Meroanyeckue yka3zaHusi K NpaKTH4YecKoi padore 1

Opranuszanus cpeabl pa3padoTKu
Cucremy mporpammupoBanus Ha s3bike Python 3.6.4 mis Windows MoXHO 3arpy3uth C

o(HIIHATBHOTO caiita https://www.python.org/downloads/windows/ (pekomeHyercs

ucnonb3oBath Windows x86 executable installer). Ileped ycmanoskoii heooxooumo eviopamo
nynkm “Add Python to PATH”.

B kadectBe camoyuuTenas 1o  s3elky  Python  MoXHO  HMCImONMB30BaTh  pecype

https://pythonworld.ru/samouchitel-python.

YcranoBka 0mbamoreku NumPy

1. 3amyctute npunoxxenue «Komanmnas ctpoka» (s 3Toro Habepute cmd B OKHE MOMCKA

nanenu 3aaa4 Windows).

pip3 install numpy

2. 3aHy0TI/ITe KOMaHAy Ul YCTAHOBKH ITaKETa:

YcranoBka padoyel MankKu MNpoOeKTa
Coznaiite katanor NeuralNetwork, B KoTopoM Bbl Oynere XpaHUTh UCXOIHBIE TEKCTHI
mporpaMM, CO3/1aBaeMbIX B XOJE BBIIOJHEHUS MPAKTHYECKUX 3aJaHuil  (Hampumep,
C:\WNeuralNetwork). B karanore NeuralNetwork co3gaiite moakaraaor Networkl, B

KOTOpPpOM 6y,[[yT XPAHUTBCS UCXOOHBIC KOJAbI 3aJlaHUA 1.

Co3paHue HEMPOHHOM ceTH
3amyctute cpeny pazpaboTku (Juist 3amycka cpesl paspadotku IDLE, nabepute idle B oxHe
noucka manenu 3anad Windows). Co3naiite HOBBIN (aiin aist mporpamMmsl (MeHI0 File/New
File). Coxpanute 3TOT ¢aitn B Katanmore Networkl mox uMeHeM network (MEHIO
File/Save). Pacummpenue .py OyAeT HOJCTABICHO IO YMOJIYAHUIO.
CkomupyiiTe B OKHO MPOTpaMMbl network.py CIEAyIOIHe KOMaHIbl ¥ BIUIIATE CBOU

JaHHbIC:


https://www.python.org/downloads/windows/
https://www.python.org/ftp/python/3.6.4/python-3.6.4rc1.exe
https://pythonworld.ru/samouchitel-python
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network.py

MonmyJib CcO3IaHusa ¥ OOyueHMS HEMPOHHOM CeTM IJiS PAaClO3HAaBaHMA PYKOIMCHEX LUMOP
C MCIOJIb30BAaHMEM MeToHa I'PaIMeHTHOI'O CIyCcKa.

I'pynna:<¥yxaszsaTb HOMEpP I'PYIIIB>

OO0 :<¥YkazaTp OVO crymeHTa>
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###+# Bubmmorexu
# CraHmapTHEE OMOIMOTEKU

import random # Oubnmorexa QYHKUMM IJIS T'€eHepalUMUM CJIyYaMlHBIX SBHAUYEHUM

# CropoHHMe OUOIMOTEKM

import numpy as np # 6ubnmuoTeka GyHKUUM oy pa®oOTH C MaTpULIAMM
""" —-—--Pazpmen onmcaHmm--- """
""" —--OnmcaHme kJjlacca Network--

won

class Network (object): # mcnonb3yeTcs g ONMCAHUS HEWPOHHOMW CeTu
def init (self, sizes): # KOHCTPYKTOp KJjacca
# self - ykasaTesb Ha OOBEKT KJjlacca
# sizes - cOMCOkK pasMEepoOB CJIOEB HEWPOHHOM
ceTtu
self.num layers = len(sizes) # 3amaeM KOJIMUECTBO CJIOEB HEMPOHHOM
ceTun
self.sizes = sizes # 3amaeM COMCOK pPa3MEpPOB CJIOEB HEMPOHHON ceTu
self.biases = [np.random.randn(y, 1) for y in sizes[l:]] # Bamaewm
cJly4yarHele HadaJlbHEIE CMEUleHUS
self.weights = [np.random.randn(y, x) for x, y in zip(sizes[:-1],
sizes[1l:])] # samaeMm ciayualHbe HadaJjibHEIE Beca CBA3eln

mwrnw

" ——KoHel omnmcaHmsa kjacca Network--—
""" ——— KoHell pazzejyia onmucaHmy—--- """

miin ___TeJ-[O HpOI‘paMMBI___ miien

net = Network([2, 3, 1]) # cosmaeM HEMPOHHYI CETb M3 TPEexX CJIOEB
""" ———-KoHel TeJjia HporpamMMmel--—-- """

""" BpBOn pes3yJbTaTa Ha skpaH: """
print ('CeTrp net:')

print ('KommueTeo cjoes:', net.num layers)
for i in range(net.num layers):
print ('KojmuecTBO HeMpPOHOB B cJjoe', 1i,':',net.sizes[i])

for i in range(net.num layers-1):
print ('W_"',i+1,"':")
print (np.round(net.weights[i],2))
print('b_',i+1,"':")
print (np.round(net.biases[i],2))

Coxpanute ¢aiin network.py U BBIIOJIHUTE NMporpaMMmy network. J{ias Toro ytoOsl
3allyCTUTh HCIOJHEHUE NPOTrpPaMMBbl, BBIOEPHTE Run/Run Module (MJIM HaxkMuTe F5). B
pesyibTare OyaeT co3/laH 00beKT Kiacca Network, 3alalolMii TPEXypOBHEBYIO HEHPOHHYIO
CeTh C COOTBETCTBYIOIIMMHM MapameTpamu. [Ipu co3ganuu oObekTa kiacca Network Beca u
CMEILIEHUS WHUIMATU3UPYIOTCA CIIy4ailHbIM oOpa3oMm. [[nd WHUIMaIM3allMd 3TUX BEJTHUYUH
UCHoNb3yeTcst QyHKIHMS np.random.randn u3 Oubmumorekn NumPy. JlanHas (yHKIUMA,

TeHEPHUPYET YUCIIa C HOPMAIBHBIM pacipe/ielieHHEeM JJIsi MacCHBa 3a/IaHHOW Pa3MEPHOCTH.



Onpeodenenue cuemouoanrbHou hyHKyuu
B kxadectBe (GYHKIIMM aKTUBAIMU JJIsi HEHPOHOB CETH HCIOIB3YEeTCS CUTMOUAANbHAS
(GYyHKIMS, BBIYUCIISFOIIAST BEIXOTHOW CHUTHAII UCKYCCTBEHHOTO HelipoHa. Huke mpencTaBiieH Ko,

1uist onpenenenns GyHkuu. JJo6aBbTe 3TOT KO/ B pa3/ies ONMUCaHUil MporpaMMbl network . py.

def sigmoid(z): # omnpemesyieHMe CUTMOMUIAJILHOW GYHKLUMM AKTUBALWNA
return 1.0/ (1.0+np.exp(-2))

OOparure BHUMaHHUE, YTO JJIS OMHCAHUS CUTMOMIAIBHOM (DYHKIMM aKTHBALUU HCIOJIB3YETCS
(GyHKLUS U1 BBIYMCIIEHUS HKCIOHEHTHI U3 OMOnMoTekun NumPy, 3TO MO3BOJIAET IepelaBaTh
MacCHB B Ka4eCTBE BXOIHOIO mapamerpa curmMoujanbHou (yHkimu. B stom ciaydae (yHKIus

HKCIIOHEHTHI IPUMEHSIETCS TT0JIEMEHTHO, TO €CTh B BEKTOPU30BAaHHOM (popMe.

Memoo feedforward

Jlo6aBbTe MeTon feedforward B omucanue kiacca Network.

def feedforward(self, a):
for b, w in zip(self.biases, self.weights):
a = sigmoid(np.dot(w, a)-+b)
return a

JlaHHBIII METOJl OCYIIECTBIISET MOJACYET BBIXOAHBIX CUTHAJIOB HEUPOHHOW CETH NP 3aJaHHBIX
BXOJAHBIX curHanax. [lapamerp a sBisieTcss maccuBoM 1 X 1, rie n — KOJIMYECTBO HEHPOHOB
BXOJHOTO cn0si. DyHK1MA np . dot BBIUKCIAET NPOU3BEICHUE MaTpULl. J[J11 moAacUeTa BBIXOJHBIX
3HauUEHUN HEMPOHHOU CeTH, HEOOXOAMMO OJIUH pa3 BbI3BATh METOJ] feedforward, B pe3yibTare

Y€Tr0 BBIXOAHBIC CUT'HAJIbI 6YILYT IOCICA0BATCIIBHO BBIYMCIICHBI 1JISI BCEX CIIOCB HCI\/'IpOHHOI\/'I CCTH.

OO0y4yeHne HEHPOHHOI ceTH

st peanu3anuu MexaHu3Ma 0Oy4eHHs CO3/1aBaeMOi HeUpOHHOM ceTu 1o6aBuM meton SGD,
KOTOPBI peaJIn3yeT CTOXaCTUYECKUM TPAJUEHTHBIM CHycK. MeTon uMeeT clenyromue
apaMeTpsbl:

«Training data» — oOy4aromas BEIOOpKa, COCTOsAIAs U3 map Bua (¥,y), rae X — BEKTOp
BXOJIHBIX CHTHAJIOB, & ) — 0)KHIAEMBIN BEKTOD BBIXOHBIX CUTHAJIOB;

«epochs» — KOJIMYECTBO 310X 00YUEeHHUS,;

«mini batch size» - pa3Mep NOJABBIOOPKH;

«eta» - CKOPOCTh O0yUYEHHUS;

«test_data» - (HeoOsA3aTeNbHBI NapameTp); €cid JaHHBIH apryMeHT He MYCT, TO

nporpaMma Iociie Kaxaon 310Xy 00yueHHs! OCYIIECTBIISIET OILICHKY pabOThl CeTH U MOKa3bIBAET

JIOCTUTHYTBIN IIpOrpecc.



I[o6aBbTe nporpaMMHLIﬁ KoJ MeTona SGD B pa3zen B olmcaHud Kiacca Network:

def SGD( # CTOXaCTMUECKMNM I'PAOMEHTHEI CIIYCK

self # ykaszsaTejib Ha OOBEeKT KJjliacca
, training data # oByuammas BrIOOPKa
, epochs # KOMMUeCcTBO 5MI0X OO0yuYeHUs
, mini batch size # pasmep nomseOOPKHU
, eta # ckopocTb OByUYeHMuda
, test data # TecTupynomasa BHOOPKA
)t
test data = list(test data) # cosmaeM CIOUCOK OOBEKTOB TeCTUPYIMEN
BEIDOPKM
n_test = len(test data) # BHUMCIISEM JIMHY TEeCTUPYOIEN BEOOPKMU
training data = list(training data) # coszmaeM cnmucok OOBEKTOB
obydapuey BEOOPKU
n = len(training data) # proumMcasgeM pasMmep oOydanmel BEOOPKM
for j in range(epochs): # LMKJ O 3m0XaM
random.shuffle (training data) # nepeMeummBaeM 3JIEMEHTH OOyuamlen
BEIOOPKM
mini batches = [training data[k:k+mini batch size] for k in
range (0, n, mini batch size)] # cospmaem nonseGopxM

for mini batch in mini batches: # umxn no nonmerOOpkKam
self.update mini batch(mini batch, eta) # ommur wmar
TPAOMEHTHOTO CIyCcKa
print ("Epoch {0}: {1} / {2}".format(7j,
self.evaluate (test data), n_test)) # cmMoTpum mporpecc B oBydeHUM

JlaHHBII TIpOTpaMMHBIA KO paboTraer cienyrommM obpa3oM. B Hawanme kakmol smoxu
0o0ydeHHus 3J1eMEeHThl 00yJaroeil BHIOOPKU MepeMEeNInBalOTCs (IEPEeCTaBiIsIOTCS B CIy4ailHOM
nopsjke) ¢ nomouibio Gyakuu shuffle () u3 6ubnuorekn random, nocie 4ero odyyaromas
BBIOOPKA IOCJIEOBATEIbHO Pa30MBaeTCs Ha IOABBIOOPKHM JUIMHBI mini batch size. Jua
KaX/10i TMOJBBIOOPKM BBIMOJHAETCS OJAMH IIar TpaJUeHTHOrO CIIycKa C IOMOIIbIO METOAa
update mini batch (cMm. Huke). [Tocie Toro, kak BBINONHEH NOCAEAHUH 1Iar rpaMeHTHOTO
CITyCKa, T.€. BBIIOJIHEH MeTOJ, update mini batch mndnocnenHel moaBEIOOPKH, Ha SKpaH
BBIBOJMTBHCS IOCTUTHYTHIM Mporpecc B 00y4eHHUH HEHPOHHON CeTH, BBIYUCIISIEMbIH Ha TECTOBOM
BBIOOpKE € MTOMOIIBI0 MeTo/Ia evaluate (cM. HUXKE).

Ananusupys nporpaMMHBIA Koi Merona update mini batch MOXHO yBHIETH, 4YTO
OCHOBHAs 4acThb BBIUYMCIIEHUH OCYLIECTBISETCA NPH BBI30BE MeToAa backprop (cM. HHUXKE).
Jannsiit MmeTof knacca Network peanu3yer alroputM oOpaTHOTO PAacIpOCTPaHEHUs OMIMOKH,
KOTOPBIH SIBJIIETCS] OBICTPBIM CIIOCOOOM BBIYMCIEHUS TPaJUeHTa CTOUMOCTHON (yHKIMHU. Takum
obpasom, meton update mini batch BeYHCIAET TPaAUEHTH U KaXJOro IpPElEeHTa
(X,¥) B mOABEIOOpPKE, a 3aTeM COOTBETCTBYIOIIMM 00Opa3oM OOHOBISET Beca M CMEIICHUS
HeWpoHHOI cetu. JlobaBbTe KOJ MeTona update mini batch B paszaen B omucaHus Kiacca

Network:



def update mini batch( # Ilar rpaAMeHTHOTO CIycCka
self # ykasaresib Ha OOBEKT KJjlacca
, mini batch # nomerIOOpKa
, eta # ckopocTbr OOyueHMSH
) :
nabla b = [np.zeros(b.shape) for b in self.biases] # cnucoxk
rpagueHToe dC/db mna Kaxmoro cJjiod (IepBOHAUYAJIbHO SBalOJIHAKNTCH HYJISMMA)
nabla w = [np.zeros(w.shape) for w in self.weights] # cmnmcox

rpagueHToB dC/dw IOJg KaxIOoro CJiog (IIepBOHAUYAJIBHO SBAllOJIHAKTCHS HYJISMMA)
for x, y in mini batch:
delta nabla b, delta nabla w = self.backprop(x, y) # mnocioiHO
BuunucisgeM rpamuedTe dC/db m dC/dw mna Tekymero npeuemeHTa (X, V)
nabla b = [nb+dnb for nb, dnb in zip(nabla b, delta nabla b)] #
cymMupyeMm rpanmenTsl dC/db mis pasiMuHBEIXK [IPEeLeOeHTOB TeKylleld IOIBHOOPKM

nabla w = [nwt+dnw for nw, dnw in zip(nabla w, delta nabla w)] #
cyMmmupyeM TpanmueHTsl dC/dw OJg pasjvMuHbBIX [IPEeLegeHTOB TeKylleld MNOOBEHOOPKU
self.weights = [w-(eta/len(mini batch)) *nw
for w, nw in zip(self.weights, nabla w)] #
OOHOBJIAEM BCE BeCa W HEVPOHHOMU CeTHu
self.biases = [b-(eta/len(mini batch))*nb
for b, nb in zip(self.biases, nabla b)] # oGxomusem

BCe CMEUeHMS b HEeVPOHHOM CceTu

CxomnupyiiTe B pa3jen onucanus kiacca Network MporpaMMHBIN Koa MeTona backprop,

peaIU3yIOLIEro aJIrOPUTM 0OPaTHOTO PacCIPOCTPAHEHNUS !

def backprop( # AnropuTM OOPATHOTO PACHIPOCTPaHEHMUS

self # ykaszaTejib Ha OOBEeKT KJjiacca
; X # BEKTOP BXOIOHEIX CHMI'HAJIOB
r Y # OXmMIaeMbl BEKTOP BEIXOIHEIX CUI'HAJIOB
) :
nabla b = [np.zeros(b.shape) for b in self.biases] # cnmcox
rpagueHToB dC/db mia Kaxmoro cJjiog (IIepBOHAUYAJIBHO SBalOJIHAKNTCHS HYJISMMA)
nabla w = [np.zeros(w.shape) for w in self.weights] # cmmcoxk

rpagueHToB dC/dw IOJia KaxIoro CJIog (IIepBOHAUYAJIBHO SBalOJIHAKNTCH HYJISMMA)

# omnpemneneHye IepeMeHHHX

activation = x # BHIXOOHBIE CUTHAJIEL CJIOS ([I€PBOHAUAJILHO COOTBETCTBYET
BEIXOOHBIM CHI'HAJIaM l—I‘O CJIOA WMJIMM BXOIOHBIM CHI'HAJIaM CeTI/I)

activations = [x] # CIOMCOK BEXOIHEIX CUI'HAJIOB I[IO BCEM CJIOSAM
(mepBOHAYABHO COHNEPXUT TOJBKO BBIXOIHEIE CUTHAJE 1-T0 CJIOS)

zs = [] # CIOMCOK aKTMBALMOHHLEIX [NOTEHLMAJIOB IO BCEM CJIOAM
(mepBOHAYAaJIbLHO IIYyCT)

# npsMmoe pacnpocTpaHeHUue
for b, w in zip(self.biases, self.weights):
z = np.dot(w, activation)+b # cumTaeM akTMBALMOHHEIE I10TEHIIMAJIE
TEeKylero CcJosd
zs.append(z) # noBaBjseMm szJeMeHT (aKTUBALMOHHBEIE [10TEHIIMAJIE
CJIOA) B KOHel CIMcCKa
activation = sigmoid(z) # cumTaeM BHXOIHBE CHUITHAJE TEKYILEIO
CJIOsA, TPMMEHSS CUTMOMIAJIbHYH GYHKUMIO aKTMBALMY K aKTUMBALMOHHEIM I[IOTEHLMAaJlaM
cJjosa
activations.append(activation) # noBGaBisem 3JjeMeHT (BBIXOMIHBIE
CUTHaJIEL CJIOS) B KOHell CIMCKa




# oBpaTHOe pacHnpocTpaHeHue

delta = self.cost derivative(activations([-1], y) *
sigmoid prime(zs[-1]) # cumTaeM Mepy BIMAHMA HEMPOHOB BEIXOZHOTO cyosa L Ha
BeJuMuuHy ommbku (BP1)

nabla b[-1] = delta # rpamuenTt dC/db nma cmos L (BP3)

nabla w[-1] = np.dot(delta, activations[-2].transpose()) # rpanueHT
dC/dw mnsa cmos L (BP4)

for 1 in range(2, self.num layers):

z = zs[-1] # aKkTMBaALUMOHHEIE INOTEHLUMAJEl I1-T'0 CJiod (OBMUIaeMCs II0
CIMCKY Clpabka HaJIeBO)
sp = sigmoid prime(z) # cumTaeM CUIMOMIANBEHYKW OYHKLMIO OT

AKTUBALMOHHEIX [IOTEHLUMAJIOB [-TO CJIOS
delta = np.dot(self.weights[-1+1].transpose(), delta) * sp #
cumMTaeM Mepy BJIMSAHUS HEMWPOHOB I-T0 CJIod Ha BeJauuuHy oumbxu (BP2)
nabla b[-1] = delta # rpamment dC/db mns I-ro cjoa (BP3)
nabla w[-1] = np.dot(delta, activations[-I1-1].transpose())#
rpagueHTt dC/dw nns I-vo cjos (BP4)
return (nabla b, nabla w)

CkomnupyiiTe B pa3zen onucanus kiacca Network mporpaMMHBIN ko MeTosia evaluate,

JEMOHCTPHUPYIOIIETO Mporpecc B 00y4eHUN:

def evaluate(self, test data): # OueHka nporpecca B 0Oy4YeHUU
test results = [(np.argmax(self.feedforward(x)), Vy)
for (x, y) in test datal
return sum(int(x == y) for (x, y) in test results)

Yka3aHHBIN METOJT BO3BpAIaeT KOJIMYECTBO MPELEICHTOB TECTUPYIOLIEH BEIOOPKH, JIIsl KOTOPBIX
HEHpPOHHAs CEeTh BBIJAET MPABWIIBHBINA pe3ynbTaT. TecTupyromias BEIOOpKa cOCTOUT U3 map (X, y),
I7Ie X — BEKTOp pa3MepHOCTH 784, comepxamuii n3o0paxkeHne mudpel, a y — 1eI0€ YUCIOBOE
3HaUYeHHE U PBI, N300pakeHHON Ha KapTUHKE. OTBET HEHPOHHOM CETH OMPEIEIAETCS KaK HOMED
HEWpOHA B BBIXOJHOM CJIO€, MMEIONIEro HauOoJiblliee 3HaUeHHE (PYHKIUU aKTUBAIMU. MeTon
evaluate BbI3bIBaeTCA B MeTO/Ie SGD MOCIE 3aBEPIICHUS OUEePETHON AMOXH 00yUESHHUS.
CkomupyiTe B pazaen onucanus kinacca Network mporpaMMHBI KOA — MeToja

-

cost_derivative, BRIUHCISAIONIETO BEKTOP YaCTHBIX Mpom3Boanbix VC(al) = ab — y:



def cost derivative(self, output activations, y): # BuuUMCIeHME UYaCTHEIX
NNPOMBBOIHEIX CTOMMOCTHOM OQYHKLMM IO BHIXOIHBIM CUI'HaJaM IOCJIENHEeIO CJIOA
return (output activations-y)

VYka3zaHHBIN METO]I BBI3BIBACTCS B METOJ/Ie backprop.
CkonupyiiTe B KOHEI[ pa3jeia omnucaHuii (mocie (QyHKuuu sigmoid) koia (GYHKIUU

sigmoid prime, BEIYUCAAIOLIEH IPOU3BOAHYIO CHTMOUIAIBHON (QYHKIIMN:

def sigmoid prime(z) :# I[IpowsBOomHas CHUI'MOMIAIBEHON QYHKINM
return sigmoid(z)* (l-sigmoid(z))

Y

o Coxpanute u 3akpoiite ¢ain network.py.

Paoora ¢ 60a30it nanubix MNIST

Jus o0yueHHUs HEeHpOHHOH ceTu Oynem UCIOJIb30BATh apxuB

http://deeplearning.net/data/mnist/mnist.pkl.gz ¢ caiita JlabopaTopuu MAaIIMHHOTO OOY4YCHHUS

Yuuepcurera Monpeans, chopmupoBaHHbli Ha ocHOBe 0a3pl maHHBIX MNIST, xoTOpBIH

conepxkut 70 000 n3o6paxkeHN# pyKONMUCHBIX (P, pa3eeHHbIX HA TpU Habopa:

1) training data — Habop m3 50000 wu300paxkeHWH IpemHA3HAUCH UL OOydYCHHS
HEHPOHHBIX CETEM;

2) validation data —mnabop n3 10 000 n3006paxeHnii pefHa3HAUCH IS TEKYyIIeil OIeHKH
paboTel anropuT™Ma OOyYeHHs W Toa0Opa mapaMeTpoB oOOydeHHs] (UCIOJIB3YEeTCS B
MOCJIETYIONTUX JIA00PaTOPHBIX paboTax);

3) test data — Habop u3 10000 m300paskeHHH mHpeTHA3HAYEH JUIi HPOBEPKH PAaOOTHI
HEHPOHHOU CETEH.

Kaxnprit HabOp COCTOMT W3 JIBYX CIHCKOB: CIHCKa HM300pakeHW# (B Tpajalusx CEporo) u

COOTBETCTBYIOIIETO crucka mudp B auamnazone ot 0 qo 9. M3o00pakeHne mpeacTaBiIeHO B BUJE

OJIHOMEpPHOTO numpy-maccuBa pazmepa 784 = 28 X 28 3nauennii ot 0 10 1, rae 0 cooTBETCTBYET

YepHOMY I[BETY MHKcena, a 1 — Genomy.

Y

o 3arpy3utre apxuB http://deeplearning.net/data/mnist/mnist.pkl.gz u coxpanute ero B

nupextopun Networkl.
Oyukuuu st padotel ¢ 6a30il ganHbix MNIST nenecoobpazHee BbIHECTH B OTAEIbHBIN

¢aiin. Cospaiite HOBBIM (ailn mnist loader M cOXpaHHTE €ro B JUPEKTOPUU Networkl.


http://deeplearning.net/data/mnist/mnist.pkl.gz
http://deeplearning.net/data/mnist/mnist.pkl.gz

won

mnist loader.py

MonmyJib IJIS TMOIKJIIOUEHMS UM MCIOJIb30BaHMS ©Oasbl DaHHBIX MNIST.

I'pynna: [YkazsaTbe HOMED I'PYIIIH]

oUO: [YkazaTe OMO cTymeHTa]

import gzip # OubnmoTexa nJys cCcxaTus M pacrnakoBku GaiyoB gzip m gunzip.
import pickle # OubimoTexa IJjg COXPaHEHMS U BarpPy3KM CJIOXHEX OOBEKTOB
Python.

import numpy as np # 6ubnmoTeka njasg paboTH C MaTpHUlaMu

def load data():

f = gzip.open('mnist.pkl.gz', 'rb') # oTkpuBaem cxaTel O¢arn gzip B
OBOMYHOM PEXUME

training data, validation data, test data = pickle.load(f,
encoding='latinl') # zarpyxam Tabauusl U3 baria

f.close () # 3axpeBaem dain

return (training data, validation data, test data)

Hns  ucnionp3oBanus ©6a3el gaHHbIx MNIST B Hameld mnporpamme HEoOX0aMMO
cKoppekTHpoBaTh (hopmatel Habops! training_data, validation_data u test_data. Dto memaercs B
¢ynkuun load data wrapper. CkomupydTe B (Qaiin mnist loader -cruemyromui

POrPaMMHBIN KOJI.

def load data wrapper () :

tr d, va_d, te d = load data() # uHMIMaIM3auMsa HabOpPOB HaHHHX B dopmaTe
MNIST

training inputs = [np.reshape(x, (784, 1)) for x in tr d[0]] #
npeobpas’zoBaHME MAaCCUBOB pa3Mepa 1 Ha 784 k MaccueBaMm pas3Mepa 784 Ha 1

training results = [vectorized result(y) for y in tr d[1]] #
npencrasjeHue uudp or 0 mo 9 B BMHOe MaccupeOB pasMepa 10 Ha 1

training data = zip(training inputs, training results) # dopmmpyem
Habop obyuyamnuMx HOAaHHEX M3 nap (X, Vy)

validation inputs = [np.reshape(x, (784, 1)) for x in va d[0]] #
npeobpaszoBaHMe MaCCUBOB pa3Mepa 1 Ha 784 k MaccuBaM pas3Mepa 784 Ha 1

validation data = zip(validation inputs, va d[1l]) # dopmmpyem Habop
OaHHEIX [POBEPKM M3 Nap (x, V)

test inputs = [np.reshape(x, (784, 1)) for x in te d[O0]] #
npeobpas’zoBaHMEe MAaCCUBOB pa3Mepa 1 Ha 784 k MaccuBaMm pas3Mepa 784 Ha 1

test data = zip(test inputs, te d[1l]) # dopmmpyem Habop TEeCTOBHX HOaHHBIX
u3 nap (x, vy)

return (training data, validation data, test data)

Hannas GyHkuus npeobpasyer training data B cnmcok, copepxkamuii 50 000 map
(x,¥), toe x sBisercs 784-MepHBIM NUMPY-MACCHBOM, COJICPIKAIUM BXOAHOE H300pakeHue, a y
— 93710 10-MepHBII nUMpy-MaccuB, MPEICTaBISIIONINI cOO0M BEKTOP, Y KOTOPOr0 KOOpJIUHATA C
HOPSIKOBBIM HOMEPOM, COOTBETCTBYIOLIUM IU(pe Ha M300paKEeHWHU, PaBHAETCS EIUHULE, a
OCTAJIbHBIC KOOPpAWHATBHI HYJICBLIC. AmHanoruyHeie npeo6pa3013aHH51 JACIATCA OJId HaGOpOB

validation datawu test data.



st mpeoOpazoBanus yucia B BeKTop-ctoioer] (10-MepHBIi numpy MaccuB), HCTIOIL3YETCS
caenyromas QyHkuus vectorized result. CkonupyiiTe ee mporpaMMHbIH Koa B (aiin

mnist loader.

def vectorized result(j):

e = np.zeros((10, 1))
el[j] = 1.0
return e

Y

o Coxpanure u 3akpoiite ¢aitn mnist loader.py.

3anyck nporpamMmasl
B cpene pazpabotku IDLE mocnenoBarenbHO BBIMOTHUTE CIACAYIOMIME KOMAHIBI IS

yCTaHOBKH pabouero katajora Ha npumepe C:\NeuralNetwork:

>>>import os

>>>0s.chdir ('C:\\NeuralNetwork\\Networkl")

Cnenyroomue KOMaHIbl HUCIONB3YIOTCS JUISL  MOAKIOYEeHHs Moayis Mnist_loader w

WHUIHAIA3AIUA HAOOPOB TAHHBIX I O0y4eHUsI HEHPOHHOU CeTH:

>>>import mnist loader

>>>training data, validation data, test data =
mnist loader.load data wrapper ()

ITonxmrounte co3nanHelii Bamu monyne network.py:



>>>import network

[Tpu 5TOM BBINOJIHUTHCS HAITMCAHHAS B HEM MPOrpamMma, BIBOAIIAS HHPOPMAIIUIO O HEHPOHHOM
CeTH.

Co3paiiTe HEWPOHHYIO CETh I PACIIO3HABAHUS PYKOIIMCHBIX LUQD:

>>>net = network.Network([784, 30, 10])

[TapameTpsl, yKka3aHHbIE IIPU BBI30BE JIAHHOI'O METOJA, ONPENENSIOT TONOJIOIHIO CO3/1aBaeMOi
cetu. Takum 00pa3oM, B pe3yibTaTe BBHIIIOJHEHUSI KOMaH/IbI OYyET CO3aHa CeTh, COCTOAIIA U3
TPEX CJIOEB: BXOAHOM CJION CETH, COCTOUT U3 784-X HEMPOHOB; BHYTpeHHUH cioi u3 30 HelipoHOB
1 BBIXOZHOM ciioit u3 10 HEeHpOHOB.

3amyctuTe npoueaypy ooy4eHus Co3JaHHOM HeHpOHHOH ceTH, BKIItoyaroyto 30 3mox:

>>>net.SGD (training data, 30, 10, 3.0, test data=test data)

[TapameTpsl, yka3aHHbIE NPH BbI30BE MeToAa SGD: oOydaromias BbIOOpKA, KOJIMYECTBO 3I0X
o0ydeHus1, pa3Mep MOIBEIOOPKH, CKOPOCTh 00YUCHHUS, TECTHPYIOIAast BEIOOPKA.

OOydenue MOXeT 3aHATh HECKOJIBKO MUHYT. B xo1e o0yueHust OyneT BblaBaTbcs HHPOpMAIUs
0 TPOHAEHHBIX dM0xXax (cM. puc. 2). [ KaKAOH SMO0XU BBIBOAWUTCS OTHOIICHHE KOJIHYECTBA
NPaBUJIBHO PACIO3HAHHBIX IU(DpP K 001IeMy KoIruecTBy Udp B TeCTOBOM BeIOOpKe. Hanpumep,

3amuch Epoch 6: 9374 / 10000 roBOpHUT O TOM, YTO B pe3yjbTaTe 3MOXH OOyueHUs ¢

9374
HOMEPOM 6 JIOCTUTHYTA TOYHOCTH PACIO3HABAHUS

5000 > 0.94, uto cocrasmusier 94%.

File Edit Shell Debug Options Window Help
2 mnist_loader -
»»» training data, wvalidacien data, cesc daca = A
mnist loader.load data wrapper()
b network N B

»»>» nat = necwork.Nerworlk([784, 30, 10])
>>> net.S5GD(ctraining_daca, 30, 10, 3.0, cesc_dacta=cest_data)
Epoch 0: 8282 / 10000
ech 1: B434 / 10000
Epoch 2: B468
Epoch 31 8501
Epoch 4: B527 / 1
Epoch 5: BSG4
Epoch €: B55%
T: 8634
Epoch 8: 9462 / 1
9: 3361 1
Epoch 10: 5455 / 1
Epoch 11: 5485 / 10000

Puc.2. Pesynbrar padbotsl nporpammbl Network1.




