UCKYCCTBEHHBIC HEHPOHHBIC CETH

B HacTosiee BpeMsl OAWH W3 CaMbIX IMOMNYJISPHBIX METOJOB CO3JaHMS
CUCTEM HCKYCCTBEHHOIO MHTEJIEKTa W MAIIMHHOTO OOy4YeHUs — OTO
I1yOOKHEe HEHPOHHBIC CETH.

UckyccrBennniii maTe/IeKkT (Artificial Intelligence, Al) — pazgen
MH()OPMATUKH, M3YYaAOIIMHA  BO3MOXHOCTh  OOECHEYECHHS  Pa3yMHBIX
PACCYXKIACHUNM W JOEUCTBUHA C IIOMOIIBIO BBIYUCIMTEIBLHBIX CUCTEM U
YCTPOKMCTB.

BriaenstoT ABa TMOa KCKYCCTBEHHOTO nHTe/iekTa (MIN):

1. Cunababiii MM — oco3HaeT cedsl, CII0CO0EH CaMOCTOSITEIbHO MBICIUTH U
MOKET 3aMEHHUTh Y€JIOBEKA IIOYTH BO BCeX chepax.

2. Caadbii MM — peanuszyer Kakue-JIMOO acCIIEKThl, IIOXOKHE Ha
MBIIIUICHUE, HAOpPUMEP, KOMIBIOTEPHOE 3pPECHHE, MAIMHHBIA IEPEBO/I,
rOJIOCOBBIC IIOMOIITHUKH U T.1.

B Hacrosiiee BpeMsa J1aXE TaKOW COBPEMEHHBIM IIOAXOJ, Kak
HMCKYCCTBEHHBIC HEHPOHHBIC CETH, B LIEJIOM IIOKA HE MOYKET OBITh OTHECEH K
cuibHOMY M.
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HckyccrBeHHble HelipoHHbIE cetu (MHC):

« C maremarmyeckod TOYkH 3peHusi oOyuenue HMHC — 510
MHOTOIIapaMEeTPpUUECKasa 3a4a4a HEJIMHEMHON ONTUMU3ALIUH.

* C ToukM 3peHuss mamuHHOro oOyuyenuss MHC mnpencrapnser
COOOM 4YacTHBIM Cilay4ad METOJOB paclo3HaBaHUS OOpa3o0B,
OVMCKPUMHUHAHTHOTO aHAIM3a, METOA0B KJIACTEPpU3ALNHU U T.]I.

* Ha texHosormyeckom ypoBHe MHC wucnons3yercs Kak 4epHBIU
AIIUK, KOTOPBIN MMO3BOJISET pacno3HaBaTh o0pas3sl,
aBTOMAaTU3UPOBATH NEPEBOJI TEKCTOB U T.JI.

B nenom MHC — 310 KpaiiHE yA0OHBIM W pa3BUTHIM HWHCTPYMEHT
MAIIIMHHOTO 00Y4YE€HMS, KOTOPBIM MO3BOJISIET peLIaTh MHOKECTBO 3a/1ad.
B Hacrosiiee Bpemsa anroputMm MHC peann3oBaH ¢ IOMOIIBIO pa3HbIX
OMOJINOTEK, KOTOPhIE JIOCTATOYHO XOPOIINO aBTOMAaTHU3WPOBAHEI,
nmodtoMy MHC Moryr npuUMEHSTBHCS A PEIICHUS MNPAKTUYECKH
1r000H 3a1auM HecrnenuaaucraMu B oonactu UN.
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UckyccrBeHHble  HedlpoHHble cetu (MHC) — 5710
MAaTEMAaTUYECKUE MOJIEIM, a TaKXke UMX IPOrpaMMHBIE WU
armaparHble peanr3alnu, TOCTPOCHHbBIE MO MPUHIMIY OpTaHU3alUuu
U (PYHKIIMOHUPOBAHUS OHOJOTMYECKUX HEHUPOHHBIX CETEU — CETEM
HEPBHBIX KJIETOK )KMBOI'O OpraHu3Ma.

Mogenbs MCKYCCTBEHHOIO HEHWpoHa OblIa pa3paboTaHa 1o
AHAJIOTUU C YCTPOWCTBOM HEWPOHA TOJIOBHOIO MO3Ta YEJIOBEKA.
OnHako 3Ta MOJENb ObLIa CO3/laHa JAaBHO, KOTJa 00 YCTPOMCTBE
MO3ra 3HajJd Topa3l0 MEHBIIE, 4YeM CceHdac, IMO3TOMY JdaHHas
aHaJIOTUS B ACHCTBUTEIILHOCTH OYE€Hb MIOBEPXHOCTHASI.

B ronmoBHoM Mo3re 4engoBeka coaepxkurca IpumepHo 80-90
MunapaoB HerpoHoB, a MHC copepkar BCero Jjaumb JECATKH
THICIY MCKYCCTBEHHBIX HEWMPOHOB, IMO3TOMY 10 cuiabHOoro MK Bce
eme oueHb ngainexko. MHC B Hacrosmee BpeMs — 3TO MOKa JIMIIb
MOIBITKA MIPHUOIM3UTHCS K MO3T'Yy HACEKOMOTO.
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B TpaauIMOHHBIX METOJaX MAIIMHHOIO OOy4YeHHUS BaKHBIM ITaloM
SBJISICTCS BBIJCIICHHUE U3 BCEX UMEIOIINXCS JTAaHHBIX TOJIBKO TEX, KOTOPHIC
Ba)XHBI JJI pEIICHUS 3a4a4yd. JTHU JaHHbIC HA3bIBAIOTCS MPU3HAKAMU, U
€CTh IIeJIble HaIpaBJICHMS, KOTOPBHIE OIMCHIBAIOT, KaK MPaBUJIbHO
BBIJIC/ISATh NpU3HAaKU. Ecu ymaeTcs BhIICINTh KaueCTBEHHbBIC MPU3HAKH,
TO 3ajJa4ya PEHIACTCS XOpOIlo, B IPOTHBHOM XK€ ClIydae aJlfOPUTM
MAIIIMHHOI'O 00y4YE€HHMS pabOoTaeT IJIOXO.

Oco0eHHOCTh HEMPOHHBIX CceTeHM, KOTopas O0eCleYuBaeT uX
MOIYJISAPHOCTH, — 3TO OTCYTCTBHE HEOOXOIUMOCTH BBIJCIIATH IPU3HAKHU.
Ha BXoa HEMPOHHOM CETH MOXKHO MO/JaBaTh BCE MMEIOIIUECS JaHHbBIC U
OHA caMma ONpPEJE/IUT, KaKue JaHHbIC BaXKHBI, a Kakue HeT. OgHaKo JJIs
3TOro  TpeOyrTCa  OoJbIIHe O0BbEMBI JAHHBIX M MOIIHEIC
BBIYMCIIUTEIIbHBIEC PECYPCHI.

Cenyac HEHMPOHHBIE CETH YCICIIHO IIPUMEHSIOTCA IS CO3JaHMS
PA3IAYHBIX CJIO0XHBIX CUCTEM MCKYCCTBEHHOI'O MHTEIJIEKTA, MHOTHMMH
M3 KOTOPBIX MbI YK€ IOJIb3yEMCH.
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OmHO W3 CaMbIX M3BECTHBIX MW BHICYATISIONINX HNPUMEHEHUU
HEMPOHHBIX CETEH — 3TO yNpPaBJeHHEM aBTOMOOMJISIMHM 0e3 BOJIUTE-
Jer. Ceruac MHOTME KOMIIAHWHM B MUPE 3aHUMAIOTCS CO3IaHUEM CUCTEM
ABTOMATUYECKOTO YIPABIICHUS JJI1 CBOMX aBTOMOOMIEen. [IepBrie B Mupe
TakCH 0€3 BoAWTENEH 3anmycTuia Komnmanusa NuTonomy B Cunramype.
[loe3nku ObUIM JTOCTYITHBI TOJIBKO B OIFPAaHMYEHHOW OOJIACTH BHYTPH
ropoja.

/ /q_L_

| Aw
v\) ‘M“WJ \, f

\‘A_i/—




U CKYyCCTBEHHBIC HEHPOHHBIC CETH

Komnanusi Uber 3amyctuna takcm 0€3 §/
pomutenss B CIIA B ropasmo Ooibliem | e .l
Macmrtade, yvem nuTonomy. OpHako MIMPO- «m«v
KOC€ PACIpPOCTPAHCHUE TAKCHU 0€3 BOMTHTCIIA 1
OBLJIO CYIICCTBEHHO 3aMEIJICHO, KOIZa B
mapre 2018 roma aBromoOmimb Uber coOumn
KCHIIIMHY, KOTOpas Iepexojuja JOpory,
OHa ymepia B 6onbHHIE. C TEX HOp IpH pas- B

pabOTKE M TECTUPOBAHMH CAMOYIPABISAEMBIX ABTOMOOMIIEH IPUMEHSIOTCS
MTOBBIIIICHHBIE MEPBI OC30ITACHOCTH.

B Hamed crpaHe TakXke 3aHMMAIOTCA Pa3pabOTKOM CaMOYIPaBIISIEMbIX
aBTOMOOMJICH, DTO JeNarT, HanpuMmep, kommanuu HAnmaeke u Kamas.
[IpaButenscTBO Poccun BhIOpaio JiBa peruoHa, B KOTOPBIX OyAET MPOBOIUTCS
TECTUPOBAHHE CAMOYIPABISIEMbIX aBTOMOOMWJIEM Ha JIoporax oOOIIEero
nonb30BaHusl — 3T0 MockBa u Tarapcran. DxkcnepuMenT npoxoaut ¢ 2018
no 2022 roa. Ceituac mnpoexaTb Ha Takchu 0€3 BOAMUTEIS MOXKHO B
NuHonosuce u CKOJKOBO.
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Jlpyroe mnomyiasipHOE OPUMEHEHHUE ITTyOOKMX HEHPOHHBIX CETEH — 3TO
aBToMaTH4eckuii mepeBoa. CoBpeMeHHBIC cucTeMbl IiepeBoga oT Google u
SHaeKe UCTIOIB3YIOT HEUPOHHBIE CETH I IIEPEBO/IA TEKCTOB.

B Skype ecTb BOBMOXXHOCTh CHHXPOHHOTO TIEPEBO/Ia Peur COOCCETHUKOB
¢ 10 si3pIKOB, BKJIIOYas pycckuil. Bai coOeceTHMK TOBOPUT HA aHIJIMMCKOM, a
BBl CJIBIIIMTE PYCCKYIO pe€4b U BHUJAUTE TEKCT MEpPeBoaa. DTO pEajn30BaHO C
nomompio cepBuca SKype Translator ma ocHoBe IITyOOKHMX HEHPOHHBIX
CETEH.
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HeiipoHHble ceTHM Bce 4allle MNPUMEHSIOTCS /Jsi aBTOMATH3alUM
PYTHHHOIO0 MHTe/LUIeKTyajJabHOro tpyaa. I'maBa CoOepOanka I'epman Iped
00bsBuUI, uTo eme B 2016 romy sl MOATOTOBKU HMCKOB CTaJIM IIPUMEHSThCS
HelipoHHble ceTu. Cetn 3ameHmn 450 HOPUCTOB, KOTOPBIE PaHEE TOTOBUJIU
TaKWE€ WCKM BPY4YHY10. B nanpHeimeMm, mo yreepxkiaeHuro Ipeda, CoepOanky
HEe OyayT HY>KHBI IOPHCTBI, KOTOpPbIE HE MOIyT padoTaTb C HEWPOHHBIMHU
CETSAMU.

HelpoHHBIE CETH IMO3BOJISIOT MOXOKUM 00pa3oM aBTOMATH3UPOBATH M
oyxraarepuro. Hanpumep, xomnanus Knaomka co3pana Oojiee 40 poOOTOB,
KOTOpPbIC aBTOMAarM4E€CKU BBIMOJHSAIOT OyXTrajlTepCcKue onepanud. MHorue u3s
3TUX pOOOTOB HUCIIOJIb3YOT HEHPOHHBIE CETH.

Tax:xe poOOTHI HA OCHOBE HEMPOHHBIX CETEH XOPOIIO CHPABIISIOTCS C
MOMCKOM COTPYIHMKOB H aHaJu30oM pe3woMe. Hanpumep, O0aHK
«OtkpbeiTHe» Uckan 0osiee 100 coTpynHMKOB B KOI-1IeHTp. B npuBieueHun
COTPYIHHMKOB HCIIOJb30Baach B ToMm umcie miaardgopma SKillaz, pobdor
KOTOPOM 3a HEJEI0 Hallea OoJibllle KaHJAUJATOB, Y€M IISTh COTPYIHHUKOB
OTJIeJIa KaJIpOB 33 MECHII.
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Pa3pabaTbeiBaloTCs CUCTEMBI MO MPUMEHECHHUIO ITyOOKHX HEHPOHHBIX CETEH MJIsk
MOMOIIM BpadYaM NP AaHAJU3e MEIUIUHCKUX u300paxeHu. Takwue
M300pakeHHUsl, KaK MPaBUjIO0, 3alllyMJICHbI, YTOOBl UX KOPPEKTHO HMHTEPIPETUPOBATH
HYy’KHa BBICOKas KBajqu(@uKalus Bpadyeil M MHOro BpeMeHU. HelipoHHBIE ceTu
MO3BOJISIOT BBIJICIUTh HAa MEAULMHCKUX H300paXKCHUSAX HHTEPECYIOLINE YYaCTKH,
YTO I103BOJISIET BpayaM 3HAYUTEILHO OBICTPEE ITOCTABUTH MPaBUIbLHBIN JUArHO3.
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HopmansHas MNporpeccupyowme 3HayuTensHole
ceryarka BO3PACTHLIE U3MEHEHUA U3IMEHEHUA

[ myOokre HEHpPOHHBIE CETH TaKXKE IPUMEHSIOTCS W JJS TBOPYECKHX 3ajJad.
OIHO W3 TONMYIAPHBIX HAIPABJICHUN. PUCOBAHUE KAPTHH HEHPOHHOM CeTbIO.
Takue kapTuHBI yX€ CTajld IPUOOpPETaTh MOMYJISPHOCTh. I'pymnma QpaHIy3cKux
ctyneaToB ObVIOUS Ha OCHOBE MpOrpaMMBI C OTKPBITBIMM HCXOJHBIMH KOJaMU
ciefaia HEHpoceTh, KOTOPYIO OOy4YWJIM Ha KapTUHKaxXx u3 Buxkunenuu. HelipoceThb
HapucoBana kaprtuHy 'lloptper Oamonaa benamu'. Kaptuny npopgaiu Ha
npectkHOM aykrnuone Christies 3a 432 teicsun mommapos. Jims Christies ato Obuta
repBas NpoJgaHHasd KapTUHA, HAPUCOBAHHAS UCKYCCTBEHHBIM UHTEIIJIEKTOM.
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HelpoHHbIE CETU TIPUMEHAIOTCA W AJH COYHHCHUSI CTHXOB H
My3bIkH. [Iporpammuctel SIHaekca pa3zpaboTaiyd HEHMPOHHYIO CETh,
KOTOpast COYMHMWIIA CTUXU B cTWie Eropa JleroBa. My3bIKy st 3THUX
CTUXOB COYMHUIIM U CHITPAIY TAKXKE COTPYAHUKHU fHIEKCa, B PE3YJIbTaTe
nonyuuiics anpOoom  «HelipoHHass 00OpoHa», KOTOpBIM  MOXKHO
nocaymarek Ha SHaexkc Mysbike. Pazpaborunku SHaexkca IpogoKAI
3aHUMATbCs OTHUM HANpPaBJICHUEM UM CO3JAJIM HEUPOHHYIO CETh,
CIIOCOOHYIO COYMHSTHh MY3bIKY, B TOM YHCJIE KJIaCCHYECKYIO.

Heliponnas cetb oOy4anace Ha npou3BeAcHusx baxa, IIIHuTke u
PaxmMaHMHOBA W reHEpUpOBaia MEJIOAWYHbIE JUHUU. X nopabarsiBanu
KOMITO3UTOPBI-NIIOAU. OJHO U3 TakKuxX MPOU3BEIACHUM, CUMQPOHUIO
«Digital  Sunrise», COYMHCHHYI0O COBMECTHO HCHPOCETHIO W
koMrio3uTopoM Ky3pMou bonpoBeiM, chirpait opkectp HOpus bammera.
Jlpyrue kommos3uinuu e€cth B anbbome «HedemoBedueckass My3bIka» Ha
Snnexc.My3bIKe.
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Texnonorun oOpabOTKH M300pAKEHUN HEUPOHHBIMH CETSIMH CTaJIU
HACTOJIbKO MOIIHBIMH, YTO IIO3BOJISIIOT CO3JaBaTh H300paKCHHUs, HE
OTJIUYMMBIE OT peaidbHbIX. OAUH M3 MEPBBIX H3BECTHHIX IPHUMEPOB —
BUjco C¢ ObIBIIMM Iipe3uacHToM CIIIA bapakom O0Oamon, KOTOpOE
co3Jalli COTPYIHHKH yHuBepcutera Bammuarrona (https://www.
youtube.com/watch?v=cQ54GDmlel0). Bumeo, ¢ BHICTyILICHHEM
bapaka O0aMbl CreHEpUpPOBAHO HEHUPOHHOM CEThIO, HO BBIIVIAAUT Kak
HacTosIIIEE.
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Texnonorun oOpabOTKH M300pAKEHUN HEUPOHHBIMH CETSIMH CTaJIU
HAaCTOJILKO MOIIHBIMHK, YTO MO3BOJISIOT CO3/laBaTh H300paKCHHUS, HE
OTJIMYUMBIE OT peanbHbIX. OJMH W3 IEPBBIX H3BECTHBIX HPHMEPOB —
Buaco ¢ ObBIIMM Inpe3ujgcHToM CIIIA bapakom O0amol, KoTOpoe€
co3Jalli COTPYIHHKH yHuBepcutera Bammuarrona (https://www.
youtube.com/watch?v=cQ54GDmlel0). Bumeo, ¢ BHICTyILICHHEM
bapaka OO0OaMbl crenepuposano HEHPOHHOM CEThIO, HO BBIIVIAAUT Kak
HacTosIIIEE.

CnoBa ajis BHJICO ONPOMBHOCHUT akTep. HelpoHHas ceTh 3aMEHSET
rojioc akrtepa Ha ronoc bapaka O0ambl, 1 TEHEPUPYET JABMIKECHUS I'y0,
MOAXOIAIINE IS OTUX CIOB. Takas TexHoJ0orusi Ha3piBaeTcsa DeepFake
— xomOunanus u3 Deep Learning (oOydeHue IIIyOOKHX HEHPOHHBIX
cererl) u Fake (dbampmuBka). Ceituac Texnonoruu DeepFake cramm emre
Obonee moctymubel. K mpumepy, ceiiuac momyiaspHel TecThl DeepFake
pazap, B KOTOPBIX HYXHO OIPEICIUTh, SBIIETCA JIM (QoTorpadus
YEeJIOBEKA PEATIbHOM UJIM CTEHEPUPOBAHHON HEMPOHHOM CETHIO.
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YacTto BO3HUKAET BOIPOC, MOYEMY TIIyOOKHME HEUPOHHBIE CETH CTAIM Tak

MONyJIAPHbI HMMEHHO cenvyac. Beap MoOJenb HCKYCCTBEHHOIO HEUPOHa
npuaymanu eme B 1943 roma, m Oosbias 4acTh HJCH INTyOOKHMX HEHPOHHBIX
ceTed ObUIO MPEIJIOKEHO B IPOILIOM BEKE. Y pOCTa MONYJISIPHOCTH €CTh
HECKOJIbKO MPUYHH.

Cenyac pe3Ko BO3pOcCia MPOU3BOAUTEIBHOCTh KOMITBIOTEPOB. COBPEMEHHBIE
MHOTOSIIEPHBIEC MPOLECCOPBI 00ECIEYNBAOT BBICOKYIO MPOHU3BOJIUTEIBHOCTD.
A HEKOoTOpble TpadHUYECKUE YCKOPUTEIIM, KOTOphIE pa3padoTaHbl IS
KOMITBIOTEPHBIX HWIP, HO MOIYT TaKXe€ MOPUMEHATBCA i OOy4YeHUs
HEUPOHHBIX CeTel, o [IPOU3BOJIUTEIILHOCTH CPaBHUMBI C
cynepkomibtorepamu 80-x wian 90-x rogos. Takum oOpazom, 00OpynoBaHUE,
KOTOPOE paHbIlle OBbLIO TOIBKO y KPYIHBIX KOPIOpAIUM U YYEHBIX, TEHEPh
TOCTYITHO BCEM.

YT1o0OBI 00yUYNTh HEUPOHHYIO CETh PEIaTh CKOJbKO-HUOYb CIIOXKHBIC 3a1a4H,
HY>KHBbI OoJjbllIMe 00beMbl JaHHBIX. Celyac y Hac Takhe OObEMBbI JAaHHBIX
€CTh. B COBOKYIMHOCTH C POCTOM BBIYHUCIUTEIBHBIX PECYPCOB IOABISIOTCS
TEXHUYECKHE BO3MOKHOCTH 00y4aTh INTyOOKHE HEHPOHHBIE CETH.
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* B mocieaHue HECKOIbKO JIET pa3pabdoTaHO OONBIIOE KOJIWYECTBO
YIYUYIIICHUH aJIrOPUTMOB O0YUYEHMSI HEMPOHHBIX CETEeH. DTH yIyUIICHUS
HE TAaKUE 3HAUUTEJIbHBbIC, KaK CO3JaHUE MOJIECIM HCKYCCTBEHHOIO
HEMpOHAa, HO WrparoT OOJBIIYID pOJb HMEHHO IIpM OOYYECHHH
HEMPOHHBIX CE€TEW A MNPaKTUYeCKUX 3a7ad. OHM CyIIECTBEHHO
COKpaIllaloT BpeMsi OOy4deHHsS, IPH OTOM YyBEIWYMBAA Kade€CTBO
00y4deHMS.

* W nocnenHsAs NpUYMHA — MOABICHUE W IIMUPOKOE PACIPOCTPAHECHUE
TOTOBBIX K KCIIOJBb30BAaHUIO OMOJMOTEK HEUMPOHHBIX CETEHM, B KOTOPHIX
YK€ peaJn30BaHbl COBPEMEHHBIC aITOPUTMBI OOy4YeHHs. Takum
00pa3oM, €CTh BO3MOXXHOCTh IIPUMEHSATh 3TH F'OTOBBIC OUOIIMOTEKU IJIs
pEIICHUS ITPAKTUYECKUX 3a0a4.

[ToaTOMYy TOpOr BXOXKICHHS B OOy4YEHHME INTyOOKHX HEHPOHHBIX CETeH
CHIDKAETCS, a CKOPOCTh pa3padOTKU pelIeHuM yBenumuuBaercsa. (Celdac
JaXe IIKOJILHUKH CIIOCOOHBI 32 HECKOJBKO JHEH Hamucarh MpOrpaMmy
oOy4YeHHsI HEHPOHHOM CETH.
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Chepa MM — 5310 aBrOMaruzauMs 3a7ad, paHEEe pellaeMbIX JIMIIb
4YeJI0BEYSCKUM HHTEIUIEKTOM. CucTeMa MallMHHOTO OOy4eHUsl 00y4aeTCs, HO HE
IpOrpaMMHUpPYETCI B  SBHOM Buae. Ha BxXxog cucremMa OPUHUMAET
MHOTOYUCJIEHHBIE M YaCTO PA3HOPOJHBIE IIPUMEPHI, UMEIOIIUE OTHOIICHUE K
pelaeMon 3aj1a4e, a OHa MUILET BO BXOAHBIX MPUMEPAX HEKYHO CTATUCTUYECKYIO
CTPYKTYpy. B CBOO ouepenp, [aHHAs CTPYKTypa IIO3BOJISAET AJITOPUTMY
OIPEIEIUTh IIPpaBUJia JIJI1 aBTOMATUYECKOTO PEIICHUS TOCTABJICHHOU 3a/1a4H.

I1y0okoe 00yueHue — 3TO 0COOBIN pa3Ae MAIIMHHOIO O0OY4YEHMS, KOTOPBIN
JeJIaeT yIop Ha aHajiu3 IMOCJIEHOBAaTCIbHBIX CIIOEB (MM YPOBHEH) Bce OoJiee
3HAUUMBIX  IIpeacTaBicHud. llog rimyOmHoi B IIIyOOKOM  OOydYEeHUM
oApa3syMeBaeTCsl He Oosiee MIyOOKOE€ MOHMMAHHUE, KOTOPOE JIOCTUTAETCS 3THUM
MOAX0JIOM, @ MHOTOCJIOMHOCTB B IIPEACTaBICHUH Mojiesiu. KonmyecTBo ciioeB, U3
KOTOPBIX COCTOMT MOJICJIb JAaHHBIX, HA3bIBAIOT IIyOWMHOW Moaeau. HMHbIMMH
MOAXOMSIMMH HAa3BaHUSAMM IS TOM 4YacTH MAIIMHHOTO OOy4Y€HHS MOIJIA ObI
OBITh «KMHOTOCJIOMHOE OOYUYEHHUE» U «UEPAPXUIECKOE OOYUCHHUEN.

B m1yOokoM 00yd4eHHM MHOTOCJIOMHBIE MPEACTABICHUS H3y4aroTcs (Yalle
Bcero) ¢ npumeHenneM moaenern MHC. Mx crpykTypa mpeacraBieHa B BHUJIC
CJI0€B, HAJIOXKEHHBIX APYT Ha JIpyra.
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[ myOokoe 00yyeHuEe JOCTUTIIO MHOKECTBA MTPOPHIBOB B CIIOXKHBIX JJIS

MAIIMHHOIO0 00YYE€HHUS 00IaCTIX:

KJIaCCU(DUKALIUS N300paKCHUI HAa YPOBHE YEJIOBEKA,;
pacmo3HaBaHHUE PEYM HA YPOBHE YCTIOBEKA,
pacno3HaBaHUE PYKOMIUCHOTO TEKCTa HA YPOBHE YEJIOBEKA;

MOBBIIICHUE KAayeCTBA MAIIMHHOIO TMEPEBOAA C OJHOIO fA3bIKa Ha
IPYyIrou;
YIYUIIIEHAE KaY€CTBA UTEHUS TEKCTA BCIYX MAIIUHOM,

co3janne IMUQPPOBEIX MOMOMIHMKOB. Yandex — Aimca, Google Now u
Amazon — Alexa;

yIpaBJICHUE aBTOMOOMJIEM Ha YPOBHE, CPABHUMOM C YCJIIOBEKOM;
MOBEIIIICHHE TOYHOCTH I1elieBoit pekitambl Google, Baidu u Bing;
TIOBEIIIICHHUE PEICBAHTHOCTH NoucKa B UHTEpHETE;

MaIIWHBI MOTYT OTBEYATh Ha BOIIPOCEHI, 3aJaHHBIC BCIYX;

aJrOpPUTM OOBITpajl yeaoBeKa B «l 0.
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I’ myOokue HEeHMpOHHBIC CETH ABTOMATH3MPOBAJM OOHY H3 CIOXKHBIX
33724 MAaIIMHHOTO OOy4YeHHMS — BbIOOP NPH3HAKOB, 3HAYUMBIX JJIs
pEIICHUS 3aJ1a4M, U3 MHOXKECTBA JIOCTYMHBIX. [7TyOOKHE HEHpPOHHBIEC CETH
ABTOMAaTUYECKHA HM3BJICKAIOT Ba)KHBIC IPU3HAKU B mpolecce oOydeHus. Ho
g ooyuenuss HMHC TpeOyrorcs o4deHb OONbIIHME BBIYMCIMTEILHBIC
pecypchl. Onnako oOydenHas MHC paboraeTr ObICTpo M TpeOyeT OYECHB
MaJjo pecypcoB (cmocoOHa paboTaTrh Aake Ha MOOMJIBHOM ycTpoucTBe). K
tomy xe MHMHC maer eme OIHO TIPEMMYIIECTBO IIEPEN JAPYTUMHU
AIrOpUTMaMH MAIIMHHOTO OOy4Ye€HHS — OHa MOKeT Jd000y4aTbC Ha
OTJICIBHBIX IIpUMeEpax 0€3 MOJHOTO NepeoOyUeHUs Ha BCEX JaHHBIX.

Metoaunka IITyOOKOTO 00y4YeHHUS UMEET nBe BasKHbIE
XapPaAKTEPUCTHKH.

 IlosTamHO, IIOCIOMHO  KOHCTPyHUpyeT Bce  0ojiee  CIOXKHBIC
IIPEACTABIICHUS.

* Hccneayer mpoOMEXKYTOUYHBIE MPEACTABICHUS COBMECTHO, 3a CUET YEro
KaKIbIA CIIOM OOHOBISIETCSI B COOTBETCTBHU C HH(OpMAaIUEH,
MOJIYYCHHOHU OT MPEJCTABICHUN APYTUX CIIOEB.
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Pa3zjim4Hble MOAX0AbI K MAIMHHOMY OOYYEHHWIO M HEMPOHHBIM CETAM

MOZKHO PACIHIPCACINTb B XPOHOJIIOTHYCCKOM ITOPAAKE CICAYIOITHUM O6p2130M:

* BEPOSITHOCTHOE MOJECIHMPOBAHUE (ITO3BOIWIO, K IPUMEPY, PELIUTH 3a/1a4y

OIpPEACIICHUS ClIaMa);

* TIOJHOCBSI3HBbIE HEHWpOHHBIE ceTh (ceTh LeNet cmomma pacmo3Harhb

PYKONHMCHBIE ITU(DPBHI);
* SJICPHBIC METOJBI (B YaCTHOCTH METO]I OIIOPHBIX BEKTOPOB);

°* JICPEBbI PEUICHWK W OCHOBAHHBIE HA HUX CIy4YaWHbIE Jieca U
IrpaJUCHTHBIA OYCTHUHI (J10Jro€ BpeMs OCTaBISJIM HEHPOHHBIE CETH Ha

BTOPOM MECTE);

* COBpEeMCHHBIC IITyOOkHe HelponHbsle cetm Inception, ResNet, BERT
(BBILJIM B 3ajJadyax KjlIacCU(PUKALMA H300paKECHUH M TEKCTOBOM

MH(pOpMallMY Ha YPOBEHb YEJIOBEKA).
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B 11e11oM MammmHHOE 00yUeHUE IEPKUTCS HA TPEX «KUTAX).
* 000pyIOBaHHUE;
* HaOOPHI JAaHHBIX U TECTHI,
*  QJITOPUTMHUYECKHUE JOCTUKCHUS.
OoOopynoBanue

B 2007 romy xommanusi NVIDIA Beimyctuna CUDA — mnporpamMMHBIM
uHTEp(PENC 19 TpOU3BOAMMBIX UMM TIpaduueckux mnpoueccopoB GPU. Tenepp
HeckoabKko GPU MOryT 3aMEHHMTh MOIIHBIC KIaCTEphl Ha OOBIYHBIX MPOIeccopax
B PAJIE 3a]1a4, KOTOPBIE TOMYCKAIOT BO3MOKHOCTh MaCCOBOIO paclapajyieInBaHUS
pacueToB. [nyOOKMEe HEWPOHHBIE CETHU BBIMOJHSIIOT (B OCHOBHOM) YMHOXXEHHE
MHOXKECTBA MAaJICHBKAX MAaTpHUIl, MNO3TOMY JOMYCKAaKOT BBICOKYK) CTEICHb
pacnapaieIMBaHu.

B 2016 rogy Ha cBoel exerogHoli koHdepenumm (Google 1/0O kommanus
Google nmpe3eHToBana CBOM MPOEKT TEH30pHOTO IIpolieccopa (Tensor Processing
Unit, TPU). /laHHBII TIpoIieccoOp ¢ HOBOM apXHUTEKTYpOH NIpeIHa3HAYACTCS IS
HCIIOJIb30BaHUSI B IIIYOOKHMX HEHWpOHHBIX ceTsax. OH Oonee uvwem B 10 pas
IPOM3BOJUTEIBHEE U SHEProdh(PEeKTHBHEE caMbIX JIydmux moaenaen GPU.
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B 1ienomM mammHHOE 00y4YEHHUE ACPKUTCS HA TPEX KKATAX):
* 000pyIOBaHUE;
* HAOOPHI JAHHBIX U TECTHI;
*  AITOPUTMHYECKHUE TOCTHKCHUS.
Ha0opbl JaHHBIX U TECTHI

JIaHHBIE — 3TO CBOETO POJia «ChIPhE», MUTAIOIICEC WHTEIUICKTYaJIbHbIC
MAIIIMHBI U TIIyOOKOE€ OOyYEHME B YACTHOCTH. A 3KCIOHCHIMAIBHBIM POCT
EMKOCTH YCTPOMCTB XpaHCHMS HMH(QOpMAIMM, HAOIIOJABIIMICI B
nociaeaaue 20 et (cormacHo 3akoHy Mypa), 1 IepeMeHbl B UTPOBOM MHUPE
BbI3BaJ M OYpHBIM pPOCT HMHTEPHET-JAHHBIX, Ojarogaps 4Yemy yaalocCh
HAaKOMUTh M PACIPOCTPAHUTL OTPOMHBIC OOBEMBI JAHHBIX IS MAITUHHOIO
oOydeHHusi (HY’)KHO OTMETHUThb, YTO IIIyOOKHE HEHWPOHHBIE CETH TPEOYIOT
COTHHM THICSY, @ MHOIA M MWUIHOHBI oOydaromux npumepoB). Cenyac
KpyIHbIE KOMIIAaHMM pPadO0TalOT ¢ HabopaMM H300paKCHHUM, BHJICO U
TEKCTOBBIX MAaTE€PHAJIOB, KOTOPHIE HEBO3MOXHO OBLUIO OBl cOoOpaTh 0e€3
HNurtepHera.
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AJITOPUTMBI

Heiiponnsie cetu 10 koH1a 2000-X ObLIM HE OYE€Hb INTYOOKMMM — UMEIM OJMH
WA JIBa CJIOS MNPEACTaBICHHUS, M3-3a ATOr0 OHHU YCTyHaiau Oo0jie€ COBEPIICHHBIM
MIOBEPXHOCTHBIM METOAaM, TAKUM KaK METOJ OIIOPHBIX BEKTOPOB U CIIy4YalHBIE Jieca.
OcHoBHas npooOieMa 3aKiIrodaiach B paclpoOCTPaHEHUHN IpaJiMeHTa dyepe3 IITyOoKue
nakeTbl cjaoeB. CUrHail oOpaTHOM CBSI3M, KOTOPBIM MCIOJB3YIOT IS OOy4YeHUS
HEUPOHHBIX CETEH, 3aTyXAET 10 MEPE YBEIMYECHUS KOJIUUECTBA CIIOEB.

B 2009-2010 romax mnosSIBUIMCH NPOCThIE, HO BAXKHBIC aJITOPUTMUYECKHUE
yCOBEPIIICHCTBOBAHUSI, TO3BOJIMBIINE YIYUIIUTh PACIPOCTPAHEHUE TPAJUCHTA!

* YCOBCPHICHCTBOBAHHLIC qJYHKI_II/II/I aAKTUBAIlNU,

e Oojee  onTUMaJbHbIE  CXEMbl  WHHUIMAIM3AllUM  BECOB, HauMHas  C
IPEABAPUTEIBHOTO MOCIONHOT0 00yUY€HHs, OT KOTOPOIro OBICTPO OTKA3AJIMCH;

* JIy4IIHE CXeMbI oNTUMM3aIuHU, Takue kak RMSProp u Adam.

OTU yAydIIeHUsl TMO3BOJWIM CTpouTh moxaenu ¢ 10 cimosmu u Oonee. Hawancs
pacieT riyookoro ooydenus. B 2014, 2015 u 2016 romgax ObLIM OTKPBITHI €IIIC
OoJiee  COBEpIICHHBIE CIIOCOOBI  PACHPOCTPAHEHHS TpPAJAUCHTA: TMMaKeTHasl
HOpMAaJIM3auus, 00XO/HbIE CBSI3M U OTAeJUMbIe CBepTKHM. B Hacrosiiee Bpems
MOKHO 00y4aTh ¢ HYJIsI MOJICJIM C ThICSIYaMHU CJI0€B B INIyOUHY.
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buoaunoreka o00ydyeHHs INIYOOKHMX HEHPOHHBIX CeTell Ha S3BIKE
Python TensorFlow or xommanum Google pacnpocTpanseTcs
OCCIJIaTHO M HMCHOJB3YETCS BO MHOTHMX KOMIIAHUSX M YHHBEPCHUTETAX

MHUpa.

C mnomompro Oubmmoreku TensorFlow u  BBICOKOYPOBHEBOIO
uHTEep(deica OIMcaHus HEHPOHHBIX ceTer Keras w3 cocraBa
TensorFlow moxHO paspabareiBath mporpaMmbl Ha Python, koropreie

AHATM3UPYIOT TAOJIUYHBIC JAHHBIEC, N300PAXKEHUS U TEKCTHI.

s o0ydyeHMs1 HEHPOHHBIX CETEM MOXKHO  HCIOJIb30BaTh
OecrmuatHyio obaaunyo miaargopmy Google Colaboratory. Ha stoii
naaropMe YK€ YCTAaHOBJIECHO OOJBIIOE KOJIUYECTBO OHOIHOTEK
MAaIlIMHHOIO0 OOYYeHUS W aHaIu3a JaHHBIX (B ToM udmcie TensorFlow), a
Takke ecTtb GPU, koTopele MO3BOIAIOT 00ydarh HEHWPOHHBIE CETH
3HAUUTEJILHO OBICTPEE, UEM Ha LIEHTPAJIBHBIX MPOIECCOPAX.



Moagesib HCKYCCTBEHHOI'0 HEMPOHA

HUckycctBenHble HeWpoHHble ceth (MHC) cocrosatr w3 HEOOJBIIMX
BBIUMCIIMTEIILHBIX JIEMEHTOB — UCKYCCTBEHHBIX HEMPOHOB, KOTOPBIE TTOCTPOCHBI
10 @aHAJIOTUU, IOCTATOYHO MMOBEPXHOCTHOM, C HEMPOHAMHU I'OJIOBHOI'O MO3ra.

buoslornyecku HEMPOH COCTOUT U3 AApPA, B KOTOPOM HAKAIIMBACTCS
3apsil. 3apsja MOCTYIAET B SAPO 4Yepe3 BXOAHBIC OTPOCTKH — AeHAPHMTHI. [Ipu
HAKOIIJICHUU 3apsjia BBIIIEC OIPEACICHHOIO YPOBHS, HEMPOH BO30YXXIACTCI U
BbIJIACT HEPBHBIM HMITYJIbC HA BBIXOJHOM OTPOCTOK — AKCOH. AKCOH, B CBOIO
ouepedpb, IMOJAKIIOYEH K JICHJAPUTAM CICAYIOIMX HEUPOHOB, 3a CUET TaKHUX
COCIMHEHHUI 00pa3yeTcsl HEHPOHHAA CETh.

AeHApUTHI CuHancel

AKCOHBI COCTUHSIIOTCS C ICHIPUTAMUA
yepe3 cuHancbl. CHHAINCHI MOTYT
U3MEHATH MPOXOASAIINN Y€PE3 HUX
curHai. Bo30y:xaromine CUHAIIChI
YCUJIMBAIOT CUTHAJI, a4 TOPMO3SIIINE —
OCJIa0JISIOT.

HanpasneHue
UMNVYAbCa
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Mopenb HCKYCCTBEHHOIO HEHpOHa IIPeUIOKIIN JBOE€ YYEHBIX YoppeH Mak-
Kannok u Yonrep [Iutrc B pabote «Jlornmueckue ucuuciaeHus uaei, OTHOCSIINXCS
K HepBHOI JiesiTebHOCTI» B 1943 rony.

Bxoabl Beca
le
X2 o——» E
| E : net :
X3 6— ' ' Bbixop
DyHKumna |
CymmaTop aKTMBauum
ne——s (WY

Puc. Mogenb WCHYCCTBEHHOMo HelpoHa MaK-Kannoka U MNuTca

B »Toit MOJCIN Y HEﬁpOHa CCTb BXO/JIbl, aHAJIOI'H ICHIPHTOB. KommgecTBO TakuX
BXOIOB 7. Ha BXOAbI ITOCTYIIAKOT CHI'HAJIbI, BCHICCTBCHHbLIC YHCJIA, OT X1 O Xp,
OITMCBIBAIOIIIHME HAIIIH OOBEKTEL. H&HPI/IMBP, JJI5 H306pﬂ}KEHHH BXOJIHBIMH
CHUI'HaJIaMH 6}7,[[}7T YHCJIOBBIE 3HAYEHHS IIHKCEJICH.
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Bxoabl Beca
le
| § : net :
' - (p —:—F
X3 &— ' ' Boixop
OyHkuma |
CymmaTtop aKTUBALUWN |
Xn e c(w

Puc. Moaenb UCKYCCTBEHHOro HelpoHa MaKk-Kannoka u Murca

BxoaHble 3HaUeHNST YMHOKAIOTCA Ha Beca BXOJOB OT Wi JI0 Wy. Beca BXOI0B B
HICKYCCTBCHHBIII HEHpPOH — 3TO aHAJIOTH CHHAIICOB B OMOJOTHYECKOM HEIpOHe.
[TonmoxuTenpHbIC Beca ASHCTBYIOT KaK BO30YKIal0NIIe CHHAIICH, @ OTPUIATeIbHbIC
— KaKk TOpPMO3SIIHNe. 3HAYSeHUs CUTHAJIOB Ha BXOJ/le B HEHPOHBI, YMHOKCHHbIEC Ha
Beca BXOJIOB, CKJIAJIBIBAIOTCS U IIOCTYIIAIOT Ha BXO]I HEJIMHEHHON QyHKINHU ¢. DTa
(dyHKIUS Ha3biBaeTCAd (PYHKIHeE akTHBalMU. BBIXOJ HCKYCCTBEHHOrO HelipoHa
SIBJISICTCS aHAJIOTOM aKCOHa.
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B MaTeMaTHYeCKOM BHJE MoOJe/lb HCKYCCTBCHHOI'O HEﬁpDHﬂ MOZKHO OIIHCAThb.

e Bxoanl — 3T0 Hekuii BekTop X = [Xq, X5, ..., X, | BXOOHEIX 3HAYEHHI, OHH IBIAIOTCS aHAIOIOM
IeHIPUTOB B peallbHOM HEMpOHE.

e Beca — 5T0 BekTOp 00ydYaeMEIX IIapaMETPOB HEHPOHHOH CeTH W = [Wq, W>,..., W, ]|, KOTOpEIC
0003HAYAIOT 3HAYHMMOCTEL KaKIOr0 BXOJHOI'O IIPH3HAKA JJIS UTOTOBOTO pe3yibTaTa (0 CYTH,
aHAJIOI CHHAIICOB peajJbHOro HelipoHa). B KoHeuHOM HTOre, €cim Kakoli-to Bec w; = 0, TO
IIPU3HAK X; ABIAETCA aOCOIIOTHO He3HAYHMBIM JUIA HelipoHHOil ceTH. M Hao0opoT, uem Ooblile
3HAYEHHUE W;, TeM CHJbHEEe BJIHMSAET MPH3HAK X; HA PE3yJbTaT, BBIJIAHHBIN HEHPOHHOH CETHIO.
JInuHa BEKTOpa BECOB COBIIAJIACT C JUIMHOI BEKTOpPA BXOJHBIX IIapaMETPOB.

o Cymmarop — QyHKIHS, KOTOpas MPOCTO CYMMHpYET IIPOH3BEACHUS IPH3HAKOB Ha HX Beca.
MoHO cKa3aTk, UTO 3TO SAPO HEHPOHA, KOTOPOE aKKYMYIIUPYET 3apsi:

n
X1Wq + Xowp + L+ X, W, = inwi.
i=1
o MDyHKIHSA AKTHBANMHH — (QYHKIHSA, KOTOpas INPHHHUMAET HA BXOJl pe3ylabTaT CyMMaropa H
BHITIOJIHAET HEKOE MpeoOpa3oBaHWEe, 4YTOOBI IIPEBPATUTh CYMMY B3BEIICHHBIX BXOJIOB B
aJICKBaTHBIH BBIXOI, KOTOPBIH MOKHO HHTEPIPETHPOBATE C TOYKHU 3pEHUS pEHICHUS
IIOCTaBlIeHHOMH 3adadn. Tak Kak B ciaydae Majoil BeIHMYHHBEI CYMMAaTOpHON (QYHKIIHH (yHKIHA
AKTHBAllUH MOXET BEpHYTH 0, TO €CTh «HHYEro», TO OHA ABJIACTCA HEKHUM aHaJIoTOM TOI'O
MeXaHH3Ma B peaJbHOM HeHpoHEe, KOTOphIE OTBEUaeT 3a BO30YKIEHHA HeiipoHa (ero
«aKTHBAIIHUIO» ).
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(I)yHKIIHH AKTHBAaIllHH

WUrtak, NOpeAnonokuM, UYTO HaM HYXXHO BBIIOJHHUTE KiIacCH()HUKAITAIO
OOBEKTOB Ha JIBe TpYIIBL: ChedOoOHBIE TpHOBI M HeCchel0OHBIE. B3BemieHHas
CyMMa BXOJIOB MOJKET OBITh JIIOOBIM YHCIOM B JHalla30HE OT MHHYC
OECKOHEUHOCTH JI0 IUIKOC O€CKOHEYHOCTH, YTO HHKAaK He IpHOJIIKaeT Hac K
pEeIICHUIO MIOCTABICHHON 3aJlaud. 3HAYHUT, HEOOXOJAMMO Kak-TO IIpeoOpa3oBaTh
3TO YHCJIO TaK, 4YTOOBI OHO 00A3aTENHLHO MONAJAI0 B CTPOTO 3aJaHHBIM HaMHU
JWana3oH, 1 IMEHHO B paMKaX 3TOT0 Juana3oHa Mbl MOTJIH IIPUHUMATh pellIeHHUE.
JI71 3Toro OpUIH pa3paboTaHbl (PYHKIIUNH aKTHBAITHH.

POyHKIHA eAHHAYHOI0 cCKavKa (GyHKumusa XIBHCaH1a):
0,z < 0;
9 (:I.T) — ? ]
1,z > 0.
IJI€ X — B3BEIICHHAs CyMMa BXOJHBIX IIapaMETPOB.

JlanHas ¢QyHKIUSA IpHHHMAaeT Ha BXOJ B3BEIICHHYIO CYMMY BXOJHBIX
IapaMeTpoB U, eclii OHU MeHbIe 0, To Bo3Bpamaet 0, nHade — 1.
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Ho gTo0, ecinm MBI BUIMM, 9YTO KOPPEKTHOE pa3jelieHHe KIaccoB OyJeT
IIPOUCXOIUTH HE II0 HYJIIO, a 110 JIIDOOMY JPYTrOMY 3HAYCHUIO?

Tyr npurogurcss HNOHATHE «IOPOD» A out
(oT aHri. bias) — 3To 3HaUEHHE, KOTOPOE
Oyzer cMmemarh MecTo ckadyka or O B
HY>KHO€ HaM MECTO YHCIIOBOH OCH:

0,5 <0 0,5
f(5) = ’
1,8> 0
5 [Topor b
r7ie 6 — 3aJaHHBIH IIOPOT, _ net
S — B3BeleHHast cymMma -5 0 5 0

BXOJHBIX HapameTpOB.
Puc. ®yHKUMA X3Bmncanga (PyHKUMA egUHUYHOro CKa4Ka)



U CKYyCCTBEHHbIC HCHPOHHBIC CEeTH

Ho Takoe ctporoe pasgeneHume Ha 0 m | SBIsSeTCS CIUIIKOM IpyObIM H B
peallbHOCTH HEe HCIOIB3yeTCs, TaK KaK 4YacTO BO3HHKAIOT CHTyaIlMH, KOrja o
IPUHAIISKHOCTH K KJIAcCy MOXHO CKa3aTh JIMIIb C HEKOell Jojell BepOsSTHOCTH.
ITosToMy Hy»XHa (DYHKIIHS, KOTOpasl IIO3BOJHUT BbIgaBaTh He 0 M 1, a 4HCIIO B 3TOM
nuamna3one. 1 yem Ommke gnciio K 0, TeM O0JbIlle BepOSITHOCTD, YTO 3TO, K IIPUMEDPY,
HeCheJOOHBIN I'pH0, a YeM OJIKe K 1, TeM 0oJIbIlle BepOsSTHOCTD, 9YTO I'pHO Che100€H.

CurmouganbHast pyHKnus (JiorucTudeckass QyHKIHUS):

I'I€ X — B3BCIICHHAA CyMMa BXO/JHBIX IIapaMCTPOB.

Kpome Toro, 4To oHa Bo3BpalaeT HEOOX0JHMOe HaM paclipeielIcHHe 3Ha4YeHUI OT
0 no 1, maHHas (QyHKIMSA oOJajaeT emle OJHHM HHTEPECHBIM CBOMCTBOM — OHA
IIPUKUMAET)» paclpeie/IeHUs IToy4aeMbIX 3HaueHU K 0 1 K 1, a B ieHTpe okoio 0,5
CTapaeTcs OCTAaBUTh KaK MOKHO MEHbIIEe 3HAYCHHUI. DTO MPOUCXOJUT 3a CYET OYEHb
Pe3KOro Bo3pacTaHUI (PyHKIMHM Ha y9acTKe BOKpYT 0,5 U INIaBHBIX IepeXo10B 0K010 0
n 1. Takum o0Opa3zom, MbI IMOJIy9aeM MHHHMAJIbHOE KOJIMYECTBO 3HAYCHHUI, KOTOPbBIC
IIOMIAJAI0T B 30HY HEOIIpeIeIeHHOCTH 0KoJIo 0,5.



U CKYyCCTBEHHbIC HCHPOHHBIC CEeTH

A
| . 1 ‘Out -
out T~
1
f@)=0(@) = ——
net
I I —-
-5 5 10
(e:” — e 3’)
x) =th(z) =
; l nﬁt f( ) ( ) (eq, n e"*”“')
-5 0 5 10 -1 1L
Puc. CUrMomaansHaa dyHKUMA (NorucTryeckan dyHKUMA) Puc. ®YHKUMA rnepboan4ecKoro TaHreHCa

dyuknus runepooanyeckoro tanrenca (rectified linear units, ReLLU)

Hamnas QyHKOHSI BedeT ceds MOXO0XKHM 00pa3oM ¢ CHTMOHIOH H 00JaJaeT BCEMH ee€
CBOIICTBaMH, HO BO3BpaIllaeT 3Ha4CHI B Juana3oHe oT -1 go 1. llHorma 3To MokeT OBITh YA0OHO.

e:l: —e T
f(z) = th(z) = | )
(e + e %)
Ota (YHKIHA aKTHBALUH BO3BPAIIAET 3HAUEHHE X, ECIIH X IOJI0XKUTENBHO, U 0 B IPOTHBHOM

ciaydae:  f (z) = maz (0, z)
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dyukuus runepooanyeckoro tanrerca (rectified linear units, RelLLU)
SBJISICTCA XOPOIIMM alMpPOKCUMATOPOM — JIr00ast (QYHKOHUS MOXKET OBITh
anmnpokcuMupoBaHa koMOuHanuerdn RelLU. IlpenmmymecTBoM Takxke SIBIISIETCS
TO, YTO 3Ta (PYHKIHUS CO3JACT PA3PEKECHHOCTh MPU AKTUBALIMKM HEUPOHOB. TO
€CTh, B OTJIAYME OT CHUTMOMJBl W THUNEPOOIUYECKOrO0 TaHIeHCa, OyayT
AKTUBUPOBATbCS HE BCE HEUPOHBI, YTO YMEHBIIUT BBIYUCIUTEIBHYIO
TPYIOEMKOCTb. ITO CBOMCTBO BBITEKAET U3 TOTO (hAKTA, YTO BCE OTPHUIIATECIIHHBIC
3HaYeHUs oOpamiaroTcsa B HOJb. Mcnonp3oBanue RelLU 3HaunMO HOBBINIAET
CKOPOCTh CXOAMMOCTH T'PaJUEHTHOIO CIYyCKa IO CPABHEHUIO C CUTMOMUION U
TUIIEPOOIMYECKUM TAHTCHCOM.

Ho ectp u Hemocrtatku. Bce wu3-3a TOro xe OOHYJIEHHUS BCeX
OTPHULIATEIbHBIX 3HAYCHUN TpaJueHT Ha 3ToM 4yacTu Takxke paBeH 0. Ilostomy
Beca He OydyT KOPPEKTHUPOBATHLCS BO BPEMs I'PaJMECHTHOrO CHyCKa. A 3HAYUT
HEUPOHBI, MPEOBIBAIOIINE B TaKOM COCTOSIHUHM, HE OyayT pearupoBarh Ha
OIMOKKM W o0O0y4yarbcd. JlaHHOE SBJIEHHWE TaKK€ Ha3bIBAIOT MPOOJIEeMOi
ymuparwmero RelLU.

CymectByror moaupukanuum RelLU, kortopple 4YacTHYHO pemarT 3Ty
npobnemy: Leaky ReLLU, Parametric ReLU, Randomized RelLU.
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Mak-Kamiok u IIMTTC mpeanoXuian HE MPOCTO MOJEIb HCKYCCTBEHHOTIO
HEMpOHAa, HO M C€NOCO0 OOBECAMHECHUS HECKOJIbKHX TaKUX HEHWPOHOB B
MCKYCCTBEHHbBIE HEMPOHHBIE CETH. JJIs1 3TOT0 BBIXOA HEUPOHA IOJIKIOYAECTCS KO
BXOJYy JPYroro HeHpoHa (WMJIM HECKOJBbKUX JPYTMX HEHpPOHOB). bblio
MPEIJIOKEHO MHOIO PA3JIWYHBIX METOAOB OPraHU3allMd HEHUPOHHBIX CETEH,
celyac 4Jalle BCErO0 HCHOJb3YETCA MOAXOA, IIPU KOTOPOM HEUPOHBI
OPTaHU30BaHbI B CJIOM. JTO TOXKE MMEET AHAJIOTHUIO C YCTPOUCTBOM TOJIOBHOIO
MO3ra. BBIXOJIbI HEMPOHOB OIHOTO CJIOA TMOJKJIKYEHBI KO BXOJaM HEHPOHOB
CJICAYIOIIETO CIIOA.

B HEUPOHHBIX CETAX €CTh TP TUIIA CJIOCB:
- BxoaHou cii0i, Ha KOTOPBIXA MOCTYHAKOT CUTHAJIBI U3 BHEIITHETO MUPA
-  BBIX0AHOM CI0M, KOTOPBIN BBIJIACT CUTHABI BO BHEIIIHUN MUP

-  CKpBITBIA CJION, KOTOPBIA HAXOJIUTCS MEKY BXOAHBIM M BBIXOAHBIM CJIOSMH.
CI10i1 Ha3bIBAE€TCS CKPBITHIM, T.K. IO JIOTUKE PadOThl HEMPOHHOM CETH MBI HE
MOKEM 3HaTb, 4TO TaM NOpoucCxXoauT. OQHAKO Ha MNPAKTHUKE IIPOTrPaMMHBIC
pealiM3alii HEUPOHHBIX CETEM ITO3BOJISIOT MOJYYUTh JOCTYI KO BCEMY, UTO
IPOUCXOIUT B CKPBITOM CJ10€. CKPBITBIX CJI0E€B MOXKET OBITh HECKOJIBKO.



Kiaaccupuxkanmua MHC

[Io Tumy pacupocTpaHEHUs CUTHajIa WCKycCTBeHHbIe HelpoHHble cetn (MMHC)
MOXXHO pa3/IeNIUTh Ha JIBa THUIIA:

* HCHPOHHBIC CETU € MPSAMbIM PACIPOCTPAHEHHMEM CUIHAJIA;

°* HCHPOHHBIE CETH C HAJIMYHEM II0 KpalHEeW Mepe OJHOM OOpaTHOM CBS3U
(peKyppeHTHbI€ HEHPOHHEBIC CETH).

Bxoabl Bbixoabl

BxonHown CKpbITbIN BoixogHoWM
cnon cnown CNOW

Puc. HelnpoHHaA ceTb ¢ NPAMBIM PacnpoCTPaHeHMeM CUrHana



Kiaaccupuxkanmua MHC

CeTH ¢ npsiMbIM PacHpoOCTPaHEHHEM CHUTHAJIA PEIIalOT MHOXKECTBO 3aj1ay
KJacCu(UKAIMUY U PEerpecCMd Ha TAONMYHBIX JaHHBIX, a TaKXe IPAKTHUYECKH BCE
3a7a4M Ha N300paKEHUSIX M 4acTh 3a7a4 00pabOTKH €CTECTBEHHOIO S3bIKA.

Heo0xoIumMoCTh B peKYPPEHTHBIX HEMPOHHBIX CETAX BO3HHUKACT MPU PEUICHUU
TaKMX 3ajJla4, Korga TpeOyeTcs BiajeTh MH(POpMALMEH O HpeablAyIIUX 3JIEMEHTax
oOy4Jarolier IOCIEA0BaTEeIbHOCTH: BPEMEHHBIE PsJbl, 00padOTKa TEKCTa C YYETOM
MIOCJIEI0BATEIILHOCTU CJIOB.

B sToM ciiyyae BbIXon
HEWpOHA MOXKET OBITh
COEIUHEH C €T0 BXOJIOM,
CO BXOJlaMU HEUPOHOB Ha
TOM XK€ CJIOE, UJIH
TEOPETUYCCKH C JIFOOBIM
MPEABIAYIIIUM HEUPOHOM
B CETHU.

Bxopapbl Bbixoapbl

BxogHown CKpbITbIN BoixoaHoW
CNow cnomn Ccnon

Puc. HelipoHHaA ceTb ¢ 06paTHON CBA3bK (PEHYPPEHTHAA HEeMPOHHAEA CeThb)



Kiaaccupuxkanmua MHC

OIHO3HAYHOTO OMPEJICJICHUS, YTO TAKOE IIIyOOKas HEUPOHHAS CETh
HE CYIIECTBYET. bonee Toro, NnoHATHE TIIIyOOKOM HEHPOHHOM CETH
MEHSETCA CO BpeMeHeM. PaHbllle IiyOOKOoM cuhTalach Takash HEHpOHHAs
CeTh, y KOTOpPOM O0o0Jie€ OAHOrO CKpBITOro cjos. HewpoHHbIE ceTw,
JAOIIUE NTOCTATOYHO XOPOIIUE PE3YyIbTaThl HA 33Ja4aX KOMIbIOTEPHOTO
3peHust copepxkar 16 wmimm 19 cimoeB. OpHako celyac €CTh CETH,
BKJIFOHAIOIIHE CTO HW 0Ooyiece CKpBITBIX CiaoeB. IloaToMy TO4YHO
ONpENCINTh, TJ€ HAXOAUTCS TpaHUIA, OTACISAIONIAS «IITYOOKYIO»
HEUPOCETh OT «HEITTYOOKOW», HEBO3MOXXHO. BBl MOkeTe BbIOpaTh Iis
ce0s 11000€ ycTpauBaroliee 3HadyeHue, HanpuMep, 10 uian 100 ckpbIThIX
CJIOEB.

I71y0OKMMH HEeHpPOHHBIMM CETSIMH 4Yallle BCErO CUMTAIOT TaKHe
HEMPOCETHU, Y KOTOPHIX 0OJIbIIIE OXHOI0 CKPLITOro cJjos. JIjnd Takux
ceTeil HEeoOXOAUMMBI CHELMAJIbHBIE aJIrOPUTMbl OOY4YE€HHUS, KOTOpPHIC
MOAXOMAT KaK ISl CETEeH C ABYMsI CKPBITBIMU CJIOSIMH, TaK U JIJISI CETEH, y
koTopbiX 100 u OoJiee CKPBITHIX CIIOEB.



Kiaaccupuxkanmua MHC

Takxe apXUTEKTYpbl HEUPOHHBIX CETEH MOXKHO Pa3JIE€JIUTh HA OQHOCIIONHBIE U
MHOTOCJIOMHBIEC (OHHU K€ INTyOOKHE) HEMPOHHBIC CETH.

OaHOCJIOMHON HEPOHHOM CEeThI0 CUNTACTCA CETh, UMEIOIIAS JIMIIb BXOJIHOU U
BBIXOJHOM CJI0M, 0€3 HalIu4us CKPBITHIX CI0€B. B TakoW CeTH CHUTHajbl MONaJaroT
cpady C BXOJHOro cJjiod Ha BbIXOAHOM. CeThb MOJOOHOIO pojia CIIOCOOHA
HACTPOUTHCS HE TMOJ BCE CJIOKHBIE 3aBUCUMOCTH, OYE€Hb UYBCTBUTEJIbHA K
IpeIBapUTEIbHON 00pabOTKEe NpPHU3HAKOB M TPEOyeT MX TIIATeIbHOro oTOOpa.
[IpeuMyIecTBOM SIBISIETCS JOCTATOYHO OBICTPasi CKOPOCTh OOyUYECHHUS.

MHOroc/J0MHOM (IV1y0OOKOM) HEHPOHHOM CETHI) CUMTACTCS CETh C MUHHUMYM
JIBYMSI CKPBITBIMHM CJIOSIMH (BXOOHOM M BBIXOJIHOM, €CTE€CTBEHHO, TAKKE OCTAIOTCH).
CnocoOHa caMOCTOSITEJILHO OT CJIO0Sl K CJIOK MPeoOpa30BbIBaTh BXOJHbBIC MPU3HAKU
U MOPOBOJAUTHL MX OTOOp 3a CUET YMEHBIICHHUS/yBeInueHUs BecoB. Ho Hammuue
OOJIBIIIOrO KOJMYECTBA CJIOEB, a 3HAUUT U 00y4aeMbIX MapaMETPOB, TAKKE BEIET K
YBEJIMUCHUIO BpPEeMEHH OOydYeHHs (HEKOTOpbhle HEHPOHHBIE CETH OO0ydYajucCh IO
HECKOJIBKO MECAILIEB). A €IIe M3-32 OYEHb CJIOKHOW CTPYKTYPhI JAHHBIA THUIT CETEU
MOABEPKEH MepeoOyUeHHIO MPU MajoM KOJIMYECTBE 00ydaroluX JaHHBIX. TO €CTh
HEMpPOHHAsI CETh HJACAIBLHO IIOJICTpauBaeTCAd II0J oOOydaromuil HaOOp, HO B
JNaJIbHEHIIIEM, HAa pEAJIbHBIX JAHHBIX, IOKA3bIBAET OUYEHB IJIOXOE Ka4eCTBO.



Oo0yyenne UHC

B MamuaHOM O0OyYeHHH HOA OOy4YeHHeM IIOHHMaeTcs II0J00p
[IapaMEeTPOB MOJICIM TaKUM 0O0pa3oM, 4YTOOBI MOJEJIb JIY4Ille BCEro
OIIUCHIBaJIa HMeEWIIHecsad JaHHbBIe. [lapaMeTpamMu HCKYCCTBEHHOM
HEHPOHHOH CETH SABIIAIOTCSA Beca BXOJOB B HEHpPOHHBI Ww;. VIMEHHO B
nojA0ope NpaBHJIbHBLIX 3HAYEeHHH BeCOB H 3aKII0YaeTcid OOydYeHHE
HEHPOHHOHU CETH.

B nmepBoHavaipbHOM BapHaHTe, KOTOPHEIN IpemIoxmin Mak-Kammok
n [InTTC, HeHipoHHBIE ceTH He 00yuannchk. Beca BX010B B HEHPOHBI HYKHO
ObU10 moa0HpaTh BpyuHyl. HMnes oOydenms omnmcana JloHanbaoM
Xe06oM B kaure 1949 roga «Opranuzamus co3Hanus». OHa OCHOBaHa Ha
0COOCHHOCTIX pabOTHl MO3ra 4YelIOoBeKa H, YIIPOIICHHO, 3aKII0YacTcs B
TOM, UTO KOIJla JBa HEHMpPOHa B MO3Ie 4acTO cpadaThIBalOT BMECTE, TO
CBA3b MEXKy HUIMH YCHWJIMBaeTCA. B IIpOTUBHOM ciydae CBA3b CTAHOBHUTCS
ciabee. IlepBrie mpaBmiIa OOyYeHHS HMCKYCCTBEHHOI'O HEHpPOHAa,
OCHOBaHHBIE Ha TAKOM I10JIX0/Ie, Ha3bIBAIOTCSA MpaBuJja Xed0a.



Oo0Oyuyenne UHC

Kakne ke 3amauM MOXKET peniarh MCKYCCTBEHHAST HEWMPOHHAsA ceTh? Yamie
BCEr0 BCTPEYAIOTCS JBE THUMIOBBLIC JUId MAIIMHHOILO OOYYEHMS 3aJIa4H:
KJIaCCU(DUKALIUS U PErPECCHUs.

B 3amaue kiaccm(puKamMM y HAc €CThb HECKOJIBKO KJIACCOB OOBEKTOB,
HanpuMep, potorpadun KoToB U cobak. HelipoHHas ceTh AOMKHA HAYYUThCS
ONpPEAEATh, K KaKOMYy KJIACCy OTHOCHUTCSI OOBEKT: KOT Ha (ororpaduu Him
co0aka.

Oco0EHHOCTh TAKOTO KNTACCUDUKALINA
TUMA 3a7a4 B TOM, 4TO Ha

BBIXOJIE U3 HEUPOCETHU
ITACKPETHBIC 3HAYCHMS,
COOTBETCTBYIOIIHE
KOJINYECTBY KJIACCOB.
Hanpumep, eciiu Ha
¢oTorpaduu codaka, To
ceThb BhIgaeT 3HaueHue 0, a
€CJIM KOT — TO 3HaYeHue 1.




Oo0yyenune UHC

B 3aga4ye perpeccuu Ha BbIXOJIE
HEUPOHHOM CETU HENPEPHIBHOE
3HAYECHUE. ITO MOKET OBITh, HAIIPUMED,
CTOMMOCTB aKIIMM, HEABUKUMOCTH,
00bEM MPOIAXK HHTEPHET-Mara3uHa uin
pecTopasa.

HenipoHHbIE CETH MOTYT
peliarh U Apyrue, 00jee CI0XKHbBIC
3a7]a4, HaIlpuMep, ITOUCK 00ObEKTa
Ha U300paKE€HUH, CETMEHTALIUS
M300paKeHHsI, aBTOMATHUYECKas
reHepanus Tekcra. Ho ato
KOMOMHALMU 0a30BbIX 334
KJIAaCCU(PUKAILIUU U PETPECCUM.




Oo0yyenune UHC

Ecth TpH THIIA 00YVUYEHNA HCKYCCTBEHHBIX HEUPOHHEBIX CETEH:

1. O0y4yeHue ¢ y4uTeJleM — B ITOM ClIyda€ HEOOXOAUM HAOOp MaHHBIX JJIs
oOy4deHHs, B KOTOPOM JIJISI KaXXKOOT0 OOBEKTa YyKa3aH IPaBWIbHBIM OTBET. Takou
HAa0Op JaHHBIX HA3BIBAECTCS Pa3MeYE€HHbIM, a MPaBWIbHBICE OTBETHI — METKAMM.
OObIYHO A1 OOyYECHUST HEUPOHHOW CETH HYKHBI THICAYM WM JIECATKH ThICSY
M300paKEHUM, HO ATO HE Bcerna Tak. s oOyyeHus: HEMpOHHBIX CETEN Yallle BCEro
MCIIOJIb3YETCSl 00YUEHUE C YUUTEIIEM.

2. Ilpn o0y4yeHun 0e3 y4HTEJAA HCIOJIb3yeTCS HAOOp JaHHBIX, JJI1 KOTOPBIX HE
yKa3aHbl IPaBUJIbLHBICE OTBETHI. B 3TOM Ciydyae HEWPOHHAs CETh MOXKET HAWTH
3aKOHOMEPHOCTH B CTPYKTyp€ JaHHBIX. AJTOpUTMBI OOy4YeHHsS O0€3 yuMuTess
3HAYUTEJILHO CJIOKHEE, YEM OOYUECHHUE C YUUTEIIEM.

Harnpumep, HeMpOHHAs CETh MOXKET OBYYEHVE BE3 YYUTENA

ONpeAEanTh, 4TO hoTorpaduu codak - -
TIOXO0KH JIPYT Ha JIpyTa, a vk ¥ @

A /I\/ ‘/ \
(hoTorpadum KOTOB B CBOKO OYEPEND ~. P i m

MOX0XHU Ha oTorpaduu Apyrux ] ' 4 A
KOTOB. HepoHHAS CETh MOXKET ’ AW 3\

pa30oUTh UX HA OTJEJIbHBIC TPYIIHI,
KOTOPBIEC HA3bIBAKOTCS KJIACTEPAMH.

Knacrep 1 Knactep 2




Oo0yyenune UHC

EcTh Tpu THIIa 00YYEHUSI HCKYCCTBEHHBIX HEHPOHHBIX CETEM:

3. Ilpu o0y4yeHuH ¢ MOAKpeINJieHMeM HEHpPOHHAas CeTh oOyyaeTcs 3a CUeT
B3aUMOJIEUCTBUS CO cpenorl. OT cpenpl MOCTYIAT MOAKPEIIICHUs, KOTOPbIE
MOTYT OBITh TMOJOXKWUTEIBHBIMH WM  OTpHUIATEbHBIMU. (OOydeHue C
MTOJAKPEIUIEHNE 4YacTO NMPUMEHSETCS 114 urp. Hampumep, y Hac €CTb MbIllb,
KOoTOpasi Oeraetr mo JaOUpuUHTY. B maOWpuHTE €CTh ChIp, MBIIIb IOJTYYaeT
MTOJIOKUTEIIBHOE TIOJKPEIIJICHUE, €CIM MOIAAAaeT HAa KJIETKU C ChIpoM. OmaHAKO
€CIM MbIIb NONAaJeT Ha KIETKy C OrHEM, TO OHA IOJYy4YaeT OOJbIIOE
OTPHULATEILHOE MMOAKPEIIEHUE, COOTBETCTBYIOIIEEC OKOHYAHUIO UTPHL.




Oo0yyenune UHC

Wtak, HEWpOHHAas CETh MPEACTABISECT COOON CleNyIOlNii HaOOp: BXOAHBIC
CUTHAJIbI; BECA, KOTOPHIC KAK-TO YUYUTHIBAIOT CUJIY BIIUSHUS BXOJHBIX CUTHAJIOB,;
HEUPOHBI, KOTOpHIC IMPEOOPA30BBIBAIOT BXOAHBIE CHUTHAIBI M MEPEAAOT UX
CACAYIOIUUM HEHWpPOHAM WJIM HA BbIXOJHOWU CJIoOM. @DYHKUUH, KOTOPBIE
npeoO0pa3oBbIBAIOT CUTHal ((yHKIHMH aKTHUBAIlUM), CYIIECTBYET MHOXECTBO U
BBIOUpPATh WX HEOOXOAWMO HCXOAS M3 3aJaud. TakXke MOXKHO CO3/1aBaTh CBOM
(OYHKIIMM aKkTUBalMU. KOJIW4ecTBO HEHMPOHOB B CJO€ WU CJIOE€B B HEHPOHHOM CETHU
MOKHO BapbUpOBaTh Kak yroaHo. M3 wyero cienyer, 4yro HEHUPOHHAA CETh —
AOCTATOYHO THUOKHW MHCTPYMEHT.

Ho ocHoBHas cuna HEWpOHHOU ceTtd HE B JdToM. Jlaxke mnpu Beex
BBIIIICONMMCAHHBIX TUIIOCAX, €CIU Obl BeCa HEUPOHHOM CETH YCTAHABIMBAIKUCH OJIUH
pa3 B Havaje oOy4YeHHs (KaK 3TO MPOUCXOAUT C KOJIMYECTBOM CJIOEB U HEMPOHOB B
cloe, a Takke ¢ (QYHKIUMSIMH AaKTHBalWK), TO ObUI OBl IIOJYy4YECH KpaWHE
OTpaHUYCHHBIH HMHCTPYMEHT, HECHOCOOHBIM HalTH O0O0OOIIEHHOE pEelIeHue IS
MHOXXECTBa Pa3HOPOAHBIX HaOMIOACHUNM. B JydiieM ciaydae HEHpOHHAs CETh
3allOMHMHaj’da Obl TPaBUJIBHBIM OTBET Ha OJHO M3 HAOMIOACHUM (K MpUMeEpY,
3allOMHMIIA ObI, YTO Ha 3TOM KOHKPETHOM (oTorpaduu KOIIIKa), HO yXKE€ CICAYIOIIEE
HaOJIIOJICHUE, ¢ HEMHOIO M3MEHEHHBIMM NapaMeTpamMu, 3aCTaBUIIO Obl HEMPOHHYIO
CETh OIIMOUTHCS.



Oo0yyenune UHC

Cuiia HEeMpOHHBIX ceTell B 00Yy4eHUH BECOB CBA3ECH MEXKY HEMPOHAMU.
B xome MHOXeCTBa UTEpalluii HEMPOHHAS CETh CPABHUBACT CBOM BBIXOJ C
HAaCTOSIIIUM OTBETOM H, B CJIy4ae OIIMOKH, KOPPEKTHPYET BCE CBOU BeEcCa
TaKUM 00pa3oM, YTOOBI Ha CIEAYIOIEH UTEPAlMU JOOUTHCS BEPHOTO OTBETA.
AJITOPUTM  TAKOrO OOYYEHHMSI HA3bIBACTCS  «AJITOPUTM  00PATHOIO
PACHPOCTPAHEHHUA OINHMOKH». JTO CBA3AHO C TEM, UYTO HEHUPOHHASA CETh
MIOHUMAET, OIKUOJIACH OHA WJIM HET, TOJILKO Ha BBIXOAE, U 3aTEM UH(POPMALIUIO
00 OIIMOKE OHA PACITPOCTPAHSIET B OOPATHOM MOPSJIKE OT BHIXOAA KO BXOAY.

YeMm Oonblie B HEUPOHHOM CETH CIIOEB YU HEMPOHOB, TEM OOJIBIIIE CBA3EH
(a 3HAYUT, U BECOB, ATH CBA3M XapPAKTEPHU3YIOIIMX) M TeM 0o0Jiee TOHKOMU
MOXET OBbITh HACTPOMKA HEMPOHHOM ceTu mpu oOyuyeHuu. Ho Takxke Bbiiie
OyJIeT OIAaCHOCTh MOJKPYTUTh BECa TaK, YTO OHHU HJ€aJbHO OydyT pellaTh
3a7a4y Ha OOy4arolIuX JaHHBIX, HO HAYHYT BbIJIaBaTh a0COIIOTHO HEBEPHBINM
OTBET Ha HOBBIX JAHHBIX W3 PEAIBLHOrO MHpa. B 3TOM cilydae roBOpPAT, 4TO
HEMPOHHAs CETh MePeodydnIach.



1. Ooyuyenne UHC ¢ yuuresiem

DTO JIOCTAaTOYHO MPUBBIYHBIM HaM CHOCOO, KOrga KTO-TO HpoBepsieT. B
Clly4a€ C HEHPOHHOM CEThIO CO3HAIOTCS CIECIUAIBHBIE YUYEOHBIE HAOOPHI
NAHHBIX, B HUX ITapaMHd HIyT BXOAHBIC JaHHBIC W OTBET (cM. Tabmumy 1).
HabGopbl hopMupyroTcs JIHOAbMH (3TO MOXKET ObITh CaM HCCIIEA0OBaTE/Ib WA

HAHATHIC UM CTOPOHHHUE PA3METYUKH JAHHBIX).

MpuMepsl POPMUPOBAHNA TPEHUPOBOHYHOro Habopa ANA 06Y4eHUA C y4uTenem Tabnuua 1
MpurnagHana cepa BxogHbie gaHHbIe BepHbiin oTBET
Hnaccugwmrauma naobpamennn | MaTpuubl nz0bpamerHi pyKonncHbIX Undp Yucno ot 0 go 9 - ywdpa, KOTOpaA peanbHO HanNWCcaHa
(0QVHaKOBOW Pa3MepHOCTH) Ha n3o0bparieHnm
Hnaccngpurauma TekcTos BekTtop, NonyYeHHbIA U3 TeKCTa HOBOCTHOM NIEHTHI Tema HOBOCTEW: CMOPT, NOAUTHKE, PUHAHCHI K T. .
Perpeccua BexTop C napameTpamMu goMa: nnowaab, Konudecteo  Hucno, 0bozHaqallLee peanbHy CTOMMOCTEL 0Ma

HROMHAT, YOaneHHoCTe OT UedTpa 1 T. O.

BpemenHon pAg BekTop € nocnegoBaTtenbHbiM NoYacoBbiM TpaduromM  Hucno (Mnu BexTop Ymcen), obo3Haqallee YMcno
NOCETUTENEN Ha CanTe MOCETUTENEN B CNegyrLLMA MOMEHT Bpemeru (pAg

nocneoeareficHelX MOMEHTOE El|:IIE:_"I"~-'1'E‘HI-‘1:I



1. Ooyuyenne UHC ¢ yuuresiem

Takum 00pa3oM, HEHipOHHAs CETh IOJyYacT BO3MOXKHOCTh MCIIPABJISITH CBOU
OIIMOKM, KaK ATO JACHAacT HPUIICKHBIM YYEHHK, OIHMPAsICh HAa aBTOPHUTETHOE
MHEHME yuuTens. JlaHHBIM Kiacc 3ajad CUJIbHEEC H3y4Ye€H M JaeT HauOoJiee
Ka4ECTBEHHbBIC PE3YJIbTATHI.

Cpasy ke XO4eTcsl OTMETHUTh, YTO M3 JaHHBIX Ta0OIuIbl 1 CIeayrT ABa
OCHOBHBIX KJlacca 3aJia4 OOYUYECHHUS C YUYUTEIEM:

* KJacCM(PUKANUA — MHOXKECTBO OTBETOB HEHUPOHHOU CETU KOHEUYHO U
IpeACTaBIsIeT cOOOM HEKUM KOHSUHBIM HAaOOP KJIacCOB,

* perpeccusi ¥ anmpoOKCUMANMUA — MHOXECTBO OTBETOB HEUPOHHOU CETHU
OCCKOHEYHO M MPEIACTABISICT COOOM JEHCTBUTEIBHOEC YHUCIO WM BEKTOP
JIEUCTBUTEIIbHBIX YMCEL.

BpeMeHHON psiJi MOKHO OTHECTH K 3aJ1a4€ PErpeECCUU, HO C YCIOBUEM, YTO
BbIOOpKA HAOIIOACHUM O€peTcs He CIIy4alhHO, a CTPOro YHOPSAOYEHHO BO
BPEMEHH W C OJMHAKOBBIM MHTEpBaJIoM. K mpumepy, ieHa Ha KOHKPETHBIA JOM
(buxkcupoBajack Ha nporsbkeHuu 10 et ¢ uaTepBanoM B 1 roa, a gajgee HYKHO
IIpeAcKa3arh [EHy JaHHOro goMa Ha 11-1 rog.



2. O0yyenune MHC 0e3 yuurest

Kak moHsaTHO U3 Ha3BaHUA, TYT YIiKC HeﬁpOHHaﬂ CCThb AO0JIDKHA «IIOCMOTPCTHL» HaA

JaHHBIC W cJieJaTh KaKue-TO CBOM BBIBOABI, MONBITAThCS HAWTH KaKWe-TO I1a0JIOHBI,
KOTOPBI€ BBIJICJISIOT T€ WIM HWHBIE 4YacTH HaOopa JaHHBIX. TyT 3apaHee CTOHUT
IpeaynpeanuTh, YTO Ia0J0HbI, HaliJICHHbIC HEHPOHHON CEThIO, JAJCKO HE BCETJa MOTYT
OBITH MHTEPIIPETUPOBAHBI B UEJIOBEUECKUX TEPMHUHAX, TO €CTh HE BCErJA SICHO, [0 KAaKOMY
MMPU3HAKY HEWPOHHASA CETh pA3ACinia T€ WJIM WHbIC TPYINbl WM BBIBEJIA KaKHE-TO
npaBuiia. K 3ajauaM oOydueHus 0e3 yUuTessi OTHOCSTCS:

Kjacrepu3amust — 3a7ada paszoueHuss BbIOOpkM Ha N (YMCIO KJIacTepoOB MOXKET
3a7aBaThCsA 3apaHee, a MOXKET BBIYHCIATHCS aJITOPUTMOM B IIpOlieCCE OOYUYCHUS)
KJIACTEPOB II0 3apaHee HEBEAOMBIM IpH3HaKaM. OTiIm4ue OT KiIacCH(PHUKAIUM B TOM,
YTO METKH KJIACCOB 3apaHee He 3aJlaHbl U MOJYUYCHHBIE KJIACTEPhl HEOOXOIUMO 3aTeM
UHTEPIPETUPOBATH B SA3BIK YEIOBEUSCKUX TCPMUHOB;

COKpallleHusl Pa3MEePHOCTH — 3aJaya IIPEACTABIIEHUS MHOIOMEPHOIO0 HCXOIHOIO
BEKTOpPa B BEKTOP MEHBIIECH pa3MEPHOCTH C MUHUMAaJIbHOW moTeperd HWHGOpMAIIWH.
TakuM 00pa3zoM MOXET MPOUCXOJUTh OTCEB MAJOMH(MOPMATUBHBIX MPU3HAKOB, YTO
YMEHBIIUT IIyM B JAHHBIX M YBEJIMYUT CKOPOCTb OOpAOOTKH JAHHBIX aJIrOPUTMOM, a
TaK>K€ MOXKET MOBBICUTh Kau€CTBO KaKOW-HUOYIb MOCIEAYIONIEH 3a1a4u (HampuMmep,
KJ1accupukanum). BeIpokA€HHBIE CTy4aeM COKpaIIeHUsI pa3MEPHOCTH (10 ABYMEPHBIX
WUJIA TPEXMEPHBIX BEKTOPOB) MOKHO MCIIOIb30BaTh JJIs BU3yaln3aliy JaHHBIX.



3. Ooyuenune UHC ¢ moakpemieHuem

DTO HampapjJIC€HHE B MAIIMHHOM OOYyYEHMH, IIPU KOTOPOM MOJIENb HE
MMeeT MH(POpPMALIMU O CUCTEME, HO MPHU 3TOM MOXKET IIPOU3BOJIUTh HEKHE
IEVCTBUSA, BIMAIOIIME Ha cucTeEMY. IIpr BO3AEUCTBUHM MOJIEIA HA CUCTEMY
Ta MEPEXOJIUT B HOBOE COCTOSHHUE. B 3aBUCUMOCTH OT TOTO, NMPHUOIUKACT
3TO MOJEJIb K JKEJIaeMOM I[EJIM WM OTAAJSIET OT HEe, CUCTEMA IOCHUIACT

MOICJIN ITOJIOZKUTCIIBHOC WUJIM OTPHULHATCIIbHOC BO3HAI'PAKICHHUC.

Hampumep, ecTh CeTh yiull, 110 KOTOPLIM €AeT MallnHa. Mojiesib MOXKET
YIIPABJIATH CKOPOCTHIO MAIIMHBI M €€ MOBOPOTAaMM B 3aJlaHHBIX IMpeaesiax.
[{eneByro (yHKIMIO MOXKHO C(HOPMYIIMPOBATH, KaK «J10€XaTh U3 IIYHKTa A B
NyHKT B 3a MMHHManbHOE BpeMs», a K TOMY K€ MOXKHO €II€ HaJIOKUTh
OrpaHUYCHHUE, 3allpellaroliee Bpe3aTbCcsi B CTEHBI. Torma Mojeib OyaeT
YIIPABIATh MAIIMHOM, a cUCTEMa OydeT €€ mrTpadoBark 3a yaap O CTEHY

WJIA TOOIIPSTH 32 ONTUMAJILHO BBIOPAHHBIN MApIIPYT.



Oo0yyenune UHC

Ecth TpHu BapuanTa mnmpaxkruueckor peanunsanmu ooyueaus MHC.

1. IToxHOe 00y4YeHMe — B ITOM cliydyae Mbl oOpabOaTbiBacM BeCh OOydaroluii Hadop
JAHHBIX U TOJILKO MOCJIE ATOr0 U3MEHsEM Beca HeMpoHHOM ceTu. Takoi moaxod padoTaet
CTaOWJILHO, HO TPeOyeT MHOI'O BPEMEHU J1J1s1 OOyUYEHHUSI.

2. OnjaiiH o0y4yeHHe — TpPU 1ITOM BeCa B HEHPOHHOM CETH M3MEHSIOTCS IIOCIIE
00pabOTKM KaXJOro »SJEMEHTAa JaHHBIX. B 3ToM ciaydae oOydeHHE HPOXOIUT
3HAUUTEJILHO OBICTPEE, HO MOXKET ObITh HE CTAOWIBHBIM. [Ipu onpeneneHHbIX YCIOBUIX
CEeTh MOXET B0OOOIIEe HE 00yunThcsl. OQHAKO Y OHIAWH-O0YYEHHSI €CTh U ONpPEACICHHOE
PEUMYIIECTBO: MOKHO J000yYaTh HEMPOHHYIO CETh HAa HOBBIX JAHHBIX Cpa3y ke, Kak
TOJIbKO OHH TTOSIBSITCS.

3. KomOuHaums AByX NpeablAyIIUX BapHaHTOB — 3TO 00y4eHHe HAa MUHH-BbIOOpPKaXx. B
ATOM Cjydae OOydJaroluii HaO0Op MJaHHBIX JEIUTCS Ha OTIACIbHBIE YacTH, KOTOPBIS
HA3bIBAKOTCS. MUHU-BBIOOPKHU. MI3MEHEHHSI BECOB HEMPOHHOW CETH MPOU3BOAUTCS MOCIE
00pabOTKM KaXKJI0M MHUHH-BBIOOPKHU. 3a CUET ATOr0 OOy4YE€HHE MPOUCXOAUT OBICTpEE, T.K.
HE HYXHO XJaThb 00paOOTKH BCEro HaOOpa JaHHBIX JJIsI M3MEHEeHHUs BecoB. C npyroi
CTOPOHBI, B KaXXJIOM MHHH-BBIOOPKE JTOCTAaTOYHO MHOTO OOBEKTOB I OOECIICUCHUS
CTaOMIBHOCTH 00yueHHs. Ha nmpakTuke yale BCEro MCIoiIb3yeTCs MMEHHO OOyYeHHUE Ha
MHUHHU-BBIOOPKaX, MPU 3TOM pa3MEP OJHOM MHUHHU-BBIOOPKH OT HECKOJBKHX JECATKOB JIO
HECKOJIBKHUX COTEH OOBEKTOB.
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Peanu3oBbiBaTh BCE 3TO MHOrO0Opa3Me METOAOB H  APXUTEKTYP
HEUPOHHBIX CETEN C HYJIA OYEHb TPYAOEMKO W HepaluuoHalbHO. llodTomy
ObUIM CO3JaHbl OMOJMOTEKH, B KOTOPBIX BCE OCHOBHBIC apXUTEKTYphl U
METOAbl YK€ PEAJIM30BAHbI U ONTUMHU3UPOBAHBI TOJ IAPAJUIEIIbHbIC
BBIUMCIICHHUS. TakuM 00pa3oM CO3/IaHUE HEMPOHHOM CETH IIPEBpAIACTCS U3
CJIOKHOW 3a/1a4¥ HU3KOYPOBHEBOTO IMPOrPAMMUPOBAHUS U ONTUMHU3AIUU B
3aJ1a4y HEMOCPEJICTBEHHO 3KCIIEPUMEHTUPOBAHUS C HEMPOHHBIMU CETAMM Ha
BBICOKOM YypOBHE aOcTpakiuu. Ha ypoBHE CI0€B M TOTOBBIX (PYHKIIHH
AKTUBAIlMHM, ONTUMHU3AIUM © OOPaTHOrO PacHpOCTPAaHCHUS OIIWOKHU.
HccnenoBarenbs MOXKET IOJIHOCTBIO COCPENOTOYUTHCSA HA CYTH HEUPOHHBIX
CeTeél W W3y4aTb MX TIIOBEJACHUE TMPU PpPa3HbIX KOH(PUTypaIUsX.
HeoOxomumMoCTh OonyckaTh Ha YPOBEHb HWIKE MOXKET BO3HHUKATh JIUIIb IPH
ONbITAX C HOBBIMH JKCIIEPUMEHTAIBHBIMUA  (DYHKIHUSIMU  AKTUBAIWH,
KOH(PUTYypalUsIMU COCIMHEHUS HEMPOHOB B CJIO€ WJIM CJIOEB MEXKIY COOOM.
Ho HaunmHaromui MCCIEA0BATEIb MOXKET a0CTpParupoBaThCid OT CIIOKHOMN
MAaTEMaTUKA U HU3KOYPOBHEBBIX MHPOrPAMMHBIX peaM3alui, MOCTEIEHHO
MOTPYKASAICh B MUP HEUPOHHBIX CETEN.
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Bubnuotekn AnA 0by4eHWA HeMPOHHBIX CeTel

HassaHue bubnrMoTexun Onucaxue

Tensorflow bazosbin A3bIK C++, Ho umeeT APl gna Python. Pazpabotan Google. BorHmucnenwa ¢ ncnonb3osadnem rpadoB NOTOKOB AaHHbLIX.
[lpepnaraeT MOLWHbIE CpeACTBa MOHUTOPUHIE NpoLecca 0by4eHnA Mogenen v Bu3yanu3aumu. [logaepmBaeT pacnpegeneHHoe

oby4enume. iMeeT goCTaToMHO BbICOKMIA BXOAHOW NOPOr

Theano bazosbin A3biK Python. Pa3paboTad yHueepcutetom MoHpeana. BeiMmcnenua ¢ ucnonb3oBaHuem rpadoB NOTOKOB AaHHbIX.
JpderTnBHan obpaboTka TeHz0poB. BoMucnernua Boipamarotca NumPy — nogobHbiM cuHTakcncom. iMeeT BbICORMIW BXxogHOW

nopor

PyTorch bazosbin A3biK Lua. MNoggeprusaet APl gna Lua, Python, Java, C++. Pa3pabotar Ponanom Honnabeptom. MmeeT MHomecTBo
MOAYNbHbBIX 3/1EMEHTOB, KOTOPbIE Nerko KoMOMHKWPoBaTb. Jlerko nNucatb cobcTBeHHble TMNbl c1oes w pabotatb Ha GPU. UmeeT API

PazHbIX ypoBHeW abcTpakumm

CNTK bazosbin A3bik C+. [Nogaepmmeaet APl gna C++, C#, Python, Java. Pazpabotana Microsoft. ObecneuunsaeT chopocTb obyHeHua,

cpaBHumyto ¢ TensorfFlow, a Ha peryppeHTHbIX ceTAX npesocxoauT ero. Mimeet AP| pa3Hbix ypoBHeln abcTpakyum

Caffe bazosbiv A3bIk C++. [Nogagepmueaet APl gna C++, Python. PazpaboTad B LeHTpe KomMnbioTepHoro 3peHna u oby4ernA beprau,

WmeeT HebonbLUy CHOPOCTL OTHOCUTENBHO ApYrx bubaunoTek

Keras bubnuoTexa sepxHero ypoeHA. [logaepusaeT Python. B ka4ecTee BoiMucnuTensHoro back-end ucnons3yet TensorFlow nnm
Theano. [No3BonAeT cozgaBaTh M 00y4aTb HEMPOHHbIE CETW HA D4eHb BbICOKOM ypoBHe abcTpakumn. MmeeT H3KKMK nopor

BXOHOeHMA
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Enie HECKOJbKO JIET Ha3zaJ, 4YTOObI 3aHHMMAaTbCsl HEMPOHHBIMU CETSIMHU
HEeoOXoauMOo ObUIO MIYOOKO 3HAaTh MaTeMaruky, B IIEPBYI0 O4Yepe/lb
JMHEWHYK aiareOpy, CTaTUCTHUKY, TEOPUID BEPOATHOCTEH M  METOIbI
ONTHMHU3ALIMH.

OOy4eHHEe HEMPOHHBIX CETEH BBIYMCIUTEIBHO TPYJIOEMKO M 3aHUMAECT
MHOTO BpPEMEHH, IIO3TOMY IIPU WX MNPOTPAMMHOM pean3alluyd BaKHA
MPOU3BOJUTEIBHOCTh. AJITOPUTMBI OOYYEHUSI HEMPOHHBIX CETEW MPUXOJIU-
10Ch peanu3oBbiBaTh Ha C++, KOTOpBIA O0ECIEYMBACT HYXKHYI HPOU3BO-
AUTEIBLHOCTb, HO CJI0KEH B M3y4YEeHUHU U 3(P(PEKTHBHOM NPUMEHECHHH.

B 115X MakKCMMaabHOTO MCIIOJb30BaHUSI BO3MOXKHOCTEH COBPEMEHHOIO
BBIYMCIIUTEIBHOIO O0OPYIOBaHMUS ISl IIOBBIMICHUS IPOU3BOAUTEIBHOCTHU
OoOydeHHs HEHPOCETEH, CIENUAIMCT JOIKEH OBLI XOPOIIO pa3OoupaTbCs B
APXUTEKTypax MNapaJUICIbHBIX BBIYHCIUTEIBHBIX CHUCTEM. MHOTOSJICPHBIX
poleccopax, MHOIOIPOLIECCOPHBIX  BBIYMCIUTEIBHBIX  KOMILIEKCAX,
YCKOpUTEIISIX BhIYMCICHHH. Kpome Toro, HeXKHO OBLIO yMETh paboOTarh ¢
TEXHOJIOTUSIMA OOJIBIIMX JAHHBIX, T.K. JJI1 Ka4€CTBEHHOro OOyYEHUS
HEMPOHHBIX CETEN HYKHO MHOI'O IAHHBIX.
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Ceilyac cuTyalnus KapAuHaJbHO TOMeHsutack. CyllecTByeT OO0Jbloe
KOJIMYECTBO TOTOBBIX K HCIOJb30BaHUIO OUOIHMOTEK, B KOTOPBIX YXKE
pealn30BaHbl aJIrOpUTMBI OOy4YeHUS HEWpPOHHBIX ceTed. Takum oOpaszom,
MOXKHO Oparh TOTOBBIE OHOMHOTEKM U MNPUMEHSATh HX [JISI pPEUICHUs
NPaKTUYECKUX 3a7ad, HapuMep, pPACNO3HABAHMS H300pAKECHUN WM aHAIU3a
TEKCTOB. ITO MO3BOJISIET JIOCTATOYHO OBICTPO CO37aBaTh MPUKJIATHBIE CHUCTEMBI
MalIMHHOTO O0yYEeHHUS UJIM UCKYCCTBEHHOTO MHTEJIJIEKTA.

Haunbosaee nonyinsipHbIMU OMOJIMOTEKAMU MAIIMHHOIO OOYYCHMS SIBISIOTCS
TensorFlow ot xommanuu Google u PyTorch or komnanmm Facebook. ¥V Hux
IPUMEPHO OIMHAKOBBIC BO3MOXXHOCTH. buOmmorexka TensorFlow cymecrByer
J0JIbIIIE, TIOATOMY 4Yallle MPUMEHSETCS I CO3/IaHUs IPOAYKTHUBHBIX CHCTEM.
bubnuoreka PyTorch OGonee HoBas, oHa MOImyIsIpHA IS MCCISAOBATEIBCKUX
neneil. OgHaKo M NPOMBIIIICHHBIE CUCTEMbl MAIIMHHOIO OOYyYEHMS BCE 4Yallle
co3narorcs Ha PyTorch. Kak TensorFlow, tak u PyTorch mo3Bomisior co3maBaTh
HelipoHHEBIE ceTH Ha Python.

T O PyTorch

TensorFlow
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Kpome TensorFlow u PyTorch cymectByer 00JbIIOE KOJUYECTBO APYTHX
OonbmoTek o0yueHHsI HeMpOoHHBIX ceTelt, Hampumep, Microsoft CNTK, Apache
MXNet, PaddlePaddle or kwuraiickoii kommanum Baidu. Takum oOpasowm,
OoJibIlIasi 4YacTh OMOIMOTEK MAIIMHHOIO OOY4YE€HHS CO34aeTCid KPYIHBIMU
MHTCPHET KOMITAHUSMH, KOTOPBHIC AKTHBHO HCIIOIL3YIOT HEHWPOHHEBIC CETH H
MAaIIMHHOC 00YyYCHUS B CBOMX MPAKTUYCCKHUX 3a7adax.

By =

=I

D/ PaddlePaddl
Microsoft { / a era e
CNTK

HMuaTepecHa U nonyisipHas OMOIMOTEKa HEMPOHHBIX ceTer Keras, koTopas
MO3BOJISICT OYEHb YIOOHO U IIPOCTO OMHUCHIBATh HEMPOHHBIE CETU U MPOIECC UX
oOyuenus. Ilpu sTom mist camoro mporecca oOydeHust Keras wmcnonb3yer
apyrue OMONMOTEKHM B KayeCTBE BBIYHMCIMTEIBLHOTO O3KEHJA, BKIIIOUYAs
TensorFlow, CNTK u Theano. Ceiiuac Keras sxonut B TensorFlow u sBnsercs
PEKOMEHYEMBIM  BBICOKOYPOBHEBBIM IIPOTPAMMHBIM ~ HMHTEp(ercoM s

OIUCAHUSI HEUPOHHBIX CETEMU.
Keras



buoauorexku 1ja ooyuenuss UHC

CylIecTBYIOT TakXe OHOJUOTEKH, KOTOpPhIE ONTHUMU3UPYIOT OOy4YCHHUE
HEMPOHHOM CETHU Ha KakoM-JIMOO anmaparHoi apxutekrype. Hanmpumep, Onbianoreka
CUDNN yckopsieT 00yueHrne HEHPOHHBIX ceTell Ha rpaduyueckux yckoputensix GPU,
a oubmmotrexka Deep Learning 4 Java mo3BomseT oOydarh HEHPOHHYIO CETh Ha
KJIAaCTEpPE M3 HECKOJLKHX cepBepoB. Bce OMOIMOTEKHM € OTKPBITHIMH HCXOJIHBIMU
KOJIaMHU, UX MOKHO HCIIOJIb30BaTh OECILIATHO.

YacTto MOXHO CIBIIIATh, YTO MporpaMmbl Ha Python paGotaror MemieHHO,
OATOMY MHOTHE BBIp@XAIOT COMHEHHE B mpuMeHHMocTd Python s
BBIYUCIIUTEIPHO HWHTCHCHUBHBIX 3aja4, TaKUX Kak oOydYeHHEe HEHPOHHBIX CeTeil.
Onnaako mporpaMmbl Ha Python KoMImakTHBIC W TIOHSATHBIC, JJIS OOyYCHHUS HPOCTOM
HEUPOHHOM CeTH JOCTaTOYHO HECKOIBKO JIECATKOB CTPOK KOja, MporpaMmma
3aHUMaeT 2-3 2KpaHa. ODTO IMO3BOJISIET OBICTPO IPOBOJAUTH IKCHEPHUMEHTHI 10
ITOMCKY HanOoJIee MOAXOASAINCH A1 3a1a4l apXUTEKTYpPbl HEHPOHHOM CETH.

B Hacrosiliee BpeMsi HE CYIIECTBYET KOHCTPYKTMBHOTO METOAA CO3JaHUs
HEMPOHHOM CETH, KOTOpas pemaja Obl MOCTaBICHHYIO 3aaady. llostomy wu
MPUXOJUTCS MPOBOJAUTH MHOIO JKCIIEPUMEHTOB, IMPEXKIE UYEM MNOAXOIIIAsA
apXuTEeKTypa OyaeT HaujaeHa. Yem ObIcTpee W MOpoONIE MPOBOAUTH TAaKHUE
SKCIIEPUMEHTBI, TEM OBICTPEE MBI IMOJIYYUM HYKHYIO apXUTEKTYPy HEMPOCETH.
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IIporpamma Keras Ha Python ontumMusupyeTcs ¢ MOMOIIBI0 OMOIHOTEKH
TensorFlow, koropas BpICTyllaeT B KadyeCTBE BBIYHMCIHMTEIHHOTO OADKEH/IA.
[Ippyuem ocoberHocTs paborel TensorFlow B ToMmM, dYro oHa MoOXeT
MCIIO0JIb30BaTh KaK OOBIYHBIC LICHTPAIBHBIC MPOIIECCOPHI, TAK U rpaduuecKue
npoueccopsl GPU.

GPU — 510 BHACOKApTHI, KOTOPHIE OOBIYHO HCIHOIB3YIOTCS IS
rpaduyecKkux NpUIOKEeHHH W urp. OHU OYEHBb XOPOIIO MOAXOMAT A
apajIeIbHOTO BbINIOJTHEHUS OOJIBIIIOTO KOJIMYECTBA IIPOCTHIX

MaTeMaTUYE€CKUX OIlepalldii, KOTOpPbI€ HCIIOJB3YIOTCSI B KOMITBIOTEPHOU
rpaduke. Ilpu 0OydyeHMH HEUPOHHBIX CETEH HCHOJB3YIOTCS IMOJ00HbIC
onepanuu, nodromy GPU M0XHO HCIONB30BaTh AJISA YCKOPEHHSI O0y4YeHHs
HEUPOHHBIX CETEN B HECKOJIBKO JECATKOB Pas.

TensorFlow wmoker aBroMarWueckwii mpoBoAWUTH pacueTel Ha GPU ¢
IIOMOIIBIO COOTBETCTBYIONMX OuOIMoTek. K coxaneHuro, MOKHO padoTaTh
tonbko ¢ GPU mnpoumsBoactBa komnanuu NVIDIA, koTopele nmoaaepKuBaroT
texHosornro CUDA. IMeHHO dTa TEXHOJIOTUSA ITO3BOIIET Ucmoib3oBath GPU
HE TOJBKO JJIS TpaduKH, HO U IJISI IPOBEACHMS PACUCTOB OOIIECT0 Ha3HAUCHUS.
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buonuoreka NVIDIA CuDNN sBasercs pacimmpeHueM OHOIMOTEKU
CUDA wu npennasHadeHa Uil YCKOPEHUsI OOy4YEHUsI HEUPOHHBIX CETEH Ha
GPU. IlpustHas 0COOEHHOCTb 3aK/IIOYAaeTCi B TOM, YTO Mbl MHIIEM
nporpamMmy Ha Python, a TensorFlow woxeTr 3amycTUTh €€ Kak Ha
[EHTpaJIbHOM mpoleccope, Tak U Ha GPU (ecium Takol yCTaHOBJIEH B

cucteme). [IporpamMmy npu 3TOM MEHSTh HE HY>KHO.

Eciu wer GPU pgua oOydeHuss HEHPOHHBIX CeT€H, TO MOXKHO

HCIOJb30BaTh  00JAYHbIE  IJIAT(OPMBI  JUJISI  MAIIMHHOTO  OOYYEHHS

Colaboratory u Kaggle, Ha xoTOpEIX y>ke yCTaHOBJICHBI BCE HEOOXOIUMEBIC
OMOIMOTEKM MAIIMHHOrO 00y4deHus U ecTh MomHbeie GPU. DT mnardopmel
AOCTYIHBI OSCIJIATHO IS M3y4YSHHMS MAIIMHHOTO OOYYEeHUS M HEHPOHHBIX

CETel.
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Keras Koa onucanua HeiipoceTeit Ha Python

0

TensorFlow

cuDNN

GANVIDIA.

CUDA.

GEFORCE
GTX

BblyucnutenbHbin 63keHa 0by4eHnAa HempoceTeun

bubnuorteka yckopeHua oby4yeHna HenpoceTen
Ha yckoputenax GPU

bubnuoreka sblMMCNEeHUN obLWero HasHauyeHuA
Ha yckoputenax GPU

Yckoputens GPU




Mnatgopma Colaboratory Ha 12 yacos

Colaboratory — 310 obnayHana nnaTdgopma ot Google AnA NpoABWXEHUA TEXHONOMMI MallWHHOro obydyeHua. Ha
Hel MOXHO NoNyyYuTe BecnnaTHO BUPTYanbHYK MaLUUHY C YCTaHOBMEHHLIMW NOMYNAPHLIMK DUbNoTEKamu
TensorFlow, Keras, sklearn, pandas n Tn. Camoe yaobHoe, 4yto Ha Colaboratory MoxHO 3anyckaTb HOYTOYKM,
noxoxue Ha Jupyter. Hoytoyku coxpaHaoTca Ha Google Drive, MOXHO UX pacnpOCTPaHATL U Aaxe OpraHu3oBaTh
COBMECTHyIO paboTy. BoT Tak BeIrnaauT HOyTOYK Ha Colaboratory:
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[48] history = tpu_model.fit{x_trainm, y_train,
batch_size=J5678,
epochzala,
varbazesd)

s Epoch 1/5@
= INPO: tensorflow:New Znput shapes; (re-)compiling: modestrain (# of cores B), [TensorSpec(shapes(256,), dtypestf.intd2, names'core_Sd_49°), Tenzers
INFO:tensors lew:Overriding devault placenolder.
INFO: tensor-flow: Renapping placehalder for Input
INFO:tenzorflow:Started compiling
INFO:tensorflow: Finlshad complling. Time elapsed: 4.763395838401245 secs
INFO:tensorflow: Setting weights on TPU model.
INFO:tencorf low:New input shapes; (re-)compiling: modestrain (% of cores B), [TensorSpec(shapes(l®d,), dtypestf.intdl, names‘core_id_48°), Tentors
INFO:tensorflow:Overriding default placenolder.
INFO:zensorflow: Remapping placehaloer for Input
INFO:tensorflow: Started complling
INFG:vensorflow: Finished compiling. Time clapsed: 3.8817554883415527 secs
« 222 - logs: 2.3893 - sparze_categorical sceuracy: 9.1887
Epoch Z/5@
- 55 - loss: 1.83%58 - sparse_categorical_accuracy: 8.318%
Epech 3/5@
= Bz = lossz: 1.5885 - szparse_categorical_accuracy: ©.4110
Epoch 4/58
= B3 = loss: 1.423 - sparse_categorical_sccuracy: &, 4789
Epoch 5/5@
= 6% - loss: 1.3189 - sparse_categorical_accuracy: &.5215




Oobaaunas miaargopma Google
Colaboratory aast MammMHHOTO 00y4YeHHUSs

&« e ¢ @ colab.research.google.com Aob6po noxanosate B Colaboratory! - Colaboratory k14 omsbisos | gy ¥a LGO N

&, urfu_di_colab.ipynb

CO3[ATb BJIOKHOT  OTMEHA

https://colab.research.google.com/notebooks/intro.ipynb
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Oobaaunas miaargopma Colaboratory
IJIi MAITKMHHOIO 00y4YeHUs!

& 4 ¢ B colab.research.google.com

INoBpo noxanosaTb B Colaboratory!

[Nobpo noxanosatk B Colaboratory! - Colaboratory X 14 oratisos G

& [logenuTbes

daitn  MsmeHutb Bupg BcetaBka CpepfaBbinonHedus WHcTpymeHTbl CripaBka

Q Hauano pa6otbl

AHanus 1 06paboTKa faHHbIX

<>
MalumHHoe oby4eHve
Pecypcbl no teme
! w
MNpumepbl NCNoNb30BaHKA B MaLLMHHOM
06Yy4eHnn
Pasgen

CopeprxaHue X

+ Kog + Tekct # KonuposaTb Ha Jluck Mogknountbcs v /" Pepaktupc

Y710 Takoe Colaboratory?

Colaboratory, vnv npocto Colab, nossonsaer nucaTb W BbINONHATE kKod Python B 6paysepe. MNpu aTom:

* He TpebyeTcA HUKaKOW HaCTPOWKMK;
» Bbl NonyyaeTe 6ecnnaTHbIi 4OCTYN K rpa@uyeckuM npoleccopam;
* MpefoCTaBnATb A0CTYN K JOKYMEHTaM APYrumM NiofisM O4eHb NMPOCTO.

370 OTNUYHOE pelleHne ANA CTYAEHTOB, crneyManucToB No o6paboTKe AgaHHbIX U uccnefoBaTesnei B 06/1acTU MCKYCCTBEHHOMO MHTeNeKTa.
YT106bI y3HaTHL BOMbLLE, NOCMOTPUTE 03HAKOMUTENLHOE BUAEO MM HAYHUTE PaBoTy C MHCTPYMEHTOM HUXE.

Hauano pa6oTbl
[OKyMeHT, KOTOpPbIi Bbl YATaeTe, pasMellleH He Ha CTaTUYecKoil BeB-CTpaHWLe, a B MHTepakTUBHOW cpelle Noj Ha3BaHWeM 6/IOKHOT Colab,
I'IOEB[JJ'IHIOLLLEFI nrcaTb U BbINMOMHATb KOL,.

Hanpumep, BOT AYeKa ¢ KOPOTKUM CKpUNTOM Python, KOTopbIi M03BONAET paccuMTaTh 3HaYeHWe, BbIpa3uTh €ro B BUAE NEPEMEHHON U

pacnevyaraTtb pe3ynbTar.

[ ] seconds_in_a day = 24 * 60 * 60
seconds_in_a_day

86400

YTo6b! BbINONHUTL KOZ B AYEKE BbilUE, BbIGEPUTE €€, @ 3aTeM HaXXMUTE KHOMKY BOCNPOU3BEAEHUsA CNeBa OT KOA@ UK UCNoNb3yiTe
coyeTaHue Knasuw Cmd/Ctrl + BBoj. YToBbl U3MEHWUTL KO, AOCTATOYHO HaXKaTb Ha AYSKY.

https://colab.research.google.com/notebooks/intro.ipynb
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G [logenuTbes

®ann WsmeHuTb Bup BetaBka Cpefa BbinonHeHWa WHCTpyMeHTbl CnpaBka

e ¢ @ colabresearch.google.com
Jo6po noxanoeats B Colaboratory!
CopepxaHne X
Hayano pa6oTbl
AHanus n 06paboTka AaHHbIX
MalunHHOe o6yyerue
Pecypcbl no Teme

MpUMepbl MCMONb30BaHMA B MalLMHHOM
06y4eHnm

Paznen

+ Kog + Tekct £ KonupoBaTb Ha [IMcK MoAKNKOYUTECA ~ Va PefakTnpoBa

YT06bI BbIMOMHUTD KOA, B AYEiKe Bbllle, BbiGepuTe ee, a 3aTeM HaXXMUTe KHOMKY BOCNpou3BedeHWA cNeBa OT KOJ4a Wu UCNONb3YiNTe
coyeTaHue knasuw Cmd/Ctrl + Beoa. Y1066l MBMEHWUTBL KO, JOCTAaTOUYHO HaaTb Ha AYeiKy.

MepeMeHHble, 3afiaHHble B OJJHO AYeiiKe, MOXHO 6Y1ET UCMONb30BaTb B APYr1X AYeiKax:

[ 1 seconds_in_a week = 7 * seconds_in_a_day
seconds_in_a_week

604800

BnaropapA 6nokHoTam Colab Bbl MOXeTe CNONE30BaTh B OAHOM AOKYMEHTE UCTIONHAEMbIA Kof, GopMaTUpOBaHHbIN TEKCT, U306paXKeHus,
pasmeTKy HTML, Ha6op LaTeX v He TonbKo. BnokHoTh! Colab 6yayT xpaHuTbcA Ha Ballem Google ucke. Bbl cMOXeTe OTKPbITh K HUM
OOCTYN KoJieram uim Apy3bsaMm, paspeLuns UM NpocMaTpuBaTb UNKW axe pefaKkTUPoBaTbh AOKYMEHT, @ TaKxXe 0CTaBNsATb KOMMEHTapUK.
MNMogpo6Hasa MHPOPMaLWA AOCTYNHa Ha 3TON cTpaHuue. YTo6kl co3aate 6/10KHOT Colab, MOXHO BOCMNONb30BaTLCA MeHo "Qaiin” Boile Unm
NepenTy No ITON CChIIKE.

BnokHoTel Colab — 310 6n0KHOTEI Jupyter, KoTopble pasmelleHbl B cepeuce Colab. Moapo6Han nHpopMauua o npoekTe Jupyter AocTynHa Ha
caiTe jupylier.org.

~ AHanus3 n o6paboTKa flaHHbIX

Colab nossonset ucnonb3osBaTtb ANA aHanW3a U BU3yanusaluy flaHHbIX BCE BOSMOXHOCTU NONYNApHbIX 6uénuoTtek Python. Hanpumep, B
AYelKe HWKe ncnonb3yeTcs BUBNMoTeKa humpy ANnA reHepaluin cnydaiHblx AaHHbIX, a TakxKe 6ubnuoTteka matplotlib ana ux Busyanusayum.
YT06bl UBMEHWUTL KOf, AOCTATOYHO HaXKaTb Ha AYeKy.

https://colab.research.google.com/notebooks/intro.ipynb
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Oobaaunas miaargopma Colaboratory
IJIi MAITKMHHOIO 00y4YeHUs!

& fq ¢ @ colab.research.google.com Aobpo noxanosate B Colaboratory! - Colaboratory * 14 01361808 Ya)

HNobpo noxanosats B Colaboratory!

daiin  WameHWTb Bua BcTaBka CpepjaBbiNonHeHWA MWMHCTpymeHThl CnpaBKa

GD [logenurbes

. X + Kog + Teker 2 KonupoBaTb Ha [juck MoAKn4YUTECA ¥ /7 PepakTupoBa
i= CopepxaHue

BOT HecKonbKo 6N10KHOTOB M3 OHMaMH-Kypca No MalwuHHOMY o6ydeHuto oT Google. Ewe 6onblue nHhopmauMm AOCTYMHO Ha caiTe Kypca.

Q Hauano paboTbl
« BeepneHue B pandas

AHanus n 06paboTKa AaHHbIX
P A « KoHuenuun TensorFlow

<>
MatumHHoe o6yuerine = Havano pa6otbl ¢ TensorFlow
[ Pecypcbl no Teme « BBeaeHWe B HEWpPOCETH
TMpUMEpbI UCMNONb30BEHNA B MaLLMHHOM « BBe/JeHuWe B pa3pexKeHHble AaHHble U BCTRanBaHus
06y4eHUn
Mcnonb3oBaHue yckopuTenen
Pasgen

« TensorFlow c TPU

[NpuMepbl UCMONb30BaHMUA B MalUMHHOM 06y‘-{eHMM

Moapo6Hble NPUMEpPLI MHTEPAKTUBHOMO aHanv3a, BbINONHAEMOro C NOMOLLBH MalUMHHOTO 06yYeHns W JOCTYNHOro 6narofaps nnathopme
Colaboratory, MOXXHO HaillTV B 3TUX PYKOBOJACTBAX. B HUX UCNONL3YHOTCA MOfleNu ¢ caitta TensorFlow Hub.

HecKonbKo NpUMepOB:

« OfyyeHue KnaccuduKaTopa M30bpaxeHnin. Micnonbsya npeasapuTenbHO 06yYeHHbIN KnaccudukaTop n3obparmeHnii, cosaanTe Mogenb
Keras ANnA pacnosHaBaHuA LUBETOB.

» Knaccudukauua Texcta. Pasaenute 0T3biBbl Ha caiTe IMDb Ha nonoxuTenbHble W OTpUUaTEIbHBIE.

« [NepeHoc cTuns. McnonbayiTe Mofenb ry6oKoro 06ydyeHus, YTo6bl MEPEHOCUTb CTUb C OHOTO U306PaXKEHUA Ha APYroe.

BOMPOChI M3 Habopa AaHHbix SQUAD.
e MHTepnonaunsa Buaeo. CNporHosupyinTe, YTo MPOM30LLN0 MEXAY NepBbIM W MOCNeAHUM KagpaMu BUAEo.

https://colab.research.google.com/notebooks/intro.ipynb
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Oobaaunan niaardgopma Colaboratory
IJI MAIONMHHOTO 00yUYeHUsI

becmiarHas obnayHas mardopma Jjis MallMHHOTO OOYyYEHMS OT KOMIaHUM
Google cokpaménno HaspiBaeTcsa Colab. Ha stoif mnardhopme MokHO co3/1aBaTh,
TaK Ha3bpIBacMbIE, HOYTOYKH, KOTOpBIC cojaepikaT B cebe kom Ha Python, a taxke
TEKCTOBOE OIMCAaHHE, KOTOPOE TOBOPHUT, YTO HMEHHO JeJlaeT TOT WJIM HHOU
(parMeHT Ko/1a. B TaKOM HOYTOYKE MOXKHO 3allyCKaTh KOJ W ITOJy4aTh PE3YyIbTaThI
€0 BBITIOJTHCHMUSI.

J171s1 TOrO, YTOOBI CO3/1aBaTh HOYTOYKH U 3aIlyCKaTh KOJ, BaM HEOOXOAUMO UMETh
ydyeTHYI0 3anuch Google. /s Toro 4To0b METh BO3MOKHOCTH 3aITyCKaTh KO 1
pEIaKTUPOBaTh, HEOOXOIUMO CO3/1aTh CBOM HOYTOYK WJIM CBOIO KOMHUIO HOYTOyKa.
Jlns atoro B MeHro "®aiin" BeiOepuTe nmyHKT "Cosznare OmokHOT" mian "Co3narhb
konuio Ha Jlucke". 3anmyCTUTh S4EMKYy MOXHO ITOCTABUMB HA HEE KypCOp U Ha)KaB Ha
kinauarype Ctrl+Enter.

=+

3TO AYenKa C KO O00M F':-,."thDﬁ. Ero MOXHO :’-JFI}“LKJ“.L;
= 1

= 2

a+b

rint(c)

[ ]

= O O



Oobaaunas miaargopma Colaboratory
JIE MAIIMHHOTO 00y4YeHUs

Cnenyromias sideiKa — 3TO iYelKa ¢ TeKCTOM. Eciiv 1Ba pas3a IIEIKHEM Ha
3TOM STYEHKE, TO IOJYUYUM BO3MOXHOCTb U3MEHATH TEKCT. B JIEBOM Y4acCTU MbI
BUJIMM, UTO IIPOUCXOAUT C TEKCTOM B PEKUME PEAAKTUPOBAHHUSA, B IIPABOM, YTO
OydeT mocie TOro, Kak peakTHPOBAaHUE 3aBEPILIMUTCH.

NPV o XEE

M B I <> o M

MW

OKH, OMIY, 2 Kypc, rpynna CMM-991-0 |
. OKH, OMTI'Y, 2 kypc, rpynna CUM-901-0

YT0oOBI M3MEHUTH COACPKUMOE SYCHKH, JBAXKAbl HAXXKMUTE Ha Hee (MU
BeIOEpuTE "BBOA'"). /{71 TOro 4TtoOBl cO34aTh HOBYIO STYEMKY C TEKCTOM HJIH C
KOJOM, HY>KHO Ha)XKaTh Ha KHONIKM '+ Kox'" nim "+ Tekct'".

& UntitledO.ipynb

®ann W3MeHUTb Bua BcecraBka Cpepa BbiNonHeHWA VIHCTpyMeHTbl CnpaBKa

+ Kog + TekcTt



Oobaaunas miaargopma Colaboratory
JIE MAIIMHHOTO 00y4YeHUs

Ha mnnardbopme Colab yxe ycraHoBIeHO OONBIIOE KOJIUYSCTBO
OMOIMOTEK MAIIMHHOTO O00y4yeHus. YacTo MCHONIB3YIOT OHOJIHOTEKY OT
Google Tensorflow wu Oubanuoreky >G(PEKTHBHBIX BBIYMCICHUA C
maccuBamu B Python, koropas Ha3eiBacTcss Numpy.

Jlnsg Toro 4toOBbl MOAKJIIOYHTL 3TH OMOaIMOTeKH B Python moxHO
MCITOIb30BaTh KOMaHAy Import. Ummoptupyem 6ubanoreky NUMPY, U 11
BbI30Ba (DYHKIIMM U3 3TOM OMOJIMOTEKH OyAEM HCIOJIb30BaTh COKPAIICHHOE
HauMeHOBaHHe NP. HMmmoprupyem OmbOmmoreky Tensorflow u Oymem
MCITOIL30BaTh COKpaliecHHoe HauMeHoBaHue tf. brnbmrorekn mogkirodaror-
Csl U HE TpeOyeTCs UX yCTaHABIMBATh.

MNogknto4yaem OMONHMOTEKM numpy U tensorflow

[ ] import numpy as np
import tensorflow as tf



Oobaaunas miaargopma Colaboratory
JIE MAIIMHHOTO 00y4YeHUs

B Colaboratory He o06s3arenbHO MCIIOJIB30BaTh (PYHKIHIO Print, ecimy BEI
XOTHTE y3HaTh 3HAYCHUE KAKOM-TO IEPEMEHHOM, TO MOYKHO IPOCTO HAIHMCATh
3Ty TIEPEMCHHYIO ITOCJICIHIO0 B STUCHKE.

NpuMep UCNONb30BaHWA MacCMBOB numpy

HP-EFFHF{[D: L, 2, 1]::I
np.array([4, 5, 6, 7])
a+b

L] a
b

C

[] a

array([@, 1, 2, 3])

[ ] «c

array([ 4, 6, 8, 10])



Oobaaunas niaardgopma Colaboratory gas MO

bubmnorexy Tensorflow wucmonp3oBaTh cloxHEE, 4YeM OHOIMOTEKY
Numpy, mosToMy MOpOCTO MPOBEPHM, YTO OHA MOAKIIOUMIACH M IOIYYHUM
HCIIOJIB3YCMYIO BCPCHIO.  reyaraem Bepenio tensorflow

[ ] tf. wversion
'2.3.0°

Kon, KOTOphIM BBl NMHIIUTE HAa HOYTOyke B Opay3epe, BBINOJHACTCS Ha
BUpTyanbHOH MammHe B oOmake Google. IloaTtomy, ecnmm Hy:xHO 00paboTaTh
Kakde-To (aiiiapl Balllero KOMIBIOTEpPA, TO BaM CHadaja HeoOXOquMO
3arpy3uTh HUX HA JAMCK BHPTYAJbHOW MAamMHbI. [ TOro 4toObl 3TO
clenarb, MOXKHO HcIoab30BaTh 0uOanoTeky Files u3 Google Colab. Crauamna
NOAKJIIO4aeM JTy OuoOnuoTteky. Jlias Toro, 4ToObl 3arpy3uTh JaHHBIE C
JOKaJIbHOTO KOMITbIOT€pa Ha JUCK BHUPTYaJlbHOM MaIllMHLI BBI3BIBAEM
files.upload. 3anyctrnnm siueiiky, HaxkuMaeM KHOTIKY "Br1Oparhs ¢aiiasr".

3arpy»aem ¢aiin ¢ 10KaNbHOro KOMMNbIOTEPA Ha AUCK BUPTYa/IbHOM MaLUMHbI

[ 1 files.upload()

dann He BuIDpaH Upload widget is only available when the cell has been executed in the current browser session. Please rerun this cell to enable.

Saving tshirt.jpg to tshirt.jpg
{"tshirt.jpg': b"\xff\xd8\xff\xed\x00\x10IFIF\x00\x01\x01\x01\x00 \x00 \xee\xee\xff\xfe\x00;CREATOR: gd-jpeg v1.2 (using IJG JPEG v80), qu:

»



Oobaaunas niaardgopma Colaboratory gas MO

Bupryanpnas mamuaa B obiake Google paGotaer moj ymnpaBieHHEM
ONCpalMOHHOM cucTeMbl LINUX, mo3TOMy MOKHO HCIIOJIB30BaTh €€
xomaHbl B Google Colab. s sToro B sdeiike HYy»KHO mucarh KOMaHAbI,
HAYMHAS ¢ BOCKJIHIATEIbHOro 3Haka (Omaromaps stomy Colab moiimer,
YTO BBl XOTUTE HCIOJIB30BaTh HE koMaHy Python, a xomanmy Linux).

Jlns Toro 49roOBl Yy3HATh, Kakue (haiibl HAXOmITCS Ha JUCKE,
UCIoap3yeM koMauay Linux "Is", cokpamenue ot list.

[] !ls

sample data tshirt.jpg

[Tocne Toro Kak Bbl OOY4YMJIM HEUPOHHYIO CETh, KEIATEIbHO COXPAHUTDH €€
Ha CBOM JIOKAIBHBIM KOMIIBIOTEpP, [JISI TOrO, YTOOBI MOXHO OBUIO €€
MCII0JIb30BaTh B JAJIbHEUIIIEM M HE TPATUTh BPEMS HA MOBTOPHOE OOyUYCHHE.
Jlns Toro 4droObl 3TO caenarh, u3 OmOmuoreku Files Be3bIBacM KoMaHAy
download u yka3eiBaem nmyTh K TOMY (paitiny, KOTOPBI BBl XOTUTE COXPAHHUTh.

| ] files.download( sample data/test.csv’)



Oobaaunas miaargopma Colaboratory
JIE MAIIMHHOTO 00y4YeHUs

I'paduuyeckuin yckopureiab GPU

ITnardpopma Colaboratory no3somser ucmons3osate GPU s yckopeHus
00y4EeHMSI HEMPOHHON CETH. ITO OECILIATHO.

GPU MoxHO moakJ/JI04YuTh B MeHIO "Cpena BeinoiaHeHus" -> "CMEeHUTD
cpeny BemonHeHHs" -> "AmnmapartHbeiii yckopurens' -> GPU (Runtime ->
Change runtime type -> Hardware Accelerator -> GPU).

ITocne nonkmrouenuss GPU BupTyanbHas MalinHa Nepe3anyCTUTCA U BCE
3arpy>K€HHbIE  JaHHble OyayT yaaneHsl. [losTomMy  pexoMeHayercs
noakmouate GPU B camoM Havasie paOOTHL.

Ha mmardopme Colaboratory moctymubsl Heckoimpko wmoxeneit GPU:
NVIDIA Tesla K80, T4, P4 wu P100. Moxenun oOmIAYAIOTCS
IIPOU3BOUTEIIHFHOCTBIO M 00bEMOM HaMITU. BeIOpaTh MOIENIb HEIB3SL.

Y3Harh, Kakasg MOJAEIb MOAKIKYECHA, MOKHO CIEIYIOIIECH KOMaHI0M:

o lnvidia-smi



Oobaaunas miaargopma Colaboratory
JIE MAIIMHHOTO 00y4YeHUs

Y3HaTI>, KaKasa MOJICJIb ITOAKJIFOYCHA, MOKHO CHGI[YIOHIGfI KOMaHI[OI\/’II

lnvidia-smi

Tue Aug 4 16:48:23 2020

e +
| NVIDIA-SMI 450.57 Driver Version: 418.67 CUDA Version: 10.1 |
| — - e e +
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap]| Memory-Usage | GPU-Util Compute M. |
| | MIG M. |
| ===============================j======================j======================c |
| @ Tesla T4 off | eoceoecee:00:04.0 Off | o |
| N/ A 57C PE 10w / 70W | eMiB / 15079MiB | 0% Default |
| | | ERR! |
e e e +
e +
| Processes:

| GPU GI (I PID Type Process name GPU Memory |
| ID ID Usage |



Oobaaunas miaargopma Colaboratory
JIE MAIIMHHOTO 00y4YeHUs

Kparkue pexoMeHIaluu

Jlins padorer ¢ Colaboratory ucmomesyiite ydernyio 3amuch (Google.
Ecny y Bac HET yYETHOM 3alIUCU, TO CO3AMTE.

JIlna 3amycka koga B HOYTOyKe, co3ganTe cBow komuiwo "dain" ->
"Coxpanuts konuto Ha [ucke" (File -> Save a copy in Drive...)

He 3a0ynpre moakawuutb GPU nepen 3anmyckoM koja. B mporuBHOM
ciy4dae HeHMpoceTr OyayT o0y4daTrbCsi O4CHb MEIJICHHO.

HoytOyku — 310 00BIuHBIe (aiimer B Google Drive. Mmu MoxHO
AeauThCsa ¢ apyrumu moabMu. [Iyakr mento "Ilogenurnsca" ('Share™) B
IIPaBOM BEPXHEM YTIIY.

[IvmuTe MOsICHEHUS K CBOEMY KOAY B TEKCTOBBIX IOJIAX. Tak BbI CaMH
yepes3 MecHI] He 3a0yAeTe, YTO UMEHHO JICJIACT KO/l U ITI0YEMY.
BuptyansHnas mammnaa B oOmake (Google paGoraer 12 wacom. Ilocne
3TOr0 MAIlIMHY MOXXHO MEPEe3alyCTUTh U MPOAOJDKUTH padoTy. Ho Bce
JAHHbIC OYIYT yaaJIeHbI.
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@ ¢ @& paperswithcode.com

Browse State-of-the-Art

Machine Learning Datasets | Papers With Code A2 gy R 1)

Methods Morev

Datasets

Datasets

6,938 machine learning datasets

Search for datasets

= | ” Best match

O

Filter by Modality

Images 2045
Texts 1815
Videos 650
Audio 428

Filter by Task

Question Answering 297

Share your dataset with the ML community!

6938 dataset results

bt

i

CIFAR-10

The CIFAR-10 dataset (Canadian Institute for Advanced Research, 10 classes) is a subset of the
Tiny Images dataset and consists of 60000 32x32 color images. The images are labelled with...
9,583 PAPERS + 59 BENCHMARKS

ImageNet
The ImageNet dataset contains 14,197,122 annotated images according to the WordNet
hierarchy. Since 2010 the dataset is used in the ImageNet Large Scale Visual Recognition...

9,133 PAPERS * 92 BENCHMARKS

COCO (Microsoft Common Objects in Context)
The MS COCO (Microsoft Common Objects in Context) dataset is a large-scale object detection,
segmentation, key-point detection, and captioning dataset. The dataset consists of 328K...

6,471 PAPERS * 78 BENCHMARKS

MNIST
The MNIST database (Modified National Institute of Standards and Technology database) is a

larma rallactinn Af handurrittan Aiaite I+ hac a trainina cat af ANNNN avamnlac and a tact cat ~f

https://paperswithcode.com/datasets
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Pab6ora ¢ maardopmoii Kaggle

Kaggle — sto onnaiia-coobmectBo Data Scientist’oB ¥ CIIeIUaIMCTOB I10
mammHHOMY 00Oyuenuro (machine learning). Ilnardpopma Kaggle mo3sonser
M0JIb30BaTeIIM HAXOAUTh WU IYyOJIMKOBATh JaTaceThbl, CTPOUTh MOJICIIH B
cnennanbHol cpene Kernel, padorats ¢ apyrumu ML-cnenuanmcramu u
y4acTBOBAaTh B COPEBHOBAaHUAX B oOactu Data Science.

Ilepen mauanom pabotel Ha 1argopme Kaggle meodxomumo 3aperucr-
pPUPOBATHCH, JIJII 3TOro IeperauTe mo cceuike: hitps://www.kaggle.com/

JIas ocCyIIecTBIEHUS PETHCTpAIlld MOXXHO BOWTH, HCIIOIB3YS aKKayHT
Google, mu60 cBoro mouty. Ilociie MPOXOXKICHUS PETHCTPAIMH BBl IIOIAICTE
Ha BaIlly JUYHYIO CTAPTOBYIO CTPAHMUILY.

Ha nmardopme Kaggle, kak u Ha Goolge Colaboratory, Mmo:xxHO co3maBaTh
OIOKHOTBI ¢ KojgoM Ha Python, mcmommp3yrommm OHOIHOTEKH OOy4YeHMS
HEUPOHHBIX ceTel. OHM 3aIyCKaloTCs Ha BUPTyaJbHOM MalllMHE B OOJIake
Google, nis koTopoit goctymen oecmnarabii GPU.


https://www.kaggle.com/

Pab6ora ¢ maardopmoii Kaggle

¢ @

kaggle.com Kaggle: Bawe coobLiecTBo N0 MAIMHHOMY OBYUEHMHO W HayKe O AaHHBIX

kaggle CopeBHoBaHWA  HaBopbl faHHblx  Kop  OBcyxaeHus Kypﬁ’bﬂpoGHee

MponanTe MUKPOKYPC U HEMeaIeHHO HAaYHUTE NPUMEHATL CBOW HOBbIE HaBbIKU

-]
MawwnHHoe Oby4YyeHue MaHgbl o MutoH
MalumHHoe obydeHne-camas KopoTkue npakTuyeckue 3afaHna ans Mayunte camblil BaXKHbIA A3bIK 418
nonynapHas obnacTe B HayKe O AaHHbIX, COBEpLUEHCTBOBaHNA BalUWX HaBbIKOB HayKW O AaHHbIX
1 3TOT TPEK NOMOXET Bam BbICTPO paboTbl C AaHHbIMK

NPUCTYNWTL K paboTe

rGe0eD G- 4360 tesesd

.
It o OT3bIBbI I 11:]?3 $

Fny6okoe O6yuyeHue

Mcnonbayite TensorFlow, 4yTo6bl
BbIBECTU MalLWHHOE 0by4YeHue Ha
HOBbI ypoBeHb. Ballul HOBble HaBbIKK
ropasAr Bac

@538a2

anCOGHHHHﬁTECb K COpeBHOBaAHMIO NO peLleHno peanbHbIX 3agady MallMHHOIo OGVHEHHH

& TutaHuk @ LleHbl Ha XXunse @ MporHosupyiTe byayuwme

< Mpopgaxwn
HauHute 3peck! MNpeackasatb [MporHosuMpyiTe LeHbl Npoaa u
BbiKMBaHKWe Ha "TuTaHnke" u NpPakTUKy#Te paspaboTKy GyHKUMiA, RFs MToroeelit NpoekT Kypca Coursera "Kak
03HaKOMWTBECH C OCHOBaMM MalUWHHOTO W rpagueHTHbIR BYCTUHP BbIMrPaTh KOHKYPC MO Hayke 0 AaHHbIX"
0bYy4eHKA

£8e¢@«D @280 2@¢€80

@ Yctpoiicteo nna

pacnosHaBaHua uudp

M3yunTe OCHOBLI KOMMBIOTEPHOMO
3PEHNA C NOMOLLBHO U3BECTHbLIX AaHHbIX
MNIST

EL854®



Pab6ora ¢ maardopmoii Kaggle

yanvyrnn M1 BO3SMOAKHOCTU KAGGLE

v Tnowanka ana copesHosaHui no Machine Learning. Co AHA OCHOBaHWA K Mo Cel AieHb OCHOBHaA Uenb Kaggle —
NaTb BO3SMOXHOCTb OpraHMsaluam YCTPOWTb KOHKYPC Ha ny4lwMe Moaenu n anroputMbl.

v Kaggle Kernels — obnayHas cpepna paspaboTku no tuny Jupyter Notebook u aenaetca aHanorom Google Colab.
Takxe Kaxaomy nonbsoeaTento gaetca ucnonbsosatb GPU Ha 30 yacos B Hefenw 6ecnnatHo. CBOMMU
pazpaboTkamMu B Kernels MOXXHO AeNUTbCA CO BCEMM.

v n}fﬁﬂHKﬂLlHFl, XpPaHeHHUE K UCNONb30BaHWE OaTaCeTOE. CDUﬁLI_I,ECTBD W OpraH1u3auuin, KOTOpble NpoBOOAT
COpeBHOBaHWA, OENATCA Haﬁﬂpamu [aHHbIX. 30ecb MOXHO HallTWU TEeKCTOBbIe JaHHbIe, HSD'ﬁpﬂ}KEHHH, dayano 1 BULOED
BCEBO3MOXHDbIX Cd)ep AEeATENbHOCTHW.

v Kaggle Learn — MuHK-KypCbI ¢ Ucnonb3oBaHue Kernels ans osHakomnenns ¢ Data Science.
v Job's Board, B KoTopoi paboToaaTenu BbiIKNaablBatoT CMUCKU BakaHCUIA.

v User ranking, KOTOPbIi BKNHOYaeT CNUCOK NyYLIMX KOHKYPCaHTOB, jlaTaceTos, 6NOKHOTOB, a TaKXe NYHLWKX
nonb3oBaTeneu EIDOD}’ME]. Cuctema AenuT nonb3oBaTenel Ha cnefyrolMe KaTeropum:

01. Grandmaster
02. Master
03. Expert
04. Contributors

05. Novices



COOBLLECTBO

B utone 2020 roaa, KoMnaHua o6bABKMNa 0 S MUINMOHAX 3aperMcTpMpoBaHHbIX Nofib3osaTenax. 3To camoe bonblioe
cooblecTeo no Data Science. 3aeck MOXXHO HAATK Kak HayuHarowmx Data Scientis'oB, Tak M ONbITHbIX
npoteccuoHanos. CopeBHOBaHMA NPUBEKAOT ThICAYM KOMaH[ CO BCero Mypa.

B Kaggle cogepxuT 50.000 natacetos 1 400.000 6N0OKHOTOB C MCXOAHBIM KOAoM. MHorue uccnegosatenu nocne
COpPEBHOBaHWUIA NULLYT Hay4HbIE CTaTbM O CBOWX pe3ynbTaTax. Tak, Hanpumep, Lxeddpu XMHTOH, nMoHep Deep Learning,
CO CBOMMW KONneraMu BblMrpany copesHoBaHue B cepe MeaMUMHbI M Noce 3TOro onyenmKoBanun cTaTbro. 3To 6bino
0AHa 13 nepebix Noben rNy6OKOro o6y4YeHus.

RAK TMTPONCXOAAT COPEBHOBAHWA

Kaggle npegocTaBnaeT 3akpbiTble U OTKPbITble COPEBHOBAHUA MO MaLUMHHOMY 06y4YeHMto. B 3aKpbITbIX MOTyT
NPMHUMAaTb y4acThe TONbKO KOMaHbl No Npurnallennio. CopeBHOBaHWe BbIFMAAUT creaytowyM 06pasom:

07. OpraHusaTop COpeBHOBaHWIA FOTOBUT AaHHbIe U leTanbHOoe OnucaHue K npobnemMe, KOTOPYH HYXHO pelwunTb. Kaggle
TaKxXe NpefocTaBNAeT KOHCYbTalWOHHbIe YCNyru No opraHu3aLuu.

02. Y4aCTHWKW NpefoCcTaBNAT CBOW pPelleHWs, KOTOpble OLeHUBaKOTCA Yepes TeCTbl OPraHn3aTopoB.

03. PeWTUHr1 paboT NYy6MUKYKOTCA B peanbHOM BPEMEHMU.

04. TMo UCTeYEeHUU YCTaHOBNEHHOTO CpoKa QOPMUPYHOTCA CNMCKKW NobeguTenen U BbinnavyvBaeTcs Npu3oson GoHm.
OpraHu3saTopbl COPEBHOBaHWIA MMEKOT MHTENNEKTyanbHble NpaBa Ha paspaboTaHHblid NobeanTensaMu anropuTM, Mogenb
unu MNo.

Mopaenu MoryT pazpabaTbiBaTbCA C UCMONb30BaHUEM NHO6bIX BblYUCTMTENBHDBIX PECYPCOB, MO3TOMY KOMaHAbl C
XOpoLIKM 06opyaoBaHUEM K pacnonaratoLmne obnadHbiMu pecypcamu ¢ GPU 6yayT MMeTb NPerMyLLLECTBO.

YyacTue B COpeBHOBaHUAX MOXET faTb KOHKYPCaHTY NpakTUYecKuit onbiT B paspaboTke Mogenerd Machine Learning.
[pu3oBble MecTa obecrneYaT He TONbKO AEHEXHbIM MPU30M, HO M BCEMWPHOW M3BECTHOCTbIO B coobulecTee Data
Science.
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