MeToauvecKkue yKa3aHus M0 BLITOJHEHHUIO J1a0opaTopHoii padoThl Nel
«ApXHUTeKTypa H 00y4eHHe IIyOOKMX HEHPOHHBIX ceTei»

Beenenne B Google Colab

B kypce nmabGoparopnbix paboT no aucuuruinHe «VHTemneKkTyaabHble CUCTEMBD), KOTOPHBI
OTKpBIBACT JaHHAs jJabopaTopHas paboTa, PEKOMEHAYETCS TOJb30BaThCS MHTCPAKTHBHOM
cpenoi IPOrpaMMHUPOBAHUS Google Colaboratory
(https://colab.research.google.com/notebooks/intro.ipynb). /lannast cpeaa mo3BojsieT NucaTh
U BBINOJIHATH Ko Ha Python mpsimo B Opay3epe. Ecnu BbI yke 3HAaKOMBI cO cpelioil Jupyter
Notebook, To cpena Colab OyaeT s Bac UHTYUTHBHO TNMOHATHOM. ECM HET — 1O CCHIIKE
BBIIIIC HAXOJUTCSA KPAaTKOE€ BBOJHOE PYKOBOJACTBO IO WCIOJB30BAHHUIO JAHHOW CpPEbI,
O03HAKOMbTECh C HUM Tpexje Bcero. [Ipeumymectsom padotel B Colab, mo cpaBHeHUIo ¢
nokanbHOU ycTaHoBko#M Python u Jupyter Notebook Ha cBoii KOMIIBIOTED, SBISETCS TO, UTO B
Colab unxkenepsl Google yxe 1mo3ad0TUIMCh 00 YCTAaHOBKE BCEBO3MOXHBIX MMAKETOB, B TOM
qucjie HEOOXOJIMMBIX HaM JUIsl BBIMIOJHEHHUS Kypca Ja0OpaTOpHBIX paboT, a Takke o
COBMECTUMOCTH BEPCUM pa3IMYHBIX MAKETOB Mexay coboil. K Tomy xe, ipu padote B Colab
MOJI30BATENI0 MPEOCTABISETCS O€CIUIaTHBINM JIOCTYyNm K TrpaduyecKuM IMpolieccopam,
BBIYMCIICHUSI HAa KOTOPBIX MOTYT CYIIECTBEHHO YCKOPATH TPOIECC CO3MaHHS MOJENeH
MaIlIMHHOTO OOY4YEeHUSI.

s padotel B Google Colab notpedyercst akkayHT Google. Co3naiiTe akkayHT, €Clid y Bac
€ro Her.

Oopartute BHUMaHue: ipu padote B Colab qiuTenbHbIN TPOCTO OJOKHOTA NPUBENET K €T0
aBTOMATUYECKOMY OTKIJIFOUEHHUIO O€3 COXpAHEHUs IEPEMEHHBIX.

Hrak, m1s co3panus HoBoro 61okHoTa Colab He00X0AMMO BOCITONIBL30BaThCI MEHIO «Daii -
«Coznarb 0J0KHOT». OTKPBIBIIMICS HOBBIH OJIOKHOT MOXKHO Cpa3y IeperMEeHOBaTh, Ha)KaB
Ha €ro Ha3BaHUE B BEPXHEU 4acTu CTpaHUIIbI PsAOM co 3HaukoM Google Drive.
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https://colab.research.google.com/notebooks/intro.ipynb

brnoknotel Colab aBromatuuecku coxpansroTcs Ha BameM Google Drive (nmanee - auck) B
nanke Colab Notebooks. [y Toro, 4ToOB MMETh JAOCTYH CBOEMY IUCKY W3 OJIOKHOTA,
TpeOyeTcst pa3pemuTh JOCTYI, Ui YeTO B JICBOM MEHIO HYXXHO Ha)XaTh Ha MUKTOTPaMMYy
narnku (1), a 3aTeM Ha MUKTOrpaMMYy IarKy CO 3HAYKOM JucKa (2):
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[Tocne aToro He0OXOMMO MOATBEPAUTH AeHCTBUE «Pa3pemuTs 3TOMY OJIOKHOTY JTIOCTYH K
BammM ¢aiinam Ha Google {ucke?». B pe3ynbpTaTe B MEHIO clieBa MOSIBUTCS manka «drivey,
a B Helt manka «My Drivey» ¢ comepkumbiM Baiero /{ucka:
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- -~ [ Colab Notebooks

3amaauM B KauecTBE TEKYIIEH TUPEKTOPUU Ty, B KOTOPOH OyAeT HaXOAUThCS Halll OJOKHOT
(BCcTaBbTE U BBITIOJIHUTE JAHHBIN KOJI B HOBOU siUEHKe):

import os
os.chdir ('/content/drive/MyDrive/Colab Notebooks')

Nmnopr 0ubmoTEeK U MOAYJ1eH

OcHOBHOM OMOJIMOTEKOHN, KOTOPOM MbI OyJeM MOJIb30BaThCsl B JaHHOM Kypce, Oyner
ouommoreka TensorFlow ot komnanun Google (https://www.tensorflow.org/learn). lannas
OuOIMOTeKa — MOIIHBI WHCTPYMEHT MO pa3paboTKe MOeNei MalmHHOro oOydeHus. B
coctaB oubnuotexku TensorFlow Bxomut takxke Oubamotexa Keras (https://keras.io/about/).
Keras sBisiercst Haactpoiikoit Hag TensorFlow, mo3Bosnsrornieit co3aaBaTh U 00y4aTh MOJICTH
HCKYCCTBEHHBIX HEHPOHHBIX CETEW 3a BCEr0 HECKOJBKO CTPOK Kojaa. TensorFlow siBisiercs
st Keras Tak Ha3bIBa€MbIM «BBIYMCIUTENBLHBIM O3KEHJIOM», TO €CTh BBIIOIHIET padboTy 10
CO37IaHUI0 U OOYYCHHIO HEUPOHHBIX CeTel «Imoja KarmoTtom». [IoMUMO mepedrclieHHbIX HaM
TaKke noTpedyrorcs BenoMorarenbubie Oudanorexu: NumPy (https:/numpy.org/doc/stable/)
— 111 pabOThl C MHOTOMEPHBIMU MAaCCUBAaMU U BBIMIOJIHEHUS onepaiuii Haa Humu, Matplotlib
(https://matplotlib.org/stable/contents.html) — s moctpoenust rtpadukos, Scikit-learn
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(http://scikit-learn.org) — s peaJu3alid Pa3IUYHBIX METOJOB OOPaOOTKH JIaHHBIX H
aNTOPUTMOB MAIIMHHOTO OOYYEHUS U JAPYTHE.

[TporpaMMHBII KO JUISI UMIIOPTAa YKa3aHHBIX OMOIMOTEK MOXKET BBITISAJETH CICTYHOIIUM
o0Opazom:

# uMnopT MomyJiein

from tensorflow import keras
import matplotlib.pyplot as plt
import numpy as np

import sklearn

3arpy3ka u paccMOTpeHHe HA00pPa JaHHbIX

B nannoil pabote Mbl OyZeM 3aHUMAThCS PEIICHUEM 3aJayl Pacro3HABAHUS PYKOMUCHBIX
nudp. CymectByeTt Habop naHHbIXx MNIST, conepxanuii 70000 n3o00pakeHUN PyKOITUCHBIX
uudp pazmepom 28 Ha 28 muKceneld. 3HAUEHUE KaXAOrO0 MHUKCENS — UHTEHCHUBHOCTh B
rpagamusx ceporo ot 0 1o 255. Habop maHHBIX pa3MeudeH, TO €CTh KaXA0My M300paKEHUIO
MOCTaBJI€Ha B COOTBETCTBHME MeTKa WCTUHHOW 1udpel. Habop MNIST sBusercs
KJIACCUYECKUM HAaOOpPOM JAHHBIX JJIsI MAIIMHHOTO 0Oy4eHus, modTomy B Keras cymiecTByer
METOJ JJISl €T0 3arpy3KHu.

# Barpyska ImaTaceTa
from keras.datasets import mnist
(X _train, y train), (X test, y test) = mnist.load data()

[IpuBeneHHas BbIlIe KOHCTPYKIMS aBTOMATHUYECKH 3arpykaeT HaOOp JaHHBIX C CepBepa U
cpa3y pa3OuBaeT ero Ha oOydaromue gaHHble (KopTex (X train, y train)) u TecroBble
naHHble (kopTex (X test, y test)) B cootHomenun 60000:10000 snementoB. OngHako
pazOrieHue He HOCUT XapakTepa ciiydyaHocTu. J[Jis Toro, 4ToObl y KaXA0ro CTyAeHTa Habop
0o0y4YarolmMX M TECTOBBIX JAHHBIX OKAa3aJICSi HEMHOTO CBOMM, OOBEAMHUM OOydYaromue u
TECTOBbIC JaHHBIC B €IWHBIN HA0Op (CKOHKATEHHWPYEM MAacCCHBBI), a 3aTeM pa300beM €ero
CHOBa, HO YXe ciayyalHbIM oOpa3om. /[lig »3Toro Ham mnotpedyercss (QyHKIUSA
train test split u3 6ubnuoreku sklearn:

# cosmaHue cBoero pasbueHMs IJaTaceTa
from sklearn.model selection import train test split

# obmpemmHsaeM B omuH HaOOpP
X = np.concatenate ((X train, X test))
y = np.concatenate((y train, y test))

# pasbuBaeM 10 BapMaHTaMm

X train, X test, y train, y test = train test split(X, vy,
test size = 10000,
train size = 60000,
random state = 123)


http://scikit-learn.org/

[Tapamerp random state 3agaeT MHHLIUAIU3ATOP CIIy4alHOIO pacCIpeleNeHHs. OJTO
3HAYUT, YTO IPH 33JaHHOM 3HaYEHUU random state Kaxabli pa3 OyaeT NOoIy4aTbCs OQHO
U TO e pacrpeaeineHue. Vcnoap30BaHWE 3TOro IMapaMerpa MO3BOJSET NPOBOIUTH
BOCIIPOU3BOIUMBIE OTIBITHI.

BeiBecTH pa3MepHOCTbh MAacCHUBa MOKHO € IIOMOLIBIO CBOMCTBA shape:

# BHIBOI pasMepHOCTEeM
print ('Shape of X train:', X train.shape)
print ('Shape of y train:', y train.shape)

BriBecTr Ha 3kpaH U300pakeHHE MOYKHO C TTIOMOIIBI0 PyHKIMU pyplot imshow, ykaszaB Takxke
B KauecTBE MapameTpa IBETOBYIO KapTy B rpafamnusx ceporo. JlJis BEIBOAa METKH IH(PHI
JI0OCTaTOYHO MPOCTO BHI3BAThH print:

# BHIBOI M300paxeHms
plt.imshow (X train[123], cmap=plt.get cmap('gray'))
plt.show ()

# BRIBOI METKM IJIS 3TOTO M300paxeHmUd
print(y train[123])

IIpenoOpadoTka JaHHBIX

B ncxomnom Habope JaHHBIX U300pKEHUST TIPEACTABIISIOTCS B BUJIE IBYMEPHBIX MacCHBOB
pazmepom 28 Ha 28 ¢ 1IeIbIMU 3HAYEHUSIMU UHTEHCUBHOCTH Kaxkoro nukcens ot 0 o 255. B
TaKkoM BHUJIE JTAHHBIC HE MOAXOJAT JJIsl MOJJa4u Ha BXOJ] HEUPOHHOU ceTH (1o KpaiiHel Mepe
TaKOTO THUIIA, C KOTOPBIM BbI YK€ 3HaKOMBI). /{7151 TOT0, YTOOBI BXOAHBIE N300payKEHUS MOKHO
ObUIO MOJaTh Ha BXOJ HEUPOHHOW CETH, UX HYKHO «BBITSHYTh B IIEMOYKY», TO €CTh
n300paxenne 28 Ha 28 JOIKHO CTaTh BEKTOPOM JuinHOM 282 =784 snementa. Takxke HyKHO
MIPOU3BECTH HOPMUPOBKY JAHHBIX: MPUBECTH BXOJHbIC 3HAaueHUs 3 auarnaszona [0;255] k
3HaueHusiM u3 auanaszoHa [0;1]. Bocmomb3yemcs Metomom reshape, a 3aTeM paszieinum
3HAYEHHA Ha 255, TOCMOTPUM Ha MOJYYHBILIYIOCS Pa3MEPHOCTB!

# pasBepHeM kKaxmoe mzo00paxeHue 28*28 B BekTOp 784

num pixels = X train.shape[l] * X train.shape[2]

X train = X train.reshape (X train.shape[0], num pixels) / 255
X test = X test.reshape (X test.shapel[0], num pixels) / 255

print ('Shape of transformed X train:', X train.shape)

Boixonnbeie 3HaueHus (MeTku 1udp) Toxke TpeOyroT npeaoOpadboTku. BbIXOgHBIE METKH
ABIIIIOTCS 3HAYEHUSIMU KaTeropuaiabHoro tuna. [Ipu pemenuu 3aaaun knaccudukanuu mnpu
IIOMOIIIM HEWPOHHBIX CETEl METKH KJIacCOB OOBIYHO KOAMPYIOT IO NpUHLUIY «one-hot
encoding». B 3ToM citydae kaxaas MeTKa IpeJICTaBIsIETCsS B BUJE BEKTOPA, JIMHA KOTOPOIO
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paBHa KOJMYECTBY KJ1accoB (B Hamiem ciaydae 10), 1 Bce 351IeMeHTBI KOTOPOT'O PaBHBI HYITIO, 32
WCKIIFOYCHHEM OJIHOTO 3JIEMEHTA, PaBHOTO EJAWHHMIIC, CTOSIIETO HA TO3WIMA HOMEpPA ITOM
MeTkH (He 3a0biBaeM, uTo B Python maccuBel HyMepytotces ¢ Hys). [Ipumep:

0—[1000000000]
5—[0000010000]
3[0001000000]

Jlnst mepeBoga wmcmonb3yeTcs (yHKmus np utils.to categorical m3 momyns utils B Keras.
[TpeoOpa3yeM BBIXOIHBIC JaHHBIC ¥ IOCMOTPHM Ha MOJYYHMBINYIOCS Pa3MEPHOCTb, a 320, THO
COXpPaHHUM B MIEPEMEHHYIO KOJIMYECTBO KJIACCOB:

# nepeBezmem MeTkM B one-hot
from keras.utils import np utils

y _train = np utils.to categorical(y train)
y _test = np utils.to categorical(y test)

print ('Shape of transformed y train:', y train.shape)
num classes = y train.shape[1]

Peanu3auusi Moaesin HEMPOHHOM CeTH, M OLIEHKA Ka4eCTBA KJIACCH(PUKAINHA

Jlns peanuzaiiuu MoJielid HEHPOHHOM ceTh HaM MoHaaoOuTcs aBa kiacca u3 Keras. [lepBbiit
13 HUX — Kjacc Sequential — mociaenoBaTenbHas Mojaelb. Korga Mbel co3maemM Mojieib Kiracca
Sequential MbI mOceI0BATENLHO HAMOJIHAEM €€ CIIOSMU HEHPOHOB, U CUTHAJIBI MEXK]TY CII0SIMU
PaCIpPOCTPAHSIIOTCS TAKKe MOCIIEA0BATEILHO OT BXOIHOTO CJIOS K BBIXOJHOMY. DTO 06a30BbIH
Y CaMbIil pacCIpOCTPAHECHHBIN KJIAaCC MOJEJIEH, KOTOPhIE MO3BOJAET CTpouTh Keras. Eme oqun
KJIaCC, KOTOPBIM HaM HY>KHO HMMIIOPTHUPOBATh, 3TO Kjiacc Dense — Kiacc, ONMUCHIBAIOIIUN
MTOJTHOCBSI3HBIN CIION HEHPOHOB. [10THOCBS3HBIN 03HAYAET, YTO €CIIM MBI I00OAaBUM B MOJICIb
Sequential aBa cnos Dense, To HEMPOHBI B ATUX NIBYX CJIOSAX OYyAYT CBSI3aHbI «KaXIbIH C
KaXKIBIMY.

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

Jyist mpumepa mpuBeaeM U pazdepeM OnmrcaHnue HEUPOHHOU CETH C ABYMsI CKPBITHIMH U OJTHUM
BBIXOJIHBIM CJIOEM.

# 1. cosmaem Momesib - OOBABJILIEeM ee OOBEKTOM KJjlacca Sequential

model = Sequential ()

# 2. nmobGaBiiseM I[EepPBH CKPHITHIL CJIOM

model.add (Dense (units=300, input dim=num pixels, activation='sigmoid'))
# 3. nmobGaBisseM BTOPOW CKPHITHIL CJION

model .add (Dense (units=100, activation='sigmoid'))

# 4. nmobBamBiigeMm BHIXOIOHOW CJIOM



model.add (Dense (units=num classes, activation='softmax'))

# 5. xoMIIMIVpyeM MOOeJsb
model.compile (loss='categorical crossentropy', optimizer='sgd', metrics=['accuracy'])

PaccMmoTpum 1oJipoOHO, YTO TYT OBLIO CIETAHO.

1. IlepBbIM genoM, OOBSBHIIM MOJIENIb 00BEKTOM Kitacca Sequential.

2. 3arem MBI 100aBUIM B MOJENb MEPBBIA CKPBITBHINA CION € MOMOIIbI0 MeTona add.
OcHOBHBIE MapaMeTpbl CIOSI — 3TO KOJUYECTBO HEUpoHOB (units) m dyHKuUA
akTuBaluu (activation), ogHAKO AJIA MEPBOTO CIOS TAaKXKe 005S3aTeNbHO JOJHKHA
OBITH yKa3aHa pa3sMEPHOCTb BXOAa — mapamerp input dim. DToT mapamerp
OTUCHIBAET, KAKOW pa3MEpPHOCTU JaHHbIE OyJIyT MOCTYIaTh Ha BXOJ MEpBOTo cios. B
HaIIeM cllydae Ha BXOJ] CETU MOCTYIAET pa3BEPHYTOE B BEKTOP N300pakeHHE, TOITOMY
BXOJ[HAsl Pa3MEPHOCTh paBHA KOJUYECTBY MUKCETEH.

3. 3arem n00aBUIM B MOJIEIh BTOPOM CKPBITHINA cioi. Onucanre BTOPOTO CJIOs MOI00HO
OMMCAHHUIO MIEPBOTO CKPBITOTO CJIOS, 32 UCKIIOUYEHHEM TOTO, UTO HE HY’KHO YKa3bIBaTh
BXOJIHYIO pa3MepHOCTh: Keras caM mpuMeT JJisi BTOPOTO CJIOSI BXOJIHYIO pa3MEPHOCTb,
PaBHYIO KOJMYECTBY HEUPOHOB B IIEPBOM CJIOE.

4. Tlocnemnum 106aBIsieTCsl BBIXOIHOM ciloil. EMy Toe He HyHO yKa3blBaTh BXOJIHYIO
pa3MEpPHOCTh, OJHAKO KOJIMYECTBO HEUPOHOB B HEM [IOJDKHO COBIAJATh C
Pa3MEPHOCTHIO BBIXOJHBIX JAHHBIX: B JAHHOM CIIy4a€ OHO PaBHO KOJIMYECTBY KJIACCOB
num classes.

5. Tlocne TOro, Kak MOJENb HAIOJHEHA CJIOSIMU, HYKHO €€ CKOMIWIMpoBaTh. [lpm
KOMITUJISIIIAN  YKa3bIBAaeTCs (PYHKIUS OMMUOKA (1OsSs), alropuTM ONTHMHU3AIUU
(optimizer)u cnIUCOK METPUK, IO KOTOPHIM MBI Oy/I€M OILIEHUBATh KAYECTBO PA0OTHI
Mojenu (metrics).

JI1d co3naHusi OJHOCIIOMHOW HEUPOHHOM CETH IOCTATOYHO OMHUCAThH TOJBKO BBIXOJHOW CJIOM,
OJIHAKO HEJIb3s 3a0bITh, YTO OH K€ SIBJISIETCS M MEPBBIM, & 3HAUUT JIsl HETO HY>KHO OTHUCATh
BXOJIHYIO Pa3MEpPHOCTb.

' [Ipu nmpoBeAeHNU SKCIEPUMEHTOB IO MOA00PY apXUTEKTYpbl HEMPOHHOW ceTh KpaiiHe
JKeJlaTelabHO BCSKUN pa3 3ajaBaTh HOBoe MM oObekTa-mMozaenu. IIpoctoe mms model
IPUBENEHO 3[€Ch UL A npuMepa. Mcnonb3yiite ynciaeHHsle 0003HadeHus model 1,
model 2 M T.J. U IPOTOKOJUPYHTE, KaKask MOJEIb UMEET KaKylO apXUTEKTYpy.

JInbo MOXXHO HCHOJIB30BaTh 00Jie€ OCMBICIICHHBIE Ha3BaHUsl Mojenei. Hampumep, mis
MOJIEJIH C JIByMsI CKPBITBIMU CJIOSIMH, KOTOpasi ObliIa pa3oOpaHa B MpUMepe, MOKHO 3a]1aTh
uMmst model 1h300 2h100.

He 3a0b1BaiiTe yka3piBaTh KOPPEKTHOE UMSI MOJICIIH BE3J1€, T/I€ BBl K HEH o0paliaerech: npu
BbI30BE METO/I0B add, compile, U Ipyrux, KOTOpbie OyIyT pa3oOpaHsbl Jajiee.




Jiis oroOpakeHus nHpopMaluu 00 apXUTEKType HEMPOHHOM CETH CIEAYET BOCIOJIb30BaThCS
METOJIOM summary. OYHKIHs BbIBEIET TaOIUIy C HHPOPMAIIUEH O CIOAX CETU: UMsI CIIOS U
€r0 THII, BEIXOIHAS Pa3MEPHOCTh, KOJIMYECTBO MapaMeTPOB (BECOBBIX KOI(PPHUIIMEHTOB).

# BoBOI MHOOPMALMM OO aApPXUTEKTYPE MOIEJIU

print (model.summary())

[Tocne Toro, kak Mbl cOOpajii U CKOMIWJIUPOBAIN MOJENb, €€ OCTA€TCA TOJIBKO OOYYHUTh.
Jemaercs 3To npu nomoiu Meroga £it.

# OBbyuaeM MoIeJib
H = model.fit (X train, y train, validation split=0.1, epochs=100)

B meron fit mepemaerca maccuB OOydarOmMX BXOJHBIX JaHHbIX X train, maccus
00y4aroIyX BBIXOJHBIX JaHHBIX Y train, KONMYECTBO 2MOX 00y4eHUs epochs, a Takke B
KayecTBE  JOIMOJIHUTENBHOIO  MapaMeTpa  MOXET  ObIThb  IepelaH  [apameTp
validation split.OTo 3Ha4YeHUE MOKA3BIBAET, KaKas N0J 00y4arouX JaHHBIX OyJeT
OTJIO’KEHA U He OyeT y4acTBOBaTh HACTPOMKE MMapaMeTPOB MOJEIIN, OJHAKO HA OTIIOKEHHBIX
JaHHBIX KaXIYIO 310Xy TaKKe OyAeT BBIUUCISATHCS 3HaUeHHE (QYHKIUM OIIMOKU U METPUKU
kauecTBa. OTIOKEHHbBIE JAHHBIE HA3BIBAIOTCS BaIMJALMOHHBIMU. OHM HCIOJIB3YIOTCS IS
KOHTpoJisl mpouecca oOydeHus. OrciexruBaHue (YHKUMM OIIMOKM Ha BaJMJAllMOHHBIX
JAHHBIX [T03BOJISIET KOHTPOJIUPOBATH MEPEOOyUEHUE MOJIEIH.

[lo oxonuanuu oOyueHus meton fit Bo3BpamaeT HE TOJHKO OOYYEHHYIO MOJENb, HO U
crienuaibHbli 00BeKT-0TKIUK (callback), B KOTopoM XpaHSTCS 3amucy 3HaUYE€HUU (PYHKITUU
OIMOKH ¥ METPUKH Ka4eCTBa Ha 00OYJArOIINX ¥ BAJTUAAIIMOHHBIX JaHHBIX 33 BPeMs OOyUICHHUSI.
OTU 3Ha4YeHUs MOXKHO HCIIOJB30BaTh I OTOOpakeHWs] rpaduka W3MEHEHUs] (DYHKIIUH
OILIMOKH IO 3MOXaM:

# BoBOI Tpadmka oumbOKM IO DIOXAM
plt.plot (H.history['loss'])
plt.plot (H.history['val loss'])

plt.grid()

plt.xlabel ('Epochs")
plt.ylabel('loss')
plt.legend(['train loss', 'val loss'])

plt.title('Loss by epochs')
plt.show ()

ITocae TOT'O, KaK MOJICIIb 06yqua, OCTaeTCs OLICHUTh KayeCTBO €€ pa6OTBI Ha TECTOBBLIX
JaHHBIX. I[J'ISI 9TOr0 HCIIOJIL3YCTCA (I)YHKI_II/ISI evaluate. CDyHKLII/ISI BCPHECT CIIMCOK,
COCTOSIIIII/IfI N3 3HAaYCHUA CI)yHKHI/II/I OIIINOKU U MCTPHUKH Ka4CCTBA HAa TCCTOBLIX JdHHBIX.

# OueHka kauecTBa pPabOTH MOIEJM Ha TECTOBHIX INaHHBIX

scores = model.evaluate (X test, y test)
print ('Loss on test data:', scores[0])



print ("Accuracy on test data:', scores[l])

MCTpI/IKa KadycCTBa KJ'IaCCI/I(bI/IKaHI/II/I accuracy (TO‘IHOCTB) IIOKAa3bIBAaCT, CKOJIBKO 00BEKTOB U3
TECTOBOI'O MHOXKECTBa MOACJIb KJIaCCI/ICI)I/IHI/IPOBaJ'Ia IMPaBWJIBHO IO OTHOIICHHIO K O6H.[€My
KOJIMYCCTBY 00BEKTOB TECTOBOI'O MHOXKECTBA.

CoxpaHeHne MOJ€JIU HAa JUCK U 3arpy3Ka ¢ JucCKa

OO0yuyeHHYI0 MOJIeJIb MOKHO COXPaHUTh Ha JAMCK ISl TIOCIIEAYIOIIEro UCIoib3oBaHus. [is
3TOTO CYIIECTBYET MeTOl save. O0s3aTeTbHBIM apTyMEHTOM (DYHKITUH SIBJISIETCS MyTh, Ky/a
Oyaer coxpaHeHa MoOJelb. B pesynbraTe COXpaHEHHs CO3JAacTCi Malka C YKa3aHHBIM
Ha3BaHUEM, B KOTOPOI OyJeT COXpaHEeHa MOJIEb.

# coxpaHeHMe MOIeJM Ha OUCK, K NpuUMepPy, B Halky best model
# B ofmeMm ciyuyae MOXeT OBTb yKa3aH IPOM3BOJILHBEINM IIYTh
model.save ('best model')

Jlns 3arpy3kd OOYy4YEeHHOM M COXpPAaHEHHOM MOJAENM C JIUCKa CYIIECTBYET METOJ
load model. OH paGoTaeT 0OpaTHO METOAY save: 00sA3aTeNIbHBIM apIyMEHTOM SIBJIAETCS
IIYTh K MaIKE C MOJIEJIBIO.

# Barpyska Momesr C IOMCKa
from keras.models import load model

model = load model ('best model')

IIpuMmeHneHue 00y4YeHHOM Moae/ N

Ienbro co3nanus U 00y4ueHUs] HEUPOHHOW CEeTH B JJaHHOH paboTe B KOHEUHOM CUETE SBIIICTCS
BO3MOKHOCTh €€ TPUMEHEHHUS TI0 HA3HAUCHUIO: JIJIsl PACIIO3HABAHUS PYKOMUCHBIX IUP.

J171st BBIBOZIA pe3ysibTaTa 00pabOTKH HEMPOHHOM CEThIO OJJHOTO N300PaKEHUS BOCIIOJIb3yEeMCS
¢dbyukiuenr predict. BeixogHol cioit HeWpoHHOW ceTh cocTouT W3 10 HeMpoHOB ¢
bynkuuei aktuaruu softmax. Oco6eHHOCTh TaHHOW (PYHKITUU aKTUBALIUU B TOM, YTO CyMMa
BBIXO/IHBIX 3HAYCHUM BCEX HEMPOHOB PABHA €IMHMUIIE, a 3HAUEHUE KAXKIOT0 HEMPOHA MOXKHO
WHTEPIPETUPOBATH KaK BEPOSITHOCTh WM YBEPEHHOCTh HEHPOHHOMN CETH B TOM, YTO BXOJHOC
3HAUYCHWE OTHOCHUTCS K JaHHOMY Kiaccy. i ompeneneHus pe3ynibrara pacrio3HaBaHUS
HEOOXOJMMO BOCIIOJIb30BaThCsl (PYHKIIMEH argmax, TO €CTh ONPEACIUTh Ha KaKOM MECTe
CTOUT HEHUPOH, BBIIAOITUN HauOOJIbIIIEE 3HAUCHHE.

# BHIBOI TECTOBOTO M300paxeHUs M pe3yJbTaTa pPaclo3HaBaHUd
n = 123

result = model.predict (X test[n:n+1])

print ("NN output:', result)



plt.imshow (X test[n].reshape(28,28), cmap=plt.get cmap('gray'))

plt.show ()
print ('Real mark: ', str(np.argmax(y test[n])))
print ("NN answer: ', str(np.argmax(result)))

OG6paTtuTe BHMMaHWE, YTO MPpU BbI30Be (PyHKIMM predict Ha BXOJ CETH JOHKEH IOJAaBaThCS
BEKTOp, UMEIOIIMI JBE Pa3MEPHOCTH, MOATOMY CIIEIyEeT BOCIOJIB30BAThCSA cpe3oM (slice)
X test[n:n+l],anenpocTo X test[n], KOTOPBIKM ObI OBLJT OTHOMEPHBIM BEKTOPOM.

Co31aHue COOCTBEHHOI0 N300paKeHUsl

JIsist co3panusi COOCTBEHHOTO 9K3EMILIAPa PYKOMMUCHON HUPPBI TpeOyeTcs B3STh OCNbIN JTUCT
OyMaru ¥ IIpH IMOMOIIIA TEMHOM (YEpHOM WIIM CUHEHN ) PyUKH WU KapaH/1alia HamucaTh Ha HeM
cooctBeHHyto udpy. Hudpa nomkHa ObITh T0BOIBHO KPYITHOH (TIOpsiKa 2-3 CM B BBICOTY),
a HauepTaHWe JOCTaTOYHO >KUpPHBIM. CdoTorpadupyiite coOOCTBEHHYIO HMUPPY C XOPOIIUM
OCBEIIEHUEM, UTOOBI TUCT HAa POTO OBLIT OebIM, U TIEpeHecuTe poTorpadurio Ha KOMIIBIOTED.

Tenepp Hy>)kHO 00paboTaTh Potorpaduio Tak, 4ToObl H300paKkeHUE HUPPHI CTATIO TOXOKUM
Ha u3zo0paxkenue B Habope MNIST. g sToro norpedyercs BOCIONIb30BATHCA PEAAKTOPOM
nzoopaxenuil. JlanpHeilmue nedcTBUS OynyT BBIIOJHATHCS B OECIUIATHOM PENAKTOpPE
FastStone Image Viewer (ckauats: https://www.faststone.org/FSIVDownload.htm).

3amycTuM peIakTop U OTKPOEM MOTydeHHYI0 (hoTorpadro TBOWHBIM IIETYKOM I10 HEH (eciu
Bama ororpadus B popmare .heic U penakTop He MOAEPKUBACT JTaHHBIA (hopMmart, TO JJIst
IepeBo/ia B .jpg MOKHO BOCIIOJIB30BaThCS cepBUcOM https://heic2jpeg.com/ru).



https://www.faststone.org/FSIVDownload.htm
https://heic2jpeg.com/ru

Hcxoanoe nzobpaxxeHue:

1. O6pexem doTto B kBaapat (IIKM — Uzmenuts — OOpeska — Pazmep Oymaru — 1:1 ratio

— BBIICIUTH LU(DPY U CAENaTh €€ MOCEPEAUHE PaMKU — 00pe3aTh):

@ O6peska - IMG_2911,jpeg (3024 x4032 = 12.19MP) [1/1] 15% O X

< =
(948,1663) E XE' Pastep Gymari: E‘ [[] o6patHoe cooTHowekm El | |] O6pesate B daiin 6e3 noTeps | | 0O6pesatb |
El oD: ] | O6pesaTb B Gydep obMeHa | ‘ 3aKpbITe ‘

Pesynbrart:
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2. IlpuBenem nzoopakeHue k paspemeruto 28 Ha 28 nukceneit (IIKM — M3menuts —
N3menuts pazmep — [ukcenst — 28 Ha 28 — @unbtp — Het — OK):

WMamenenme pasmepa/DPI X
WCxOaHBIA pazmep: 689 X 689 0.47MP
HoBbliA pasmep: 28x28 0.00MP
(@) Nukcenbl
WnpuHa: EI X  BblcoTa: E EI
() NpoueHT
WupuHa: 4.00 S % x Buicota: 400 L % EI
() Pasmep npw nedath
WupuHa: 039 5 x Buicota: 039 | 5 moiime
PaspeluieHre: 72 | DPI (Tu4K/aoiim)

COXPaHATb NPONopLMK

Cr— -

Pe3ynbrar:

3. TlepeBenem n3o0pakeHHe B HETAaTUB B TPaJaIllsaX ceporo ¢ TiyOuHoM 11BeTa 8§ OUT:
1. (IIKM — LIBeTa — OTTEHKH CEPOTO),
2. (ITKM — IIBeTa — YMEHBIIUTH KOJTUYECTBO LIBETOB — 256 11BETOB (8 OUT))
3. (IIKM — [IBeta — Heratun)

Pesynbrart:

P
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4. Ckoppextupyem sipkocTh 1 KoHTpacTHOCTh (ITIKM — IlBera — Koppekius 11BeToB —
SApxocts: «—100», KontpactHOCTB: «+100» — OK):

Aprocte: : X KpacHbii: ] D
KOHTPacTHOCTb: ] : 4 3enéHbli: ] El

OTTeHOK: ]

HaCblleHHOCTb: ] El

av| [4]p

| D] [y

ramma: L] 1.00](Z CHHMiA: L] D MoKa3aTh UCXOAHOR U306paKeHHe
* [l TOHHOI HACTPOIKIA BPALAIATE PONMK MbILIM HAfL ABHXKOM C6poc 1:1 00 100% [ MoMHWTE HacTpolikn OTMeHa

Pe3ynbrar:

5. Coxpanum daiin B popmare .png (Coxpanuts kak — tun aitna: PNG Format —
CoxpaHHTh):

@ CoxpaHmTL Kak X

Danka: | test_img v| @@ M

4\,]7 3Ta nanka nycra.
7

BoicTpbIF gocTyn

i

Pabouwii cton

-
BuGnnoTeru

L
3TOT KOMMbHOTEP
w

Cets

WiMA o6bekTa |testpng v‘ | CoXpaHnTL
Twn carina; PNG Format (*.png) ~ Otmena
[] OBnoewT Bpems daiina PNG: Ligeta: 24-bit Onuum...
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B ciydae BO3HMKHOBEHUS 3aTpyAHEHUI ¢ 00paboTKoM doTorpadguu B perakTope
coOCTBEHHOE M300pakeHNE MOXKHO c0o3/1aTh B Paint:

1. 3amuTh XOJCT YEPHBIM LIBETOM.

2. N3MeHuTh pazMep B UKceIX Ha 28 Ha 28.

3. UrctpymenTom «KuCTh» O€IbIM IIBETOM TONIIUHON 2 HAPUCOBATH ITUDPY.

4. CoxpaHuTb n300pakeHue B popmare .png.

9 + | BesbIMAHHbI - Paint

m naeHan Bua

D L] Mizmeruts pazmep / R (’ fi- : /;I

BcraeuTs Belaennts Kucm

[ ]

TonuwmHa Ueer
h 1

A NoeepHyTs ~ / <

Bydep ofmeHa Mzobpaxenne WHCTpYMEHTBI Durypel

[Tomy4yennslii Qaitn HeoOXoAMMO 3arpy3uTh Ha cBoil Google Jluck B nmanky, K KOTOpon
MBI OTKpPBUIHA JOCTYT B Havyase padotsl (Mot uck/Colab Notebook).

J1J1st 3arpy3KH B IpOrpaMMy M300pakeHHs KaK MacCHBa MUKCeNIel BOCIOJIb3yeMCs
oubnuotekoit PIL (Python Image Library):

# Barpyska coOCTBEHHOTO M300paxeHud

from PIL import Image

file data = Image.open('test.png')

file data = file data.convert('L') # nepepon B I'pajaluuu Ceporo

test img = np.array(file data)

OcTtaetcst TOJIbKO 0TOOPa3UTh 3arpyKeHHOE U300pakeHue, mpeaoopadboTaThk €ero u
MOIaTh HAa BXOJ HEHPOHHOM CETH, a 3aTEM BBIBECTH PE3yJIbTaT PACTIO3HABAHUS:

# BHIBOI COOCTBEHHOTO M300paxeHMs
plt.imshow(test img, cmap=plt.get cmap('gray'))
plt.show ()

# npenobpaboTka
test img = test _img / 255
test img = test img.reshape(l, num pixels)

# pacnosHaBaHUe
result = model.predict(test img)
print ('I think it\'s ', np.argmax (result))
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