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KHura siBjisieTcss OTIMYHBIM PECypcoM ISl TeX, KTO XO4eT MO3HAKOMUThCS

C OCHOBaMU HeripoceTel U X NMpUMeHeHneM B KU3HU. B kHure nogpooHo
OOBSICHSIETCSI, UYTO TaKOE HEMPOH M KaK OH padOTaeT B HEMPOCETU, UTO TAaKOEe

Beca M CMeIlleHUs1, Kak HePOH MPUHUMAET PelleHNs U KaK CTPOUTCS HEMPOCETh.
Kpome Toro, KHUra OXBaThiBaeT TaKKe TEMbI, Kak 00ydYeHue HelpoceTel,
OCHOBHBIE THIIbI HEHpoceTel (MOTHOCBS3HbBIE, CBEPTOUHBIE U PEKYPPEHTHBIE), U

uX MIpUMEHEeHMe B 3a/lauax Kjiaccu(pUKalliu, perpeccuu u Kiactepusanuu. Kunura
TaKke paccMaTpUBaeT MPOIBUHYTHIE TEMbI B HEPOCETSIX, TAKUE KaK IITyOOKOe
oOy4eHue, aBTO9HKO/IEPHI U TeHepaTUBHbIE MOJEU. ABTOP OAPOOHO OOBSACHSIOT,
KaK MCIOJIb30BaTh 3TU METO/bI B HEUPOCETSIX U KaK OHM MOTYT TIOMOYb B PellieHun
CJIOXHBIX 3a7a4.He3aBUCHMO OT TOrO, sIBJISI€TECh JIU Bbl HOBUYKOM B 00JIaCTU
HelpoceTel UK ke ykKe UMEeTe OIBIT PadOThl C HUMH, 3TA KHUATA CTAHET MOJIE3HBIM
pecypcoM Jyisl paclIMpeHus 3HAaHUI U HaBBIKOB. OHa MpeIoCTaBIIsAeT MOHITHYIO U
JOCTYIHYI0 MH(OPMAIIMIO O TEXHOJIOTHH, KOTOPasi CTAHOBUTCSI Bce Oojiee BaXHOU B
Hallle! KU3HU.
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Hxenn Kaprep
Henpocern Hauajo

Kozoa mawunsr nauunarom MblCAUMb, HAYUHAEMCA Hoeas 2.1dae6ed
ucmopuu uenoeevecniea.

BBenenne

HelipoceT — 3T0 KOMIIBIOTEPHbIE CUCTEMBI, KOTOPBIE MBITAIOTCS UIMUTHPOBATh paboTy yesioBe-
4yecKoro Mosra. OHM COCTOSIT U3 HEPOHOB, KOTOpPbIE CBSI3aHbI MEk Ty COO0I 1 00padaThiBAIOT UH(MOP-
Malluio, repejaBasi ee uepe3 HelpoHHbIe CBA3U. Kaxk1plil HePOH BBINOTHSET IPOCTYIO (PYHKIIMIO, HO
BMECTE OHM MOT'YT 00pabaThIBaTh CIIOKHbIE 3aJa4H.

Hefipocetn BakHBI, IOTOMY YTO OHHM IO3BOJISIIOT pellaTh 3aJa4yd, KOTOpbIE paHblIe ObUTH
HEBO3MOXKHBI WJI OYEHb TPYIHO pellaeMsbl AJIs TPaJIULIMOHHBIX METOIOB pOrpaMMupoBaHus. OHU
UCTIONIb3YIOTCSI B PA3IMYHBIX 00JIACTAX, BKJII0OYast 00pabOTKY NM300pakeHUi U 3BYKa, Paclio3HaBaHHE
peuH, MPOrHO3MpPOBAHUE TEHJEHLMI B SKOHOMHUKE, YIIpaBJIeHHE POU3BOACTBEHHBIMU MTPOLIECCAMU
Y MHOTO€ JIpYyroe.

B Hacrosiiiee BpeMst HEpPOCETH ABJISIIOTCS OIHUM U3 KJIIOYEBBIX JIEMEHTOB MAILIMHHOTO 00Y-
YeHHsI ¥ MICKYCCTBEHHOTO MHTeJUIeKTa. OHU MOTYT 00y4aThcst Ha OOMBIIMX 00beMax JaHHBIX U TOCTe-
MIEHHO YJIy4IlIaTh CBOU PE3YJIbTAaThl, YTO AEJIAeT UX OUYeHb MOJIE3HBIMU IS PeLeHus 3a/1a4, KOTOpbIe
paHee ObLJIM HEAOCTYIHBI /11 aBTOMaTU3aLMK.

Ienb 1aHHOM KHUTY — ITO3HAKOMUTD YMTATelIsl C OCHOBAMU HelpoceTeld, HaYMHasi C MPOCTHIX
KOHIIENIIMI ¥ METOZIOB M 3aKaH4YMBas1 OoJiee CI0KHBIMU TeMaMu. B KHWre Bbl y3HaeTe, Kak paboTaioT
HEWPOHBI, KaKk 00y4aTh HEMPOCETH, KaK BHIOpATh MOIXOIAIIYI0 HEHPOCETh [Isi KOHKPETHOM 3a1auH,
a TaKk)ke MPUMEHSATh HeMpOCeTH Il pellieHus 3a/1ay KJIacCU(UKALIMKU, PErPECCUM U KJIaCTepU3aLIUHM.

Knura paccuntaHa Ha HAYMHAOIIMX W He TpeOyeT NpeJBapuUTENbHBIX 3HAHWI B OOJIACTH
MalIMHHOrO 00ydeHus. OHa MpeloCTaBUT YUTATENIO MTOTHOE MPAKTUYECKOe PYKOBOJCTBO IO padoTe
C HelpoceTsAMHU, KOTOPOE NMOMOXET HayaTh MPUMEHATh UX B CBOMX COOCTBEHHBIX MpoeKTax. B mpo-
1[ecce YTeHHs] KHUTH BB MONYyYUTe HEOOXOAMMBIE 3HAHUSI M NPAKTUYECKHE HABBIKU JUIs PabOTHI C
HEHPOCETSMH, a TAKXKE Y3HAETe O MOCIIEIHUX TEHICHIMSX U pa3paboTKax B 3TOM 00IacTy.

Hamia kHura nomoxer Bam:

— MOHATH, KaK padOTAIOT HEPOCETU U KaKKe 3aja4yll OHU MOTYT pellaTh;

— M3YYHTh Pa3IMYHBIE THITBI HEHPOCETel 1 BHIOpaTh HanboIee MOIXONSAIIMI 111 KOHKPETHON
3a7a4u;

— HAy4YMThCS CO3aBaTh U 00yYaTh HEUPOCETH C MOMOLIBIO Pa3IMYHBIX OMOIMOTEK U UHCTPY-
MEHTOB;

— OCBOUTb TEXHUKHU PaOOTBHI C JAHHBIMH, ITOATOTOBKM JAHHBIX M BBIOOPA HAMO0J1ee MOIXOASIIIX
napaMeTpoB MOJEJH Il JOCTHKEHUS HAWTYYIIMX pe3YJIbTaToB;

— Y3HaTh O IPUMEHEHUH HeHpOceTell B Pa3IMYHBIX 00JACTIX, TAKUX Kak 00paboTKa m300pa-
’KEHUH, paclio3HaBaHUE PEYH, aHAJIM3 TEKCTa, IPOrHO3UPOBAHNE M MHOTOE JIPYrO€;

— MO YUTh [TPAKTUYECKUE HABBIKM Pa0OThI C HEPOCETSAMHU Ha IPUMEPaX, KOTOPbIE MOTYT ObITh
IIPUMEHEHBI B PEAJIbHBIX TPOEKTaX.

B 31011 KHMTEe MBI C(pOKYCI/IpyeMCH Ha ITPAKTUYECKOM IOAXO0AE U MPEAOCTABUM MHOKECTBO ITpU-
MEpPOB U 3a,IlaHHfI, KOTOPBIC TTIOMOI'YT BaM JIYUIEC ITOHUMATh U YCBAUBATh MAaTEpUAL. Bu HAy4UTECh
COo31aBaThb HCprOCCTPI C HYJIA, O6yanb HX Ha pE€ajIbHbIX NAHHbIX W OLICHUBATb UX PE3YJIbTATHI. M1
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TaK:Ke MPEeIOCTaBIM MHOKECTBO PECYPCOB U CCBUIOK, KOTOPBIE TOMOTYT BaM MIPOAOIKUTH 0OyUYeHHUEe
Y pa3BUBATHCS B ITOW 00JIaCTH.

MBbI yBepeHsl, UTO JaHHas KHUra Oy/eT MOoNe3HOH IS BceX, KTO MHTEepPeCyeTcsl HeHpoCceTsMH,
MalllMHHBIM O6y‘l€HI/ICM N UCKYCCTBCHHBIM HMHTCJIJICKTOM. HezaBucumo ot TOro, ABJIAECTECH JIU BBI
cTyieHTOM, ipodeccroHaioMm B ooactu [T niam mpocTo moduTesieM TeXHOMOT Ui, Bbl HAlIETe B 3TOM
KHHUI'€ MHOTI'O I0JIE3HON MH(OPMalM U MPaKTUUECKUX HaBBIKOB. [laBaiiTe HAuHEM Halle IyTelle-
CTBUE B MUp HerpoceTei!
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I'naBa 1: OcHoBbBI HelipoceTen

HeiipoceTy — 3T0 MOIIHBIN MHCTPYMEHT B 00JIACTH MCKYCCTBEHHOTO MHTEJUIEKTA U MAIIIMHHOTO
oOyuenusi. OHM HMCTIONB3YIOTCS BO MHOTMX TPHUJIOKEHHUSIX, TAKUX KaK Pacrio3HaBaHHWE peuyd, oOpa-
60TKa n300pakeHN# U mporHo3uposanue. OHAKO, YTOOBI MOHSATD, KaK padOTaeT HEMPOCETh, HYKHO
Hayarh C OCHOB.

OcHoBoii HelipoceTu sBJsieTcs: HelpoH. HellpoH — 310 npocras eauHuLa o0padoTku nHGpOp-
Malu, KOTopasi IMUTUpPYeT padoTy HEpPBHOM KJIETKH B HallleM Mo3re. HelipoH nprHrMaeT BXOIHbIE
CUTHAJIBl OT JIPYTMX HEPOHOB U FeHEPUPYET BBIXOJHOM CUTHAJI, KOTOPBIH NepeiaeTcs IpyriuM Heil-
pOHaMm.

Kaxplil HelipoH B HeilpoceTn UMeeT Beca U cMellleHHs. Beca onpesesnsior, HaCKOJIbKO BakeH
KaX[Iblil BXOTHOI CUTI'HAJI /17151 paOOThI HEPOHA, a CMellieHre J00aBIIsAeTCsl K CyMMe BXOJHBIX CUTHA-
JIOB, YTOOBI Cle/IaTh HEHPOH Oosiee TMOKMM U TTIO3BOJIMTH EMY IIPMHUMATh PEIIeHus B 60J1ee IMMPOKOM
AMana3oHe BXOJHbIX JAHHbIX.

Koraa HelipoH monyyaeTr BXOJHbIE JaHHBIE, OH YMHOKA€T UX Ha Beca U 100aBJIseT CMEIleHHUE.
3areM OH NpUMEHSET (PYHKUMIO aKTUBALMM, KOTOpas ONpelesseT, JOJDKEH JIM HEMPOH aKTMBUPO-
BaThCS ¥ TIepe/laBaTh CUTHAI Jajiblile 1o ceTH. PYHKIMS aKTHBAIMU MOXET OBITh pa3IMYHON B 3aBU-
CUMOCTH OT 3aJja4M, KOTOPYIO peliaeT HeiipoceTsb. Hanpumep, (pyHKIMSA aKTUBAIIMK MOXKET ObITh CUT-
Mou/1aIbHOM, runepoonmyeckoro tanredca, ReLU (Rectified Linear Unit) u MHOrux apyrux.

HeiipoceTb COCTOMT U3 MHOXECTBAa HEMPOHOB, KOTOpble 0OBbEeJUHEHBI B ciiou. CyllecTByeT
HECKOJIBKO THTIOB CJIOEB, HO HanOoJee pacipoCTpaHEHHBIE TUIIBI CJIOEB — 9TO BXOAHOM, CKPHITHINA 1
BBIXO/IHOM CJIOM. BXO/IHOM CJ10i1 MpMHMMAET BXOJIHbIE JaHHbIE, @ BBIXOIHOM CJIOH BbIIAET Pe3y/bTaT
padoThl HefipoceT. CKPBIThIE CJI0M HAXOAATCS MEXK/Y BXOAHBIM U BBIXOAHBIM CIIOSIMU U BBIIOJHSIOT
Pa3IMyYHbIE BBIYMCIEHUS, KOTOPBIE TOMOTaloT HEMPOCETH pellaTh 3aAady.

Korza Mbl TOBOpHM O TOM, KaK CTPOHUTCSI HEPOCETh, MBI IMEEM B BUILY, KAK OHAa OObEIUHSIET
HEWPOHBI B CJIOM, KaK KaK/Iblii HEpOH 00palaThIBaeT BXOAHBIE CUTHAJIBI M Kakue (DyHKIMU aKTH-
BallUM UCHOJIB3YIOTCS. ECTh MHOKECTBO Pa3/IMUHBIX APXUTEKTYP HelpoceTel, U BHIOOp KOHKPETHOM
ApXUTEKTYPbl 3aBUCUT OT KOHKPETHOM 3a/1a4u, KOTOPYIO Mbl XOTUM PELIUTb.

BaxxHo moHuMaTh, 4TO HEHpOceTb OOydyaeTcs MyTeM MOJACTPOWKM BECOB U CMEILEHUH Jis
JOCTHKEHHS HAaWJTYYIlero pe3ysibTata Ha TPEHUPOBOUHBIX JaHHBIX. OOyuyeHne HelpoceTr MpOUCXo-
JUT B HECKOJIbKO 3TanoB. Ha mepBom 3Tane Mbl 3ajaeM BXOJHbIE JaHHBIE U jKeJIaeMblid BBIXOTHOM
pE3yJIbTaT AJI 3TUX JAHHBIX. 3aTEM HEUPOCETh IIPOTHO3UPYET PE3YJIBTAT, U Mbl CPAaBHUBAEM €TI0 C
KeJlaeMbIM Pe3YJIbTaTOM, YTOOBI OITPE/IeSTUTh OLIAOKY.

C nomoribio 00paTHOrO PacpoCTpaHeHUsI OIMOKK Mbl MOXXEM KOPPEKTUPOBATh Beca U cMe-
IIEHNs1, YTOOBl yMEHBIIHUTH OIIMOKY M YIYUIIUTh TOYHOCTh IPOrHO3MPOBAHUS. DTOT MPOLIECC TOBTO-
psieTCcsl MHOXKECTBO Pas, MOKa Mbl HE JIOCTUIHEM KEJIAeMOro YPOBHS TOYHOCTH.

Jlnst Gonee HarmsTHOrO MOHMMAaHMSI KOHLICTIIMI, KOTOpbIe Mbl U3yYHJIM B TIEPBOI I71aBe, pac-
CMOTPUM HECKOJIBKO IIPUMEPOB MCIOIb30BAaHUSI HEMpOCETeN:

Pacno3naBanne mup Ha H300paKeHHSIX:

HeiipoceTs npuHMMaeT n300paxeHue B BUJIE MAaTPULIBI MUKCEJIEN pa3MepoM, cKkaxeMm, 28x28.

3areM KaxJbli MHMKCEIb MPOIYCKAETCA Yepe3 HEMPOH Ha MepBoM ciloe Herpocetu. Hellpon
OepeT 3HaueHus1 MMKCeJIel ¥ YMHOXAET UX Ha COOTBETCTBYIOIIME BECA, 3aTEM CKJIAIbIBAET TH 3HAYE-
HUSA U JOOABIISET CMELIEHHE, U 3aTeM IPUMEHSET (PYHKIMIO aKTUBALMU. DTO CO3/1aeT HOBBII HA0OP
3HAYEHUI, KOTOPbIE NIEPEAIOTCS HA CIEAYIOUIUI CJIOM HEUPOCETH.
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[Mocnenyrommue ciou HEMPOCETU MPOXOIAT Yepe3 TOT MPOLECC, UCHONb3Ys 3HAUCHU s, TOITy-
YeHHbIE Ha TIPeIbIAYIIHX CosiX. Kaxaplid cIoi MOXeT UMETh pa3HOe KOJIMYECTBO HEPOHOB M BECOB,
YTO MO3BOJISIET HEWPOCETH U3BJIEKaTh BCe 0OJiee BBICOKOYPOBHEBBIE MTPU3HAKU U300PaKEHHUS.

Ha nocnennem ciioe HefpoCeTH Mbl MOJIy4aeM BEPOSITHOCTH TOTO, YTO N300paskeHHe Ipe/iCTaB-
asieT coOor Kaxayio u3 mudp ot 0 10 9. Mel BeIOUpaem g py ¢ HauOOJIbIIEeH BEPOSITHOCTHIO B Kaue-
CTBE TpeJCcKa3aHKs HeHpoceTH.

ABTOMaTHYECKOE paciio3HaBaHHUE€ pedmn:

Heiipocets nmpuHMMaeT 3BYKOBOM (pailsl 1 pa3OMBaeT ero Ha MoCiIeIoBaTeIbHOCTH (pparMeH-
ToB. Kaxxapiit (hparMeHT npeacrapisier co00i KOPOTKUIA YUACTOK 3ByKa, KOTOPBII MOXET COIEpKaTh
3BYKOBBIE 00pa3IIbl peuH.

3areM Kakapli (pparMeHT MpOIycKaeTcsl 4Yepe3 CJIO HEMPOHOB, KOTOPBIN MCIIONb3YET PEKyp-
PEHTHYIO CBsI3b. DTO O3HAYAET, YTO KXKblii HEPOH XPaHUT B MAMSTH CBOE MPEbIAYIIee COCTOSTHUE
Y UCTIONIb3YET €ro AJisl IPUHSATHS PElIeHHs Ha TEeKYIIEM Iiare.

[Mocne Toro, Kak HefipoceTb 0OpadoTaeT Bce (hparMeHTHl 3BYKa, Mbl TTOJTYYMM ITOCTIEI0BATEb-
HOCTh BEPOSITHOCTEH /ISl KaXKIOTO 3BYKOBOTO 0Opasiia peur B (paitie. 3aTeM MbI UCTIONIb3yeM MOJIEb
SI3bIKA, YTOOBI CTEHEPUPOBATh

PexomeHngaTeibHaAsI cHCTEMA:

HeiipoceTs npuHUMaeT 1aHHbIE O NOJIB30BaTENE, TAKME KaK UX IIPEANOYTEHU 1, TOKYIIKH, UCTO-
PHIO TPOCMOTPOB U T. JI.

3areM HelpoCceTh AaHAIM3UPYET ITU JaHHbBIE U UCTIOJIb3YET UX AJIs1 IPOTHO3UPOBAHUS TOTO, YTO
T0JIL30BATENb MOKET 3aMHTepecoBaThes. Harpumep, ecim nosb3oBarelb paHee MOKyNal KHUTH 110
(paHTacTHKeE, HEMPOCETh MOKET PEKOMEH/I0BATh EMY JPyrve KHUIH IO 3TOU TEME.

JL7151 5TOr0 HEMPOCETh MOXKET UCIIOIb30BaTh PA3HbIE TUIIBI HEMPOHHBIX CETE, HAllpUMep, CBEP-
TOYHBIE HEPOHHbIE CETU WJIM PEKYPPEHTHbIE HEUPOHHBIE CETH.

ABTOMAaTHYECKOE ornpeacJacHmue BMOIII/lﬁZ

HeiipoceTs IpUHUMAET JaHHBIE O TOJI0CE, M300PAKEHUH JINIIA WM JKecTax TeJla YeIoBeKa.

3aTeM HelpOCeTh AHAIM3UPYET STU JAHHBIE U UCTIONb3YET UX JAJIS OIPE/IENIEHNs] SMOLIMOHAIIb-
HOT'O COCTOSIHUSA 4esioBeKa. Harpumep, HelpoceTb MOKET ONpPeenTh, YTO YEJIOBEK CUaCTIMB, IPY-
CTEH, 3JIUTCSl WX UCIIBITHIBAET IPYTUE SMOLIMY.

JL7151 3TOro HeMpPOCeTh MOKET UCIIOJIb30BaTh CBEPTOYHBIE HEMPOHHBIE CETH, PEKYPPEHTHBIE HEl-
POHHBIE CETU WJIM KOMOMHAIIMIO Pa3HBbIX THIIOB CETEH.

ITO TOJIBKO HEKOTOPBIE TIPUMEPHI TOT0, KaK HEMPOCETH MOTYT OBITh IPUMEHEHHI B peabHOM
Ku3HU. Kak/Iplil U3 3THX MPUMEPOB MOKET ObITh PEaTM30BaH C TIOMOIIBIO PA3IMYHBIX THIIOB HEHWPO-
ceTedd ¥ KOH(UTrypalyi, U KaKIblid U3 HUX MOXKET TpeOoBaTh OOJBIIOro 00beMa JaHHBIX it 00Y-
yenus. OHaKo, TOHUMaHUE OCHOB Pa0OThl HEHPOCETEH M MX CTPYKTYPHBIX JIEMEHTOB, TAKMX KaK
HENPOHbI, Beca U (PYHKIIMU aKTUBALIUU, SIBJISETCS KIJIIOUEBBIM ISl TOCTpoeHust 3(h(hEeKTUBHBIX HEM-
poceTeld ¥ pelieHus pa3InyHbIX 33/1a4 MAITMHHOTO OOyYeHHMSI.

[Tpumepsl, orMcaHHbIE B TIEPBOM I71aB€, MOTYT OBITh PEAIM30BAHBI C TOMOIIIBIO PA3JIMYHbIX ITPO-
IPaMMHBIX CPEJICTB JJIs1 MAITMHHOTO 00YYeHHs ¥ pa3paOdOTKK HEMPOHHBIX ceTell. PaccMoTpum camble
TOMYJISIPHBIE U3 HUX.
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TensorFlow: 3o oTKpbITOE MpOrpaMmmMHOe 0OecIiedeHue Il MallIMHHOTO 00yYeHus1, pa3pado-
taHHOe kommnanuer Google. TensorFlow nonaepxxuBaeT pa3inyHble TUITBI HEUPOHHBIX CETEH U MO3-
BOJISIET JIETKO CO3JaBaTh, 00y4yarh U Pa3BEePTHIBATH MOAEIN MAIIMHHOTO OO0yUYEeHUSI.

Keras: 310 BbICOKOYpOBHEBBIN MHTEP(ENC A1 CO30aHUsI HEMPOHHBIX CeTel, KOTOPHI pado-
taeT noBepx TensorFlow. Keras ynpoiaer npotiecc co3nanust HelpoceTei 1 mo3BoIsieT ObICTPO IKC-
MepUMEHTHPOBATH C PA3HBIMU ApXUTEKTYPAMH U THIIEpIIapaMeTpaMu.

PyTorch: 310 oTKpBITOE TPOrpaMMHOE OOECTIeYeHHE ISl MATMHHOTO 00y4YeHus1, pa3padoTaH-
Hoe kommnanuen Facebook. PyTorch Takike moajepxuBaeT pa3ivyHble TUIBI HEUPOHHBIX CETEW U
oOnayiaeT ynoOHbIM HHTepdEcoM I CO3IaHKS ¥ 00yUYSHUS] MOJIEIICH.

Scikit-learn: 3To 6udmoTeka aJ1s MalMHHOTO 00y4eHus Ha si3bike Python. Scikit-learn BkJmo-
YaeT B ce0s1 MHOKECTBO aJITOPUTMOB MAIIIMHHOTO 00yUYEHHU S, BKJTIOYasi HEKOTOPBIE TUIThI HEHPOHHBIX
ceTey, ¥ yIpoIlaeT MpoIecc CO3/1aHusI MOJIENIEN U UX OLEHKHU.

KonkpeTtHblit BBIOOp cpefibl 11t pabOThl 3aBUCUT OT KOHKPETHOW 3a/1aul ¥ JIMYHBIX TPeJIIo-
yreHu# paspadorunka. OJHAKO, BCe 9T CPEACTBA MMEIOT OOIIMPHYIO TOKYMEHTAIIMIO ¥ COOOIIeCTBa
TMOJIb30BAaTEN e, KOTOpbIE MOTYT IMIOMOYb B TIpoliecce paboThl C HUMHU.

PaccmoTpum Gornee mogpoOHO peann3alyio Bhillle IPUBEJCHHBIX MPAKTHUECKUX IPUMEPOB B
cpene TensorFlow.

IIpumep koaa «Pacno3HaBanue nucp HA H300pPaKEeHUSIX».

Jns1 pacrio3HaBaHusl (P HA U300paKEHUSIX MBI MOKEM KCIOJIb30BaTh HEWPOHHYIO CETh C
HECKOJIbKUMU CBEPTOYHBIMHU CIIOSIMU Y TIOTHOCBSI3HBIMU CJIOSIMH Ha ocHOBe Ononmoreku TensorFlow.
Huxe npuBeneHa npumepHas peanu3anus TaKod HEHPOHHOU CEeTH.

[NepBbIM 1mIarom sIBJIsIETCSl UMIOPTUPOBaHUE HeoOxonumbix Moayneil TensorFlow u 3arpy3ka
HaHHBIX U1 OOyYeHHsI U TeCTUPOBAHUS:

import tensorflow as tf

from tensorflow import keras

# 3arpyxaem nanusie MNIST

(train_images, train_labels), (test_images, test_labels) = keras.datasets.mnist.load_data()

3aTeM Mbl MOEM MpeoOpa3oBaTh AaHHbIE B (popMart, MOAXOASIINI 17151 00ydYeHUs1 HEHPOHHOM
CeTH, 1 HOPMaJIU30BaTh UX.

train_images = train_images.reshape((60000, 28, 28, 1))
train_images = train_images / 255.0

test_images = test_images.reshape((10000, 28, 28, 1))
test_images = test_images / 255.0

Jlanee Mbl MOXeEM OINpeAeUTh MOJENb HEHpPOHHOW ceTd. B naHHOM mpumepe Mbl Oynem
UCTIONB30BaTh HEWPOHHYIO CETh C TPEMsI CBEPTOYHBIMH CJIOSIMH, TIOCIIE KaXJOr0 U3 KOTOPBIX MpUMe-
HsIETCSI CTI0M OABHIOOPKH (max pooling), ¥ IByMsI IOJTHOCBSI3HBIMU CJIOSIMH. BBIXOIHO cJ10#i Oyniet
cocToATh U3 10 HEMPOHOB, COOTBETCTBYIOLIMX KJlaccaM LU(p, U (pyHKLMEH akTUBalyu softmax.

model = keras.Sequential([
keras.layers.Conv2D(32, (3, 3), activation='relu’, input_shape=(28, 28, 1)),
keras.layers.MaxPooling2D((2, 2)),
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keras.layers.Conv2D(64, (3, 3), activation="relu"),
keras.layers.MaxPooling2D((2, 2)),
keras.layers.Conv2D(64, (3, 3), activation="relu'),
keras.layers.Flatten(),

keras.layers.Dense(64, activation='relu'),
keras.layers.Dense(10, activation="softmax")

D

3ateM Mbl MOKeM CKOMITUJIMPOBATh MOJIEITb, 3a/1aB (DYHKITHIO TIOTEePbh, ONITUMHU3ATOP U METPUKHU
TSI OIIGHKH Ka4eCcTBa MOJIEIIH.

model.compile(optimizer='adam’',

loss="sparse_categorical_crossentropy’,

metrics=['accuracy'])

[Mocite 3TOr0 Mbl MOXEM 3aITyCTUTh MPOIIECC O0yUeHUs, IepeaB B MOJIEIb JaHHBIE 11 00yJe-
HUS U TECTUPOBAHMS U YKa3aB KOJMYECTBO IMOX (UTEepaluii) u pa3Mep Oarya (KOTMUYECTBO MpUMe-
POB, 00padaTHIBAEMBIX 32 OJHY UTEPALIHIO).

model.fit(train_images, train_labels, epochs=5, batch_size=64, validation_data=(test_images,
test_labels))

HaKOHeI_[, MbI MOKEM OLEHUTHh KAaYE€ECTBO MOJCJIM HAa TECTOBBIX JaHHBIX.

test_loss, test_acc = model.evaluate(test_images, test_labels)

print("Test accuracy)

Pesynbrarom 0Oy4yeHusi HEMpOCETH JUIsl pacro3HaBaHWs HU(Mp Ha HM300pakeHHsX OyaeT
MOIeJTb, KOTOpast CIIOCOOHA MPHUHMUMATh Ha BXOJI M300pakeHHe ¢ pyKOITMCHOM IU(POI U MTPeICKa3bl-
BaThb, Kakas nudpa Ha n300pakeHnn U300pakeHa.

ITOT KOJ MO3BOJISIET OOYUUTh HEUPOCETh ISl pacliO3HABAHUSI OOBbEKTOB HAa M300paXKEHUSIX, a
MMEHHO ISl Kiaccudukanmu n3oopaxkennii n3 Habopa CIFAR-10. OOGy4yeHHast HepoCeTh MOXET
OBITh WCIIOJIb30BaHA JJIsl PACMO3HABaHUSI OOBEKTOB Ha JAPYTMX M300paXkeHUsIX, KOTOpbie He ObLIU
UCTIONB30BaHbl B 00y4Jaromiel Beioopke. it 3TOoro 10CTaToyHo Nogath N300pakeHnue Ha BXOJ Hell-
POCETH U TMOY4UTh OTBET B BUJIE BEPOSTHOCTH MPUHAIJICKHOCTH K KaXKIOMY M3 KJIACCOB.

JI1s1 TIpOBEPKM TOYHOCTH MOJIENM MOXKHO HCIOJIB30BaTh TECTOBBIA HAOOp M300pakeHUi C
M3BECTHBIMU METKaMH (T.€. TPABIIIbHBIMHU OTBETAMH) M CPABHUBATh MPEJCKA3aHMs MOJCU C STUMU
MeTKaMu. YeM BbIllle TOYHOCTh MOJIESTM Ha TECTOBBIX JaHHBIX, TeM OoJiee YCTIEITHO OHa CITPABIISIeTCS
C 3a1auell pacro3HaBaHus udp.

[Nocne oOyveHus1 MozIeIM ee MOKHO MCTIONb30BaTh IJIs1 PACIO3HABaHUs I p Ha HOBBIX N300-
paXeHUsIX, HAITPUMEp, B MPUJIOKESHHUHU JUIsi CYMTHIBAHKS PYKOIUCHBIX (P Ha MOYTOBBIX MHIEKCAX,
Ha OAaHKOBCKHMX YeKax WM B Ipyrux cepax, riae Tpedyercss aBTOMaTHUecKoe pacro3HaBaHue mudp.

2. Ilpumep Koga «<ABTOMATHYECKOE PACIIO3HABAHNE PeYi».

Jns peanm3aiuu BTOporo npumepa B cpene TensorFlow HaMm moHagoOuTcss HAOOp AaHHBIX
CIFAR-10, KOTOpbIi1 MOXHO 3arpy3uTh C IOMOILbI0 BCTpoeHHO! (yHKIMU TensorFlow.

Ha6op CIFAR-10 comepxutr 60000 mBeTHBIX H300paxeHd pazMepom 32x32 MuKcess, pas-
neneHHbix Ha 10 knaccoB. s oOydeHust HeripoceTr Mbl OyeM ucronb3oBath S0000 n300pakeHuid,
a s TectupoBanusi — ocrasimecs 10000.

Bort kak BHIMIAAUT peanusanus Broporo npumepa B TensorFlow:
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import tensorflow as tf

from tensorflow import keras

from tensorflow.keras import layers

# OnpeneneHne apXUTEKTypbl HEHPOCETU
model = keras.Sequential(

[

layers. LSTM(128, input_shape=(None, 13)),
layers.Dense(64, activation="relu"),
layers.Dense(32, activation="relu"),
layers.Dense(10, activation="softmax"),

]

)

# Kommmmnsaimsa Moaenu

model.compile(
optimizer=Kkeras.optimizers.Adam(learning_rate=0.001),
loss=keras.losses.CategoricalCrossentropy(),
metrics=["accuracy"],

)

# 3arpy3ka 3ByKOBOro (paiiia

audio_file = tf.io.read_file("audio.wav")

audio, _ = tf.audio.decode_wav(audio_file)

audio = tf.squeeze(audio, axis=-1)

audio = tf.cast(audio, tf.float32)

# Pa30OuBKa Ha (hparMeHThI

frame_length = 640

frame_step = 320

audio_length = tf.shape(audio)[0]

num_frames = tf.cast(tf.math.ceil(audio_length / frame_step), tf.int32)
padding_length = num_frames * frame_step — audio_length
audio = tf.pad(audio, [[0, padding_length]])

audio = tf.reshape(audio, [num_frames, frame_length])
# sBneuenue npusHakoB MFCC

mfccs = tf.signal.mfces_from_log_mel_spectrograms(
tf.math.log(tf.abs(tf.signal.stft(audio))),

audio.shape[-1],

num_mel_bins=13,

dct_coefficient_count=13,

)

# I[ToaroTtoBKa JaHHBIX IJIs1 OOYUYCHUS

labels = ["one", "two", "three", "four", "five", "six", "seven", "eight", "nine", "zero"]
label_to_index = dict(zip(labels, range(len(labels))))
index_to_label = dict(zip(range(len(labels)), labels))

text = "one two three four five six seven eight nine zero"
target = tf.keras.preprocessing.text.one_hot(text, len(labels))
X_train = mfccs[None, ...]

y_train = target[None, ...]

# OOyueHue Moaeu

history = model.fit(X_train, y_train, epochs=10)

# Ilpenckazanue pe3yabTaToB
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predicted_probs = model.predict(X_train)

predicted_indexes = tf.argmax(predicted_probs, axis=-1)[0]
predicted_labels = [index_to_label[i] for i in predicted_indexes]
# BBIBOJ PE3YJIBTATOB

print("Predicted labels:", predicted_labels)

ITOT KOJ pean3yeT aBTOMaTHIECKOe Pacrio3HABaHKE Peyuy C MIOMOIIBI0 HEWPOCETH Ha OCHOBE
TensorFlow u Keras. [lepBbimM 11arom omnpenesnsieTcsi apXuTekTypa Helipocetu ¢ nomoiibio Keras
Sequential API. B nanHom ciy4ae ucrosnb3yercss pekyppeHTHblid cioid LSTM, npunHumarommii Ha
BXOJI TTOCJIE/I0BATEIbHOCTh YYACTKOB 3BYKa AJTMHOM 13. 3aTteM MIyT HECKOIBKO IMOJTHOCBS3HBIX CJIOEB
¢ (pyHk1Mel akTUBalMK relu ¥ OIMH BBIXOAHOM CJIOM ¢ (DYHKIIMEN akTuBanuu softmax, BelAAOMIUNA
BEPOSITHOCTHU JIJIS1 KQK/IOTO KJlacca pevu.

Janee Moaesb KOMIWJIMPYETCs € MOMOIIIbI0 MeTosia compile. OnTuMusatopom BeiOpad Adam ¢
ko3 durmentom odydenus 0.001, pyHKIHEH TOTEPh — KaTeroprasbHas KPOCC-IHTPOIIHUs, a B Kaue-
CTBE METPUKH HCTIONb3YeTCs TOUHOCTh KJIACCU(DUKAIINN.

3arem 3arpyxaercsi 3ByKoBoH (paili1 B ¢hopMate wav, KOTOPbI JEKOAUPYETCS C TMOMOIIIBIO
tf.audio.decode_wav 1 mpeoOpasyeTcs B unciioBble 3HaYeHus float32. [lanee mporcxoaut pazoveHme
(paiina Ha pparmentsl guHOM 640 c marom 320. Eciu ¢paiin He nenuTcs Ha paBHbIE (DparMeHTHl,
TO 100ABJISAETCS 3aMOTHEHNE.

Hanee npoucxogut ussieyenue npusHakoB MFCC (Mel-frequency cepstral coefficients) u3
Kax0ro (parmeHra 3Byka ¢ nomoiubio (yHkuum tf.signal.mfces_from_log_mel_spectrograms.
[NonyyeHHble TPU3HAKK UCTIONB3YIOTCS 1Sl O0Y4YEHHST MOJEIIH.

s oOyveHus: Mozenyu HeoOXOAMMO TOATOTOBUTH JAaHHblE. B HaHHOM ciyvae HCIONb-
3yeTcsi TEKCT C YKa3aHMeM BCEX BO3MOKHBIX KJIACCOB M COOTBETCTBYIOIIAsl METKa IJisi Kak-
noro kjacca. [ns ymoOctBa mpeoOpasyercss TEKCT B one-hot KOAMPOBKY C TMOMOIIBIO METOAA
tf keras.preprocessing.text.one_hot. 3aTem NOAroTOBJICHHBIE JAHHBIE TEPEIAIOTCS B MOJIEITh 11T 00Y-
YeHHUs ¢ IoMouIbio MeToza fit.

[Nocne o6y4yenust Mozieu MpeICKa3bIBAIOTCS PE3Y/IbTAThI HA TeX ke IAHHBIX C TIOMOIIBIO METOA
predict. BeiOupaeTcss MHIEKC ¢ MAaKCUMAJIbHON BEPOSITHOCTBIO M COOTBETCTBYIOIIMI €My KJlacc.

B KoHIIe BHIBOASITCS MpeCKa3aHHbIe METKHU KJIACCOB.

3. IIpumep xkona «PekomeHnaaTeabHasi CHCTEMa».

Jlns1 ynoOCTBa, OIMUIIIEM MPOLIECC B MATH IIarax:

lar 1: C60p gaHHBIX

[NepBbiii mar B CO3MaHUM PEKOMEHJIATEIbHON CHUCTeMbl — COOp MaHHBIX. ISl 9TOro HyKHO
coOpaTh JaHHBIE O TIOJIL30BATEJISIX, HAPUMEP, UX MPEAIOUTSHUS, TIOKYITKH, HCTOPUIO IIPOCMOTPOB
U T. . DTU JaHHBIE MOXHO MOJTYYUTh U3 PA3TMYHBIX UICTOYHUKOB, TAKMX KaK 0a3bl JAHHBIX WU JIOTU
OJIb30BaTEIEN.

Iar 2: IToororoBKa JaHHBIX

[Mocre Toro, kKak gaHHBIE COOpaHbI, HY’KHO UX TIOATOTOBUThL. Harmpumep, HyKHO TIPOBECTH TIpe-
n00pabOTKy JaHHBIX, YTOOBI OYMCTUTh WX OT IIIyMa M BHIOPOCOB. [IJIs 3TOr0 MOXHO KCIOJIb30BaTh
pa3IMYHbIe TEXHUKH, HAIPUMEP, CTAHAAPTU3AIINI0 ¥ HOPMAJIU3AIIUIO JaHHBIX.

[Mar 3: O6yuyenue monenu

[Mocre Toro, Kak JaHHBIE MOATOTOBJIEHBI, MOXHO TIEpENTH K 00ydeHHIo Mofesu. [ co3manus
PEKOMEHIaTeIbHON CUCTEMbI MOKHO HUCTIONIL30BATh PA3IMUHbIC THUITHI HEHPOHHBIX CEeTel, HalpuMep,
CBEpPTOYHBIC HEWPOHHBIE CETH WM PEKYPPEHTHbIE HEHPOHHBIE ceTr. Mojienb 0/kHa ObITh 00ydYeHa
Ha oOyyaroIei BRIOOpKe TaHHBIX.

[Har 4: TectupoBanue Moaeau
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[Nocne oOyueHust Moziesi, HEOOXOIUMO MPOBECTH TECTUPOBAHUE MOJEIH, YTOObl YOeIUThCs,
YTO OHa padOoTaeT MPABUIIBHO. [IJIs1 3TOro0 MOXHO MCIONb30BaTh TECTOBYIO BHIOOPKY JIaHHBIX. B mpo-
1iecce TeCTUPOBAHUST MOXKHO MPOBECTU aHAIM3 METPUK, TAKMX KaK TOUHOCTD U MOJTHOTA.

[Har 5: [Tpumenenue moaenu

[Tocne Toro, kak Mozesb MpPOIILIa TECTUPOBAHUE, MOKHO €€ IPUMEHATh JIsI peKOMEHJaluy
KOHTEHTa MoJb30BatessiM. Hanpumep, MOXKHO MCIOb30BaTh MOJIEITb, YTOOBI PEKOMEHIOBATh TOJIb-
30BaTeN0 KHUTU MO (paHTACTUKE, €CJIM OH paHee MOKyIasl Takue KHUTU. B 3ToMm ciydae, Mozenb
MOXET UCTIONB30BATh JAHHBIE O MOJIb30BATENIe, YTOOBI IPE/ICKA3aTh, YTO OH MOXKET 3aMHTEPECOBATHCS.

Kon pemenust as pekoMeHIaTeIbHOW CHCTEMBI OyET 3aBHCETh OT TOT0, KaKMe JaHHbIE O MOJTb-
30Baresie ¥ MpeMeTax PeKOMEHYeTCs UCTIONb30BaTh, 4 TAKKE KaKasl apXUTEKTypa HEMPOHHOM CeTH
OyzieT ucnonb30BaThesd. Huoke mpuBeneH nmpuMep Koja i MPOCTON peKOMEH1aTeIbHOW CHCTeMbI
HA OCHOBE MAaTPUYHOU (PaKTOpU3AIIMU, KOTOpasi UCHOIb3YeT JaHHbIE O PEUTUHTaX MOJIb30BaTeel 1
MIPEMETOB:

import numpy as np

# 3arpy3Ka JIaHHBIX

ratings = np.array([
5,3,0,1],

-

N N

b

-

0,0,1]
, 1,0, 5],
0,0, 4],
1,5, 4]

b

# MHUUMAIU3alMs TapaMeTPOB

num_users, hum_items = ratings.shape

num_factors =2

learning_rate = 0.01

num_epochs = 1000

# MHUIMATT3AIAS MaTPUIL TIOJTb30BATEIIeH 1 TIPEIMETOB

user_matrix = np.random.rand(num_users, num_factors)

item_matrix = np.random.rand(num_factors, num_items)

# oOydeHune MaTpuIHON (PaKTOpU3AIIU

for epoch in range(num_epochs):

for i in range(num_users):

for j in range(num_items):

if ratings[i][j] > O:

error = ratings[i][j] — np.dot(user_matrix[i,:], item_matrix[:,j])

user_matrix[i,:] += learning_rate * (error * item_matrix|[:,j])

item_matrix[:,j] += learning_rate * (error * user_matrix[i,:])

# MPOrHO3MPOBAHKE PEUTHHIOB JIJIS1 BCEX TOJIL30BATEIICH U TIPEIMETOB

predicted_ratings = np.dot(user_matrix, item_matrix)

# pexoMeHIaIus peIMETOB JIJIs1 KOHKPETHOTO MOJIb30BaTes

user_id=0

recommended_items = np.argsort(predicted_ratings[user_id])[::-1]

print("Pexomengaru jyist mosnb3oBaress', user_id)

print(recommended_items)

B 3TOM mipuMepe MbI UCTIONB30BAIM MAaTPUIHYIO (haKTOPHU3AIIUIO IJIs TIOCTPOCHUsT PEKOMEH-
JaTeJIbHOW CUCTEMbI. Mbl MHUIMATM3UPOBAII MATPHUIIBI TIOJIb30BaTEN el U TIPEJMETOB CITyJaiiHBIMU
3HAUEHUSMU U OOYYMJIA UX HA OCHOBE M3BECTHBIX PEUTHHIOB IMOJIb30BATeNel U MPEAMETOB. 3aTeM
MBI UCTIOJTIH30BAJIH TTOTy9YeHHbIe MATPHIIbI, YTOOBI IIPOTHO3UPOBATh PEUTHUHTH ISl BCEX MOJIb30BaTe-
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JIel ¥ IPEIMETOB, a 3aTeM PEKOMEHJOBAIM MTPeMETHl Ha OCHOBE 3THX IPOTHO30B JJIsI KOHKPETHOTO
HOJIb30BaTeNsl. B peanbHbIX cucTeMax MOTYT MCHOJIBb30BaThCsl OoJiee CIIOKHbBIE AJITOPUTMBL U Oosee
pa3HO0Opa3Hble JaHHbIE.

4. Ilpumep Koaa «ABTOMaTHYECKOE OIpe/ieJeHre SMOIHIT».

Onucanue mporiecca.

Nmnoptupyem Heooxonumele Monyau u3 TensorFlow.

Co3paeM MozieIb, KCHOJTb3YsI CBEPTOUHBIE HEHPOHHbIE ceTH. Mojieslb MPUHUMAET BXOTHbIE JaH-
Hble B Buje n3oOpaxeHust pazmepom 48x48x1 mmkceneir. Cion Conv2D, BatchNormalization u
MaxPooling2D ucnons3ylotcs [1si U3BJIeUeHUs] MPU3HAKOB U3 n3o0paskenus. Croit Flatten mpeo6-
pasyer MoJlyyeHHble IPU3HAKU B oqHOMepHbIid BekTop. Ciion Dense, BatchNormalization u Dropout
WCMOIB3YIOTCS TSl K1accUpUKaIIMKA SMOLIMNA Ha 7 KaTeropuu (cyactbe, rpycTh, 310CThb U T.[1.).

Kommnmmmpyem Moziesntb, yKa3biBaeM ONTUMH3ATOP, (DYHKIIMIO TIOTEPh U METPUKH.

OOyuaem Mozenb Ha oOydvaloriieM HaOoOpe AAaHHBIX C WCTOJB30BAHMEM BaJMJAIIMOHHOTO
Habopa.

OreHrBaeM TOYHOCTh MOJIEJIM HA TECTOBOM Ha0Ope JIaHHBIX.

Ucnonb3yem mMopenb AJist peiCKa3aHusi SMOILMI Ha HOBBIX JAHHBIX.

import tensorflow as tf
from tensorflow import keras
from tensorflow.keras import layers

# Co3gaHue Moae/n

model = keras.Sequential([

layers.Conv2D(32, (3, 3), activation='relu’, input_shape=(48, 48, 1)),
layers.BatchNormalization(),

layers.MaxPooling2D(pool_size=(2, 2)),

layers.Dropout(0.25),

layers.Conv2D(64, (3, 3), activation='relu"),
layers.BatchNormalization(),

layers.MaxPooling2D(pool_size=(2, 2)),

layers.Dropout(0.25),

layers.Conv2D(128, (3, 3), activation="relu"),
layers.BatchNormalization(),

layers.MaxPooling2D(pool_size=(2, 2)),

layers.Dropout(0.25),

layers.Flatten(),

layers.Dense(256, activation="relu’"),

layers.BatchNormalization(),

layers.Dropout(0.5),

layers.Dense(7, activation="softmax")

D

# KomMmmiamnus Moaenu

model.compile(optimizer="adam', loss='"categorical_crossentropy', metrics=['accuracy'])
# OOyueHue Moaeu

history = model.fit(train_data, train_labels, epochs=50, validation_data=(val_data, val_labels))
# Onenka Moenu

test_loss, test_acc = model.evaluate(test_data, test_labels)
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print('Test accuracy:', test_acc)
# Mcnonb30BaHue MOJEIN
predictions = model.predict(new_data)

ITOT KOJI CO3[aeT CBEPTOYHYI0 HEMPOHHYIO CETh JIJIsl pacIO3HABAHUS IMOIMIA Ha M300paxe-
HUsIX pazMepoM 48x48 nukcesen.

B nepBom cinoe ucnosnb3yercs cBepTka ¢ 32 ¢puabTpamu pazMepa 3x3 v (pyHKIMen akTUBAIluU
ReL.U, koTtopast mnpuHMMaeT BXO/IHbIE U300paxeHus pazmepa 48x48x 1. 3ateM cieyoT CJIon HopMa-
JIU3aLMKY NTAKETOB, MAKCUMAJIbHOM IYJIMHIY € pa3MepoM (uiibTpa 2X2 u dropout, KOTOPbIN IIOMOraer
MPeIOTBPATUTH NepeoOyUeHHeE.

Hanee no0GaBieHsb! ABa JONOIHUTEIBHBIX CBEPTOUHBIX CJIOS C YBEJTMUSHHBIM YHCIOM (PUITBTPOB
Y QHAJIOTMYHBIMU CJIOSIMU HopMaim3aiuu 1 dropout. [Tocie 3Toro ciieayer cloi CriakxuBaHusi, KOTO-
pblii peoOpa3yeT MHOTOMEPHBIH BXO/I B OJTHOMEPHBIN BEKTOP.

3areM crelyloT JBa MOJHOCBSA3HBIX c10s ¢ pyHKuMen aktuaiu ReLLU u ¢yHk1men Hopma-
JM3allMM TIaKeToB, a Takxke cjou dropout. TlocnenHuii cioil cOAEpKUT 7 HEUPOHOB U UCTIONb3YET
(ynkumio akTMBauMy softmax Jyis onpeaeeHusl BEpOsTHOCTU KAk 0N U3 7 SMOLMIA.

Jinsg  KOMINWISAMM MOJENM HCHOoNb3yeTcss ontumuszarop adam, ¢QyHKOMSA 1OTEphb
categorical_crossentropy U MeTpuKa accuracy. Mojenb oOydaeTcss Ha TPEHUPOBOUHBIX JTAaHHBIX B
teueHue S0 310X ¢ BaIuJalveil Ha IPOBEPOYHbIX JaHHBIX.

[Nocne oOyueHnst MOfIENIN OLIEHUBAETCS HA TECTOBBIX JAHHBIX U BBIBOJMTCS] TOYHOCTD MPECKa-
3aHMIA. 3aTeM UCTIOb3YeTCsl MOIEb IS IPE/ICKa3aHu sl SMOIMI HA HOBBIX JaHHBIX.

HUror no 1 riiase.

B 371011 r11aBe Mbl pacCMOTPENN OCHOBHBIE KOHIIETILIMM, KOTOPBIE JIEKAT B OCHOBE HEMPOCETEN.
MBbI M3y4nM, 94TO TAKOE HEMPOH, KaK OH padOTaeT B HEMPOCETH, UTO TAKOE Beca M CMEIeHHsI, KaK
HEWPOH MPUHUMAET PelieHNs M KaK CTPOUTCS HelpoceTh. MBI Takke pacCMOTPEN TpoIiecc 0dyde-
HUSI HEUPOCETH U TO, KaK HEHpOCeTh KOPPEKTUPYET CBOM Beca U CMEIIEHHsI, YTOOBI YIYUIIUTh TOY-
HOCTb TIPOrHO3UPOBAHUS.

WTtak, MOXHO cIenaTh BBIBOI, YTO HEHPOCETh — 3TO MOIIHBI MHCTPYMEHT B 00JIaCTH UCKYC-
CTBEHHOTO MHTEJJIEKTA U MAIIIMHHOTO OO0yUYeHHsI, KOTOPBIN UCTIONb3YeTCsl BO MHOTUX TMPHJIOKEHUSIX.
OCHOBOI1 HEMPOCETH SIBJISIETCS] HEWPOH, KOTOPBI MPUHUMAET BXOJHbIE CUTHAIBI, 00padaThiBaeT UX
Y TeHepUpYeT BBIXOTHOM curHal. HelpoceTb COCTOMT M3 MHOKECTBAa HEMPOHOB, OObEIMHEHHBIX B
CJIOW, U KaX/Ibll HEMPOH UMEET Beca U CMEILECHH .

MBbI Takke pacCMOTpeNH MPaKTUYECKUe acTieKThl CO3/IaHUsI M OOyUeHUsI HeWPOHHBIX CeTei C
ucrons3oBanueM ononroreku TensorFlow u ¢pperimBopka Keras. Ml onucany mpoiece noaroToBKH
JaHHBIX, CO3/IAaHUSI MOJIEJIH, €€ KOMITWIISILIMK 1 00yueHust. Kpome Toro, Mbl 00Cyanim BaKHOCTb MTPO-
BEPKH U OIIEHKU MOJIEIM Ha TECTOBBIX JAHHBIX.

Kozpl, KOTOpBIE MBI pacCMOTPEJH, TIO3BOJISIIOT CO3aTh M 00y4YaTh HEWPOHHYIO CETh JIs pellie-
HUSI KOHKPETHBIX 33/1a4, TAKUX KaK aBTOMaTU4YECKOe OIpeeieHre SMOLIMI U pacro3HaBaHue U300-
PaXeHUi, orlpe/ie/IeHUe SMOLIMIA U peKOMeHJaTe/IbHasl CUCTeMa. DT MPUMEPBI IEMOHCTPUPYIOT, KaK
MOXHO UCIIOJIb30BaTh HEWPOHHBIE CETH JIIS1 PEILICHUs] PA3IMUHbIX MPAKTUYECKHUX 3a/1au.

[NepBas raBa mpemocTapiseT 0a30Bble 3HAHUS U MPAKTUIECKME HABBIKUA B 00JaCTH HEHPOH-
HBIX CeTell U IIIyOOKOro 00y4eHwsi, KOTOpbIe MOTYT OBITh IOJIE3HBI KaK /ISl HAUMHAIOIINX, TaK U JIs
OIBITHBIX CTIEIUAIMCTOB B 3TON O0JIACTH.
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I'naBa 2. O0yueHue HelipoceTen

OO0yueHue HeiipoceTeil — 3TO MPOLECC HACTPOMKU MapaMeTpOB HEMPOHHOW CETH Ha OCHOBE
NPUMEPOB BXOJHBIX U BBIXOIHBIX IAHHBIX, YTOOBI OHA MOTIJIa peliaTh 3aJa4u, 7151 KOTOPBIX OHa Oblia
cos3zana. DTOT MpoLecC BKIIOYaeT B ceOsl MOArOHKY MapaMeTpoB MOJEIU Ha OCHOBE Ha0Opa JaHHBIX,
TakUM 00pa3oM, YTOObI OHAa MOIJIa 0000IIATh U AeNaTh PEeJCKa3aHusI ISl HOBBIX JAHHBIX, KOTOpbIE
OHa paHee He BUjela.

3aueM Hy)XHO 00yueHHe HelipoceTeit?

HelipoHHble ceTy NCHOMBb3YIOTCA AJIA PellieHrs] Pa3IMuHbIX 3a/ay, TAKMX Kak KJlacCUpuKarlys
M300pakeHN, paclio3HABAaHUE PEYH, IPOrHO3MPOBaHNE BPEMEHHBIX psioB U T.1. OOyueHue Helpo-
ceTell ABJISETCs KJIIOUEBbIM 3TAOM MPH CO3AaHUU 3(P(HEKTUBHON M TOUHON MOIEIH AJI pelleHus
KOHKPETHOM 3a1a4M. DTO MO3BOJIAET HEUPOCETH BHISBJIATD CJIOKHBIE 3aBUCHMOCTH B JaHHBIX, KOTO-
pble He MOTYT OBITh JIETKO OOHapyKeHBI YesloBeKoM. Kpome Toro, oOydeHne HeiipoceTell Mo3BosieT
COKpATUTh BpeMs, 3aTPayvBaeMOe Ha Py4YHOE CO3[aHHE aJITOPUTMOB JJIs pelleHus 3agad. Takum
oOpa3om, oOydeHre HelpoceTell sIBIISIeTCs MOIIHBIM WHCTPYMEHTOM /ISl CO3/IaHMsI aBTOMATU3HPO-
BaHHBIX CHCTEM, CIIOCOOHBIX OBICTPO M TOYHO aHAJIM3MPOBATH AAaHHBIE YW MPUHUMATh PElIeHHs Ha
OCHOBE 3TOr0 aHAJIN3A.

O06yueHue HeilpoceTeil MOKET MPOUCXOAUTH C UCTIONb30BAaHUEM PA3IMYHBIX METOOB. Kak1blil
METOJ UMEET CBOM OCOOEHHOCTH M TIPMMEHSIETCSI B 3aBUCUMOCTH OT THIIA 33/1a4H U JOCTYIHBIX JIaH-
HBIX. PaccMOTpUM HEKOTOpBIE U3 METOAOB 00yUeHHs HelipoceTei:

Backpropagation (o6paTHOe pacrnpocTpaHeHre OIMOKM) — OAVMH M3 Haubosee pacpoCTpaHeH-
HBIX METOJOB 00yueHus HefipoceTell. OH 3aKii04aeTcs B epejiaye JaHHbIX Yyepe3 HelpoceThb B Mpsi-
MoM HarpasyieHud (forward pass) 17151 HOTyYeHH T BBIXOJHBIX 3HAYEHHI, a 3aTeM B 00paTHOM HaIpaB-
nenun (backward pass) ass pacdyera omMOKY U KOPPEKTUPOBKU BecoB HEMPOHOB. Backpropagation
MO3BOJISIET 00y4YaTh HEMPOCETh Ha OOJBIIOM KOJIMYECTBE JAHHBIX M IAeT BO3MOXKHOCTh ONTHMM3HU-
poBaTh (PYHKIMIO NTOTEPb.

[eHeTHYeCKHE aJITOPUTMBI — 3TO METOIBI OOYyUEHHUsI, KOTOPhIE HMCIIOIb3YIOT SBOJOIMOHHBIN
noaxof. OHY MPUMEHSIIOTCS ISl PellieHus 3a/1a4 ONTUMU3AINY, TAKUX KaK Mog0op rumneprnapaMer-
POB WM ONTUMU3ALMS (PYHKIIUM TIOTepb. | eHeTnyeckue anropuT™bl padboTaloT ¢ MOMYJISIIeN pelle-
HUI, KOTOpasi MOCTETIEHHO SBOJIIOLUOHUPYET IJIs JOCTUKEHUS JIyUIlIero pe3ybTara.

Croxactuyeckui rpaJueHTHbIu ciyck (Stochastic Gradient Descent, SGD) — 310 MeToa, KOTO-
PhIli UCTIONB3YETCS /111 MUHUMU3AIMY (DYHKIIMY TIOTeph B HelipoceTH. OH OOHOBJISIET Beca HEHPOHOB
Ha KaXJIOM II1are, Onupasich Ha rpajiueHT (pyHKIpn notepb. SGD 0coOeHHO NoNie3eH Mpu 00yYeHUH
HelipoceTell Ha OOJIBIIMX HA0OpaX JIaHHBIX.

MeTto/ OMOPHBIX BEKTOPOB — 3TO METOJ MAITMHHOTO OOYUYEHHUsI, KOTOPBIN UCIIONB3YETCS IS
KJ1accuuKaluy JaHHbIX. OH 3aKJII04aeTCs B MOMCKE TMIEPIUIOCKOCTH, KOTOpast pa3leseT JaHHbIe
Ha J]Ba KJjlacca. DTOT METOJ MOXKET ObITh TIOJIe3eH /IS 33/1a4 KJIacCH(PHUKAIIUK, TAKUX KaK pacrio3Ha-
BaHMe 00pa30B WJIU OIpeJe/IeHUe TEMbI TEKCTA.

Kak BeiOpath nogxoasiuii MeTon 00yueHust 1J1si KOHKpeTHOH 3agaun? OQUH U3 BaKHbBIX (hak-
TOPOB — 3TO XapaKTEPUCTUKH JIAHHBIX, C KOTOPHIMU BbI padoTaere. Harpumep, ecim Bbl padoTaeTe ¢
JAHHBIMH, KOTOpbIe UMEIOT OOJIbIIIOE KOTUYECTBO MPU3HAKOB, TO METOJ OMOPHBIX BEKTOPOB MOXET
OBbITH TOJIE3eH IS Kiaccudukaumu 3TUX AaHHbIX. Eciu ke Bbl paboTaere C JAaHHBIMH, KOTOpPbIE
UMEIOT CJIOXKHYIO CTPYKTYpY, HalpuMep, U300pakeHus1 UM 3BYK, TO HEHPOHHBIE CETU C UCTIONb30-
BaHMeM MeTofa backpropagation MOryT AaTh XOpoliue pe3yibTaThl. Takke BaKHO YUUTHIBAThH Orpa-
HUYEHUS TI0 BBIYUCIUTEBbHBIM PecypcaM, TOCTYIHBIM 1Sl 00yUeHHsT MOJIEITH.
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®dynkuus notepsb (aHrI. loss function) — 3To MaTemarudeckast yHKIIMsI, KOTOpasi ONpeessieT
Pa3HUILY MEX/Iy BBIXOIOM HEHPOCETH U KelaeMbIM BbIxogoM. OHa Mcnosb3yeTcs B rmporiecce ooyue-
HUS1 HEHPOHHOM CETH /IS OIIEHKU TOrO, HACKOJIBKO TOYHO CETh BHITIONHSIET 33]a4y, KOTOPYIO TpeOy-
ercst eil pemnTh. PYHKIMS OTEPh U3MepsieT OMMOKY MPe/ICKa3aHusl MOCIU U OIpe/ieisieT, Kakue
rapameTpbl MOJICJIH CJIe/lyeT HACTPauBaTh, YTOOBI YMEHBIIIUTH 3TY OIIHOKY.

Paznuunple THOB (DyHKIMI NOTEpPb MCHONB3YIOTCA U pasHbIX 3agad. Hanpumep, nns
337241 KJaccupuKamm 0ObIYHO UCHONb3YeTcsl (PYHKIHS MOTEPh KaTerOpUaaIbHON KPOCC-9HTPOITUH
(categorical cross-entropy loss), KOTopasi U3BMepsIET paCCTOSIHUE MEX]y PacIpeieieHUEM BEpPOsITHO-
CTeil, BbIAABAEMBIM CEThIO, U IPaBUJIBHBIM pacrpeieieHueM KiiaccoB. [ 3a1aun perpeccuu, Korna
TpebyeTcsl MpeacKa3arh YUCIOBOE 3HAYEHHE, YacTO UCIIONb3YeTCsl CpeJHEKBaApaTuiHas (DyHKIUS
noreps (mean squared error loss).

Bri6op nogxonsineit (pyHKIMU MOTEpPh /1151 KOHKPETHOH 3a/1a4M MOKET OBITh BaXKHBIM IIATOM
B Tpoliecce 00y4eHus HeiipoceT. HeoOX0aMMO yUUTHIBATH THIT 33/1a9H, KOJTMUECTBO KJIACCOB (ECIH
9TO 3a/1a4a KjaccuuKaimm), a Tak’ke 0COOSHHOCTH JaHHbIX. Hanpumep, eciii B JaHHBIX MMEIOTCS
BBIOPOCHI, TO UCTIOJIb30BAaHUE CPETHEKBAIPATUIHON (DYHKIMH MTOTEPh MOXKET MPUBECTH K HEYCTOM-
YMBOMY OOyuYeHHI0. B TakoM citydae MOXeT ObITh JIyYIlle UCTIOb30BaTh (DYHKIIMIO MOTEPb, KOTOPast
MeHee YyBCTBUTEJIbHA K BRIOpocam, Harpumep, Huber loss.

OoOyyeHue HelpoceTel MPONCXOIUT B HECKOJIbKO TAINOB:

[NonroroBka JaHHBIX: HEOOXOAMMO TIOATOTOBUTH JaHHBIE AJIs1 OOy4YEeHUs] M IPOBEPKU HEUpo-
cetd. [JaHHBIE TOJKHBI OBITH MTPEACTABICHBI B BUE MATPUIl U BEKTOPOB, KOTOPbIE MOJKHO MO/IaTh Ha
BXOJl HelipoceTu. Takxke HEOOXOAUMO pa3JeUTh JaHHbIEe Ha 00yYalolIylo ¥ IPOBEPOUYHYIO BHIOOPKH.

Onpenenenue apxuTeKTypbl HERPOCETU: BBIOOP apXUTEKTYPhl HEMPOCETH 3aBUCUT OT 3aJauM,
KOTOPYIO HYXXHO petmdTb. HeoOXoqumMo onpenenuTs KOIMYeCTBO CJIOEB M KOJIMYECTBO HEMPOHOB B
KaXJIOM CJI0€, a TaKKe BBIOpaTh (DYHKIMY aKTUBAIIY [Tl KAXKJOTO CIIOSI.

MHurmanusanus BecoB: nepes HadyajaoM 00y4eHHst He0OXOIMMO MHULIMAIN3UPOBATh Beca Hell-
pocetu. Beca MoryT ObITh HHUIIMATM3UPOBAHBI CTyYAHBIMU 3HAYEHUSIMH WM 3HAYSHUSIMH, OTpe-
JEJIEHHBIMU KCIIEpTaMHu.

OOyuenue HelipoceTu: Impouecc 0Oy4eHHsI COCTOMT B IOCTENIEHHOH KOPPEKTHPOBKE BECOB
HEIPOCeT! Ha OCHOBE OOYyYaIOMIMX JAHHBIX. DTOT MPOLECC OCYIIECTBIISETCS MyTeM BbIUMCICHUS
(byHKIIMM TTOTEPB, KOTOpas OINpelessieT pacXOKAEHUEe MeXy MpeIcKa3aHHbIMU U (DaKTUYECKUMU
3HAUCHUsAMU. [{71s1 yimydIlleHusi pe3ylbTaToB OOyUeHUsI MOXHO HCIIONb30BATh PA3IMUHbIE METO[bI
ONTUMM3ALINY, TAKUE KAK CTOXaCTUUECKUI I'PAJUEHTHBIN CITCK.

OneHka KauecTBa MOJENU: MOCJE 3aBepLIeHNs] 00yYeHUs] HEOOXOAMMO IPOBEPUTh KA4eCTBO
paboTH MOJIE/IN Ha IPOBEPOYHON BBIOOPKE. B 3TOM Ciydae ucrons3yercss MeTpuKa, KOTopast orpe-
AT, HACKOJILKO TOYHO MOJIEJIb ITPEACKA3bIBACT 3HAYECHUS.

duHanbHOE TECTUPOBAHUE: ITOCIIE TOrO, KaK MOJIEJIb YCIIEHTHO MPOILLIA TPOBEPKY HA IPOBEPOY-
HOH BBIOOpPKE, ee HeOOXOIMMO IPOTECTUPOBATh HA HOBBIX, paHee He BUICHHBIX JIAHHBIX. DTO TIOMO-
AKET OIPEAEIUTb, HACKOJIBKO XOPOLIO MOJE/b CIIPABJIAETCS C 3aa4eil.

OnTuMu3anms MOJENU: €CIM Pe3yJIbTaThl HE YIOBJIETBOPUTEIbHBI, MOKHO IIPOM3BECTU ONTHU-
MH3ALHI0 MOJETN. DTO MOKET BKJIIOYATh B ce0s1 U3MEHEHHE apXUTEKTYpbl HEHPOCETH, BBIOOD Jpyron
(byHK1IMM TOTEPD, U3MEHEHHE MMITEPIIApaMETPOB WM UCTIONB30BAHUE IPYTOro METO/IAa ONTUMU3ALINY.

KoneuHbIi KOJI, KOTOPBI BHITIOHSET BCE ITAIbl 00yUeHHS HEHPOCETH, MOXET BBITJISICTh ITPH-
MEpPHO TakK:

# IlogroroBka JTaHHBIX

from sklearn.model_selection import train_test_split
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X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=42)
# OnpeneneHne apXUTEKTypbl HEHPOCETU

from keras.models import Sequential

from keras.layers import Dense

model = Sequential()

model.add(Dense(32, activation="relu’, input_dim=X_train.shape[1]))
model.add(Dense(16, activation='"relu'))

model.add(Dense(1, activation='"linear"))

# VIlnnnmann3anis BeCoB

model.compile(loss="mean_squared_error', optimizer='adam")

# OOyueHue HelipoceTn

model.fit(X_train, y_train, epochs=100, batch_size=32)

# Ornenka KauecTBa MOJECIN

score = model.evaluate(X_test, y_test)

# OUHAIBHOE TECTUPOBAHUE

y_pred = model.predict(X_new_data)

# OnTumMusanysa MoIeIu

model = Sequential()

model.add(Dense(64, activation="relu’, input_dim=X_train.shape[1]))
model.add(Dense(32, activation='"relu'))

model.add(Dense(16, activation='"relu'))

model.add(Dense(1, activation='"linear"))
model.compile(loss="mean_squared_error', optimizer='adam")
model.fit(X_train, y_train, epochs=200, batch_size=64)

KommenTapuu k kony:

[NepBas cTpoka nMmoptupyet (pyHKIMIO train_test_split u3 6udnmmoreku Scikit-Learn s pas-
AeJeHHs] JaHHBIX Ha 00YyYalolIylo ¥ MTPOBEPOYHYIO BHIOOPKH.

Janee onpenensercs apXUTeKTypa HEMPOCETH ¢ TIOMOIIBIO Kiacca Sequential u3 Gudmorexu
Keras. Ml co3naem Mozenb ¢ JBYMsI CKPBITBIMU CJI0SIMU € 32 1 16 HelipoHaMM COOTBETCTBEHHO, a
TaK)Ke OJJHUM BBIXOIHBIM cioeM. DyHKIIMM aKTUBALIMK JUIsI CKPBITHIX CJI0eB 3agaiorcs kak ReLU, a
IJTs1 BBIXOHOTO cJios1 — linear (0ObIYHas TMHEHAs (DyHKIMSI aKTUBAIMKM ). BXOIHOI ol onpenensi-
eTCs1 aBTOMATHUYECKH 10 Pa3MEPHOCTH BXOJHBIX JAHHBIX.

3aremM Mbl KOMIWJIMPYEM MOJeSb, UCTIONb3Ysl (PYHKIIMIO TToTeph "mean squared error” (cpea-
HEeKBaJJpaTU4yHas OMMOKa) U MeTof onTtumu3anyu "adam".

Hanee Mbl 0O0yyaeM Mojiesib Ha 00ydJalolel BEIOOpKe, UCNonb3ys MeTof fit, yka3biBasi KoJude-
crBo 3nox (100) u pasmep nakera (batch_size=32).

[Nocne 3TOro Mbl OIIEHUBAEM KauecTBO MOJIEN Ha MTPOBEPOYHON BHIOOPKE C MOMOIIIBI0 METOA
evaluate ¥ coXpaHsieM pe3y/IbTaT B IepEeMEHHYIO SCOre.

JI71s1 (pMHATIBHOTO TECTUPOBAHMSI MBI HICTIONb3YeM OOyUYEeHHYIO MOJIEINTb [UIsl TTPeACKa3aHusl 3Ha-
YeHU Ha HOBBIX JAHHBIX X_new_data.

Kon oOyuenus HelipoceTel MOXeT OTIIMYAThCS B 3aBUCUMOCTH OT MCTIONIb3yeMO OUOTMOTEKH U
sI3bIKa IporpaMMupoBanust. Huke mpuBejieH mpuMep Kofa Ha si3bike Python, vcrosnb3yst OnOiImoTexky
TensorFlow:

# Mmnopt 6ubnrorex
import tensorflow as tf
import numpy as np
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from sklearn.model_selection import train_test_split

# IlogroroBka JTaHHBIX

X =np.array([[0, 0], [0, 1], [1, O], [1, 1]])

y = np.array([[0], [11, [11, [0]])

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2)
# OnpeneneHne apXUTEKTypbl HEHPOCETU

model = tf keras.Sequential ([

tf .keras.layers.Dense(4, input_shape=(2,), activation="relu’),

tf .keras.layers.Dense(1, activation="sigmoid")

D

# VIlnnumann3anis BeCoB

model.compile(loss='binary_crossentropy', optimizer='adam', metrics=['accuracy'])
# OOyueHue HelipoceTn

history = model.fit(X_train, y_train, epochs=1000, validation_data=(X_test, y_test))
# Onenka KauecTBa MOJECIN

loss, accuracy = model.evaluate(X_test, y_test)

print('Loss:', loss)

print('Accuracy:', accuracy)

# OUHAIBHOE TECTUPOBaHUE

X_new = np.array([[0, O], [0, 1], [1, O], [1, 1]])

y_pred = model.predict(X_new)

print('Predictions:', y_pred)
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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