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[NABA 1
Henpocetb

Co3paHme YMHbIX MalLlUH

Mo3r — caMblif HeBepoATHBIN opraH. VIMeHHO OH omIpeZiesifaeT, KaKk Mbl BOCIIPH-
HUMaeM BC€, YTO BUAUM, CJIBIIINM, 000HAeM, TpobyeM Ha BKyC U ocsa3aeM. OH
II03BOJIAET XPAHUTDh BOCIIOMUHAHUA, UCIIBITHIBATD SMOLIUH U JaXKe MedTaTh. bes
MO3Tra MbI ObUTH OB IPUMUTUBHBIMYU OPTaHU3MaMU, CIIOCOOHBIMY JIUIIE Ha IIPO-
cTelimue pedieKchl. B iesioM OH eaeT 4esoBeKa pa3yMHBIM.

Mosr pe6GeHKa BECUT MeHbIIIe TIOIYKWIOrpaMMa, HO KaK-TO PellaeT 3a/ja4uy, II0Ka
HeZIOCTYITHbIE ZJayKe CAMBIM OOJIBIIM M MOIIHBIM KOMITbIOTEpaM. Beero uepes He-
CKOJIBKO MeCSIIEB TI0CJIe POXKIEHUs IETH CIIOCOOHBI PacIio3HABATD JIULA POZAUTE-
JIe, OTAENIATh OOBEKTHI OT POHA U JaKe PA3INIATh I'0JI0ca. 3a TIEPBBIN T/ Y HIX
pasBUBaeTCsa MHTYUTUBHOE IIOHMMaHHe ecTeCTBeHHON QU3MKU, OHU y4daTcs BU-
JIeTh, TZle HaXOAATCA YaCTUYHO WIH IIOMHOCTBIO CKPBITBIE OT HUX OOBEKTHI, U ac-
COLIMMPOBATh 3BYKH C X 3HAYEHUAMH. Y>Ke B PAHHEM BO3PaCcTe OHU Ha BBICOKOM
YPOBHE OBJIa/IeBAlOT PAMMAaTHKOM, a B X CJIOBape MOSABJIAIOTCS THICAYH CJIOB.

JlecATUIETUAMY MBI MEUTAEM O CO3IAHUY PAa3yMHBIX MAIIKH C TAKUM YK€ MO3TOM,
KaK y Hac: poOOTOB-TIOMONITHUKOB /isI YOOPKU B IOMe; MAallliH, KOTOPbIE yIIpaB-
JIIOT cO00 caMy; MUKPOCKOIIOB, aBTOMAaTU4YeCKH BBIABJIAIONINX 6ome3nu. Ho co-
3/laHVie MAIIMH C UCKyCCTBEHHBIM WHTEUIEKTOM TpeOyeT pelleHrs CIOKHENIITIX
BBIYMC/IUTETBHBIX 33/1a4 B UCTOPUH, KOTOPbIE, OJHAKO, HAIIl MO3T CIIOCOOEH PaCKY-
CHUTD B JIOJIU CEKYH/IBI. /I 3TOTO HY»KHO pa3paboTaTh MHOU CIIOCOO TPOrpaMMHU-
POBaHMS KOMITBIOTEPOB TIPU TIOMOIITU METOZIOB, KOTOPbIE MOSIBIJIMCH B OCHOBHOM
B ITOCJIEZTHUE ZIECATh JIET. DTO OUeHb aKTUBHAS OTPAC/b B UCCIENOBAHUAX UCKYCCT-
BEHHOT'0 MHTEJUIEKTa, KOTOpas IOJydrIa Ha3BaHUe 2/1y00K020 00yUeHUsL.

OrpaHI/I‘-IEHI/Iﬂ TPAAULNOHHDbIX
KOMMNbIOTEPHbIX MPOrpamm

[ToueMy HEKOTOpBIE 3aja4YU KOMITbIOTEPaM peliaTs Tsxeno? CTaHAapTHBIE ITPO-
IPaMMBI JIOKA3aJId CBOIO COCTOATENBHOCTD B IBYX 001aCTAX: 1) OHU OYEHB OBICT-
PO BeAyT BBIYUCIEHUA; 2) OHU HEYKOCHUTEIbHO CIeAYI0T MHCTPYKIuAM. Eciu

[naBa 1. HelipoceTb 13
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BbI GMHAHCHCT ¥ BaM HY>XHO IIPOBECTHU CJIOKHBIE MaTeMaTUIeCKUe MTOJCYETH,
BaM IoBe3Jio0. TUNOBbIe ITporpaMMbl BaM B oMo, Ho npezictaBbTe cebe, 4TO
HaM HY>XHO cZielaTb KOe-4TO IIOMHTepecHee: HallpuMep, HallucaTh IPOrpaMMy
ZUI aBTOMAaTUYECKOr'0 paclio3HaBaHuA nodyepka. Bosbmem 3a ocHoBy puc. 1.1.
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Puc. 1.1. H3zobpaxcerue us maccusa pykonucHuix 0aHHvx MNIST?

XoTsa kaxzad nudpa Ha pUCYHKe cJlerka OTINYaeTcs OT IIPEeABbIAYIIeH, MBI JIETKO
OIIO3HAEM B IIEPBOM psifie Hy/IU, BO BTOPOM — €QUHUIIBI U T. Z. Terepb Hamu-
IIeM KOMITbIOTePHYIO IIPOrpaMMYy, KOTOpas PelIuT Ty ke 3ajady. Kakue npaBu-
JIa Hy’KHO 33/J]aTh, YTOOBI pa3IndaTh UGPHI?

Puc. 1.2. Hosb, aneopummutecku mpyoHOOMAUUUMbLIL OM ulecmepku

HauneMm c mpoctoro. HampuMep, yKakeMm, 4TO HYJIIO COOTBETCTBYET M300pa-
JKeHHe OKpPYIVIOO 3aMKHYTOT'O KOHTypa. Bce mpumepsl ¢ puc. 1.1, kaxercd,

14 OcHoBblI rny6okoro obyyeHus
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VZIOBJIETBOPSIOT 3TOMY OIPEAENEHHUIO, HO TaKUX IIPU3HAKOB HEJOCTATOYHO.
YTo, ec/iM Y KOTO-TO HOJIb — He Bcerza 3aMKHyTasa ¢urypa? M KaK OTIUIUTD
Tako# HOJb (cM. puc. 1.2) OT mecTepKu?

MOXXHO 3a/aThb paMKH pacCTOSAHUA MeEX/Jy HadaJoM U KOHIIOM IIeTIH, HO He
OYeHb TIOHATHO Kakue. U 3To TobKO Havasio mpobyieM. Kak pas3anuuuTh TPOUKHU
1 mATepku? YeTBepKU U AeBATKH? MOXKHO 100aB/ISATh IIpaBIIa, WIN NPUSHAKL,
ToCJIe THATeNbHBIX HaOMI0ZIeHUH 1 MeCATIeB TPO6 U OMMUOO0K, HO TTOHATHO OJHO:
nporiecc 6yZieT HeJIeroK.

MHoTHe Apyrve KJIacchl 3a/lay MOMAZAloT B Ty K€ KaTerOpUI0: pacro3HaBa-
HUe OOBEKTOB U PeYl, aBTOMAaTUYECKUM TIepeBo/ U T. [. MBI He 3HaeM, KaKue
MIPOTPAMMBI TTUCATH JJIsI HUX, IIOTOMY YTO He ITOHUMAaeM, KaK C 3TUM CIIPaBJIs-
eTCs Halll MO3T. A ecyti ObI U 3HAJIU, TaKas IporpaMma ObUia ObI HEBEPOSITHO
CJIOKHOM.

MexaHnKa MalLIMHHOTO 06y4YeHNs

i pelieHUs TaKuX 3alad Hy>KeH COBCeM UHOM moaxoZ. MHoroe u3 TOoro, 4To
MBI yCBauBaeM B IIIKOJIe, TIOX0XKe Ha CTaHAapPTHbIE KOMITbIOTePHbIE TPOTPAMMBL.
MbI yuuMca nepeMHOXKaTh yucia, pellaTh ypaBHEHUA U IolydaTh pesysbra-
TBI, CJIelyst UHCTPYKIMAM. Ho HaBBIKY, KOTOpBIE MBI [TOJIy4aeM B caMOM IOHOM
BO3pacTe U CYHWTAeM CaMBIMHU eCTeCTBEHHBIMU, YCBAUBAIOTCA He U3 GOpPMYyII,
a Ha IpuUMepax.

Hanpumep, B IByXJIETHEM BO3pacTe POAMTENU HE y4aT HAc y3HaBaThb CcOOaKy,
nu3Mepsasa GopMy ee HOCa WIH KOHTYPHI Testa. MbI MOXKEM OT/INYaTh €€ OT APYTUX
CYIECTB, TIOTOMY YTO HaM TOKa3aJu MHOTO TIPUMEPOB cobaK M HECKOIBKO pa3
HCIIPABWIN HAIIM OMIMOKU. YKe TIPU POXKAEHUU MO3T Zial HAaM MO/IEJTh, OITUCHI-
BaIOIIyI0 Halle MuUpoBocpuATHe. C Bo3pacToM O1aroapsi el Mbl CTaJd Ha OC-
HOBE TIOJTy9aeMOU CEHCOPHOU MHPOPMALUK CTPOUTDH MPEATIONOXKEHUSA O TOM,
c 4eM cTajskuBaeMca. Eciy npeAnosioskeHue MoATBEPKAaNIOCh POAUTENIAMU, 3TO
CIIOCOOCTBOBAJIO YKPEIUIEHUIO MO/IesTU. ECiu »ke OHM TOBOPHJIH, YTO MBI OIITHG-
JIUCh, MBI MEHSLTA MOJIEJTb, ZIOTIONHSAA ee HOBOU mHpopManuei. C OIBITOM OHA
CTAaHOBUTCS BCE TOYHEE, TIOCKOIbKY BKJIIOUAeT 6OJIbIlle TPUMePOB. M Tak Ipouc-
XOZIUT Ha TIO/ICO3HATETHHOM YPOBHE, MBI 3TOTO JJaKe He MMOHUMAaeM, HO MOXKeM
C BBIT'OZIOY HCITOJIb30BATh.

I'my6okoe obydeHHEe — OTpacib 6ojee IMUPOKOH 06IaCTH HCCIeJOBAHNMI UCKYC-
CTBEHHOT'O MHTEJUIEKTA: MAWUHHO20 00yUeHUs, TOAPa3yMeBalOIIero oyydeHue
3HaHUM U3 TpuMepoB. MbI He 3a/laeM KOMITbIOTEPY OTPOMHBIM CITMCOK ITPaBUI
peleHys 3a/auu, a MpeJocTaBasgeM Mo0eslb, C TIOMOIIBI0 KOTOPOW OH MOXET
CpaBHUBATh MPUMEPHI, U KPaTKUM HAOOP WHCTPYKIUH A7 ee MOAUPUKAIINI
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Kynutb KHUry Ha cante kniga.biz.ua >>>



https://kniga.biz.ua/book-osnovy-glubokogo-obucheniia-sozdanie-algoritmov-dlia-iskusstvennogo-intellekta-sleduiushchego-pokoleniia-0017594.html

B ciay4dae omn6ku. Co BpeMeHeM OHa JIOJDKHA YIYYIIUThCS HACTOIBKO, YTOOBI
pelaTh NocTaBaeHHbIe 3aa4i OYeHb TOYHO.

ITepeiizem k Gosiee CTPOrOMy M3JIOXKEHUIO U chOpMyIUpyeM Hjero MaTeMaTH-
yecku. [TycTb Hama Moziennb — GyHKUNA h (x, 0) . BxoZHOe 3HaYeHMe x — IIpU-
Mep B BeKTOpHOH popMme. J[ONTyCTUM, eCTi X — U300pakeHre B OTTEHKaX Cepo-
ro, KOMIIOHEHTHI BEKTOPa — MHTEHCUBHOCTD ITMKCeeH B KaKA0M ITO3UINHU, KaK
IIOKa3aHo Ha puc. 1.3.

Puc. 1.3. Bekmopusauyus uzobpaxceHus 0711 an20pumma MatluHHozo obyueHus

Bxogtoe 3HaueHUe O — BEKTOP MapaMeTpOB, UCITONb3YEMBIX B HaIllEH MOJEIH.
[TporpaMMa IIBITAeTCS YCOBEPIIEHCTBOBATh UX 3HAYEHHA HAa OCHOBE PACTYIIETO
yucsia npuMepoB. [TopobHee MbI paCCMOTPUM 3TOT BOIIPOC B IVIaBe 2.

YTo6Bl MHTYUTUBHO TOHUMATh MOJENU MAIIMHHOTO OOy4YeHUs, PacCMOTPUM
npumMep. JlommycTuM, MBI PEllIWIN Y3HaTh, KaK [IPeACKa3blBaTh PE3Y/IbTaThl JK-
3aM€eHOB, €CJIM M3BECTHO KOJIMYECTBO YacOB CHA U y4eObl B JIeHb MepPe/] UCIThI-
TaHueM. MBI coOMpaeM MacCUB JaHHBIX U DU KaXKJOM 3aMepe X = [x x,1°7
3amrchiBaeM KOJIMYECTBO YaCOB CHa (xl) 5 yqe6b1 (xz) " OTMeYaeM, BRIIIe WIU
HIKe OHM CpeJHUX I10 kiaccy. Hamra nenb — co3zaTh Mozesnb h (x,0) ¢ BeKTo-

pom napamerpoB 6 = [0, 0, 6,17, 4TOOHIL:
T e1
-1, ecmmx’ - 5 +0,<0
h(x,0)= 92
1, ecmux’ - 61 +6,20

ITo HalleMy IpeaIoNoKeHUI0, TPOEKT MOZieu h (x, 0) OyZeT TaKUM, KaK OIH-
CaHo BbhIIIIE (C TeOMETPUYECKOM TOYKH 3PEeHHUS OH OMMChIBAeT JIMHEWHBIN KJlac-
cudUKaTop, AeTAMNUH IVIOCKOCTh KOOPAWHAT HaZiBOE) . Tereph MbI XOTUM Y3HATh
BEKTOp MMapaMeTpoB 6, YTOObI HAYYUTH MOZEJD /IeaTh BEPHbIE MTpeACKa3aHus
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(-1, ecnu pe3y/nbTaThl HIXKE CPeTHETO YVPOBHSA, M 1 — ec/Iu BhIlIE) HAa OCHOBA-
HUM IPUMEPHOTO BXOAHOTO 3HaueHud x. Takasa Moziesib Ha3blBaeTcsA IMHEHHBIM
nepcenmpoHoM 1 uctonb3yetrcs ¢ 1950-x3. [IpeAnonoxuM, Halllk ZaHHBIE COOT-
BETCTBYIOT TOMY, YTO IIOKa3aHO Ha puc. 1.4.

® ®

Puc. 1.4. O6pasey, 0aHHbLX 0J151 AI20PUMMA NPEOCKA3AHUS IK3AMEHO8
U NOMEHYUANBHO20 Kadccupukamopa

OkasbiBaeTcs, ipu 0 = [-24 3 4]7 MoZesh MAaIIMHHOTO 00y4YeHHs ctocoOHa
cZleslaTh BepHOe IIpe/icKasaHue /I KaKA0ro 3aMepa:

—1,ecmn 3x, +4x, -24 <0
1, ecomm 3x, +4x, —24>0

h(x,e)z{

OntuManbHBI BEKTOp IapaMeTpoB O ycTaHaBIMBaeT KiIacCUUKATOp Tak,
YTOOBI MOXKHO OBLIO cZle/IaTh KaK MOXKHO 60JIblile KOPPEeKTHBIX IIpe/icKa3aHnui.

[naBa 1. HelipoceTb 17

Kynutb KHUry Ha cante kniga.biz.ua >>>



https://kniga.biz.ua/book-osnovy-glubokogo-obucheniia-sozdanie-algoritmov-dlia-iskusstvennogo-intellekta-sleduiushchego-pokoleniia-0017594.html

OG6BIYHO €CTh MHOXKECTBO (MHOTZA Jake OECKOHEYHOE) BO3MOXKHBIX OTITUMAJIb-
HBIX BapuaHTOB 0. K c4acThio, B 6OIBIINHCTBE CIy4aeB aJbTePHATHUBEI HACTOb-
KO GJIM3KHY, YTO PasHUIEH MeXAy HUMH MOXKHO IpeHe6peyb. Eciu 3To He Tak,
MOXXHO cOOpaTh OOJIbIIIe JAHHBIX, YTOOBI CYy3UTh BEIOOD 0.

3BYUYUT pasyMHO, HO €CTb MHOTO OY€Hb C€Pbe3HbIX BOIIPOCOB. BO-TIEPBHIX, OT-
KyZa bepeTcs OonTHMaIbHOE 3HaUeHKe BEKTOpa apaMeTpoB 0? PellleHre 3TOH
3a7laun TpebyeT MpUMEHeHUs MeToJa onmumusayuu. ONTUMHU3ATOPHI CTpe-
MSATCS TTOBBICUTDH MPOU3BOAUTETHHOCTh MOZENN MAIIUHHOTO OOyYeHUs, I0-
C/Ie[OBaTEbHO U3MEHSS e€e ITapaMeTpPhl, TIOKa MOrPEITHOCTh He CTAHET MUHU-
MaJIbHOM.

MpeI mozipo6Hee pacckakeM 06 06y4YeHUH BEKTOPOB ITapaMeTPOB B IJIaBe 2, OH-
ChIBas Mporiecc 2padueHmHuoezo cnycka*. [1o3xe Mbl IOCTapaeMcsi HalTH CIIOCOOBI
elrie 6osiblie yBeTUIUTb 3GGEKTHBHOCTD 3TOTO Mpollecca.

Bo-BTOpBIX, 04eBH/IHO, UTO 3Ta MOZe/b (JIMHEHHOr o IIepceTpoHa) UMeeT orpa-
HUYEHHBIN TOTEHI[UaI 00y4yeHusa. Hanpumep, cryyau pacnpeiesieHus JaHHbBIX
Ha puc. 1.5 Heb35 y100HO OMHCATh C MTOMOIIBIO TMHEWHOTO MMEPCENTPOHA.

@ e ) e le

el@@@ @@le ee‘e’-é"se @ &)l 999
© 19 o le /@@@\e®99999
\ / o ®oe ® ® ‘ e e

x| © @@,e e(@@ I e
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Puc. 1.5. ITo mepe mozo kak 0aHHble npuHUMaiom 60Jiee KOMNIEKCHble POPMbL, HAM
cmanosamcs Heobxo0umbl 6oiee CA0HCHbLe MOOesIU O UX ONUCAHUS

Ho ot cutyanuu — Bepxymika aiicbepra. Korzga Mel mepexoguM K 60jee KOM-
IUIEKCHBIM MpobeMaM — paclio3HaBaHUIO OO'BEKTOB WM aHAIU3Y TEKCTa, —
JlaHHbIe TPUOOPETAIOT OYeHb MHOTO M3MEPEHUH, a OTHOLIEHUS, KOTOPBbIE MBI
XOTUM OITHMCaTh, CTAHOBATCSA KpaliHe HEeJIWHEHHBIMH. YTOOBI OTpPa3uTh 3TO,
B TIOC/IeIHEE BPeMs CIEIHMAIMCTHI 10 MANTMHHOMY OOYYeHUIO CTaU CTPOUTH
MOZie/i, HalIOMUHAIOI[Ke CTPYKTYPHI Hallero Mo3ra. VIMeHHO B 3TOH o6JacTy,
00BbIYHO Ha3bIBAEMOU IITyOOKHUM OOydeHreM, YIeHbIe J0OINCh BIIEYAT/IAIOIINX
YCIIEXOB B pEIIeHWH MPOOJeEM KOMITBIOTEPHOTO 3peHUs U 00pabOTKH ecTecT-
BEHHOTO A3bIKa. VX aITOPUTMBI HEe TOJBKO 3HAYUTETHHO MIPEBOCXOJAT BCE OC-
TaJIbHBIE, HO /JaYKe CONIEPHUYAIOT TI0 TOYHOCTH C ZIOCTIDKEHUSAMU YeJI0BEKa, a TO
Y IPEBOCXO/ISAT UX.
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HeipoH

HelipoH — ocHOBHas eguHUIA Mo3ra. He6ombimoii ero ¢pparMeHT, pasMepom
MIPUMEPHO C PUCOBOE 3€PHBIIIKO, COAEPKUT 60siee 10 THICTY HEHPOHOB, KaXK-
[BI M3 KOTOPBIX B cpefHeM dopmupyeT okoso 6000 cBsi3el ¢ APyTrMMU TaKU-
MU KJIeTKaMu®. FIMEHHO 3Ta rpOMO3/IKas OUOJIoTHYecKas CeTh TO3BOJISIET HAM
BOCIIPMHUMATh MUP BOKDPYT. B 3TOM pa3zziesie Haia 3aZiaqa — BOCIIOIb30BATHCSA
€CTeCTBEHHOMN CTPYKTYPOU I CO3ZIaHUA MOZieiel MallMHHOTO OOyYeHuUs, KO-
TOpBIe pelIaioT 3ala4u aHAJIOTUYHO. [1o cyTu, HelpoH ONITUMU3UPOBAH /IS 110-
JydeHus1 ”HGOPMAIIUK OT «KOJUIET», €€ YHUKAJTbHON 00pabOTKU U MepPEChLIKU
pe3yJIbTaToB B pyTrue KieTku. [Ipoliecc oTpaxkeH Ha puc. 1.6. HelipoH nosmy4yaer
BXOJIHYI0 MH(OPMAIUIO TI0 0eHOpUMAam — CTPYKTYpaM, HAaTIOMUHAIOIINM aH-
TeHHBbI. Kakiast U3 BXOAAIINX CBA3EH AUHAMUYECKU YCUIUBAETCA WIM 0C/Iab-
JIfeTcd Ha OCHOBAHWUM YACTOTHI WCIOJb30BAHUA (TaK MBI YIUMCA HOBOMY!),
Y CWIa COeJWHEHUH olpefenseT BKJIAJ BXOZAAIIETO 3jeMeHTa MHOOpMaIuu
B TO, UTO HEHMPOH BBIZJACT Ha BBIXO/le. BXoAHbIE JaHHBIE OI]eHMBAIOTCA Ha OCHOBE
3TOU CUJIBI U OOBEIUHSAIOTCSA B KJIEMOUHOM MmeJie. Pe3ynbrat TpaHcOpMUpYeTCs
B HOBBIM CUTHAJ, KOTOPBIN paclpocTpaHAeTcs N0 KJIETOYHOMY aKCOHY K IPYyTUM
HeHlpoHaM.

VTP

CuHanmuyeckuli mepmuHan
Jeropumer -

-y ) ——
KnemauHoe meno S— A

BxooHble 06vedu- | BbixooHele
OaHHble s Younenue | HeHue Toaichopmayus OaHHble

Puc. 1.6. yHkyuoHansHoe onucaie 6uono2uueckoll Cmpykmypbl HellpoHa

MBI MOKeM ITpeobpas3oBaTh GYHKIIMOHAIbHOE ITOHUMaHNe paboThl HEHPOHOB
B HaIlIeM MO3Te B ICKyCCTBEHHYIO MO/Iesib Ha KoMmbioTepe. [locieaHsasa onrcana
Ha puc. 1.7, Toe IpUMeHeH IOoAXO0/, BllepBble BBeZeHHBIU B 1943 roxy Yoppe-
HOM Makkanioy u Yorarepom I[Turtcom®. Kak u 6uosorndeckre HEHPOHBI, HC-
KYCCTBEHHBIH MOJTy4aeT HEKOTOPBIA 00beM BXOAHBIX JAHHBIX — X, X, ... , X,
KaX/IBIM 3J7IeMeHT KOTOPBIX YMHOKaeTcd Ha oIlpe/ieJileHHOe 3HaueHue Beca —
W, W, ..., w.OTH 3HaY€HMdA, KaK ¥ PaHblle, CyMMHUDYIOTCA, JaBad J02um
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HelpoHa: z = 2:1:0 wx,. JacTo OH BKJIOYAaeT TakXke cMelleHHe (KOHCTAHTa,
37ech He MOKasaHa). JIOTUT MPOXoAUT depe3 GYHKIHNI0 aKTUBAIUKU £, 0Opasys
BBIXOZIHOE 3HAYEHHE y = f (z).OTO 3HAYEeHKe MOKET ObITh IepeslaHo B JpyTue
HENpPOHHI.

Puc. 1.7. Cxema pabomul HellpoHa 8 UCKYcCMBeHHOU Hellpocemu

MaremaTuyueckoe o0CyXIeH1Ee UCKYyCCTBEHHOT'O HEHPOHA MBI 3aKOHYUM, BbIpa-
3UB ero QYHKIIUM B BEKTOPHOU popme. [IpescTaBUM BXOJHbIE JaHHBIE HEHPOHA
KaKBeKTOpx = [x, x, .. x_],aBeca HeHpoHa KaKw = (w, w, .. W] . Tennepp
BBIXOZIHBIE ZJaHHBIE HEPOHA MOXKHO BBIPA3UTb KaKy = £ (X ¢ W + b),Tze
b — cmeteHue. MbI ClTOCOGHBI BEIYUCIUTD BBHIXO/HBIE AHHBIE U3 CKATIPHOTO
MIPOU3BE/IEHUS BXOAHOTO BEKTOPA Ha BEKTOP BECOB, I06aBUB CMeIleHUE U T0-
JIYYUB JIOTUT, & 3aT€M IIPUMEHUB GYHKITUIO aKTUBAIUU. DTO KaYKETCA TPUBHAIb-
HBIM, HO TIpeZiCTaB/ieHre HePOHOB B BU/E PsZia BEKTOPHBIX Oolepaluii OueHb
Ba)KHO: TOJIBKO B TAKOM (OpMaTe UX UCIIONb3YIOT B IPOrPpaMMHPOBAHUH.

BbipaxkeHne NIMHeNHbIX NepcenTPoOHOB B BUAE HEMPOHOB

BhbiIllle MBI TOBOPWIX 006 MCIONb30BAHUM MOZEeH MaIllMHHOTO OOyYeHUs A7
oIpeZieNieH!sI 3aBUCUMOCTH MEXJY pe3ylbTaToOM Ha dK3aMeHaX U BpeMeHeM,
MMOTpavYeHHbIM Ha 00ydeHue U COH. J|jid pelleHus 3aZlaui Mbl CO3/IaJTu JIMHEH-
HBIF KIaccudpUKaTOp-TIePCENTPOH, KOTOPHIN JAENUT IJIOCKOCTh IEKAPTOBBIX KO-
OpAWHAT HaIBOE:

-1, ecmm 3x, +4x, -24<0

h(x,0)= .
(x:6) 1, ecou 3x, +4x,-24=0

Kak mokasaHo Ha puc. 1.4, 3To ONTUMAaJIbHbIM BapuaHT AJd 0: OH MO3BOJAET
KOPPEKTHO KJIaccuUIIMPOBATh Bce IPUMEPHI B HallleM Habope IaHHBIX. 3/1eCh
MBI BUJIUM, YTO Hallla MOJie/ib h paboTaeT mo obpasily HelipoHa. [TocMoTpuTe
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Ha HelpoH Ha puc. 1.8.Y Hero Ba BXOJHBIX 3HAUEHUS, CMEI[eHNe, ¥ OH UCIIOJhb-
3yeT GYHKIIUIO:

—1l,ecimnz<0

f(z)=

L, ecmnz>0

Jlerxo mokasaTh, YTO JIMHEWHBIN [TepCeNTPOH U HelIpOHHAA MO/leTb IOJTHOCThIO
SKBUBAJIEHTHBI. V1 MPOCTO MTPOAEMOHCTPUPOBATh, YTO OAMHOYHBIE HEHPOHBI 60-
Jiee BBIPA3UTENbHBI, YeM JTMHEHHbIE IEPCENTPOHBL. KaXK/IbIi M3 HUX MOKET OBbITh
BBIpaXEH B BHU/Ie OWHOYHOTO HEMPOHA, HO MOCIeHNE MOTYT TaKXKe OTpakaTh
MOZIe/IN, KOTOPBle HeJIb35 BEIPA3UTh C IOMOIIBIO JIMHEHHOT0 ITlepcenTpoHa.

[ozpewHocme

Puc. 1.8. BuipasieHue pe3ynbmamos ak3ameHa 8 8uode HellpoHda

HeilpoceTu ¢ npAMbIM pacnpocTpaHeHnem CUrHana

OZMHOYHBbIE HEUPOHBI MOIITHEE IMHEHHBIX MTEPCENTPOHOB, HO HE CIIOCOOHBI pe-
IIUTh CJIOXKHBIE MTPOOIEMBI 06y4deHUs. [[03TOMY HaIll MO3T COCTOUT M3 MHOXKECT-
Ba HelpoHOB. Hammpumep, Tpu MOMOIIY OZJHOTO U3 HUX HEBO3MOXKHO PA3TUIUTh
HaNyCcaHHbBIE OT PYKH IUGPEL. U 4ToOb pemarth Oosiee CIOXKHBIE 33/la4, HAM
HY?KHBI MOZIeJT MaIllMHHOT'O OOyYeHus.
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Puc. 1.9. I[Ipocmotil npumep Helipocemu ¢ NPsMbLM PACNPOCMPAHEHUEM CUHALA
¢ mpems cnosmu (8x00HOL, CKpbLMbLl, 8bIXOOHOIL) U MpeMs HellpoHamu
Ha Kaxcoblil cotl
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HelipoHBI B YesloBeyeckoM MO3Te PacHosIoxkeHbl cloaMu. Ero xopa, mo 60ib-
el yacTy OTBevarolas 3a UHTeJUIEKT, COCTOUT U3 IecTH cioeB. VIHbopmarua
niepeTeKaeT II0 HUM, IT0Ka CEHCOPHBIE JaHHBIE He NTPeo6pas3yloTcs B KOHIIENTY-
ayjpHOe MoHnMaHue’. Harprumep, camMmblii HYDKHUH CJI0M BU3YaJTbHOM 30HBI KOPBI
noxyyaeT HeoOpabOTaHHbIE BU3yasbHble JaHHBIE OT IVIa3. DTa MHOpMaIua
npeobpasyeTcs B K&KAOM CIeAyolieM cloe U IepefiaeTcs Aajlee, ToKa Ha IIec-
TOM CJIOE MBI He 3aKJ/II0YaeM, YTO BUJUM KOIIKY, OaHKY ra3upOBKU WJIH CAMOJIET.
Ha puc. 1.9 nokasaH yIpoleHHb Y BapuaHT 3TUX CI0EB.

Ha ocHOBe 3THX HZieli MBI MOXKEM CO3/IaTh UCKYCCMBeHHYH0 Helipocemsb. OHa BO3-
HUKaeT, KOIZla Mbl HAUMHaeM COeANHATb HEUPOHEL APYT C APYIOM, CO BXOZAHBI-
MU JJaHHBIMUM U BBIXOZHBIMU y3JIaMH{, KOTOPble COOTBETCTBYIOT OTBETaM CETH
Ha usydaeMyto 3azavy. Ha puc. 1.9 mokasaH npocTelmuii IpuMep UCKyCCTBEH-
HOM HeMpoceTH, CXOXKel Mo apXUTEKTYpe ¢ TOH, uTo Obiia omucaHa B 1943 roxy
B paboTe Maxkkasuioy u [TuTTca. B HIKHUHN C/I0H TIOCTYNAIOT BXOJHBIE JaHHEIE.
Bepxnuii (BBIXOZHBIE y37Ibl) BBIUUCIAET OTBeT. CpeZiHUM cyIoH (c/Ion) HeMpOHOB
HMIMEeHYeTCA CKPBITBIM, U 371€Ch wfq’? — BecC coeIMHeHu: 1i-20 HeWpoHa B k-M cjoe
C j-M HEHPOHOM B (k + 1) -m csi0e. DTH Beca 06pasyioT BEKTOP ITapaMeTpoB 0,
Y, KaK ¥ paHee, Halla CIIOCOOHOCTD pellaTh 3aZa4y [P IIOMOIIN HelipoceTel
3aBUCUT OT HaXOX/IeHNA ONTUMaJIbHbIX 3HAYEeHUH 1714 6.

B aTOM mpuMepe coeAMHEHUs yCTAaHABIWBAIOTCA TOJIBKO OT HIDKHUX CJIOEB
K BepxXHUM. OTCYTCTBYIOT CBA3U MEXAY HEMPOHAMU OZJHOTO YPOBHS, HET TaKUX,
KOTOpHIe TIepeIatoT JaHHbIe OT BHICIIIETO CJIOS K HU3IeMy. [1o7106HbIe Helipoce-
TU Ha3bIBAIOTCS CEMAMU C NPAMbBIM PACNPOCMPAHEHUEM CUHANA, Y MbI HAUHEM
C HUX, IOTOMY YTO WX aHAJIM3UPOBATh Ipolle Bcero. Takoi pa3bop (mporecc
BbIOOPA ONTUMAaJIBbHBIX 3HAYEHUI /IS BECOB) MBI IPEJIOKUM B r1aBe 2. Bonee
CJIO’KHBIE BAPUAHTHI CBA3eH OYyT pacCMOTPEHBI B ZIaTbHENIIINX TIaBax.

Hixe MBI pacCMOTPUM OCHOBHBIE TUIIBI CJIOEB, MCIIONb3yeMble B HEMPOCETAX
C TIPSAMBIM pacIipocTpaHeHreM curHasia. Ho A Hayaia HeCKObKO BaXKHBIX 3a-
MEYaHUU.

1. Kak MBI y2Ke TOBOPWIIU, CJIOM HEUPOHOB MEXK/y IIEPBBIM (BXOHBIM) U ITOCTIE-
HUM (BBIXOAHBIM) CJIOSMU Ha3bIBAIOTCSA CKPBITHIMU. 3€Ch B OCHOBHOM W ITPO-
HICXOZIAT BOJIIEOHBIE TIPOIECCHI, HEHPOCETh TBITAETCA PENTUTh MOCTaBIeHHBIE
3aziauu. PaHblle (Kak TP Pacrno3HABAHWUU PYKOMHUCHBIX ITUQP) MBI TPaTUIU
MHOT'O BPEMEHHU Ha OTIpe/ieieHUE TTOJIE3HbIX CBOMCTB; 3TU CKPHITBIE CJIOU aBTO-
MaTHU3UPYIOT MpoIfecc. PaccMOTpeHMe MPOIeCCOB B HUX MOXKET MHOTOE CKa3aTh
0 CBOICTBaX, KOTOPHIE CETh HAYYWIACh aBTOMAaTHUYECKU U3BI€KATh U3 JaHHBIX.

2. B aToM mpuMepe y KaXKZ0ro CJI0s OAFTH Hab0p HEHPOHOB, HO 3TO He HEOOXO/H-
Moe U He peKOMeH/iyeMoe ycoBUe. Hallle B CKPBITBIX CJI0IX HEPOHOB MEHBIIIE,
YeM BO BXOZHOM: TaK CETh 00y4JaeTcs CXKaTOMY MPeACTaBIeHUI0 MHPOPMAIUH.
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HaHpHMep, Korza ryiasa Iojay4aroT «ChIpbI€» IMMKCEJIbHBIE 3HAYE€HUA, MO3T 00-
pa6aTbIBaeT X B paMKaX I'PaHHIl 1 KOHTYPOB. CKpI)ITI)Ie CJION OMOJIOTUYECKUX
HeﬁpOHOB MO3ra 3aCTaB/ISIIOT HAC MCKaTh Oojiee KaueCcTBEHHOE IpeacTaB/JIC€HNE
BCEro, 4YTO MbI BOCIIPUHUMAaeEM.

3. Heobs3aTenbHO, YTOOBI BBIXO/ KaXK/J0T0O HelpoHa ObUT CBSI3aH C BXOAaMH BCEX
HEMPOHOB CJIeAYIOIIEero YpoBH:A. BrIOGOD CBs3el 3/ileCh — HMCKYCCTBO, KOTOpOE
MIPUXOJUT C OTIBITOM. DTOT BOIIPOC MBI OOCYZINM I€TATBHO TPU U3YIEHUH TTPU-
MepoB HelpoceTel.

4. BXozHbIE U BBIXOJHbIE /JAHHBIE — BeKMOPHble TIPe/CTaBIeHns. Hampumep,
MOYKHO M306pa3uTh HEWpOCeTb, B KOTOPOH BXOZHbIE JaHHBIE M KOHKPETHbBIE
MTUKCe/TbHBbIE 3HAYEHUST KapTUHKU B pexxuMe RGB mpe/icTaBieHbl B BU/E BEK-
topa (cM. puc. 1.3). [TocimeaHuit cioit MOXKeT UMeTh Ba HelipoHa, KOTOphIe CO-
OTHOCSITCSI C OTBETOM Ha 3azauy: [1, 0], eciu Ha kapTuHKe cobaka; [0, 1], eciu
xomrka; [1, 1], eciu ectb 06a »kuBoTHBIX; [0, 0], ec/iv HeT HU OJHOTO U3 HUX.

3aMeTHM, 4YTO, KaK M HEWPOH, MOXXHO MaTeMaTUYeCKU BBIPA3UTh HEHPOCETh
KaK CEepUIO Omepaluii ¢ BEKTOpaMU U MaTpuliaMu. [IycTh BXOJHBIE 3HAYe-
HUeE [-20 CJIOSI CETH — BEKTOp X = [x, x, .. x ].HaMm Hajgo HalTH BEKTOD
y = [y, v, - y,1,00pa3soBaHHbI} pacIpoCTpaHEHHEM BXOJHBIX JAaHHBIX
Mo HedipoHaMm. MbI MOXXEM BBIPa3UTh 3TO KaK IPOCTOE YMHOXKEHHE MaTpu-
I[bI, CO3/IaB MAaTpPHIy BECOB pa3Mepa n x m W BEKTOP CMeIleHHUS pa3Mepa m.
Kaxzapiii crosibell OyeT COOTBETCTBOBATh HEHPOHY, IIPUYEM J-il DJIEMEHT CO-
MOCTABJIEH BECY COEUHEHHUS C j-M BXOJAIIMM dJIeMEHTOM. VIHBIMU CIOBaMH,
y = f(W'x + b),rme GyHKIUS aKTUBAIUK IPUMEHSIETCI K BEKTOPY MO3JIe-
MEHTHO. JTa HoBasg GOPMYIUPOBKA OUeHb IPUTOAUTCS, KOT/Ia Mbl HAYHEM pea-
JIN30BBIBATh OTH CETH B IIPOrpaMMax.

JInHenHble HENPOHbBI M UX OrpaHNYeHNA

BOJIBIIMHCTBO THUIIOB HEHPOHOB ONpeZeAoTcs GYHKINeH aKTUBALUN f, TIPH-
MEHEeHHOH K JIOTUTy logit z. CHauasa pacCMOTPUM CJIOW HEHPOHOB, KOTOPHIE
WICIIOJIB3YIOT TUHEHHYI0 QYHKIINIO £ (z) = az + b. Hanpumep, HelipoH, KOTO-
PBIN IBITAETCS IIOACIUTATH CTOMMOCTH 011072 B Kade OBICTPOro 00CTyKUBaHNUA,
OyzeT muHENHbIM, a = 1 1 b = 0. Ucnone3ys £ (z) = z U Beca, SKBUBAJIEHT-
HBble CTOMMOCTU KaXZIoro O;1107ia, ITporpaMMa IPUCBOUT JIMHEHHOMY HeHpoHY
Ha puc. 1.10 omnpezieleHHYIO TPOHKY U3 OyprepoB, KAPTOIIKY U Fa3UPOBKU, U OH
BBIZIACT LJeHY UX COYeTaHUA.

BoraniciieHus ¢ IMHeMHBIMU HePOHaMU MPOCTHL, HO UMEIOT cepbe3Hble OTpaHu-
yeHusA. HecJI0KHO ZI0Ka3aTh, 4TO JIF0Oass HEHPOCETh C TPSIMBIM PACIIPOCTPAHEHU-
€M CUTHaJIa, COCTOAIIAsI TOJMBKO U3 TAKUX HEUPOHOB, MOXKET OBITH ITpeicCTaBIeHa
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KaK ceTb 6e3 CKPBITHIX CJIOeB. DTO MpobyieMa: KaK MBI y>Ke TOBOPWJIM, UMEHHO
CKPBITBIE CJIOU ITO3BOJIAIOT y3HABATh BaXKHBIE CBOMCTBA BXOJHBIX JJaHHBIX. YTO-
OBl HAy4YNUTBHCA IIOHNMATh CJIO’KHBIE OTHOIIEHNS, HY>KHO UCIIOIb30BaTh HEHPO-
HBI C OIIPeZIeJIEHHOT'O POZia HETMHEHHOCTBIO.

y

Y = wx? +w,xd +woxl?

X3
bypeepol  Kapmowka  [a3uposka

Puc. 1.10. [Ipumep nuHeliHO20 HellpoHa

HeiipoHbl ¢ curmonoii, runep6oanMyeckum TaHreHCom
N yceYeHHble IMHeNHble

Ha MIpakKTUKE JJIA BBIYHC/IEHUI IIPpUMEHATCA TPpU TUIIA HeJIMHEeNHBIX HeprO-
HOB. HepBbIﬁ Ha3bIBA€TCA CUTMONIHBIM U UCIIOJIB3YET Q)YHKHI/II'OZ

1 .
l+e*

/(z)=

VIHTYyUTUBHO 5TO O3Ha4aeT, YTO, €CJIN JIOTUT OYeHb MaJl, BEIXOJHbIE JAaHHBIE JIO-
TUCTUYECKOTO HelipoHa 6yin3ku K 0. Ecjiu JIOTUT 0YeHb BeJIUK — TO K 1. Mex-
[y 3TUMHU JBYMs JKCTPEMYyMaMU HeWpOH NpuHUMaeT GopMmy OYKBBI S, Kak
Ha puc. 1.11.

HetipoHnbt eunepbonuueckozo marezeHca (tanh-HetlipoHbl) UCIOIB3YIOT TOXOXKYIO
S-00pasHyI0 HETMHEHHOCTD, HO UCXO/AIINE 3HaYeHUs BapbUpyIoT He oT 0 710 1,
aor -1 go 1.®Popwmyna g HUX IpeAcKasyeMasn: f (z) = tanh (z). OTHoIIe-
HUA MeX/y BXOAHBIM 3Ha4€HHEM y 1 JIOTUTOM z ITOoKa3aHsl Ha puc. 1.12. Korza
HCTIOJIb3YIOTCA S-06pasHble HEMTMHEMHOCTH, YacTO MPeANOYNTAIOT tanh-HeH-
DPOHBI, @ HE CUTMOU/HBIE, TIOCKOJIBKY Y tanh-HeHpOHOB 1IeHTp HaxoauTcs B 0.
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Puc. 1.11. BoixoOHble daHHble CUMOUOH020 HeUPOHA ¢ NepeMeHHO Z

0,5

10 |

Puc. 1.12. BoixooHble 0aHHble tanh-HelipoHa ¢ nepemMeHHOl 2

Eme ofuH TUI HEMMHEHHOCTH HCIIONb3YeTC s HEellPOHOM C yCeUeHHbIM JIUHEUHbIM
npeobpasosaruem (ReLU) .3aech3aAelicTBOBaHa PyHKIMA f (z) = max (0, z),
u ee rpaduk nMeeT GopMy XOKKeHHOH kittomku (puc. 1.13).
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1,0 —

08 —

0,6 —

04

02 —

Puc. 1.13. BoixooHble 0aHHble ReLU-HellpoHa ¢ nepemeHHOl 2

ReLU B TOC/Ie/iHee BpeMsI 4acTO BHIOMpPAeTCs IS BBHITIOJTHEHU MHOTHX 3a/a4
(0cobeHHO B cHCTeMaxX KOMITBIOTEPHOTO 3PeHUs) TI0 PAAY TIPUYNH, HECMOTPS
Ha CBOM HeJoCTaTKU®. DTOT BOIIPOC MBI pACCMOTPHUM B IVIaBe 5 BMeCTe €O CTpa-
TerusaMu 60pbOBI C TOTEHIINATBHBIMH IIPOOIeMaMH.

BbixogHble cnou ¢ pyHKLMel s MATKOro Makcumyma

YacTo HYKHO, YTOOBI BEIXOZHON BeKTOp OBLI paclpe/ie/ieHHeM BepOATHOCTEHN
10 Habopy B3aMMOMCKJIIIOYAIOIINX 3HaYeHUH. J[oIycTrM, HaM HY)XKHO CO37aTh
HeUpOoCeTh I PacliO3HAaBAHUA PYKOMUCHBIX I[P 13 Habopa JaHHBIX MNIST.
Kaxgoe 3navyeHue (oT O 70 9) HCKIIOYAEeT OCTaJbHbIE, HO MaJOBEPOATHO,
9TOOBI HaM yZIaJIOCh PACIO3HATh NMUPPHI CO CTOMPOIIEHTHONW TOYHOCThIO. Pac-
npeZieyieHre BeEPOATHOCTEN ITOMOXeT TIOHATh, HACKOJIBbKO MBI YBEPEHBI B CBO-
X BBIBO/AX. JKenaeMblil BBIXOZHOW BEKTOp IpHOOpeTaeT Takyioo ¢GopMmy, rzae

iz Pi = I:
[pg pl p2 p3 . p9] .
JlJ1s1 5TOr0 UCIOIB3YETCS 0COOBIN BRIXOAHOI CI0M, UMEHYEMbIN C/10eM C MSAKUM
makcumymom (softmax). B oindue OT APYTUX TUIIOB, BBIXOAHBIE JaHHbBIE HEH-

POHa B Cjio€ C MATKMM MAaKCHMMYMOM 3aBUCAT OT BBIXOAHBIX AAHHBIX BCEX OC-
TaJIbHBIX HeﬁpOHOB B HeM. Ham HYXHO, YTOOBI CyMMa BCEX BbIXOAHBIX 3HAYEeHUN
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paBHAIACh 1. HpI/IHHB Z, KaKJIOTHT i-ro HeﬁpOHa C MATKUM MaKCHUMYMOM,
MBI MOXXEM ZIOCTUYb cneay}omeﬁ HOpMa/IM3aliuy, 3aJaB BbIXOAHbIE 3SHAYCHUA:

ZI
e

Vis=g =
2€

[Ipy cUIBHOM TIpeACKa3aHWUU OJHO W3 3HAUeHWH BeKTopa Oyzer 61m3Ko K 1,
octambHble — K 0. [Ipu c1ab0M OCTaHETCS HECKOJBKO BO3MOXKHBIX 3HAUEHUH,
Ka)k/[0€ 13 KOTOPBIX XapaKTEPU3YeTCsI CBOUM YPOBHEM BEPOATHOCTH.

Pe3lome

B 57011 1aBe MBI 1ai 6a30BEIE MTPeCTABIEHN O MAIIMHHOM O0yYeHUH 1 Hell-
poceTsax. MBI paccKas3aiy o CTPyKType HelipoHa, paboTe HelipoceTell ¢ IpAMBIM
pacrpocTpaHeHHeM CUTHaIA Y BAXKHOCTH HEJTMHENHHOCTH B PEeLIeHUH CI0KHBIX
3az1a4 oOydeHus. B ciieayromieil rimaBe Mbl HAYHEM CO3/aBaTh MaTeMaTHIeCKUN
byHzameHT A1 00y4eHUs HeHpoceTH pelleHuIo 3aza4d. HanprumMep, MbI 1oro-
BOPHM O HaxOXX/[EHUU ONTUMAaIbHBIX BEKTOPOB IIapaMeTpOB, Jy4IINX MeTOL0B
o0y4eHUs HelipoceTell M OCHOBHBIX TpobieMax. B mocieyrommx rimaBax Mel Oy-
ZileM IPUMEeHATh 3TU OCHOBOIIOJIaraloliye ey k 6osee creriaai3upoBaHHbIM
BapHaHTaM apXUTEKTypbl HelpoceTel.
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