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BBeaeHue

Uenb paboTbl: NOAYy4MTb HAaBbIKM NPAKTUYECKOM peanm3aumm u 0byvyeHna HEMPOHHbIX ceTel ana
pelweHnsa 33434 MaLWWHHOTO Oby4YeHWA, a TaKKe NpeacTaBNeHWE O BAUAHUM TMNEPMNAPaMETPOB U
APXUTEKTYPSI.

1. HelipoHHbIe ceTH (KpaTKas TeopeTUYeCKas ClIpaBKa)

OCHOBHble TWUMbl 3afa4y, KOTOpble PeLarTca C UCMONb30BAaHMEM MCKYCCTBEHHbIX HEeNPOHHbIX
ceteit (HC) — ato Kknaccudukauma n perpeccusi. Mo CpaBHEHMIO C HEKOTOPbLIMU APYrMMKW MeToAamMu
MallMHHOro obyyeHua, HC o6napatoT pAgoOM  NPEMMYLLECTB: BO3MOXKHOCTbIO CaMOCTOATENbHO
onpeaensTb 3HaYMMble ANA pelweHua 334aum GaKTopbl, CNOCOBHOCTbIO K 06YyYeHUI0 U A006YyYeHMIO,
YCTOMYMBOCTbIO K «LWYMy» B JAaHHbIX, YHMBepca/sbHOCTb. K HepgoctaTkam HC OTHOCAT BbICOKYIO
TpeboBaTe/IbHOCTb K BbIMMCAUTENbHBIM pecypcam, K o6bemam U pasHOObpasuio 0by4YaloWMX AaHHbIX,
HO BMeCTe C TEM ONAcHOCTb «nepeobyyeHua». Kpome Toro, pesynbTaThl, nonydyaemblie HC, c Tpygom
noAanatoTca OOBACHEHMIO C TOYKU 3PEHNA YENOBEKA.

NcTopnyeckn, nepsBol LWMPOKO M3BECTHOM Mmogenbto HC cTan nepuenTtpoH, B KOTOPOM
nocTynatolme oT AaTYMKOB CUTHA/bI NepeaatoTcs acCoUMATMBHbBIM 3/1IEMEHTAM, @ 3aTEM PearupyroLmm
anemeHTam. BbIxog nNepuenTpoHa — 3TO /SIMHEWHas KOMOWHauMs 3HauYeHW Ha ero Bxodax (x) wm
COOTBETCTBYIOLIMUX BECOB B «CBA3AX» (w;) — cm. Puc. 1. Ucnonb3yemblie B Hactosiwee Bpema HC, Kak
npaBuI0, MMET BXOAHOW C/NOM, BbIXO4HOK CNOW M NPOU3BO/JILHOE KO/NMYECTBO MPOMENKYTOUHbIX
(CKpbITbIX) CNOEB.
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Puc. 1. NMpuHUMNManbHaa cxema KNaccnM4eckoro nepuentpoHa.

B coBpemeHHbIx HC y31amu ABAAIOTCA UCKYCCTBEHHbIE HEMPOHDI, pacrnpenenéHHble MO CA0AM
HC. HeipoHbl GaKTUYECKM peannsytoT HEKOTOPYI0O MaTeMaTuyeckyto GyHKUMIo (PYHKLUIO aKTMBaLMK)
OT J/IMHEWHOM KOMOWHaUMWM BCEX BXOAHbIX CWUrHANoB. [O/yYeHHbIV pesynbTaT nepecbliaeTcs Ha
€AMHCTBEHHbIV UMW MICA Y HEMPOHA BbIXOA. HelipoHbl KnaccuduumpytoT Ha OCHOBE MX MOJIOKEHWA B
TOMO/IOTMM CETU: BXOAHbIE, BbIXOAHbIEe (TAKOBOW YacTo OAMH) M HEMPOHbI B MPOMENKYTOYHbIX C0AX. B
60/1IbLUMHCTBE KNacCUYeCcKMX apxuTekTyp HC cBA3KM MMEoTCA TONbKO MeXKAY HEMpPOHamMM NpeabiayLLero 1
noc/aeaytoLLero c/ios, Ho He BHYTPW C/0S.



1.1. HacTpoliku HelipoceTeBOM MO e 1u

B oT/AMuMe oT Apyrux aAropMTMOB MALIMHHOMO OBy4YeHUsA, rae raBHOWM COCTaBAAIOLWLEN ycrnexa
ABNAETCA BbIOOP BXOAHbIX MapameTpoB, NpU CO34aHNN HEMPOCETEBON MOAENM OCHOBHOM 3agaden UN-
WHXeHepa aBndeTca nogbop xapaktepuctnk HC. Xota B nocnegHee Bpemsi MOSBUAMCL a/iTOPUTMBI,
CNOocobHble K aBTOMaTU3MPOBAHHOMY MOAOOPY TaKMX XapaKTepPUCTUK, OHM 061adaloT BbICOKOM
BbIYMC/IUTENIBHOM  CNOXHOCTBbIO, MO3TOMY ONbIT MH)KEHepa no-npexHemy BocTpeboBaH. K
xapaktepuctukam HC oTHoCAT:

e CobcTBEHHO KoadduumeHTbl mogenu (napameTpbl). X UTOroBble 3HAYEHUS YCTaHAB/IMBAOTCA
anroputmom obyudeHma HC, KOTopbli ONTUMU3IUPYET UX TaK, YTObObl UTOroBas OoWKNOKa mogenu
6blna MUHUMANbHOW. Tem He MeHee, BaXKHOM MOMEHTOM MOXKeT ObiTb MHUUManM3aums —
onpeAeneHne HayasbHbIX 3HAYEHWUI MapPaMeTpoB, KoTopada no3BoauMAM Obl bonee ObicTpoe
BbINOJIHEHWE anropuTma (cokpawan Bpemsi obydyeHus). OgHOM U3 cTpaTernii MHULMaNU3aLum
ABNAETCA «nepeHoc 3HaHui» (transfer learning) 3 cyulectsyowmnx moaenein. Hanpumep,
nmetowasca HC, obyyeHHas npeacKasbiBaTb BO3PacT sitogel no otorpadpusim nmu, MOXKET ObITb
AopaboTaHa Ana pacno3HaBaHMA Bblparkaembix amMmoumit. EWE ogHa M3 BO3MOMHbIX CTpaTerni
npu noctpoeHnn HC — HoOpmanusauua AaHHLIX, T.e. NPpUBefAeHME BXOAHbIX 3HAYeHUN K
O[IMHAKOBOMW LWKane u AnanasoHy, Hanpumep [0;1].

e [MnepnapameTpbl — B OT/IMUYME OT MapameTPoOB MOALE/IM, OHU He U3MEHSIOTCA B Xo4e paboTsl
aNropuTMa MalKnHHOro obyyeHus M, cneaoBaTeslbHO, AOJXKHbl H6biTb 060CHOBAaHHO BbIGPaHbI
NHXeHepom. K OCHOBHbIM rMnepnapameTpam OTHOCAT:

o KonunuectBo CKpbITbIX CNI0EB. Yem OHO meHblue, Tem bbicTpee pabotaet HC, ogHaKo yem
oHo 6onblue, Tem KadecTBeHHee HC moXKeT pelwaTb CNoXHble 3agayu. Mpu ero Bbibope
MHXXeHep MoXeT /iMbo pyKOBOACTBOBAaTbCA TEOPETUYECKUMU  COOBparKeHUaAMU
(Hanpumep, 0 CTPYKTypax roIOBHOrO MO3ra Ye/IoBeKa, OTBEYAIOWMX 332 pacno3HaBaHue
BM3YyanbHOW MHPOpPMaLMK), NMOO HayaTb C HEBO/IbLLOIO KONMYECTBA C/I0EB, NOCTENEHHO
YyBE/IMUMBAA MX, MOKa KaYecTBO MOAENN He NepecTaHeT yBeIMYNBaATLCA.

0  ®YHKUMUA aKTUBALUUU. ITO GYHKLMA, KOTOPasA BbIMMCAAET BbIXOAHOE 3HAYEHME HENPOHa
Ha OCHOBE JIMHEMHON KOMOMHAUMM BXOAHbIX MNapameTpoB. Yacto ucnonblyemblie
dyHKumMK ato Sigmoid, Tanh 1 RELU (cm. Ha Puc. 2). Hanpumep, ns Hux RELU obnagaet
HaVMMeHbLUEN BbIYUCUTE/IbHOM CIOXKHOCTbIO. [103TOMY YacTo OHa UCMNOJIb3YeTCs BO BCEX
BHYTPEHHUX C/OAX, B TO BPEMA KaK BbIXOAHOW C/MIOA MCNONb3yeT G0Nee CNOXKHYI0
$yHKuMio Sigmoid.
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Puc. 2. HekoTopble GyHKLMKM aKTMBaLMMK, ncnosib3yemble B HC.

o Anroputm oOnNTUMM3ALMK, 3303OWUK  «OBUKEHME» K ONTUMYyMy. Knaccuyeckmm
BapuaHTom sensetca Stochastic Gradient Descent (SGD), KoTopblit MUHMMWU3UpPYET
NMoTepu Ha OCHOBe rpaAmMeHTa, BbIbBMpasa Ha Kaxpgon utepaummn obyyatowme AaHHble
cnyyYaliHbim obpa3om. B HacTosAwee Bpema 60nee NPOrpeccMBHbIMU  CYMTAOTCA



anroputmbl RMSProp (oTnmMuyaetca oT SGD Tem, 4YTO Yy Ka)KAoro napameTpa
afantupyemas ckopocTb 06yyeHua) u Adam Optimizer (nossonseTt ycTaHaBAMBaTb
runepnapametpbl HC).

o CKopocTb 06yuyeHuA. Pasmep «liara» Ha Kaxkgoh utepaunmn anropuTma, CTpemsLLerocs
K MUHUMM3aLMK GYHKUMKM NoTepb. CANWKOM 60NbLION War BeAET K NOBbILEHUIO PUCKA,
4YTO aNrOPUTM «MNPOMAXHETCA» MWMO ONTUMYMa, a CAWULWIKOM MANEHbKUI — K
yBenndeHuto BpemeHn obydyeHua HC. B HacTosAwee Bpems CywecTBYHOT aNroputmbl,
cnocobHble C onpeaenéHHbIM YCNexom BapbMpPOBaTb 3TOT WaAr B 3aBUCMMOCTU OT
KKPMBM3HbI» QYHKLMM NOTEPb B TEKYLLEN TOUKE.

O Jdnoxu obyuyeHua. OTparkaeT 3a4aHHY0 NPOAO/IKUTENBHOCTb 0byyeHua HC. Moxer
33aBaTbCA UHXEHEPOM UCXOAA U3 BbIYUCAUTENBHOM CIOXKHOCTU MOLENN, HO MOXKET U
onpepenatbCs  anroputMom. Hanpumep, obydyeHMEe  MOXKET  aBTOMATUYECKM
OCTaQHaBAMBATbCA B C/yyae, KoOrda owubKa (3HauyeHWe ¢yHKUMM noTepb) nepectaér
YMEHbLUATLCA B TEYEHWNE KAKOro-1MBo KOAMYecTsa 3Mnox.

e  ApXMUTEKTypbl — 3TO TO, KaK OpraHn3oBaHbl c1on B HC 1 yCTaHOBAEHbI CBA3M MeXAy HEMPOHaMMU.
Cxema, npegcrtasneHHasa B lNpunoxeHun A, faéT HEKOTOpOe npeacTaB/ieHMe O C/NOXHOCTU U
pa3sHoobpa3mn coBpeMeHHbIX apxuTekTyp HC. B HacTosAwee Bpemsa ANA PeleHua peanbHbIX
33434 Hambosiee NONYAAPHDLI ABE apXUTEKTYpbI:

CeéptouHble HC (CNN) — npuobpenn nonynapHoOCTb AN MHOMMX 3afay, CBSI3aHHbIX C
pacrnosHaBaHMem M3o6paxkeHunt (c Tex nop, Kak B 2012 r. Ha KoHkypce ImageNet cBéptoyHaa HC
3HauYMTEeNbHO MNpeB3ollna KoHKypeHToB). CNN npeactasnset coboli yepeaoBaHMe CBEPTOYHbLIX C/OEB
(obpabatbiBaeT npeaplAywnii cnot no dparmeHTam — Hanpumep, «OKHamm» 8*8 Knetok) wu
CybaMCKpEeTE3NPYIOWMNX CNOEB (KYNIOTHAET» GparMeHTbl NPeablayLwero c1os, yMeHbllas Ux pasmep).
Takolh nogxon  fABNsSETCA  4Ype3BblMAalHO  MPOrPECcCMBHOM  aNbTEPHATMBOM  MOMUKCE/IbHOMY
pacnosHaBaHuto M30bparkeHnin. K HepoctatTkam CNN  OTHOCAT  3HAuUUTENIbHOE  KOAMYECTBO
rmnepnapameTpoB CeTU (KoNMYecTBo CNOEB, lWar casura sapa npu obpaboTke cnos, HeobXo4MMOCTb
CNoéB cybaMCKpeTUsaLmn, CTeneHb YMEHbLUEHUA MMM pPasMepHOCTM, GYHKUMA MO YMEHbLUEHUIO
pa3MepHOCTU U Ap.), 3HAYEHUSA KOTOPbIX B OCHOBHOM NPUXOANTCA NOABUPaTb KTBOPUYECKU Y.

PeKyppeHTHble HC (RNN) — Hanbonee WMPOKO noaxoaAT ANA pPelleHMa 3aJad, CBA3aHHbIX C
pacno3HaBaHWEeM Kakux-1nbo nocnenoBaTesibHOCTEN: FO/I0COBbIX, TEKCTOBbIX, My3blKasbHbIX 1 T.N. RNN
OT/INYAIOTCA HaNMYMEM MAMATU: MOMKHO CKa3aTb, YTO HEMPOHbI 3aNOMMHAIOT CBOM NpeablayLime OTBEThI
W Npu cneayrowiem 3anycke MCNOAb3YIOT UX KaK AONONHUTEIbHbIE BXOAHbIe AaHHble. [lna orpaHu4eHuns
pocTa KONMYecTBa CBA3EN NPUMEHAIOTCA arOPUTMbI, OCYLLECTBAAIOLLME COPOC 3aNOMHEHHbIX 3HAYEeHW
(«3abbiBaHMeE®). Tem He MeHee, ansa obydeHna RNN TpebyroTcs odeHb 3HaYMTE/IbHbIE BbIYUCIUTE/IbHbIE
pecypcbl (TOMMMO 3HAUMTENILHOTO KOIMYECTBA 0OYYAIOLLMX AAHHBbIX).

TaKKe, HOBUHKOW B 061acTu apxutektyp HC (npeanokeHHol B 2014 r.) ABAAIOTCA reHepaTUBHO-
coctasarenbHble cetn (GAN), cnocobHble K 0byyeHuto 6e3 yumtena. OCHOBHbIM NMPUHLMMIOM B TaKOM
anroputme nABAAeTca Haauvume gasyx HC, ogHa w3 KOTOPbIX reHepupyeT o6pasubl, a Apyras
(AMCKPUMMHATMBHAA) CTapaeTca OT/IMYMTb NPaBUbHbIe 06pasLbl OT HeNpaBUAbHbIX. [eHepaTMBHaA ceTb
paboTaeT Ha OCHOBE CMELUMBAHMUA HECKOIbKMX UCXOAHbIX 06Pa3LoB (MMEHLMXCA AaHHbIX) U CTPeMUTCS
NOBbLICUTbL MPOLEHT OWMBOK BTOPOM ceTU. AIMCKPUMMHATUBHAA CeTb 0by4YaeTca pasnnMyatb NOANNHHbIE U
noaaenbHble 06pasubl, a pe3ynbTaThl Pa3MYeHNa NOAAlOTCA Ha BXOA reHepaTUBHOM CeTH, YTobbl OHa
MoOria NoAnpaBuTb BXOAHON Habop NaTeHTHbIX napameTpoB. C UCMO/Ib30BaHNEM AAHHOW TEXHOJIOMMK
6bINM B YaCTHOCTU CreHepupoBaHbl GoTorpadum Ntoaei, KoTopble HEOTIMYMMbI OT HACTOSLLMX.



1.2. OOy4yeHHe U KauyeCTBO MO/JeJH

B mMawWHHOM 0by4yeHMM BblaenatoT obyyeHue c yuutenem (Koraa M3BECTHbI Mapbl «KCTUMY-
peakuus»), obydyeHne 6e3 yuntena (HaxoxaeHue paHee HEeM3BECTHbIX 3aKOHOMEPHOCTEN B AaHHbIX) U
obyyeHue c nogKpenneHuem (B xoAe B3aMMOAEMNCTBUA C HEKOTOpon cpenoi). Kak 6blno oTmeyeHo
Bbllle, OCHOBHOE A0CTOMHCTBO HC — cnocobHocTb 06y4aTbCs Ha AOCTYMHbIX NPUMepax AAHHbIX, T.e.
afanTUpoBaTb CBOO BHYTPEHHIOK CTPYKTYPY (npexae BCero, 3Ha4YeHUs NapameTpoB) AN AOCTUNKEHUS
Hanbonblueldr TOYHOCTU pelweHns 3agaun  (MMHUMKM3auMmM Habaogaemolt owunbku). Hambonee
3dPEKTUBHbIM aNropuTMOM 06yYeHUs ansa coBpemeHHbix HC cunTaeTca obpaTHoe pacnpocTpaHeHue
owmnbkn. PakTnyeckn, nonyyeHHblr Ha Bbixoge HC pesynbTaT cpaBHMBAEeTCA C BEPHbIM, a 3aTem
aNropuTM, ABUranachb OT BbIXOAHOFO C/I0A MO BHYTPEHHUM C/I0AM, U3MEHAET 3HAYeHUs BECOB B CBA3AX
HENPOHOB, YTOObI MMHUMU3UPOBATb OLLUMNOKY.

Ona nposeaeHns obydyeHWs, Kak MPaBWIO Becb AOCTYMHbIM Habop AaHHbIX pasgenserca B
HeKoTopbIX Nponopuusax (Hanpumep, 0.7:0.1:0.2) Ha Tpu nogHabopa:

e O6yualowme gaHHble (training set) — ncnosb3ytoTca cOBCTBEHHO A1 HACTPOMKM NapameTpos
MOJieIN NOCPEACTBOM MUHUMM3ALMMN OLMBKM Ha HUX.

e [aHHble ana nposepku (validation set) — nepuoamMyeckM WCMONL3YIOTCA ANA KOHTPOAA
npouecca obyyeHus, ytobbl NpeaoTBpaTUTL NepeobyyeHme HC.

e TectoBble paHHble (testing set) — mcmonb3yloTcA A4 MPOBEPKM CMOCOBHOCTM OBYUYEHHOI
Mofenn K reHepanmsaumm (cnocobHoctM paboTaTh C HOBbIMW, paHee He «BUAEHHbIMMWY
MOAenNblo AaHHbIMK). KauecTBo moaenm, Kak npasunno, NOHMMaeTca MMEHHO KaK TOYHOCTb eé
paboTbl Ha TECTOBbIX AaHHbIX

OpgHum u3 Hambosiee pacnpocTpPaHEHHbIX MOKasaTesiem UTOroBOFO KayecTBa HeMpoceTeBoW
MOAENMN ABNAETCA CpeAHeKBaapaTUYHaA owmnbKka (MSE), KoTopas oTparkaeT ycpeaHEHHOEe pacCToAHWe
MeXay npeackasaHHbIMM MOLENIblo 3HAYEHUAMM U peanbHbIMKU  3HaYeHnAMU. 3HadveHue MSE
NOIOXKUTENIbHOE, N Yem BanKe K 0 — Tem nyylle KayecTBO MOAENMN.

Jarke B MaeanbHOM c/yyae 3HayeHue owmnbkm y HC He [onkHO B TOYHOCTM paBHATbcA O; B
NPOTUBHOM C/ly4ae TrOBOPAT O ABAEHUW «nepeobyyeHua», T.e. yCTaHOBKe QYHKUMOHANLHOM
33aBUCMMOCTM OT obyyaloWmx AaHHbIX. Takaa MoAenb, CKOpee BCEro MOKA*KeT HWU3KYI TOYHOCTb Ha
TECTOBbIX AaHHbIX, T.K. OHW ByAyT OT/AMYATLCA OT AaHHbIX, K KOTOPbIM «npucnocobunacb» moaensb.
Ob6blYHO nepeobyyeHWe BO3HMKAET, Korga ob6bem 06y4YaloWMX AaHHbIX Maa, a KOAMYECTBO BXOAHbIX
napameTpoB U HelipoHoB B HC oTHocKUTeNbHO BeAnKo. Kpome yBennyeHnsa obbema 0b6yvaroLLmx AaHHbIX
N CHUKEHUA KOoJIMYecTBa 3MNoX obyyeHus, gns Toro, 4Tobbl M3beXKaTb nepeobyyeHuns, MCNob3ytoTCA
TaKXKe cnegylowue cTpaTermm:

e Perynapusauma — nobasnser wrpad B MOAE/Nb, €C/IN BECA C/IULLIKOM BE/IMKU WU UX CIULLIKOM
MHOTO.

e Orces (dropout) — yaaneHve (06bIYHO C HEKOTOPOI 3aaHHOM BEPOATHOCTbIO) HEKOTOPbBIX Y3/10B
13 HC, uTo6bl €€ CTPYKTYpa He Nepeyc/oxHANACh.

e PasgeneHue pAaHHbIX Ha naketbl (batch size) — npeaocrtaBneHne anroputmy He BCex
0byyaloLLMX AaHHbIX CPa3y, a pasaesieHne Ux Ha NoOAMHOXKECTBa.



2. NUHCTpyMeHTBI U OUGIMOTEKH

2.1. Colab

Google Colaboratory (Colab) — o06nauyHblit cepBuc, B HacToAWMNA MOMEHT 6ecnnaTHo
npeaocTaBasembln KomnaHnen Google. OH no3ssonAeT 3anyckaTb Jupiter Notebooks Ha Aa3bike Python 2
unn Python 3 1 MoKeT MCNoNb30BaTbCA 414 peLleHns 3a4a4 MallMHHOTo 0byyeHnsa. Ocobo MHTepecHo
To, B pamkax Colab nonbsoBatensm 6ecnnaTHO NpPegoOCTaBAAETCA BO3MOXHOCTb WMCMONb30BaAHUA
rpaduyeckoro npoueccopa (GPU), a TakxKe TeH3opHoro npoueccopa (TPU), uto cyliecTBeHHO noBbillaeT
NPOM3BOAUTENIbHOCTb BblYMCNEHMIA. [LOKYMEHTbI COXpaHAloTcA Ha Google Drive n MoryT ncnosib3osaTbea
COBMECTHO C KO//Ieramum.

Jupiter Notebook (paclmpeHue .ipynb) — nokymeHT B dopmate JSON, KoTOpbIli Npeactasaset
coboi ynopsgoyeHHbI Habop AYeek, Kaxaaa U3 KOTOPbIX MOXKET coAepKaTb NPOrpPaMMHbIi Ko, TeKCT
(c pasmeTKoit), pas3fiMyHble 3N1eMeHTbl MyabTuMeamna 1 T.n. Mo ymonuvanuio Jupiter Notebook paboTaeTt ¢
IPython, oaHako AOCTyMHa BO3MOMHOCTb MCMO/b30BaHMA TaKUX A3bIKOB MPOrpaMMMPOBaHUA KaK R,
Julia, Haskell. Mpu pabote ¢ HUMK yepes Colab, nporpammHbIN Ko, UCNONHAETCS Ha cepsep B docker
KOHTelHepe, KOTopbI BblAaETcA NoAb30BaTeNto Ha 12 4YacoB (Nocae 3TOro 3HayYeHUsA NepemeHHbIX 1 np.
c6pacbiBalOTCA, OAHAKO AaHHble MOryT 6biTb COXpaHeHbl'). [A 3anycka Koga MCMOMb3yeTcA MKOHKa
«play» cneBa oT AYEKN; pe3yNbTaT BbINOAHEHMA UAN CUCTEMHbIE COOBLLEHUA BbIAAOTCA HUXKeE.

Ona pabotbl pekomeHayeTcs Mcnonb3oBaHue bpaysepa Google Chrome, Takxe Heobxoammo
Ha/iMuYmMe akKayHTa Google.

2.2. Tensorflow

TensorFlow — oTKpbiTas (c 2015 r.) nporpammHaa 61MbnMoTeKa ANA MaLUMHHOIO 0byyeHus,
paspaboTaHHaa KomnaHveil Google ANA MNOCTPOEHUA U TPEHUPOBKM HEWPOHHbIX ceTeil. HasBaHue
NMPOMCXOAUT OT C/I0OBA «TEH30pP», O3HAYAMOLLEro MAcCUB MPOU3BOJIBHOM pPa3sMepHOCTU (Hampumep,
Hy/IeBas Pa3MepPHOCTb COOTBETCTBYET CKA/IAPHOMY 3HAUYEHUIO, Pa3MEPHOCTb 2 — MaTpuLe).

OcHoBHoM APl ana paboTtbl ¢ 6MbnmMoTekol peanusoBaH ans Python (ecTb Takke peannsaumm
ans C Sharp, C++, Haskell, Java, Go u Swift). Mporpammsbl B TensorFlow, no cyTu, COCTOAT U3 ABYX 3TaNoB:
1) cbopa KOHCTaHT, NMepemeHHbIX U onepauuin B rpad U 2) UX BbIYMC/IEHWUA B PAMKax OAHOM CECCUM.
MNoaknioueHne tensorflow B Colab MoMKeT O6bITb OCYLWECTBAEHO NpM MNOMOLWM CAeaytolero
nporpamMmHoro Koga:

#!pip install --upgrade tensorflow

'pip install --upgrade tensorflow-gpu

import tensorflow as tf # CHMHTAKCUC HEKOTOPEIX KOMaHI MOXET OTJIMYATHCS OT
ONMCAHHBEIX B IaHHOM IOKYMEHTe, B 3aBUCHUMOCTM OT Tekyume¥ Bepcum TensorFlow

Huke mMmbl MPUBOAUM KpaTKoe onncaHue elwé paga bubamoTek, Kotopble byayT Bam HYXHbI gs
BbIMNO/IHEHWA 3a4aHNA.

2.3. Pandas

Pandas — nporpammHas 6MbnunoTeka Ha asbike Python, opueHTUpoBaHHanA Ha aHaNWU3 AaHHbIX,
npeacTaBAeHHbIX B CTPYKTYPUPOBaHHOM BuAe (B KONOHKax). HazBaHWe NpoMCXoamT OT C/I0BOCOYETaHUA
«naHefbHble AaHHble» (panel data), KoTopoe uacto ucnonb3yercas B 3KOHOMeTpuKe. Pandas

! Cm. https://tzeny.ddns.net/index.php/Google_Colaboratory u https://habr.com/ru/post/348058/



noagep*KMBaeT pasnyHble onepaumm ¢ AaHHbIMK (groupby, join 1 Ap.), a TakXKe NoAroTOBKY M OYUCTKY
OaHHbIX (3anosiHeHne, 3aMeHy, 06paboTKy NyCTbIX 3HAYEHUN).

MHorme GppeiiMBOPKM MaLIMHHOTO 06yueHus, BKAtouaa TensorFlow?, paboTaloT co cTpyKTypamm
JaHHbIX, Noagepxnsaemblx Pandas. B nepsyto oyepesb 3To ABa Knacca:

e DataFrame, NnpMMepPHO COOTBETCTBYIOWMI TabmLe B pensumoHHOM 6a3e AaHHbIX — CO CTPOKaMM
M NOMMEHOBAHHbIMU KOJIOHKaMMU,

e Series, COOTBETCTBYIOLWMIA OTAENbHOW KOMIOHKe — DataFrame coAepsKuT ogHy WAM HECKONbKO
Series, a TaKk)Ke Ha3BaHWe ANS KaXKA0M U3 HUX.

Ncnonb3ya Pandas, Bbl MOXKeTe TaKXKe MMMNOPTMPOBaTb AaHHbIE B Pa3fNYHbIX popmaTax — Csv,
excel u ap. BOAbWMHCTBO NPMBOAMMbBIX HUXKE NPUMEPOB NPOrPaMMHOIO KoAa NoApasyMeBatoT, YTo B
Bawei cpene ycTaHosneHa Pandas. B Colab / TensorFlow ans sTtoro MoKeT MCNo/ib30BaTbCA
cneayrowmii NPOrpamMmmHbIA KOA;:

import pandas as pd

2.4. Keras

Keras — oOTKpbiTas 6ubaMoTeKa, npeaHasHayeHHasa A4A paboTbl C HEWPOHHbIMU CETAMM,
HanucaHHaa Ha A3blke Python. OHa moxKeT paboTaTth C TakMmu cpedamum Kak TensorFlow, Microsoft
Cognitive Toolkit, R, Theano u PlaidML. OcHoBHas maea npu paspaboTke Keras 3akntoyanacb B TOM,
yTObbI CO34aTb HE3ABUCUMBIN OT BbIYNCAUTENBHON NAATGOPMbI APYIKECTBEHHbIN UHTEepdENC, a He eweé
OAMH CaMOCTOATE/NbHbIN GPEerMBOPK MalIMHHOrO 0bydeHua. CoOTBETCTBEHHO, Keras comepsKuT pAag,
6/710K0B, YacTo ucnonbsyembix B HC: cnou, uenun, GyHKUUM aKTMBALMUWM, ONTUMM3ATOPbI, UHCTPYMEHTbI
ANA paboTbl C U306paXKEHUAMM U TEKCTOM U T.A4,.

C 2017 r. Keras nopaeprkmBaeTca Kak ogHa u3 6ubnavotek B sape TensorFlow. [Ona eé
NOAK/IIOUYEHNA MOKET UCMONb30BATLCA CEAYIOWMIN KOA:

import keras as ks

2.5. Seaborn

Bubnunoteka Seaborn npegHasHaveHa A4NA BU3yann3aLMM AaHHbBIX U ABNAETCA HAACTPOMKON Hag,
nonynspHon 6ubamnoteko matplotlib. Seaborn ocobeHHo wunpoKo mncnonbsyetca B Notebook’ax n B
coyeTaHuu ¢ Pandas, faBasa BO3MOXKHOCTU A4/1A NOCTPOEHMA SCTETUYHO BbIMNAAALLMX U MUHDOPMATUBHbIX
CTATUCTUYECKUX AMarpamm.

Ona noakntoueHuns Seaborn B8 Colab / TensorFlow moxeT 6biTb MCNOAb30BaH CAeayoLni
NpPorpammHbIi Koa;:

'pip install -g seaborn # npm HeoBOXOOUMOCTHU
import matplotlib.pyplot as plt
import seaborn as sns

EcTb BO3MOMKHOCTb BblbOpa B KayecTBe OCHOBHOW OAHOM M3 wWecT nanutp (UBEeTOoBbIX
KOMBUHaLMiM), NpeaocTaBAAemMbix Seaborn®:

def plot color palette(palette: str):

% Cm. pokymeHTaumio https://colab.research.google.com/notebooks/micc/intro_to_pandas.ipynb
® Cm. https://towardsdatascience.com/matplotlib-seaborn-basics-2bd7b66dbee2



figure = sns.palplot(sns.color palette())
plt.xlabel ("Color palette: " + palette)
plt.show (figure)

palettes = ["deep", "muted", "pastel", "bright",
for palette in palettes:

sns.set (palette=palette)

plot color palette (palette)

"dark" ,

"colorblind"]



3. HaGopsl JaHHBIX (AaTaceThl)

B HacToAulwee BpemMA B OTKPbITOM AO0CTyne HaXoAUTCA 3HaAYUTE/IbHOE KOJIMYECTBO [AadHHbIX,
KOTOPbIE MOTYT 6bITb MCMONB30BaHbI 417 MALUMHHOTO 06y4YeHna (Habopbl AaHHbIX = «aaTaceTbl»)?. 310
CBA3aHO, B YACTHOCTM, C TEM, YTO BeAylLMe Hay4yHble KypHanabl Npu nybavkaummn cratein TpebytoT K
O6Hap0,£l,OBaHMﬂ COOTBETCTBYHOWMNX OaTACETOB. ELLI,é OA4Ha BaXHaA Uesb — [AaTb BO3MOXHOCTb
anp06au,vw| HOBbIX aAITOPUTMOB B ccbepe MalWnHHOro O6yquMF| Ha OAMHAKOBbLIX AAdHHbIX, ANA CPaBHEHUA
[0CTUraeMon TOYHOCTU Mmogesiei. KpynHble KoMnaHuu, BMNpoyYem, peako AenatoT obLieaocTynHbimu
AadHHble, Ha KOTOPbIX OHWU CTPOAT CBOU KOMMepPYECKME NpOoAYyKTbl, UCNO/b3yrOuwne TEXHONOINn
MUCKYCCTBEHHOIO UHTEN/1EeKTa.

B nwbom cnydae, ¢opmaTt AaHHbIX B 06LIEAOCTYMHbIX AaTaceTax peako B TOYHOCTU
COOTBETCTBYET TOMY, KOTOPbIN TpebyeTca B KOHKPETHOM npoeKkTe. Takum obpasom, nepsBbiM 3Tanom
(nocne, KOHEYHO, HaxOXAeHWA MoAXOoAAllero Aataceta) ABAAETCA NOATOTOBKA AaHHbIX. DTO MOKeT
BK/IlOYaTb B cebA:

® OYMCTKY AAHHbIX: Hanpumep, yAaneHne HEKOPPEKTHbIX 3HAYEHMUM, TaKMX KaK OTpuLaTeNbHbIM
WA HepeanbHO 6ONbLLONK BO3PACT KANEHTA,

e 06paboTKy NponyLeHHbIX 3HaYeHNn: Hanpumep, UX yaaneHue ns gataceta 8 Colab mokeT 6bITbh
cAenaHo cneayowmm obpasom:

my dataset = my dataset.dropna() # ymammure wu3 dataset CTpPOxM C HOyCTHEMK
3HAUEHUAMU

e npeobpasoBaHMe [AaHHbIX, NMPEACTABAEHHbIX B LIKase KaTeropuit (B 60NbLIMHCTBE C/yyaes
HelpoceTeBble MoAeNn paboTaloT C  YUCAOBLIMM  AAHHbLIMM):  Hanpumep, CcaeayloLmi
nporpammubliii Kog, 8 Colab co3gaér 3 pasHble KONOHKKW cO 3HadyeHuamu 0/1 BmecTto oaHOM
MadeIn, coaepsKallei CTpaHy-Npon3BOANTENb:

madein = dataset.pop('MadeIn') # ymanseM KOJIOHKY C KaTeTOPMAaJIbHBEIMM IaHHEMM
dataset['Russia'] = (madein == 1)*1.0

dataset['China'] = (madein == 2)*1.0

dataset ['USA'] = (madein == 3)*1.0

dataset.tail () # noxazsaTe 5 nocyemHMX CTPOK HaTaceTa

® pasgeneHve WMEIOWNXCA JaHHbIX Ha Ob6yyaloulylo M TecToBylo BbIGOPKY: Hampumep, B
nponopuumn 0,8:0,2:

train dataset = dataset.sample(frac=0.8, random state=0)
test dataset = dataset.drop(train dataset.index)

® HOPMaNU3aUMI0 AAHHbIX: HaNnpMmep, Ana peanusaumm atoro B Colab npocreiwmnm cnocobom —
BblYMTAHMEM MAT. OKMAAHUA U AENEHNEM HA CpegHee OTKIOHEHME — MOXKET BbITb MCNOAb30BaH
HUMKecNeayoWwmn Koa, KOTOPbI peannsyeT 1 Bbi3biBaeT PYyHKUMIO norm () :

def norm(x) :

return (x - train stats['mean']) / train stats['std']
normed train data = norm(train dataset)
normed test data = norm(test dataset)

* Hanpumep, http://deeplearning.net/datasets/ nam



Ona noAaroToBKM [AaHHbIX MOTYT WMCMNO/Ib30BaTbCA W ApPYrMe WMHCTPYMEHTbI, MO3BOJIAOWMeE
HarnagHoe npeacTaBNeHWE U PefaKTUPOBAHME CTPYKTYPUPOBAHHbIX AaHHbIX. Hanpumep, MS Excel
CNocobeH MMMNOPTMPOBATL AaHHbIE PA3/IMYHBLIX POPMATOB M COXpaHeHWe nx B Buae daiinos popmaTta
csv (comma-separated values), KoTopble 3aTem MoryT 6bITb fierko 3arpy*eHbl B Colab. Hanpumep,
cnefytowmnii NPOrpamMHbIid  Kog, MO3BOASET OCYLeCTBUTb 3arpysKy AaHHbIX M3 ¢awnna train.csv,
XPaHALLEroca Ha KOMMbloTepe Noab30BaTeNA:

import pandas as pd

from google.colab import files

file = files.upload()

training set = pd.read csv("train.csv", header=None) # mnpegnnosaraercs, dYTO
bary He COHOEepPXMUT 3ar'OJIOBKOB CTOJIOLIOB

YacTo Ha aTane noAroToBKU AaHHbIX NPOnN3BOOUTCA TAaKXKE UX NepBUYHOE nlyyeHue. Hanpmmep,
cpeactea K/NacCUMYeCcKon onncaTesibHOM CTaTUCTUKM NO3BOIAKOT BblYMCAUTb MaTeMaTUYECKOe OXunagaHwue,
ANCNEPCUIO N NPOoYNE XapPaKTEPUCTUKN:

desc_stats = dataset.describe() # mompo6Hee cM. OOKYyMEHTaLMO byHKIMM®

desc _stats = desc stats.transpose() # OQopmMaTupoBaHMe BHBOIMUMEIX UMCeJl IJA
foJjiee ynmoOHOT'O UTEHUS

desc_stats

YaobHbIM cnocobom NepBMYHOTO M3y4yeHUs JaHHbIX SABAAETCA TaKXe WX rpaduyeckoe
npeAcTaB/ieHMe B AMarpamMmmax CooTBeTcTBylowero ¢dopmarta. HuKe npueedéH NpuMmep NOCTPOeHus
aunarpamm Tmna KDE B 6ubnnoteke seaborn:

sns.pairplot (dataset[["Price", "Area", "Age"]], diag kind="kde")

> https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.describe.html



4. Xop pa6oThI
Mpexae, 4Yem BbINOAHATL HUXKec/neaylolWwme 3a4aHMA, O3HAKOMbTECH C TEOPEeTUYECKoM
CNpaBKoOM, ONMCaHNEM MHCTPYMEHTOB, BUB/IMOTEK U AaTaceTos.

Mo pesynbTaTam BbINOAHEHUA PaboTbl NpenogaBaTenio AO0/MKHbI 6biTb NpeaocTaBAeHbl OT
Kaxkgoi us bpurag;:

e nporpammHble Koabl B Buae dainnos Colab / Jupiter Notebooks,
e OT4yéT B popmate MS Word, odopmneHHbin B cootBeTcTBMU C TpeboBaHMAM FOCT K Hay4yHbIM
(y4ebHbIM) AOKYMEHTaM.

Bce yKkasaHHble Bbiwe ¢alinibl 4ONMXKHbI ObITb pasmelleHbl Ha Google Drive Balero akkayHTa B
oTaenbHoW nanke. [locTyn K Hell fAo/KeH 6bin BbigaH npenogasaTtento (maxis81@gmail.com), c
paccblNKol yBegomneHus (Koraa Bawa paboTa 6yaeT NONHOCTbIO 3aBepLUEHa).

4.1. Peasm3anus u o6yyenue HC ajis 3agaum Kiaaccupukanuus
Cospavite HoBbln Colab notebook, nepeinga no agpecy https://colab.research.google.com/ naun
caenas 31o n3 Google Drive.

Mpu nomowm MmeHto BblibepuTe paboTy Ha GPU: Runtime -> Change runtime type -> GPU. Jna
NPOBEPKN YCMELWHOCTU MOAKAIOYEHUA U paboTbl rpaduyeckoro npoueccopa (MHoOrga OH OKasblBaeTcA
HeZLOCTyNneH, B 3TOM CJ/lyyae HY)KHO MOBTOPWUTb MOMbLITKY €ro BK/IOYEHUS MO3¥Ke) MOXKeT ObITb
MCNO/Ib30BaH C/eAYIOLWNN MPOrPaMMHbIN Koa,:

import tensorflow as tf
tf.test.gpu device name() # B cnydae ycnemHocTu OyIeT BHIaH [IPMMEPHO TaKOMU
pesynabTar '/device:GPU:0'

MpousBeanTe noakNuYeHMe Bcex Heobxoaumbix 6Gubnunotek (Pandas, Keras, Seaborn) npwu
NMOMOLLM BbI30Ba KOHCTPYKLUMI import, Kak bbln10 onncaHo B pasgene « MHCTpymeHTbl  BUbAnoTekn».

MpousBeanTe 3arpysky oby4yatowero M TecToBoro Habopa p[aHHbIX M3 4eTbipéx ¢ainoB B
dopmare csv (npunaratoTcs K nabopatopHoit pabote, aBnsAoTcA 06paboTKOM AaTaceTa, ONMCHIBAOWErO
AVNarHoCTUKY paka rpyam’):

from google.colab import files

file = files.upload()

X train = pd.read csv("xtrain.csv", header=None)
Y train = pd.read csv("ytrain.csv", header=None)
X test
Y test

pd.read csv("xtest.csv", header=None)

pd.read csv("ytest.csv", header=None)

Co3paiiTe HEMPOHHYIO CeTb M3 YeTbIPEX C/M0EB, 3af4aB A4 BCeX, Kpome nocneaHero c/os,
6bICTPO BbluMCsiemyto GyHKLMIO akTMBaumm RELU. [nsa atoro uenecoobpasHo Mcno/sib30BaTb MOLE/b
Keras Sequential®. MapameTp BxogHOro cnos input dim onpepensetca Tem, 4TO B UCMOAb3yeMOM
JaTaceTe KoamyecTBo GpakTopos paBHo 30 (ewé 2 KONOHKKN — onucaTesibHble). Mpr NepBoMm BbINOJHEHWUM

6

[JaHHbIi npumep onwucaH B cepum BUAEO
https://www.youtube.com/watch?v=inN8seMm7UI&Iist=PLQY2H8rRoyvyK5aEDAI3wUUqC_FOoEroL
’ MepBOMUCTOYHUK 7] onucaHue:

https://archive.ics.uci.edu/ml/datasets/Breast+Cancer+Wisconsin+(Diagnostic)
8 Cm. cogepxatenbHoe onucaHue  https://keras.io/getting-started/sequential-model-guide/
[OKYMEHTaLMIO Mo OCHOBHbIM meTogam (compile, fit, predict) https://keras.io/models/sequential/



pa6OTbI KOQ1n4yecTeo HeVIpOHOB B KaXXOOM U3 C/I0OEB pPEKOMeHAyeTCA MCNO/b30BaTb KaK B npumepe
HUXxe:

from keras.models import Sequential
from keras.layers import Dense

classifier = Sequential () # Mumumanmszauwms HC
classifier.add(Dense(units = 16, activation = 'relu', input dim = 30))
classifier.add(Dense (units = 8, activation = 'relu'))
classifier.add (Dense (units = 6, activation = 'relu'))
classifier.add(Dense(units = 1, activation = 'sigmoid'))

YKaxkute metoa OI'ITVIMVI3aLI,VIVI9 N GyHKUMIO I'IOTepVIm:
classifier.compile (optimizer = 'rmsprop', loss = 'binary crossentropy')

Tenepb Mbl MOXeM NPOBECTU 0OydYeHWEe HEWPOHHON ceTu. BMecTo Koan4vecTBa 3Mox, PaBHOMO
100, KakK B HUMKeceaylolem Npumepe, 3agaite Konmuecrso, pasHoe (20 + Homep Bawei 6puraabl*5).
Mpexae, Yem 3anycKaTb HUNKeECNeaYIoWMIA Kog, 3aCEKUTE BpeMs, KOTopoe notpebyetca Ha obyyerHne HC
(3TO 3HayeHMe A0MKHO ObITb OTPA’KEHO B OTYETE, KaK M KONMYECTBO YKasaHHbIX Bamu 3anox). Mocne
06y4yeHns Bbl NOAYYUTE 3HaAYEeHUEe GYHKLUMU OWNBKK Ana nocneaHel snoxu (Hanpumep, loss: 0.0530) —
TaKKe 3aPUKCUpyiTe ero 418 oTYéTa.

classifier.fit(X train, Y train, batch size = 1, epochs = 100)

Monyunte Habop 3Ha4YeHWUI, NpeacKa3aHHbIX Ballel HeMpoCeTeBOi MOAENbi (Hanuume uau
OTCYTCTBME paKka rpyau). B npumepe HuXe AnA MHTepnpeTauuuM nporHosa, Bblaasaemoro HC,
ncnonb3ayertcsa GyHKLUMSA, cxoxkan ¢ RELU (HeT, ecnm BeposTHOCTb HUxKe 0.5, ga, ecam 6onblie nnu pasHa):

Y pred = classifier.predict(X test) # mnomaém Ha Bxom oOyueHHoM HC TecToOBHM
HaboOp IOaHHHX
Y pred = [ 1 if y>=0.5 else 0 for y in Y pred ]

OueHuTe TOYHOCTb NpPOrHo3a, gaBaemoro Ballemn mMmoaenbto, CpaBHUB Npeacka3aHHblE 3HAYEHUA
C U3BeCTHbIMMU:

total = 0
correct = 0
wrong = 0

for i in range(len(Y pred)):
total=total+l
if(Y test.at[i,0] ==Y pred[i]):
correct=correct+1l
else:
wrong=wrong+l

print ("Total " + str(total))
print ("Correct " + str(correct))
print ("Wrong " + str(wrong))

CpaBHMTE TOYHOCTb MPOrHO3a CO 3HAaYeHMEM OGYHKUMKU OWKNBKKU, 3aPUKCMPOBAHHBLIM paHee, U
caenaliTe BbIBOAbI.

9 . ..

CMm. onncaHue 1 BO3MOXHble napameTpsl https://keras.io/optimizers/
10 .

CMm. onncaHue 1 BO3MOXHble napameTpbl https://keras.io/losses/



Co3palite M obyunte (dMKcupys 3aTpaumBaemoe Bpemsa) elé He meHee 3-X HenpoceTeBbIX
moaenen:

®  C WUHbIM KOJINYECTBOM C/I0EB, HEMPOHOB B HUX N QYHKLMAMM aKTUBALUNK,
®  C Pas/INYHbIM KOJINYECTBOM 3MOX 0byyeHus,

® C UHbIM METOAOM ONTUMU3ALUNN M/VII'IM d)YHKLI,Me% noTepb.

OueHUTE TOYHOCTb MPOrHO30B, BblAAaBaEMbIX HEMPOCETEBbIMM Mogensamun. 3adukcupyiite B
oTuéTe:

e runepnapameTpbl BCex moaene,
e Bpems, 3aTpavyeHHOEe Ha 0by4YeHue,
e 3HayeHue PYHKLUMMN OLWNOKM M TOYHOCTb MPOTrHO30B.

4.2, Peanmsauus u ooyyenue HC a5 3agaum perpeccuu

CamocTosTeNIbHO peannsyiTe B HOBOM AoKymeHTe HC gns pelleHuMs 3aadn perpeccuu,
onucaHHylo B cneaytollem npumepe: https://www.tensorflow.org/tutorials/keras/regression (pabotaet
BEPCMA Ha PYCCKOM fA3bIKe). Bbl TaKXe MOXeTe PYyKOBOACTBOBATbCA BWAEO (Ha aHrNMINCKOM A3blKe),
KoTopoe [JOCTYMHO no cneaylowemy agpecy: https://www.youtube.com/watch?v=-
vHQuUbONXI4&list=PLQY2H8rRoyvyK5aEDAI3wUUQqC_FOoErolL&index=6

Obyuute Tpu Bepcum ogHon M ToM e HC c ucnosnb3oBaHMem 3-X Pas/iNyHbIX TUMOB
npoueccopoB (CPU, GPU u TPU), 3amepsa Bpems, 3aTpaunmBaemoe Ha obyyeHune. OTMeTbTe BpPeMS U
OOCTUTHYTYIO TOYHOCTb MoAenu B oT4éTe. CaenaiTe BbIBOADI.

OnpefenuTte 1 yKaxkute B OTYETE ONTUMAJIbHOE KOJIMYECTBO 3NOX A1 06yYeHus, No3BoistoLLee
nsbexkaTb nepeobyyeHun (overfitting) HelMpoHHON ceTu.

Balw OTYET NO BbINOSIHEHMIO AAHHOIO 33a4aHMA AO/XKEH COAEPKaTb, MTOMUMO YKa3aHHOrO Bbile,
TaKXKe ONucaTeNbHyl CTAaTUCTMKY ANSA UCMOAb3YEMbIX AAHHbIX M AMarpammbl (B PasNnYHbIX LBETOBbIX
nanuTpax gna pasanyHbix bpurag,).

4.3. Peanusanud u o6ydyeHue HC a1 pacno3HaBaHUA U300paKeHUN

CamocTonaTenbHO peanusyiite U 0byunTe CBEPTOYHYIO HEWPOHHYK CETb AJ1A PAacnO3HaBaHWS
M300parkeHnn u3 nonyaAapHoro y4vyebHOro pJataceta CIFAR-10". PykoBOoACTBYITECH CheayoWwmm
npumepom: https://www.tensorflow.org/tutorials/images/cnn . OTmeTbTe B OTYETE 3aTpaThbl BPeMeHU
Ha obyyeHWe 1 AOCTUTHYTYHO TOYHOCTD.

Mcnonbayiite Ty ke camyto apxutektypy HC gns pacnosHaBaHMA M306paskeHUi U3 apyroro
12 .
nonynspHoro yyebHoro gartaceta, CIFAR-100"°. OTmeTbTe B OTYETe 3aTpaTbl BpeMeHW Ha obyyeHue u
OOCTUTHYTYIO TOYHOCTb. CpaBHUTE € NpeablayLLMMM pe3yabTaTamMun U CAenainTe BbiBOAbI.

Mpeanoxute n peannsyinte B apxmutektype HC peweHua, Nno3BoastOWME NOBbICUTb TOYHOCTb
mogenun gns gataceta CIFAR-100. MpueeguTe B 0T4ETE M 0OOCHYNTE cAe/laHHblE U3MEHEHMA.

! cm. onucanme no agpecy https://www.cs.toronto.edu/~kriz/cifar.html
12 CM. BOKYMEHTALMIO N0 CKauMBaHMIO AaTaceTos no agpecy https://keras.io/datasets/



4.4. Pa6oTa c A3bIKOBBIMH MO/IE€/IIMU

Obyunte COBCTBEHHYIO A3bIKOBYID MOAE/b, PYKOBOACTBYACH CAedyloWuM MNpPUMEepoMm:
https://colab.research.google.com/github/huggingface/notebooks/blob/main/examples/language_mod
eling_from_scratch.ipynb . OTmeTbTe B 0T4éTe 3aTpaThbl BpemMeHM Ha 0byyeHue.

[NA 3HAKOMCTBA C BO3MOXKHOCTAMM B0/IbLUNX A3bIKOBLIX MOZEe/el, camocTonTelbHoe obyyeHne
KOTOPbIX TpebyeT 3HaUNTENbHbIX BbIYUCAUTENbHbBIX MOLHOCTEN, UCMOAb3yeTe NpeaobyvyeHHY0 Moae b
cornacHo cneaywouwemy npumepy: https://colab.research.google.com/github/artificial-intelligence-
class/artificial-intelligence-class.github.io/blob/master/homeworks/large-
LMs/Large_Language_Models.ipynb

MNpuseante B OT4éTe He MmeHee 10 TeKCTOB, CreHEepUpPOBaAHHbLIX MPU MOMOLLU PA3AUYHbBIX
A3bIKOBbIX MOZE/NElN N0 CXOXUM 3anpocam (npomnTtam). CaenanTte BbIBOAbI OTHOCMTE/IBHO CKOPOCTU U
KayecTBa paboTbl Mogenen.
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5. PekomeHayeMble HCTOYHUKH

MalmuHHOe 0Gy4YeHre U apXUTeKTypa HelPpOHHBIX ceTel
https://vas3k.ru/blog/machine_learning/

Tensorflow
https://colab.research.google.com/notebooks/mlcc/tensorflow_programming_concepts.ipynb

https://www.tensorflow.org/tutorials/quickstart/beginner

Colab
https://habr.com/ru/post/428117/

https://medium.com/deep-learning-turkey/google-colab-free-gpu-tutorial-e113627b9f5d
https://habr.com/ru/post/413229/

Data
https://archive.ics.uci.edu/ml/datasets/Breast+Cancer+Wisconsin+(Diagnostic)

https://towardsdatascience.com/top-sources-for-machine-learning-datasets-bb6d0dc3378b

https://docs.microsoft.com/ru-ru/azure/machine-learning/team-data-science-process/prepare-

http://blog.datalytica.ru/2018/04/blog-post.html



MpunokeHue A

OcHoBHble apxutektypbl HC (https://www.asimovinstitute.org/neural-network-zoo/)
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