OOBEKT DataFrame), 3a-
MMCTBOBaHHOE U3 A3bIKa R. MbI ucnonbssyeM 3aech Pandas mo aBym
npuuuHaM. Bo-mepBbix, HA60p JAHHBIX COMEPXKUT IIYCThIE OIS, COOT-
BETCTBYIOLIME OTCYTCTBUIO ITIOKA3aHUI JaTUUKOB. BO-BTOPBIX, BMECTO
JeCcSITUUHBIX TOYEK MCIONb3YIOTCS 3allsThle, KaK IIPUHITO B HEKOTO-
pBIX eBpomeicKux crpaHax. B Pandas BcTpoeHa IopamzepskKKa TOTO U
JIPYIOro, a TaKKe PSJi AOTIOTHUTEIBHBIX YI06CTB, 0 KOTOPBIX MBI CKa-
JKeM B CBO€ BpeMsl.

DATA DIR = "../data"
AIRQUALITY FILE = os.path.join(DATA DIR, "AirQualityUCI.csv")

aqdf = pd.read_csv(AIRQUALITY FILE, sep=";", decimal=",", header=0)

# ymamuTh 2 nepBHX M 2 NOCJEefHMX cToabla
del aqgdf["Date"]

del aqgdf["Time"]

del agdf["Unnamed: 15"]

del agdf["Unnamed: 16"]

# BMecTo NaN HOACTaBMTHL CPeOHME 3HadeHus [0 CToaduy
aqdf = aqgdf.fillna(aqgdf.mean())

Xorig = aqdf.as matrix()

3mech MBI ynajseM IepBbie Ba CTONOLA, ColepXKallMe AaTy U Bpe-
M HabaomeHus, ¥ IBa MocjaeIHUX cTo0La, KOTOpbIe, IOX0XKe, He CO-
JIepKaT HUYero Imoae3Horo. 3areM saMeHseM MyCThie MONS CPeIHUMU



220 < Tnaea 7.[ononHuTtenbHbie MOLeN MaliMHHOTO obyueHus

3HaUeHUsIMM 10 cToMOuy. M HakoHell, 3KCIIOPTUpYeM, ¢dpeiiM JaHHbIX
B BMZE MaTPULbI /IS TIOC/ERYIOIEero ¥CIoIb30BaHM.

OTMeTUM, UTO MacmTab B KaKIOM CTOnOLe pasHblii, TOTOMY 4TO
M3MepS/IMCh PasnyyHble BemruuHbl. Hanpumep, KOHIEHTpays OKM-
cut onoBa u3Mepsiiach B Macurra6e 1:1000, a KOHLEHTpalUMu HemeTa-
HOBBIX YITIEBOJOPONOB — B macirrabe 1:100. Bo MHOIMX CUTyaLUsIX
IIpU3HAKY OZHOPOMHBI, TaK UTO pasinyue MaciuTaboB He COCTaB/IsIeT
npo6/eMsl, HO B TaKMX, Kax 3Ta, Tyylle NpUBecT! JlaHHbIE K eJUHOMY
Macinta6y. B JaHHOM C1ydae mMacmTabupoBanye CBOAUTCS K BBIUUTA-
HIIO M3 KOKIOTO 3HAUeHMs CPEIHEro 110 CTOAGLY 1 AeeHVIo Ha CTaH-
JapTHOe OTKJIOHEHNe:

z =
o

Jlisi 9TOTO BOCTIONb3YEMCS KJIACCOM Standardscaler U3 OuBIMOTEKU
scikit-learn, KaK IIOKAa3aHO HyDKe. Mbl coxpaHseM CpefHee M CTaH-
[apTHOe OTKJIOHEeHMe, TI0TOMY 4TO OHM e1lle MOoHaA00SaTCs /1 BHIBOJA
pe3yIbTaTOB M MpeJICKa3aHus Ha OCHOBE HOBBIX JAHHDIX. MeTKoit sB-
JISIeTCST UeTBEpThIi cTo6er; HaGopa NaHHbIX, TOITOMY MbI Pa3fe/iieM
MAacIITa6MpOBaHHbIe JaHHbIE Ha BXOJHbIE TlepeMeHHbIe X i LEEBYI0
nepeMeHHYIO y:

scaler = StandardScaler ()

Xscaled = scaler.ﬂt_transform(Xoriq)

¥ COXpaHsieM nJ#A npencxaaaﬂmﬂ Ha OCHOBE HOBHIX HOaHHBIX

Xmeans = scaler.mean_
Xstds = scaler.scale_

y = Xscaled[:, 3]
X = np.delete{Xscaled, 3, axis=1)

3aTeM Mbi pa36yBaeM aHHbIe Ha 0OyUaIoONIMii 1 TecTOBBIit HA6Op B
nponopyu 70:30, T. e. ocTaBIsgeM 6549 sanmceit ans o6yuenus u 2808
IUISI TECTVPOBaHMSL:

train size = int (0.7 * X.shape[0])

Xtrain, Xtest, ytrain, ytest = X[0:train_sizel, X[train_size:],
y[0:train_sizel], yltrain_size:]

Tlanee onpefesseTcs ceTb. OTO POCTas MI0THas CETh ¢ IBYyMS CJIO-
MM, KOTOpasl IPMHKMAET Ha BXOAE BEKTOP M3 12 Mpu3HaKOB U BBI-

BOMUT MaclITaGypOBaHHOE IpesicKa3aHue. [TOTHBI CKPBITHI C/10/
COIEPKUT BOCceMb Hel{poHOB. MaTpiuiia BECOB B 060MX TIOTHBIX C/10-
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X MHULMAIU3UPYETCS TI0 CXeMe, KoTopast HasbiBaetcs glorot uniform
(paBHOMepHas MHMIManu3anus Inopora). IIonHBIN NepeYeHb CxeM
MHULIMAIMU3AUUY NIpUBedeH II0 aApecy https://keras.io/initializers/.
B kauectBe (PyHKUMMU IIOTEPh MBI 33faeM CpeJHEKBaJpaTUYeCKyo
OIIMOKY (mse), 8 B KAUECTBE OITMMM3aTOPA adam:

readings = Input (shape=(12,))

x = dense (8, activation="relu", kernel_initializer="glorot uniform") (readings)
benzene = dense(l, kernel initializer="glorot_uniform") (x)

model = Model (inputs=[readings], outputs=[benzene])
model.compile (loss="mse", optimizer="adam")

Mpb1 06y4aeM 3Ty MOJ€eNb Ha TpoTsbkeHyy 20 1eproioB ¢ pasMepom
naketa 10:

20
10

NUM_EPOCHS
BATCH SIZE

history = model.fit (Xtrain, ytrain, batch_size=BATCH_SIZE,
epochs=NUM_EPOCHS, validation_split=0.2)

B pesy/bTaTe HOIYYaeTCst MOJE/b CO CpeIHeKBapaTUUeCKoit Olmo-
Koit 0.0003 (KBafpaTHbIl KOpeHb 13 Hee MPUOIM3UTEILHO PaBeH 2%)
Ha obyuaroniem Ha6ope 1 0.0016 (KBazpaTHbIV KOPEHb IPUMEPHO 4%)
Ha KOHTPOJILHOM Habope. TO BMAHO U3 TIOKa3aHHOr0 HIKe NMPOTOKO-
J1a oOyueHus:

Epoch 8/20

5239/5239 |: ] - Os - loss: 0.0015 - val_loss: 0.0024
Epoch 9/20

15239/5239 [ ] - Os - loss: 0.0012 - val_loss: 0.0020
Epoch 10/20
5239/5239 |: 1- 0s - loss: 9.5742¢-04 - val_loss: 0.0018
Epoch 11/20
5239/5239 [: ] - Os - loss: 8.2761e-04 - val_loss: 0.0019
Epoch 12/20
5239/5239 | ] - Os - loss: 7.1237e-04 - val_loss: 0.0021
Epoch 13/20
5239/5239 [: ] - Os - loss: 6.4492e-04 - val_loss: 0.0018
Epoch 14/20
5239/5239 | ] - Os - loss: 6.0119e-04 - val_loss: 0.0019
Epoch 15/20
5239/5239 [: ] - Os - loss: 5.1915e-04 - val_loss: 0.0017
Epoch 16/20
5239/5239 [ ] - Os - loss: 4.4686e-04 - val_loss: 0.0014
Epoch 17/20
5239/5239 [: ] - Os - loss: 5.6912e-04 - val_loss: 0.0019
Epoch 18/20
5239/5239 [: ] - Os - loss: 3.6897e-04 - val_loss: 0.0013
Epoch 19/20
5239/5239 [ ] - Os - loss: 3.6652e-04 - val_loss: 0.0012
Epoch 20/20
5239/5239 [:

] - Os - loss: 3.2395e-04 - val_loss: 0.0016
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MBI TaK)Ke CPaBHUM 32peruCTpUpOBaHHble KOHIEHTPauun 6eH30ma
C TIpefcKa3aHHBIMM Mojienbio. Te u npyrue Ipeo6pasyloTcs: K UCXON-
HOMY MaciTaoy.

ytest = model.predict (Xtest) .flatten()
for i in range(10):
label = (ytest[i] * Xstds([3]) + Xmeans[3]
prediction = (ytest_[i] * Xstds[3]) + Xmeans[3]
print(“BenzeneConc.expected:{:.3f},predicted:{:.3f}".format(label,
prediction))

CpaBHeHNe HCH(&SblBaeT;‘{T()IIpeIHH(aSa}ﬂAH)IOB(NIB}H)fbﬂdBKPlK]dC'
TUHHbBIM 3HAUYEHUSAM:

Benzene Conc. expected: 4.600, predicted: 5.254
Benzene Conc. expected: 5.500, predicted: 4.932
Benzene Conc. expected: 6.500, predicted: 5.664
Benzene Conc. expected: 10.300, predicted: 8.482
Benzene Conc. expected: 8.900, predicted: 6.705
Benzene Conc. expected: 14.000, predicted: 12.928
Benzene Conc. expected: 9.200, predicted: 7.128
Benzene Conc. expected: 8.200, predicted: 5.983
Benzene Conc. expected: 7.200, predicted: 6.256
Benzene Conc. expected: 5.500, predicted: 5.184

Haxosel], HaHeceM Ha 061yt rpaduk dakTiyeckue 1 npenckasan-
Hble 3HaueHMs AJIsl Bcero TecToBoro Habopa. V1 cHOBa MbI BUOUM, YTO
TIpelCcKasaHus CeT 0ueHb 6M3KM K MCTMHHBIM HabMoaeHNsIM:

plt.plot (np.arange (ytest.shape[0]), (ytest * Xstds[3]) / Xmeans[3],
color="b", label="actual")

plt.plot(np.arange(ytest_.shape[O]), (ytest_ * Xstds[3]) / Xmeans[3],
color="r", alpha=0.5, label="predicted")

plt.xlabel ("time")

plt.ylabel ("C6H6 concentrations")

plt.legend(loc="best")

plt.show ()

[TocTpoeHHbIi rpadyK MOKa3aH HIKe.
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O6yuyeHue 6e3 yuurens -
aBTOKOAUPOBLIUKH

ABTOKOAMPOBIIMKY ~ 9TO K/JACC HEMIPOHHBIX CeTel, KOTOpbIe IBITAIOT-
Cs1 peKOHCTPYMPOBATh BXOIHbIE HaHHbIE C MPYMEHEeH)eM 06paTHOro
pacnpocTpaHesus. ABTOKOAMPOBILIVK COCTOUT U3 ABYX YacTeii: Koxu-
POBLIMK U feKozep. KoaupoBIyK unTaeT BXOAHbIE JAHHBIE M OKMMaeT
X, IOpOXaas 6onee KOMIAaKTHOe MpeZCTaBeHne, a IeKoaep YurTaer
3TO TIPeZICTaBJIeHME U IBITAETCST BOCCTAHOBUTD IO HeMy BXof. MHbl-
MU CJIOBaMM, aBTOKOOVIPOBIIMK IbITAETCS OOYUUTh TOXIECTBEHHYIO
GYHKIMIO, MUBMMM3VPYS OIIMOKY PEKOHCTPYKLIMM.

Ha nepBblit B3I, TOXIecTBeHHas! QYHKIMS HE IPeICTaBIsIeT Hy-
Yero MHTepecHOIo, HO BaXXHO, KaK MMEHHO IIPOM3BOAMTCS 0b6ydeHue.
UNCI0 CKPBITHIX C7I0€B aBTOKOAMPOBIIMKA OOBIYHO MeHbIle yucia
BXOJHBIX (M BBIXOAHBIX) 6/I0KOB. OTO BBIHYXAAET KOAMPOBLIMK 06y-
YaTHCH CKATOMY IpEICTABIEHMIO BXOMA, KOTOpOe AEKO/eP PEKOHCTPY-
upyet. Eciiu BXo#Hble JaHHble 0071afaloT CTPYKTYPOii B BUZie KOppe-
JSUVIT MeXKIY BXOZHBIMY ITPU3HAKAMM, TO aBTOKOAUPOBIIMK BhISIBUT
HEKOTOpble KOPPEeISLMA U B UTOre 0OYIMUTCS MPENCTaBI€HMIO TAHHBIX
MeHbllleif pasMepHOCTH aHaJOTVMYHO TOMY, KaK 3TO Ie/laeTcsl B MeToAe
IJIaBHBIX KOMIIOHEHT (principal component analysis, PCA).
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OGyuMB aBTOKOOMPOBIUIVK, JeKofiep OGbIYHO OTOpaChIBAIOT U MUC-
TI0/1b3YIOT TOMIBKO KOAVPOBIIMK ISl IOPOXKAEHNMS KOMITAKTHBIX IPefl-
CTaB/IeHMIT BXOZHBIX JaHHBIX. MOXXHO BMECTO 3TOTO MCIIONB30BAaTh
KOZMPOBIIYK KaK AeTeKTOp MPU3HAKOB, IOPOKAAIONINI KOMIIAaKTHOE,
ceMaHTHUUEeCK/ TOMHOLEeHHOe TpeAcTaB/ieHue BXONa, M IOCTPOUTD
xiaccudUKaTop, TPUCOEAUHMB K CKPBITOMY C/I0I0 CTIOM C dyHKIMeR
akTuBanuyu softmax.

Koy pOBIIMK 1 AE€KOZEeP MOXHO pean3oBaTh C IOMOLIBIO IIJIOTHO,
CBePTOYHOI MM PEKYPPEHTHO CeTH B 3aBUCUMMOCTM OT Xapakrepa
MozenMpyeMblx AaHHbIX. Tak, IVIOTHBIE CETY XOPOWY /IS aBTOKOAM-~
POBIIMKOB, NPUMEHSEMbIX IJisi [OCTPOCHUS Mozeneil Ko/adopa-
TuBHOI duasTpanuu (cM. S. Sedhain «AutoRec: Autoencoders Meet
Collaborative Filtering», Proceedings of the 24th International
Conference on World Wide Web, ACM, 2015 1 H. Cheng «Wide & Deep
Learning for Recommender Systems», Proceedings of the 1st Workshop
on Deep Learning for Recommender Systems, ACM, 2016), roe oby-
4aeTcs: CKaTas MOJAENb MOMb30BAaTENbCKUX TPETIOUTeHMI Ha OCHO-
Be MMEIOLIMXCS. Pa3peXeHHbIX peiiTMHToB. CBepToYHble HEJPOHHbIE
CeTM TIOAXOASAT AMS CUTYallMM, PACCMOTPEHHOI B craTbe M. Runfeldt
«Using Deep Learning to Remove Eyeglasses from Faces», a pekyp-
peHTHBIe — JIs aBTOKOIMPOBIIMKOB Ha OCHOBE TeKCTOBBIX NaHHBIX, B
YaCTHOCTY, /IS NpeacKasaHus Oyaylero manyeHTa 1o SJ1eKTPOHHPIM
ucropusiM Gonesuu (cM. R. Miotto «Deep Patient: An Unsupervised
Representation to Predict the Future of Patients from the Electronic
Health Records», Scientific Reports 6, 2016) u mpeAcKasanus npen-
JIOKEeHM?1, OKPYKaloLMX JaHHOe, METONOM «BEKTOPOB NMPONYIEHHBIX
mpicieit» (skip-thought vectors) (cm. R. Kiros «Skip-Thought Vectors»,
Advances in Neural Information Processing Systems, 2015).

ABTOKOIMPOBUIMKMA MOXHO TaKke 06beIVHSTH, NOC/IEN0BATETbHO
coeyHsS KOOMPOBILVKYM, KOTOphle BCe IVIOTHee U IJIOTHee CKMUMAI0T
BXOZIHbIE JaHHbIE, U LEKOEPBI, KOTOPbIe BHIMONHSIOT NPOTHBOIIOIOXK-
Hble onepauyy. COCTaBHbIE aBTOKOAMPOBIIMKHM 061aAaloT 6onbuIeit
BBIPA3UTENbHOI CTIOCOGHOCTLIO, & IOC/Ie/I0BaTeIbHbIE CTIO ITPE/ICTAB-
JIeHuiT YIaBIBAIOT MepapXMyecKylo CTPYKTYPY BXOAHBIX NAHHBIX IO
aHaJIOTUY CO CBEPTOYHBIMU U IYJMHIOBbIMM CIOSIMM B CBEPTOUHBIX
HePOHHbIX CETX.

PanblIe coCTaBHble aBTOKOIMPOBIIVKY 00y4anuch nocnoiino. Ha-
npyuMep, B TIOKA3aHHOM HIOKE CeTM Mbl CHayana o6yumu 61 cnoit X
PEeKOHCTPYUPOBATH €10/ X' € TOMOLIBIO CKPBITOTO CTI051 HI (urHOpUPYS
H2). 3aTem MBI 06yunau 6bl Ci0it HI peKOHCTPYUPOBATh HI' ¢c nomo-



O6yueHue 6e3 yuutens — aBTOKOAMPOBLUMKMA ¢ 225

LIbIO CKPBITOTO C1os H2. HakoHell, Mbl COeOUHMUAM OBl BCE CJIOU BMe-
CTe B M306paKeHHYI0 Ha PUCYHKEe KOHGUTYPAIMIO ¥ TIPOU3BEIH ObI ee
OKOHYAaTEeIbHYIO HACTPOMKY s pekoHcTpyKumnu X' o X. Ho Terneps,
KOT7Ia TIOSIBU/IMCH GoJiee coBepilieHHbie PYHKIMY aKTUBalMM 1 METO-
Ibl pEryIapU3aln, TakKKe CeT CTaau 06y4aTh Kak equHoe 1eoe.
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B cratne «Building Autoencoders in Keras» (https://blog.keras.io/
building-autoencoders-in-keras .html) €CThb MHTepeCHbIe IIpMMepbl I10-
CTPOEHUST aBTOKOAMPOBIUIMKOB, KOTOPBIE PEKOHCTPYUPYIOT U306 paKe-
HUA PYKOTIMCHBIX npp 13 Ha6opa MNIST ¢ MOMOIIBIO TTOTHOCBS3HBIX
M CBEPTOUYHBIX HEIPOHHBIX ceTeit. TaM ke UMeeTcs OBCYKAeHMe TIry-
MOTIOJABASIOLIMX ¥ BapMALMOHHBIX aBTOKOOMPOBIIMKOB, O KOTOPBIX
31eCh Mbl TOBOPUTD He OyzeM.

MpumMep aBTOKOAUPOBLUMKA — BEKTOPbI
npeanoXeHuu

B 3TOM ImpuMepe Mbl TIOCTPOMM M OOYYMM OCHOBaHHBIH Ha LSTM
ABTOKOJAMPOBIIUK, KOTOPBIA GyHeT MOpoXIaTh BEKTOPbI IIpenJioxe-
HMI1 17151 AOKYMEHTOB U3 Kopnyca Reuters-21578 (nttps://archive.ics.
uci.edu/ml/datasets/Reuters-21578+Text+Categori zation+Collection). B rna-
Be 5 MBI YK€ BCTPEUaUCh C MOTPYKEHUSIMU CJIOB, B pe3y/ibTaTe yero
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TIOTy4aeTcst BEKTOP, NPeaCTaB/IsSIoLMiA CMBIC CJIOBA B KOHTEKCTE apy-
I'MX CJIOB, COBMECTHO C KOTOPBIMM OHO BCTpedyaeTcs. A cejfuac MblI mo-
CMOTPUM, KaK IIOCTPOUTDb aHAJIOTMYHbIE BEKTOPSBI /IS IIpeaIoxKeHUI.
IIpennoxkeHue — 5TO MOCIENOBATENBHOCTD CJIOB, @ BEKTOP IIpenJjioxe-
HUS NTIpeacCTaBJIsIeT €ero CMbICI.

CaMblif IIPOCTO# CTI0CO6 MMOCTPOUTH BEKTOD IPe/IOKEHNS — CIIOKUTD
BCE BEKTOPBHI CJIOB U IOJAEIUTh CYMMY Ha YMCI0 ¢ioB. Ho B 3TOM aryydae
IpeIVIOXKEHNE TPAKTYETCS KaK MeIlOK C/T0B, M IIOPAAOK C/I0B He IIPUHM-
MaeTcst Bo BHuManye. [Ipy Takom nogxozne npensyioxkenus: The dog bit the
man (Cob6axa yKycuia uenioBeka) u The man bit the dog (enoBek yKycu
cobaKy) cuMTanuch 6p1 uaeHTMYHBIMM. LSTM nipesiHasHayveHa Jyist pa6o-
ThI C BXOIHBIMM ITOC/IEA0BATE/TbLHOCTSIMU U YUUTHIBAET IOPSIIOK CJIOB, IT0-
3TOMY SIBNSIETCS 60JIee ecTeCTBeHHBIM IMpeacTaBIeHEM IIPpeaJIOXKEeHUSI.

CHavajla UMIIOPTUPYEM OUBIMOTEKMN

from sklearn.model_selection import train test_split

from keras.callbacks import ModelCheckpoint

from keras.layers import Input

from keras.layers.core import RepeatVector

from keras.layers.recurrent import LSTM

from keras.layers.wrappers import Bidirectional

from keras.models import Model

from keras.preprocessing import sequence

from scipy.stats import describe

import collections

import matplotlib.pyplot as plt

import nltk

import numpy as np

import os

Jlanubie MpeCTaB/ieHsl B BiAe Hab6opa SGML-baitnos. Mbl yxke pas-
6upanu ¥ KOHCOMUIUPOBAIN 5TU JaHHbIE B OIMH TeKCTOBbI dain B
IaBe 6, KOIraa pacCMaTpUBaiy YacTepevyHy0 pasMeTKy Ha 6ase GRU.
Bocronb3yemcst MU IIOBTOPHO, YTOObI CHavasla rpeobpasoBaTh Kax-
OBl 67I0K TEKCTA B CIIUCOK TIPEJIOKEHMIA, 10 OLHOMY IPeI0KeHUI0
B CTpOKe.

sents = {]
fsent = open(sent_filename, “"rb")
for line in fsent:
docid, sent_id, sert = line.strip().split("t")

sents.append (sent)
fsent.close()

It oCcTpoeHus ¢10Bapst Mbl CHOBA ITPOYUTEEM STOT CIIMCOK Ipef-
TIOXXeHUii oCoBHO. ITpy no6aBieHnK B C/10Baphb KAk 0e CJI0OBO HOPMa-



O6yueHue 6e3 yuuTens — aBTOKOAUPOBLUMKM < 227

Jm3yeTcs. Hopmanusanusi 3aKi04aeTcs B TOM, YTOObI 3aMEHUTD KaK-
JY10 JIeKCeMY, II0XO0XKYI0 Ha Uucio, Mdpoit 9 v repeBecTu Bee TekceMbl
B HIDKHMI perucTp. B pesynbrarte popmupyeTcs Tabmmila 4acTOT CJIOB
word_freqs. KpOMe TOr0, Mbl BBIUMCIISIEM IJIMHY KOXKIOTO MPeIIoKeHUs
U CO3JlaeM CHMCOK Pa3s00paHHbIX MpeIJIoKeHMii, COeNUHSIA JTeKCeMbl
yepe3 1npobet, 4ToObI UX GbIIO IPOIIe pa306paTh Ha CIEAYIOLIeM IIare.

def is_number(n):
temp = re.sub("[.,-/}", "", n)
return temp.isdigit()

word fregs = collections.Counter ()
sent_lens = []
parsed_sentences = []
for sent in sentences:
words = nltk.word tokenize(sent)
parsed_words = (]
for word in words:
if is_number (word):
word = "9"
word freqgs[word.lower()] += 1
parsed_words.append (word)
sent_lens.append(len (words)
parsed_sentences.append(" ".join(parsed words)

JTto0 AdeT HaM HEKOTOpPYIO I/IH(I)OpMaI.II/IIO 0 KopI1iyce TeKCTOB, KOTO-
Pas TIOMOXET BbIYMCINUTD IIOAXOASIME 3HaUeHMS KOHCTaHT IJIsT LSTM-
ceTum:

sent_lens = np.array(sent_lens)

print ("number of sentences: {:d}".format (len(sent_lens)))

print ("distribution of sentence lengths (number of words)")

print ("min:{:d}, max:{:d}, mean:{:.3f}, med:{:.3f}".format (

np.min(sent_lens), np.max (sent_lens), np.mean (sent_lens),

np.median (sent_lens)))

print("vocab size (full): {:d}".format(len(word fregs)))

B pesynbTaTe 1oay4yaeM Takue CBeJeHMsI O KopIryce:

number of sentences: 131545

distribution of sentence lengths (number of words)
min: 1, max: 429, mean: 22.315, median: 21.000
vocab size (full): 50751

Hcxondg us sToii uHbopManyu, 3amaiuM KOHCTAHThI. TIONOXUM vo-
CAB_SIZE=5000, T. €. C;IOBapb 6ygeT BKI04aTh 5000 caMbIX 4acTo BCTpe-
Yamuxcs: CI0B, YTO IIOKPHIBAET CBbIlIe 93 % BCeX CIOB B KoOpIyce.
OcranbHble €7I0Ba OyaeM CUMTATh HECIOBAPHBIMM 1 3aMEHATh QUK-
TUBHOM JiekceMoit unk. Ha 3Tamne npepcka3anust mo60My ClI0BY, KOTO-
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poe MOoJiesTb paHbllle He BUAe/Ia, TakKe OyleT COMOCTaB/IATh A JieKcema
unk. B KauecTBe SEQUENCE_LEN BblfepeM 3HaueHwue, O1M3KOe K Y/IBOEH-
HOJt MeJMaHHOI AJIMHe [I0CIeloBaTe/IbHOCTel B 06yualolemM Habope;
Ha caMoM Jene npuMepHo 110 MumamMoHOB U3 131 MU/IMOHA Npen-
JIOXKEeHUi Kopoue BbIOpaHHOro sHaueHusi. Te mpenioxkeHUs1, KOTOpbie
KOpOYe SEQUENCE_LENGTH, JOIOMHSIOTCS CIIelaJbHbIM CUMBOJIOM PAD, &
Te, UTO JJIMHHEee, 00pe3aloTcs:

VOCAB_SIZE = 5000
SEQUENCE_LEN = 50

ITocKonbKY Ha BXOf, Halueit LSTM-ceTy MojaloTcs Yucia, Heobxo-
JUMO TIOCTPOUTH TaGMUIIBI COOTBETCTBUS MEXAY C/IOBAMM U UX UIEH-
tuduraropamu. Tak Kak Mbl orpaHmyuiIn caosapb 5000 cmoBamMu u
06GaBUIM ABa GUKTUBHBIX CJIOBA PAD M UNK, B 3TMX Tabnuuax 6yayT or-
pakensl 4998 peasbHBIX CI0B IIIOC PAD U UNK:

word2id = {}

word2id["PAD"] = 0

word2id["UNK"] = 1

for v, (k, _) in enumerate(word freqs.most_common (VOCAB_SIZE - 2)):
word2id[k] = v + 2

id2word = {v:k for k, v in word2id.items()}

Ha BX0g, ceTH IoJaeTcs MoCeIoBaTeIbHOCTH CJI0B, B KOTOPOI KaX-
Ioe CI0BO NpPeACTaBIeHO BEKTOpOoM. MOXHO 6bU10 651 YIIDOCTUTD cebe
XV3Hb U UCITONb30BATh YHUTAPHOE KOAUPOBAaHMeE CIOB, HO TOTa 06b-
€M BXOJHbIX IaHHbIX 6B1J1 6bI CIUIKOM BesvK. [I03TOMY (/10Ba KOAUPY-
1ored 50-MepHbIMM TiorpyxeHusasvu GloVe. IlorpyxeHue opoxgaeTcst
marpuieit GopMbl (VOCAB_SIZE, EMBED SIZE), B KOTOPOM Kaxkzaasi CTPOKa
npezncrasisier GloVe-norpyxeHye cnosa u3 cioaps. B ctpokax, omu-
CBIBAIOIIVX PAD U UNK (C HOMepamu O u 1), HaXoAsiTCS COOTBETCTBEHHO
HY/IU U CTy4aitHo BbIGpaHHAss KOMOMHALIMS :

EMBED SIZE = 50

def lookup_word2id(word) :
try:
return word2id[word]
except KeyError:
return word2id["UNK"]

def load_glove_vectors(glove_file, word2id, embed size):
embedding = np.zeros((len(word2id), embed size))
fglove = open(glove_file, "rb")
for line in fglove:
cols = line.strip().split()
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word = cols[0]
if embed size ==
embed size = len(cols) - 1
if word2id.has_key(word):
vec = np.array([float(v) for v in cols[1:]])

embedding[lookup_word2id(word)] = vec
embedding [word2id ["PAD"]] = np.zeros ((embed size))
embedding [word2id["UNK"]] = np.random.uniform(-1, 1, embed_size)

return embedding

embeddings = load glove vectors(os.path.join(
DATA DIR, "glove.6B.{:d}d.txt".format (EMBED_SIZE)),
word2id, EMBED SIZE)

Hawa mogens aBTOKOAMPOBIIMKE TIPUHMMAET IOCTIeN0BATeNbHOCTD
GloVe-BekTopoB C/IOB M 0OGy4aeTcs MOPOXAATh APYIYIO TOCTIeNOBa-
TEJIBHOCTD, MOXOKYI0 Ha BXoAHYI0. LSTM-KOgMpPOBIIMK CKMUMaeT 1o~
C/1€4,0BaTe/IbHOCTh B KOHTEKCTHBIN BEeKTOP PUKCUPOBaHHOI IJIUHDI, 10
Kotopoit LSTM-aexozep peKOHCTpYyUPYET UCXOOHYIO TOC/IeN0BaTe/b-
HOCTb. CxeM&TquCKM ceTb npe,uCTaBneHa Ha CJ'IEIWIOI.IIQM pmcyl-u(e

(None, SEQUENCE_LEN, EMBED SIZE]

b

{None, 1024)

LSTM-koanposLumk

BexTtop
npeaonenns LLILL]
Y
RepeatVector

{None, 1024, SEQUENCE_LEN)

s —
by

(None, SEQUENCE LEN, EMBED SIZE)

IMTockonbKy 06beM BXOAHBIX JaHHBIX OY€Hb BEIMK, Mbl BOCIIO/b-
3yeMCs reHepaTopoM, MOPOXIAWIIMM BXOAHbIE ITaKeThl, 8 MMEHHO
TeH30pbl GOPMBI (BATCH_SIZE, SEQUENCE_LEN, EMBED SIZE). 31€Ch BATCH_SIZE
PaBHO 64, a TIOCKOIBKY MBI MCIIO/Ib3yeM Torpykenus GloVe B 50-mep-
HO€ BEKTOPHOEe ITPOCTPAaHCTBO, TO EMBED SIzE paBHO 50. B Havuame Kax-
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IOTO TIepMOfia TIPEAJIOKeHMs TlepeMelIMBaloTCs ¥ OTAAIOTCS MaKEThI
10 64 TIpeIoReHMs B KaxAoM. Kaxkioe npenjioxeHue NpencraBlieHo
B Buze BekTopa GloVe-BekTOpOB c/10B. EC/iv y ¢ioBa U3 C/10Bapst HET
coorBeTcTBYIIEro GloVe-norpyxenus, ToO OHO IpeJCTaB/ISAETCS HyTe-
BbIM BeKTOpoM. MBI cO3/iaeM [iBa reHepaTopa: OAMH I 06yJaloUUX
IaHHBIX, PYTOJ A7 TECTOBBIX, COCTAB/SIOLIUX COOTBETCTBEHHO 70 %
U 30 % mcxonHOro Habopa JaHHbIX.

BATCH SIZE = 64

def sentence_generator(x, embeddings, batch_size):
while True:

4 onHa MTepaluMs LMKIA Ha Nepuon

num_recs = X.shape[0]

indices = np.random.permutation(np.arange(num_recs))

num_batches = num_recs // batch_size

for bid in range (num_batches):
sids = indices[bid * batch_size : (bid + 1) * batch_size]
yield Xbatch, Xbatch

train_size = 0.7

Xtrain, Xtest = train_test split(sent_wids, train_size=train_size)
train_gen = sentence_generator (Xtrain, embeddings, BATCH_SIZE)
test_gen = sentence_generator (Xtest, embeddings, BATCH_SIZE)

Temepb Bce TOTOBO K OIPeIEIeHII0 aBTOKOAMPOBLIMKA. Kak rokasa-
HO Ha pUCYHKe, OH cocTouT 13 LSTM-KoAKpOBIMKa U LSTM-nmekopepa.
LSTM-KOAMPOBIIMK YUTAET TeH30p (POPMBI (BATCH_SIZE, SEQUENCE_LEN,
EMBED_SIZE), IPEICTAB/ISIIONINI TTaKeT MpeIoKe M. Kaxxgoe mpenjio-
KeHMe IpeJCcTaBieHo I0C/Ie0BaTeIbHOCThIO C/IOB, IOIIOTHEHHON 110
GUKCMPOBAHHOM AJIMHBI SEQUENCE_LEN, @ KaXXfi0e CI0BO — 50-mepHBIM
GloVe-sexktopom. PasmepHocts Bbixoga LSTM-koaMpOBIMKA, T. €.
IUIYHA BeKTOpa, MOPOXAAaeMOro 06y4eHHBIM aBTOKOAMPOBIIVKOM —
TMIIeprapaMeTp LATENT SIZE. BeKTOpHOe MPOCTPaHCTBO PasMEPHOCTHU
LATENT SIZE ¥ €CTb JIaT@HTHOe IpPOCTPaHCTBO, KOAMpYIHollee CMBICT
npenioxenust. [TockonbKy Bbixogom LSTM nis nwboro nMpenyioKeHUs
SIB/ISIETCSL BeKTOP JJIMHbBI LATENT SIZE, TO BBIXO/{HOJ TEH30D /IS BCETO
naketa uMeeT GOpPMY (BATCH_SIZE, LATENT_SIZE). DTOT TEH30D IIOAAETCSH
Ha BXOJ C/1010 RepeatVector, KOTOpbIit peIIMIMpYeT ero s Beeit no-
C1eZJ0BaTeNbHOCTH, T. €. BbIXOJHOJ TEH30p 3TOTO C/I0S MMeeT dbopmy
(BATCH_STZE, SEQUENCE_LEN, LATENT SIzE). OTOT TE€H30D IOAAETCS HA BXON
LSTM-neKofepy C pasMepHOCTbIO BbIXOJA EMBED_SIZE, TAK YTO BBIXO/-
Hoit TeH30p MMeeT GOPMY (BATCH_SIZE, SEQUENCE_LEN, EMBED_SIZE) — TAKYIO
e, KaK Y BXOAHOTO TeH30Dpa.
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ITpu xoMoumsiuyy 3T0i Mopenu 3agaetcs ontumusaTtop CI'C u cpente-
KBaJIpaTUyecKasi olbKa B KauecTse (GyHKIY oteps. Takast oTeps Bbi-
6paHa, IIOTOMY YTO MbI XOTUM PEKOHCTPYMPOBATH IIDEJ/IOKEHUE, COXpa-
HMB I10 BOBMOKHOCTU CMBICJI, T. €. IIOJTYYUTh HEYTO 6M3K0e K UCXOOHOMY
HOpejIoKeHHIO B IIPOCTPAHCTBE MOTrPY;KEHUST Pa3MEPHOCTU LATENT SIZE:

inputs = Input (shape=(SEQUENCE_LEN, EMBED SIZE), name="input")

encoded = Bidirectional (LSTM(LATENT SIZE), merge_mode="sum",
name="encoder_lstm") (inputs)

decoded = RepeatVector (SEQUENCE_LEN, name="repeater") (encoded)

decoded = Bidirectional (LSTM(EMBED_SIZE, return_sequences=True),
merge_mode="sum", name="decoder_ lstm") (decoded)

autoencoder = Model (inputs, decoded)

autoencoder,compile (optimizer="sgd", loss="mse")

OTOT aBTOKOIMPOBIIMK MbI 06yyaeM Ha nmpoTtsoreHuy 10 nmepuonos.
Takoe 3HayeHMe gocraTovHo Ay cxogumocty CKO. Kpome toro, mal
COXpaHsieM HauIy4yllyio ¢ Touku 3peHus notepu CKO mopens, HalineH-
HYI0 32 3TO BpeMs.

num_train_steps = len(Xtrain) // BATCH_SIZE
num_test_steps = len(Xtest) // BATCH_SIZE
checkpoint = ModelCheckpoint (filepath=os.path.join (DATA DIR,
"sent-thoughts-autoencoder.h5"), save_best_only=True)
history = autoencoder.fit_generator(train_gen,
steps _per_ epoch=num_train_steps,
epochs=NUM_EPOCHS,
validation_data=test gen,
validation steps=num test steps,
callbacks=[checkpoint])

Hwre nokasass! pesyinsraThl obyuenvsi. Kak Bugym, CKO Ha obyuaio-
1eM Habope ymeHbIwIoch ¢ 0.14 a0 0.1, a Ha KouTpoabaoM — ¢ 0.12 1o 0.1.

! Epoch 1/10
92032/92032 |: ] - 542s - loss: 0.1368 - val_loss: 0.1239
Epoch 2110
92032/92032 |; ] - 540s - loss: 0.1203 - val_loss: 0.1164
Epoch 3/10
92032/92032 : ] - 546s - loss: 0.1139 - val_loss: 0.1107
Epoch 4/10
92032/92032 [ } - 547s - loss: 0.1087 - val_loss: 0.1064
Epoch 5/10
982032/92032 |: ] - 5425 - loss: 0.1053 - vai_loss: 0.1038
Epoch 6/10
92032/92032 | ] - 543s - loss: 0.1034 - val_loss: 0.1020
Epoch 7/10
92032/92032 |: ] - 544s - loss: 0.1021 - val_loss: 0.1025
Epoch 8/10
9203292032 [: ] - 5455 - loss: 0.1011 - val_loss: 0.1002
Epoch 9/10
92032/92032 | ] - 5458 - loss: 0.1003 - val_loss: 0.0993
Epoch 10/10
92032/92032 |; ] - 5458 - loss: 0.0997 - val_loss: 0.1009
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Ha rpaduke usmerenye CKO BHIISAUT CIEAYIOIMM o6pasoM:

D.14 T T T T T T T T
— train
— yalidation

0.13

0.12

loss (MSE)

0.11

a . e ozl :_

L

epoechs

TTOCKOJBKY Mbl TIOZaeM Ha BXOJ MaTpuuy HOTPY’KEeHMIA, TO Ha BBIXO-
Jie TaKKe 6yleT MaTpULA IIOrpykeHust coB. [IOCKOIBKY IPOCTPAHCTEO
[IOTpY)XeHUsI HeIIPephIBHOE, a Halll CloBapk IOVICKpEeTHbIN, He BCsIKOe
BBLIXOMHOE TIOrpy)keHue OyneT COOTBETCTBOBATDH CIIOBY. Jlyuwee, 4TO
MOSKHO CIE/aTh, — HAMTU C7I0BO, GIyKaiiiiiee K BBIXOMHOMY TOTPyKe-
HUIO, ¥ TAKMM 06pa30M PEeKOHCTPYMPOBaThH OPUTMHA/bHbIHA TEKCT. ITO
CIMIIKOM TPOMO3/IKO, I09TOMY Mbl 6y/ieM OIleHUBaTbh aBTOKOAMPOB-
MK MHAYe.

TIOCKO/BKY 1[e/Th aBTOKOAMPOBIIYKA — TOMYYUTH XOpOIIee JaTeHT-
HOe TIpelCTaBJIeHNe, TO GyleM OleHVBaTh JaTeHTHbIE BEKTOPSI, 110
POXKeHHBIe KOOMPOBIIMKOM, COTIOCTABIIsis OPUIMHATIbHBIE BXOZIHbIE
JaHHbIE C BBIXOOM aBTOKOAMPOBIIMKA:

encoder = Model (autoencoder. input, autoencoder.get_layer(“encoder_lstm").output)

3aTeM NPOrOHMM aBTOKOAMPOBILVK Ha TECTOBOM Habope U BepHEM
npefcKaszaHHbie TIOrPYXeHus. Iocie 3TOr0o IMPONYCTMM BXOAHBIE U
rpefcKa3aHHble TIOTPYKeHNs yepe3 KOAMPOBIIMK, KOTOPbI# TTOPOAUT
JUISL TeX U OPYIUX BEKTOPBI Tpe/IoKeHNi, ¥ CPABHUM 3TU BEKTOPBHI,
NpUMeHsisT KOCUHYCHOe PacCTOSHUE. Eciu KOCMHYCHOE PacCTOsHME
6/113K0 K 1, TO BEeKTODPBI IIOXOXY, & eClin K 0, To He TOXOXu. [TokasaH-
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HbIIi HIVOKe KOJ BbI6MpaeT CiydaiiHoe MOAMHOXKECTBO, CopepskKauiee
500 TeCTOBBIX NMPeNJIOKEHMI, ¥ BBIUMC/ISIET KOCUHYCHBIE PaCCTOSTHUS
MEXJTY BeKTOpaMy TIPeIIoXKeHWit, CTeHepUPOBAHHBIMM 10 MICXOIHOMY
TOTPY’XKEHMIO U 110 COOTBETCTBYIOLEMY 1LIeJIEBOMY IOTPYXEHMIO, 110~
POX/IEHHOMY aBTOKOAMPOBIIMKOM:

def compute_cosine_similarity(x, y):
return np.dot(x, y) / (np.linalg.norm(x, 2) * np.linalg.norm(y, 2))

k = 500
cosims = np,zeros((k))
i=0

for bid in range (num test steps):
xtest, ytest = test_gen.next()
ytest_ = autoencoder.predict (xtest)
Xvec = encoder.predict (xtest)
Yvec = encoder.predict (ytest )
for rid in range (Xvec.shape([0]):
if i >= ket
break
cosims[i] = compute_cosine_similarity(Xvec[rid], Yvec[rid])
if i <= 10:
print (cosims[i])
i4=1
if 1 >= k:
break

Huske ipuBeneHbl epsble 10 KOCMHYCHBIX PacCTOAHMIA. Kak BUIMM,
BEKTOPbI OUeHb TIOXOXU:

.982818722725
.970908224583
.98131018877

.974798440933
.968060493469
.976065933704
.96712064743

.949920475483
.973583400249
.980291545391
.817819952965

0000000000 O

Ha cremyiomeM pyUCyHKe MOKasaHa I'MCTOrpaMMa pacrpefesenyst
KOCHHYCHBIX PacCTOSHUI MeXAy BEKTOPaMM NPEATOKEHMUI 1j1s nep-
BBIX 500 npe/iiokeHuit 13 TecToBOro Habopa. OHa Takke NoATBepxIa-
eT, 4YTO BeKTOPHI, CreHepyPOBAHHbIE 10 BXOJHBIM JAHHBIM M ITO BLIXOIY
ABTOKOAMPOBIIMKA, O4eHb ITOXOXM, a, 3HAUUT, TIOTYIMBLINIACS BEKTOD
[Ipe/IoKEH s SIB/ISETCS] XOPOIUMM IIpe/iCTaB/IeHeM NPEJIOKeHMS.
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Komnosuuua rnybokux ceteu

Mbi TIOZPOGHO PacCMOTPEIM TPY OCHOBHbIX BU/ia ceTel IJIy60KOTO 06-
yaenus: monHocsasHbie ceTy (TICC), cBepTOUHbIe CeT! M PeKypPPEHT-
Hble ceTyt. KaxKmas U3 HUX IpUMeHsIeTCs] A1 peleHysl ONpeneeHHbIX
sanau. Ho M3 HMX MOXHO COCTaBJIATh Taloke Gosiee KpYIHbIE U 10713~
Hble MOZIeJTH, COeIMHSS, KaK AeTany KOHCTpyKTopa Lego, ¢ IoMOlIbIo
dyukimonanbHoro API Keras pasHpIMy MHTEPECHBIMU Croco6aMu.

Takue Moaeny O6bIYHO MpeHa3HaueHbl [JIs pelleHNs y3Kocneun-
Q/IM3MPOBAHHEBIX 33/1a4, I03TOMY F'OBOPUTD 00 X 06001LeH1Y He TIpU-
xomutcest. Kak mpaBuito, oHy 160 o6y4arorcs Ha aHHBIX U3 HECKO/Ib-
KX VICTOYHVKOB, MO0 reHepUpYIOT HeCcKOIbKO BbhXxoAoB. IlpumepoM
MOXET CTYKUTb BOTIPOCHO-OTBETHasI CeThb, KoTopas o6yyaeTcst AaBaTh
OTBETHI, ITOYYUB Ha BXOAE HEKOTOPYI0 MCTOPUIO U BOIIPOC. Ipyroit
TIpuMep — CMaMCKasl CeTh, KOTOpas BbIYMCIISIET CXOACTBO MEXIY ABY-
Ms M306paXXeHUIMM ¥ BbljaeT OMHApHBIH (TIOXOXM-HeTIOX0XKM) WU
KaTeropuajbHblii (CTENIEHb CXO/CTBA) OTBeT. Ellje 0fMH NIPUMeEp — CeTb
KIaccuduKauyu 1 T0KaaIu3aluy 06beKToB, KoTopast obyuaeTcs npen-
CKa3bIBaTh KATETOpUIO M306pakeHHs, a Takke MeCTO U306 pakeHHOTO
06beKTa Ha [IpefijiaraeMoit KapTuHke. B mepBbIX IBYX CTy4asX Mbl UMe-
eM COCTaBHBbIe CeTy ¢ HECKOMbKMMM BXOAAaMM, a B rIocesHeM — CeThb C
HECKOJILKMMU BbIXOJaMU.
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Hpumep — CeTb C NaMATbIO ANA OTBETOB
Ha BOMPOChl

B sTOM mpuMepe Ml TOCTPOMM CETb € IIAMATHIO, KOTOpas 6yIeT oOT-
BeyaTh Ha BOTIpOCHl. CeTy C MaMsThIO — 9TO CelMain3MpoBaHHas ap-
XUTEKTYpa, B KOTOPOi TOMMUMO JPYTUX 00y4aeMbIX HeiipOHOB (6/I0KOB),
06b1yHO PHC, uMetoTcsa 6;10ku namaty. KaXkaplit BXOOHO 5J1eMeHT 06-
HOBJISIET COCTOSIHME TTaMSITH, a [IPU BEIUUCIEHUM OKOHYATE/TbHOT'0 BBIX0-
IIa VYUTHIBAIOTCS HE TOIbKO BHIXO/bI 00y4UaeMbIX 6/I0KOB, HO U COTIEPKM-
Moe MaMsTH. DTa apXuTeKkTypa 6bl1a pefioxena B 2014 romy B pabore
J. Weston, S. Chopra, A. Bordes «Memory Networks», arXiv:1410.3916,
2014.Togom 1o3xe B paboTe J. Weston «Towards Al-Complete Question
Answering: A Set of Prerequisite Toy Tasks», arXiv:1502.05698, 2015,
ObIJT OTIIMCAH CUHTETMYECKNII Habop NaHHbIX U CTaHIAPTHbIN Habop 13
20 BOIIPOCHO-OTBETHBIX 3aJ1a4 YBeJINYMBAIOLIelics TPYAGHOCTH, IS pe-
LIIeHUS] KOTOPbIX TIPUMEHSIVICh Pa3/IMYHbIe CETU TTIYOOKOTO 06YUeHMS.
Kak 0Ka3anoch, ceThb C MaMsIThIO BO BCeX CIydasix IOKa3blBajla HaMIyd-
1IMe pesyIbTaThl. BriocaencTBuy aToT Habop NAHHBIX ObUT BRUIOXKEH B
OTKPBITHIIT AOCTYN B paMKax rnpoekta Facebook bADI (nttps://research.
£b.com/projects/babi/). Hallla peanmusanys ceTu ¢ naMaTbio O/1Ke BCEro
HaloMMHaeT IpeaIokKeHHyIo B ctaThe S, Sukhbaatar, J. Weston, R. Fer-
gus «End-To-End Memory Networks», Advances in Neural Information
Processing Systems, 2015 B ToM CMBbIC/T@, UTO MPOU3BOJUTCS COBMECT-
Hoe ob6yueHye BceX KOMIIOHEHTOB eOMHOl ceTH. JI/ig pelueHus mepBoit
BOIIPOCHO-OTBETHOI 3a1auM MCIIONb3yeTCsl Habop AaHHbIX bAbI.

ITepBBbIM J€7I0M UMIIOPTUPYEM OUOTUOTEKHA:

from keras.layers import Input

from keras.layers.core import Activation, dense, Dropout, Permute

from keras.layers.embeddings import Embedding

from keras.layers.merge import add, concatenate, dot

from keras.layers.recurrent import LSTM

from keras.models import Model

from keras.preprocessing.sequence import pad sequences

from keras.utils import np utils

import collections

import itertools

import nltk

import numpy as np

import matplotlib.pyplot as plt
import os

Hauuble B Habope bAbI ans nepsoit 3agaum cocrost u3 10 000 xo-
POTKMX TIpeIJIOKeHui njis obydeHus M TecTHpOBaHuMs. Mcropus co-
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IEepKUT OT ABYX [0 TPeX NpeJIoKeHNiA. 3a OoC/IeIHUM TIpellJIoKeHEeM
B K&)XZ0¥1 MCTOPUM CJIeayeT BOIIpoC U oTBeT. [IpuBeqeHHbI HIKe KON
pasbupaet obyuarouye 1 TecToBble haitnbl, opMupys Tpoitku (MCTo-
puisi, BOIPOC, OTBET).

DATA DIR = "../data"
TRAIN_FILE = os.path.join (DATA_DIR, "qal single-supporting-fact_train.txt")
TEST_FILE = os.path.join (DATA_DIR, "qalhsingle—supporting-fact_test.txt")

def get_data(infile):
stories, questions, answers = [], [], []
story text = []
fin = open(TRAIN_FILE, "rb")
for line in fin:
line = line.decode ("utf-8").strip()
lno, text = line.split(™ ", 1)
if "t" in text:
question, answer, _ = text.split("t")
stories.append(story_text)
guestions.append (question)
answers.append (answer)
story_text = []
else:
story_text.append{text)
fin.close ()
return stories, questions, answers

data_train = get_data(TRAIN_FILE)
data_test = get_data (TEST_FILE)

Crenyroluyit mar — o6paboTaTh TEKCThl B IOCTPOEHHBIX CIIMCKaX U
co37aTh COBaph. MBI y)Xe HEOJHOKPATHO JeNany HedTo nogobHoe. Ho
Ha 3TOT pa3 CJIoBaph 6YIET COBCeM MaJIeHbKMM, OH COTEPIKUT BCEro 22
VHMKa/IBHBIX C/I0BA, TAK YTO HECTIOBAPHBIE CIOBA He IOHA06TCs.

def build vocab(train_data, test_data):
counter = collections.Counter ()
for stories, questions, answers in [train_data, test_data]:
for story in stories:
for sent in story:
for word in nltk.word tokenize(sent):
counter [word.lower()] += 1
for question in questions:
for word in nltk.word_tokenize(question):
counter [word.lower ()] += 1
for answer in answers:
for word in nltk.word tokenize(answer):
counter [word.lower ()] +=1
word2idx = {w:(i+l) for i, (w, _) in enumerate (counter.most_common()) }
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word2idx ["PAD"] = 0
idx2word = {v:k for k, v in word2idx.items ()}
return word2idx, idx2word

word2idx, idx2word = build_vocab(data_train, data_test)

vocab_size = len(word2idx)

CeTb c mamAThI0 0OCHOBaHa Ha PHC, B KOTOPOIt KaXk o€ MpefIoKe e
MCTOpUM U BOIIPOC PacCMaTPUBAIOTCA KaK IOCIeN0BaTEIbHOCTH CJIOB,
IIOSTOMY HaM HY)XHO HaiiTi MaKCUMaJIbHYIO JUTUHY IIpeAJIoKeHMit. ITo
JlenaeT IMoKa3aHHbIN Hioke Koj. Kak BbICHSETCS, MaKCMMAaIbHOE UMC-
JIO CJIOB B NPeIJIOKEeHUSX U3 UCTOPUIA paBHO 14, a B BoIIpocax — BCero 4.

def get maxlens(train_data, test_data):
story _maxlen, question maxlen = 0, 0
for stories, questions, _ in [train_data, test_data]:
for story in stories:
story len = 0
for sent in story:
swords = nltk.word tokenize(sent)
story_len += len(swords)
if story len > story maxlen:
story maxlen = story len
for question in questions:
question_len = len(nltk.word tokenize{question))
if question_len > question maxlen:
question_maxlen = question_len
return story maxlen, question maxlen

story maxlen, question maxlen = get maxlens{data_train, data_ test)

Kax u panpure, Ha Bxoz PHC nogaercs mocieoBaTeIbHOCTb UGEH-
TUGUKATOPOB 0B, IT03TOMY MBI BOCIHO/NB3YeMCSI CIOBAapeM, UTOGbI
npeo6pa3oBaTh TPOMKY (MCTOPMS, BOIIPOC, OTBET) B IOCTENOBATE/b-
HOCTDb 1LIe/IOYMC/IEHHBIX UAEHTUPUKATOPOB. DTO JenaeT Ciefyrolmii
GbparmeHT Kopa, KOTOPbIt 3a0QHO IOMOJHSET HYISIMU pesynbpTUpy-
folIMe MoC/Ief0BaTeIbHOCTY 10 BHIYMCACHHOM paHee MaKCUMATbHO
InuHbl. Ilocie 3TOro mMbl 6yZieM MMeTh CIIUCKU JOIOIHEHHbBIX [1oc/Ie-
A0BaTeNbHOCTEN UAEHTUDUKATOPOB CIOB 1)1 KaXKI Ol TPOIKM U3 00-
Y4aIoIIero ¥ TeCTOBOTro Habopa.

def vectorize(data, word2idx, story_maxlen, question_maxlen):
Xs, Xq, Y =[], [1, []
stories, questions, answers = data
for story, question, answer in zip(stories, questions, answers):
xs = [[word2idx[w.lower()] for w in nltk.word tokenize(s)] for s in story]
Xs = list(itertools.chain.from_iterable(xs))
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xq = [word2idx[w.lower ()] for w in nltk.word_tokenize(question)]
Xs.append (xs)
Xq.append (xq)
Y.append(wordZidx[answer.lower()])
return pad_sequences(Xs, maxlen=story maxlen),
pad_sequences (Xq, maxlen=question maxlen),
np_utils.to_categorical(Y, num_classes=1en(word2idx))

Xstrain, Xgtrain, Ytrain = vectorize (data_train, word2idx, story maxlen,
question_maxlen)

Xstest, Xgtest, Ytest = vectorize (data_test, word2idx, story maxlen,
question_maxlen)

HaM HY)XHO OTIpefieTTh MOAe/b. Onpesienerye OKa3bIBaeTCs IIVH-
Hee, ueM BCe, YTO MBI BY/Ie/IM PaHbllle, I09TOMY, 3HAKOMSACH € HIM, 6y-
JieT yI06HO CTIpaB/ISThCS CO CeAykolei IMarpaMmon:

v question story
H (None, max_question_len) (None, max_story_len)

{

|

i

. Embeadding Embedding Embedding
{

{ {None, embed_slze, max questlon_len) {(Nona, embed_size, max_story_len) (None, max_queston_len, max_story_len

|
|

match
(None, max_question_len, max_story_len)

response
(None, max_question_ten, max_story_len)

(None, max_story_len, max_question_len)

(None, embed_size +max_story_len, max_questlon_len)
i l

i i
* 900000
}

!

{

{None, Istm_output_size)

(None, vocab_size)
answer
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V gameit Mozenu ABa BXOJa: MMOCTEROBATENbHOCTY UAHTUDMKA-
TOpOB CJIOB B BOIPOCe ¥ B IpefiokeHusix ucropun. Kaxnas nocie-
IOBaTeIBHOCTH NepenaeTcs ciow Embedding, kotopsiii mpeo6pasyer
UAeHTU(PUKATOPHI CIOB B BEeKTOPbl B 64-MEPHOM IIPOCTPAHCTBE IIO-
rpy)KeHusi. JJOTIOMHUTENBPHO II0C/AEeJ0BATeIbHOCTb, OTHOCAWIASCS K
JICTOpyHM, TIPOIyCKaeTcs yepes emle oayH cnoii Embedding, xoTopslit
[IpOeLIMpYeT ee B IIOTPY)KeHNEe Pa3MepPHOCTH max_question_len. Bce cron
TIOTPYXKEHUS MHMIIMATM3UMPOBAHBI CTyYaiiHbIMM BecaMu U 06y4aloTcs
BMECTe C OCTaTbHOM CeThio.

IlepBble Ba MOTPYREHUS (MCTOPYS U BONPOC) 06BeAVHSIOTCS C 110-
MOIIBIO OTIepaLyy CKaMSPHOIO NPOM3BeNeHNsI, 06pasys IaMATh CeTH.
JTO faeT NpeCTaBIeHMS TeX C0B B MUCTOPUM U BOTIPOCE, KOTOPBIE CO-
BII&AAIOT WM GAM3KM B IIPOCTPAHCTBE TOrpyxkeHus. Beixon 610ka ma-
MSITY 0OBefMHIETCSs CO BTOPhIM TIOTPYKeHeM, OTHOCALIMMCS K MCTO-
pyM, C IOMOILBIO OTIepaLy CTI0XKeHMs1. [ToNTyueHHBI OTKIMK CeTH ellie
pas 06beIMHSIeTCS C HOrPY>XeHMeM JIIsl BOIpoca, 06pasys mocnesiosa-
TeNbHOCTb-OTKIMK, KOoTOopas mnpomyckaercs: yepe3 LSTM. Konrekcr-
Hbl1 Bektop LSTM nepepaeTcs MJIOTHOMY 1010, IPENICKA3bIBAIOLIEMY
OTBeT — OJHO 13 C/IOB B C/IOBape.

II1s1 o6yueHMss MOLEIU UCIIONb3yeTCst onTumMusarop RMSprop u ka-
TeropuasbHasl IepeKpecTHasi SHTPONMS B KauecTBe (QyHKLUMM TOTEPb:

EMBEDDING SIZE = 64
LATENT_SIZE = 32

# BXomHele OAaHHEE
story input = Input (shape=(story maxlen,))
question_input = Input (shape=(question_maxlen,}))

# KOIMPOBLMK MCTOPUM

story encoder = Embedding (input_dim=vocab_size, output_dim=EMBEDDING_SIZE,
input_length=story maxlen) (story_input)

story_encoder = Dropout (0.3) (story_encoder)

# KOOMPOBUMK BOMNPOCOB

question_encoder = Embedding (input_dim=vocab_size, output_dim=EMBEDDING SIZE,
input_length=question_maxlen) (question_input)

question_encoder = Dropout (0.3) (question_encoder)

# comocTraBleHMEe MCTOPUM C BOMNPOCOM
match = dot([story encoder, question_encoder], axes=[2, 2])

# norpyxeHue MCTOPMM B BEKTOPHOE MPOCTPaHCTBO BOIpPOCa
story_encoder_c = Embedding (input_dim=vocab_size, output_dim=question_maxlen,
input_length=story_maxlen) (story_input)
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story encoder_c = Dropout (0.3) (story_encoder_c)

4 KOMOUHMPOBaHME BEKTOPOB CONOCTABJIEHUA M UCTOPUM
response = add({[match, story_encoder_c])
response = Permute((2, 1)) (response)

# xoMOMHMpPOBaHMEe BEKTOPOB OTKJIMKA ¥ BONPOCA

answer = concatenate{[response, question_encoder], axis=-1)
answer = LSTM(LATENT_SIZE) (answer)

answer = Dropout (0.3) (answer)

answer = dense{vocab_size) (answer)

output = Activation ("softmax") (answer)

model = Model (inputs=[story_input, question_input], outputs=output)
model.compile (optimizer="rmsprop"”, loss=“categorical_crossentropy“ ,
metrics=["accuracy"])

Dra ceTb 06yuaeTcs Ha MPOTsKeHMy 50 I1eproioB C pasMepOM NaKe-
Ta 32 ¥ JOCTUraeT Ha KOHTPOJIbHOM Habope BepHOCTH 81%!

BATCH_SIZE = 32

NUM_EPOCHS = 50

history = model .fit { [Xstrain, Xqtrainl, [Ytrain], batch_size=BATCH_SIZE,
epochs=NUM_EPOCHS,
validation_data=([Xstest, Xqtest], [Ytest]))

Hike 1moKa3aH [IPOTOKO/ 06ydeHms:

UEpoch 38/50

| 10000710000 [ ] - 5s - loss: 0.4636 - acc: 0.7952 - val_loss: 0.4499 - val_acc: 0.8071

{ Epoch 39/50

| 10000/10000 {: ] - Bs - loss: 0.4603 - acc: 0.7993 - val_loss: 0.4489 - val_acc: 0.8083

: Epoch 40/50

' 10000/10000 [: ] - 5s - loss: 0.4590 - acc: 0.8003 - val_loss: 0.4475 - val_acc: 0.8086

; Epoch 41/50

3 10000/10000 [ ] - 55 - loss: 0.4592 - ace: 0.7997 - val_loss: 0.4472 - val_acc: 0.8099

i Epach 42/50

v‘i 10000/10000 [: ] - 5s - loss: 0.4611 - acc: 0.7966 - val_loss: 0.4466 - val_acc: 0.8099

| Epoch 43/50

{10000/10000 [ ] - 5s - loss: 0.4577 - acc: 0.8025 - val_loss: 0.4437 - val_acc: 0.8114

i Epoch 44/50 H
% 10000/10000 [: ] - Bs - loss: 0.4576 - acc: 0.8023 - val_loss: 0.4431 - val_acc: 0.8136 !
i Epoch 45/50

! 10000/10000 |; ] - 5s - loss: 0.4575 - acc: 0.8013 - val_loss! 0.4422 - val_acc: 0.8127

: Epoch 46/50

| 10000/10000 [; ] - Bs - loss: 0.4587 - acc: 0.7998 - val_loss: 0.4420 - val_acc: 0.8127

i Epoch 47/50

| 10000/10000 [ ] - 85 - loss: 0.4574 - acc: 0.8005 - val_loss: 0.4412 - val_acc: 0.8128

i Epoch 48/50

| 10000/10000 [ ] - 55 - loss: 0.4559 - acc: 0.8023 - val_loss: 0.4408 - val_acc: 0.8168

{ Epoch 49/50 ¢
! 10000/10000 [: ] - 6s - loss: 0.4550 - acc: 0.8003 - val_loss: 0.4395 - val_acc: 0.8164 ;
| Epoch 50/50 H
1 10000110000 { !
[— ok

] - Bs - loss: 0.4577

: 0.7986 - val_loss: 0.4407 - val_acc: 0.8139
Ha CJ'[QIWTOI].U/IX rpachKax TMOKa3aHOo 3MeHeHNe BepHOCTI/I N IoTepmn
Ha OGV‘IEIIOH.[EM n KOHTpOIIbHOM Ha6opax.
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Mb1 TIIPOTHAJIM MOJEJb IJ1 TIePBBIX 10 MCTOpI/Iﬁ M3 TeCTOBOI'o Haﬁopa
IJ1s1 IIPOBEPKU Ka4yeCTBa npenCKasaHm‘/’[:
ytest = np.argmax{Ytest, axis=l)

Ytest_ = model.predict([Xstest, Xqtest])
ytest_ = np.argmax(Ytest_, axis=1)

for i in range (NUM_DISPLAY) :

story = " ".join([idx2word[x] for x in Xstest[i].tolist() if x = 01])
question " " join([idx2word[x] for x in Xqgtest[i].tolist()])

label = idx2word|[ytest[i]]

prediction idx2word[ytest [1]]

print(story, question, label, prediction)

Kak BMAHO U3 cilenyiomieli Tabmuipl, IpeAcka3asus 10 6onblueit
YacTy BepHBI.

Story Q i A Predicted
mary moved to the bathroom . john went to the hallway . where is mary ? | bathroom | bathroom
daniel went back to the hallway . sandra moved to the garden .  |where is daniel ? (hallway |hallway
Jjohn moved to the office . sandra journeyed to the bathrcom . where Is danlel ? |haliway |kitchen
mary moved to the hallway . daniel travelled to the office . where is daniel ? |office offlce
john went back to the garden . john moved to the bedroom . where is sandra ? | bathroom | bedroom
sandra travelled to the office . sandra went to the bathroom . where is sandra ? | bathroom | bathroom
mary went to the bedroom . danlel moved to the haliway . where is sandra ? | bathroom | garden
john went to the garden . john travelled to the office . where is sandra ? | bathraom | bathroom
daniel journeyed to the bedroom . daniel travelled to the haliway . | where is john ? | office kitchen
John went to the bedroom . john travelled to the offlce . where is danlel ? |hallway | kitchen
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Pacwmpenue Keras

CocTaBiieHMe KPYTIHbIX aPXUTEKTYp U3 3/IeMeHTapHbIX CTPOUTETLHBIX
6/10KOB [I03BOJISIET CTPOUTD MHTepeCHbIe MOJIe/M IyBOKOro 00yyeHus,
HO MHOT/A HYXXHO TOJOMTH K 3aiade C IPYroro KoHua. B Keras yxe
BcrpoeHa 6orarasi (pyHKUMOHAIbHOCTb, TIO3TOMY BbI, CKOpee BCEro,
cMOXeTe CO3JaTh HY)KHbIe MOIEIN U3 TOTOBBIX KOMIIOHEHTOB, 1 TI0-
Tpe6HOCTU B PacIIMpeHnu Boob1e He BOSHUKHET. Ho eciu Bce Xe 110-
Hagoburcs, To B Keras ecThb Jj1s 3TOTO CpPeZiCTBa.

Kax Bbl moMHUTe, Keras mpezcraBisieT co60it BLICOKOYPOBHEBBIN
API, KOTOPBIi1 JefIeTupyeT TSKeNyIo pa6oty 6a30B0Ji 6ubnmortexe Ten-
sorFlow wim Theano. JI1060it no6aBneHHbIi BaMy KOJ, PaclIMpeHNUs
JO/DKeH 06palaThest K OHOIM U3 9TUX 6uomoreK. YTobhl COXPAaHUTD
I1epeHOCHMOCTb MEXIY HUMMU, Heo6X0IMMO MOb30BaThCs MEePEXOA-
HbiM API Keras (nttps://keras.io/backend/), B KOTOPOM MMEETCS Habop
dbyHKLMIT, 06pasyroLuX dacan 115 BbIGPaHHOM oubnuorexu. B 3aBu-
CHMOCTH OT TOTO, Kakast 6u6nuoTexa BbiGpaHa, dacaz 6yneT TpaHCIu-
poBaTh 06paueHys B BbI30BbI GYHKLMIT U3 TensorFlow wau Theano.
TlonHbIi epeyeHb uMerLuxes GyHKIuii ¢ NoapoOHBIMU ONMCAHUS-
MM MMeeTCs Ha BhIILIEYIIOMSHYTOM CTpaHKIIe.

[ToMUMO IIepeHOCUMOCTH, UCII0/Ib30BaHM e IIePeXOAHOTO APImo3Bo-
JIseT TIONyYuThb 6ontee yao6HbI A1 CONPOBOXAEHUS KOJ, TIOTOMY UTO
ko Ha Keras 06bIYHO Gojee KOMIAKTHbIN U BBICOKOYPOBHEBbIN, YeM
skeuBateHTHbI Ko Ha TensorFlow mny Theano. B ToM ManioBeposiT-
HOM cIyYae, Koraa Heo6xoaumo pa6orars ¢ 6a30B0i 6u6MMMoTEKOI Ha-
IpsIMy10, KOMIIOHeHTh! Keras MOXHO BbI3bIBATD 13 KOJA HA TensorFlow
(10 He Theano), Kak OMMUCaHO B 6rore Keras (nttps://blog.keras.io/
keras—as—a—simpliﬁed—interface—to—tensorﬂow—tutorial.html).

Pacumpenye Keras 06GbIYHO CBOAMTCSI K HaMCAHMIO CBOETO CIOA
wim cBoeit PYHKIIMY PacCTOsIHMS. B 9TOM pasjiesie Mbl MPOAEMOHCTPU-
pyeM co3[aHye HeCKONbKUX IPOCTDIX CI0€B B Keras. JloTionHUTEIbHBIE
IIpUMePHI UCIIOTb30BaHNS TIEPEXONHBIX byHKUMIL 1718 CO3AAHMS 1T0TTb-
30BATENIBCKMX KOMIIOHEHTOR Keras, Hanpumep (yHKUMIA TOTEDD, oy-
IyT IpUBeAeHbl B OCIEYIOIMX pasfenax.

Mpumep - ucnoibsoBaHue ciosi lambda

Keras npefiocTaBset c1oi lambda, o3Bossiommii 06epHYTH JII06YI0
dyHKw0. Hampyumep, 4T06b1 IOCTPOUTD CII0¥, KOTOPBIV TIONEMEHTHO
BO3BOIMUT B KBaJ[PaT BXOLHOM TeH30p, HOCTATOYHO HAMMCATD:

model.add (lambda (lambda x: x ** 2))
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Cnoem lambda moxHO Takke obepTriBaTh QyHKUMM. Hampumep,
IIYCTh HaM HYXeH TONb30BaTeIbCKUII CJI0¥, KOTOPBIA I03/IeMeHTHO
BBIYMC/IAET eBKIMAOBO PACCTOSTHIME MEXKAY IBYMSI BXOAHBIMU TEH30-
pamu. Toraa Mbl onipefienm GyHKIMIO, KOTOpas BLIUMC/ISET CaMo 3Ha-
yeHue, 1 ellie OJHY, KoTopasi Bo3BpaluaeT popmy ee BeIxona:
def euclidean_distance(vecs):

X, y = vecs
return K.sqrt (K.sum(K.square(x - y), axis=1, keepdims=True))

def euclidean_distance_output_shape (shapes) :
shapel, shape2 = shapes
return (shapel(0], 1)

Ianee 31 QYHKILMM BbI3bIBAIOTCS M3 /1051 lambda:

lhs_input = Input (shape=(VECTOR_SIZE,))
lhs = dense (1024, kernel initializer="glorot uniform",
activation="relu") (lhs_input)

rhs_input = Input(shape=(VECTOR SIZE,))
rhs = dense (1024, kernel initializer="glorot_ uniform",
activation="relu") (rhs_input)

sim = lambda (euclidean_distance,
output_shape=euclidean_distance_output_shape) ([1lhs, rhs])

I'Ipumep — NOCTpoeHMe NoNIb30BaTe/IbCKOro csioq
HOPMHUPOBKH

Cnoii lambda 6pIBaeT oueHs mose3eH, HO MHOIA HeoO0xonumM 60i1b-
1Mt KOHTPOMb. PacCcMOTpuUM, K TpuMepy, Kof, C10si HOPMUPOBKY,
peanu3ylomuit MeTOJ JIOKaJIbHOI HOPMMPOBKM OTKIMKA. CMbICHT
MeTojla 3aK/IIYaeTCcsi B HOPMUPOBKE BXOOAHBIX JAHHBIX B JIOKAJIbHBIX
00/1aCTsIX, HO ceituac OH BBILIEI M3 MOABL, IOTOMY YTO OKa3aJjics He Ta-
KuM 3¢ $eKTUBHBIM, KaK Apyrue METOABI peryaspusanuu, Hanpumep,
popeXynBaHKue WM MaKeTHas HOPMUPOBKA, ¥ K TOMY Xe MOSIBUNIUCH
yITyulleHHbIe MeTOIbl MHULMAIN3aUUU.

7Sl IOCTPOEHMS TIOMb30BATENbCKUX CI0EB OOBIYHO IIPUMEHSIOTCS
nepexonubie GYHKIIMM, TOITOMY HYKHO BBIpabOTaTh IPUBBIYKY pac-
CYXXZIaTh O KOZe B TepMMHAX TeH30poB. HamomuuMm, 4yTo pabora ¢ TeH-
30paMM — ABYXIIAroBbIi mpouecc. CHauanaa Ml ollpefernseM TeH30Pbl
M CTPOUM M3 HUX Tpad BEIUMCIEHMIE, a 3aTeM IIPUMeHsIeM 3TOT rpad K
dakTuueckuM maHHbIM. [To3TOMY paboTaTh Ha 3TOM YPOBHE TpyIHee,
YyeM C OCTaJbHbIMM dYacTaMM Keras. B jokymeHTauun MMeEKTCS peKo-
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MeHIaLMY TI0 KOHCTPYMPOBAHUIO T10/b30BaTENbCKMX CTIOEB (nttps://
keras. io/layers/writing—your—own—keras—layers/), U UX HY)KHO 00s13aTeNb-
HO MTpOUYUTATh.

Yr106B1 YIPOCTUTH Pa3paboTKy Kofia € MPUMeHEHEM IepPeXonHOro
API, MOXHO TTOATOTOBUTD MIPOCTEHbKMIT TECTOBBIN CTEHI, Ha KOTOPOM
IIpOBepsIeTCs, YTO KOJ AeNIaeT TO, YTO HYXHO. Bor mpymep TaKoro CTeH-
Ia, T03aMCTBOBaHHbIV 13 MCXOAHOTO KO/a Keras, OH IpUMeHSseT /104
K BXOIHBIM JIaHHBIM M BO3BpallaeT pe3yanbTaT:

from keras.models import Sequential
from keras.layers.core import Dropout, Reshape

def test_ layer(layer, Xx):
layer config = layer.get _config ()
layer_conﬁg["input_shape“] = x.shape
layer = layer.__class__.from_conﬁg(layer_conﬁg)
model = Sequential ()
model.add (layer)
model.compile ("rmsprop", "mse")
x_ = np.expand_dims (x, axis=0)
return model.predict (x_) [0]

A BOT HECKOJIBKO TeCTOB, KOTOpbie Keras pefiocTaBiseT, 4To6bl y6e-
JATHCSI B IPABUILHOCTY PaBOTHI C710eB Ha 3TOM CTEHAE:

from keras.layers.core import Dropout, Reshape
from keras.layers.convolutional import ZeroPadding2D
import numpy as np

x = np.random.randn ({10, 10)
layer = Dropout(0.5)

y = test_layer (layer, X)
assert (x.shape == y.shape)

x = np.random.randn(lo, 10, 3)

layer = zeroPadding2D (padding=(1,1))
y = test_layer (layer, x)

assert (x.shape[0] + 2 == y.shape[0])
assert (x.shape[l] + 2 == y.shape[1])

X = np.random.randn(lo, 10)
layer = Reshape ((5, 20))

y = test_layer(layer, X)
assert (y.shape == (5, 20))

[Ipexae 4eM IepeXoiuTh K MOCTPOCHUIO CIIO0S JIOKAJIbHOM HOPMU-
POBKM OTK/IVKA, pa36epeMmcsi, YToO MMEHHO OH /ie/1aeT. JTa TeXHUKa
BriepBhie 6bUIa MpUMeHeHa B 6ubIMoTeKe Caffe, ¥ B JOKYMeHTaLMN
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(http://caffe.berkeleyvision.org/tutorial/layers/lrn.html) ONNUCbIBAET-
Cs1 KaK CIIocob 1amepansHoz0 mopmoxceHusl, B OCHOBE KOTOPOTO JIEXUT
HOPMMPOBKA B JIOKAJIbHBIX BXOJHBIX obnactax. B pexumMe across_CHAN-
NEL JIOKQ/IbHbIe 00/IaCTM 3aXBaThIBAIOT HECKOIbKO COCEOHMX KaHaJIOB,
HO He MMeEKT HpOCTpaHCTBEHHOﬁ NPOTAXKEHHOCTU. B PEXMME WITH-
IN_CHANNEL JIOKQJIbHBIE 00/1acTY 3aHMMAIOT MECTO B IIPOCTPAHCTBE, HO
TOJIBKO B IIpefejiaXx OgAHOro KaHajld. Hiuke onucriBaeTcst peaausanys
PEeX1Ma WITHIN_CHANNEL. dopmysia HOpPMUPOBKM JIOKAJIBHOTO OTK/IMKA B
PeXMMe WITHIN_CHANNEL MMeeT BU]:

LRN(x) = ad

(k+g2ix,.)ﬂ

I

CTpyKTypa KoJa HO0/lb30BaTelbCKOTO C/10s1 CTaHAapTHas. B meToze
__init__ 3aJaloTCsl 3aBMUCSAIIME OT NPWIOKEHUS MapameTpsl, T. €.
ruIeprnapamerpsi ¢osi. [TocKonbKy Halll €107 IPOU3BOAUT BbIUMCITEHUS
TONBKO B TPSMOM HaIpaBleHMM U He MMeeT 00ydaeMbIX BeCoB, TO B
METO/E build HY)XHO JIMIIb 38J1aTh (JOPMY BXOZA M BbI3BATh METOJ build
cynepkiacca, KOTOpPbIil 1M03a6oTUTCs 0 BHYTpeHHelt KyxHe. Eciu 6b1
c10it yMen obydaeMble Beca, TO 3[1eCh Mbl JO/DKHbI 6b111 6b1 3a1aTh UX
HavaJbHbIe 3HAYEHVsI.

B MeToe call TPOU3BOAATCS camy Borumcinenys. He 3a6ynpTe yuecTsb
opamox uaMepeHuit. Eue ciefyeT INOMHMTh, YTO pasMep MakeTa
0OBLIYHO HEeM3BECTEH Ha sTarle IIPOeKTUPOBAHMSA, ITIOSTOMY ONepauun
HYXXHO ITPOrpaMMMPOBaTh TaK, YTO6bI pasMep NakeTa He YIIOMUHAICS.
CaMo BbIUMC/IEHME He BhI3bIBAET TPYIHOCTEl U BBINOMHAETCA B COOT-
BeTcTBUU C popmMyioit. CYMMY B 3HaMeHaTe/Ie MOKHO MHTEPIIPETUPO-
BaTh KaK yCpeIHeHHbIN ITY/IMHT TI0 CTPOKe M CTON6LY C ApOoM pasmepa
(n, n) u marom (1, 1). ITocko/nbKY B Ipoliecce MyayHra ycpeaHeHe yKe
MPOMU3BENEHO, TO elle pas AeMUTbh CYMMY Ha 1 He HY)KHO.

U rociemMss YacTh Kjacca — METOJ, get_output_shape_for. [IOCKOIBKY
C/10Ji HOpMMPYET KaxKIblit 3IeMeHT BXOJHOr0 TeH30pa, pasMep BbIXoaa
paBeH pa3Mepy BXoza:

from keras import backend as K
from keras.engine.topology import Layer, InputSpec

class LocalResponseNormalization(Layer):

def _init_ (self, n=5, alpha=0.0005, beta=0.75, k=2, **kwargs):
self.n = n
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self.alpha = alpha

self.beta = beta

self.k = k

super (LocalResponseNormalization, self)._init__ (**kwargs)

def build(self, input_shape):
self.shape = input_shape

super (LocalResponseNormalization, self) .build(input_shape)

def call(self, x, mask=None):

if K.image_dim_ordering == "th":
£, c= self.shape
else:

L, Gy f = self.shape
squared = K.square (x)
pooled = K.pool2d (squared, (n, n), strides=(1, 1), padding="same", pool mode="avg")
if K.image_dim ordering == "th":
summed = K.sum(pooled, axis=1, keepdims=True)
averaged = self.alpha * K.repeat_elements(summed, f, axis=1)
else:
summed = K.sum(pooled, axis=3, keepdims=True)
averaged = self.alpha * K.repeat_elements (summed, f, axis=3)
denom = K.pow(self.k + averaged, self.beta)
return x / denom

def get output_shape_for(self, input_shape):
return input_shape

ATOT ¢/I0ji MOKHO TeCTMpOBaTh B Ipollecce pa3paboTKu, MOMb3Y-
SICh OIIMCAHHBIM BBILIE T@CTOBBIM CTEHIOM. JTO IIPOIIE, YEM CTPOUTD
L[e/TYIO CeTh, B KOTOPYIO MOXKHO BCTaBUTb C/I0i, MM, XYKe TOrO, TIPU-
CTYMaThb K TeCTUPOBAHMIO TOJIBKO T10C/IE OKOHYATE/IbHOIO 3aBepIIeHNst
pa3paboTKH C/105.

x = np.random.randn (225, 225, 3)

layer = LocalResponseNormalization ()

y = test_layer(layer, x)

assert (x.shape == y.shape)

XoTs co3aanMe MoNMb30BaTe/IbCKUX CJI0EB — 0ObIYHOE J1E710 /1S OTIBIT-
HbIX paspaborunkoB Ha Keras, B IHTepHeTe He Tak MHOTO NPUMEPOB
Ha 9Ty TeMy. BO3MOXHO, 9TO OOGBSCHAETCS TeM, YTO I0/Ib30BaTE/b-
cKMe CJIOU IMIINYTCS /IS Y3KOCIIeLiMaaM3MPOBAaHHBIX 3a71a4 W He Npef-
CTaBJISAIOT MHTEpeca /s HMPOKoit mybnukiu. Kpome TOTO, 13-3a Y3KOi
crelianusaiuy OOHOTO IIpUMepa HeJOCTaTOYHO IS AeMOHCTpalun
Bcex BosMoykHocTelt API. Tenepb, Korga y Bac eCTb IIpefCTaB/lIeHNe O
TOM, KaK IMUTYTCS IONb30BaTebekye cnoy Keras, 6yieT NOy4uTeNIbHO
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B3IVIAHYTh Ha mpumephl cos Melspectogram B cratbe Keunwoo Choi
(https://keunwoochoi.wordpress.com/2016/11/18/for-beginners-writing—a—
custom-keras-layer/) ¥ ctod NodeEmbeddingLayer B ctaTbe Shashank
(hlpta (http://shashankg7.github.io/2016/10/12/Custom—Layer-In—Keras—
Graph—Embedding—Case-Study.html)

NMopoxaaowme moaenu

IMopoxnmatomye Momenu 0O6ydalOTCs CO3[aBaThb JaHHbIe, IOXOGHBIE
TeM, Ha KOTOPHIX OHM o6yuamichk. OOUH TaKoii NIpuMep Mbl BULEIN B
miaBe 6, KOrjaa obydany MOIeIb COUMHATE TEKCThI, TOXOXME Ha «ATu-
cy B CrpaHe yyaec». Tam Mbl 00yYMIu MoJleb IIpefcKa3biBaTh 11-blii
CMMBOJI TEKCTa I10 MepBbIM JecsaTU. Ele oaMH IpuMep — MOpoKaaio-
mue cocrasarenbubie cetu (IICC), HeJaBHO NOSIBUBLIMIICS BeCbMa
MOIIHBIN KJIacc Mofienielt, — BCTpevasics HaM B IV1aBe 4. Mes mopoxaa-
IOLIX MOJIe/ell 3aK/II0YaeTCs B TOM, YTO MOJIe b 00y4aeTcs XOpolueMy
IIpeNCTaBIeHN0 06yUaoUMX JAHHBIX U IIOTOMY MOXeT reHepMpOoBaTh
ITOXO03KME JaHHble Ha dTarle IpeacKa3aHus.

Ha nopoxxparoniye MOAeIN MOXHO B3IVIIHYTb TaKKe C BEpOSITHOCT-
HOJ TOUKM 3peHusi. TUIIMYHAS CeTh OJa KaaccupuKaluy UM perpec-
CMM, HasbiBaeMasl TaKKe IMCKPUMMHAHTHOM MOJE/Nbl), OOydaeTcs
GYHKIMY, 0OTO6pasKalolel BXOHbie JaHHbIe X Ha HEKOTOPYIO METKY Y,
T. €. 3TK Mojeny o6y4arTcsl YCIOBHOM BepositHocTH P(y|X). C mpyroit
CTOPOHBI, TOPOXKAAIONIAA MOJeNb 00y4aeTcss COBMECTHON BeposiT-
HOCTM BXOAHBIX MaHHBIX ¥ MeTOK P(X, y). OTM 3HaHUS 3aTE€M MOXHO
MCIIONb30BaTh /IS BHIOOPKM HOBBIX TIPUMEpPOB M3 pacupeseneHus
(X, y). llosToMy ITOPOXK/AIOIIAsT MOZE/Ib CIIOCOOHA 06BSICHATD CKPBITYIO
CTPYKTYPY BXOIHBIX JaHHBIX JIake B OTCYTCTBUM MeTOK. Ha mpakTuke
3TO OYeHb BaKHOE IIPEMMYIIECTBO, IOTOMY UTO HEIIOMeYeHHbIX JaH-
HBIX B MM pe TOpaso 6osblile, YeM ITOMEUEHHBIX.

ITpocThie NOPOXAAOLIME MOLEIN TUIIA BHILIEYTIOMSHYTOIO IIpUMe-
pa MOXXHO pacIpOCTpaHUTh TaKKe Ha 3BYKOBBIe faHHble. Tak, Monensb
MOXHO O0Y4MTh COYMHEHUIO ¥ BOCIIPOU3BENeHNI0 My3bIKK. [Ipo onHY
TaKyl0 MOJIeb MOXHO ITPOYMTaTh B craThe A. van den Oord «WaveNet:
A Generative Model for Raw Audio», 2016, rae onuchiBaeTcss CeTh
WaveNet, mocTpoeHHas ¢ NpUMeHeHMeM JbIpUYaThiX CBEPTOUYHBIX CJIO-
eB, ee peanusanyio Ha Keras Mo)xHo HaiiTu Ha caiite GitHub 1o agpecy
https://github.com/basveeling/wavenet.
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Mpumep - rnybokue cHoBMaEHUA

B sTOM nmpuMepe Mbl paCCMOTPUM HEMHOTO APYTYIO IIOPOXIAIOLTYI0
ceTb. MbI YBUAMM, KaK BOCIIO/Ib30BAaThCS IPeA00yUeHHO CBepTOYHOM
CeThIO IJIsl TIOPOKAEHNUS HOBBIX 06beKTOB B U306pakeHy. Cetu, 06-
VUYeHHbIe pa3inMuaTh U306pakeHMsl, HaKaIIMBAlOT CTONBKO 3HAHUM
06 1306paskeHNIX, UTO CIIOCOOHBI TaKXKe MOPOXIATh UX. Briepsoie 31O
npojeMOHCTpUpoBan Ajexkcanap MopasuHaies u3 Google u ommcan
B Onore Google (https://research.googleblog.corn/2015/06/inceptionism—
going-deeper-into-neural.html). IlepBOHAUaJbHO 35Ta MIed MNoay4dmna
HasBaHye UHUenyuoHusM, Ho TepmuH deep dreaming, wiu Deap Dream
(tmy6OKMe CHOBUAEHMS) OKa3sascs bosiee IOIYJ/IsIPEH.

B rexsonoruu Deap Dream akTuBauuy 06paTHO paclpoOCTPaHSIIO-
1jerocs rpajyeHTa mpuoaBIfgioTcsa K M300paXkeHMIo, ¥ 3TOT IIpoLecc
MOBTOpsIETCA B LMKIe. IIo Xo#y Jena ceTb ONTUMMU3IUPYET QYHKIMIO
MoTePh, HO MbI [IOCMOTPMM, KaK OHa 3TO AesiaeT Ha IpyMepe BXOAHOIo
u3obpaskeHus (TpexXKaHalIbHOI0), 2 He MHOTOMEPHOTO CKPBITOrO CJ10s,
KOTOPbII TPYAHO BU3YaIU3UPOBATh.

Y 3T0J1 6a30B0¥ CTPATErMM MHOTO Bapyaluii, M Bce OHM 1a10T HOBbIE
unTepecHbie 3¢ ¢deKThl. YIIOMsSHeM pa3MbITHe, HaJIOXKeHMe OrpaHuye-
HUit Ha o6lee UMC/I0 aKTUBALMii, CHUKeHMe TpaueHTa, beckoHeyHoe
npubmoKenne U306paxkeHMs IyTeM KaapUpOBaHMS M Macurabu-
poBaHud, nobaBieHue IpOXaHMs IYyTEeM CAy4aiiHOIO IepeMelleHus
1306pakeHNMsl B PasHbIX HAmNpaB/ieHMsX U T. . B mpumepe HioKe Oy-
JIeT IpoIeMOHCTPUPOBAH IIPOCTEMIINIT ITOAX0Z, — MbI ONITYMU3UPYEM
IpafeHT CpeHelt aKTUBALMK BBIGPAHHOTO C10S1 [7151 KaXKAOTo My/INH-
roBOro cj1o4 mpenobyyeHnoit mopenu VGG-16 u mocMOTPUM, KaK 3TO
oTpakaeTcs Ha BXOJHOM M300paskeHMN.

CHauasia, Kak 06bIYHO, UMITOpTUpPYeM OMOIMOTeKN:

from keras import backend as K

from keras.applications import vgglé

from keras.layers import Input

import matplotlib.pyplot as plt

import numpy as np
import os

3aTeM 3arpy3uM BXOOHOe M306pa>1<enme. Bs1 HaBepHsKa BCTpeyann
€ero B 6710Tax, MOCBALIEHHbIX I‘JIY6OKOMY OGWEHI/IIO. OpuruHan M306pa-
JKeHUS HaxogUTCs I10 agpecy https://www.flickr.com/photos/billgarrett-
newagecrap/14984990912):

DATA DIR = ",./data"
IMAGE_FILE = os.path.join(DATA DIR, "cat.jpg")
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img = plt.imread(IMAGE FILE)
plt.imshow (img)

BoT pesynbTaT paGoThl 3TOTO KOZa:
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Hanee onpesienum aBe QYHKUMU: preprocess NIpeobpasyer usobpa-
JKeHJe B YeTbIpeXMepHOe IIPeACTaBIeH) e, KOTOpoe MOXHO ITOaTh Ha
BXOZ, Ipeio6yueHHoit ceTyt VGG-16, a deprocess IPOU3BOAMUT 06paTHOE
npeobpasoBaHue.

def preprocess{img) :

img4d = img.copy()

img4d = img4d.astype ("float64")

if K.image_dim ordering() == "th":
# (H, W, C) -> (C, H, W)
img4d = img4d.transpose((2, 0, 1))
img4d = np.expand_dims(img4d, axis=0)
imgdd = vgglé.preprocess_input (img4d)

return img4d

def deprocess(img4d) :

img = img4d.copy()

if K.image_dim_ordering() == "th":
t (B, C, H, W)
img = img.reshape((img4d.shape[l], img4d.shape[2], img4d.shape[3]))
# (CI HI W) -> (HI W, C)
img = img.transpose((l, 2, 0))

else:
# (B, H, W, C)
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img = img.reshape ( (img4d.shape[l], img4d.shape(2], img4d.shape[3]))

img[:, :, 0] += 103.939

imgl:, :, 1] += 116.779

img(:, :, 2] += 123.68

# BGR -> RGB

img = img[:, :, te=1]

img = np.clip(img, 0, 255) .astype ("uint8")

return img

11 GYHKUMM B3aUMHO o6paTHBl, T. €. eC CHayazla NepefaTb U30-
OGpa’keHUe preprocess, a 34TEM nepenaTtb pe3ynbTaT deprocess, TO Tony-
YMTCS UCXOIHOE U300pakeHKe.

Ilanee 3arpyxaem ceTb VGG-16, npeno6yyeHHyIo Ha Habope JaHHBIX
ImageNet 1 BXOASILIYIO B COCTaB nucTpubyTusa Keras. B rase 3 Mbl
yKke paccKasbiBaIy, Kak paborars ¢ npeno6yYeHHbIMy MofensaMu. Mel
BbI6MpaeM BapuaHT, U3 KOTOPOTO YXKe yAaleHbl TTIOJTHOCBSI3HbIE CIIOU.
Mas10 TOro 4TO 3TO u36aBjIseT HAC OT HeOﬁXO,Z[MMOCTM yaansaTh UX ca-
MOCTOSITE/IbHO, TaK Mbl ellle MOXXeM Iepenarb usobpaxkeHue m060ro
pasmMepa, IOTOMY 9UTO IIMpUHA ¥ BbICOTa BXOITHOTO M306pa)KeHI/IH 3a-
[alTCcsa TOJIBKO AJIA TOTrO, YTOObBI orpene/iuTh pasMep MaTpull BeCOB
B TOTHOCBSI3HBIX C10sIX. [TOCKO/bKY Mpeo6pa3soBaHys, BBITIONHAEMbIE
CHC, 1o mpupope CBOeit JI0KaIbHbl, pasMep MU3006paKeHUs He BIUS-
€T Ha pa3sMepbl MaTpPUIL BECOB CBEPTOUYHBIX U TTYIMHIOBbIX CIO€B. Taxk
YTO ocTaeTcs TObKO OLHO OrpaHnyeHue Ha pasmMep I/ISO6I)&)K€HI/I$[ — OH
IOJDKeH OBITH ONMHAKOBBIM B IIpeaeiax OOHOrO I1aKeTa:

img_copy = img.copy()

print ("Original image shape:", img.shape)

p_img = preprocess (img_copy)

batch shape = p_img.shape

dream = Input(batch_shape=batch_shape)

model = vggl6.VGGl6 (input_tensor=dream, weights="imagenet",

include_top=False)

B roc/eqylolyx BEIYMCTIeHMAX HaM NPUAETCs CChIIIaThCA Ha 06BeK-
b1 cioes CHC 1o MMeHaM, o3TOMY TOCTPOYM c/10Bapb. HYXKHO Takke
[IOHMMAaTh COIJIaleHMe 06 MMEeHOBaHUM CJIOEB, TOITOMY pacreyaTaeM
3TOT C/I0Baphb:

layer dict = {layer.name : layer for layer in model.layers}
print (layer_dict)

Pe3ynbTaT BBITTISINUT TaK:

{'blockl_convl': <keras.layers.convolutional‘ConvolutionZD at 0x11b847690>,
'blockl conv2': <keras.layers.convolutional.ConvolutionZD at 0x11b847£90>,
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'blockl pool':

'block2_convl':
'block2 conv2':

'block2_pool':

'block3_convl':
'block3_conva':
'block3_conv3':

'block3_pool':

'block4_convl':
'block4_conv2':
'blockd_conv3':

'blockd_pool':

'block5 convl':
'block5 conv2':
'block5_conv3':

'block5 pool':

<keras.layers.pooling.MaxPooling2D at 0x11c45db90>,
<keras.layers.convolutional.Convolution2D at 0x11c45ddd0o>,
<keras.layers.convolutional.Convolution2D at 0x11088£810>,
<keras.layers.pooling.MaxPooling2D at 0x11c2d2690>,
<keras.layers.convolutional.Convolution2D at 0x11c47b890>,
<keras.layers.convolutional.Convolution2D at 0x11c510290>,
<keras.layers.convolutional.Convolution2D at 0xllcdafal0>,
<keras.layers.pooling.MaxPooling2D at 0x11c334al0>,
<keras.layers.convolutional.Convolution2D at 0x11c345b10>,
<keras.layers.convolutional.Convolution2D at 0x11¢345950>,
<keras.layers.convolutional.Convolution2D at 0x11d52c910>,
<keras.layers.pooling.MaxPooling2D at 0x11d550c90>,
<keras.layers.convolutional.Convolution2D at 0x11d566c50>,
<keras.layers.convolutional.Convolution2D at 0x11d5b1910>,
<keras.layers.convolutional.Convolution2D at 0x11d5b1710>,
<keras.layers.pooling.MaxPooling2D at 0x11£d68el0>,

'input 1': <keras.engine.topology.Inputlayer at 0x11b847410>})

3aTeM BBIUMCIAETCS MOTEPS B KaXKIOM U3 ITATU ITYJIMHTOBBIX CJIOEB 1
rpaguedT cpe,u,HeI‘/i aKTUBallM AJIs1 KaXKO0ro 13 Tpex 1aroB. Fpa,ﬂMeHT
CHOBAa CKJIaAbIBaAE€TCA C M306pa)l(eHMeM M Ha KaXXJOM Liare BbIBOOUTCS
M306pa)KEHI/Ie B KQKXJI0OM I3 ITYJIMHTOBLIX CJIOEB:

num_pool_layers = 5
num_iters_per layer = 3
step = 100

for i in range(num pool layers):
# MIeHTUOMKUMPOBATL IYNMHTOBEIL CJON
layer name = "block{:d}_pool".format (i+1)
# DOCTPOMTH QYHKIMO NOTEPb, MAKCUMMU3MPYOLYOD CPENHD aKTMBALUMD B Cloe
layer output = layer_dict[layer name].output
loss = K.mean(layer output)
# BLUMCIUTL TpPamVeHT M3o0paxeHua MO MOTepe ¥ HOPMMPOBATHb
grads = K.gradients(loss, dream)[0]
grads /= (K.sqrt(K.mean(K.square(grads))) + le-5)
# onpememmTh QYHKXLPEO, BOSBPALAKIYO NOTEP0 M TPaIMEHT HAHHOTO BXOIDHOTO M30BpaKeH1sa
f = K.function([dream], [loss, grads])
img_value = p_img.copy()
fig, axes = plt.subplots(l, num iters_per_layer, figsize=(20, 10))
for it in range(num iters per layer):
loss_value, grads_value = f([img_value])
img value += grads_value * step
axes[it].imshow (deprocess (img_value))
plt.show()

Hipke 1okasaHbl pe3yIbTUPYIOLIVe 1306paskeHus:
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Kaxk Buaum, npoiecc rmy60KOro CHOBMAEHMS YCUIMBAOT BIUSHUE
TpajieHTa Ha BbIOPaHHBI C/IOM, TaK 4YTO IOMYYAIOTCS IIPOCTO-TaKU
CloppeamMcTiyecKue u3obpakeHus. O6paTHOe paclpoCcTpaHeHye rpa-
IVMEeHTOB B 60/ee MO3JHUX CIOSX MIPUBOIUT K 6OMbILEMY MCKAXKEHMIO,
YTO OTpaXkaeT UX YBEIMYEHHOe pelieNITUBHOE I1071€ M CITOCOGHOCTE pac-
MO3HaBaThb BCe 6osiee CI0KHbIe IPMU3HAKA.

UTo6b1 y6eauThCs B TOM, YTO OGyUeHHast CeTh JeliCTBUTENLHO 06y-
YuIach NMpecTaB/IeHyIo pa3IMYHbIX KaTeropuit M300paskeHunii, Ha Ko-
TOPBIX 06y4anach, pacCCMOTPUM C/Ty4aiiHOe M306paKeHIe, TOKA3aHHOe
HMKe, M TOJagUM ero Ha BXOoJ, IIpeno6yueHH ol ceTu:

img_noise = np.random.randint {100, 150, size=(227, 227, 3), dtype=np.uint8)
plt.imshow(img_noise)

BOT Kak BBIVISAUT MCXOAHOE CIyYaitHoe U306paxeHne:
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IlpMeHMB K HEMY HalMCaHHYIO BbIlle IIPOrpaMMYy, MbI IOJYYMM
BeCbMa XapaKTepHble IaTTEPHbI B K&XKIOM CJIO€, CBUAETEIbCTBYIOIIE
0 TOM, YTO CeTb NbITAETCA HA/TU CTPYKTYPY B CIy4aiiHbIX JaHHbIX:



[JononHuTeNbHble MOAENN MAWUHHOTO 0ByYeHUs

< [haBa7

254

SR

70

iz

TR
A

SRS




Mopoxaatowmne mogenn % 255

Mb!I MOXXeM IOBTOPUTb 3TOT SKCIIEpPMMEHT C LIYMOM Ha BXoje U
BBIUMCIUTDL IIOTEPI0 Ha OAHOM GUJIbTPe BMECTO YCPeAHEHMS M0 BCeM
dunbTpaM. Bei6paHHbI1 HaMU QUIBTP OTHOCUTCS K U306 paKeHMIO 13
Habopa ImageNet ¢ MeTKoit «adypuranckuit wion» (24). Takum o6pa-
30M, B IpeJbIayIieM KOJle Mbl BMECTO BBIUMCIEHUS CPEIHETO 110 BCEM
bunpTpaM cuuTaeMm moTepeil BbIXOA GWIbTpA, IPEACTABIISIOLIETO
KJ1acc apUKaHCKOTO CJIOHA:

loss = layer output[:, :, :, 24]

Ha BrIX0oze €051 block4_pool TTOYYAETCS HEUTO, HAIIOMMHAIOLIEe I10-
BTOpSIIONIMECS M306pakeHst CJIOHOBhEro X060Ta:

Mpumep - nepeHoc ctuns

O6061menne TexHonoruy Deep Dream omycaso B pabore L. A. Gatys,
A. S. Ecker, M. Bethge «Image Style Transfer Using Convolutional Neu-
ral Networks», Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition, 2016, roe moka3aHo, YTO HelfpOHHAS CeTb THU-
na VGG-16 ob6yvaeTcs: OZHOBpeMEHHBIM IIPU3HAKAM COAEPXUMOTO U
CTUJISI Y UTO TEM U APYTMM MOXKHO MaHMITYIMPOBaTh HE3aBUCUMO. ITO
3Ha4MT, YTO M306paxkeHne 06BEKTA (COAEPKUMOE) MOKHO TIOACTPOUTD
TIOJL, CTUJIb IIPEXbSIBJIEHHOI KapTUHBI.

Kax 06b14HO, HAUMHAEM C UMITOPTa 6MGIUOTEK:

from keras.applications import vgglé6

from keras import backend as K

from scipy.misc import imresize

import matplotlib.pyplot as plt

import numpy as np
import os

Jlnst mpumepa HapucyeM Hanle u306pa)keHMe KOTeHKa B CTUJIe pe-
Nponykuuy KaptTyHbl Kitona Mone «SIMOHCKMIT MOCTUK» (https://goo.
g1/0vXC39):
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DATA DIR = "../data"

CONTENT_IMAGE FILE = os.path.join(DATA_DIR, "cat.jpg")

STYLE_IMAGE_FILE = os.path.join(DATA_DIR, "JapaneseBridgeMonetCopy.Jjpg")
RESIZED WH = 400

content_img_value = imresize (plt.imread (CONTENT IMAGE _FILE), (RESIZED_WH,
RESIZED_WH))

style_img_value = imresize (plt.imread(STYLE_IMAGE FILE), (RESIZED_WH,
RESIZED_WH))

plt.subplot(121)
plt.title("content")
plt.imshow (content img value)

plt.subplot (122)
plt.title("style")
plt.imshow(style_img_value)

plt.show()

BoT 4TO BHIBOOUT 3Ta IIpOrpaMMma:

content
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T A &5
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Kak ¥ paHblie, HamueM GyHKuUMY Ajisi TpeoGpasoBaHms 1M306pa-
xeHus B HyxHbli CHC ueThipexmMepHblit TEH30p ¥ 06paTHO:

def preprocess(img):

imgd4d = img.copy ()
img4d = img4d.astype ("float64")
if K.image_dim_ordering() == "th":

# (HI WI C) -> (CI Hr W)

imgdd = img4d.transpose((2, 0, 1))
img4d = np.expand_dims (imgdd, axis=0)
img4d = vgqglé6.preprocess_input (img4d)
return img4d

def deprocess(imgdd):



Mopoxpatowme mogenn <+ 257

img = img4d.copy()
if K.image_dim ordering() == "th":
# (B, C, H, W)
img = img.reshape ((img4d.shape[1l], img4d.shape[2]}, img4d.shape[3]))
# (C, H, W) -> (H, W, C)
img = img.transpose( (1, 2, 0))
else:
# (B, H, W, C)
img = img.reshape ((img4d.shape[l], img4d.shape[2], img4d.shape[3]))
img[:, :, 0] += 103.939
img(:, :, 1] += 116.779

img[:, :, 2] += 123.68
# BGR -> RGB
img = img(:, :, ::-1]

img = np.clip(img, 0, 255).astype("uint8")
return img

O6bsBasgeM TEH30PBI JJISI XpaHEeHUST oboux M306pa)KEHI/II7I, Comepxm-
MOTO ¥ CTUJA, a TAKXKe TEH30D [Jis1 pe3yabTUPYIOUIero M306pa)KeHI/IH.
3aTeM KOHKaTeHMpYeM COMEPKUMOE ¥ CTU/Th B €IMHbIA BXOLHO TeH-
30p, KOTOPBIi 1ToAaeTcs Ha BXog, Ipenobyuennoi cetu VGG-16:
content_img = K.variable (preprocess (content_img value))
style_img = K.variable(preprocess(style_img value))
if K.image dim_ordering() == "th":

comb_img = K.placeholder((l, 3, RESIZED WH, RESIZED WH))
else:
comb_img = K.placeholder((l, RESIZED WH, RESIZED WH, 3))
# KoHKATEHMpPOBATL M300pakeHUa B eOMHHIL BXOOHON! TEH30p
input_tensor = K.concatenate([content_img, style img, comb_img], axis=0)

Cospaem o6bekT cetit VGG-16, mpenobyyeHHO Ha Habope JaHHbIX
ImageNet, ¢ yoajieHHbBIMY TTOTHOCBSA3HBIMYU CJIOSIMU

model = vggl6.VGGLl6 (input_ tensor=input tensor, weights="imagenet",
include_top=False)

Kak u paHbllle, CTPOMM C/IOBapb, COMOCTAB/SIIOLINIA VMSI BBIXONY
cnost 06yyeHHoi cetu VGG-16:

layer dict = {layer.name : layer.output for layer in model.layers}
I[anee BBIUYMC/ISAIOTCA IIOTEePU content loss, style loss M variational
_ ’ — —

loss. Ml HaKOHell, MBI OIIpeAeisieM 00LIYI0 IIOTePI0 KaK JIMHENHYI0 KOM-
6GMHALIMIO STUX TPeX II0TepPh:

def content loss(content, comb):
return K.sum(K.square(comb ~ content))

def gram_matrix(x):
if K.image_dim ordering() == "th":
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features = K.batch_ﬂatten(x)
else:

features = K.batch_ﬂatten(K.permute_dimensions(x, 2, 0, 1)))
gram = K.dot (features, K.transpose (features))
return gram

def style_loss_per_layer(style, comb) :
= gram _matrix(style)
= gram _matrix (comb)
channels = 3
size = RESIZED WH * RESIZED_WH
return X.sum(K.square(S - C)) / (4 * (channels ** 2) * (size ** 2))

def style_loss():
stl_loss = 0.0
for i in range(NUM_LAYERS):
layer name = "block{:d}_convl".format (i+1)
layer_ features = layerﬁdict[layer_name]
style_features = layer_ features[1l, :, :r :]
comb_features = layer_ features(2, :, @, 0]
stl loss += style_loss_per_ layer (style features, comb_features)
return stl_loss / NUM_LAYERS

def variation_loss (comb):
if K.image_dim ordering() == "th":
dx = K.square(comb[:, i, :RESIZED WH-1, :RESIZED WH-1] -
comb[:, 1, 1:, :RESIZED WH-1])
dy = K.square(comb[:, i, :RESIZED WH-1, :RESIZED WH-1] -
¢comb{:, :, :RESIZED WH-1, 1:1)
else:
dx = K.square(combf:, :RESIZED WH-1, :RESIZED WH-1, ] -
comb[:, 1l:, :RESIZED WH-1, )
dy = K.square(comb[:, :RESIZED_WH-1, :RESIZED _WH-1, :] -
comb[:, :RESIZED WH-1, 1:, 1)
return K.sum(K.pow(dx + dy, 1.255

CONTENT WEIGHT
STYLE_WEIGHT =
VAR WEIGHT = 0
NUM_LAYERS = 5

c loss = content loss(content_img, comb_img)

s_loss = style_ 1655() - -

v_loss = variation_loss {comb_img)

loss = (CONTENT WEIGHT * ¢  loss) + (STYLE | WEIGHT * s_loss) + (VAR WEIGHT * v_loss)
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31ech content_loss — KBaJAPATHbII KOPEHb U3 CYMMbI KB3/IpATOB pas-
HocTeii kKoopauHatr (L2-paccTosiHue) NPU3HAKOB, BBIAEIEHHBIX U3
M306pakeHUsI-COAEPKUMOTO ¥ Pe3yAbTUPYIoLIeil KOMOMHALUM U30-
6paxennii. biarogaps MMHMMM3aLMM 3TOM NOTEPU CTUIU3OBAHHOE
n306paxkeHe ocTaeTcs 6IM3KUM K OPUTMHATIBHOMY.

IMoTeps style_loss OmpepensieTcs Kak L2-paccTognue Mexmy MaTpu-
namy I'pamma 1306paskeHnsI-CTUIS ¥ pe3yIbTUPYIOileli KOMOMHALMM
usobpaxkennit. Matpuueii I'pamma MaTpuiibl M Ha3biBaeTCs IPOU3-
penenue MT * M, rme MT obo3HavyaeT TPaHCIIOHVPOBAHHYIO MaTpUILY.
Taxasi moTeps usMepsieT 4aCTOTY COBMECTHO BCTPeYaeMOCTH IIpU3Ha-
KOB B M300paXeHnM-CTusIel 1 KOMOGMHPOBAaHHOM M306pakeHnn. JTO,
KCTaTy, 03HAYaeT, YTO MaTPUIIbI content U style OJDKHBI ObITh KBaApaT-
HbIMMU.

TonHas BapMallMOHHAS IIOTEps variation_loss M3MeEpSeT pasHOCTH
MEeXZY COCeIHMMU MUKCceNsIMU. B pesynbraTe ee MUHMMMU3ALMU CO-
cenHMe IIMKCeNy GYAYT MOXOXM, TAK 4YTO OKOHYATeIbHOe 1300pakeHne
OKa)XeTCs IJIAaBHBIM, @ HEe pBaHbIM.

BrluncisieM rpafyesT ¥ (YHKLMIO TIOTEPb U BBIIIOIHSEM IISITh UTe-
panuii paboThl ceTV B 06paTHOM HallpaBJIeHNHN:

grads = K.gradients(loss, comb_img) [0]
f = K.function([comb_img], [loss, grads])

NUM_ITERATIONS = 5
LEARNING RATE = 0.001

content _img4d = preprocess(content_img_value)

for i in range (NUM_ITERATIONS) :
print ("Epoch {:d}/{:d)".format (i+1, NUM_ITERATIONS))
loss_value, grads_value = f([content_img4d])
content_img4d += grads_value * LEARNING_RATE
plt.imshow (deprocess (content_img4d))
plt.show()

Hioke nokasaH pesy/abTaT IOCIeSHUX ABYX utepauuil. Kak Bumum,
n306paxxeHMe MpUOGPeIo YepThbl pa3MBITOCTH, XapaKTepHbIe /It UM-
TIPECCHOHMCTOB, a B IIOC/IeAHEM C/Iydae JiaXe CKOIMPOBaHA TEKCTypa
XOJICTa.



260 <+ [Mmasa 7.[lONONHUTENbHbIE MOAENN MALIMHHOTO 0BYYeHNs

100
150
200

250

100

150

200

o 50 100 150 200 250 300 350 400

Pe3ioMe

B 5T0if I7IaBe Mbl PACCMOTPENIN HECKOMIbKO ceTelt FTy6oKoro obyueHusl,
He BOLIeJUIMX B TPeAIIeCTBYIOMe IMaBbl. Mbl HauaIu C KpaTKoro 06-
3opa dysKumoHanbHoro API Keras, 103BO/ISI0LIET0 CTPOUTD HE TONLKO
[OC/Ie0BaTeNbHbIE, HO 1 Go1ee CIOKHbIe CeTV. 3aTeM Mbl 06paTUINCh
K perpeccMOHHBIM CETSM, KOTOpbIe AE/aloT TMpeCcKasaHus B Helpe-
PHIBHOM TIPOCTP3HCTBE U TEM CaMbiM IMO3BOJAIOT PelnTDh 1MPOKUIL
psii HOBBIX 3a7ay. OIHAaKO perpeccMOHHast CeTb Ha CAMOM Jiefie Mpef-
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cTasisieT co60il OUeHb MPOCTYI0 MOAMGUKALUIO CTAaHIAPTHON ceTU
Kinaccudukanuy. Janee Mbl 3aHSUIVCh aBTOKOAMPOBUIMKAMU — KJIaCCOM
ceTelt, MOIMyCKaOMX obyyeHue 63 yuuTesIsi, KOTopble OTKPhIBAIOT 10~
CTYII K OTPOMHOMY MacCHBY HeIIOMEeUeHHBIX JaHHbIX, HAXOMSIIMXCS B
pacIopsLKeHUM KK Oro U3 Hac. Mbl TaKKe HayYMIIMCh COCTaB/IATh U3
yIKe U3BEeCTHBIX ceTelt 6osiee KpyIHble, KaK B TMTaHTCKOM KOHCTPYKTO-
pe Lego. OT ocTpoeHus1 60X ceTeit 13 6omee MeKUX Mbl ITepel-
JIX K BOIIPOCY O CO3JaHUU NOTb30BaTENbCKMUX C/IOEB C NPUMEHeHVeM
nepexonuoro API Keras. U HanioceoK pacCMOTpENIM MOPOXaalouue
MOJie/1, CIIOCOOHbIE MMUTUPOBATD JaHHbIE, Ha KOTOPbIX 06y4anuch, 1
IIPOIEMOHCTPMPOBAIY HECKOIBKO HOBAaTOPCKUX TPUMEHEHUI TaKuUx
mozenei.

TeMoi1 ciienylolneit IaBsl 6yyieT o6y4eHMe ¢ NOAKperieHreM. Mpl
MccIeyeM 3TU UIEU Ha IIpUMepe TIOCTPOeHMsI ¥ 06yUeHus ceTy, KOTo-
pasi 6ygeT Urparthb B IIPOCTYIO KOMIILIOTEPHYIO UTDY.
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NCKYyCCTBEHHbIN UHTENNEKT
UrpaeT B Urpbl

B npezipIAyLIMX [7IaBaxX MbI PaCCMaTpPyMBasIM MeTOAbI 06YYeHUs C yuuTe-
nieM — KnaccudUKaLUIO U perpeccuio — 1 6e3 yuuTes — IOpOXAalole
cocTsi3aTeabHble CETY, aBTOKOAMPOBIIUKU U IIOPOKAAIONIME MOJEIN.
IIpy 06ydeHUU C YUUTENIEM CeThb 06yJanach Ha NOMeYEHHBIX JAHHBIX U
N0J/DKHa OblIa TIPeCKa3bIBaTh BHIXOA, KOTAA i1 MPeAbsIB/Is/IUCh HOBbIE
nanuble. IIpy 06yyeHMy 6€3 YIUTENsT CeTU NPeIbsB/ISINCE BXOTHbIE
JaHHble, a OHA O/DKHA ObI/Ia BBISBUTH B HUX CTPYKTYPY M IPUMEHUTD
[o/Iy4eHHble 3HaHUS K HOBBIM JaHHBIM.

B 5T0i1 1aBe Mbl 6yeM FOBOPUTD O ITy6OKOM 06YyueHMU C IOJKpe-
IIeHUEeM, T. €. IPUMEHEHMM yGOKMX HelfPOHHBIX ceTelt K 06yueHuIo
¢ noakpervieHuem. O6ydeHKe ¢ MoAKpeIUieHeM 6epeT Hayaso B I1CU-
XOJIOTMM IIOBeJeHMs. ATeHT obyuaercs, ojlydasl BO3HarpaxueHue 3a
IpaBuIbHOE MOBeJeHMe M Haka3aHye 33 HelpaBuibHoe. B KoHTeKkcTe
IIy60KOro 06y4eHus ¢ IOAKpeIIeHeM CeTU IPEeAbIBISIOTCS BXOA-
Hble JJaHHbIe, ¥ B 3aBUCUMOCTHU OT TOTO, KaKoy OTBET OHa JaeT — Ipa-
BWIbHBII WM HETIPaBUJIbHBI — MPUMEHSIOTCS T10/I0KUTETbHbIE WK
oTpuIaTebHble CTUMYIIbL. ClleoBaTeIbHO, B 00y4eHUH ¢ TIoaKperuie-
HeM Mbl MMeeM pa3pekeHHbIe U OT/II0KeHHbIe BO BpeMeHy MeTKu. Ha
NPOTSDRKeHMM GOMBLIOTO UMCIIa UTepaLuii ceTh 06yyaeTcs AaBarth npa-
BUJIBHBI pPe3y/IbTar.

[I10HepOM ITy60KOro 06yYeHus ¢ TIOKPEIUIeHyeM CTana Hebo/b-
mast 6puranckas Komnauus DeepMind, B 2013 roay ony6/11MKoBaBLiast
crarpio (V. Mnih «Playing Atari with Deep Reinforcement Learning,
arXiv:1312.5602, 2013), B KOTOpOM OIIMACHIBATIOCH, KAK MOXXHO Hay4YMTh
CBEPTOYHYIO HElPOHHYIO CeTh UTPATh B BUIEOUTDPHI C KOMIIBIOTEPOM
Atari 2600, ToKa3bIBas €ii 3KpaHHble IMKCeIN M BO3HArpaxaas, Korga
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CUeT YBEIMUMBAETCS B ee 110/1b3y. OJIHa U Ta JXe apXUTeKTypa Oblia uc-
T10/1b30BaHa Ji71s1 06yYeHMsI CEMU PA3HBIX UTD, B LIECTU U3 KOTOPHIX MO-
ZieJIb TIPEB30IILa BCe MPeAIIecTBYIOIIYe IIOAX0IbL, @ B TPEX — Pe3y/abTaT
Yyei0BeKa.

B oTmuue oT paHee pacCMOTpPEHHBIX CTpaTeruit oOyueHUst, Korga
ceTh 06ydyaeTcs TONTbKO B OIHOV NMpeIMeTHONM 06/1acTi, obyueHKe ¢
TIOJKpeIlIeHNeM, II0XO0XKe, SIBJSeTCS YHUBEPCATbHBIM aJITOPUTMOM 06-
Yy4eHMs1, KOTOPbIJ IIPUMEHUM B Pa3HbIX CUTYalUSIX; GBITh MOXET, 9TO
Hake TePBbIi LAl K HACTOSIILIEMY UCKYCCTBEHHOMY MHTEJUIEKTY. Brio-
cnenctBuy Komnasuio DeepMind kynuna Google, M ee KOJIJIEKTUB Beer-
Jla HaxoAWIC Ha nepenHem Kpae uccienoBsanmii no UM, B ciepyioumiei
cratbe (V. Mnih «Human-Level Control through Deep Reinforcement
Learning», Nature 518.7540, 2015:529-533), ony6/IMKOBaHHOII B IIpe-
CTIDKHOM xypHasie Nature B 2015 roxy, onyucsiBasioCh IpyMMeHeHMe TO
JXe Mozenu K 49 urpam.

B 3T0J1 I71aBe Mbl pacCKakeM O TeOpPeTMYECKUX OCHOBaHMUSIX [y6o-
KOro 00y4eHMUs C IOOKPEIIeHMeM. A 3aTeM IPUMEHMUM 3T UAEU K HO-
cTpoeHmio ¢ nmomoupio Keras cety, kotopas 6yaeT o6yyaTbest Urpe B
MMOMMKY MsiYa. Mbl Taxke AafguM KpaTKuii 0630p BO3MOXHBIX IyTeli
YAYYILIEHNS 3TOM CeTH M HEKOTOPBIX MHOT000eIAI0IIMX HallpaB/IeHMiA
MCC/IeqoBaduii B 9TOM 061aCcTH.

Hrak, B 3T0i1 I71aBe 06CYXAAIOTCS CIeRyIoN/e KOHIEIIMUM, Kacalo-
myecs 06y4eHUs C yUUTeleM:

O Q-obyueHue;
O uccnenoBaHye U MICNIOMb30BaHMe;
Q BocCnpou3BeeHME OIBITA.

O6yueHue ¢ nogKkpenneHnem

Haia 1ie71b — IOCTPOUTD HEJPOHHYIO CeThb JJIST UTPhI B IOMMKY MSya.
B Hayase UTPHI U3 CTyYaiHOM TOUKM CBEPXY SKpaHa nafaeT Ms4IuK. 3a-
Jlaua UTpoKa — ITOJICTaBUTh PAKETKY B HYDKHeI 4acTy 9KpaHa, IoJb3ysaCh
KJIaBUIIaMU CO CTPEIKaMy BJIeBO ¥ BIIPaBO, M He 1aTh MIYMKY YIIaCTh.
Kak Buaute, Bce 04eHb IpocTo. COCTOSTHME UTPBI B TI00605 MOMEHT Bpe-
MEHM OIMChIBAETCH KOOPOAMHATAMU Msiya U PaKeTKHU (¥, ). B 60mbImH-
CTBe apKaJHBIX MIP MOABMKHBIX 31eMeHTOB ropas3zio 60/blile, I03TOMY
oblee pelreHye — CUUTATh TEKYLUIMM COCTOSHMEM BCe M306pakeHue
Ha dKpaHe. Ha pucyHKe HIDKe ITOKa3aHbl YeThIpe MOCIeI0BATEIbHBIX
CHMMKA 3KpaHa UTPhL.
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BuuMaTe bHble YUTATEIM, BEPOSTHO, 3aMeTWIM, UTO 3Ty 3afauy
MOYKHO 6bUT0 661 ChOPMYIUPOBATh Kak 3aauy Kiaccuduraumy, B Ko-
TOPOJ Ha BXOJ, CETU NOJAIOTCS M306paskeHNs1 Ha SKpaHe UTpBI, & Bbl-
XOJIOM SIBJISIETCSI OIHO U3 TPeX IefiCTBU : ABUTaThCsl BIEBO, OCTABATHCS
Ha MecTe, IBUraThes BIpaBo. Ho Torza Mbl JO/DKHB! 6bU1M ObI TIPeb-
SBUTD CeTy OGyualolye IpuUMepsi, BO3MOXHO, U3 NapTHi, ChIrpaH-
HBIX MI0ObMuU. JIpyroii, 60mee IpoCToii IIOAXOM COCTOUT B TOM, YTOOBI
HIOCTPOUTD CeTh M 3aCTaBUTh ee UrpaTh CHOBA ¥ CHOBA, OPraH130BaB
06paTHYIO CBA3b, COOBLIAIOLIYIO, YAANOCh TIOJMATh MY WIN HeT. ITOT
TIOJIXO/, MHTYUTUBHO GJIVIKE K TOMY, KaK 06y4aroTcs IOAM U XKUBOTHBIE.

CaMmblit pacIipOCTpaHeHHbIi criocob npeacTaBieHus TaKUX 3a4a4 -
MapKOBCKMIi IPOLece MPUHATHUS pemreHnii. lrpa — 3T0 OKpyxaio-
111351 Cpefa, B KOTOPOJ1 areHT IbiTaeTca 06yunThesi. COCTOsIHME Cpelbl B
MOMEHT t 0603HauyM §, (OHO BK/IIOYaeT MOJIOKEeHMe Maua U pPaKkeTKH).
ATeHT MOKET BITIOHATh HEKOTOpbIE AeMCTBUS (ABUTATh PAKETKY Biie-
BO WM BIIPaBO). VIHOIZA 3TH AeCTBUS BIEKYT 3a C060Ji BO3Harpaxmie-
HUE T, TIONIOXUTEBHOE UK OTPUIIATeNbHOe (HarpuMmep, yBeluueHne
WM YMeHbleHue cueTa). JeiicTBus M3MEHSIOT Cpefly ¥ MOTYT IIpu-
BECTM K HOBOMY COCTOSIHMIO S,, , B KOTOPOM areHT MOXET BBITIOTHUTD
HOBOE JiejicTBue d,,, U T. i. MHOXeCTBO COCTOSIHMIA, AefiCTBUI 1 BO3HA-
rpakaeHMiA, a TaKoKe IpaBy/ia Iiepexoza 13 OIHOTrO COCTOSHMA B IpYroe
1 COCTABJISTIOT MApKOBCKMIA TpoLiecc NPUHSATUS peleHuit. OnHa urpa
SBJISIETCS SMM30/0M 5TOTO MPOLIecca 1 MPefCTaBAsAeTCsl KOHEYHOM Mo-
C1eq0BaTeIbHOCTBIO COCTOSIHUIA, NeJiCTBUI U BO3HarpaxieHuit:

Sor Aoy 115815 Ay Ty Sgpees Sy 1 Ay 5 Fs S

n-1 "n?“n

IToCKOMBKY 3TO MapKOBCKI/Iﬁ mpouecc, BEPOITHOCTh COCTOAHUA S,
33BUCUT TOJIBKO OT TEKYILIETO COCTOSSHUS S, U IeincTBUS a.

MakcuMusauma 6yayumx BosHarpakAeHui

Lens aredra — MaKCMMU3UPOBATH IIOJIHOE BO3HarpaxacHue B Kax-
JIo¥i urpe. TTonHoe BO3HarpaxzneHue MOKHO IIPeACTaBUTh B BUje:
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Rziri
i=1

[ MakCcUMU3aluy MoHoTro BO3HarpaxaeHus areHT JOJDKeH CTpe-
MMUTBCA MaKCUMM3UPOBaTh ITOJIHOE BO3HarpaXXaeHue, Ha4MHas1 € JIro-
00oro MOMeHTa ¢ B urpe. [Monuoe BO3HarpaxzueHye B MOMEHT t obo3Ha-
JaeTcs Rt U uMeeT BUA,:

n
R=Sn=rtn, bt
i=1

OpHako yeM pmanblile Mbl 3aIs/IbIBAaEM B Oyaylliee, TeM TpyAHee
MpencKasaTh BeJIMYMHY BO3HarpaxkneHus. YToObl yuecTb 3TO, areHT
JO/DKEeH CTPeMUTHCSI MaKCMMU3UPOBATh MOJTHOE OMCKOHTMPOBAHHOE
Oynyliee Bo3HarpaxipeHue B MOMEHT t. [Iisi 9TOro Mbl YMEHbIIaeM
BO3HarpakgeHne Ha KaxaoMm OyaylieM BpeMeHHOM Hiare B y pas IIo
CpaBHEHMIO C mpeaslayiuM mwarom. Eciu y pasuo 0, TO ceTh BOOGIIe
He yuMThIBaeT Gyayliye BO3HArpaXkaeHus, a ecu y paBHo 1, To ceThb
MOJIHOCTBIO [leTepMUHUPOBaHa. XOPOLIUM SIBJISIETCS 3HaYeHue y B paii-
oHe (0.9. Brinucas BCe wieHbl NpeApIAYLIEro TOXKAECTBA, Mbl CMOXKEM
PEKYPCUMBHO BbIpa3UTh IOJHOE OMCKOHTMPOBaHHOe OGynyniee BO3-
HarpaxgeHue B BUJe CYMMBbl TEKYILEero BOSHArpaXIeHUs U MOJHOIO
IOVUCKOHTMPOBAHHOIO OYAyIero BO3HarpaxkieHus Ha CIenyloleM Bpe-
MEeHHOM llare:

= 2 n—t
R=r+yr, tyr,t.. ty*r,
=1+ (T, (., T...))
=r,+yR

t+1

0-o06yueHnue

B rry6okom o6GyueHMM C TOAKPEIVIEHUEM MCIIONb3YeTCS TEXHMKA
obyuenuss 6e3 GopMupoBaHMS MOAETM OKpPYKAIOUIei Cpeabl, Hasbi-
Baemasi Q-oGyueHuem. Q-oOydueHye MOXKHO JMCIIONb30BaTh JJIS Ha-
XOKAEHUST ONTUMAIbHOIO AEMCTBUS B JIIOOOM 33JaHHOM COCTOSHUM
KOHEYHOro MapKOBCKOTO Mpolecca NPUHITUSL pelieHUil. ATeHT IIbI-
TAeTCsl MaKCMMM3MPOBaTh 3HaueHue Q-bpyHKUMY, TpeCcTaBasIoneit
MaKCMMalbHOE JUCKOHTMPOBaHHOe Gyayllee BO3SHarpaxaeHue Mpu
BbBIIIOJIHEHUU ,El,eﬁCTBI/ISI a B COCTOSIHUMU S:

QGs,, a) =max(R,,)
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Ec/u Q-yHKUMS U3BECTHA, TO ONTYMAIBHBIM Ae/{CTBMEM d B COCTO-
sHMK s OYAeT TO, SIS KOTOpOro 3HaueHyue Q MaKCUMalbHO. CnenoBa-
Te/IbHO, Mbl MOXeM OIPeNeNnTh IONUTHUKY T1(s), AalolLylo ONTUMAITb-
HOe nejicTBME B JII060M COCTOSTHMN .

I1(s) = argmax, Q(s, a)

MbI MOXeM onpenenuTsb Q-GOyHKUMIO IS nepexomHoM TOUKMA (S, d,,
r,S,, B TepMUHAX Q-byHKIMU B C/IeAyIOlelt TOUKE (S, a,,;s Ty S,
aHAJIOIMYHO TOMY, KaK MbI IIOCTYIIW/IMU C JYICKORTYPOBaHHBIM OyayILIMM
BO3HArpaxaeHueM. B pesynbrare nonyyaercs ypaBHeHUe BennMaHa:

Qs,a)=r+y max, QGs,.p a,,,)

Q-(GYHKIMIO MOXHO anmpOKCMMMUPOBATH C MOMOLIBIO YPaBHEHUs
Bemana. Q-GYHKIMIO MOXHO PaccMaTpMBaTh Kak TaGnuiy COOT-
BeTCTBYS (OHA Ha3bIBaeTcs Q-rabmuuest), B KOTOpOi#1 cocTosiHust (060~
3uauaeMble 6YKBOI S) IPeNCTaB/IAIOTCS CTPOKaMy, neiicteust (060-
3HayaeMble OYKBOI ) — CTONOIaMH, a 9/IeMeHT Ha TIIepeceueHni s-0i1
CTPOKM U a-To cTonbua Q(s, ) paBeH BOZHATPAXKAEHMIO, TIo/Iy4aeMoMy
B c/ly4ae, KOTZla B COCTOSIHUM S BBIIIOTHEHO neiicrsue a. Haunyuiiee
nejicTBie B JAaHHOM COCTOSIHUM — TO, [Ji1 KOTOpOTO BO3HarpaxieHue
MaKCUMaIbHO. B Hauame Q-Tabmuiia MHULVAIM3UPYETCs CTyYaitHhIMU
3HaUeHMsIMM, 3aTeM BBIIIOHSIOTCS C/TydyaiiHble neiicteus u Q-rabnuua
OGHOBIISIETCS] B COOTBETCTBMU ¢ HAOMIOAaeMbIMM BO3HArpaXXIeHNUSIMMI
0 CJIeAYIOIeMY aaroOpUTMY:

VHMLMAIM3UPOBaTh Q-Tabnuuy Q

HabmomaTk HauanbHOE COCTOAHUE S

repeat

BHIOPAaTh M BHIIOJHUTE peficTBme a
HaOMoIaTh BOBHAUPAXAEHME I U MEepenTu B HOBOE COCTOAHKE s'
O(s, a) = O(s, a) + afr + y max_a' Q{s', a') - Q(s, a))
s =8'
until Mrpa 3aKoHYEHa

HeTpyaHO HOHATH, YTO STOT AITOPUTM IO CYIIECTBY SBJISETCH CTO-
XaCTUUeCKMM TPaYeHTHBIM CIIYCKOM 10 ypaBHeHuto bennmana ¢ 006-
paTHBIM DAcrpoCTpaHeHyeM BO3HArpaxieHMs uepes IPOCTPAHCTBO
COCTOSTHMI (STIM30[) ¥ YCPeAHeHeM 10 MHOTMM UCTILITAHUAM (TIepu-
omam). B HeM & — CKOpOCTb 06GyyeHus, OnpeieNsromasl, Kakylo JacTb
PasHOCTY MeXZAY NPeSBIAYIM 3HaueHreM Q ¥ HOBBIM JIMCKOHTUPO-
BaHHBIM MaKCMMalbHbIM 3HaueHueM Q ciefyeT BKIIOYUTD.
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My6okas Q-cetb Kak Q-pyHKLMUA

Mpsl 3HaeM, uTo Q-(yHKUMs 6yIeT HelfPOHHOM! CeThIO, HO KAKOTO BU-
na? B cryyae Haued IPOCTOM UTPhI K&K 0e COCTOsTHME TIpeacTaBJsieT-
Csl 4eThIpbMSA NMOUJIeA0BATEIbHBIMU ‘IepHO-6eJIBIMI/I MSOGDHX(EHMHMI/I
3Kpana pa3mepa (80, 80), Tak UTO 001I[ee YUCIO0 BO3SMOXKHBIX COCTOSTHUIA
paBHO 280-80¢ K cyacTbio, MHOTHE M3 HIMX — HEBO3MOXKHbIE MM KpaliHe
MaJIOBEPOSITHbIE KOMOUHALMM nKceseit. [IocKoIbKy cBepTOYHas Heil-
POHHas CeTh 00J1aJaeT JTOKANbHOM CBA3HOCTBIO (T. €. KaKOBI HelfpoH
CBSI3aH TOJIBKO C JIOKANbHOM 06/1aCThI0 CBOMX BXOZOB), OHa u3beraer
TaKKX HEBO3MOKHBIX M HEBEPOSITHBIX KOMOMHAIIMIT TuKceneit. Kpome
TOTrO, B 001IeM cydae Hel{pOHHbIE CEeTY XOPOLIO BBIIESIOT IPU3HAKK
U3 TaKUX CTPYKTYPUPOBAHHBIX JAaHHBIX, KaK 1300paxeHus. [TosTomy

CHC 6yner ouenb 3¢GdeKTUBHBIM MHCTPY-
MEHTOM MOZETUPOBaHMS Q-PYHKLMN.

B M THpOBaHHOI BbILIE paboTe KOMITaHUMU
DeepMind omucana ceTh C TpeMSI CBEpTOU-
HBIMM CJIOSIMM, 38 KOTOPBIMM CJIeLyIOT IBa
MOJTHOCBA3HBIX C10S. B OT/IMuMe OT Tpaguiiu-
ounsix CHC, mpumeHseMbIX A1 Kiaaccudu-
Kalluy WIX PacIiO3HaBaHMs M306paKkeHui,
TIYJIMHTOBBIX CJIOEB 31eCh HeT, ITOCKOJBKY
MYIMHTOBBINM CJI0¥ AenaeT ceTb MeHee YyB-
CTBUTEJIBHOM K IIOJIOXKEHMUIO KOHKPETHBIX
06bexTOB B 1306pakeHnK. Ho B cityuae Urpsl
sTa MH(popMaLus, ckopee Bcero, HeobXoau-
Ma 151 BbIUMC/IeHUST BO3HArpaxmaeHus, Io-
STOMY OTOPachIBaTh €€ HEJIb3s.

Ha cnepyiolieM pUCyHKe IIOKa3aHa CTPYK-
Typa IIy6oKoi Q-ceTy B HalleM IIpUMepe.
OHa ornmMyaeTcs OT CeTU B OPUTMHAIbLHOM
cratbe DeepMind Tonbko ¢opmoit BXxogHO-
IO M BBIXOAHOrO c10si. Dopma Kaxkaoro ne-
MeHTa BXOAHBIX NaHHBIX (80, 80, 4): ueThIpe
IocneloBaTebHBIX CHMMKa UepHO-6e/oro
3KpaHa UrpoBoOi KoHconu pasmepa 80 x 80
nMKceneil. BeixomHoit cmoit umeer ¢op-
My (3), UTO COOTBETCTBYET TPEM BO3MOX-
HbIM JeiiCTBMSIM areHTa (B/€BO, HA MecTe,
BIIPaBo).
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T[IoCcKOMBbKY BBIXOJ COCTOUT M3 Tpex Q-3HaueHMmi, 3T0 3asa4a perpec-
CMY, ¥ MBI MOXEM pelUTb ee IyTeM MMHMMM3auuy CpefHeKBaapa-
TUYECKO! OLIMOKM: KBaapaTa pasHOCTY MEXIY TEeKYIIUM 3HadeHNeM
Q(s, a) v TIpesiCKa3saHHbIM 3HadyeHyeM, KOTOpoe BBIUMUCIIACTCS B TEP-
MMHAX CYMMBbI BO3HArpakieHMsi ¥ JVICKOHTHPOBAHHOIO GYAYILEro
Q-3uauenus Q(s', a'). Texylee 3HaueHue y)Xe 3BeCTHO B HA4ale uTe-
panyu, a Gyayliee BHIYMCISETCS HA OCHOBE BO3HArpaXaeHus, momy-
JeHHOTO OT OKpYKalolleii cpelbl:

L= %[r +ymax Q(s’,a") - Q(S:")]2

BanaHc MeXay uccneaosaHMeM
¥ UCNONb30BaHUEM

[y6okoe obyueHme ¢ IofKperieHyeM — NpYMep OH/IaifHOBOTO 06y-
yenus, KOraa mary o6yueHus u npeackasaHus yepeayTcs. B ormane
OT NaKeTHOTO 0O6YyUYeHMs, KOTa HaWIy4ylInii IPefyKTOp reHepupyeTcs
myTeM o6yJeHust Ha BCceM MaccyBe 06yyaolyX NaHHbIX, PEIUKTOD,
06yuaeMplil B IIpoOLiecce OHIAHOBOrO 00YUeHs, IOCTOSIHHO yTy4Yllia-
eTcs 110 Mepe IOCTYIUVIEHUS] HOBBIX JaHHbIX.

Takum 0Gpa3soM, Ha HayalbHbIX epuojax oOyueHus NryGokas
Q-ceTh @eT CIyyaiiHble NpeCcKasaHus, YTO BeET K II7IOXOMY Ka4deCTBy
Q-06yueHusi. UTO6bI CTIPAaBUTBCS C TOI MPO61eMOoit, Mbl MOXeM MpPU-
MEeHMTb [IPOCTOI MEeTOA UCCIeA0BaHMs, HAIPUMED, £-KaJHYIO CTpaTe-
ruio. B 9TOM c/iyuae areHT BbIGypaeT JeliCTBUE, IPeIIOKEHHOe CeThIO,
C BepOSITHOCTBIO 1 — & MM ciTyyajiHoe AelicTBIe C paBHOMEPHBIM pac-
npenesnenueM. Takasi CTPaTeIus Ha3blBaeTCsl VICCIeOBaHMEM-ICTI0Nb-
30BaHMEM.

[To Mepe yBeauueHus YyuciIa nepuonos Q-GpyHKUMS CXOOUTCS U Ha-
yyHAET BO3BPAIATh 60/Iee OCMbICTeHHbIe Q-3Hauenns. UTo6bl yuecTb
3T0, 3HaUeHMe &€ MOXHO IIOCTelIeHHO YMEHbWIaTh: II0 Mepe TOro Kak
NpencKa3aHus CeTM CTAHOBSATCA Gosee COMIACOBaHHBIMM, areHT Jalle
IIpeATNoYNTaeT NpefJiaraeMoe CeTblo AeiicTBie ciydaiiHomy. B ceTu
DeepMind BennumHa & CO BpeMeHeM Y6bIBaeT oT 1 10 0.1, a B HalIeM
npumepe - ot 0.1 50 0.001.

Cien0BaTeNbHO, -KaIHBIN aJrOPUTM TrapaHTUpPYET, YTO B Havae
paboThl cucTeMa MuleT 6anaHc MeXay HeHaJeXHbIMM NpEACKasaHu-
My Q-ceTy 1 CIydyaifHbIMM ITepeMelleH)sIMM, CTPEMSICh MCCTIeI0BATh
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MPOCTPAHCTBO COCTOSIHMIA,  3aTeM, 10 Mepe YIy4LIeHWs MpeacKasa-
HUIA, TIePEXOIUT B PEXUM MeHee arpecCMBHOTO MCCaeqoBaHus (OTaa-
Basi IpeATIoYTeHME UCTIONb30BaHUIO).

Bocn poussegeHue onbita

Wcxons 3 ypaBHEHUA, TPEACTABISIOLIMX 3HaYeHKe Q Jyist mapsi (s,
a,) B TEpMMUHAX TEKYINEro BO3HATPaXAEHMs I, M AUCKOHTYPOBAHHOIO
MaKCMMa/bHOTO 3HayeHus Q Ha clenyolleM BpeMeHHOM wmiare (S,
a,,,), 6110 6b1 IOrMYHO O0BYYaTh CETh NPEACKa3bIBaTh HaM/IydIlee Ciie-
IyIolee COCTOSTHME §” TI0 TEKYUMM 3Ha4YeHUsIM (S, a, r). Ho, Kak BbisiC-
HSIeTCS, TaKasi CTpaTerusi 3aBOAUT CeThb B JIOKAJIbHEI MUHUMYM. O0D-
SICHSIETCST 9TO T€M, YTO MOC/Ie0BaTeIbHbIe 00yJalollye pyuMepbl Kak
MPpaBWIO OYeHb ITOXOXKMU.

YTto6Bl IPOTUBOCTOSATD STOMY, MBI COXpaHsieM BCe MPeAbIoYIIUE X0-
Il (S, a, r, s") B 6omnbIoit ouepeay GUKCMPOBAHHOTO paszMepa, KOTO-
pas Ha3bIBaeTCs HAKOIUIEHHOM IMaMAThIO (replay memory). B aToii
NaMsTH [IpefiCTaB/IeH OIbIT CeTH. B mpoliecce 06yueHmst CETY MbI TeHe-
pupyeM cirydaifHble TTakeThl M3 HaKOIUIEHHO! MaMsITH, a He 6epeM 1mo-
CIegHMi MaKkeT TpaH3akiuii. [I0CKoAbKY NaKkeThl COAEPKaT ITPOLIIbIe
KOpTEeXH (S, a, r, s'), B3AThle B CIy4ailHOM IOpsiAKe, CETh 06ydyaeTcs
JIy4llle ¥ He 3aCTPeBaeT B JIOKAIbHOM MUHUMYyMe.

OmnbIT MOXHO HaKaIlZIMBATh Y U3 UTD, CBITPaHHBIX YETOBEKOM, — BMe-
CTO WM B AOTIOMHEHUE K TPOIUIBIM XOJaM, CAelaHHbIM ceThio. Eine
OAMH ITOXO0J, K HAKOIUIEHMIO OIIbITa — B Hayasie aTh CeTU nopaboraTthb
B peXXuMe HabiodeHusl, KOTHa OHA reHepypyeT COBepIIeHHO cTyyaii-
Hble JeiicTBus (¢ = 1) U 3aIOMMUHAET ITOTyUYeHHbIE OT UTPhI BO3HATPaK-
JleHue U ciefymolllee COCTOSIHME B HAKOIUIEHHO TaMSITH.

Mpumep - rnyb6okas Q-ceTb ANa NOUMKHU MsAYA

Llens Haiel! UTPBI — MOMAaTh MSTYMK, ITaJaI0IIMIA M3 CIyJaiiHOi TOU-
KM CBEepXY 5KpaHa, paKeTKOM, HaxXo/s1eiicsl BHU3Y 9KpaHa, KOTOPYIO
Mbl MOXXeM ABUTATh KIaBUIIAMM BIIpaBO WK BJIeBO. UTrpoOK BBIULPBI-
BaerT, eciM eMy YAAJIOCh I10/iMaTh MSUMK Ha PakeTKy, ¥ IIPOUTPLIBAET,
ec/ii MSYMK YT paHblie. JJOCTOMHCTBOM UTDHI IBJSETCS IPOCTOTA —
KaK JiJ1s IOHMMAaHMs, Tak 1 AJ1s1 peann3sauyy. OHa yeTpoeHa 110 o6pasiy
UTPBI, OIMCcaHHON B Oore Dpepa Canranbl (cM. Eder Santana «Keras
Plays Catch, a Single File Reinforcement Learning Example, 2017), io-
CBSILIEHHOM ITyOOKOMY 06y4eHMI0 ¢ TTogKpervieHueM. Camy Urpy Mbl
HaICaIy C IOMOIUIBIO CBOO0OI 61bMMoTeKM Pygame ¢ OTKPBITHIM MC-
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XOITHBIM KOIOM (https://www.pygame. org/news). JKejamolue nonpoboBaTh

HaMAYT KO, UIPBI B Baiiie game.py B COCTABE KOZA K 3TOj% I/IaBe.

YT06b1 06YUNTD HEVPOHHYIO CETh, MOHaA06UTCS BHECTU HEKOTOPhIE
J3MeHeHMs B KO, UTPhl, YTO6BI B Hee MOIJIa UIPaTh CeTh BMECTO IejI0-
BeKa. Mpl XOTUM, YTO6GBI CETh MOIVIA B3aMMOAE/CTBOBATH C Urpoii ye-
pes AP, a He myTeM Ha)kaTys Ha KJIaBUIIN. Hike npuBeeH Kog, 06ep-

YctaHoBka Pygame

Pygame HanucaHa Ha Python, umeiotcs Bepcun Ans Linux
(panuunbix auctpubytneos), macOS, Windows, a Takke Ans
HEKOTOPbIX MOBU/IBHBIX ONEPaLMOHHbLIX CUCTEM, B T. Y. Android
v Nokia. MonHbIi CAMCOK NOAAEPKMBAEMBIX MnaThopM ony6au-
KOBaH Ha CTpaHuue http://www.pygame.org/download.shtml.
OTKOMNUAMPOBaHHbIE BEPCUM MMEIOTCa Ans 32- U 64-pa3pas-
HbIX Bepcuit Linux u Windows u 64-paspsaHoit Bepcum macOsS.
Ha 3Tux nnathopmax yctaHoBUTb Pygame MOXHO KOMaHAOM pip
install pygame.

EC/nu roToBoM BepCMM ang Ballei nnaThopMb He CYWEeCTBYET,TO
ee MOXHO coBpaTh U3 UCXOAHBIX TEKCTOB, CeAYA MHCTPYKUMAM
HaCTpaHMuehttp://www.pyqame.org/wiki/GettingStarted
Jna nonbzosateneit Anaconda UMEIOTCS OTKOMMUNNPOBaHHbIE
Bepcum Pygame B penosutopum conda-forge:

conda install binstar

conda install anaconda-client
conda install -c https://conda.binstar.org/tlatorre
pygame # Linux

conda install -c https://conda.binstar.org/quasiben
pygame # Mac

HYTOJi TaKuM 006pasoM UIpbi:
Kaxk 06bIYHO, HAUMHAEM C UMIIOPTAa:

from _ future__ import division, print_function

import
import
import
import
import

Ormpeaenum CBOJ KIacC. B KOHCTPYKTOPE MOXKHO 33/iaTh PEXUM 6e3
MoOHUmMOpd, TOTAa Urpa He GyaeT oTo6pakkaTh 3KpaH Pygame. 3TO T10-
JIe3HO, ec/IM Mbl 3anyckaeM IIporpaMMy Ha MalllMHE C GPU B o6naxe,
T7ie eCTh JOCTYII TOMbKO K TEKCTOBBIM TEPMUHAIAM. 9Ty CTPOKY MOXXHO

collections
numpy as np

pygame
random
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3aKOMMEHTHPOBATh, eIV 06epHyTas UTpa 3alyCcKaeTcsl JIOKaIbHO Ha
rpagu4eckoM TepMuHaIe. 3aTeM Mbl BBI3BIBAEM METOJ, pygame.init ()
JUISL MEMIMaIM3auuy KOMIIOHeHToB Pygame. Y Hamoc/ief0K MHUIVA-
JIU3UPYEM DS KOHCTAHT:

class MyWrappedGame (object) :

def _ init_ (self):
# sanycTurTs pygame B pexuMe 6es3 MOHMTOpa
os.environ["SDL_VIDEODRIVER"]) = "dummy"

pygame.init ()

# MHMUMANM3SUPOBATL KOHCTAHTH
self.COLOR_WHITE (255, 255, 255)
self.COLOR BLACK = (0, 0, 0)

self.GAME WIDTH = 400

self .GAME_HEIGHT = 400

self.BALL WIDTH = 20

self .BALL_HEIGHT = 20

self.PADDLE_WIDTH = 50
self,PADDLE_HEIGHT = 10

self.GAME_FLOOR = 350

self .GAME_CEILING = 10

self .BALL_VELOCITY = 10

self .PADDLE_VELOCITY = 20

self.FONT_SIZE = 30

self .MAX_TRIES PER GAME = 1

self.CUSTOM EVENT = pygame.USEREVENT + 1
self.font = pygame.font.SysFont("Comic Sans MS", self.FONT_SIZE)

il

MeTop, reset () COZEPIKUT oriepalyiu, KOTOPbI€ JODKHDBI BBIIIOJIHATHCSA
B Hauase Kaxgon UI'PbI: OYMUCTKA ouepeamn COCTOSIHUIA, YCTaHOBKa I10-
JIOKeHUS Ms4Ya M paKeTKY, MHUIIuaansanug cueta M T. 4.

def reset(self):
self.frames = collections.deque (maxlen=4)
self.game_over = False
# 3adaTh HAdaJlbHBEIE [10JIOXKEHMA
self.paddle x = self.GAME_WIDTH // 2
self.game_score = 0
self.reward = 0
self.ball x = random.randint(0, self.GAME_WIDTH)
self.ball y = self,GAME CEILING
self.num tries = 0

# MHMUMANIMBMPOBATHL OMUCIJIEH ¥ YacChH
self.screen = pygame.display.set mode((self.GAME WIDTH, self.GAME HEIGHT))
self.clock = pygame.time.Clock()
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B opuUIr1HAIBHOI UTPe MMeeTcst o4epenb cobeITHi1 Pygame, B KOTO-
pyio HoMewaioTest CoOBITUST KIaBMII, HAKMMAEMbIX UTPOKOM, a TaK-
Xe BHYTpeHHME COOBITUS, reHepyupyemble KOMIIOHEHTaMU Pygame.
CTepkHeM KO/ia UIPhI SIBJSIETCS MK 06paboTKM COOBITHIA, I7ie ITPO-
JICXOAUT YTeHue 1 06paboTKa COObITHIT U3 Odepenn.

B 06epHYTOIt BEPCHM Mbl NlepeMecTH/IA LUK/ 06paboTKU COOBITHI
B KOJi BbI3bIBAIOLIE CTOPOHBI. METOA, step() ONMCBHIBAET, UTO IIPOMC-
XOMUT HA OIHOM uTepauyy uykia. OH NpyHUMaeT sHavenue 0, 1 umm
2, TIpeAicTaBisiolee onepanuio (BI€Bo, Ha MeCTe, BIIpaBo), a 3aTEM
yCTaHaB/IMBaeT epeMeHHbIe, YIIPABISIoLIye [07I0)KEHNEM Ms4a U pa-
KeTK/ Ha 5TOM BpeMeHHOM 1iare. IlepeMeHHast PADDLE_VELOCITY 3811a€T
CKOPOCTb IBVKEHMS PAKETKY, T. €. Ha CKONbKO TIMKCeNed oHa CoBUraeT-
cs1 TIpU HaXKaTMM KJIaBMIIU CO crpenkoit. Eci MsUMK OKa3biBaeTCs Ha
OJIHOM YPOBHE C PaKeTKOi1, MeTONI ITpOBEPSIeT, €CTDH N CTOJIKHOBEHUE.
Ecm Aa, TO MSTYMK IT0iMaH, U, 3HAYUT, UTPOK (HeifpoHHas CeTb) BbI-
urpai, uHade Urpok npourpai. Jlanee METOZ TepepucoBbIBAET 2KpaH
¥ 106aBIIsIeT ero B KOHIIE OUepesy deque, paccuMTaHHOM Ha IOCTIenHne
yeThIpe Kaapa Urphl. VI HAKOHel, OH BO3BPalllaeT COCTOAHNE (ompene-
JsieMoe TIOCIeAHMMM YeThIpbMsI KafipaMit), BO3HarpakaeHue 3a TEKY-
1iee geiicTeye 1 ¢UIar 3aBepIleHNs UTPBI.

def step(self, action):
pygame .event .pump ()

if action == 0: # CHBUHYTk PakeTKy BJIEBO
self.paddle x -= self.PADDLE_VELOCITY
if self.paddle x < 0:
# OTCKOK OT CTEHKM, IBMXEHME BNPaBO
self.paddle x = self.PADDLE_VELOCITY
elif action == 2: # CHBMHYTb PakeTKy BIPaBO
self.paddle x += self.PADDLE_VELOCITY
if self.paddle x > self.GAME_WIDTH - self.PADDLE_WIDTH:
# OTCKOK OT CTEHKM, ILBWKEHUE BJIEBO
self.paddle x = self .GAME_WIDTH - self.PADDLE WIDTH - self.PADDLE VELOCITY
else: # He IOBUIATH PAKESTKY
pass

self.screen.fill {self.COLOR_BLACK)
score_text = self.font.render ("Score: {:d}/{:d}, Ball: {:d}"
.format (self.game_score, self.MAX TRIES_PER_GAME,
self.num_tries), True, self.COLOR_WHITE)
self.screen.blit (score_text,
((self.GAME_WIDTH - score_text.get_width()) // 2.
{self.GAME_FLOOR + self.FONT SIZE // 2)))

# OOHOBUTH [OJIOXEHME MsAdd
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self.ball y += self.BALL_VELOCITY
ball = pygame.draw.rect (self.screen, self.COLOR WHITE,
pygame .Rect (self.ball x, self.ball y, self.BALL WIDTH, self.BALL_HEIGHT))
# OGHOBUTL IIOJIOXEHME PaKeTKM
paddle = pygame.draw.rect(self.screen, self.COLOR WHITE,
pygame.Rect (self.paddle_x, self.GAME_ FLOCR,
self.PADDLE_WIDTH, self.PADDLE_HEIGHT))
# NpOBEepMTH, CTOJKHYJCSA JM MAY C PaKeTKON
self.reward = 0
if self.ball y >= self.GAME FLOOR - self.BALL WIDTH // 2:
if ball.colliderect (paddle):
self.reward = 1
else:
self.reward = -1

self.game_score += self.reward

self.ball x = random.randint (0, self.GAME WIDTH)
self.ball_y = self.GAME CEILING

self.num_tries += 1

pygame.display.flip()

# coxpaHmMTb nocyemguue 4 xampa
self.frames.append (pygame.surfarray.array2d(self.screen))

if self.num tries >= self.MAX TRIES_PER_GAME:
self.game_over = True

self.clock.tick{30)
return np.array(list(self.frames)), self.reward, self.game_over

Temepb pacCMOTPUM KoOf, 00yUeHM s CeTH.

Kax o6bI4HO, CHaYana MMNopTupyoTtces 6ubnuorexku. [lommumo cro-
POHHMX KOMIIOHEHTOB 13 6ubmoTek Keras u SciPy Mbl UMIIOpTUpYEM
OIMCAHHBIN BhILIE KITACC wrapped_game:

from _ future_ import division, print_function

from keras.models import Sequential

from keras.layers.core import Activation, Dense, Flatten
from keras.layers.convolutional import Conv2D

from keras.optimizers import Adam

from scipy.misc import imresize

import collections

import numpy as np

import os

import wrapped_game

Omnpenenum fiBe BcoMoraTesbubie ¢yHkim. [TlepBas npeobpasy-
eT Habop U3 YeThipex usobpaxenuit B Gopmy, oxuaaemyio cetpio. Ha
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BXOJI [TOJAI0TCS yeThipe u3obpakenys pasmepa 800 x 800, Tak 4TO BXOZ
umeeT dopmy (4, 800, 800). OmHaKo ceTb 0XKMaeT MOTYUUTh YEThIPEX-
MepHblIit TeH30p Gopmsl (pasmep naxkema, 80, 80, 4). B camom Hauaje
UIpbI YeThIPEX KaIpoB ellle HeT, I0ITOMY Mbl ITPOCTO [TOBTOPSIEM II€P-
BBIif KaAp 4YeThipe pasa. BrIxo[HOoit TeH30p, BO3Bpall@aeMblit GyHKLM-
ei1, umeet dopmy (80, 80, 4).

Bropas QYHKIMS get_next_batch() BbIOMPAET batch_size KOpTexeit
COCTOSHMSI U3 Odepeny HAKOIUIEHHOro OIThITa M TOAY4aeT BO3HA-
rpaXzaeHue M IpefcKkasaHHoe ciiepyloliee COCTOSHKUE OT HelpoHHO
ceTy. 3aTeM OHA BbIUMCISET M BO3BpallaeT 3HaueHue Q-QpyHKUMM Ha
CeayioleM BpeMeHHOM 1uare:
def preprocess_images (images) :

if images.shape[0] < 4:
# omHo M3oOpaxeHue

X t = images[0]

x_t = imresize(x_t, (80, 80))

x_t = x_t.astype("float")

x_t /= 255.0

s t = np.stack((x_t, x_t, x_t, X t), axis=2)

else:

¥ 4 msobpaxeHus

xt list = []

for i in range (images.shape(0]):
X t = imresize (images(i], (80, 80))
X t = x_t.astype("ﬂoat")
x_t /= 255.0

xt_list.append(x_t)
s t= np.stack((xt_list[O], xt list[1l], xt list[2}, xt list[3]), axis=2)
s_t = np.expand_dims(s_t, axis=0)
return s_t

def get next_batch(experience, model, num_actions, gamma, batch_size):
batch indices = np. random. randint (low=0, high=len (experience), size=batch size)
batch = [experience[i] for i in batch_indices]
X = np.zeros ((batch_size, 80, 80, 4))
Y = np.zeros((batch_size, num_actions))
for i in range(len{(batch)):
s t, a_t, r_t, s_tpl, game_over = batch[i]
X[i] = s_t
Y[i] model.predict (s_t) [0]
Q sa = np.max (model.predict (s_tpl) (0])
if game_over:
Y[i, a_t] = r_t
else:
Y[(i, a_t] = r_t + gamma * Q sa
return ¥, Y

I
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Tenepb ofpeaenum CceTb, MOJENUPVIOLIYIO Q-d)YHKI.U/I}O JJIST UTPBI.
Haura ceTb 6yneT oueHb ITOX0XKa Ha MpeIoKeHHYI0 B ctaThe DeepMind.
OTIMYaloTCsI OHU TOJILKO pa3mMepaMM BXO[a M BbIXOOa. V Hac Bxog ume-
et dopmy (80, 80, 4), a y Hux (84, 84, 4), y Hac Bbixoz umeeT dopmy (3),
YTO COOTBETCTBYET TpEM ,E[eﬁCTBI/IHM, A1 KOTOPBIX HY)KHO BBIYUCIUTD
sHaueHue Q-pyHKIMY, a Y HUX (18) — 10 unciny neiicTBuit B urpe Atari.

CeTb COCTOMUT U3 TpeX CBE€PTOYHBIX M JIBYX TIOTHOCBA3HBIX (l'IJIOTHbIX)
cioeB. Bo Bcex ¢iosix, KpoMe nocnenHnero, MCIojb3yeTcs (IJYHK]_[I/IH ak-
tuBauyy ReLU. ITockonbKy MblI IIpecKa3biBaeM 3HaueHUs Q- OyHKIMM,
3TO perpeccMOHHas CeTh, U B II0CJIeAHEM CJI0€ HET 6JI0Ka aKTuBauum.

# nmocTpomuTh MOZENH

model = Sequential ()

model.add (Conv2D (32, kernel size=8, strides=4,

kernel initializer="normal",

padding="same",

input_shape=(80, 80, 4)))
model .add (Activation ("relu"))

model.add (Conv2D(64, kernel size=4, strides=2,

kernel initializer="normal",
padding="same"))

model.add (Activation ("relu"))

model.add (Conv2D (64, kernel size=3, strides=l,

kernel initializer="normal",
padding="same"))

model.add (Activation ("relu")

model.add (Flatten{())

model.add (Dense (512, kernel initializer="normal"))}

model.add (Activation("relu"))

model .add(Dense (3, kernel initializer="normal"))

Kax y>ke ObUTO CKa3aHo, B KauecTBe QYHKUMU IIOTEPD UCIIONb3YeTCs
KBaJpaT PasHOCTU MEXAY TeKymum 3HaueHueM Q(S, a) U BhIUYUCIEH-
HbIM 3HayeHMeM — CYMMON BO3HArpaskeHus U JIUCKOHTUPOBAHHOTO
6ymymuiero sHaueHust Q(s', a'). [losTomy cpefHeKBaApaTUUeCcKas oum6-
ka (MSE) BIlOojiHe IMomoieT. B KauecTBe ONTMMM3ATOpa BhIOMpaeMm
Adam ¥ 3agaeM )1 Hero HU3KYI0 CKOPOCTh O6YUeHNs |

model.compile (optimizer=Adam(lr=le-6), loss="mse")

3a/aauM HEKOTOpble KOHCTAHTBI — TMIIepliapaMeTpbl OOyueHMus.
NUM_ACTIONS — KOJMYEeCTBO [IeiiCTBUIL, KOTOPble CeTh MOXEeT IOChIIaTh
urpe. B namem cinyuae ato aeiictsus 0, 1 v and 2 (BseBo, Ha MecTe,
BIIpaBo). GaMMA — KO3(OUIIMEHT AMCKOHTUPOBaHUS OYAYILMX BO3HA-
TPaKOEeHMIA. INITIAL EPSILON M FINAL EPSILON — HauaJIbHOE M KOHEeYyHoe
3HaueHye mapaMeTpa £-XXKaJHOro MCCIefOBaHMsl. MEMORY SIZE — pasmep
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ouepeaun HaKOIIEHHOrO OIIbITa. NUM_EPOCHS_OBSERVE — KOJIU4eCTBO nepmn-
OIOB, B T€UEHME KOTOPHIX CETU pa3pentaeTcs ucciaegoBaTek Urpy, Ino-
ChlJ1ask CJIY‘laﬁHble H,EﬁCTBMﬂ 1 "abmoaas 32 BO3HarpakaeHueM. NuM_
EPOCHS_TRAIN — KOJIMYECTBO Iepuonos, B TeUueHe KOTOPbBIX TIPOUCXOAUT
OHJIaliHOBOE 06y'—IEHI/Ie CeTu. I'Iepuo,n. COOTBETCTBYET 0,[1H0]7[ urpe, win
smusony. O61iee YMCIIO UIP, CHIPaHHBIX B ITpoLecce o6yueHus, paBHO
CyMMe NUM_EPOCHS_OBSERVE J NUM_EPOCHS_TRAIN. BATCH_SIZE — pasMep MMHU-
maKeTa, UCII0/Ib3yeMOro B Xoje OGWQHMSI.

# VHMLUMANM3UPOBATE IapaMeTphl

DATA DIR = "../data"

NUM_ACTIONS = 3 # uycno HOONYCTMMEIX LEMCTBUL (BJIEBO, Ha MeCTe, BOPABO)

GAMMA = 0.99 # xo3QdUUMEHT OMCKOHTMPOBaHMSA MNPOLVIEX HabBaoOeHUA

INITIAL EPSILON = 0.1 # HauaneHoe 3HauUEHME 3MCUIOH

FINAL_EPSILON = 0.0001 # xoHewHoe 3HAUEHME 3BICUJIOH

MEMORY SIZE = 50000 # CKONMBKO NpelHOyUMX XOHOB 3anoMUHATL

NUM_EPOCHS_OBSERVE = 100

NUM_EPOCHS_TRAIN = 2000

BATCH SIZE = 32
NUM_EPOCHS = NUM_EPOCHS_OBSERVE + NUM EPOCHS_TRAIN

Co3maeM 06BEKT UrphI i O4epe/ib HaKOIIEHHOTO OIbITa. Kpome TO-
ro, oTKpeIBaeM (aiiy KypHa/a ¥ VHULManM3UpyeM HEKOTOpbIe repe-
MeHHbIe TTepeji Ha4aIoM 00yUeHus :

game = wrapped game.MyWrappedGame ()
experience = collections.deque (maxlen=MEMORY_SIZE)

fout = open (os.path.join{DATA_DIR, "yl-network-results.tsv"), "wb")
num_games, num_wins = 0, 0
epsilon = INITIAL_EPSILON

Jlasee BXOOUM B LIMKJI 10 YMCITY TI€PUOJIOB o6yuenns. Kak yxe 65110
CKa3aHo, IepMOJi COOTBETCTBYET OJIHOI Urpe, I03TOMY B Hayajle nepu-
ofa Mbl copachiBaeM cOCTOsIHMe Urpbl. irpa HauMHAeTCsl CPhIBaHIEM
MU C OTOMKA Y 3aKaHUMBAETCS MO0 ero OMMKOH, 1M60 NafeHneM
Ha non. [loTeps paBHa KBaJpary pasHOCTY Mexy NPeAcKasaHHbIM 1
(aKTHUeCKUM 3HaUeHUEM Q-dyHKUMY A7 JaHHO UTPBIL.

B Hauasie UTpbI Mbl TIOChITAeM QUKTUBHOE JeficTBue (B HaIIEM CITy-
yae «Ha MecTe») ¥ MOMyyaeM B OTBET KOPTEeX Haya/lbHOTO COCTOSHNUA
UTPBI:

for e in range (NUM_EPOCHS) :

game.reset ()
loss = 0.0

# mosyuuTh NEpBOE COCTOAKME
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a0=1#% (0=1left, 1 = stay, 2 = right)
x_t, r_0, game_over = game.step{a_0)
s_t = preprocess_images (x_t)

Janee HauMHaeTCd VIABHbIA LMK UTPbI. ITO UK 06paboTKA CO-
OBITUIT OPUTMHANTBbHOM UTPbl, KOTOPBII MBI IIepeHeCIU B BhI3bIBAIO-
1y mporpaMMy. CoxpaHsieM TeKyllee COCTOsIHMe, IIOTOMY UTO OHO
IIOHaZOOUTCS A5 3aMIOMUHAHVS B OUepe | HaKOIJIEHHOTO OTbITa, a
3aTeM pelllaeM, Kakoe IeiicTBMe I0C/aaTh 00epHyToi urpe. Ecinu Mol
paboTaeM B pexxume HabMIOZEHUS, TO IPOCTO reHepUpyeMm ciaydaii-
HOEe YJMCJI0, COOTBETCTBYIOIleE OJHOMY M3 JeCTBUI, B IPOTUBHOM
cIyyae IpUMeHsieM €-)KaJHbIi aJITOPUTM UCCIefOBaHMUsl, KOTOPbIA
160 BHIGMpaET cayJaiinoe AeiicTBMe, 1160 IONb3yeTCs Hawelt Heli-
POHHOI1 ceThI0 (KOTOPYIO MBI TOMYTHO 00y4yaeMm) AJIs IIpefcKas3aHus
JeicTBUS .

while not game_over:
s_tml = s_t

# cnenyomee nelicreue
if e <= NUM _EPOCHS_OBSERVE:

a_t = np.random.randint (low=0, high=NUM ACTIONS, size=1) [0]
else:

if np.random.rand() <= epsilon:

a_t = np.random.randint (low=0, high=NUM ACTIONS, size=1)[0]

else:
g = model.predict (s_t) [0]
a t = np.argmax(q)

OnpenenuBIINUCE C AeIICTBUEM, TTIOChUIAEM €ro urpe, BbI3bIBasi METO[,
game, step {), KOTOPBII BO3BpaljaeT HOBOE COCTOsIHME, BO3HArpaXkaeHme
u ¢nar 3aBepuieHMUs UTPHI. ECiiM Bo3HarpakaeHye roioKUTeNIbHO (T. €.
M4 ObLT MOJiMaH), TO YBeTMUMBAEM CUYETUMK BBIMTDBIIIE U B JII0O0M
c/Iy4ae COXpaHseM KOpTex (cocmosHue, Oelicmeue, 603HazpaicdeHue,
HOB0e COCmosiHue, (hnaz 3asepuieHusl uzpst) B ouepean HaKOIJIEHHOIO
OIIbITA:

# NpUMEHMTEH OEMCTBME, NONYYUTH BO3HATPaXIEHME
X t, r_t, game_over = game.step(a_t)
s_t = preprocess_images (x_t)
# ecnM BO3BHATPaXIEHME IMOJIOKUTENBHO, YBEAMYMTHL NUM_wins
if r t ==
num_wins += 1
# COXpaHMTB OINHT
experience.append((s_tml, a_t, r t, s_t, game_over))
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3aTeM BhIGMpaeM CTyJaitHbIii MMHUIIAKET 13 ouepe/y HaKOIVIEHHO-
IO OTIbITA ¥ 06y4YaeM ceTb. B KoM ceaHce 06yyeHus BBIYMC/ISEM 110~
Tepio. CyMMa HOTepb JJIs BCEX CeaHCOB B KaXKIOM Iep1ofie COCTaB/IsIeT
[IOTepIO B 3TOM Iepuoze:

if e > NUM_E‘.POCHS_OBSERVE:
# gabomeHMe BaKOHUEHO, HauMHaercs obyueHue
# monmyuMTh CIENyWMI NakeT
X, Y = get_next_batch(experience, model, NUM ACTIONS, GAMMA, BATCH_SIZE)
loss += model.train on_batch(X, Y)

TToKa CeTb ellle TOMKOM He 06yumsiach, OHa JaeT IJI0XKe MpercKasa-
HMs1, TTO3TOMY MMEET CMBICI ITPOJOJIKUTH MCCTIeJ0BaHKe ITPOCTPaHCTBA
COCTOSIHMIT, YTOObI YMEHBIIMTbL BePOSTHOCTb 3aCTPEBAHNUSA B JIOKAJb-
HoM MuHMMyMe. Ho 1o Mepe Toro, Kak ceTb 06y4aeTcsi, Mbl I1OCTeIIeH-
HO YMeHblIIaeM BeIMYMHY &, TaK 4TO MOJIe/b BCe Yallie Pe/iCKasbiBaeT
IeifcTBYA, TIOChLTaEMBIE CETHIO UTpe:

# DOCTeNeHHOe yMEHbleHMe BNCUIIOH
if epsilon > FINAL_EPSILON:
epsilon -= (INITIAL EPSILON - FINAL EPSILON) / NUM_EPOCHS

TIpoToKOoJ 06y4eHy s BRIBOAUTCS Ha KOHCOTb Vi 3aIIUCHIBAETCS B Gaitn
XypHana I/is Toc/eayiouero ananusa. [locie Kaxabix 100 nepmonoB
MbI COXpaHsIEM COCTOSTHIE MOJEN, YTOGbI €0 MOXHO 651710 BOCCTAHO-
BUTH B CJIyYae, €C/IM 10 KaKOi-To npuyyHe oGydeHye 6yeT IpepBaHo.
TakKe COXPaHSeTCs OKOHYATe/bHAsl MOJIeNb, YTOObI BIIOCIENCTBUM e/
MOYXHO 6bI7I0 BOCIIONIB30BATHCH [71s1 UTPBI.

print ("Epoch {:04d}/{:d} | Loss {:.5f} | Win Count {:d}"
.format (e + 1, NUM_EPOCHS, loss, num_wins))
fout.write ("{:04d}t{:.5£}t{:d}n".format (e + 1, loss, num_wins))

if e % 100 == 0:
model.save (os.path.join (DATA_DIR, "rl-network.h3"), overwrite=True)

fout.close()
model.save (os.path.join (DATA DIR, "rl-network.h5"), overwrite=True)

Ilyist 06yueHMss MOJe/X Mbl 3acTaBu/y ee HabmonaTh 3a 100 nrpamu,
a 3ateMm ceirparb 1000, 2000 1 5000 urp. Hioke nokasaHbl OCHeqHNUE
CTPOKM XypHana st o6ydenns Ha 5000 urpax. Kak BUAMTE, K KOHLY
obyuyeHus ceTh CTaja UTpaTh OUEHb HEIUIOXO.
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Epoch 5076/5100 | Loss 0.06248 | Win Count 2549
Epoch 5077/5100 | Loss 0.09836 | Win Count 2550
Epoch 5078/5100 | Loss 0.05955 | Win Count 2551
Epoch 5079/5100 | Loss 0.07357 | Win Count 2552
Epoch 5080/5100 | Loss 0.05425 | Win Count 2553
Epoch 5081/5100 | Loss 0.05961 | Win Count 2553
Epoch 5082/5100 | Loss 0.05737 | Win Count 2553
Epoch 5083/5100 | Loss 0.06699 | Win Count 2554
Epoch 5084/5100 | Loss 0.04265 | Win Count 2555
Epoch 5085/5100 | Loss 0.06579 | Win Count 2556
Epoch 5086/5100 | Loss 0.06825 | Win Count 2557
Epoch 5087/5100 | Loss 0.09329 | Win Count 2557
Epoch 5088/5100 | Loss 0.06124 | Win Count 2558
Epoch 5089/5100 | Loss 0.15128 | Win Count 2559
Epoch 5090/5100 [ Loss 0.03769 | Win Count 2560
Epoch 5091/5100 [ Loss 0.06348 | Win Count 2560
Epoch 5092/5100 | Loss 0.03817 | Win Count 2561
Epoch 5093/5100 | Loss 0.05225 | Win Count 2562
Epoch 5094/5100 | Loss 0.04986 | Win Count 2563
Epoch 5095/5100 | Loss 0.06316 | Win Count 2564
Epoch 5096/5100 | Loss 0.07558 | Win Count 2564
Epoch 5097/5100 | Loss 0.04027 | Win Count 2565
Epoch 5098/5100 | Loss 0.03801 | Win Count 2566
Epoch 5099/5100 | Loss 0.02446 | Win Count 2567
Epoch 5100/5100 | Loss 0.04321 | Win Count 2568

Epoch 5075/5100 | Loss 0.02603 | Win Count 2548

I'pacdmky moTeps U uKc/Ia BBIMIPBIIIEN TOBOPAT 0 TOM Xe. 3a 5000
IepuonoB Ioreps ymeHsuyiack ¢ 0.6 no npumepuo 0.1 u, moxoxe,
Mora 6bl ellle yMEHbIIUTBCS, €C/IM 06ydaTh Mofe/b nonosnblie. ¥ kpu-
Bast Yyuciia BLIUTPBILIEN TOXKE UAET BBEPX M TeM ObICTpee, YeM 60JbIIe

Iepuoa0B IIPOIIJIO.

{cumulative

# wins

loss {MSE}
(=]
-y

Loss

10ge 2000 3000 400G

epochs

o 6000
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W naxkouen, oljleH¥M MacTepPCTBO 06Y‘-I€HHOI7[ Mmoaenu, ans 4ero 3a-
CTaBUM ee CHIrpaTh (PMKCHMPOBAaHHOE YMCIO Urp (B HalleM ciydae 100)
U IIOCMOTPUM, CKOJIBKO pa3 OHa BbIMIPAET. Hike ripyBeeH cOOTBET-
CTBYIOLIMIT KOZ,. Kak Bcerna, HaunMHaeM C MUMIIOpPTa:

from _ future__ import division, print_function

from keras.models import load_model

from keras.optimizers import Adam

from scipy.misc import imresize

import numpy as np

import os

import wrapped_game

3arpyxaeM COXpaHEHHYI0 Mopde/lbk Vi KOMIIMIMPYEM ee. Co3zaem
00BEKT wrapped game:
DATA DIR = "../data"

model = load model (os.path.join (DATA DIR, "rl-network.h3"))
model .compile (optimizer=Adam(lr=1e-6}, loss="mse")

game = wrapped game.MyWrappedGame ()

3aTtem B UMKjIe oprauusyeMm 100 urp. B Hawame KaxIOM UTpsl Bbl-
3bIBAETCSI €e METOJ, reset(), & 3aTeM, [IOKa Urpa He 3aKOHYUTCS, Mbl
IPOCHM MOJENb IpeicKas’aTh AeyCTBME ¢ HaWwIydllMM 3HaYeHNeM
Q-dyukuuu. B KoHIle ITeyaTaem, CKOIBKO UT'P BRIMIPaia MOAE/b.

MbI HPOTHAIM 3TOT TECT IS KAKAON 13 MOCTPOEHHBIX Mopeneit.
[lepsas, o6yuennas Ha 1000 urp, Beiurpana 42 urpel 3 100, BTOpas,
o6yuenHas Ha 2000 urp, - 74 us 100, a TpeTbsi, o6yueHHas Ha 5000
urp, — 87 u3 100. 310 JOKA3LIBAET, YTO MAaCTEPCTBO CETY BO3PACTAET ITO
Mepe o0yJeHMs..

num_games, num_wins = 0, 0
for e in range(100):
game.reset ()

# nonyuuTh NEepBOE COCTOAHUE

a 0=14# (0=1left, 1 = stay, 2 = right)
x_t, r 0, game_over = game.step(a_0)

s_t = preprocess_images (x_t)

while not game_over:
s_tml = s_t
# crenywiee OeUCTBUE
g = model.predict(s_t) [0]
a_t = np.argmax(q)
# NpMMEHMTb HeMCTBME, [OJIYYUTH BCO3HArpaxneHue
X t, r_t, game_over = game.step(a_t)
s t = preprocess_images(x_t)
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# ecnu BO3HATPakieHME NONOXATENbHO, YBEJIMYATH NUM_Wins
if r t ==
num _wins += 1

num_games += 1
print ("Game: {:03d}, Wins: {:03d}".format (num_games, num wins), end="r")
print("“)

Eciu BINOIHUTD KOJ, OLleHMBAHMS, 3aKOMMEHTYPOBaB CTPOKY, IIe
yCTaHaBIUBAETCS PeXMUM 6€3 MOHUTODA, TO MBI 6YieM BUIETh, KaK CeTh
urpaer. 3peinuile o4eHb yBIeKaTe/lIbHOe. YUUTHIBAS, UTO Hada/lbHbIe
Trpenckasanys 3Ha4eHnit Q-OyHKUMY CTydaifHbl ¥ UTO 0OYUEHMe CeTH
HalpasJisfeTcsl pa3pekeHHbIM MeXaHM3MOM BO3HArpaXkIeHUs, TPYIHO
TOBEPUTH, UTO CETh CMOXKET HayYMUThCS XOpowio urpathk. Tem He MeHee,
Kak U B IPyrux 061acTsix rmy6oKoro 06y4eHus:, 3TO CIYYMIoCh.

M&l IpyBeIM J0BOIBHO IIPOCTOM IIPUMEP, HO OH MJUTIOCTPUPYET, KaK
yCTPOeH Ipoliecc NIY6G0KOro 06ydeHusl ¢ MOAKPeIIeHUeM, M X0UeTcs
HaJesATbCs, YTO OH TIOMOT BaM TOCTPOMUTHh YMO3PUTENIBHYIO MOZEb,
KOTOPYIO MOXHO 6yZleT IPUMEHUTD K 60JIE€ CIIOXKHBIM IIPUIOKEHUSM.
HHTepecHa peamusanus urpsl FlappyBird ¢ ucnons3oBanuem Keras,
omicanHas B cTaThe Ben Lau «Using Keras and Deep Q-Network to Play
FlappyBird», 2016 u BeutoxkeHHas Ha GitHub 1o agpecy https://github.
com/yanpanlau/Keras~FlappyBird. B npoexTe Keras-RL (https ://github.com/
matthiasplappert/keras-rl), OMOMMOTEKE IYGOKOTO OOGYUEHMS C TOIKpe-
IVIeHyieM Ha ocHoBe Keras, Takke eCTh XOpoIiye MpuMephl.

ITocne ByIXOma opuruHaabHOM craTby DeepMind mosiBWIMCEH pas-
JIMYHbIe YCOBEPLIeHCTBOBaHUS, HallpuMep, OBojiHOe Q-06yueHne (cMm.
H. Van Hasselt, A. Guez, and D. Silver «Deep Reinforcement Learning
with Double Q-Learning», AAAI, 2016), BocnpousBeneHue OIbI-
Ta ¢ npuopureramu (cM. T. Schaul «Prioritized Experience Replay»,
arXiv:1511.05952, 2015) 1 apXUTEKTYphI LyIbHBIX ceTelt (cM. Z. Wang
«Dueling Network Architectures for Deep Reinforcement Learning»,
arXiv:1511.06581, 2015). Ilpu nBoitHOM Q-06YYEHUM UCIIONBL3YIOT-
Csl IBe CeTH: OCHOBHAasl BBIOMpAeT [eitCTBUE, a LieNieBasl — 3HaUYeHue
Q-dyHKUMM 7151 3TOTO JeiicTBUS. DTO YMEHbIIAET BO3MOKHYIO I1epeo-
LIeHKY 3HaueHui1 Q OOHOI CeThIO U MO3BOMSIET CeTH 06yUaThCA ObICTpEE
U Jay4iie. BocrpoussefeHne OIbITa C MPUOPUTETAMU YBEIUYMBACT
BEPOSITHOCTb BIGOPKM U3 HAKOIUIEHHOTO OINbITAa KOPTEXelH, KOTopble
AAI0T 6ONMBUIVIT OXKMAAaeMblil Mporpecc B o6yueHuu. B apxurektypax
IybHBIX ceTeif Q-GYyHKIMS pasiaraercs Ha KOMIIOHEHTHI, COOTBET-
CTBYIOILIME COCTOSIHUIO M JeJCTBUIO, & 3aTEM OHU BHOBb KOMOWHUPY-
IOTCSI TI0 OTHEIbHOCTH.
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Bechb KOJI, TPUBEEHHBI B 3TOM pasjelie, BK/I0Yask MICXOAHYIO UDY,
B KOTOPYIO MOKET UIPaTh Ue0BeK, MMEETCsI B COCTaBe MCXOQHOIO Koja
K IAaHHOI! I1aBe.

Yro panbuie?

B siHBape 2016 komnaHusi DeepMind aHoHCKpoOBana BbIITYCK AlphaGo
(cm. D. Silver «Mastering the Game of Go with Deep Neural Networks
and Tree Search», Nature 529.7587, pp. 484-489, 2016), HelipOHHOI1 ce-
TI OJIs1 UIPbl B 0. CUMTAETCs, 4TO Urpa ro OueHb CI0XKHA JJIS UCKYC-
CTBEHHOrO0 WHTE/UIeKTa, IIOTOMY YTO KOIUYeCTBO BO3MOXXHBIX XON0B
npesbimaet 10'7° (CM. http://ai-depot .com/LogicGames/Go-Complexity.html)
(01 cpaBHEHMSI B LIAXMAaTaX XO[0B NPUOIM3UTENBHO 10°). Toatomy
HATY HAaWIYYIINii X0Z, ITyTeM fepebopa HEBO3MOKHO NPy COBPEMEH-
HBIX BBHIYMCIUTENbHBIX cpefcTsax. Ha MomeHT my6nukauuu AlphaGo
yKe BHIMTpaa co cueToM 5-0 B MaTde M3 IATH NMapTuii y YeMnmona
EBporbl ®an Xy. [Io TOr0 KOMIIbIOTEPHBIM IPOrpaMMaM He YIaBaioch
no6exmarh yenoseka B ro. losxe, B mapte 2016, AlphaGo Beirpara co
cuetoMm 4-1y JIu Cemons, BToporo B Mype podeccOHaTbHOro Urpoka
B TO.

B AlphaGo 6b1710 BOIIJIOLIEHO HECKONBKO HOBBIX upgeit. Bo-tepBsIx,
T1py 0GyYeHMM UCTIONb30BAIaCh KOMOMHALMA 00yUeHHUs] C yuuTeNeM Ha
UIpax OMbITHBIX MACTEPOB 1 06ydeHus C TOAKPEIIEBMEeM ITyTEM UTPbI
ABYX 3Kk3eMIuIsspoB AlphaGo mexay co60ii. B mpeabIAYIIMX [71aBaX Mbl
BUIeMY [IPMMEpBI peanu3aunu o6eyux sTux uaei.

Bo-Brophix, AlphaGo cocTosia 13 ABYX ceTeii: OLIEHOYHOM 1 CTpa-
rernueckoit. Ha xaxgoMm xoge AlphaGo ucnonbs3yer MoaenupoBaHye
MeTtonoM MoHTe-Kapio s npefckasaHus BepOSTHOCTY PasIMYHBIX
MCXONOB B GyAyleM Tpy Hamuduy CIydaiiHblx (GakTopoB, CTPeMsCh
TIpeAyrajaTh MHOTO BADMAHTOB PasBMUTMs UTDbI, HAUMHas C TeKylei
nosutyy. OLeHOYHas CeTh CTYXKUT /JIsi TOTO, YTOObI YMEHBLIUTD [Ty~
6MHY JepeBa TIOKXCKA A OLEHKM BepOATHOCTY BBIUTDBIIIA U MPOU-
IpBbIliia, He BBIUYCIISAS UTPY A0 KOHILIA, — 9TO CBOEr0 PO/Ia MHTYUTUBHAS
OlleHKa KauecTBa Xofa. 3alaya CTpaTermueckoi ceTu — YMEHBIIUTh
LIMPYHY TIOMCKA, HAIIPaBJisis IIOMCK B CTOPOHY JeCTBUIA, obenaoumx
MaKcMMaibHOe HeMeJIeHHOoe BosHarpaxuenye (3Hauenue Q). bonee
oapo6HOe OmucaHue cM. B cTaThe «AlphaGo: Mastering the ancient
game of Go with Machine Learning», Google Research Blog, 2016.

Xorst AlphaGo crana 3HauMTelbHBIM Y/yulieHVMeM IepBOHaYalb-
Hoit cety DeepMind, oHa Bce Xe npenHasHaueHa AJis1 UTP, B KOTOPLIX
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UTPOKM BUIAT OOHM U Te Xe QUILKH, T. e. 061afaloT TOIHOIM uHbop-
Manyeit. B suape 2017 rona uccienoBaTeny U3 yHUBepPCUTETA Kap-
Heru-MeJsuton aHoHcupoBamu Libratus (cm. T. Revel «Al Takes on Top
Poker Players», New Scientist 223.3109, pp. 8, 2017), npuiosxkenve YU
Ay UIrpel B 1oxkep. OGHOBPeMeHHO JpyTasl TpyIIa McciaenoBareseit
u3 AnbbepTckoro yHusepcutera, Kapnosa yHuBepcurera B Ilpare u
Yemrckoro TexHuyeckoro yHuepcurera (Toxe B Ipare) npemioxmna
apxutektypy DeepStack (cm. M. Moravaak «DeepStack: Expert-Level
Artificial Intelligence in No-Limit Poker», arXiv:1701.01724, 2017) nnst
TOJ ke uem. Iokep - urpa ¢ HemonHo MHpOpMaLyei, TIOCKOJIbKY
WUIPOK He BUAUT KapT conepHuKoB. [Tosromy UM momkeH He TOJIBKO
caM OGYYMTBCS UTPaTh, HO ¥ BbIPAGOTATh MHTYUTUBHOE [IPECTABIIe-
HUe 06 Urpe COIEePHMKOB.

B Libratus HeT BCTpPOeHHOI! CTpaTeruyu BhIpaBOTKM UHTYULIUM, a
€CTb aJITOPUTM, KOTOPBI BHIYMCISIET 3Ty CTPATEruIo, CTpeMsICh Haji-
TU 6aJlaHC MeXAy PUCKOM M BO3HAarpaxkaeHueM — paBHosecye Hama.
C 11 auBapsa 2017 mo 31 suBaps 2017 Libratus BeicTaBIsIICS TIPOTUB
IEeTBIPEX TYYUINX UTPOKOB B mokep (cm. «Upping the Ante: Top Poker
Pros Face Off vs. Artificial Intelligence», Carnegie Mellon University,
January 2017) n mo6enu ux ¢ OUIYyTUMBIM NTePeBECOM.

Il TpeHupoBkY uuHTYMIMK DeepStack ucmonb3oBanoch obyuyeHne
C NOAKperIeHMeM Ha NIpyMepax u3 CIydaifHbIX HapTuii B nokep. Ipo-
TpamMMa Chirpania ¢ 33 npodeCcCMOHaIbHBIMM UTPOKaMM U3 17 cTpaH
¥ Habpana peiiTUHT, Ha NOpA0OK TIPeBBIMAIONIMIT PEHTIHT XOpoluero
urpoka (cM. C. E. Perez «The Uncanny Intuition of Deep Learning to
Predict Human Behavior», Medium corporation, Intuition Machine,
February 13, 2017).

Kak Bunmte, Hac XAYT MHTepecHble BpemeHa. IIporpecc, Hauas-
WIMIACST € TOTO, YTO CeTH ITYGOKOro 0GydeHMst HAYYMITUCh UTPATh B ap-
KanHble UTPbI, IPMBEJT K CETSAM, KOTOPble YMTAIOT BAllX MBICIU MIH,
TI0 KpajiHel Mepe, MPeABUAAT (MHOINA HepalyoHaNbHOe) [I0BefeHIe
uesIoBeKa ¥ OBbIrphIBAIOT ero Ha 6rede. BO3MOXHOCTU ITYGOKOro 06-
Y4YEHMS, TOX0XKe, He MMEIOT IPaHMII.

Pe3iome

B 31011 I71aBE MBI y3HAMM 06 MAEsIX, IeKalMX B OCHOBE 06YUEeHMS C 1o -
KpeIJIeH)eM, 1 O TOM, KaK NIPUMEHUTD UX K IIOCTPOEHMIO C IIOMOLIBIO
Keras cereit rry6okoro o6yJyenst, yMeIOLMX UTPaTh B apKaJHbIE UTPbI
C 06paTHOI CBA3bIO (BO3HArPAXAEHMEM). 3aTeM MBI Tepeluin K 06-
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CYKIEHNIO TTOCTeHNUX [OCTYDKeHMi! B 9TOM 06/macTy, B T. 4. cereit, 06-
y4eHHbIX UTPATh B 60/1€€ TPY/IHbIE UTPBL, IO M TIOKED, JTydlie yenoBekKa.
Ha mepBblii B3IIs, UTPbl MOTYT NOKA3aTBCS Hecepbe3HbIM IIPUIOXKe-
HMeM, HO 5TU Ufey — IepBbIii 1Iar K HacToAeMy MCKYCCTBEHHOMY MH-
TeJIEKTY, KOTa ceTb 06y4aeTcst Ha OIbITe, 8 He Ha HONbIIMX 06BEMAX
06yJatoyx JaHHBIX.



3aKkayeHue

TosapapisgeM uMUTaTENeH, NOOpaBIIMXCS A0 KOHLA KHuIuU! JlaBaiiTe
OCTaHOBMMCS ¥ TIOCMOTPUM, KaKo¥i ITyTh Mbl IIPOLLUIN.

Ecau BBI — TUIIMYHBINM YUTATENb, TO, IPUCTYIIAs K YTEHUIO, YMEIU
MporpaMMupoBaTh Ha Python 1 o61amam 6a30BbIMY 3HAaHUSMY O Ma-
IIMHHOM 00YYEeHMH, @ XOTe/TU Y3HATh GOJblLe 0 IITy60KOM 00y4eHU U
NIPMMEHUTH 3TU 3HaHUS Ha MPaKTUKe B IporpamMmmax Ha Python.

Byl y3HaIM, KaK YCTaHOBUTH 6M6MoTeKy Keras Ha CBOIO MallyHYy, U
Hayua/IM UCII0/Ib30BaTh ee [IjIS IIOCTPOEH NS IPOCTHIX MOAeel [y6oKo-
ro o6ydeHus. 3aTeM BBl Y3Ha/IM O CAaMOVi ITepBOIi TAKOI MOZEIN — MHO-
rOCJIOHOM IIepLIEHTPOHE, KOTOPBIi ellle Ha3blBalOT IOTHOCBA3HOM
ceTh¥0. Bl Hayum/ICh CTPOUTD Takye CeTH ¢ Imomoliplo Keras.

BbI TakKe Y3HaIM O MHOTOUYMCIEHHBIX IIapaMeTpax, KOTopbie Heob-
XOAMMO HACTpauBaTh JJis ONyUeHMs] XOPOIIMX Pe3y/IbTaToB OT CETHU.
B Keras caMas c/IOXHast paboTa yKe caeiaHa, IIOCKOIbKY B 61611oTeKe
3alaHbl pa3yMHbIe 3HaYeHUs] [10 YMOTYaHUIO, HO B HEKOTOPBIX CITy4asax
6e3 3HaHMS O MapaMeTpax BCe e He 000MTUCE.

Janee Mbl Mepelyiy K CBEpTOYHBIM HElipOHHBIM CETSM, KOTO-
pble M3HAYAIbHO OBUIM MpPeAJIOKEHBl AJI1S y4eTa JOKUILHOCTY IIpy-
3HAaKOB B M300paXeHUsIX, a TOTOM BBISICHUIOCH, YTO UX MOKHO IIpU-
MEHMTh M K JaHHBIM APYIUX TUIIOB, BKJIIOYAsl TEKCT, 3BYK U BUJEO.
Bul y3uanu, yro Keras mo3BossieT CTDOUTD U TaKMe CeTU TOXe — JIer-
KO ¥ MHTYUTUBHO MOHSATHO. BbI BMAEIN, KaK CeTH, IpefobyueHHble
Ha Habopax M300pa)keHuit, MO3BOJAIOT [elaTh NpeicKasaHus s
BalllMX M306paKeHN ¢ IOMOLIbIO Ipoliecca IepeHoca o6yyeHus u
OKOHYAaTe/IbHOM HaCTPOMKU.

Bomen 3a 3TMM BBl Y3HQIM O TOPOJKAAXOLIMX COCTA3ATEIbHBIX
cetrax (IICC), korma aBe ceT (06BIYHO CBePTOUYHLIX) MBITAIOTCS IIPO-
TUBOCTOSITh APYT APYTY U B pe3yabTaTe KakAas CTAHOBUTCS CUIbHEe.
TICC - 3TO mepeAHMit Kpait y6oKoro 00ydeHMs], MM TOCBSIIEHO He-
MaJjIo HEeJaBHUX paboT.

3aTeM MbI 06 PaTUINCh K IIOTPYIREHUIO CIOB — TEXHOIOTUM, KOTOpast
B TIOC/IeIHME TIapy JIeT CTajJa aKTMBHO IIPUMEHSTHCS AJIs1 BeKTOPHOIO
MpeacTaBiaeHus TekcTa. MBI paccMOTpesiM HECKOIBKO NONY/ISPHBIX ajl-
TOPUTMOB TIOTPYKEHMSI CIOB ¥ BUAEIM, KaK MCIIONb30BaTh Mpeody-
YeHHbIe TIOTPYKEHMS IS MIpeACcTaBlAeHUs KOIeKUMl C10B. Mbl Tak-
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ke TI03HAKOMUIUCH C TIOAJEPXKKOM MOrPYXXeHUs: CJIOB B 6UbMMOTEKAX
Keras u gensim.

Tloc/e 5TOTO Mbl MEPElUTM K peKyPPeHTHBIM HelPOHHBIM CeTAM
(PHC) - wyaccy ceTeii, ONTMMMU3UPOBAHHOMY JIJI paboThl C MOCIen0-
BaTeIbHOCTAMY JAHHBIX, B T. U. C TEKCTOM U BpeMeHHbIMM PANaMU. Mp!
y3HaIMU O HELOCTAaTKax 6a30Boi1 momenu PHC 1 0 TOM, KaK UX Ipeosio-
JleTh ¢ oMomibio 6onee 3¢deKTNBHBIX Bapualuii: JONToi KPaTKo-
cpounoit namaTy (LSTM) 1 BeHTW/IBHBIX PeKypPEHTHBIX G/IOKOB
(GRU) . MBI pacCMOTpeNn# HECKO/IbKO NPUMEPOB WUCTIONbL30BAHNS STUX
KOMIIOHeHTOB. Mbl TakKe KpaTko nmosHakomunuch ¢ PHC ¢ coxpaHeHu-
@M COCTOSIHMS ¥ X BO3MOKHBIMY IPUMEHERVSIMU.

Ilasiee Mbl OGCYZWIN TOMONHUTEbHbIE MO/, KOTOPEIM HE Ha-
IUTOCh MecTa B IpebliylMX IaBaX. K HMM OTHOCATCS aBTOKOAM-
poBmMKM — Mojienu, obyuaemast 6e3 yuuTess, M perpecCuoOHHbIe
ceTH, KOTOpbIe TPEeICKa3bIBAIT He YCKPETHYI0 METKY, a HeIIpEpbIB-
Hoe 3HayeHye. Mpl I03HaKOMMWIICH ¢ PyHKIMOHATLHBIM API Keras,
KOTOPBIit IO3BOJISIET CTPOMTD CIOXKHbIE CeTU C HECKOTIbKVMM BXOZaMU
V1 BBIXOJIAMM ¥ pasfie/isiTh KOMIIOHEHTBI MeXTy HeCKOIbKMMMU KOHBeM-
epamu. Mbl 06cypmm paciuvperye Keras ¢ 1e/bio n06aByieHMst HOBOM
($YHKLIMOHATBHOCTH.

HaxoHel1, Mbl pacCMOTpe/IM TyGoKoe 00yueHye C oAKpenieHeM
B KOHTEKCTe apKaJHbIX UTP U 3aMeTW/IH, YTO TaKKue CeTV MOTYT CTaTh
IIepBbIM 1IArOM Ha MYTY K HACTOSLIEMY UCKYCCTBEHHOMY MHTeJIeK-
Ty. MBI TIOKa3a/11, KaK MOKHO O06y4MTh CeTh [IPOCTOI UIpe CpeNicTBaMu
Keras. 3aTeM Mbl JajIy KpaTKuit 0630p MOCTEAHNX IOCTYDKEHUI B 3TOM
061acTy Ha IpuMepe ele Gojee CIOKHbIX UTP — MOKEP U T0, — B KOTO-
PBIX HeJipOHHBIE CETH Y3Ke IPeB30UUTN Ye0BEKa.

MbI 1oJiaraeM, uTo Teleph Bbl BO BCEOPYKUM /IS PEIIEHMS HOBBIX
3a71a4 MallHHOTO 06Y4YeHMs C pyMeHeHeM METO/I0B r1y60KOoro 06-
yuenus 1 6ubnmorexyu Keras.

Tlonp3ysach cryyaeMm, 61arogapum 3a To, YTO IMO3BOMTMIN COIPOBO-
7IaTh BaC Ha ITyTH K CEKPeTaM MacTepCcTsa B r1y60KOM OGYYeHUH.

Keras 2.0 — 4TO HOBOrO

Ilo ciosam ®pancya Llonne, 6ubmmoreka Keras Obl/1a BBHINYILEHA B
mapre 2015 rona. Y1 mocTeneHHo 4ncio rosib3oBartesiell yBeMUUIOCh
¢ OJHOTO 10 COTHM ThicsY. Ha crieytolnemM pUCYHKe, B3ATOM U3 6nora
Keras, moka3saH pocT JKC/Ia nonb3oBareneli Keras co BpeMeHeM.
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Thursday, March 8, 2017

@ 7 Day Active Users: 34,738

# 14 Day Active Users: 59,194
30 Day Active Users: 107,942

OmHuM 13 BaskHbIX HoBLIecTB B Keras 2.0 sBisietcst TOT $aKkT, 4TO
ero API cran yactbio TensorFlow, HauMHas ¢ Bepcunu TensorFlow 1.2.
Boob6iue, Keras Bce 6osblue o6peTaeT 4yepThl «IMHTBa HpaHKa» (3bI-
Ka-TI0CpesHMKa) B IITyb0oKoM 00ydeHUM, cheyuduKayuu, ICIionb3yeMoii
BO BCE HOBBIX M HOBBIX KOHTeKcTax. Hampumep, kommnauust Skymind
peannsyet crienydukaimio Keras ua Scala myst 6ubnmorexu ScalNet, a
Keras.js menaeT To e camoe aJisa JavaScript, yTobs! Iy60KMM 06yue-
HMEeM MOXKHO 6BIIO 3aHMMAaThCs MPAMO B Opaysepe. BemyTcs paboThl
o npemoctaBiaenuio API Keras myist 6M6mMoTeK ITyGOKOro 06ydeHust
MXNET u CNTK.

YcraHoBka Keras 2.0

15 ycTaHOBKU Keras 2.0 1ocTaTouHO BBIIIOIHUTD KOMaHay pip in-
stall keras -upgrade, d BCJI€ 3a Heit — pip install tensorflow --upgrade.

U3meHeHua API

Tlepexon Ha Bepcuio Keras 2.0 BBIHYAWI TepecMOTpPeTb HEKOTO-
pbie API. TlonHbpllt nIepeueHb M3MEHEHUI CM. B 3aMeUaHUSIX K BepCcum
(https://github.com/fchollet/keras/wiki/Keras-2.0-release-notes). B IIO-
Ka3aHHOM HIKe MOAYJIe legacy.py CB€AEHBI CaMble CYIIleCTBEHHbBIE U3-
MeHeHMs C LieIbI0 IIPeloTBPaTUTh IIOSIBJIEHMe TIpenypexIeHnii mpyu
UCHoab30BaHuu GyHKIMIT 13 Bepcuu Keras 1.x:

CnyxeOHble GOYHKLUMM I NPENOTBPAlEHMs NpelyNpexOeHmI NpyM COBMECTHOM
ucnosb30BaHum Keras 1 u 2.

wann

import keras
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keras_2 = int(keras.__version__.split(“.")[0]) > 1 # Keras > 1

def fit generator(model, generator, epochs, steps_per_epoch) :
if keras_2:
model.fit_generator (generator, epochs=epochs, steps_per_epoch=steps_per_ epoch)
else:
model.fit_generator (generator, nb_epoch=epochs, samples_per_gpoch=steps_per_epoch)

def fit (model, x, y, nb_epoch=10, *args, **kwargs) :
if keras_2:
return “model. fit (x, y, *args, epochs=nb_epoch, **kwargs)
else:
return model.fit (x, y, *args, nb_epoch=nb_epoch, **kwargs)

def 1112 (11=0, 12=0):
if keras_2:
return keras.regularizers.L1L2(ll, 12)
else:
return keras.regularizers.1112(11, 12)

def Dense (units, W_regularizer=None, W_initializer=‘glorot_uniform‘, **kwargs) :
if keras_2:
return “keras. layers.Dense (units, kernel _reqularizer=W_ regularizer,
kernel initializer=W_initializer, **kwargs)
else:
return keras.layers.Dense (units, W_regularizer=W_regularizer,
init=W_initializer, **kwargs)

def BatchNormalization (mode=0, **kwargs):
if keras_2:
return keras layers. BatchNormalization (**kwargs)
else:
return keras.layers.BatchNormalization (mode=mode, **kwargs)

def Convolution2D(units, w, h, W_reqularizer=None,
W_initializer='glorot_uniform’, border mode='same', **kwargs):
if keras_2:
return keras.layers.Conv2D(units, (w, h), padding=border_mode,
kernel regularizer=W_regularizer,
kernel initializer=W_initializer,
**kwargs)
else:
return keras.layers. ConVZD(unlts, w, h, border mode=border _mode,
W_regularizer=W_. regularlzer, init=W_initializex, **kwargs)

def AveragePooling2D(pool_size, border_mode='valid', **kwargs) :
if keras_2:
return Tkeras. layers.AveragePooling2D (pool_size= =pool_size,
padding=border_mode, **kwargs)
else:
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return keras.layers.BveragePooling2D(pool size=pool size,
border mode=border_mode, **kwargs)

HMMmeeTcs TakKe psii, HECOBMeCTUMBIX MBMeHeHMﬁ, B YaCTHOCTU.

®) YVHac/lAeAOBaHHbIE CJIOU maxout dense, time distributed dense U
highway MCKITIOYE€HbI,

QO 10/ TaKeTHOJ HOPMUPOBKM Gosblie He MOAJEPKMBAET apry-
MEHT mode, TIOCKOJIbKY M3MEHWIach BHYTPEHHSAS peanm3alus
Keras;

O monIB30BATENbCKME CTIOU HEOHXOIMMO OOHOBUTD;

Q mobble HeTOKYMEHTMPOBaHHbIE BO3MOXXHOCTY Keras MoryT re-
pecTath paboTaTh.

Ko Bcemy mpouemy, konoBas 6a3za Keras cHabxeHa cpejcTBamMu
ob6uapyxeHus crydaesobpamenys K APIKeras 1.X, Ipy 3TOM BBIBOASATCS
npeayIpexaeHns ¢ peKoMeHaauuei, Kak MoAUGUIMPOBATh BHI3OB,
apantupoBaB ero x API Keras 2. Ecau Bbl yoKe Hanmucaay JIOCTAaTOYHO
mHoro kona njs Keras 1.x u onacaetech nepexosutTh Ha Keras 2 us-
33 HECOBMECTMMBIX M3MEHEHMI, TO 3TU IpeaynpeXneHus obneryat
nepexofn.
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