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1 JIukGe3s

B mocsiegame rosipl B 3a1aUax aHaIN3a 3BYKa U N300paskeHuil OOJIBIIYIO MOy IsIPHOCTE ITPUOOPETH METO/IbI TUIyOIH-
HOrO 00ydenusi. OCHOBHASI UX MJIesl 3AKJIFOUAETCS B TOM, 9TO U3 JAHHBIX U3BJIEKAETCS NEPAPXUs TPU3HAKOB: IIPU3HAKI
[IEPBOTO YPOBHS MTOJICIUTHIBAIOTCS HEITOCPEJICTBEHHO IO O0BEKTY, TPU3HAKKM BTOPOTO YPOBHS — U3 MPU3HAKOB EPBOrO
yPOBHsI, U Tak jajee. Ha mocsenneM ypoBHE MepapXuu MOJydaeTcsi OTBET perraeMoil 3ajadan. Hecmorpst Ha ToO, 9TO
110/T00HBIE METOJIUKHU TIPUMEHSIIACH ¢ Hadaa 90-X ro/ioB, HACTOSAIIUM TPOPBIBOM craja B 2012-m romy pabora Amnekca
KpuzkeBcKoro ', KoTopblit cMor 3¢ heKTHBHO TPUMEHNTH HapaurMy TIyGHHHOTO 00ydYeHus K 3a1a4e KaacCuDuKammm
n300pakeHuii 1 yMEHbIUTEL omuoKy Ha 20% 10 CpaBHEHUIO C JIydIIUMU KJIACCUIeCKIMU MeTofAaMu. LryOuHnHas CBEp-
TOYHAS CETh, KOTOPYIO UCIOJIb30Ba KPIKEBCKHIT, NMEET [IeCATKA MUJIJIMOHOB HACTPAMBAEMbBIX IIapamMeTpoB. bBosee
HOBBIE CETH, IPETHAZHAYEHHDIE /IJIs PEIeHns TOM Ke 3a/Ia9M, yKe ceifdac OOJIbIle eImé Ha MOPSIIOK.

3ajiaua HACTPOUKHU [VIYOUHHBIX CeTel JOBOJIBHO cyiokHa. DyHKIWK, ONTUMU3UPYEMbIE TIPH UX 00y I€HIH, HEBBIITYK-
JIBI, COJIEPIKAT IIJIATO U MHOYKECTBO JIOKAJIBHBIX MUHAMYMOB, 9TO 3a9aCTyIO BeJET K IepeodydeHunio Ha (hOoHe OOJIBIIOro
quciia napaMerpoB. HaiiTu riobasibHblil MUHAMYM TaKoi (pyHKIUU MPAKTUYIECKA HEBO3MOXKHO, ITO3TOMY Ha IIPAKTHKE
CTPEMSATCST HAMTH XOPOIIUil JIOKAJTBHBIA MUHUMYM. [Ipu 9TOM pe3ynbprar 00yueHns CUILHO 3aBUCUT OT WHUATIAATU3AIIAN
7 HUCIOJIb3yeMOr0 METO/a ONTHMu3anuu. JTo0bl n30eKarTh 1mepeo0ydenns, MOKHO CHAYAIA COKPATATH PA3MEPHOCTH
JIAHHBIX (MTHOPUPYST METKH KJIACCOB), 4 3aTeM y2Ke 00ydJaThCsl Ha JAHHBIX HU3KON pasmepHocTH. [1epBhIii 9Tam MOKeT
3aMEHSITh PYUHOe M3BJIEUEHHE NPU3HAKOB, NMOSTOMY 3Ty HJIEK Ha3blBaloT o0yueHmeM npusHakop (feature learning).
ABTOKOIMPOBIIKUK — 3TO HEHPOCETDH, KOTOPas IpeodpasyeT JTaHHbIE BHICOKON pa3MEPHOCTH B JAHHDBIE HU3KOW pasmep-
HOCTH, KaK 1 MeToJ riaBHbix KoMmuonedT (PCA), HO mpu 9ToM npeobpasoBaHue siBJISIETCA HEJIUHEHHBIM.

1Kryzhevsky et al. ImageNet Classification with Deep Convolutional Neural Networks, NIPS 2012.



HNckyccTrBenHasi HeiipoHHAasi CeTh

B nmamnom myHkTe OyHeT MpUBEICHO KPATKOE HAIIOMHHAHHE TOTO, UYTO TAKOe HEUPOHHAsl CeTh, a TaK¥XKe OyIyT
BBEJIEHBI UCIIOJIb3yeMbIE B TajibHeleM obo3Hadenus. [Ipu HeobxonumocTu 60J1ee 1o ApoOHBII MaTepraJ 10 HeHPOHHBIM
CceTsIM MOKHO ITOCMOTPETb B cooTBeTcTBYyIOMIEeH Jiekinu K. B. Boponrona.

[Ipeamonoxkum, 9T0 MBI pemraeM KJIACCHIECKYIO 33/1a9y O0yUeHUs C yIUTEIEeM, IMest B PACIIOPszKeHnu Habop 00b-
€KTOB BMECTE C COOTBETCTBYIOIIIMHI METKAMUI {x(i), y@ }. Heiipouuble ceru 103BOJISIIOT CTPOUTD CJIOYKHBIE HEJIMHEHbIe
AJITOPUTMBI JIJIsI HACTPOHKU Ha JaHHble. MUHMMAIbHAS CTPYKTYypHAs €IUHUIA HEHPOHHON CeTH — HEHPOH, KOTOPBIi
CXeMATUIECKN MOXKHO OTOOPA3UTh CJIEIYIONUM 00pa30M:

=" h,,,(x)

+1

Puc. 2: Crpykrypa HeiipoHa.

B sarHOM mpuMepe HEHPOH — TO «BBIMHCJIUTENBHBINA y3e/1», TPUHAMAIONINN HA BXOJ 3HAYEHUS T, T2, T3 (& Tak-
3

yKe KOHCTAHTHBIH eIUHUYHBIH BXOM), a Ha BBIXOAe BhLmaiommit saadenne hyy(z) = f(WTx) = f(Y Wiz, + b), tae
i=1

dbyukmus f : R — R HaswiBaercs gyHKImeil akTuBamu. Bese qajiee Mbl OyeM UCIIOJIb30BATh CU2MOUIHY0 (DyHKITUIO
AKTUBAIUN:

1
- 1+exp(—2)

Takum ob6pa3oM, OIUHOKUI HEHPOH B TOYHOCTH OTBEYAET IMPEOOPA30BAHUIO N3 JIOTMCTUYIECKON perpeccum.
Heitponnasi ceTp B 06111€M CIydae CTPOUTCS KaK COEIMHEHNE MHOYKECTBA HEHPOHOB, O0bEIMHEHHBIX B CA0U TAK, UTO

f(2)

BBIXO/IbI O/THOT'O CJIOfA ABJIAIOTCHA BXOJaMM CJIE/IYIOIIIEro:

hw,h{x]

Layer Ly

+1

Layer L, Layer L,

Puc. 3: Crpykrypa HeiipoceTu.

CamMblii JIEBBIil €JI0Mi CeTH HA3bIBAETCs BXOIHBIM, CAMBbIii IIPABbIA — BBIXOAHBIM (HA PUCYHKE OH COCTOUT U3 OIHOI'O
HEPOHA), OCTAJBHBIE CJIOU HA3BIBAIOT CKPbIMbLMU, IOTOMY YTO UX «IPABUJIbHBIE» 3HAYEHUS OTCYTCTBYIOT B O0Ydaio-
meM Habope. Takum o6pa3oM, JTaHHAS CETh COMEPIKUT 3 BXOJIHBIX HEHPOHA, 3 CKPBITHIX U 1 BBHIXOIHOIA.

Heitpocers mapamerpusyercs suadenmsyu (W, 0) = (WM v W@ p(2) ) 1re mox Wi(;) MBI IOHIMAeM IIapa-

MeTp, WIN BEC, KOTOPBIA OTBEYAECT COEJMHEHUIO MEXK Iy j—M HelpOoHOM B cjoe | u i—M Heitponom B cyoe [ + 1. A 3a
bgl) OyzeM 0003HAYATH CMEIEHUE UJIU YKe BEC, KOTOPbIi CBSI3aH C KOHCTAHTHBIMU €IMHUYHBIMU BXOJAMK Ha KaXKIIOM
cioe cern. Takum oGpasom Ha pucynke soime W) e R3X3 y W) e R1*3, Eme pas orMeruM, 910 B KOHCTAHTHBIE
y3JIbI HE BXOIAT HUKAKHUE CBA3MU, & BBIXOJbI OHU IOJAIOT Beerma +1.

Mpgr 6ytem 0603HAIATH agl) 3HAYEHNe aKTUBAIH (IHCIIO Ha BBIXOJIE) HepoHa ¢ B cioe [. s | = 1 momoxum aEl) =
x;, oTBevaoIiee i-My Bxojy. st 3agaHubIx mapamerpos W, b HeitpoceTh onpe/iesisieT BellecTBeHHOe IPeodpa30BaHme


http://www.machinelearning.ru/wiki/images/c/c2/Voron-ML-NeuralNets-slides.pdf

hw(z). B qacTHOCTH, NI CETH BBIIIe:

o = W % F WP+ Wi+ 00

ag) = f(W. W(I)IQ + WQ(;%)JL‘:), + b(zl));

agz) = f(W, 31 331 + W( )xg + W3(1)$3 + b(l))-
@) = A = JVDA WD+ WP ),

1 . .

Hanee o, zl( ) Oy/IeM 3aIlMChIBATD OOITYIO B3BEIIEHHYIO CYMMY BXOJOB B HEPOH ¢ B CJio€ | BMeCTe C KOHCTAHTHBIM
2 _ 1) e n _ ) " "

y3JI0M — K IpHUMepY, 2, = Z Wilzg+ b e a; ) = f (2; 7). Ba cuer 9TOrO MOXKHO IepeiiTu K GoJIee IPOCTOl

3alluCu Bpra)KeHI/Iﬁ BbIIIIE:

L0 gy,
a® = f(z®);
L8 = W@ 4o,
hwp(z) = a® = f(z).

Oru npeobpa3oBaHus HA3BIBAIOTCS IPIMBIM IIPOXOJOM WJIM IPAMbIM pactnpocrpadenueM (forward propagation). B
obmieM ciaydae ecau nox a(l) MOHUMATH T U3 BXOZHOIO CJIOf, TO aKTUBAIMS KAXKJIOIO CJIEIAYIOIIErO CJIOS IIOJIyIaeTCsl
1o opmyte

D = W 4 pM),

al+) = (0D,

AJroputM ob6paTHOro pacnpocTpaHeHus OIMNOKNI

Hamomamm, 9T0 MBI permaeM KJIaCCHIecKyto 3a/1aqy 00yUYeHus C yIuTeIeM, UMest B Paclopsi2KeHnn Habop 00bEKTOB
BMeCTe C COOTBETCTBYIOIIUMHU MeTKaMU {w(’), y(l)}, Bcero m o0beKTOB. 15t 00y ueHnss HEPOHHOM CEeTU BOCIOJIB3YEMCH
IPaJIMEHTHBIM CIlycKOM. JIjist KaxKoro oriesibHOro obbekTa (,y) Mbl oupejeiseM (yHKIUIO II0Teph KaK

1
JW.biz,y) = 5 lhwa(@) =yl

O6H.[a§1 (l)yHKLLI/ISI II0Tephb JJIdd BCEX 00'BEKTOB MOKET OBLITH BBIYMCJIEHA KaK

m — Sy Si41 2
JWb) = [ni > T(W b x“%y“))} £35S (w)
i=1 =1 i=1 j5=1
B [1 m 1 (Z ) Am s Si41 2
= |52 (3 Ihwa@®) =) szz( D)
i=1 I=1 i=1 j=1
IlepBas gacTs byHKIMOHAA — YCPETHEHHAS KBaIPATUIHAS OIMUOKA 110 BCEM 00bEKTaM, BTOpast 9YaCTh — PEryJisipu3a-
1psl (MM KOHTPOJIb yracaHUsl BECOB), KOTOpasi KOHTPOJIUPYeT MOPSJIOK BECOB U He jaeT nepeodyunrbesd. [lapamerp A,
KOHTPOJINDYIOIIUI yracaHue BECOB, PEryJINPyeT OTHOCUTEIHHYIO BAXKHOCTD JBYX JacTeil (DyHKIMOHAJIA.

Hameit nesbio tenepb crout munnmusanus J(W,b) xak dyukiwun or W u b. st o6yueHns: HefipoHHOI ceTn
MbI CHAYAJIa WHUIMAJIU3UPYEM TapaMeTphI Wl(jl) bl(-l) MaJIEHbKAMU CJIy9afinbiMu ducyiamu, 6uskumu K 0 (ckaxkeMm,
U3 HOpMasbHOTO pactpesenerus N(0,e2) a1 J0CTATOUHO MAJIOTO €), a 3aTeM IPUMeHseM aJTOPUTM ONTHMHU3AIIH.
OTMeTrM BayKHOCTH HHUITUAJIMSAIIH CJIY YAMHBIMY YUCIAME, 8 He HYJISIMA — B IIOC/I€HEM CJIydae HEHPOHBI HA CPEIHUX
cJIosiX OyIyT 0obydaThbCsi Ha MOJCYET OJHUX W TeX Ke MPeodPa30BaHUl, TOT/Ia KAaK MPU CIyJIailHON WHUIIAAIH3AIUN
IPOMCXOIUT T.H. Hapywenue cummempuu (symmetry breaking).

OjtHa ureparyst IpaJMeHTHOTO CIIycKa 0OHOBJsieT mapameTpsl W, b 1o npasmity:

W = W aghp i,

ij
bV o T(W,b),

l
b — a

e « — TeMi OOydYeHHs MPU ONTHUMHU3AINUU. [ JIABHON CJIOXKHOCTBIO 3JI€Ch SBJISIETCS BBIYUCIEHUE COOTBETCTBYIOIIAX
YaCTHBIX [TPOU3BOIHBIX — JIJI 9TOTO U MPUMEHSIETCS AJITOPUTM OOPATHOTO PACIIPOCTPAHEHUS OIMTUOKMN:

1. ITpousBecTu IpAMOI IPOXOZ, — BBIYUACIATH QYHKIUH aKTUBAIIUH JJI BCeX CJI0eB Lo, L3, ... 10 BBIXOZHOTO L, .

2. Jlyst KaxKJ0ro y37a 4 Ha BbIXoJe (B cioe Ly, ) BBIYUCIUTH

0

(ne) _
= 9™

1 n .
5 ||y — hW7b(:r,)||2 = _(yi _ (lz(- l)) . f/(zl( l))



3. Anal=mn; —1,n; —2,...,2 [y KaXKA0r0 y3Ja { B COOTBETCTBYIOIIEM CJIO€ BBLIUUCIUTH

K2

Si+41
51(1): ZWJ'(?@('ZH) f’(z.(l)).
j=1

4. Beramicurb COOTBETCTBYIOIIHE YaCTHBIE IIPOU3BOJIHBIE KaK

DI (W,bz,y) = alsl™
5(l+1).
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Besnie B IIPUBEIEHHOM aJIrOPUTME COOTBETCTBYIOIIUE IUKJILI («IJIsl KAXKIOr0 y3Ja») MOIyT (U JOJIKHBI OBbITD)
ONTHUMU3UPOBAHBI C MOMOIMBI0 MATPUYIHBIX BBIYUCIeHU. BBe/leHHbIE TIEpeMeHHbIe 51(1) MOXKHO IIOHHMAaTh KakK
«BKJI», KOTOPBIIf BHOCAT COOTBETCTBYIOIIHIL i —if HEIIpOH Ha [—M cJI0€e ceTH B OOIIYIO OMMUOKY MTPYU BapbUPOBAHNN
COOTBETCTBYIOIIETO BXOAA U3 MPEBIAYIIETO CIIOS.

ABTOKOIUPOBIIUK

IIpenmonoxum, y HAC eCTh HAOOP HEPA3MEUEHHDBIX TAHHBIX {x(l), PACIC .}, rae () € R". ABTOKOIIPOBIIIKOM

Ha3bIBaeTCs HelpOceTh, 11eJIeBO BEKTOP KOTOPOIt II0JIaraeTcsl paBHBIM €€ BXOY, T.€. y(i) =z(®, ABTOKOIMPOBIUK TEM
caMBIM CTpouT Ipubskenue GyHkuun Ay (r) ~ , T.e. PakTHIecKH NpUbINKEHNE [T TOXKICCTBEHHOH (DyHKIWN.
XoTb TOXKIeCTBeHHasi (DYHKIMS W HE BBINJISIUT Pa3yMHOI IEJbI0 JJIs AllIPOKCUMAIINN caMa 110 cebe, TeM He MeHee
HaKJIa/IbIBast OTPAHUYICHUS, K IIPUMEDY, HA IUCJIO HEPOHOB B CKPBITHIX CJIOSIX HEHPOHHON CeTH, MBI MOYXKEM OOHADYKUTh
CTPYKTYPHBIE 3aKOHOMEDHOCTHU B HAINX JAHHLIX. [[puMeHeHe aBTOKOAUPOBIINKA TAKKe [TOJI€3HO B CUTYAIInU, KOIIa
MBI paboTaeM C YACTUYHO PA3MEUYEHHBIMU JTAHHBIMU — IIPU 3TOM OH HCIIOJIB3YETCS JJIsd O0YyUYeHUs CeTH, KOTOPas 3aTeM
reHepUpPYeT IIPU3HAKHY JJIsl CTAHJIAPTHBIX aJITOPUTMOB O0YUIeHNUsI ¢ yIuTesIeM (B KauecTBe IPU3HAKOB 3aTeM BBICTYIIAIOT
3HAYEHUs aKTUBAIMUA HEHPOHOB OJHOIO U3 BHYTPEHHUX CJIOEB).

PaspekeHHBbIIT aBTOKO/IMPOBIINK

TloMuMoO HCITOTB30BAHMST MAJIOTO YMC/Ia HEAPOHOB Ha CKPBITOM CJIOE, MOXKHO HAKJIAJIbIBATD U JIPYTUE OTPAHUICHUS
JJIst OOHAPYKEHUsT CKPBITBIX 3aKOHOMepHOcTel. OIHO M3 TAKMX OMPAHUYEHUN — OrDAHUYEHUE DPA3PEKEHHOCTH HA
HEHPOHBI CKPBITOrO CJiosi. ECM 10/ aKTUBHBIM HEHPOHOM MOHUMATH HEHPOH cO 3HadeHHmeM (QyHKIUA aKTHUBAIIUH,
6Jym3KOM K 1, a 1oz Heak TUBHBIM — 61u3KoM K 0 (19151 corydasi curMouaHoi hyHKIMU aK TUBAIMN ), TO MOXKHO HAJIOXKUTH
OrpaHUYeHNe, [IPA KOTOPOM KasKJIbIil 13 HEAPOHOB GOJIBIINYI0 YacTh BpeMeH! ObLil Obl HEAKTHUBEH.

IIycte p; — cpennee 3HaueHMe (QYHKINU aKTHBAIMN HeHpoHa j mOo BceM obbekTaM BbIOOpKH. Torma Mer Oymem
TpebGoBaTh MPUOINKEHHOTO BBITIOJTHEHNS OTPAHNIEHUd p; = p, TJie p — TapaMeTp, OTBeJAIOMMil 38 Pa3pesKeHHOCTD,
OOBIYHO JIOCTATOYHO MaJjag Bejauduuna, 6suskag K 0 (mopaaka 0.05). Yrobbl qocTudb 9TOr0, Mbl J00ABUM JIOIOJIHY-
TEJIbHO OTpaHuvIeHue Jjisi (DYHKIINU IOTeph Haleil HeifpoceTw, a MMEHHO JI00ABUM TaKOe CjIaraeMoe:

(1-p)
(1—p5)

rjie h — KOJIMUECTBO CKPBITHIX HefipoHoB. B TepMunax KJI-uBepreHnum 3ToT peryisipu3aTop MOXKHO (hOPMABHO (T.K.
BEKTOpa Ha CAMOM JIeJIe He SIBJISIFOTCsI PACIPEJIEJIEHUsIMU) 3allUCATh KaK

h
Y plog 2+ (1 p)log
="

h
> KL(slIpy).

Ob6imas GyHKIMS IOTEPh TEM CaMBbIM Oy/IeT paBHA

h
Jsparse(VVv b) = J(V[/v b) + BZKL(pHﬁ])a

Jj=1

riae — TrurepIliiapamMeTrp, T.e. IlapaMeT 381101 MOJIeIb.
) ’

2 3amaHue

Bama 3aga4a coctouTt B TOM, 9TOOBI PEATn30BaTh 00y IeHNE PA3PEKEHHOIO aBTOKOINPOBIIIKA U MOKA3aTh, KAK OH
00HAPYZKUBAET, 9TO I'PAHUIBI OOHLEKTOB U [[BETOBBIE TIEPEXO/IbI — OJIHO M3 JIYUIINX MPEJCTABICHUN JIJIsT €CTeCTBEHHBIX
n3o0bpaxkenuii. Kparkoe onmcanre aBTOKOIMPOBINUKA JIAHO Bbille B jaukbe3e. OOmuii 1IaH mporecca obydeHus aBTo-
KOJIMPOBIIMKA U €r0 UCIIOJIb30BAHUS JIjIs TeHePaIlii [IPU3HAKOB [IPUBEJIEH HIKe. BaMm Heobxoaumo OyieT peain3oBarh
HeoOX0IMMBIN (byHKIMOHA B Buje python-momysteit, crienudukaum KOTOPBIX Oy/IyT MIPUBEIEHBI B KOHIIE JOKYMEHTA.



IToaroroska

B sroMm 3aarnm 00y yeHre pa3speskeHHOro KOAMPOBIIUKA OYIeT IPOUCXOIUTH C IIOMOIIBIO0 METO/1a OITUMUA3AIIY L-
BFGS na nmaruax (y4acTKax UCXOAHBIX n300pazkeHuil) pazmepa 8 X 8, 03TOMy HEOOXOIUMO PEan30BaTh MOLYJIb
JIJIs TEHEPAIUA COOTBETCTBYIOIIEH BHIOOPKU HA OCHOBE UCXOIHBIX m3o0paxkenuit. [logpobroe omucanue mpesia-
raeMbIX K MCIIOJb30BAHUIO JAHHBIX MPUBEICHO B CAEAYIONEM IMyHKTEe. IIpu reHepannm KarxkKaoMy C/IyJIaifHOMY
[aT4y COOTBETCTBYET CJIyYailHbIO BHIOpAHHOE MCXOIHOE M300parKeHre U CJIydYaiiHO BHIOPAHHOE MECTO «BbIPE3as.

IMocsie remepaiuu Habopa naTdeil uX HEOOXOAMMO HOPMAJIM30BATL — B KaXKJOM KaHAJE CJIEAyeT OTOPOCUTDL MH-
TEHCUBHOCTH, BBIXOJIAIINE 38 3 CTAHJAPTHBIX OTKJIOHEHUS B 00€ CTOPOHBI, & 3aTeM NMPHUBECTH JIMHEHHBIM IIPeos-
pasoBanueM B orpe3ok [0.1, 0.9].

B nasnbreiiiemM BaM HEOOXOIUMO OyJIeT peam30BaTh METOJ OOPATHOIO PACHPOCTPAHEHHS OIIMOKHA C YUIETOM

WCIIOJIb30BaHUs PETYJISPU3aTOpa pa3pexkeHHoCTH. PachuIimTe B BallleM OTYeTe TO, KaK [PUA ITOM JIOJKHBI
l

U3MEHUTHCA POPMYJIBI IIPU IO/ICYETE I'PAIUEHTOB BOODIIE U [IO/ICIET JIJIst 55 ) B wacTHOCTH.

OOy4yeHne pa3pe>keHHOIr0 aBTOKO/IMPOBIINKA

Peanuzyiite dynkImio morepb pa3pekeHHOro OJHOCIOINHOIO ABTOKOINPOBIIIKA U COOTBETCTBYIOIIHIA €if TPaJIMenT
¢ curmonHOM dyHKnun axktusaruu. Hamomunaem, 9To 1eseBas (PYHKINS HOTEPh JOJKHA B cebsl BKJIIOYATDH
KBQIPATUIHYIO OIMNOKY, PEry/ISPU3aTOP PA3PEKEHHOCTH, U KOHTPOJIL yracaHus Becos. [Ipu BeiBoge hpOpMYyTT MBI
HCIIOJIB30BAJIN MaTPUIHYIO HOTAIUIO JJI HEKOTOPBIX BECOB, IIPU PeaJIn3allii Ke J1JId BO3MOXKHOCTH JTaJIbHenIei
ONTUMUBAIMY CTOPOHHUME (DYHKIIUUA CTOUT TIEPEIaBATh U BO3BPAIIATH BBITSHYTHIE B BEKTOPA [TapPAMETPHI.

JJ1s IpoBepKY NPaBUIBHOCTH BBIUMC/IEHNI IpajinenTa (DYHKIMNA HOTeph aBTOKOIUPOBIINNKA peannsyiite dyHK-
I[UIO IIPHOJIMKEHHOI'0 BBIYUCJICHUS I'PAUEHTa IIPOU3BOJILHON (DYHKIMK Ha OCHOBE PA3HOCTHON AIIIPOKCHMAIINN
(agif) R f(“"‘”H'E"“)Q_Ef(“"‘”_g"“))7 4TOOBI MOKHO OBLJIO CPABHUTH C HUM IIOJICYUTAHHOE <«aHAJUTUYECKU» 3HAa-
YeHue, a €€ B CBOIO O4epesb IIPOBEPhTE HA KOPPEKTHOCTD C IIOMOIIBIO IIOACYETa IPaJUeHTa IPOCThIX (byHKIui

BPOJIe MHOT'OYJIEHOB HEOOJIBIINX CTEIIEHEIH.

PeanuzoBas dpyHKINIO TOTEPH, MEHIMHU3AIINIO MOXKHO OY/I€T IIPOBECTH C IIOMOIILIO ONO/INOTEeKN scipy . optimize
u merona ontumusaru L-BFGS, cieaB Takoil BbI30B B Kojle:

scipy.optimize.minimize(J, theta, method=’L-BFGS-B’, jac=True, ...),

rme J m theta — QYHKIMST ¥ TOYKA CTApPTa METOJA ONTHMU3AINN, JIaJee UIET BHIOOP METOJa ONTUMU3AIINN
(MOXKHO OCTABJIAATH HEM3MEHHBIM ), JIOIIOJHUTENHHO TAKXKE MOXKHO YKA3aTh KOJMYECTBO WTEPAIUN U HAIMIHE
Jebar-BpIBOJIa ITPU MUHUMUBAIIAN.

B kadecTse HauaILHOTO IMPUOIMKEHHOIO IPHOINZKEeHus i b MoxKHO ncnonszosaTs 0, a W;; reHepuposaTh us3
PaBHOMEPHOTO paclipejie/ieHusI Ha, UHTepBaJie

ViV
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TJIe Nj;, — YUCJIO BXOJIOB B HEMPOH, & My — YUCJIO BBIXOJIOB U3 HEpOHA.

ITapaMeTpsbl MO yMOJYAHUIO JJIs IIPOBEPKU IIPABUIHLHOCTH PEATU3AIAN: KOJIMIECTBO BXOIHBIX HEHPOHOB —
192, KoImYecTBO HEPOHOB Ha OJIHOM CKpbITOM cjioe — 75, p = 0.01, A = 0.0001, 8 = 3.

Busyanuzanus

JIst TOATBEPKAEHUST TUIIOTE3BI O TOM, UTO HAWJIYUIIee IMpeCTaBIeHne n300parkeHnit — IpeJICTaB/IeHIe B BUIE
pebep U IBETOBBIX [TEPEXOJIOB, HYKHO Peain30BaTh MOJLYJIb JJIsi BU3YaJIM3aIlii BECOB HA CKPBITOM CJIOe 00y YeHHO-
I'0 aBTOKOIMPOBIIUKA — KaXKJbIil HEPOH CJIe/IyeT IPeICTaB/IsATh OTIEbHBIM M300parXKeHNeM TOT'O YKe pa3Mepa,
9TO W HCXOJHBIE TMATYU. B oTder HEOOXOAMMO BKJ/IIOYNTH M300parKeHWsi, KOTOPbIE Y BAC IMOJIYYHINCH. Takxke
BKJIIOYNATE MJJIIOCTPAIIAIO TOr0, KaK YXYAIIAeTCHd BU3yaJU3alusd 1P U3MEHEHNN KazK/I0I'0 U3 IuieprapaMeTpoB.
[Ipumep BU3yasM3anuy NpaBuIbHO 0OYYEHHOIO CKPBITOTO CJIOS IIPEJCTABJIEH B 3ar0JIOBKE JIOKYMEHTA.

O0y4yenne KJjaccudukaTopa Ha JJAaHHBIX COKPAIEHHON pa3MepHOCTH

Hastee nys kiraccudkamum Mbl OyJeM HCIOJIb30BATH CJIEAYIONLYIO IPOIEAyPY — CHAYAJa HA OCHOBE JECSITKOB
TBICSY TIATYell, BBIJEJIEHHBIX U3 HEPA3MEUEHHBIX NAaHHBIX (unlabeled.pk), HY?KHO OGYYIUTH TAPAMETPBI ABTOKO-
JIMPOBIIUKA. 3aTeM HA OCHOBE IIPU3HAKOB, BBIJIEJIEHHBIX aBTOKOIMPOBIINUKOM, JIOJXKHA IIPOM3BOIUTHCSI OIEHKA
TounocTu (accuracy) Mozeu, 00y YeHHOl Ha o0y daromieil BeiGopke (train.pk), 10 TecToBOil BoIGOPKE (test.pk).



8. Ucmomp3yss momymu Oubsmorekn scikit-learn, oOy4unTe HECKOJIBKO PA3IUYHBIX MOJEsel KIacCuUKAINU, UC-
[IOJIb3ysl B KAYECTBe IIPU3HAKOB CHAYAJIA 3HAYEHUs] WHTEHCUBHOCTEH YBETHDLIX KAHAJIOB M300DaKeHUil, a 3aTeM
IIpU3HaKH", BblJICJIEHHbIC U3 I/ISO6p&}KeHI/Iﬁ C IIOMOIIBIO aBTOKOANPOBIINKA. ILJIH MMOJTy49Y€eHUd IIPU3HAKOB C IIOMOIIIBIO
ABTOKOJIMPOBIIUKA CJIEYeT UCIIOIb30BATH (BO3ZMOXKHO, IIEPEKPLIBAIONIMECS ) YIACTKH UCXOJAHBIX U300parkeHuii ¢
PaBHOMEDHBIM IIANOM — TaK, U3 n3o0paxkeHus pasmepa 12 X 16 moxkHO mosyunTh 6 maTdeil pasmepa 8 X 8 ¢
marom 4. CpaBHUTE PE3yIbTATHI KJIACCH(MDUKAIINHN JJIsI UCIOJb30BAHNS PA3HOIO IIIara BBIIEJICHUs TaTIeH.

9. UccnenyiiTe, Kak BAUSIET U3MEHEHNE CTPYKTYPHI CKPBITHIX CJIOEB HA KAYECTBO KJIACCU(DUKAIINI — CPABHUTE CETh
C OJIHUM CKPBITBIM CJIOEM C CETBIO C TPeMs CKPBITBIMH CJIOSMHU, TJle YUCJIO HEHPOHOB Ha IIEPBOM U TPEThEM
CKPBITBIX CJIOSIX COBIIAJIAIOT, U OHO OOJIbINE YNCJIa HEHPOHOB HA CPEJIHEM CJIOE.

Bonyc

3a BBIOJIHEHUE HUZKEITPpUBEJICHHBIX 6OHyCHbIX BaILaHHIUJ MOZKHO IIOJIYy9UTH JOIIOJHUTE/JIBHO B CyMMeE 10 1 dasna.

10. (0.5 6ammta) Uccneyiite, Kak BuseT yBeJwdeHne mucroab3yemoit Beibopku (102-10° mardeit) nyisa obyuenns
ABTOKO/IIPOBIIMKA Ha MTOIOBOE KadeCTBO KiaccubuKalun. 3ajeiicTByiiTe npu oOydeHHN JaHHble 6e3 METOK
(unlabeled.pk) /i 3HAYUTEJILHOIO YBEJIMYEHUS] MCXOJHOM BBIGOPKM (HA HECKOJIbKO HOpsiakoB). ITosayumiiocs
JIM yIIydIuTh pe3ynbrar? J{o6aBbTe cOOTBETCTBYIONME TPadUKN U BBIBOJIBL.

11. (0.5 6amra) Peanuzyiite noacuer GhyHKIMA HOTEPh U TPAJIMEHTA JIJIs PA3PEsKEHHOIO aBTOKOAMPOBIIUKA ¢ IIOMO-
b0 6ubJImoTeK, 3aeiicTByonux Bbraucsenus ua GPU — mampumep, CUDAMat nam gnumpy. Bkiounte B oTuer
JIAHHBIE O ITOJIy9€HHOM MIPUPOCTE CKOPOCTU BMECTE C COOTBETCTBYIONIUMHU I'DadUKAMU.

12. (1 6amn) IonpoGyiite ncmonb3oBaTh B Kauectse dhyHkmn aktusarun Rectified Linear Unit — BeiBesnTe cooTser-
crByfoIue (hpopMyJIbl JIJIsi 0OPATHOIO PACIPOCTPAHEHNsI OIMOKU U IIPOBEPHTE, YTO €0 MCIIOJIb30BAHUE YCKOPSIET
CXOJIMMOCTD TP MUHUMU3auu GyHKIUA moTeph. Kak 570 BjuseT Ha KadecTBO?

3 JlanHbIe

IIpemnraraercs ucrosb3oBarh naracer STL-102, gaHHbIe B KOTOPOM IOJIYUIEHBI HA, OCHOBE €Irle GOJIbIIEro IOmyJIsp-
Horo nmaracera ImageNet?, orkyna 6bln BEIGpaHBl TOMEKO 10 MeTaksiaccos. BobImnas YacTh u300pazKeHmit (>90%)
IpuBesieHa 663 MEeTOK KJIACCOB, 9TO IMO3BOJISET B IIOJHOW Mepe 3aefiCTBOBATh MapaINTrMy Mpe o0y deHust 0e3 yIuTeis.
IIpumepsr m300parkeHnii TPUBEIEHBI B 3ar0JIOBKE JOKYMEHTa. B MCXOIHOM BHUE JAHHBIE MIPEICTABJSIOT U3 cebsi Jin-
60 mat-daiiiel, ubo Gunapusie daiipl. s ynobersa no agpecy https://yadi.sk/d/tHsZGxKIeSNsL nanubie 6b11u
BBIJIOXKEHBI B BUJE ciemytonmx pickle-daition:

e train.pk (8000 paszmevenubix uzobpazkenuii pazmepa 96x96),
e test.pk (5000 pazmevenubix uzobpazkenuii pazmepa 96x96),
e unlabeled.pk (100000 nepasmeueHHbIX n300pakeHuit pasmepa 96x96).

Kazxpiii pickle-daiin cogepxkur ciosapb (dict) ¢ HEKOTOPbIMU U3 1oJIel (KaKue U3 HUX UMEIOTCs B HAJIMIUU, MOXKHO
Y3HATh C MOMOIIBIO METOJIa .keys()) X, y, class_names, fold_indices — OHH COOTBECTBYIOT MAaTpHUIIE C H300-
PaKeHUsIMU, METKAM KJIACCOB, COOTBETCTBUIO KJIACCOB M UX UMEH M HHJIEKcaM Jyisd pa3busBku dailia train (ma caiite
upuBejieHa ocobasi Mpolie/ypa BauJallii aJlOPUTMOB JJis 9TOrO Jaracera). Bbl MoxKeTe HCIOJIB30BATH U JIPYIHe
Habops! janabix (Hanpumep, CIFAR-10) jyisi mpoBeneHus! JOIOJHATENBHBIX SKCIIEPIMEHTOB.

4 TpeboBaHUA K peaa3aIun

[Ipu paboTte pasperaercs NCIOJIH30BATH CTOPOHHIE [TAKETHI numpy, scipy, matplotlib u Pillow. Ilpu peanuzanuu
Ha GPU MO2KHO BOCIOJIb30BaThcsd bubanorekamu CUDAMat uau gnumpy. Ilocrapaiitecs yaennts ocoboe BHUMAHNE OITU-
MHUBAIUIU KOJI&, UCIOIB3YNHTe BEKTOPU3AINIO U MATPUIHBIE BBIUUCICHH, T/I€ 9TO BO3MOXKHO. IIpu BhIeseHnn nardeit
13 n300parkeHusl He MOJIpyzKaiiTe JINIHUI pa3 n300parkeHust JJIs BbIJEJIeHNs KazKJ0r0 HOBOTO HaTda.

s cnaam 3agannsa HeoOXOANMO TPEeIOCTABUTD:

1. Otuer B dhopmare pdf (odopmitennsit B cucreme IATEX) ¢ omrcanneM Beex MPOBEIEHHBIX NCCIIEI0BAHUN CO BCEMU
rpaduKaMu ¥ BBIBOJIAMH.

2. IPython notebook ¢ KomoMm 1715t BOCIIpOU3BEIeHNsT BCEX PE3Y/IBTATOB M3 OTYeTa: Tab/uil, rpaduKoB U IIp.

3. Python mosysu co Bcemu TpedbyemMbiMu YHKIIUSIMA B COOTBETCTBUU CO CIIEITUMDUKAIMSME, TPUBEIEHHBIMU HUKE.

2http://www-cs-faculty.stanford.edu/~acoates/st110/
3http://image-net.org/


https://yadi.sk/d/tHsZGxKIeSNsL
http://www-cs-faculty.stanford.edu/~acoates/stl10/
http://image-net.org/

Chernudukanus
Cpein IpeI0CTaBIEHHBIX (DANIIOB JTOJIKHBI OBITH CJIELYIONe MOLYJIA U (DYHKIUNA B HUX:
1. Moaysnn sample_patches.py /s HOIydeHusI BLIOOPKY U3 HaT4eil n300parkeHuil ¢ OyHKIUSIMIU:

(a) normalize_data(images)
Ornucanue napamerpos:
e images — mepeMeHHas Tuia numpy.ndarray, marpuna pasmepa N X D, conepxkairas N m306parkennit
WK T1aT4eil B CBOMX CTPOYKaX, KaykJ0e M300paykeHne — BEKTOP KarKJ0e M300paKeHne — BEKTOpP, KO-
TOPBII COOTBETCTBYIOIIEM PEIIEHIIOM MOYXKHO IpuBecTH K Buiay d X d X 3. Hampumep, 910 MOXKeT OBITH
marpuna padmepa 100 x 192 naa nopmammzanuu 100 cKpBITHIX HEPOHOB WM TaTYel 8 X 8 M MaTpuIa
pasmepa 100 x 27648 mrst nopmasiusaruu 100 nexoabix n3obpaxkenunit n3 STL-10.

OyHKIMS BO3BpAIIaeT MATPUILY TOTO YKe pa3dMepa ¢ H300ParKeHUsIMI, HOPMAJIU30BAHHBIMU CIIOCOOOM, yKa-
3aHHBIM BO BTOPOM IIYHKTE 3aJaHUd.
(b) sample_patches_raw(images, num_patches=10000, patch_size=8)
Ornucanue napamMeTrpos:
e images — numpy.ndarray-MaTpHUIa C UCXO/IHBIMU N300ParKEHUSIMU 110 CTPOKAM.
e num_patches — KoIM4eCcTBO HaT4dell AJ1d reHepalii.
e patch_size — ,ZL.HI/IHa/HII/IpI/IHa OJIHOT'O MHaTda.
Oyukius Bo3Bpanaer marpuity padmepa N X D ¢ n300paKeHUusIME 110 CTPOYKAM AHAJOTHIHO HCXO/HBIM
JaHHbIM, rie N olpeesisiercsd epBbIM napamMeTrpoM, a D MoxkHO BeraucauTh Kak D = 3x {pa3mep narua B
MUKCEJISAX | TI0 KOJIUIECTBY KAHAJOB. [[JIs1 reHepanny nardeil NCIOMb3yIOTCs TIPABEIECHHBIN BBIIIE JTATACET.
(c) sample_patches(images, num_patches=10000, patch_size=8)

OyHKINS aHAJOTUIHA IPUBEIEHHON BBIIIE 33 UCKIIOYEHINEM TOr0, UTO ATYH JOJIXKHBI OBITH JOMOJTHUTETHHO
HOpMaJIM30BaHbl pyHKIMEH normalize_data.

2. Monynb gradient.py [jisi 9UCJIEHHOTO IIOACYETa IPAJUEHTA C (DYHKIIAAMA:

(a) compute_gradient(J, theta)
Ornucanne napamMerpos:
e J — mepemenHas Tuia function, neireBas GyHKIUS J.
e theta — nepemennas Tuna numpy.ndarray us jomena J', TOUKa, B KOTOPO HEOOXOIUMO MOACUUTATH
rpajyeHT.
OyHKIMS BO3BpAIaeT MPUOJINKEHHOE PA3HOCTHBIM OTHOIIEHNEM 3HAYEHUE I'DAJINEHTA B YKA3aHHONW TOUYKE
B BHJE II€pEMEHHON Tuita numpy .ndarray TOR ke pa3MepHOCTH.
(b) check_gradient()

QyHKINS JTOPKHA TPOBEPITH KOPPEKTHOCTD pean3ariuu npeabayieit pyukiuu. B qacTHOCTH, MOXKHO pea-
JIN30BATH JOMOJTHUTEIBHO (DYHKITUIO, ISt KOTOPOIl 3apaHee MOYKHO [TOJICIATATH TOYHOE 3HAYEHUE I'PAIUEHTA
U CPaBHUTH C UNCJICHHBIM.

3. Momysb autoencoder.py ¢ peanu3anueil aBTOKOIUPOBIUKA C (DYHKITASIMUA:

(a) initialize(hidden_size, visible_size)
Onwncanmne mapaMerpoB:
e hidden_size — mepeMeHHas THUIla numpy.ndarray, CUMMETPUYHBIA OJJHOMEPHBI BEKTOD, ONUCHIBAIO-
YA KOJIMYECTBO HEHPOHOB HA CKPBLITLIX CJIOAX HEHPOCETH.

e visible_size — nepeMeHHas TUNA int, KOJUIECTBO HEHPOHOB Ha BBIXOIHOM /BBIXOAHOM CJIOSIX.
QyHKIMS BO3BpalaeT numpy.ndarray-BeKTOP € IPOMHUINAIN3NPOBAHHBIMU HAYAJILHBIMHU IIapaMeTPaMU
JJIst O0yUeHUsT aBTOKOINPOBIINKA, BBITSHYTHIMU B OJIMH BEKTOP-TIApaMeTp. «BBITsruBaHmes MOXKHO IIPOU3-
BECTH 3a CYeT IePEeBOJa KaXKJIOH MATPUILI B BEKTOP C IIOMOIIBIO np .reshape, a 3areM OO0beIMHEHUS BCEX
BEKTOPOB B OJMH C IIOMOINBIO Np.concatenate — K IpUMepy, CHAYAIA Oy/LyT UATU <«BBITSHYTHIE W(l), a
sarem coorsercryiomue b,

(b) autoencoder_loss(theta, visible_size, hidden_size, lambda_, sparsity_param, beta, data)
Onwmcanne mapaMeTrpoB:

e theta — mepeMenHas Tuila numpy.ndarray, BEKTOp-IIapaMeTp aBTOKOJIWPOBINNKA, AHAJOTMYHBIN BbI-

xoay dysknun initialize.

e visible_size, hidden_size — TO ke, 9TO U Ha BXOje QpyHKIUU initialize.



e lambda_, sparsity_param, beta — mepemennsie Tuna float, mapaMerpsl QOYHKINE IOTEPh U 00y de-
HUs aBTOKOJUPOBIINKA.

e data — mepemennas Tuna numpy.ndarray, 00beKTHI BRIOOpKH, MaTpuiia pa3mepa N X D, comepzkaiias
N 00BeKTOB B CBOMX CTPOYKAX, B HAIEM ClIydae — KaXJbli OOBEKT CyTh BEKTOD JJIUHBI 8 X 8 X 3
(r.e. D = 192) 10 pa3mepy narda u KoJaudecTBy KaHajoB. Kommuectso nardeit Gymer mensarbest (N =
1000, 10000 u T.11.)

Dyukiys Bo3BpalnaeT 3HadeHue PyHKIUK IOTEPh U €€ IPaJIMeHT B Buje napbl (tuple) lepeMeHHBIX THIA
float u numpy.ndarray COOTBETCTBEHHO.
(C) autoencoder_transform(theta, visible_size, hidden_size, layer_number, data)
Onwmcanne mapaMerpoB:
e theta, visible_size, hidden_size, data — aHA/JOIrMYHO TPEILLIYIEN PYHKITUN

e layer_number — HOMED CJIOsi, Ha OCHOBE KOTOPOI'O IIOJIyYaTh IIPUOIMKEHNE.

OyuKIus 1peodpa3yeT BXOAHBIE JAHHBIE HA OCHOBE O0YYEHHBIX IMapaMEeTPOB ABTOKOIMPOBIIUAKA.
4. Momysnb display_layer.py [/ BU3YAJIU3AINN UCXOIHBIX MATYEH U CKPBITHIX HEMPOHOB CeTH € (DYHKITUSIMIE:

(a) display_layer(X, filename=’layer.png’)
Omnmcanne mapaMerpoB:

e X — mepemenHas Tuna numpy.ndarray, marpuia pasmepa N X D, comepxkarmass N u300parkeHuii, ux
JacTeil Wi 3HAYEHUN aKTUBAIMM B CBOUX CTPOYKAX, KaXKJ0e M300parkeHre — BEKTOP, KOTOPBIN COOT-
BETCTBYIOIIEM PEMIefioM MOXKHO IpuBecT K Buiy d X d X 3. Hampumep, 570 MOxKeT ObITH MaTpUIia
pas3mepa 100 x 192 ana susyanuzarmuy 100 CKpBITEIX HEPOHOB WX maTYel 8 X 8 U MaTpuIia pasmepa
16 x 27648 mis Busyanuzanun 16 ncxomabix u3obpaxkennii uz STL-10.

e filename — HyThb AJIA COXPAHEHUS BU3YAJU3AINH.

DyHKIMS COXPAHAET BUIYATUIAINMIO MEPEIAHHBIX NaTdeil/GuibTpos B oTae bHOM n306paxkenun. [Ipumep
BU3YyaJU3aIlIU CM. B 3arOJIOBKE JJOKYMEHTA.

JlomoTHUTE /IbHBI HEOOXOAUMBIN (DYHKIIMOHAJI BBl TAKXKe MOXKETe BKJIIOYATHb B OTJEJIbHBIE MOJYJIH, JUOO MOXKHO
OTHCHIBATH (DYHKIMHN OTAebHbIMU KaeTkamu B [Python-noyrbykax.
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