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Pa3padoruukmu:
[Tpodeccop, kadeapa KOMIBIOTEPHBIX TEXHOJIOTUI U CUCTEM
Jlyuenxo E.B.

Pabouas mporpamMma ITUCHMILIMHBEI (MOIYJsI) COCTaBI€Ha B COOTBETCTBUH C TpeboBaHusmu OI'OC
BO mno wHampaBienu 1o moxrotoBku 09.04.02 HMudbopmanvoHHBIE CHUCTEMBI W TEXHOJOTHH,
yTBepkAeHHOTo TprkazoM MwunHoOpHayku oT 19.09.2017 Ne 917, ¢ yderom TpyaOBBIX (PyHKITHIT
npodeccuoHaNbHBIX cTaHAapToB: "CUCTEMHBIN aHamWTUK'", YTBEPXKACH MpHKazoM MUHTpya
Poccun  or 27.04.2023 Ne 367mH; "CrnenuaiucT 1O  HAyYHO-HUCCIIEIOBATEIbCKUM U
OTBITHO-KOHCTPYKTOPCKUM pa3paboTkam", yTBepkzeH npukazom Muntpyna Poccun ot 04.03.2014
No  121m; "CUCTEMHBI aIMUHUCTPATOpP HH(POPMAIMOHHO-KOMMYHUKAIIMOHHBIX ~CHUCTEM",
yTBepkJeH mnpukazom Muntpyna Poccunm ot 29.09.2020 Ne 680n; "Choeuuanuct mo au3zaiiHy
rpau4ecKux IOIb30BaTEIbCKUX HHTEp(elcoB", yTBepkaeH npukazoM Muntpyna Poccun ot
29.09.2020 Ne 671n; "PykoBomuTenb pa3paOOTKH MPOTPaMMHOTO oOecriedeHus", YTBEpKIACH
npukazoM Muntpyna Poccuu ot 20.07.2022 No 423H.

CormnacoBaHue U yTBEPKACHHUE

ITonpasnenenue
WIH OTBeTCTBEHHOE ata, IPOTOKOJI
No N ®HO Busa Hara, mp
KOJIJIETUAJIBHBIN JIULO (npu HAJIMYMM)
Opras
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1. Heab 1 3a1a4um 0CBOEHMSI TUCUMUIIIMHBI (MOLYJIs1)

Llenb OCBOCHUS JUCHUIUIMHBI - 3aKJIIOYAETCS] B IOATOTOBKE CTYJCHTOB K YCIIEHUTHOM paboTe ¢
COBPEMEHHBIMU METO/aMU M MHCTPYMEHTAMHU HEMPOHHBIX CEeTed, paCIIMPEHUU UX TEXHUYECKHX U
AHAJTUTUYECKUX HABBIKOB, & TAKXKE CTUMYJIMPOBAHUHM TBOPYECKOTO IMOAXONA K PEHICHUIO CIOKHBIX
3a7a4 B 00;1acTH MH(OPMAIIMOHHBIX TEXHOJIOTUH.

3anaun u3y4eHus JUCIUILTUHBL:
- N3yuenue npuHIUIOB pabOTHl U CTPYKTYPHBIX KOMIIOHEHTOB MCKYCCTBEHHBIX HEHPOHHBIX CETEil.;

- OcBoeHHUE Pa3NTUYHBIX AJITOPUTMOB O0YUYECHHUSI HEHPOHHBIX CETEH U MX MPUMEHEHHUE ISl PeICHHS
3a7a4 KJIacCU(PHKALINHU, PETPECCUH, KIIACTEPU3AUN U 00paOOTKHU TaHHBIX.;

- HMccnenoBanye NpOABUHYTBHIX ApXUTEKTYp HEMPOHHBIX CETEH, TAKUX KAK CBEPTOYHBIC HEUPOHHBIC
CEeTH, peKyppPEHTHBIC HEUPOHHBIE CETH U IITyOOKHE HEMPOHHBIE CETH;

- PaccmoTpenue mpHKIAmHBIX O0IACTe WCHONB30BAHHMS HEHPOHHBIX CeTeH, TaKuX Kak
KOMITBIOTEPHOE 3peHue, 0O0pabdoTKa E€CTECTBEHHOTO s3bIKa, OOHAPY)KEHHE AHOMAJIMA W MHOTHUE

npyrue.;
- O3HakoMJIEHHE ¢ MHCTPYMEHTAMH U OMOJIMOTEKaMU MPOTPaMMHPOBAHUS IS CO3/IaHMsl, 00yUeHUs
Y OLICHKW HEUPOHHBIX CETEH..

2. IInanupyemble pe3yJabTaThbl 00y4eHHs M0 JUCHHUILINHE (MOIYJII0), COOTHECEHHBIE C
IUIAHMPYEeMBIMH pPe3yJ1bTaTaMH 0CBOCHHS 00pa30BaTeIbHOM MPOrPaMMbl

Komnemenyuu, unouxamopul u pesynvmameol 00y4eHus.

IIK-IT1 CnocobGen pa3pabaTbiBaTh M HCCIEIOBAaTh MOAETH OOBEKTOB MPOQecCHOHATBEHON
NeSTeIbHOCTH, NpeAjaraTb W aJalTHpPOBaTb METOIUKH, ONPEAESATh KaueCTBO MPOBOAMMBIX
MCCIIEIOBAaHUM, COCTABIISATH OTYETHI O MPOJIETIaHHON paboTe, 0030pPbl, TOTOBUTH Iy OIHUKALIHIH.

[TK-IT1.1 KoopauHaiust qesiTeIbHOCTH COUCTIONIHUTENEH, yIaCTBYIOIIUX B BHITIOTHEHUH padoT
C APYTUMH OpPTaHU3aALUSIMHI

3name:

IK-I11.1/3a1  OredecTBeHHass W  MEXIyHapoaHas  HOpMaTHBHas  0Oaza B
COOTBETCTBYIOIIEH 00IACTH 3HAHUI

[IK-IT1.1/382 Hayunas npoGiemMaTiuka COOTBETCTBYIOIIEH 00IacTH 3HAHUN
[IK-TT1.1/383 Mertonapl, cpeAcTBAa W MpPaKTHKa IUIAHAPOBAHUS, OpraHU3alIluH,
NPOBEIACHUSI M BHEAPEHUS HAay4YHBIX HCCIEJOBAHUNA M OIBITHO-KOHCTPYKTOPCKUX
pa3paboTok

Ymemns:

[MK-T11.1/¥Ym1  TIpuMeHsITH  aKTyaJdbHYI0  HOPMATHBHYIO  JIOKYMEHTAllUIO B
COOTBETCTBYIOIIICH 00JIaCTH 3HAHHUI

[MK-I11.1/¥YM2 Ananu3upoBaTh HAy4YHYIO MPOOJEMAaTHKYy COOTBETCTBYIOIIECH O0O0JacTh
3HAHUI

[MK-T11.1/¥YM3 IlpumMeHATh METOABI M CPEICTBA TUIAHWPOBAHWSA, OpTaHHU3AIUH,
NPOBEIACHUSI M BHEAPEHUS HAay4YHBIX HCCIEJOBAHUNA M OIBITHO-KOHCTPYKTOPCKUX
pa3paboTok

Braoems:

[IK-TT1.1/HB1 Amnanu3 pe3ynsTaroB pabOT COMCIHOJHUTENCH, YYacTBYIOIIUX B
BBIMIOJTHEHUU PadoT ¢ APYTUMHU OpraHU3alUSIMU

[IK-TT1.1/HB2  Pa3paGoTka  MEpONpHUATHH TO  KOOPAWHAIIMU  JIEITEIbHOCTH
COMCIIOJIHUTENIEH, yUYaCTBYIOIIUX B BHIIIOJTHEHUH PaObOT C IPYyTMMHU OpraHU3alUsIMU
[IK-TT1.1/HB3 KoHTpons peanmu3anuyd IJJAHOB MEPONPHUATHA IO KOOPAMHAIIUH
NESTEJIbHOCTH COUCIOJIHUTENEH, YyYacTBYIOIIMX B BBINOJIHEHUU pabOT C JIpyruMH
OpraHu3alUsIMU

TTonrorosneno B cucteme 1C:Yuusepcurer (000007684) Crpanutia 4 u3 73



[IK-IT1.1/HB4 TIloarotoBka M TpeaCTaBICHHE PYKOBOJICTBY OTYETOB O peasn3allui
IUTAHOB MEPOMNPUATUH 110 KOOPIMHALMH AESITEIBHOCTH COUCIIOIIHUTENEH, YIaCTBYIOIINX
B BBIIIOJTHEHUU padOT ¢ APYTUMH OPTaHU3aALUSIMH

[IK-IT1.2 Omnpenenenue cdepbl NPUMEHEHUS PE3YJIbTAaTOB HAYYHO-HCCIEIOBATEIBCKUX U
OTIBITHO-KOHCTPYKTOPCKHUX padoT

3name:

[IK-IT11.2/311  OreyecTBeHHass ©W  MEXIyHapoiHass  HOpMaTWBHas  0Oa3a B
COOTBETCTBYIOIIIECH 00JIaCTH 3HAHHUI

[TK-I11.2/382 OCHOBBI 3KOHOMHKH, OpTaHU3alMK MTPOW3BOACTBA, TPYAA W YNPaBICHUS
OpraHu3amuen

[MK-I11.2/383 Mertonpl pa3paboTKu WHGOPMAIIMOHHBIX, OOBEKTHBIX, TOKYMEHTHBIX
MOJIeJIel TPOU3BOACTBEHHBIX OPraHU3AUI

Ymems:

[K-I11.2/Ym1l  TIpuMeHATH  aKTyaJibHYyI0  HOPMATUBHYIO  JOKYMEHTAllMI0 B
COOTBETCTBYIOIIEH 00JIaCTH 3HAHUI

[K-I11.2/YM2 TlpumeHATh MeTOAbI pa3paboTku HMH(OPMAIMOHHBIX, OOBEKTHBIX,
JOKYMEHTHBIX MOJIEJICH MPOU3BOICTBEHHBIX MPEATIPUATUN

Braoemes:

[TK-I11.2/HB1 AHanmu3  BO3MOXHBIX ~ 00jacTeli  NMPUMEHEHHs]  PE3yJbTaToB
HAy4YHO-KCCIIEI0BATENbCKUX M OMBITHO-KOHCTPYKTOPCKUX paboT

[MK-I11.2/HB2 Opranuzamnus BHEAPEHUS PE3ylIbTaTOB HAYyYHO-MCCIICIOBATCIIBCKUX U
OTIBITHO-KOHCTPYKTOPCKHUX paboT

[MK-IT1.2/HB3 OGecrneyeHne HAyYHOTO PYKOBOJICTBA MPAKTHUECKOW peanu3anuei
Pe3yabTaTOB HAYYHBIX HCCIEA0BAHUMN U ONBITHO- KOHCTPYKTOPCKUX paboT

[TK-I11.2/HB4 KonTposb peanu3anuu BHEAPECHUS pe3yabTaToOB
HAy4YHO-KCCIIEI0BATENbCKUX M OMBITHO-KOHCTPYKTOPCKUX paboT

[TK-I11.2/HBS OcymiecTBieHrne MOATOTOBKHA M TPEACTABICHHUS] PYKOBOJICTBY OTYETa O
MPAKTUYECKOM peanu3aluy pe3yJbTaroB HAyYHbIX HCCIEJOBAHUA W  OMBITHO-
KOHCTPYKTOPCKHUX padoT

[1K-I11.3 Brnageer HaBbikaMu (pOPMUPOBAHMS HOBBIX HANpaBlICHUH HAYYHBIX MCCIIEOBAHUHN U
OIBITHO-KOHCTPYKTOPCKHUX pa3paboToOK

3name:

IK-I11.3/3u1  OredecTBeHHass W  MEXIyHapoaHas  HOpMaTHBHas  0Oaza B
COOTBETCTBYIOIIEH 00IACTH 3HAHUI

[IK-I11.3/382 Hayunas npoGiemMaTiuka COOTBETCTBYIOIIEH 00IacTH 3HAHUN

[IK-T11.3/383 Metoapl, cpeAcTBAa W TMPaKTHKAa IUIAHWPOBAHUS, OpraHU3alIluH,
NPOBEIACHUS] M BHEAPEHUS HAay4yHBIX HCCIEJOBAHUNA M OIBITHO-KOHCTPYKTOPCKUX
pa3paboTok

Ymems:

[MK-111.3/¥Ym1  [IpuMeHsTH  aKTyaJdbHYI0  HOPMATHBHYIO  JIOKYMEHTAllUIO B
COOTBETCTBYIOIIIECH 00JIaCTH 3HAHHUI

[MK-111.3/YM2 AHanu3upoBaTh HOBYIO HAay4YHYIO MpOOJIEMAaTHKy COOTBETCTBYIOIIEH
o0nacTu 3HaHUU

[MK-111.3/YM3 IlpuMeHATh METOABI M CPEICTBA TUIAHUPOBAHWS, OpTaHHU3AIUH,
NPOBEIACHUS] M BHEAPEHUS HAay4yHBIX HCCIEJOBAHUNA M OIBITHO-KOHCTPYKTOPCKUX
pa3paboToK

Braoems:

[IK-TT1.3/HB1 TlpoBenenme aHamm3a HOBBIX HANpPABJICHWA WCCICNOBAaHUNA B
COOTBETCTBYIOIIICH 00JIaCTH 3HAHUI
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TIK-I11.3/HB2 O6ocHOBaHue NEPCIEKTUB MIPOBEICHUS HUCCIEI0BaHUI B
COOTBETCTBYIOIIEH 00IaCTH 3HAHUI

[IK-I11.3/HB3 @®opMupoBaHHE MPOrpaMM TPOBEACHHUS MCCICJOBAaHUM B HOBBIX
HaIpPaBICHUIX

[IK-IT12 CnocoGeH BecTH caady MpOeKTa, coOMpaTh W aHAJM3UPOBATH MHEHHUS W 3aMEYaHUs
3aKa34MKa 10 BBIIIOJHEHUIO IPOEKTAa U IpeylaraTb COOTBETCTBYIOLME PELICHMSL.

[TIK-IT12.1 3naer meToAbl IJIAHUPOBAHUS W OpPraHU3aIMU PadOT MOMYWHEHHBIX CHUCTEMHBIX
aQHAJIMTUKOB HA BCEM KU3HEHHOM LIUKJIE CHCTEMBbI

3namu:
[TK-IT12.1/3u1 MeToap! kKaleHIapHO-PECYPCHOTO TUTAHUPOBAHUS

MK-I112.1/382 MeTonbl 1 HHCTPYMEHTHI 00CIIEI0OBaHNUS, IPOCKTUPOBAHUS U Pa3pabOTKU
TpeOOBaHUI U MPOEKTHBIX PELICHUN

[K-I112.1/383 TexHonorus NpOU3BOACTBA MPOTPAMMHOTO 00ECTIEUECHHUS

[MK-I112.1/384 O6mue moHsATHS 0 QYHKIMIX MOTpeOuTeNeH TpeOOBaHUN M MPOEKTHBIX
PEIICHHIA: TECTHPOBIIUKOB, MPOrPAMMHKCTOB, apXHTEKTOPOB, TEXHUYECKUX IHCATEINCH,
aJIMIHUCTPATOPOB, CIICIIHATIMCTOB TEXHUYECKOH MOJICPIKKH

Ymemo:

[TK-1T12.1/Ym1 [Tonb30BaThCst HHCTPYMEHTAMH KaJICHIAPHO-PECYPCHOTO IIAHUPOBAHUS
MK-I112.1/Ym2 Tlonb30BaThes CUCTEMaMH YIPABICHUS 3a/1a9aMU

[TK-I112.1/YM3 Bectu aenoBbie eperoBOpbl M KOH(DIUKTHBIE TIEPETOBOPHI
[K-I112.1/YM4 ®acunutupoBarh 1 MOJIEPUPOBATh PabOTy IPYIIIIEI

[TK-IT12.1/YM5 Bectu aenoByto nepenucKy

MK-I112.1/YM6 ®opmMann30BbIBaTh BXOASIINE TPEOOBAHUS U 3aIIPOCHI

[TK-IT12.1/YmM7 Opranu3oBbIiBaTh TPOCSKTHBIE PAOOTHI

MK-I112.1/YM8 YrpaBnsats paboToil rpymniisl

Braoemy:

[IK-IT12.1/HBl BeigBnenue mnoTpeOuTeneld, meneldl W KOHTEKCTa HCIOIb30BAHUS
TpeOOBaHUI U IPOEKTHBIX PELICHUN

[K-I112.1/HB2 Omnpenenenne UCTOUHUKOB WH(POPMALIUU Ui TPEOOBAHUN U MPOEKTHBIX
peleHui

[K-IT12.1/HB3 Br160op MeTO10B pa3paboTKu TPpeOOBAaHHM U MPOEKTHBIX PEIICHUI
[IK-IT12.1/HB4 Bpi6op THUTIOB W aTpuOyTOB TpeOOBAaHWN W SJIEMEHTOB MPOSKTHBIX
peleHui

[TK-IT12.1/HB5 Bp16op 1m1abJ0HOB MPOMEKYTOUYHBIX M (UHAIBHBIX JTOKYMEHTOB MJIS
TpeOOBaHUI M MPOEKTHBIX PEIICHUMN

[TK-IT12.1/HB6 CocTaBieHre 1 COTIIaCOBAaHUE MEPEYHSI ITOCTABOK

[IK-I112.1/HB7 JlocTwkeHHe IOTOBOPEHHOCTEH ¢ MoTpeduTenssMu TpeOOBaHUN U
NPOEKTHBIX PEUICHUH 0 METOJaX U MPOLEAYype NPUEMKH TpeOOBaHUN

[K-IT12.1/HB8 Onpenenenue cocraBa paboT 1o pazpadoTke TpeOboBaHUN
[TK-IT12.1/HB9 Coznanue kajeHIapHO-PECYpCHOTO Tpaduka padboT

MK-I112.1/HB10 Omnpenenenue TpeOOBaHUN K KOMIIETEHIMSM HCIIOJHHUTEICH pa3HBIX
pabot no co3nanuio TpeOboBaHUI

[K-IT12.1/HB1l  Ompenenenne  rpaduka  KOHTPOJBHBIX  MEPONPUATHH IO
aHAJTUTHYECKUM paboTam

[IK-IT12.1/HB12 OmnpenencHrie KaHAUIATOB HA UCTIOTHEHHUE OTICIHHBIX AaHAIUTUICCKUX
pabor

MK-I112.1/HB13 IlocTanoBka 3a1au Ha pa3pabOTKy IUIAHOB aHAIUTHYECKHUX paldoT 1o
OTAETHHBIM YaCTSIM CUCTEMBI
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[IK-IT12.1/HB14 HuTerpamus IMJIaHOB aHATUTHYECKHX PAa0OT MO OTIACIBHBIM YaCTSIM
CHCTEMEI B €IUHBIN IIJIaH

[TK-IT112.1/HB15 CornacoBanue riaHa aHaJIUTHIECKUX pabOT ¢ MEHEKEPOM MPOEKTa
[TK-IT12.1/HB16 Onpenenenre cocTaBa aHATUTHYECKON TPYIIIBI POEKTA
IIK-I112.1/HB17 IlpoBeneHne 3HaKOMCTBA yYaCTHUKOB aHAJIUTHYECKON TPYIIIBI
[TK-IT12.1/HB18 [IpeacraBieHue u o0CyXaeHNE TIaHA AHATUTHYECKUX paboT

[IK-I112.1/HB19 Pacnpenenenue pojieil U aHATUTUYECKUX pabOT MEXAY y4aCTHUKAMU
AQHAJIMTUYECKOW IPYMIIBI IPOEKTA

[IK-I112.1/HB20 OTBeTbl Ha BOMPOCHI U MPEIOKEHHUS YYaCTHHUKOB AaHAJIUTHUECKOU
IpynIbl IpOEKTa

MK-I112.1/HB21 JlocTmwkeHHe COMMAIEHUH C BlaielbliaMHd PECYpCOB O BBIJICICHUH
PECYPCOB /1715 BHITIOJTHEHUS aHAJTUTUYECKUX Pa0OT B MPOEKTE

[IK-I112.2 Ymeer miIaHUpPOBATRE W OPraHU30BBIBATH PAOOTHI TMOAYMHEHHBIX CHUCTEMHBIX
AQHAJIUTUKOB HAa BCEM KU3HEHHOM LIUKJIE CUCTEMBbI

3nams:
MK-I112.2/3u1 MeTonb! KajaeHIapHO-PECYPCHOTO TUIAHUPOBAHUS

[TK-1112.2/382 MeToasl 1 HHCTPYMEHTBI 00CIIeIOBAHUS, TPOCKTUPOBAHUS U Pa3pabOTKu
TpeOOBaHMI M MPOEKTHBIX PEIICHUMN

[TK-I112.2/383 Bunbl 1o0KyMeHTOB U apTe(akToB TpeOOBaHUN W MTPOCKTHBIX PEIICHUIMA
[TK-I112.2/384 TexHOMOTHS TOCTPOCHUS ABTOMaTU3UPOBAHHBIX CUCTEM

[TK-I112.2/3u85 TexHomorus mMpou3BOACTBA MIPOTPAMMHOTO 00€CIICUCHHSI

MK-I112.2/386 O6mue nouatust o GpyHKIHUAX noTpeduTeneit TpeOOBaHNN U MPOEKTHBIX
pEIIeHHIi: TECTUPOBIIUKOB, MPOrPAMMHUCTOB, apXUTEKTOPOB, TEXHUYECKUX IHCaTelNeH,
aJIMUHUCTPATOPOB, CHEIIMATINCTOB TEXHUYECKOH MOJIEPIKKU

Ymemu:

[K-I112.2/Ym1 Tlonb30BaTbes MHCTPYMEHTAMHU KaJIeHIApHO-PECYPCHOTO IJIAHUPOBAHUS
[TK-1112.2/Ym2 Tlonb30BaThCsl CHCTEMaMHU YITPABJICHHS 3ajauaMu

[IK-I112.2/YM3 Bectu nenoBbie IEperoBopbl U KOHGIUKTHBIE TIEPETOBOPHI
[TK-1112.2/YM4 ®acunutupoBath U MOAEPUPOBATH PAOOTY TPYIIITHI

MK-I112.2/YM5 ®opMann30BbIBaTh BXOASIINE TPEOOBAHUS U 3aIIPOCHI

[TK-I112.2/YM6 Opranu3oBbIBaTh TPOCKTHBIE PAOOTHI

[K-IT12.2/Ym7 [IpoBoauTh COBEIIAHUS

[TK-1112.2/YM8 YnpaBnsaTe pabOTOM rpyIIITbI

Braoemy:

[IK-TIT12.2/HB1 BreisBaeHue mnoTrpeOuTeneit, meneid W KOHTEKCTa HCIOIb30BAHMS
TpeOOBaHUI M MPOEKTHBIX PEIICHUMN

[TK-IT12.2/HB2 Omnpenenenre NCTOYHUKOB MHPOPMAITUN 1JIs1 TpeOOBAaHUN M TTPOCKTHBIX
pelieHui

[TK-I112.2/HB3 Br160p MeTO0B pa3pabOTKu TPEOOBAHMI M MPOEKTHBIX PEIICHUN
[IK-I112.2/He4 Bpi6op THMOB U aTrpuOyTOB TpPeOOBAaHMI W 3JIEMEHTOB IMPOEKTHBIX
peleHui

MK-I112.2/HB5 Bpi6op 1m1aGI0HOB MPOMEXKYTOUHBIX M (DUHANBHBIX JOKYMEHTOB JIs
TpeOOBaHUI U IPOEKTHBIX PELICHUN

[IK-I112.2/HB6 JlocTmKeHHE OTOBOPEHHOCTEH ¢ MoTpeduTenssMu TpeOOBaHUN U
NPOEKTHBIX PEUICHUH 0 METOJaX U MPOLEAype NPUEMKH TpeOOBaHUN

[K-I112.2/HB7 Onpenenenue cocraBa paboT 1o pa3zpadoTke TpeboBaHUM
[TK-1T12.2/HB8 Coznanue kajeHIapHO-PECYpCHOTO Tpaduka padboT

MK-I112.2/HB9 Ompenenenue TpeOOBaHUI K KOMIETEHIMSIM HCIOIHUTEICH pa3HBIX
pabot no co3nanuo TpeOboBaHUN
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[IK-I112.2/HB10  Ompenenenne  rpaduxka  KOHTPOJBHBIX  MEPONPHATHH  TIO
aHAJIUTHYECKUM paboTam

[IK-IT12.2/HB11 Onpenenenrne KaHAUAATOB HA UCTIOTHEHHUE OTICIHHBIX aHATUTHICCKUX
pabot

MK-I112.2/HB12 TlocTaHoBka 3a1au Ha pa3pabOTKy IUIAHOB aHAIUTHYECKHUX paldoT 1o
OTJIEJIBHBIM YaCTSIM CHCTEMBI

MIK-IT12.2/HB13 HHTerpamus IMIaHOB aHATUTHYECKHX PAa0OT MO OTIECIBHBIM YacCTSIM
CHCTEMEI B €IUHBIN IIJIaH

[TK-I112.2/HB14 CornacoBaHue IuiaHa aHaJIUTUIECKUX PabOT ¢ MEHEKEPOM MPOEKTa
[TK-I112.2/HB15 Onpenenenre cocTaBa aHATUTHUECKON TPYIIIBI POEKTA
[K-I112.2/HB16 IlpoBeneHne 3HaKOMCTBA yYaCTHUKOB aHAJIUTHYECKON TPYIIIBI
[TK-1112.2/HB17 [IpeacraBnenue u oOCyXaeHNE TIaHa AaHATUTHYECKUX paboT

[IK-I112.2/HB18 Pacnpenenenue posieil U aHATUTUYECKUX pabOT MEXAY y4aCTHUKAMU
AQHAJIMTUYECKOW IPYMIIBI IPOEKTA

[IK-I112.2/HB19 OTBeTbl Ha BOMPOCHI U MPEIOKEHHUS YYACTHHUKOB aHAIUTHUECKOU
IpynIbl IpOEKTa

MK-I112.2/HB20 JlocTmkeHHe COMAIEHUH C BaJelbllaMHd PECYpCOB O BBIJICICHUH
PECYPCOB /1715 BHIIOJIHEHUS aHATTUTUYECKUX Pa0OT B MPOEKTE

[K-I112.3 Bnmameer HaBbIKAMU IUTAHUPOBAHHUS W OPTraHM3aIlMM pabOT MOAYMHEHHBIX
CUCTEMHBIX aHAIUTUKOB Ha BCEM KU3HEHHOM IIUKJIE CUCTEMEI

3nams:
MK-I112.3/3u1 MeTonb! KajaeHIapHO-PECYPCHOTO TUIAHUPOBAHHUS

[TK-1112.3/382 MeToasl 1 HHCTPYMEHTBI 00CIIeIOBAHHUS, TPOCKTUPOBAHUS U Pa3pabOTKu
TpeOOBaHMUI M MPOEKTHBIX PEIICHUMN

[TK-1112.3/383 Bunbl 1o0kyMeHTOB U apTe(akToB TpeOOBaHUN U MTPOCKTHBIX PEIICHUIMA
[K-I112.3/384 TexHon0rHs NPOU3BOACTBA IPOTPAMMHOTO 00ECTIEUCHHUS

[MK-IT12.3/385 O6mue moHsATHS 0 QyHKIMIX MOTpeOuTeNeH TpeOGoBaHUN M MPOEKTHBIX
PEIICHUIA: TECTHPOBIUKOB, IMPOrPAMMHKCTOB, apXHTEKTOPOB, TEXHUYECKUX TIHCATEINEH,
aJIMAHUCTPATOPOB, CIICIIHATIMCTOB TEXHUYECKOH MOJICPIKKH

Ymemo:

[TK-1T12.3/Ym1 [Tonb30BaThCst HHCTPYMEHTAMH KaJCHIAPHO-PECYPCHOTO IIAHUPOBAHUS
MK-I112.3/Ym2 Tlonb30BaThes CUCTEMaMH YIPABICHUS 3a/1a9aMU
[TK-I112.3/YMm3 Bectu aenoBbie eperoBOpbl M KOH(PIUKTHBIE TIEPETOBOPHI
[K-I112.3/YMm4 ®acunutupoBarh ¥ MOJIEPUPOBATh PabOTy TPYIIIIEI
[TK-1112.3/YM5 Bectu aenoByro nepenucky

[K-I112.3/YM6 ®opMann30BbIBaTh BXOASIINE TPEOOBAHUS U 3aIIPOCHI
ITK-I112.3/YMm7 Opranu3oBbIiBaTh TPOCKTHBIC PAOOTHI

[K-IT12.3/YMm8 [IpoBoauTh COBEIIaHuUs

[TK-1112.3/YM9 YnpaBnsate paboTOM rpyIIImbI

Braoemy:

[IK-TT12.3/HB]l BreisBaeHue mnoTrpeOuTeneit, meneid W KOHTEKCTa HCIOIb30BAHMS
TpeOOBaHUI M MPOEKTHBIX PEIICHUMN

[TK-IT12.3/HB2 Omnpenenenre HCTOYHUKOB MHPOPMAITUU IJIs1 TpeOOBAHUN M TTPOCKTHBIX
pelieHui

[TK-1112.3/HB3 Br160p MeTO0B pa3pabOTKu TPEOOBAHUI M MPOEKTHBIX PEIICHUN
IIK-I112.3/He4 Bpi6op THMOB U arpuOyTOB TpeOOBAaHMA W DJIEMEHTOB MPOEKTHBIX
pereHui

MK-I112.3/HBS Bpi6op 1m1aGi0HOB MPOMEXKYTOUHBIX M (DUHAIBHBIX JOKYMEHTOB IS
TpeOOBaHUI U MPOEKTHBIX PELICHUN

[MK-IT12.3/HB6 CocTaBiieHHE U COTTACOBAHUE MEPEUHS TOCTABOK
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[K-I112.3/HB7 JlocTwKeHHe OTOBOPEHHOCTEH ¢ MoTpeduTtenssMu TpeOOBaHUN U
INPOEKTHBIX PEUICHUH 0 METOJaX U MPOLEAYype NPUEMKHU TpeOOBaHUN

[K-I112.3/HB8 Onpenenenue cocraBa paboT 1o pazpadoTke TpeOboBaHUM
[TK-1T12.3/HB9 Coznanue kajneHIapHO-PECYpCHOTO Tpaduka padboT

MK-I112.3/HB10 Omnpenenenue TpeOOBaHUN K KOMIIETECHIMSM HCIIOJHHUTEICH pa3HBIX
pabot no co3nanuio TpeOboBaHUI

[K-IT12.3/HB1l  Ompenenenuie  rpaduka  KOHTPOJBHBIX  MEPONPUATHH IO
aHAJTUTHYECKUM paboTam

[IK-IT12.3/HB12 OmnpenencHue KaHAUIATOB HA UCTIOTHEHHUE OTICIHHBIX aHAIUTUICCKUX
pabor

MK-I112.3/HB13 IlocTanoBka 3amau Ha pa3pabOTKy IUIAHOB aHAIUTHYECKHUX paldoT 1o
OTAETHHBIM YaCTSIM CUCTEMBI

[IK-IT12.3/HB14 HuTerpamus IJIaHOB aHATUTHYECKHX PAa0OT MO OTICIBHBIM YacCTSIM
CHCTEMEI B €IUHBIN IIJIaH

ITK-IT112.3/HB15 CornacoBanue riaHa aHaJIUTHIECKUX pabOT ¢ MEHEHKEPOM MPOEKTa
[TK-IT12.3/HB16 Onpenenenre cocTaBa aHATUTHYECKON TPYIIIBI POEKTA
[IK-IT112.3/HB17 IlpencraBienue u o0CyXI€HHE TUIaHA AHATUTUIECKUX PabOT
[TK-1112.3/HB18 Pacnpenenenue poneil U aHATUTHYECKUX PaObOT MEXIy yJaCTHUKAMHU
AQHAIUTUYECKOU TPYMIBI MPOEKTa

[MK-1T112.3/HB19 OTBeThl Ha BOMPOCHI W TMPEIIOKECHHS YYaCTHHUKOB aHATUTHYECKOU
IpyNIbl IpOeKTa

[MK-1112.3/HB20 JlocTwkeHre COTAIIeHUH C BIaJeibllaMHd PECYpPCOB O BBIICICHUU
pecypcoB NSl BBINOJIHEHUSI aHAIUTUYECKUX padoT B IPOEKTE

[TIK-IT15 CriocoGHOCTh HCIOJIB30BaTh 3HAHWE OCHOBHBIX METO/IOB MCKYCCTBEHHOTO WHTEJUICKTA B
nocjeaywmed  npodecCHOHANTbHON — JEATeTbHOCTH B KaueCTBE HAYYHBIX  COTPYIHHKOB,
MpenoaBaTeseii 00pa3oBaTeIbHBIX OPraHU3alUN BBICIIIETO 00pa30BaHUs, MHKEHEPOB, TEXHOJIOTOB.

[IK-IT15.1 3naer wMeromsl ympaBiaeHUs HWHGOpPMANKME B  mpolecce  pa3pabOTKu
KOMIIBIOTEPHOTO MPOTPaMMHOTO 00€CTICYCHUS

3namu:

[IK-TT115.1/3u1  Meromonoruu  pa3pabOTKH  KOMIIBIOTEPHOTO  MPOTPAMMHOTO
oOecriedyeHus

[MK-I115.1/382 Metonomorun ynpaBieHUsT MPOEKTaMH Pa3pabOTKU KOMIBIOTEPHOTO
MIPOTrPaAaMMHOTO OO0ECTICUCHUS

[MK-I115.1/383 Merogomorus  OpraHU3allMA  CUCTEMBI  YNPABICHUS  BEPCHUSIMH,
pPEno3UTOpHsI, CUCTEMBbI ydeTa 3aJa4 U Je(eKTOB, CUCTEMbl COOPKH U HEMpPEephIBHON
UHTerpanuu, 0a3bl 3HAaHUW Ui  pa3pabOTKU  KOMIBIOTEPHOTO  MPOTPaMMHOIO
oOecriedyeHus

[MK-1115.1/384 Jlydmwe TpakTUKH YOpaBICHHS Ppa3paOOTKOW  KOMITHIOTEPHOTO
MIPOTPaAaMMHOTO OO0ECIICUCHUS

[TK-I115.1/385 OcHOBHBIE MPUHIMIIBI 1 METO/IbI YIIPABJICHUS TIEPCOHAIOM
[K-I115.1/386 HopmaTHBHO-TEXHUYECKHE JIOKYMEHTHI (CTAHAAPThI M PEIIaMEHTHI),
OMHCHIBAIOIINE TIPOIECChl yIpaBlieHUWss wuHpopManueir B KoMaHAE pa3pabOTKU
KOMIIBIOTEPHOT'O MPOrPaMMHOT0 00ecTieueHus

[TK-I115.1/307 TexHOJIOTHH MEXIMYHOCTHON W T'PYIIOBON KOMMYHHKAIIUU B JIEJIOBOM
B3aMMO/ICHCTBUU, OCHOBBI KOH(IUKTOIOTUN

Ymemu:

MK-I115.1/Ym1 IlpumMeHSATs METOAOIOTUU Pa3pabOTKH KOMITBIOTEPHOTO MPOTrPaMMHOTO
obecrieyeHus

M[K-I115.1/YmM2  [IpuMeHSATh, METONOJOTHHM YHpPABICHUS MPOEKTaMH pa3paboTKu
KOMIIBIOTEPHOT'O MPOrPaMMHOT0 00ecTieueHus

TTonrorosneno B cucteme 1C:Yuusepcurer (000007684) Crpanuria 9 u3 73



[K-I115.1/¥YmM3  TlpumeHATs, Jy4llide MPaKTUKH  pa3paboTKH  KOMIIBIOTEPHOTO
MPOrPaMMHOTO 00ECTICUCHHSI M OTPaXaTh WX B 0aze 3HaAHUU

[K-I115.1/Ym4 TlpumMeHsTh OCHOBHBIE IPUHIIUITBI U METO/IBI YIIPABICHHS IEPCOHATIOM
[MK-T115.1/YM5 TlpuMmeHSATh HOPMATUBHO-TEXHUYECKHUE JIOKYMEHTHI (CTaHAApTHI |
peraMeHThbl), OIMMCHIBAIOIIME IPOLIECCHl YIpaBleHUs UHGoOpManueil B KOMaHJe
pa3pabOTKH KOMITBIOTEPHOTO MMPOTPAMMHOTO 00€CTICUEHUS

Braoems:

[IK-TT15.1/HB1  Pa3pabotka permameHTOB oOMeHa wWHOpManueid B KOMaHJE
pa3pabOTUYNKOB KOMITBIOTEPHOTO MPOTPAMMHOTO 00€CTICUEHUS

[TIK-TT15.1/HB2 MonutopuHr coOmroneHuss periaMeHTa oOMeHa wuHGoOpManueil B
KOMaHie pa3paboTUNKOB KOMIIBIOTEPHOTO MPOTrPAMMHOI0 00eCIeueHust

[MK-I115.1/HB3 TlpunsaTHEe yNpaBIeHYSCKHX PEIICHHH IO pe3yiabTaraM MOHUTOPHHTA
coOmroeHnsl  periaMeHTa oOMmeHa wWHoOpManued B KOMaHAE pa3paOOTUYUKOB
KOMITBIOTEPHOTO IPOrPaMMHOTO 00eCTIeUeHUs

[IK-I115.2 Ymeer ymnpaBnare wuH(popMaimeidr B mpouecce pa3pabOTKU KOMIBIOTEPHOTO
MPOrPaMMHOTO 00eCTICUeHUS

3namo:

[K-I115.2/3u1  Metomonoruu  pa3pabOTKM  KOMITBIOTEPHOTO  MPOTPAMMHOTO
o0ecrieyeHus

[K-I115.2/382 MeTononoruy ynpasjieHUsT NPOEKTaMH pPa3padOTKU KOMITbIOTEPHOTO
IPOTPaMMHOTO 00€CTICYCHHS

MK-I115.2/383 MeTononoru  OpraHu3aliil  CUCTEMbI  YIPABICHUS  BEPCHSIMH,
PEMO3UTOPHSI, CUCTEMBbI yueTa 3a7ad M JAe(EeKTOB, CUCTEMbl COOPKM M HENpEphIBHON
UHTErpanuy, 0a3bl 3HAHUM Ui pa3pabOTKM  KOMIBIOTEPHOTO  MPOrPAMMHOIO
obecrieyeHus

[K-I115.2/384 Jlyumme TpakTUKH YOpaBiIeHUs pa3pabOTKOW  KOMIIBIOTEPHOTO
IPOTPaMMHOTO 00eCTICYCHHS

MK-I115.2/3u5 OcHOBHBIE IPUHLIUIIBI U METOBI YIIPABICHUS IEPCOHATIOM
[TK-I115.2/3u6 HopmaTHBHO-TEXHUYECKHE IOKYMEHTHI (CTaHIAPThl M PETIAMEHTHI),
ONMCHIBAIOUINE TPOLECCHl yIpaBlieHuss HHpopMmanueir B KoMmMaHAe pa3pabOTKu
KOMITBIOTEPHOTO IPOTPaMMHOTO 00eCTIeUeHUs

Ymemo:

[MK-I115.2/Ym1 TlpuMeHSTh METOMOJIOTHH Pa3pabOTKH KOMITBIOTEPHOTO MPOTPaMMHOTO
o0ecriedyeHus

[MK-1115.2/Ym2  TlpuMeHATh METOMOJIOTHH YIPABJICHHS TMPOEKTaMH pa3paOdOTKH
KOMITBIOTEPHOTO IPOTPaMMHOT0 00eCTIeUeHUs

[MK-T115.2/Ym3  TlpuMeHsTh JIydIIHMe€ TMPAKTHKHA  Pa3paObOTKH  KOMITBIOTEPHOTO
MIPOTrPaMMHOTO OOECIICUCHUS U OTPaXKaTh MX B 0a3e 3HAHUU

[MK-1115.2/Ym4 TlpuMmeHSTh HOPMATUBHO-TEXHUYECKHUE JIOKYMEHTHI (CTaHMApTHI |
peraMeHThbl), OMMCHIBAIOIIME IMPOLIECCHl YIpaBleHUs UHPoOpManueil B KOMaHJe
pa3pabOTKH KOMITBIOTEPHOTO MMPOTPAMMHOTO 00€CTICUEHUS

[K-I115.2/YM5 OcymiecTBasaTh KOMMYHUKAIMU C 3aHHTEPECOBAaHHBIMH CTOPOHAMHU
Braoemy:

MK-I115.2/HB1 Opranuszanus CUCTEMbl KOHTPOJISI BEPCHIA, PEIIO3UTOPUS, CHCTEMBI y4eTa
3a1a4 U 1e(eKToB, CUCTEMbl COOPKH M HENpPEPBHIBHOW MHTErpanuu, 0a3bl 3HAHUN JUIS
pa3paboTKH KOMIIBIOTEPHOTO MPOTPAMMHOTO 00eCTIeUeHUs

[IK-TT15.2/HB2 Pa3paboTka permameHTOB oOMeHa wHOpManueid B KOMaHJE
Ppa3pabOTUYNKOB KOMITBIOTEPHOTO MPOTPAMMHOTO 00€CTICUEHUS

[MK-IT115.2/HB3 MonutopuHr coONIOneHus periaMeHTa oOMeHa wuHGoOpManueil B
KOMaHie pa3paboTUNKOB KOMIIBIOTEPHOTO MPOTrPAMMHOI0 00eCIeueHust
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[IK-I115.3 Bnaneer HaBbIKaMHM yHpaBIeHUS HWHPOpPMaLuel B mpolecce pa3padOTKu

KOMIBIOTEPHOTO MPOTrPaMMHOT0 00€CTIeUeHUs
3namo:
[K-I115.3/3u1  Metomonorun  pa3pabOTKW  KOMITBIOTEPHOTO  MPOTPAMMHOTO
obecrieyeHus
[K-I115.3/382 MeTomonoruy ynpasieHUsT NPOEKTaMH pPa3padOTKU KOMITbIOTEPHOTO
IPOTPaMMHOTO 00eCTICYCHHS
MK-I115.3/383 MeTononoru  OpraHu3aliil  CUCTEMbl  YIPABICHUS  BEPCHIMH,
PEMO3UTOPHSI, CUCTEMBbI yueTa 3a7ad M Je(EeKTOB, CUCTEMbl COOPKM M HENpEpPbIBHOMN
UHTErpanuy, 0a3bl 3HAHUM Ui pa3pabOTKM  KOMIBIOTEPHOTO  MPOrPAaMMHOIO
obecrieyeHus
MK-I115.3/384 Jlyumme TpakTUKH YOpaBieHUs pa3pabOTKOW  KOMIBIOTEPHOTO
IPOTPaMMHOTO 00ECTICYCHHS
MK-I115.3/385 HopMaTHBHO-TEXHUYECKHE JIOKYMEHTHI (CTAHAApPThl M PEIIaMEHTHI),
OTNMCHIBAIOUINE TMPOLECCHl  ympaBieHuss HH(opManueld B KOMaHAe pa3pabdOTKu
KOMIIBIOTEPHOT'O MPOrPaMMHOT0 00ecTieueHus
[TK-I115.3/306 TexHOJIOTHMH MEXIMYHOCTHON W T'PYIIIOBON KOMMYHHKAITUU B JIEJIOBOM
B3aMMOJICHCTBUH, OCHOBBI KOH(DIMKTOIOTUU
Ymemu:
MK-I115.3/Ym1 IlpuMeHSATh METOAOIOTUU Pa3pabOTKH KOMITBIOTEPHOTO MPOTrPaMMHOTO
obecrieyeHus
MK-I115.3/YM2  [IpuMeHSATH METONOJOTHHM YHpPAaBICHUS MPOEKTaMH pa3paboTKu
KOMIBIOTEPHOTO MPOrPaMMHOT0 00ecTieueHus
[K-I115.3/YmM3  ITlpumeHATH Jy4llde MPaKTUKH  pa3paboTKH  KOMIIBIOTEPHOTO
MPOrPaMMHOTO 00ECTICUCHHSI M OTPaXaTh WX B 0a3e 3HaAHUU
[K-I115.3/Ym4 TlpumMeHsTh OCHOBHBIE IPUHIIMITBI U METO/IBI YIIPABICHHS IEPCOHATIOM
[MK-I115.3/YM5 TlpuMeHSATh HOPMATUBHO-TEXHUYECKHUE JIOKYMEHTHI (CTaHMApTHI |
perIaMEeHThbI), ONMCHIBAIOIIME IPOLECChl YNpaBlIeHUs HWHPOpMalueil B KoMaHJe
pa3pabOTKH KOMITHIOTEPHOTO MTPOTPAMMHOTO 00eCTICUEHUS
MK-I115.3/YM6 OcymiecTBisaTh KOMMYHUKAIMU C 3aHHTEPECOBAaHHBIMH CTOPOHAMHU
Braoemy:
MK-I115.3/HB1 Opranuszanus CUCTEMbl KOHTPOJISI BEPCHIA, PEIIO3UTOPUS, CHCTEMBI y4eTa
3a1a4 U 1e(eKToB, CUCTEMbl COOPKH M HENpPEPBHIBHOW MHTErpanuu, 0a3bl 3HAHUN JUIS
pa3paboOTKH KOMIIBIOTEPHOTO MPOTPAMMHOTO 00€eCIICUeHUs
[IK-IT15.3/HB2 Pa3pabotka permameHTOB oOMeHa wHOpManueid B KOMaHJE
Ppa3pabOTUYNKOB KOMITBIOTEPHOTO MPOTPAMMHOTO 00€CTICUEHUS
[MK-IT115.3/HB3 MonutopuHr coOmroneHuss periaMeHTa oOMeHa wuHGoOpManueil B
KOMaH/1e pa3pabOTYMKOB KOMIIBIOTEPHOTO IPOrPaMMHOT0 00eCIeUeHHs
[MK-I115.3/HB4 TlpunsaTHe ynpaBIeHYSCKHX PEIICHWH IO pe3yiabTaraM MOHUTOPHHTA
coOmroeHnsl  periaMeHTa oOMmeHa wWHoOpManued B KOMaHAE pa3paOOTUYUKOB
KOMIIBIOTEPHOT'O IPOrPaMMHOI0 00€CIIeueHus

3. MecTo aucuMiuinHbl B cTpykrype OIl

JuctmmuimHa (Moynb) «HelipoceTeBbie TEXHONOTUH B MH(POPMAIIMOHHBIX CUCTEMax» OTHOCHTCS K
dbopMupyeMOll y4acTHUKaMH 00pa30BaTeIbHBIX OTHOMICHUH YacTH 00pa30BaTEIbHONW MPOTPAMMBI U
nu3ydaercs B cemecTpe(ax): Ounas ¢popma oOydeHus - 3, 3aounast popma oOydeHus - 4.

B npoumecce wu3yyeHMs ~JOUCHMIUIMHBI CTYAEHT TOTOBUTCS K PpEUIEHMIO THUIIOB 3ajad
npodecCHOHAIBHOW  AedaTenbHOCTH, mnpenycMmorpeHHbix @OI'OC BO wu  obpazoBarenbHON
IIPOrpaMMON.
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Tema 1.1. KomOurupoBanue 1,7 0,2| 02| 0,3|IIK-IT12.1
BXOJHBIX CUTHAJIOB IK-1112.2
IK-1112.3
Tema 1.2. ®yHKIMS aKTHBALUN 0,7 0,2| 0,2 0,3[IIK-I115.1
3JIEMEHTA. [MK-I115.2
IK-I115.3
Pa3znen 2. UCTOPUSA 1,4 04| 04| 0,6] IIK-ITI.1
HEHPOHHBIX CETEN MK-T11.2
IK-I11.3
Tema 2.1. Pabots! JloHanbaa 0,7 0,2| 0,2 0,3|IIK-I112.1
Onnuara Xe66a, YoppeHa [K-I112.2
Mak-Kamnoka u Yonrepa [Iutrca IK-1112.3
Tema 2.2. Pa6oTsl ®penka 0,7 0,2| 0,2| 0,3|1IK-II15.1
Poszenbnarra IIK-IT15.2
IK-I115.3
Pa3nen 3. KIACCUPUKALIUSA | 2,1 0,6/ 0,6/ 09| I[IK-IT1.1
HEWPOHHBIX CETEN TMK-I11.2
Tema 3.1. Knaccuduxanus 0,7 0,2| 02| 0,3| [IK-II1.3
HENPOHHBIX CETEH M0 XapaKTepy IK-IT12.1
oOyueHus TIK-1112.2
Tema 3.2. Knaccuguxauus 0,7 02| 02| o03[IK-1I12.3
HEHUPOHHBIX CETEH 110 TUILY TK-1T15.1
HaCTPOMKHU BECOB [K-1T15.2
Tema 3.3. Kimaccuburarms 0,7 02 02 0,3|1K-II15.3
HEUPOHHBIX CETEH MO TUITY
BXOIHOW MH(pOpMAITUN
Pa3znen 4. APXUTEKTYPbBI 1,4 04| 04| 0,6] IIK-ITI.1
HEHPOHHBIX CETEM MK-T11.2
IK-I11.3
Tema 4.1. [ToHOCBSI3HBIC 0,7 0,2| 02| 0,3[IIK-IT12.1
HEWPOHHBIE CETH [K-1112.2
IK-I112.3
Tema 4.2. MHOrOCI0MHBIE 0,7 02| 0,2 0,3|1IK-II15.1
HEWPOHHBIE CETU [K-I115.2
IK-I115.3
Pa3znen 5. @°OPMAJIbHBIN 2,3 0,6/ 0,6 1,1| INIK-IT1.1
HEHPOH MK-T11.2
Tema 5.1. [lapavetpsi Hefipona | 0,7 02| 02| 03| HKIIL3
IK-I112.1
Telzfla 5.2. OyHKIUSA aKTHBAIMU 0,8 02| 02| 04 gi:ggg
Henpona TIK-IT15.1
Tema 5.3. Hemocrarku 0,8 0,2 0,2 0,4|IK-IT15.2
(hopMabHOTO HEHPOHA [IK-I115.3
Pazaen 6. OJTHOCJIOMHASI 1,6 04| 04| 0,8 IIK-IT1.1
HEHPOHHASA CEThH MK-I11.2
MK-I11.3
Tema 6.1. CeTb U3 OJTHOTO 0,8 0,2| 02| 0,4[IIK-IT12.1
HEWpoHa [K-1112.2
IK-I112.3
Tema 6.2. OqHOCTOWHBIIM 0,8 0,2| 02| 0,4[TIK-ITI5.1
neprientpon ®penka Pozenbnarra ITK-I115.2
IK-I115.3
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Paznen 7. OBYUYEHHUE 3,2 0,8 0,8 1,6| IIK-I11.1
HEWMPOHHOH CETH MK-111.2
Tema 7.1. Uto Takoe oOyueHue 0,8 02| 02| 0,4|IK-II1.3
HEMPOHHOI ceTH HK-I112.1
Tema 7.2. AnropuT™Mbl 00y4eHUs 1,2 0,31 03| 0,6 HK-I112.2
HEUPOHHOU CETH C yUUTEIIEM U TIK-I112.3
6e3 yuurens TIK-II15.1
Tema 7.3. VITepanuoHHbie 12 03] 03] 0,61IK-I115.2
aJITOPUTMBI 00yYEeHHSI HEHPOHHBIX IIK-I15.3
ceTen
Pazgea 8. MHOT'OCJIOMHASI 2,4 0,6/ 0,6 1,2| IIK-IT1.1
HEWPOHHASA CETh MK-111.2
IIK-IT11.3
Tema 8.1. Anroputm 006paTHOTO 1,2 0,3| 03| 0,6[IIK-IT12.1
pacipoCTpaHEeHUs OIUOKU [K-1112.2
IK-I112.3
Tema 8.2. Anroputm o0ydeHus 1,2 03| 03| 0,6IIK-II15.1
mHorocnoinon HC ITK-1115.2
IK-I115.3
Pa3nen 9. BBEJIEHUE B 7,2 1,8| 1,8 3,6 IIK-II1.1
KERAS U EI'O OCHOBHBLIE IIK-I11.2
MMPUHIIUIIBI ITK-IT11.3
Tema 9.1. Yto Taxoe Keras u 1,2 0,3| 0,3| 0,6|1IK-I112.1
ry6uHHOE 00ydeHune? IK-1112.2
Tema 9.2. MeTtonb!l TITyOMHHOTO 1,2 0,3] 03| 0,6 HK-IT12.3
oOyueHus HK-IT15.1
Tema 9.3. BaxHOCTB TITyOMHHOTO 1,2 0,3] 03| 0,6 TIK-IT15.2
oOyueHus IIK-IT15.3
Tema 9.4. MukpocepBHUCHI 1,2 0,3 03] 0,6
TTYOMHHOTO M3YUYCHHS
Tema 9.5. Open Source 1,2 0,3 03] 0,6
(GbperMBOPKHU 0 TITyOMHHOM
oOydeHnn
Tema 9.6. OCHOBHbBIE TPUHITUIIBI 1,2 0,3 03] 0,6
Keras
Pa3znen 10. MOJIEJIM KERAS 4,8 1,2| 1,2 2,4| IIK-IT1.1
Tewma 10.1. Ocrosmas ctpyktypa | 1,2 03] 03] 0,6 K12
nanubeix Keras IIK-I11.3
Tema 10.2. Kparkas 1,2 0,3 03] 0,6 TK-IT12.1
. IK-I112.2
XapakTeprucTka Mojenei Keras MK-TT12.3
Tema 10.3. API knacca Model 1,2 0,3] 03| 0,6 [IK-TT15.1
Tema 10.4. OcHOBHBIC METOIBI 1,2 0,3] 0,3| 0,6(IIK-IT15.2
kiacca Model IIK-I115.3
Paznen 11. CJIOU B KERAS 4,8 1,2| 1,2 2,4| IIK-IT1.1
IIK-I11.2
Tema 11.1. OOmIHe METOABI CIIOCB 1,2 0,3] 0,3| 0,6|1IK-IT1.3
MK-I112.1
Tema 11.2. ITmotHsI ciioit Dense 1,2 0,31 03| 0,6 MK-T112.2
IK-I112.3
Tema 11.3. Ceprounsie ciiou 1,2 0,3 03] 0,6 TK-IT15.1
Tema 11.4. Cnoii nynunra 1,2 0,31 03| 0,6 TIK-T115.2
IK-I115.3
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Pasznen 12. OCHOBBI PABOTbI 6 1,5 1,5 3| TIK-I11.1
C MOCJIEJOBATEJIbHOM MK-111.2
MOJEJIBIO KERAS ITK-IT11.3
Tema 12.1. Co3nanue 1,2 0,3 03| 0,6|IK-IT12.1
MOCJIEIOBATEILHON MOJICITH ITK-1112.2
(Sequential) IK-IT12.3
Tema 12.2. Vkasanue 1,2 0,3 03] 0,6[HIK-II15.1
paBMepHOCTI/I BXOAHBIX JAaHHBIX HK-HI 52
Tema 12.3. Komnumisimst 1,2 0,3] 0,3] 0,6 TIK-I115.3
Tema 12.4. OOyueHue 1,2 0,3] 0,3] 0,6
Tema 12.5. ITpumep 1,2 0,3 03] 0,6
MHOT'OCJIOMHOTO NEepLENTPOHA
(MLP) nnst MHOTOKIIaCCOBOI
KIacCupUKaluu
Pa3znen 13. 3,6 09 09| 1,8 [IK-I11.1
KIIACCUDUKALIUA IIK-I11.2
N30BPAKEHUMH C MK-111.3
HUCIOJb30BAHUEM MK-I112.1
CBEPTOYHBIX IK-I112.2
HEWPOHHBIX CETEH B MK-1112.3
KERAS IK-I115.1
Tema 13.1. Ceprounas 1,2 0,3 03| 0,6|TIK-IT15.2
HEHpPOHHAs CEeTh IIK-IT15.3
Tema 13.2. Habop naHHBIX - 1,2 0,3 03] 0,6
CIFAR10
Tema 13.3. OOyueHnue cetu 1,2 0,3] 0,3| 0,6
Paznea 14. PACIIOSHABAHUE | 4,8 1,2| 1,2 2,4| IIK-I11.1
PYKOIIMCHBIX IU®P C ITK-I11.2
HUCITIOJIb30BAHUEM ITK-I11.3
CBEPTOUYHbIX MK-I112.1
HEWPOHHBIX CETEN MK-1112.2
Tema 14.1. Onucanue HaGopa 1,2 0,3| 0,3| 0,6|IIK-T112.3
naHHbIX (maracet) MNIST [K-T115.1
Tema 14.2. Basosast MOLEIb ¢ 1,2 03] 03] 0,6|IIK-IT15.2
MHOTOCJIOHHBIM MEPIIETITPOHOM HK-I115.3
Tema 14.3. [Ipocras cBepTouHast 1,2 0,3 03] 0,6
HelpoHHas cetb g MNIST
Tema 14.4. bonpias cBepTOUHAs 1,2 0,3 03] 0,6
HelpoHHas cetb g MNIST
Paznen 15. IPEJACTABJIEHHUE | 3,6 09 09| 1,8| IIK-I11.1
CJIOB B BEKTOPHOM ITK-I11.2
INPOCTPAHCTBE ITK-I11.3
Tema 15.1. BexTopu3zanus ciioB 1,2 0,3| 0,3| 0,6|IIK-T112.1
IMK-I112.2
Tema 15.2. Embedding cioit Keras| 1,2 0,3 0,3| 0,6IIK-IT12.3
IK-I115.1
Tema 15.3. Ilpumep oOyueHus 1,2 0,31 0,3| 0,6|/IIK-I115.2
BEKTOPHU3ALINHU TIK-I115.3
Pa3znen 16. LSTM 8.4 2,1 2,1| 42| I[IK-IT1.1
HEWPOHHBIE CETU U IIK-I11.2
IMPOT'HO3UPOBAHUE ITK-IT11.3
BPEMEHHBLIX PsIJ1IOB MK-I112.1
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Tema 16.1. PexyppeHTHbie 1,2 0,3 03| 0,6|TIK-IT12.2
HEMPOHHBIE CETH HK-1112.3
Tema 16.2. [lonHOCTBEO 1,2 0,3 03] 0,6[HIK-II15.1
PEKyppCHTHAas CETh TIK-IT15.2
Tema 16.3. [IpoGrema 12 03] 03] 0,6|HKIIS3
JIOJITOCPOYHBIX 3aBUCHMOCTEH
Tema 16.4. LSTM cetu 1,2 0,31 03| 0,6
Tema 16.5. I'maBras ugess LSTM 1,2 0,3 03] 0,6
Tema 16.6. PaznoBunnoctu LSTM | 1,2 0,3 03] 0,6
ceTen
Tema 16.7. IIporao3upoBanue 1,2 0,3 03] 0,6
BPEMEHHBIX PSIOB
Pasznen 17. 2,4 0,6/ 0,6/ 1,2| IIK-IT1.1
KIACCUDUKALIUA IIK-I11.2
MOCJIEJIOBATEJIBHOCTEN IIK-IT11.3
C UCITOJIb3OBAHUEM IIK-I112.1
LSTM HEHPOHHBIX CETEH MK-1112.2
Tema 17.1. IIpoGnema 1,2 03| 03| 0,6/1IK-I112.3
KinaccuuKanyu IK-I115.1
MOCJIE0BaTEILHOCTEH, ee ITK-1115.2
CJI0’KHOCTb U pelacMas 3a1a4a ITK-1115.3
Tema 17.2. Onucanue Habopa 1,2 0,31 03| 0,6
JIAHHBIX ¥ PCIICHUS 3a/1a4u
Paznen 18. HEHPOHHBIE 9,6 24| 24| 4,8 I[IK-IT1.1
CETHU HA OCHOBE IIK-I11.2
BUBJINOTEKH ITK-IT11.3
TENSORFLOW MK-I112.1
Tema 18.1. Hauano paGotsl ¢ 1,2 0,3| 0,3| 0,6/1IK-I112.2
TensorFlow IK-1112.3
Tema 18.2. OcHOBBI paOOTHI B 1,2 0,31 03| 0,6 IK-T115.1
TensorFlow TIK-I115.2
Tema 18.3. Onpencnente 1.2 03] 03] 06|IKALS:S
BBIUUCIIUTENILHBIX TPadoB B
TensorFlow
Tema 18.4. Buzyanuzanus 1,2 0,3] 03| 0,6
BBIYHCIUTEIILHOTO Ipada ¢
noMmo1sro TensorBoard
Tema 18.5. MaremaTuka c 1,2 0,3 0,3 0,6
TensorFlow
Tema 18.6. TenzopHsble onepanuu 1,2 0,3 0,3 0,6
Tema 18.7. Marpuunslie onepauuu | 1,2 0,3 03] 0,6
Tema 18.8. IIpumep HelipoHHOM 1,2 0,3 0,3 0,6
cetu B TensorFlow
Hroro 72 1| 18| 18| 35
3aounas gpopma 0oyuenus
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Pasnea 1. HEMPOHBI U 3,54 110,04/ 0,2 2,3| IIK-II1.1
HNCKYCCTBEHHBIE ITK-I11.2
HEWPOHHBIE CETH ITK-I11.3
Tema 1.1. KomOGurupoBanue 2,32 110,02| 0,1 1,2[IK-IT12.1
BXOJIHBIX CUTHAJIOB IK-1112.2
ITK-I112.3
Tema 1.2. ®yHKIMS aKTHBALUN 1,22 0,02( 0,1 1,1 [IK-I115.1
AIIEMEHTA. ITK-I115.2
ITK-I115.3
Pasznen 2. UCTOPUS 2,04 0,04| 0,2 1,8| ITK-IT1.1
HEWMPOHHBIX CETEHN MIK-I11.2
ITK-IT11.3
Tema 2.1. Pabots JloHanbaa 1,02 0,02| 0,1 0,9 |IIK-I112.1
Onnuara Xe66a, YoppeHa [K-I112.2
Mak-Kannoka u Yonrepa Ilurrca MK-I112.3
Tema 2.2. Pa6oTsl ®penka 1,02 0,02| 0,1| 0,9|IIK-II15.1
Pozen6mnarra IIK-IT15.2
IK-I115.3
Paznen 3. KIACCUDPUKAILIUA | 3,06 0,06( 03| 2,7| IIK-IT1.1
HEWPOHHBIX CETEN MK-I11.2
Tema 3.1. Knaccuduxanus 1,02 0,02 0,1| 0,9|IIK-II1.3
HENPOHHBIX CETEH M0 XapaKTepy IK-IT12.1
o6yquH;[ T1IK-I112.2
Tema 3.2. Knaccuuxaums 1,02 0,02] 0,1] 0,9IIK-IT12.3
HEHUPOHHBIX CETEH 110 TUILY TIK-IT15.1
HaCTPOMKHU BECOB TIK-TT15.2
Tema 3.3. Kimaccuburarms 1,02 0,02] 01| 0,9]1IK-I15.3
HEUPOHHBIX CETEH MO THITY
BXOIHOW MH(pOpMAITUN
Pasznen 4. APXUTEKTYPbI 2,04 0,04| 0,2 1,8| ITK-IT1.1
HEWMPOHHBIX CETEH MIK-I11.2
ITK-IT11.3
Tema 4.1. [TomHOCBSI3HBIC 1,02 0,02( 0,1 0,9IIK-1112.1
HEUPOHHBIE CETU [K-1112.2
IK-I112.3
Tema 4.2. MHorOCIIOlHBIE 1,02 0,02| 0,1 0,9 IIK-IT15.1
HEWPOHHBIE CETU [K-I115.2
IK-I115.3
Pa3znen 5. @°OPMAJIBHBIN 3,06 0,06| 03| 2,7| IIK-II1.1
HEWPOH MK-111.2
Tewma 5.1. Tapamerpst Heiipora | 1,02 0,02[ 0,1 0,9] IIK-I11.3
IIK-I112.1
Telzfla 5.2. OyHKIUSA aKTHBAIMI 1,02 0,02 0,1 0,9 gﬁ:ggg
HenpoHa TIK-I115.1
Tema 5.3. Hemocrarkm 1,02 0,021 0,1 0,9 \MIK-I115.2
(hopMabHOTO HEHPOHA M[K-I115.3
Pazaen 6. OJTHOCJIOMHASI 2,04 0,04| 0,2 1,8| ITK-IT1.1
HEWPOHHASA CETh MK-111.2
ITK-IT11.3
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Tema 6.1. CeThb U3 OHOTO 1,02 0,02( 0,1 0,9IIK-I112.1
HEWpoHa [K-1112.2
IK-I112.3
Tema 6.2. OqHOCIIOWHBIN 1,02 0,02| 0,1 0,9IIK-IT15.1
nepuentpod Openka Posenbnarra IIK-1115.2
IK-I115.3
Pa3gen 7. OBYUEHHUE 3,04 0,06/ 0,28 2,7| ITK-IT1.1
HEHPOHHOH CETU MK-T11.2
Tema 7.1. Uto Takoe 0OydeHHE 1,02 0,02| 0,1| 0,9|IIK-IT1.3
HEMPOHHOI ceTH [K-IT12.1
Tema 7.2. Anroputmser o0yuenust | 1,01 0,021 0,09 0,9 HK-I112.2
HEUPOHHOU CETH C yUUTEIIEM U TIK-1112.3
6e3 yuurens TIK-II15.1
Tema 7.3. VITepauoHHbie 1,01 0,02[0,09] 0,9[1IK-I115.2
aJTOPUTMBI 00yYECHHSI HEHPOHHBIX IIK-I15.3
cereit
Pa3zaen 8. MHOT'OCJIOMHAS | 2,02 0,04 0,18| 1,8| IIK-T1.1
HEHPOHHASA CETbH MK-T11.2
IIK-IT11.3
Tema 8.1. Anroputm 006paTHOTO 1,01 0,02{ 0,09 0,9 IIK-1112.1
pacipoCTpaHEeHUs OIUOKU [K-1112.2
IK-I112.3
Tema 8.2. Anroputm 00ydeHus 1,01 0,02| 0,09| 0,9 [TIK-IT15.1
MHorocioiHoi HC [IK-I115.2
IK-I115.3
Pasnen 9. BBEJEHUE B 6,09 0,15] 0,54 54| IIK-IT1.1
KERAS 1 ET'O OCHOBHBIE TIK-I11.2
IMPUHIIAIIBI TIK-I11.3
Tema 9.1. Yto takoe Keras u 1,01 0,02 0,09| 0,9|IIK-I112.1
ryouHHOE 00yueHne? IK-1112.2
Tema 9.2. Metozst mryGuaHOro | 1,01 0,02[0,09] 0,9|HK-IT12.3
00y4eHus TIK-IT15.1
Tema 9.3. Baxcaocts rny6naroro | 1,01 0,02] 0,09] 0,0 [LIK-I115.2
oOyueHus IIK-IT15.3
Tema 9.4. MukpocepBHUCHI 1,02 0,03({0,09( 0,9
TTYOMHHOTO M3YUYCHHS
Tema 9.5. Open Source 1,02 0,03({0,09( 0,9
(bperMBOPKHU 0 TITyOMHHOM
oOydeHnn
Tema 9.6. OCHOBHbBIE TPUHITUIIBI 1,02 0,03(0,09( 0,9
Keras
Pa3zgen 10. MOJIEJIM KERAS | 4,08 0,12| 0,36 3,6| ITK-IT1.1
Tema 10.1. OcroBras ctpykrypa | 1,02 0,03] 0,09 0,0 IK-I1.2
ITK-IT11.3
naHHbIX Keras
Tema 10.2. Kparkas 1,02 0,031 0,09( 0,9 TK-IT12.1
. IK-I112.2
XapakTeprucTka Mojenei Keras TK-IT12.3
Tema 10.3. API knacca Model 1,02 0,031 0,09 0,9 [IK-TT15.1
Tema 10.4. OcHOBHBIC METOIBI 1,02 0,03{ 0,09 0,9|IIK-I115.2
kiacca Model IIK-I115.3
Pasgen 11. CJIOU B KERAS 4,35 0,391 0,36 3,6| ITK-IT1.1
IIK-I11.2
Tema 11.1. O6mue meroasl cimoeB | 1,02 0,031 0,09 09| IK-I11.3
TTC_TT1 1
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Tema 11.2. ITnorHsIit cioii Dense

1,02

0,03

0,09

0,9

L LA\

PO WS

IK-I112.2
IK-I112.3
Tema 11.3. Ceprounsie ciiou 1,02 0,03 0,09( 0,9 TK-IT15.1
Tema 11.4. Crioii mynunra 1,29 03] 0,09 0,9[IK-II15.2
IK-I115.3
Paznen 12. OCHOBBI PAGOTHBI| 5,1 0,15| 0,45 4,5| IIK-IT1.1
C NOCJIEJOBATEJIBHON ITK-I11.2
MOJIEJIBIO KERAS ITK-I11.3
Tema 12.1. Co3ganue 1,02 0,03/ 0,09| 0,9|IIK-IT12.1
MOCIIEIOBATEILHOM MOJIEITH IK-1112.2
(Sequential) IK-IT12.3
Tema 12.2. Ykasanue 1,02 0,03] 0,09 0,9|HK-II15.1
pa3MEpPHOCTH BXOJIHBIX JaHHBIX HK-I115.2
Tema 12.3. Kommusaus 1,02 0,03/ 0,09] 0,0|HK-I15.3
Tema 12.4. O0yucnue 1,02 0,03 0,09 0,9
Tema 12.5. ITpumep 1,02 0,03 0,09 0,9
MHOTOCJIOMHOTO NEPIENTPOHA
(MLP) nnst MHOTOKIIaCCOBO#M
KJIacCU(pUKaIUN
Paznmen 13. 3,06 0,09| 0,27 2,7| IIK-IT1.1
KIIACCUDPUKALIUA ITK-I11.2
MN30BPAKEHUM C ITK-I11.3
HUCITIOJIb30BAHUEM MK-I112.1
CBEPTOUYHbIX IIK-I112.2
HEWPOHHBIX CETEH B MK-1112.3
KERAS IK-I115.1
Tema 13.1. CBeprounas 1,02 0,03/ 0,09| 0,9|IIK-I115.2
HellpoHHas ceTh IIK-IT15.3
Tema 13.2. HaGop naHHBIX - 1,02 0,03({0,09( 0,9
CIFARI10
Tema 13.3. OGyuenue cetn 1,02 0,03({0,09( 0,9
Pasznen 14. PACIIO3BHABAHUE | 4,08 0,12| 0,36 3,6| ITK-IT1.1
PYKOIIUCHBIX HU®DP C TIK-I11.2
HNCITIOJb30BAHUEM TIK-I11.3
CBEPTOYHBbBIX TIK-I112.1
HEWPOHHBIX CETEA MK-1112.2
Tema 14.1. Onucanue Habopa 1,02 0,03(0,09| 0,9 [IIK-I112.3
naHHbIX (natacet) MNIST ITK-I115.1
Tema 14.2. Basosast Mozelb ¢ 1,02 0,03] 0,09] 0,9|HIK-1115.2
MHOFOCHOﬁHBIM HepHeHTpOHOM HK-HI 53
Tema 14.3. IIpoctas cBepTouHas 1,02 0,03(0,09( 0,9
HelpoHHas ceTb 11 MNIST
Tema 14.4. bonbias ceeprounas | 1,02 0,03 0,09 0,9
HelpoHHas ceTb 11 MNIST
Pasnen 15. IPEJCTABJIEHUE | 3,06 0,09 0,27| 2,7| IK-II1.1
CJIOB B BEKTOPHOM MK-111.2
MMPOCTPAHCTBE MK-111.3
Tema 15.1. BekTopu3anus cloB 1,02 0,03/ 0,09| 0,9|1IK-I112.1
IK-I112.2
Tema 15.2. Embedding cioii Keras | 1,02 0,03| 0,09 0,9|IIK-I112.3
TIK-I115.1
Tema 15.3. [Ipumep oOyueHust 1,02 0,031 0,09 0,9|IIK-I115.2
BEKTOPH3ALINHI IIK-I115.3
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Pa3znen 16. LSTM 7,14 0,21 0,63 6,3| ITIK-IT1.1
HEWPOHHBIE CETU U TIK-I11.2
IMPOI'HO3UPOBAHME TIK-I11.3
BPEMEHHBIX PA/10B TIK-I112.1
Tema 16.1. PexyppeHTHbie 1,02 0,03/ 0,09| 0,9|1IK-I112.2
HEHPOHHEIE CETH IK-IT12.3
Tema 16.2. TlomHOCTHIO 1,02 0,03/ 0,09| 0,9|HIK-IL15.1
PEKyppEHTHAs CETh HK-II15.2
Tema 16.3. TlpoGiema 1,02 0,03[0,09[ 0,9 HK-II15:3
JIOJITOCPOYHBIX 3aBUCHMOCTECH

Tema 16.4. LSTM cetu 1,02 0,03(0,09( 0,9

Tema 16.5. I'maBuas ugess LSTM 1,02 0,03({0,09( 0,9

Tema 16.6. PaznoBunHoctu LSTM | 1,02 0,03(0,09( 0,9

ceTen

Tema 16.7. IIporao3upoBanue 1,02 0,03(0,09( 0,9
BPEMEHHBIX PSIOB

Pasznen 17. 2,04 0,06/ 0,18 1,8| ITK-IT1.1
KJACCUOUKALIMA MK-111.2
MOCJEIOBATEJILHOCTEM MK-111.3
C UCITOJIb3OBAHUEM MK-I112.1
LSTM HEWMPOHHBIX CETEN MIK-I112.2
Tema 17.1. IIpoGnema 1,02 0,03/ 0,09| 0,9|1IK-I112.3
KaccupuKaumn [K-IT15.1
Hocle10BaTeNIbHOCTE, ee IIK-IT15.2
CJI0’KHOCTB U PelacMas 3a1a4a ITK-1115.3
Tema 17.2. Onucanue Habopa 1,02 0,031 0,091 0,9

JIAHHBIX ¥ PCIICHUS 3a/1a4u

Pa3nen 18. HEMPOHHBIE 8,16 0,24(0,72| 7,2| IK-T1.1
CETHU HA OCHOBE MK-111.2
BUBJMOTEKHU MK-111.3
TENSORFLOW MK-I112.1
Tema 18.1. Hauano paGotsl ¢ 1,02 0,03| 0,09 0,9 |TIK-IT12.2
TensorFlow IK-1112.3
Tema 18.2. OcHOBBI paGoTHI B 1,02 0,03 0,09] 0,9 [IIK-I15.1
TensorFlow HK-II15.2
Tema 18.3. Onpenerene 1,02 0,03 0,09 0,9]HK-I115.3
BBIUUCIIUTENILHBIX TPadoB B

TensorFlow

Tema 18.4. Buzyanuzanus 1,02 0,031 0,091 0,9
BBIYHCIUTEIILHOTO Ipada ¢

noMorsro TensorBoard

Tema 18.5. MaremaTuka c 1,02 0,03(0,09( 0,9
TensorFlow

Tema 18.6. Tenzopusie onepanuu | 1,02 0,03(0,09( 0,9

Tema 18.7. Marpuunslie onepanuu | 1,02 0,03({0,09( 0,9

Tema 18.8. IIpumep HelipoHHOM 1,02 0,03(0,09( 0,9

cetu B TensorFlow

Hroro 68 2 6| 39

5.2. Conep:xkanue pa3aesioB, TeM IMCHUILIAH

TTonrorosneno B cucteme 1C:Yuusepcurer (000007684)

Crpanuria 20 u3 73



Pazoen 1. HEHPOHBI H HCKYCCTBEHHBIE HEHPOHHBIE CETH

(3aounaa: Bueayoumopnaa konmaxkmuasa paooma - Iu.; Jlexkyuonnwvie 3anamua - 0,044.;
Ilpakmuueckue 3anamusa - 0,2u.; Camocmoamenvnasa paboma - 2,34.; Ounaa: Bneayoumopnasn
Konmaxkmuaa paooma - Iu.; Jlekyuonnoie 3anamusa - 0,44.; Ilpakmuueckue 3anamusn - 0,4u.;
Camocmosamenvhan paboma - 0,6u.)

Tema 1.1. Kombunuposanue 6X00HbIX CUCHAN08

(3aounas: Bueayoumopunas xonmaxkmuas paboma - Iu.; Jlekyuounvie 3aumamus - 0,02u.;
Ilpakmuuecxkue 3aumsmusn - 0,1u.; Camocmosmenvnas paboma - 1,2u.; Ounas: Bueayoumopmas
Konmaxkmuas paboma - Ilu.; Jlexyuonuwvie 3amamusn - 0,2u.; Ilpakmuuecxkue zawamus - 0,2u.;
Camocmosmenvras paboma - 0,34.)

1. KomOuHMpOBaHNE BXOAHBIX CUTHAJIOB

Tema 1.2. @ynkyus akmusayuu nemeHma.

(3aounas: Jlexyuonunvie sanamus - 0,02u.; Ipaxmuueckue 3anamus - 0,14.; Camocmosmenvras
paboma - 1,1u.; Ounasa: Jlekyuonunvie 3amamus - 0,2u.; I[lpakmuueckue szanamus - 0,2u.;
Camocmosmenvras paboma - 0,34.)

DYHKIMS aKTHBAITUHU JJIEMEHTA.

Pazoen 2. HCTOPHA HEHPOHHBIX CETEH

(Baounasa: Jlekyuonnwvie 3anamus - 0,04u.; Ilpakmuueckue 3anamusn - 0,24.; Camocmoamenvnas
paooma - 1,8u.; Ounasa: Jlexkyuonnvie 3anamun - 0,4u.; Ilpakmuueckue 3anamusn - 0,4u.;
Camocmosamenvhan paboma - 0,6u.)

Tema 2.1. Pabomwt [Jonanvoa Onounea Xeboa, Yoppena Max-Kannoka u Yonmepa Ilummca
(3aounas: Jlexyuonmnvie sanamus - 0,02u.; Ilpakmuyeckue 3anamus - 0,1u.; Camocmosmenvras
paboma - 0,94.; Ouynasa: Jlexyuonnvie szanamus - 0,24.; Ilpaxmuueckue 3anamus - 0,2u.;
Camocmosmenvuas paboma - 0,3u.)
Bonbpmioe BnusiHUE Ha pa3BUTHE MCKYCCTBEHHBIX HEHPOHHBIX ceTed MOoBIUsUT Tpyn "OpraHuzanus
MoBeIeHUs" KaHaICKOTo yueHoro-rcuxonora Jlonansaa Onauara Xe66a (roasr sxxuszau 1904 - 1985).
OnuH U3 OCHOBHBIX MOCTYJIATOB IaHHOU pabOTHI - 3TO ".. OCHOBOM 00y4YeHHsI HEHPOHHOI CEeTH MO3Ta
SBJISICTCS CUHANTUYECKAas MJIACTUYHOCTD - CHOCOOHOCTH KJIETOK MO3Ta YBEJIMUMBATh UM YMEHbBIIATh
CBSI3M MEXIy cOOOW MOJ BO3ACHCTBHEM TeX MM HMHBIX (DAKTOPOB MOCPEICTBOM YBEIMYEHUS WIIH
YMEHBIICHUSI CBSI3M B CHHarce..". Xe00 Npeanoioxui, 4to JroOble JBa HEMpOHAa MM CHUCTEMa
HEHPOHOB YBEIMUYUBAIOT CBA3b MEXIY COOOM, €CITM OHU OHOBPEMEHHO BO30YK/IECHBI, U YMEHBILIAIOT
CBsI3b, €CIIM OJIMH HEHpPOH BO30YXIEH, a npyroi HeT. Korga oqHa KieTKa HEOJHOKPATHO BBI3BIBAET
BO30Yy>KJI€HHE BTOPOM, TO aKCOH TEPBOW KJIETKU YBEJIWYHMBAET BHIOPOC HEWpoMmenuaropa B CHHAIIC
00 YBETMYHMBAET €ro IO b, (Te-TO B35y, HEIOMHIO TIIE...).

Ho mepBoii xitoueBoil paboTOil MO HCKYyCCTBEHHBIM HEWPOHBIM ceTaM cTan Tpya 1943 rona
"Jlornueckoe HCUMCICHUE WJIEH, OTHOCALIMXCS K HEPBHOM aKTHBHOCTH"' aMEPUKAHCKUX YUYEHBIX
Yoppena Mak-Kainoka u Yonrepa [Iutrca. Mmu 6b11 ipeioskeH (popManbHbIi EpCEnTPOH.

Tema 2.2. Pabomur @penxa Pozenoramma

(3aounas: Jlexyuonunvie sanamus - 0,02u.; Ipaxmuueckue 3anamus - 0,14.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamusn - 0,2u.; Ilpakmuueckue szanamus - 0,2u.;
Camocmosmenvras paboma - 0,34.)

Jpyrum muoHEepoM HEWpPOCETEeBON HAayKH ObLIT aMepuKaHCKui Helpodusnonor @perk PozeHOmarT.
KOTOPBIM MpeIoKUI U, TNIaBHOE, Pealin30Bajl OIHOCIONHYIO HEHPOHHYIO CeTh M3 (OpMalbHBIX
MEePCENTPOHOB (HEMHOTO BHIOM3MEHHBIX 1O cpaBHeHHI0o ¢ MakKamiokom u Ilurrcom). Ilox
pykoBoacTBoM PosenOmarra Obula mporpaMMHO peain3oBaHa (Ha Kommblorepe Mapk-1 B
KopHuennbckoM yHUBepcHUTETE) HEHpOHHAs CETh paclo3Harollas reomeTpuyeckue Qurypsl (Kpyr u
KBaJpar)
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Paszoen 3. KIACCH®HKAIIHA HEHPOHHBIX CETEH

(Baounasa: Jlexkyuonnwvie 3anamus - 0,06u.; Ilpakmuueckue 3anamusn - 0,34u.; Camocmoamenvnas
paooma - 2,74.; Ounan: Jlekyuonuuvte 3anamusn - 0,6u.; Ilpaxkmuueckue 3anamusn - 0,6u.;
Camocmosamenvhan paboma - 0,9u.)

Tema 3.1. Knaccughuxayus HetlporHbix cemetl no xapaxmepy o0yueHus

(3aounas: Jlexyuonmnvie sanamus - 0,02u.; Ilpakmuyeckue 3anamus - 0,14.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,24.; Ilpaxmuueckue 3anamus - 0,2u.;
Camocmosmenvuas paboma - 0,3u.)

Knaccudukanus HEHpOHHBIX ceTel Mo xapakTepy oOydeHHs NEIUT UX Ha:

* HEHpPOHHBIE CETH, UCIIONB3YIOIINE 00yUYEeHUE C YIUTEIIEM;

* HEHpPOHHBIE CETH, UCIIONB3YIONINE 00ydYeHre 0e3 YUUTes.

Tema 3.2. Knaccugpuxayus netipoHHbIX cemell no muny HacCmpouKu 6ecos

(3aounas: Jlexyuonunvie sanamus - 0,02u.; Ipaxmuueckue 3anwamus - 0,14.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonunvie 3aumamus - 0,2u.; Ilpakmuueckue szanamus - 0,2u.;
Camocmosmenvras paboma - 0,34.)

Knaccudukanyst HEHpOHHBIX CEeTel 10 THITy HACTPONKH BECOB JICJIUT UX Ha:

* ceTH ¢ (PMKCUPOBAHHBIMHU CBS3SIMH — BECOBBIC KOI(P(DUIIMCHTH HEHPOHHON CETH BBIOMPAIOTCS
Cpasy, UCXO/d U3 YCIIOBUH 3aJ1au;

* CeTH C AMHAMHUYECKHMH CBSI3IMU — JJI1 HUX B Ipoliecce OOy4eHHs MPOMCXOAUT HACTPOHKa
CUHANTUYECKUX BECOB.

Tema 3.3. Knaccugpuxayus netiponHblx cemell no muny 6X00HoU uHgopmayuu

(3aounas: Jlexyuonunvie sanamus - 0,02u.; Ipaxmuueckue 3anamus - 0,14.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonunvie 3aumamus - 0,2u.; Ilpakmuueckue szanamus - 0,2u.;
Camocmosmenvras paboma - 0,34.)
Kinaccudukanus HEHpOHHBIX CeTel MO THITY BXOAHOW MH(POPMAIIUU JEIHUT UX Ha!

* aHaAJIOTOBBIC — BXOAHAS MH(GOPMAIIHsI PECTaBIeHa B (hOpPME IEHCTBUTEIIBHBIX YHUCEIT;

* JIBOMYHBIC — BCSl BXOAHAS MH(GOPMAIIHS B TAKUX CETAX MPEICTABISACTCS B BUAC HYJICH U SIUHUIL.

Pazoen 4. APXHTEKTYPbI HEHPOHHBIX CETEH

(Baounasa: Jlekyuonnwie 3anamus - 0,04u.; Ilpakmuueckue 3anamusn - 0,24.; Camocmoamenvnas
paooma - 1,8u.; Ounasa: Jlexkyuonnvie 3anamun - 0,4u.; Ilpakmuueckue 3anamusn - 0,4u.;
Camocmosamenvhan paboma - 0,6u.)

Tema 4.1. IlonnocesaszHvle HelpoHHble cemu

(3aounas: Jlexyuonmnvie sanamus - 0,02u.; Ilpakmuyeckue 3anamus - 0,1u.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,24.; Ilpaxmuueckue 3anamus - 0,2u.;
Camocmosmenvuas paboma - 0,3u.)

B 1oyIHOCBSA3HBIX HEMPOHHBIX CETAX KaXKIbl HEMPOH MEPENAET CBOM BBIXOJHOW CUTHAJI OCTAJIbHBIM
HeilpoHaM, B TOM 4YHclie W camoMy ceOe. Bce BXomHbIe CHUTHANBI MOJAIOTCS BCEM HEHPOHaM.
BBIXOTHBIMY CUTHAIAMU CETH MOTYT OBITh BCE HIIM HEKOTOPHIE BBIXOAHBIE CUTHAIBI HEHPOHOB MOCIIE
HECKOJIbKUX TaKTOB (DYHKITMOHUPOBAHHUS CETH.

Tema 4.2. Mnoeocnotinvle HelupoHHble cemu

(3aounas: Jlexyuonmnvie sanamus - 0,02u.; Ilpakmuyeckue 3anamus - 0,14.; Camocmosmenvras
paboma - 0,94.; Ouynasa: Jlexyuonnvie szamamus - 0,24.; Ilpaxmuueckue 3anamus - 0,2u.;
Camocmosmenvuas paboma - 0,3u.)
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B MHOTOCTOMHBIX (CIIOMCTHIX) HEUPOHHBIX CETAX HEHPOHBI 00bEAUHSIOTCS B clion. CIoN CONEpKUT
COBOKYITHOCTb HEMPOHOB C €MHBIMH BXOJHBIMHU CUTHaJIaMu. UHCIO HEHPOHOB B CJI0€ MOXKET OBITh
J0OBIM M HE 3aBUCHUT OT KOJMUYECTBA HEMPOHOB B IPYTuX clofx. B obmiem ciyyae ceTb COCTOUT U3
CJI0€B, NPOHYMEPOBAaHHBIX CJIEBA HAINpaBO. BHEIIHME BXOAHBIC CHUTHAJBl IIOAAKOTCA HA BXObI
HEHUPOHOB BXOJHOTO

cJ10s1 (€r0 4acTo HyMEPYIOT KaK HYJIEBOM), a BEIXOJAMU CETHU SIBJISIOTCS BBIXOAHbBIE

CUTHaJIBI TOCeIHero ciosi. KpoMe BXOJHOTO M BBIXOJHOTO CJIOEB B MHOTOCJIOMHON HEHPOHHOM CeTu
€CTh OJIMH WJIM HECKOJBKO CKPBITHIX cJioeB. CBSI3M OT BBIXOJIOB HEUPOHOB HEKOTOPOTO CiOs ( K
BXOJ[aM HEHUPOHOB CJeAyIoIero cios (q+1) Ha3pIBalOTCA MOCIEA0BATEIbHBIMHU.

Pazoen 5. ®OPMATbHBIH HEHPOH

(Baounasa: Jlekyuonnwie 3anamus - 0,06u.; Ilpakmuueckue 3anamusn - 0,3u.; Camocmoamenvnas
paooma - 2,74.; Ounan: Jlekyuonuuvte 3anamusn - 0,6u.; Ilpaxkmuueckue 3anamusn - 0,6u.;
Camocmosamenvnan paooma - 1,1u.)

Tema 5.1. Ilapamempwi netipona

(3aounas: Jlexyuonmnvie sanamus - 0,02u.; Ilpakmuyeckue 3anamus - 0,14.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,24.; Ilpaxmuueckue 3anamus - 0,2u.;
Camocmosmenvuas paboma - 0,3u.)

VYV HelipoHa €CThb HECKOJIBKO BXOJHBIX KAaHAJIOB M TOJIBKO OJHMH BBIXOJHOW KaHaiu. [Io BXOOHBIM
KaHaJaM Ha HEWpOH IMOCTYMAIT JaHHBIC 33/ladyd, a Ha BBIXOAEC (OPMHUPYETCS pe3yabTaT padoThI.
HefipoH BbIUMCISET B3BEHICHHYIO CyMMY BXOJIHBIX CHUTHAJIOB, a 3aT€M IMPeoOpa3yeT MOITYYCHHYIO
CyMMY C TIOMOIIbIO 33JaHHOM HEIMHEHHOW (YHKUIMU. MHOXECTBO, COCTOSIIEE U3 IMOPOTOBOTO
YPOBHS ¥ BCEX BECOB, HA3BIBAIOT MapaMeTpaMu HelpoHa.

Tema 5.2. @ynxkyusa akmusayuu HeupoHa

(3aounas: Jlexyuonmnvie sanamus - 0,02u.; Ilpakmuyeckue 3anamus - 0,14.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,24.; Ilpaxmuueckue 3anamus - 0,2u.;
Camocmosmenvuas paboma - 0,44.)

@OyHKIMSA aKTUBAIIMK HEHPOHA - 3TO (DYHKIHMS, KOTOpasi BEIUMCIIAET BBIXOAHOM curHan Helipona. Ha
BXOJI 9TOW (D)YHKIIHH MTOIAETCsl CyMMa BCEX MPOU3BEICHUIN CUTHATIOB U BECOB 3THX CHTHAJIOB.

Haunbonee yacto ncnosib3yemble GyHKIIUH aKTUBALUH.

a) IloporoBast ¢yHkumsa. OTo mpocrasi KyCOYHO-TUHeWHas (yHKus. Ecau BXomHoe 3HaueHHE
MEHbILIE MOPOrOBOTO, TO 3HAaueHHE (PYHKIMHM AKTUBAIMM PAaBHO MHUHUMAJILHOMY JIOIyCTHMOMY,
MHa4Ye — MAaKCUMAJILHO JOMYCTUMOMY.

0) JIuHeiHbIi nopor. DTO HEeCIOKHAsL KyCOUHO-THMHEHHas (pyHKIus. FIMeeT ABa TUHEWHBIX y4acTKa,
rae (yHKUMS aKTHBALMK TOXKACCTBEHHO pPaBHa MHHHMMAJIBHO JIOMyCTUMOMY M MaKCHMAaJbHO
JOMyCTUMOMY 3HAUEHHIO U €CTh Y4aCTOK, Ha KOTOPOM (DYHKLIUSI CTPOTO MOHOTOHHO BO3PACTaeT.

B) CurmompmanpHas GyHKIUS Wik curMomaa (sigmoid). DTO MOHOTOHHO —BO3pacTaromias
middepenuupyemas S-oOpaszHas HenuHeWHas (QyHkuua. CUrmMouja Mo3BOJSET YCHUIIMBATh Cla0ble
CUTHAJIbI U HE HACBIIIATHCS OT CHIIBHBIX CUTHAJIOB.

r) T'unep6omuueckuit Tanrenc (hyperbolic tangent, tanh). DTa ¢yHKIUS DpUHUMaeT Ha BXOJeE
MIPOM3BOJILHOE BEIIECTBEHHOE YHCIIO, a Ha BBIXO/IE JaeT BEIIECTBEHHOE YHCIIO B MHTEpBase oT —1 10
1. ITogo6HO curmouze,

runepOOIMUeCKU TAHTeHC MOXKET Hachlmarbes. OHaKo, B OTIMYME OT CUTMOU/bI, BBIXOJ JaHHOM
(YHKLIMHU LIEHTPUPOBAH OTHOCUTEIHFHO HYIIS.

Tema 5.3. Heoocmamxu gpopmanviozo Helpoua

(3aounas: Jlexyuonmnvie sanamus - 0,02u.; Ilpakmuyeckue 3anamus - 0,14.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,24.; Ilpaxmuueckue 3anamus - 0,2u.;
Camocmosmenvuas paboma - 0,44.)
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» Ilpennomnaraercs, 4TO HEWPOH MTHOBEHHO BBIYUCISET CBOM BBIXOJ, MIOATOMY C HOMOIIbIO TaKHX
HEHPOHOB HEJB351 MOAETHPOBATH HETTOCPEJICTBEHHO CHCTEMBI C BHYTPEHHHM COCTOSIHUEM.

*  @®opmanbHbIE HEWPOHBI, B OIMYME OT OMOJIOTHYECKUX, HE MOTYT 00palaThiBaTh MHPOPMALIUIO
CHUHXPOHHO.

* Her yeTkux aaropuTMoB BbIOOpa (DyHKIIMK aKTHBALIUH.

* HeB03MOXHO perynupoBarhk paboTy BCEH CeTH.

*  UBnumnsas QopManuzanus MOHATUH «IHOPOr» U «BECOBBIE KOA(M(UIMEHTH». Y peaJbHBIX
HEHPOHOB TIOPOT MEHSETCS ITWHAMMYECKH, B 3aBUCHMOCTH OT aKTMBHOCTH HEHpOHa M 0OILero
COCTOSIHUS CETH, a BECOBBIE KOA(PPHUIUEHTH H3MEHSIOTCS B 3aBUCMOCTH OT IIPOXOASAIINX CUTHAJIOB.

Pazoen 6. OMHOCJIOHHAS HEHPOHHAS CETh

(Baounas: Jlekyuonnwie 3anamusn - 0,04u.; Ilpakmuyeckue 3anamusn - 0,2u.; Camocmoamenvnasn
paooma - 1,84.; Ounaa: Jlekyuonnvie 3anamusn - 0,4u.; Ilpakmuueckue 3anamusn - 0,4u.;
Camocmoamenvhan pavoma - 0,8u.)

Tema 6.1. Cemwb uz 00H020 HelpoHa

(3aounas: Jlexyuonunvie sanamus - 0,02u.; Ipaxmuueckue 3anamus - 0,14.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonunvie 3amamusn - 0,2u.; Ilpakmuueckue szanamus - 0,2u.;
Camocmosmenvras paboma - 0,44.)

OnuH HEHPOH MOXET BBITIOJMHATH MPOCTEUIINE BBHIYUCIICHHS, HO OCHOBHBIC (PYHKIIMH HEHPOCETH
o0ecreunBaroTCs HE OTACIBPHBIMA HEUPOHAMHU, & COCTUHEHUSIMH MEXTy HUMHU.

Tema 6.2. Oonocnoiinwiii nepyenmpon @penxa Pozenbramma

(3aounas: Jlexyuonunvie sanamus - 0,02u.; Ipaxmuueckue 3anamus - 0,14.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamusn - 0,2u.; Ilpakmuueckue szanamus - 0,2u.;
Camocmosmenvras paboma - 0,44.)

OmHOCIIONHBIN TEPIENTPOH MPEACTABISET COO0H MPOCTEHIIYIO CETh, KOTOPasi COCTOUT U3 TPYIIIBI
HEHWPOHOB, O0Opasyromux cioil. BXomHbie gaHHBIE KOTUPYIOTCS BEKTOPOM 3HAUEHUH, KaXIbIH
AJIEMEHT MOJAETCSl HA COOTBETCTBYIONIMI BXOJT KaXKJA0r0 HEMpOHa B ciioe. B cBOO ouepenn, HEUPOHBI
BBIYMCISIIOT BBIXOJ HE3aBHUCHMO JIpyr OT apyra. Pa3smepHOcTh BbIXoma (TO €CTh KOJHUYECTBO
AJIEMEHTOB) paBHA KOJUYECTBY HEUPOHOB, a KOJIMYECTBO CHHAIICOB Y BCEX HEHPOHOB JOJIKHO OBITh
OJIMHAKOBO M COBIIAJIaTh C Pa3MEPHOCTHIO BXOJHOTO CUTHAJIA.

Pazoen 7. OBYYEHHE HEHPOHHOH CETH

(Baounaa: Jlekyuonunwvie 3anmamua - 0,06u.; Ilpakmuueckue 3anamus - 0,284.;
Camocmosamenvnasa paooma - 2,74.; Ounan: Jlekyuonnvie 3anamua - 0,8u.; Ilpakmuyeckue
3anamus - 0,8u.; Camocmoamenvnaa paboma - 1,64.)

Tema 7.1. Ymo maxoe obyuenue HelpoHHOU cemu

(3aounas: Jlexyuonmnvie sanamus - 0,02u.; Ilpakmuyeckue 3anamus - 0,1u.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,24.; Ilpaxmuueckue 3anamus - 0,2u.;
Camocmosmenvuas paboma - 0,44.)

OOydeHre HEHPOHHOM CETH - ATO MPOIIECC, B KOTOPOM MapaMeTpbl HEHPOHHOW CETH HACTPAMBAIOTCS
MOCPEJICTBOM MOJICIIMPOBAHUS CPEJIbI, B KOTOPYIO 3Ta CETh BCTpoeHAa. Tur oOydeHUs onpeaesieTcs
CIIOCOOOM TOACTPOIKK mapaMeTpoB. Pasnmuyaror  anroputmbl  OOydeHUS C  y4UTeIeM U
06e3  yuutens. [Iporecc oOydeHus ¢ ydauTeneM MpeAcTaBisieT cOO0H MPebsBICHHE CETH BRIOOPKH
oOyyarormux mpuMepoB. Kaxapiii oOpasern mogaeTcss Ha BXOABI CETH, 3aTeM IMPOXOIUT 00paboTKy
BHyTpu CcTpykTypbl HC, BBMHCHSETCS BBIXOAHOW CHUTHAll CETH, KOTOPBIA CpaBHUBACTCS C
COOTBETCTBYIOIIMM 3HAUEHUEM IIEJIEBOTO BEKTOpa, MPEACTABISIONIETO CO00M TpeOyemblil BBIXO
CeTH.
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Tema 7.2. Ancopummol 06yyeHUs HEUPOHHOU cemu ¢ yyumenem u Oe3 yuumeins

(3aounas: Jlekyuonnvie 3auamus - 0,02u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

s Toro, 4toObl HEHpOHHas ceTH OblIa CHOCOOHA BBIMOJHUTH TMOCTABICHHYIO 3a/ady, ce
HeoOxonuMo o0yuuTh. Pasnuuaror anropuTmbl oOydeHus ¢ yuutenem u Oe3 yuutens. [Iporecc
OOy4eHUS C YUHUTEJIEeM MpPEACTaBIseT co00i MpeabsBICHHE CETH BHIOOPKH OOYYaIOIIMX MPUMEPOB.
Kaxxapiii oOpaser; mogaeTcss Ha BXOIbI CETH, 3aTeM MPOXOAUT 00paboTKy BHYTpU cTpyKTyphl HC,
BBIYHCTISICTCS. BBIXOJAHON CHTHAN CETH, KOTOPBIA CPaBHHBAETCS C COOTBETCTBYIOIIUM 3HAUYCHUEM
IIEJIEBOTO BEKTOPA, MPEICTABIISAIONIETO COO0N TpeOyeMblil BBIXOJ CETH. 3aTeM IO ONpEIEICHHOMY
MIPABUITY BBIYUCIISCTCS OIMUOKA, H IPOUCXOIUT N3MEHEHHE BECOBBIX KOO(PPHUIIMEHTOB CBS3EH BHYTpHU
CeTM B 3aBHCHUMOCTHM OT BBIOpDAHHOTO anroputMa. BekTopbl 00ydYaromero MHOXKECTBA
MPEIBSIBISIFOTCS MMOCTIEN0BATEIFHO, BBIUMCIISIOTCS OIMIMOKM U Beca MOJCTPAUBAIOTCS U KaXKIOTO
BEKTOpa JI0 TE€X MOp, MOKa OMIMOKAa MO BceMy OOydaroleMy MAacCHUBY HE JOCTUTHET MPUEMIIEMO
HU3KOTO YPOBHSI.

Tema 7.3. Umepayuonnvie anecopummovl 00yueHuss HEUPOHHbIX cemell
(3aounas: Jlexyuonnvle 3auamus - 0,02u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
Jlnia peieHust 3ToM 3aa4l MOTYT HCIIOJIb30BATHCS CIEAYIOMNE (UTepallMOHHbIE) aJITOPUTMBI:
1. anropuTMbl JOKaJIbHOW ONTUMM3AINH C BEIYUCICHUEM YaCTHBIX MPOU3BOJHBIX MEPBOTO MOPSIIKA:
* TPaJUCHTHBIN aNrOpUTM (METOJT HAUCKOPEHIIIETO CITyCKa),
. METONIBI C OJHOMEPHOM W JABYMEPHOH ONTHMM3AIMEH IeeBOM (PYHKIMH B HANpaBlICHUU
aHTUTPaJIMEHTA,
* METOJ CONPSKEHHBIX TPaIUEHTOB,
* METO/bl, YYUTHIBAIOLIME HAMIPABICHNE aHTUTPAIMEHTAa Ha HECKOJBbKUX IlIarax ajiropuTma,
2. aNropuTMbl JIOKaJbHOM ONTHMHU3ALMM C BBHIYMCIECHHUEM YaCTHBIX IPOU3BOAHBIX MEPBOr0 U
BTOPOTO MOPSIKA!
* mMeton HeroToHa,
* METO/bI ONITUMU3ALINY C pa3peKeHHbIMU MaTpuiiamu [ecce,
* KBa3MHBIOTOHOBCKHE METOJIbI,
* wmeton ['aycca-HproToHa,
» wMeton JleBenOepra-MapkBapara u zip.;
3. CTOXacTHUYECKHUE aJITOPUTMbI ONITUMHU3ALINU:
* TIOHCK B CITy4yaifHOM HampaBJICHUH,
* UMUTAIMS OTKUTa,
» Meton Monte-Kapio (YucieHHbIi METOT CTaTUCTUYECKUX UCTIBITAHUN );
4. anropuTMbl TIOOANBHON ONTUMHU3ALMU (33Aa4d [I00ATHHOW ONTHMHU3ALMU PEIATCA C
MTOMOIIIBIO TIepe0opa 3HAUCHUN TTEPEMEHHBIX, OT KOTOPBIX 3aBUCHUT IiesieBas QyHKITHSA).

Pazoen 8. MHOTOCJIOHHAS HEHPOHHAA CETh
(Baounaa: Jlekyuonunwvie 3anamua - 0,04u.; Ilpakmuueckue 3anamus - 0,184.;
Camocmosamenvunasa paooma - 1,8u.; Ounan: Jlekyuonnvie 3anamua - 0,6u.; Ilpakmuyeckue
3anamus - 0,6u.; Camocmosamenvnan paboma - 1,2u.)

Tema 8.1. Aneopumm obpamuozo pacnpocmparenust OuuoOKu

(3aounas: Jlexyuonnvie 3auamus - 0,02u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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AJroput™M 00paTHOTO pPACIpPOCTPAHEHHUs] OLIMOKK SBJISETCS OIHUM M3 METOIOB OOyuYeHUs
MHOTOCJIOMHBIX HEHPOHHBIX ceTeil mpsimMoro pacmpoctpaneHus. OOydyeHue aJropuTMoM 0OpaTHOIOo
pacrpocTpaHeHus OUIMOKY MPEoiaraeT ABa Mpoxoaa Mo BCEM CIO0SM CETH: IPSIMOTo U 00paTHOro.
IIpu npsiMOM IIPOXOZE BXOMHOM BEKTOP IIOAAETCS HA BXOJHOM CJIIOM HEMPOHHOU CETH, IOCJE YEro
pacrpocTpaHseTcssi M0 CETH OT cJos K clow. B pesynabrare reHepupyercs HaOOp BBIXOIHBIX
CUTHAJIOB, KOTOPBIN U ABIsETCS (PAKTUYECKOHN peaklueil ceTn Ha JaHHBIA BXOIHOU 00pa3. Bo Bpems
IPSIMOTO TPOXO0JIa BCE CHUHANTUYECKUE Beca ceTu (hukcupoBaHbl. Bo Bpems o0paTHOTO mpoxona Bce
CHHANTHYECKUE BECa HACTPAUBAIOTCA B COOTBETCTBHHU C MPABHIIOM KOPPEKIMH OLIMOOK, & HIMEHHO:
(akTHUECKUH BBIXOJA CETH BBIYHUTACTCS M3 KEJIAEMOT0, B pe3yJbrare uero (opMHpyeTCsl CHrHal
OomMOKU. DTOT CHUTHAJN BIOCIEACTBUH PACIPOCTPAHSAETCS IO CETH B HAlpaBlIe€HHH, OOpaTHOM
HalpaBJICHUIO CHHANTHYEeCKUX cBsized. OTcioma W Ha3BaHHME — alrOPUTM  OOPaTHOIO
pactipocTpaneHusi omuOku. CHHaNTHYECKHWE Beca HACTPAUBAIOTCA C IEJIbI0 MaKCHMaJIbHOTO
NPUOTMKEHUS BBIXOJHOTO CUTHAJIA CETH K JKEJIaeMOMY.

Tema 8.2. Aneopumm obyuenus muocociounou HC

(3aounas: Jlexyuonnvie 3auamus - 0,02u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

1. 3amarorcs mar oOydenus o (0< o <1) u xxemaemasi cpeAHEKBaApaTHIHas omnOka cetu Em.

2. HVunnmanusupyrorcs ciydailHeIM 00pa3oMm BecoBble Kod(pduuueHTs! Wijk u moporoseie bjk
3HaueHus HC.

3. Tlomarorcst mocnenoBaresibHO 00pa3bl U3 oOyvaromieil BEIOOPKM Ha BXOA HeHpoHHOI cetu. Ilpu
3TOM IS KaXJI0T0 00pa3a BBIMOIHSAIOTCS CIEIYIOINE NCHCTBHS:

a. IlpomsBogurcs (pasa mpsMOro pacrmpoCTpaHEHHUs BXOJHOrO o0pas3a Mo HEHpOHHOHW ceTu.
BrruncnsieTcst BBIXOAHOE 3Ha4eHHE BCeX HEHpoHOB Yjk.
b. Beruucinstorcst ommOKy Y'j HEHPOHOB BBIXOIHOTO M CKPBITOTO CIIOEB.

c. IIpomsBomutcst U3MeHEHHE BECOBBIX KOA(P(PHUIMEHTOB U MOPOTOB HEHPOHHBIX JIEMEHTOB IS
Ka)JIOTO CJIOSI HEHPOHHOM CeTH.

4. Bpruucasiercss cymmapHas omnoka HelpoHHoH ceTn E

5. Ecau E>Em, TO IpoucXoauT nepexoa K mary 3, iHaue BBIIIOJIHEHUE aJITOPUTMA 3aBEpLIAcTCS

Pazoen 9. BBE/IEHHE B KERAS H EI'O OCHOBHBIE IIPHHITHUIIBI

(Baounaa: Jlekyuonunwvte 3amamus - 0,154.; Ilpakmuueckue 3anamua - 0,54u.;
Camocmoamenvnan paooma - 5,4u.; Ounan: Jlekyuonnvie 3anamusa - 1,8u.; Ilpakmuueckue
3anamus - 1,84.; Camocmosamenvnan paboma - 3,6u.)

Tema 9.1. Ymo makoe Keras u enyounnoe obyuenue?

(3aounas: Jlexyuonnvie 3auamus - 0,02u.; Ilpaxmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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Keras siBnsercsi BHICOKOypOBHEBBIMHM HeWpoHHBIMU ceTsiMu API, Hanucanusiii Ha Python u moryt
paborats noepx TensorFlow, CNTK unu Teano. OH Obl1 pa3zpaboTaH ¢ yIopoM Ha BO3MOXKHOCTb
ObICTpOrO 3KcrepuMeHTHpoBaHUsA. CHOCOOHOCTh WATH OT HIEH K pe3yibTary ¢ HauMEHbIIeH
BO3MOXKHOM 3aIEPIKKOM SIBJISICTCS KJIFOYOM K IPOBEJEHUIO XOPOILIUX UCCIIEIOBAHUN.

I'pybo roBops, rmyOuHHOE OOy4deHHEe — TpocTo Oosiee ymoOHOE Ha3BaHHWE IJISi HMCKYCCTBEHHBIX
Helpocerell. «TyOMHHOE» B 3TOM CJIOBOCOYETAHHH OOO3HAYAET CTENECHb CIOKHOCTU (TITyOHHBI)
HEeHpoceTH, KOTopasi 3a4acTyl0 MOXKET ObITh BEChbMa IMOBEPXHOCTHOM.

Cozgarenn nepBoil HEMPOCETH BIOXHOBISUIMCH CTPYKTYpPOM KOpBI T'OJIOBHOTO Mo3ra. ba3oBblii
YPOBEHb CETH, MEPLENTPOH, SBISAETCA IO CYyTH MAaTeMaTHYECKUM aHaJoroM OHOJIOTHYECKOro
HelipoHa. M, kak U B TOJIOBHOM MO3re, B HEMPOCETH MOTYT IOSBISATHCS IEPECEYEHHBIE IPYr C
JAPYrOM IEPLEITPOHBI.

IlepBrlii ci0lf HEHpOCETH Ha3bIBaeTCsl BXOAHBIM. Kaxxablil y3€sl 3TOro cios MOJIy4aeT Ha BXOJ
Kakyro-Tu0o MH(pOpMalMIO U TepeaeT ee Ha MOCIeqyIomue y3ibl B Apyrux ciosx. Yame Bcero
MEXy y3JaMH OIHOTO CJOSl HEeT CBS3€H, a MOCIEAHUHN y3ell LENOYKH BBIBOIUT Pe3yJbTaT padoThI
HEHUPOCETH.

VY311BI MOCEpEAUHE HA3BIBAIOTCS CKPBITBIMU, ITIOCKOJIBKY HE UMEIOT COCJUHEHUN C BHEILIHUM MHPOM,
Kak y3JIbl BBIBOJA U BBOAA. OHU BBI3BIBAIOTCS TOJIBKO B CIIy4ae aKTUBALMM NIPEABIAYIIHNX CIOEB.

I'my6uHHOE OOydeHHe — 3TO TO CYTH TEXHMKa OOy4YeHHMs HEHpOCEeTH, KOTOpas HCIOJIb3YyeT
MHOKECTBO CJIOEB JUISl PEIICHUS CIOKHBIX MPoOIeM (HampuMep, pacrlo3HaBaHUs Pedr) ¢ MOMOILBIO
mabioHoB. B BoChbMHIECATHIX Troax OONBIIMHCTBO HeipoceTeld ObUIM OTHOCIOWHBIMH B CHILY
BBICOKOM CTOMMOCTHU ¥ OFPaHUYEHHOCTU BO3MOXXHOCTEN JaHHbIX.

Ecnu paccmarpuBarh MalmmHHOE 00y4YE€HHE KaK OTBETBIICHHE MJIM BapHAHT pabOThl UCKYCCTBEHHOTO
MHTEJUIEKTA, TO IITyOMHHOE 00YYEeHHE — ATO CIICIHATU3UPOBAHHbIN THI TAKOTO OTBETBIICHHS.
MamuHHOe 00yueHHE HUCIOJIb3yeT KOMIBIOTEPHBIM WHTEJUIEKT, KOTOpBI HE JaeT OTBETa Cpasy.
Bmecro storo kom OymeT 3amyckaTrbCsi HAa TECTOBBIX JAHHBIX M, UCXOAS M3 MPAaBUIBHOCTH HX
Pe3yNIbTaToB, KOPPEKTHPOBATH CBOM X0/. Il YCHEIIHOCTH 3TOTO MpoLecca OOBIYHO UCHOIb3YIOTCS
pazHOOOpa3HbIE TEXHHWKH, CIEHMAIbHOE TMpOrpaMMHOE obecriedeHne ¢ WHPOpPMAaTHKa,
OIMCBHIBAIONIAS CTATUYECKUE METO/IbI U JIMHEHHYIO anreopy.

Tema 9.2. Memoowt enybounno2o 0oyuenus

(3aounas: Jlexyuonnvle 3auamusa - 0,02u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ouynasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

MeTonp! riryOMHHOTO 00yUYeHUs ACTSATCS Ha IBa OCHOBHBIX THUIIA!

* OOydeHue ¢ yuutenem

* OOyuenue 6e3 yuuTens

[TepBeIii crmoco® HCMONB3YyeT CHENHMATBLHO OTOOpAHHBIE JAaHHBIE, YTOOBI JOOHWTHCS JKEIAeMOTO
pe3ynbrara. OH TpeOyeT JOBOJIBLHO MHOTO YEJIOBEYECKOTO BMEIIATENLCTBA, BE/Ib JAHHBIC IPUXOUTCS
BbIOMpaTh BpyuHyto. O1HaKo OH y100eH i KiIacCu(UKAIUN U PErPeCcCuH.

[IpencraBbTe, YTO BBl BJIaJENCl] KOMIAHMM M XOTHTE ONPEACTHTH BIUSHHE TPEMHA Ha
MPOOJDKUTEILHOCTh KOHTPAKTOB € BAllMMHU MOTYMHEHHBbIMH. [Ipu Hammumm 3apanee coOpaHHBIX
JAHHBIX, METOJ] OOYYCHHUS C yUUTEIeM ObLI ObI HE3aMEHUM U O4eHBb YPPEKTUBEH.

Bropoii e crioco0® He moapa3ymMeBaeT 3apaHee 3aroTOBICHHBIX OTBETOB M aJlTOPUTMOB paboTsl. OH
HalpaB/IeH Ha BBIABICHME B JAHHBIX CKPBITHIX [A0I0HOB. OOBIYHO €ro HCHOJIB3YIOT IS
KJIaCTepH3allMi U aCCOIMATUBHBIX 3aja4, HAllpUMep JJIs TPYNIHPOBKH KIMEHTOB M0 NoBeAeHUI0. «C
3THM TaKXke BbIOMpaioT» Ha Amazon

— BapUAHT aCCOLMATUBHBIN 3a1a4H.

B 10 Bpems kak MeTos 0O0yueHHsI C yYUTEIEeM JOBOJIBHO YacTO BIOJHE YA0OEH, ero 0osee CI0XKHBIH
BapUaHT Bce e Jyuyine. [yOunHoe oOydeHHe 3apeKOMEHJOBaNo cels Kak HeWpoceTh, He
HYX/1atol1asics B Ha/I30pe YeJI0BEKa.
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Tema 9.3. Basxxcnocmu enyounno2o obyuenus

(3aounas: Jlekyuonnvie 3auamus - 0,02u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

KomnbroTepsl ye [TaBHO HCHOJNB3YIOT TEXHOJIOTHMH pACIO3HABaHHUS ONPEACICHHBIX YepT Ha
n3o0pakeHnu. OJTHAKO pe3ynbTaThl ObLIM JAJIEKH OT yCIexa.

KomnbroTepHoe 3peHne okas3ano Ha TIyOMHHOE oOydyeHHe HEeBEepOsSTHOE BiusHUE. VIMEHHO 3T /Be
TEXHUKHU B JJaHHBIA MOMEHT PEIIaloT BCe 3aJa4l Ha pacro3HaBaHue. B yacTHOCTH, B paclio3HaBaHUU
nui Ha GoTtorpadusax ¢ MOMoIIbio yOuHHOTO 00ydeHus npeycrnen  Facebook. 3to He mpocrtoe
yAy4IIEHHE TEXHOJIOTHH, & TOBOPOTHBIA MOMEHT, U3MEHSIOIUI Bce Ooiee paHHUE MPEICTABICHHS:
«YenoBeK MOXKET € BEpOSITHOCTBIO B 97.53% onpenenuTth, OUH JIU YEJIOBEK MPEJICTABIICH Ha JBYX
pasubix Qotorpadusax. Ilporpamma, pazpaborannas xomangour Facebook, moxer nenarp 310 €
BEPOSITHOCTHIO B 97.25% BHE 3aBUCHUMOCTH OT OCBEIICHUS WIH

TOTO, CMOTPHT JIM YEJIOBEK MPSIMO B KaMepy WJIM TIOBEPHYT K HEll OOKOM».

Pacnio3HaBanme peun ToXe IpeTepriesio 3HauMTeNnbHble n3MeHeHus. Komanga Baidu — ogHoro wu3
JTUIUPYIOMINX TOMCKOBUKOB Kutast — paspaborana cucteMy pacro3HaBaHUS pPEYH, CYMEBILIYIO
OTEPEUTh YeJIOBeKa B CKOPOCTH M TOYHOCTH HAIMCaHMs TEKCTa Ha MOOWJIBHBIX ycTpoicTBax. Ha
AHIJIMKCKOM U MaHIapUHCKOM.

Yro 0coOEHHO 3aHMMATENIFHO — HAalTUCaHUe O0IIel HelpoceTH Ui IBYX a0CONIOTHO Pa3HBIX SI3BIKOB
He MmoTpedoBasio 0cobeHHOTO Tpyaa: «Tak HCTOPUYECKU CIIOKUIIOCH, UTO oAU Buaenu Kuraiickuit
U AHITUICKHMA, KaK JiBa COBEPIICHHO pa3HBIX S3bIKA, MOITOMY M TOAXOMA K KaXJIOMy M3 HHX
TpeOoBaJICs pa3IMyHbIY», — TOBOPUT HAauaIbHUK HCCIIenoBaTenbckoro nenrpa Baidu, Andrew Ng.
«AATOpUTMBI 00yUYeHHS ceiiuac HaCTOIBKO 0O0OIIEHBI, YTO BBl MOXKETE MPOCTO 00YUaTHCS».

Google ncnonp3yer rryOuHHOE OOy4YeHHE Ul YIPaBJICHUS SHEPrHed B JaTa- LEHTPax KOMIIaHUU.
OHHM cMOINIM COKpaTUTh 3aTparbl pecypcoB ans oxiaxiaeHus Ha 40%. Oro OKOJIO 15%
noBbIIeHUST 3P (PEeKTUBHOCTH  HHEPronoTpedICHUs U MUJUTMOHBI OIAPOB 3KOHOMHUHU.

Tema 9.4. Muxpocepsucul 2nyOouHHO20 U3yYeHUs

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ouynasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

Bot kparkuii 0030p CEepBUCOB, CBA3aHHBIX C TITyOMHHBIM 00yUEHHEM.

[lustration Tagger. J[lomonuenusiii Illustration2Vec, 53T0oT cepBUC TO3BOJNSAET OTMEYaTh
M300paXeHHSI ¢ PEUTUHTOM <GAIlUIICHHBINY), «COMHHUTEIBHBINY,

«OMACHBIN», «KOMHUPANT» WM «OOUmMi» UIsi TOro, 4YTOOBI  3apaHee MOHSITHh COACpIKAHUE
KapTHHKH.

Knaccudukarop Bo3pacTa HCHONB3yeT TEXHOJIOTHMHM aHanu3a QoTtorpaduu A ONpeAeiIeHus
Bo3pacta yenoBeka. Places 365 Classifier ucronb3yer 3apaHee HaTpEeHHPOBAHHYIO HEWPOCETH B
couetaHnn ¢ 0Oa3oii naHHbIX 3a 2016 rom AN oOmpeneseHUs MECTONOJIOKEHHE YeNOBEeKa II0
dororpaduu (Harpumep, IepeBHs, arTeka, HOMEP TOCTUHOM, TOPHI U Tak najnee). He ctout 3a0bIBaTh
u o InceptionNet — npsimom Hacnenuuke InceptionNet ot Google. Dta HeiipoceTh Ha OCHOBE aHATU3a
¢dororpaduu MalIMHbI BHLAAET MATh JIYLINX MOJEICH, COOTBETCTBYIOIIUX 3TOMY aBTOMOOUIIIO.

Tema 9.5. Open Source gpetimeopxu o enyOuHHOM 00y4eHUU

(3aounas: Jlexyuonnvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3aumamusn - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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JlOCTYITHOCTh ITYOMHHOTO 00y4YeHHs oOecrieueHa HECKOIBKUMHU MPOEKTAaMH C OTKPBITHIM HCXOAHBIM
KoZIoM. B 3TOM criucke ecTh Kak M3BECTHBIE TEXHOJIOTHH, TaK M MEeHee nomyisipabie. OH cocTaBisuics
Ha OCHOBE HAlpaBJIEHHOCTH HEHPOCETH, CIIOKHOCTHU M aKJIEMHUYHOCTU. BOT 3TOT crincoxk:
DeepLearning4j(DL4J):

* OcHoBana Ha JVM

» (CB00OOAHOE pacpoCTpaHEHUE

* Hurerpupyercsi ¢ Hadoop u Spark Theano:

 Ilonynspaa Ha Academia

» (Cka3zo4Ho npocras

* Penaxtupyercs Ha Python u Numpy Torch:

* OcHoBana Ha Lua

 JlomariHss Bepcus Ucnonb3yercs komnanusimu Facebook u Twitter

» Cozmep:kuT 3apaHee HaTpeHUpOBaHHbIE Mozienu TensowFlow:

» Jlononuenwue ans Theano ot Google

* Penaxtupyetcs Ha Python u Numpy

* 3auacTyro MPUMEHSETCs IS peIieHHs ONpeieTIeHHOro crekTpa npoodiem Caffe:

* He oOmero naznauenusi. OCHOBHO yHop Ha MaIlIMHHOE 3pEHUE

* Penaktupyercs Ha C++

* Ectb unrepdetic Ha Python

3neck Mbl moapoOHO paccmarpuBaeMm Keras. Wcmonbsyiite Keras, ecnum BaM HyxHa OnOIHOTEKa
DIyOOKOro 00yueHHs, KOTOpasi:

1. Tlo3BonsieT nerko M OBICTPO cO3/1aBaTh MPOTOTHUINHI (Omaromaps yaoOCTBY, MOIYIbHOCTH H
pacIIupsieMOCTH).

2. Tlopnep:kuBaeT Kak CBEPTOUHBIE CETH, TAaK M MOBTOPSIOMINECS CETH, a TAKKe KOMOMHALIUU 3THX
IBYX.

3. Jlerko pabGoraeT Ha mpoueccope 1 rpadpuueckoM Iporeccope.

Tema 9.6. OcHosHnvie npunyunsi Keras

(3aounas: Jlekyuonnvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvras
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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YcranoBka U HacTpoiika. M3nagansHo Keras BeIpoc kak ynoOHast HajacTpoiika Hax Theano. Otcrona
U €ro Ipedyeckoe UMs — KEPOC, YTO 3HAYUT "por’ Mo-TpeueckH, 4To, B CBOIO OYEPElb, SBIAETCS
orcbuikoil k Opuccee Tomepa. XoTd, ¢ TeX MOp YTEKIO MHOro Boabl, U Keras cran cHadana
nozanepxkuBarh Tensorflow, a moToM 1 BOBCe CTall €ro 4acThlo.

Keras ycranaBiuBaeTcsi Kak OOBIYHBIM MTUTOHOBCKUH MakeT: pip install keras

BHUMAHME: YroOwl pabotars ¢ Keras, y Bac yxe JOKEH OBITh YCTAHOBJIEH XOTS Obl OIMH W3
¢petimBopkoB — Theano miu Tensorflow.

Bbakennbl — 310 TO, M3-32 yero Keras cran usBecteH u nomyisipeH. @ponrtena (anmni. front-end) —
KJIMEHTCKasi CTOPOHA IMOJIb30BaTENILCKOr0 MHTEpdeiica K MporpaMMHO-aNapaTHON 4acTH CepBHUCA.
bekenn (anr. back-end) — mporpammHoO- anmapaTHasi 4acTh cepuca. OpoHT- U GeKeHJ — 3TO
BapUaHT apXUTEKTyphl MPOrpaMMHOr0 oOecredeHus. TepMHUHBI MOSBHIMCH B IPOTPAMMHOM
WH)KEHEpUHU BCIICACTBUE DPA3BUTUS IPHHLUINA Pa3eNCHHs OTBETCTBEHHOCTH MEXIY BHEIIHUM
NpeACTaBICHUEM W BHyTpeHHel peanmzammeid. Back-end co3maer nexotopoe API, kotopoe
ucnonsdyer front-end. Takum oGpazom front-end pa3paboTumKy HE HY)KHO 3HaThb OCOOEHHOCTEH
peanuzanun cepBepa, a back-end paspabotumky — peanuzamuio front-end. Keras mosBossier
UCTIONIb30BaTh B KauecTBe OdKeHa pas3Hble Apyrue ¢ppeimBopku. [Ipu 3ToM HamucaHHbIH Kox OyneT
UCTIONHATHCS HE3aBUCHUMO OT HCIONIb3yeMoro OskeHaa. HaumHamack pa3paboTka, Kak yxke ObUIO
cka3aHo, ¢ Theano, Ho co BpemeHeM nobasuiicst Tensorflow. Celtuac Keras nmo ymonmuanuio paboraer
MMEHHO C HUM, HO €CJIM HYXHO Hcrnonb30oBath Theano, To ecTh ABa BapuaHTa, Kak 3TO ClIENaTh:

1. OtpenaktupoBarh  (aiin  koHurypammuu keras.json, KOTOPBI JIKUT 1O MYyTH
$HOME/ keras/keras.json(umun % USERPROFILE%)\ keras\keras.json B cilyyae oOIepaliMOHHBIX
cucreM cemelrictBa Windows). Ham HyxHO none backend:

{

"image data_format": "channels_last", "epsilon": 1e-07,

"floatx": "float32", "backend": "theano"

}

2. Bropoii myTs — 3710 3anath nepeMeHHy0 okpyxeHuss KERAS BACKEND, nanpumep, Tak:
KERAS BACKEND-=theano python -c "from keras import backend" Using Theano backend.

YnobcerBo muis monb3oBarens. Keras - 3to API, npennasHadeHHbIN A1 ofiei, a He ais MamuH. OH
CTaBUT MOJIL30BATENLCKUI MHTEpQENC criepenu U B 1eHTpe. Keras ciieqyeT HauimydmuM MeToiam
CHUKEHUS KOTHUTUBHOM HArpy3Kd: OH IMpeajiaraeT mnoclienoBareibHbie U mpocteie API, o
MUHUMU3HUPYET KOJIMYECTBO JEHCTBUN TIOIH30BATENS, HEOOXOMUMBIX JJIsi CIy4aeB OOIIero
UCTIONBb30BaHMsI, M o0ecrneunBaeT 4YeTKyl0o U AS(PQPEKTHBHYIO O0OpaTHYIO CBS3b C OIIMOKOM
IIOJIb30BaTEII.

MopnyneHocTs. [log Momenpi0 TMOHMMAETCS IMOCIENOBATENBbHOCTh WM TpapuK aBTOHOMHBIX
MOJTHOCTHIO ~ HACTPAMBAEMBIX  MOAYJIEH, KOTOpble MOTYT OBITh TOIKIIOUEHBI BMECTE C
MUHUMAJIbHBIMU ~ OTPaHWYEHUSIMU. B  dYacTHOCTH, HEWpOHHBIE CJIOM, (QYHKIHH 3arpar,
ONTUMHU3ATOPBI, CXEMBbl WHUIMANIH3ANNH, (YHKIMH aKTUBALMH, CXEMbl PETYISIpU3alUd - 3TO
ABTOHOMHBIE MOJIYJIH, KOTOPBIE BBl MOJKETE KOMOMHHUPOBATH JJIsI CO3/IaHUSI HOBBIX MOJIEIICH.

Jlerkast Mmacmrabupyemoctb. HoBble MOAyIH MPOCTO T00ABIATH (KaK HOBBIE KJIACCHI U (PYHKIIUH), a
CYILIECTBYIOILIME MOJYJIU MPEAOCTABISIIOT MHOXKECTBO MPUMEPOB. UTOOBI UMETH BO3MOXKHOCTD JIETKO
co3/1aBaTh HOBBIE MOJYJIH, BBl MOXKETE MOJTHOCTBIO BBIPA3UTh CBOIO BBIPA3UTENIBHOCTb, UTO JEJIAET
Keras moaxonsimum i nepeioBbIX UCCIEAOBAHUM.

Pabora ¢ Python. Her ornenpHbIX (aiiioB koH(uUrypauuum mozenei B AeKiIapaTuBHOM (opmare.
Mogenu onwmcanbl B kome Python, KOTOpBINi KOMITaKTEH, Jerde OTIAKUBACTCS W OOecredurBaeT
MPOCTOTY PACIIUPIEMOCTH.

Pazoen 10. MOAEJIU KERAS

(Baounaa: Jlekyuonunvte 3amamus - 0,124.; Ilpakmuueckue 3anamua - 0,364.;
Camocmoamenvnan paooma - 3,6u.; Ounan: Jlekyuonnvie 3anamusa - 1,2u.; Ilpakmuueckue
3anamusn - 1,24.; Camocmosamenvhnan paboma - 2,4u.)
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Tema 10.1. Ocnosnasn cmpykmypa oannvix Keras

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

OcHoBHast cTpyKTypa qaHHbIX Keras - 310 Mozaens, crioco0 opranuzanuu cioes. B Keras moctymHbl
JIBA OCHOBHBIX THIIAa MOJENEH: TmocienoBarenbHas Moxaenb Sequential u  ximacc Model,
ucnonb3yembii ¢ ¢dyHknuonansbHeiM APIL. Tlpocteifmum THrmom Momenu sBhsieTcss Sequential
MOJIeNIb, KOTOpas TpEACTaBiIseT co00i JIMHEHHYI0 COBOKYMHOCTH ciioeB. s Ooree CIOXKHBIX
apXUTEKTYp HEOOXOAMMO HCIIONb30BaTh (yHKIMOHANBHBIM APl Keras, koTopblii mo3BoseT
CO3/1aBaTh MPOU3BOJILHBIC TPA(PHUKU CIIOEB.

Tema 10.2. Kpamkas xapakmepucmka mooeneu Keras

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)

OTHU MOJIENIM UMEIOT PsiJ OOIUX CBOMCTB M OOIIHUX METO/IOB:

* model.layers - mpencrapiseT coO0H CIUCOK CIIOEB, COAEPIKAIMINUXCS B MOJICITH.

* model.inputs - mpenacTaBiaseT CcOOOW CIMHUCOK BXOIHBIX TEH30POB MOJICIIH.

* model.outputs - 3TO CIIUCOK BBIXOAHBIX TEH30POB MOJICIIH.

* model.summary() - meyaraeT CBOJJHOE MPECTABICHNE O MOJICIIH.

» model.get config() - Bo3BpaImiaeT cioBaph, coaepKanuii KOHPUTYPAITUIO MOJICIIH.

* model.get weights() - Bo3Bpaiaer Ciucok BCeX BECOBBIX TEH30POB B MOJICIIH.

* model.set weights(weights) - ycTanaBnuBaeT 3Ha4eHUsI BECOB MOJCIIH, U3 MaccHBa. MacCUBHI B
CIIUCKE JOJKHBI UMETh TY ke (opMy, 4TO U Bo3BpamaeMbie get weights().

. model.to_json() - Bo3Bpamaer mnpeicTaBiIecHUE Monaedu Kak B Buae cTpoku JSON. DOrto
NpeCTaBICHNUE HE BKIIIOYAET BECa, a TOJIBKO apXUTEKTYPY.

[IpuBenem mpumep ucnoiab3oBanus Metoaa model.to json():

from keras.models import model from json json_string = model.to _json()

model = model.from_json(json_string)

Tema 10.3. API knacca Model
(3aounas: Jlexyuonnvle 3auamusa - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ouynasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
Wcnonb3yst ¢ynkuuonanbHbii APl MoxxHO co3mare sk3emiuisip kinacca Model anst HekoToporo
BXOJTHOTO TEH30pa U BBIXOJHOM TEH30pa HCIIONb3Ys CICAYIOINNA KOA:
from keras.models import Model
from keras.layers import Input, Dense a = Input(shape=(32,))
b = Dense(32)(a)
model = Model(inputs=a, outputs=b)
Ota Monenb OyAeT BKIIIOUaTh BCE YPOBHHU, HEOOXOAUMBIE IJIs1 BBIYHCICHHS b
Ha OCHOBE a.

B ciydac MOHeHeﬁ C HECCKOJIBKMMHU BXOAaMU HWJIIM C HCECKOJBKHMHU BbBIXOAAaMH TaAKXE MOXKXHO
HUCITOJIB30BaTh CIIUCKHU:
model = Model(inputs=[al, a2], outputs=[b1l, b2, b3])

Tema 10.4. Ocnosmnbie memoowt knacca Model

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpaxmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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Paccmotpum Hambomnee BakHbIE METOIBI Kilacca Model, HeoOXoaumble il OpraHU3aliy Mporecca
00y4eHUs] HEUPOHHBIX CETEH.

1. Metox HaCTPOWKH MOJENH sl O0yUCHHS:

compile(self, optimizer, loss=None, metrics=None, loss_weights=None,
sample weight mode=None, weighted metrics=None, target tensors=None)

2. OOy4eHue MO AJis OTPEACIEHHOTO KOJTMYeCTBAa AIO0X:

fit(self, x=None, y=None, batch size=None, epochs=1, verbose=1, callbacks=None,
validation_split=0.0, validation _data=None, shuffle=True, class weight=None,
sample weight=None, initial epoch=0, steps per epoch=None, validation steps=None)

OCHOBHBIE apryMEHTBI 3TOI'0 METOAA:

* X! MacCUB JIaHHBIX OOy4yeHMs (€ClIM MOJEIb MMEET OJMH BXOJ) WJIM CIHCOK MAacCHUBOB (€CiH
MOJIENTb UIMEET HECKOJIBKO BXOZIOB).

* y: MacCuB IIEJICBBIX JAHHBIX (€CIM MOJEIb UMEET OJWH BBIBOJ) WM CIIMCOK MAacCHUBOB (€Ciu
MOJIeNTb UIMEET HECKOJIBKO BBIXOJIOB).

 batch_size: xonndyecTBO BEIOOPOK Ha 0OHOBIIEHHE rpaguenTa. Ecinu He ykazaHo, batch size Oyner
110 YMOJTYaHUIO YCTAHOBJICHO 3Ha4YeHUE 32.

* epochs: KonndectBo 3mox st 00y4eHus MOACIH.

 validation_split: Float mexxay O u 1. losis naHHBIX 00y4eHus, KOTOpbIE OyAyT MCIOIb30BaThCs B
KauecTBE JAHHBIX Baiugauuu. Mopenb OyJeT BBIACHATH 3Ty 4YacTh JAHHBIX OOyueHHs, He Oyaer
TPEHUPOBAThCA HA HEW M OyaeT OIeHMBaTh OMIMOKY M JHOObIE MOJEIbHbIE MOKA3aTead M0 ATUM
JTAHHBIM B KOHIIE KaXKJIOU IIOXH.

* initial epoch: smoxa, ¢ KoTOpoil HauaTh 0OyuyeHHEe (TIOJNIE3HO AJIs1 BOSOOHOBIICHUS MPEIbITYIIETO
[IUKJIA OOYYCHHS).

3. Merox mist OLICHKH KadecTBa 0OyYCHHOCTH MOJIENIN. JTOT METO/ BO3BPAIIAET 3HAYCHUS OLIHOOK
U TIOKA3aTeNei A1l MOJICITH B TECTOBOM PEXKHUME.

evaluate(self, x=None, y=None, batch_size=None, verbose=1, sample weight=None, steps=None)
4. Metop [uist CO31aHMsI BRIXOTHBIX TIPOTHO30B ISl BXOIHBIX BBIOOPOK.

predict(self, x, batch size=None, verbose=0, steps=None) OcHOBHbIE apTyMEHTHI:

* X! BXOJHBIC JIaHHbIC, KaK B BHJE MaccuBa (MM CHHCOK MacCMBOB Numpy, €CIi MOJEIb UMEeT
HECKOJIBKO BXOJIOB).

* steps: oOmIee KOJMYECTBO MAroB (MapTHH BEIOOPOK) JI0 OOBSBICHUS payH/Ia TPOTHO3UPOBAHKSI.

5. Meton wW3BJEYEHUs CIIOS HAa OCHOBE €ro MMEHH WM HWHJEKCa. DTOT METOI BO3BPAIIACT
IK3EMILISIP CIOSL.

get_layer(self, name=None, index=None) OCHOBHbBIE apTyMEHTBI:

* name: String, UMs CIOA.

* index: Integer, UHIEKC CIOSL.

Pazoen 11. CJIOH B KERAS

(Baounaa: Jlekyuonunuvte 3amamus - 0,394.; Ilpakmuueckue 3anamua - 0,364.;
Camocmoamenvnan paooma - 3,6u.; Ounan: Jlekyuonnvie 3anamusa - 1,2u.; Ilpakmuueckue
3anamusn - 1,24.; Camocmosamenvhnan paboma - 2,4u.)

Tema 11.1. Obwue memoovwl croes

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpaxmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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Bce cnou Keras uMeroT psiji 00IUX METOIOB:

 layer.get weights()- Bo3Bpamiaer Beca ciosi B BUI€ CIIMCKa MacCUBOB Numpy.

+ layer.set weights(weights)- ycranaBiuBaer Beca €08 M3 CIHCKAa MacCHUBOB (C TEMH XKe
¢dopmamu, uTO M BBIXOA get weights).

 layer.get config() - Bo3BpammaeT cioBapb, COAEPIKALIMNA KOHPUTYPALTUIO

CJIOA1.
Crnoit  MoOXeT OBITh BOCCTAaHOBJIEH U3 €ro KOH(QUIYypalud HCIOIb3Ys
CHEAYIOLIUNA:

layer = Dense(32)

config = layer.get config()

reconstructed layer = Dense.from_config(config)

Ecnu cioit umeer onuH y3en (T. €. €CIIM OH HE SBISIETCS OOLIMM CIIOEM), TO MOXKHO TOJyYHTh €r0
BXOJIHOM TEH30p, BBIXOTHOH TEH30p, pa3MEPHOCTh BXOJHOTO MAacCHMBa U Pa3MEPHOCTH BBIXOIHOTO
MaccuBa 4epe3 CBOMCTBA:

* layer.input

* layer.output

* layer.input shape

* layer.output_shape

Tema 11.2. IInomnuwiu crou Dense

(3aounas: Jlexyuonnvle 3auamusa - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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Cnoii Dense peanm3yer omeparuto: output = activation(dot(input, kernel) + bias) rae activation
GbyHKLMS aKTHBALMY, TIEpeJaHHas B KauecTBe activation aprymenTa, kernel sBnsieTcst MaTpuieit cios
BECOB, U bias nmpeacTaBisieT cOO0H BEKTOP CMEILEHHs, CO3IaHHBII CI0EM.

[110THBIN CIIOM CO31AETCs UCIIOIB30BAaHUEM METO/A:

keras.layers.Dense(units, activation=None,  use bias=True, kernel initializer='glorot uniform',
bias_initializer="zeros', kernel regularizer=None, bias_regularizer=None, activity regularizer=None,
kernel constraint=None, bias_constraint=None)

PaccmoTpuM mpumep co3laHHs IJIOTHOTO CIIOA. #CHayala Co3JaeM IOCIEO0BATEIbHYI0 MOIETh
model = Sequential()

# noGagiisieM MEepBBIN TUIOTHBIN CIIOM

# Monens OyneT mpuHUMATh Ha BXoze MaccuB (*, 16) u BeIxoqHOM MaccuB (*, 32)
model.add(Dense(32, input_shape=(16,)))

# npu 100aBIECHUH CIEAYIOUINX CIIOEB HET HEOOXOAUMOCTH yKa3bIBaTh pa3Mephl BXOJHBIX MaCCHBOB
model.add(Dense(32))

UroOpl yka3aTh (YHKUMIO aKTHBAaLMU, KOoTopas OyaeT IpHMEHEHa K BBIXOAY HEOOXOIMMO
UCTIOJIb30BaTh METOI:

keras.layers.Activation(activation)

B kauecTBe aprymeHThI activation HEOOXOJMMO YKa3aTh UM UCTIOJIb3YeMOi (PyHKIIMM aKTHBALIUU.
ITepeoOyuenue (overfitting) — oxHa u3 npobiemM NTyOOKMX HEHPOHHBIX CETEH, COCTOsIAs B TOM,
YTO MOJENIb XOPOIIO paclo3HAeT TOJBKO MPUMEpPbl W3 OOydarolieil BHIOOPKH, aganTUpysch K
oOydJarolM TpHUMepaM, BMECTO TOTO YTOOBI YYMTHCS KJIacCU(UIMPOBATH NPUMEPHI, HE
ydacTBOBaBIIME B 0OyueHHH (Tepsisi CHOCOOHOCTh K 0000menuto). Haubonee »ddekTuBHBIM
perieHreM npooiaeMsl epeodyueHus sBisieTcs MeTox uckitouenus (Dropout).
keras.layers.Dropout(rate, noise_shape=None, seed=None)

Ceru st 0Oy4eHHUS TMONYYAIOTCS C MMOMOIIBI0 HUCKIIOYeHHsS u3 ceTH (dropping out) HEWPOHOB C
BEPOSTHOCTBIO rate, TAKMM 00pa3oM, BEpOATHOCTh TOTO, YTO HEHPOH OCTAHETCS B CETH, COCTABIISET
1- rate. “HckiroueHne” HepoHa 03HAYAET, YTO MPHU JIFOOBIX BXOIHBIX JAaHHBIX WM MapaMeTpax OH
Bo3Bpamaer 0.

Jlnst mpeoOpa3oBaHus pe3ylibTaTa B ONpeAeIeHHYI0 (OopMy HEOOXOAMMO UCIIOIB30BAaTh METO:
keras.layers.Reshape(target shape)

B kauecTBe aprymenTa target shape yka3pIBaeTcsi KOPTEX LEJNBIX yncen. PaccMoTpum npumep:
model.add(Reshape((3, 4), input_shape=(12,)))

# pasMepHOCTh MaccuBa BBIXOAHOTO closi: model.output shape == (None, 3, 4)
model.add(Reshape((6, 2)))
# pasmepHOCTh MaccuBa BbIxomHOTO cios: model.output shape == (None, 6, 2) Jlns u3MeHeHus

pa3MepoB BXOIHOTO MacCcHBa MOXKHO HCIOJIB30BaTh MeToA: keras.layers.Permute(dims)
DTOT METOJ MoJIe3eH, Hanpumep, 11 coenuHeHnss RNN 1 KOHHEKTOB BMECTE.
IIpumep

model = Sequential()

model.add(Permute((2, 1), input_shape=(10, 64)))

Tema 11.3. Ceepmounsie ciou

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ouynasa: Jlekyuonnvie 3aumamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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Cro#t cBEPTKM — 3TO OCHOBHOM OJOK CBEPTOUYHOM HeipoHHOM cetn. Cioil CBEPTKU BKIIOYAET B
ce0s Ui KaXKI0ro KaHasla CBOM (UIIBTP, AP0 CBEPTKU KOTOPOro 00pabaThiBaeT MPEabIAYINNA CION
no ¢QparmeHraMm (CyMMHpys pe3yJabTaThl MaTpUYHOTO MPOU3BEACHUS IS KaXIOTo (parMeHra).
BecoBbie korpduuneHTs! aapa cBEPTKU (HEOOIBIION MaTpHIIbl) HEM3BECTHBI U YCTAaHABIUBAIOTCS B
nporiecce oOydeHus. OCOOEHHOCTBIO CBEPTOYHOTO CIIOSI SIBISIETCS CPABHUTENBHO HEOONbIIOE
KOJIMYECTBO ApaMETPOB, yCTaHABINBAEMOE TIPU O0yUEHUH.

1. ConvlD - DrtoT cnoil co3gaer CBEPTOYHOE SAPO, MO OAHOMY IPOCTPAHCTBEHHOMY (MU
BpeMeHHOMY) u3Mepenuio: keras.layers.Conv1D(filters, kernel size, strides=1, padding='valid',
data format='channels_last', dilation_rate=1, activation=None, use_bias=True,
kernel initializer="glorot uniform', bias_initializer="zeros', kernel regularizer=None,
bias regularizer=None, activity regularizer=None, kernel constraint=None, bias_constraint=None)
OCHOBHBIE apIyMEHTBI:

+ filters: pa3MepHOCTb BBIXOIHOTO MPOCTPAHCTBA (T. €. KOJMYECTBO BBHIXOJHBIX (PHIIBTPOB B
CBEpTKE).

 kernel size: niernoe uiam COMCOK HEJBIX YUCEI, ONMPEIACISIONINNA JITUHY OKHA CBEPTKH.

* strides: 11e10€ WM CIIMCOK IIETBIX YUCEI, ONPEACIIAIONINI ITHHY I1ara CBEPTKH.

*  activation: (yHKuMs akTHUBaUMu cios. Eciu 3TOT mapameTp He yKaszaH, TO aKTHUBAIllUs HE
npuMeHsietcs (T.e. «IMHeWHas» (YHKIUS aKTUBALUH a(X) = X).

2. Conv2D — »3t10 2D CBepTrOuHBI CiOH (HampuMep, NPOCTPAHCTBEHHAs CBEPTKA HaJ
n300paKeHUSAMHU). DTOT CIION CO3/1AeT PO CBEPTKH Ul CO3aHMsI TEH30pa BBIXOIOB.
keras.layers.Conv2D(filters, kernel size, strides=(1, 1), padding='valid', data format=None,
dilation rate=(1, 1), activation=None, use bias=True,

kernel initializer="glorot uniform', bias_initializer="zeros', kernel regularizer=None,
bias_regularizer=None, activity regularizer=None, kernel constraint=None, bias_constraint=None)
3. Conv3D - 3D cBepTOuHBIi Cloi (Hampumep, MPOCTPAHCTBEHHAs CBEPTKAa HaJl 0ObeMaMu).
OTOT cIOW CO3JaeT sAApO CBEPTKH, KOTOPOE CBEPHYTO CO CJIOEM BBOJAA JJISi CO3JaHMS TEH30pa
BBIXO/IOB.

keras.layers.Conv3D(filters, kernel size, strides=(1, 1, 1), padding='valid',
data_format=None, dilation rate=(1, 1, 1), activation=None, use bias=True,
kernel initializer="glorot uniform', bias_initializer="zeros', kernel regularizer=None,
bias_regularizer=None, activity regularizer=None, kernel constraint=None, bias_constraint=None).
ITpu co3zmanum 3TOTO CIIos ecnu use bias= True, Torga BEKTOp CMELICHHUS CO3AAETCS U J0O0aBIAETCS
K BbIx0oAy. IIpM HMCIIONB30BaHMU 3TOTO CIOSA B KayecTBE IIEPBOTO CJIOS B MOJENM B KayecTBE
aprymenTta input shape HeoOXoAMMO yKa3aTh KOPTEX LEJbIX YHCEN, KOTOPbI He BKJIIOYaeT OCh
BbIOOpKH, HaripuMmep, input_shape=(128, 128, 128, 1).

Tema 11.4. Cnoti nynunea

(3aounas: Jlexyuonunvie sanamus - 0,34.; Ilpakmuueckue 3amnamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonunvie 3amamusn - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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Cro#t myauHra npeacTaBisieT co00H HeMMHEHHOe YIUIOTHEHUE KapThl IPU3HAKOB, MPU 3TOM IpyIa
nukceneil (0ObIYHO pa3mepa 2x2) yIJIOTHSETCS 1O OJHOTO IHKCENs, MPOXOAs HeNWHEHHOe
npeoOpasoBanue. [IpeoOpa3oBaHusi 3aTparvBalOT HEMEPECEKAIOMUECs MPSIMOYTOJbHUKH MU
KBaJpaThl, KaXIbIH M3 KOTOPHIX YKMMAETCSl B OIMH MHKCEIb, IPU 3TOM BBIOMPACTCS IMHUKCEIb,
UMEIOLMI MaKcHMajabHOE 3HadyeHue. Omnepainus IyJuHIa IO3BOJSET CYIIECTBEHHO YMEHBIINUTH
MPOCTPAHCTBEHHBIH 00bEM n300paskeHus. [lynmuHr unTeprperupyercs tak. Eciau Ha npeapyiyeit
orepanuu CBEPTKH YK€ ObUIM BBISBICHBI HEKOTOpBIE MPU3HAKM, TO Ui JaibHeimeil oopaboTku
HACTOJIBKO MOAPOOHOE M300pakeHUE YK€ He HY)KHO, U OHO YIUIOTHSETCS 10 MeHee moapoOHoro. K
TOMY e (UIBTpAIMsl yXKe HEHYKHBIX JeTalieil moMoraer He nepeolOyuarscs. Cinol mynauHra, Kak
IIPaBUJIO, BCTABIISAETCS IIOCIIE CJIOSI CBEPTKU NEPE] CIIOEM CIEAYIOLIEH CBEPTKH.

Haubonee ynorpeburenabHa npu 3ToM (yHKIHS MAaKCUMYyMa.

1. MaxPooling1 D

keras.layers.MaxPooling1 D(pool size=2, strides=None, padding='valid') OcHOBHBIE apI'yMEHTHI:

* pool_size: Integer, pa3mep MaKCUMAIBHBIX OKOH OObETUHEHHSI.

* strides: mapameTp, ¢ MOMOIIBIO KOTOPOTO MOKHO YMEHBIIUTH MacmTad. Hanpumep, 2 yMeHBIIUT
B/IBOE BXOJI.

2. MaxPooling2D

keras.layers.MaxPooling2D(pool _size=(2, 2), strides=None, padding='valid', data_format=None)
Omnepanust 00beTUHEHUS s IPOCTPAHCTBEHHBIX JAHHBIX.

3. MaxPooling3D

keras.layers.MaxPooling3D(pool size=(2, 2, 2), strides=None, padding='valid',
data_format=None)
Onepanus 00beIMHEHUSI TPEXMEPHBIX TAHHBIX (mpocTpaHCTBEHHOE WA

MIPOCTPAHCTBEHHO-BPEMEHHOE 00BbETUHEHNUE).

Pa3zden 12. OCHOBBI PABOTHI C ITOCJIEAOBATEJIbHOH MOJEJ/IbIO KERAS

(Baounaa: Jlekyuonunuwvte 3amamusn - 0,154.; Ilpakmuueckue 3anamua - 0,454.;
Camocmosamenvnan paooma - 4,54.; Ounan: Jlexyuonnvie 3anamusa - 1,54.; Ilpakmuueckue
3anamusn - 1,54.; Camocmosamenvhan paboma - 34.)

Tema 12.1. Cozoanue nociedosamenvrou mooenu (Sequential)

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonunvie 3amamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)

Coznate mocnenoBarenbHy0 Moaenb (Sequential MOmeNb) MOXHO TIEpEIaB CIHMCOK AK3EMIUISIPOB
CJI0s1 B KOHCTPYKTOP Kiacca Sequential:

from keras.models import Sequential

from keras.layers import Dense, Activation

model = Sequential([Dense(32, input_shape=(784,)), Activation('relu'), Dense(10),
Activation('softmax'),])

Taxxe MOHO MpocTo 1006aBUTH ciiou ¢ momoibio Metoaa add(). model = Sequential()
model.add(Dense(32, input_dim=784)) model.add(Activation('relu'))

Tema 12.2. Vrazanue pazmepHocmu 6X0OHbIX OAHHBIX

(3aounas: Jlexyuonnvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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Mopnenbs noJKHA 3HaTh pPasMEPHOCTh BXOJHOIO MaccuBa JaHHBIX. lloaTomMy mnepBbIld CiOW B
Sequential momenun (M TONBKO TMEPBBIM, NOTOMY UYTO CJEAYIOIIUE CIIOM MOTYT MOJy4aTh
aBTOMaTHUYECKU 3Ty HH(OpMAIMIO U3 TMPENBIIYLIEro ClIof) TODKEH MOoay4yarh HMH(OpMAIMIio O
pa3MepHOCTh BXOJHOTo MaccuBa. CyIiecTByeT HECKOJIBKO CIIOCOOOB ClIeNaTh 3TO:

 Ilepenarb aprymenT input_shape nepBomy cioro.

* Hexoropslie 2D-cnou, Hanpumep, Dense, nonaepkuBaroT crennpuKkaniio ux GopMbsl BBOJA UYepes3
aprymeHr input_dim, a HekoTtopsie 3D- crou moanep>KuBaroT apryMeHTsl input_dim u input_length.
Takum o6pasom, cremyromye GpparMeHThl KoJa CTPOTO SKBUBAJICHTHBI:

model.add(Dense(32, input_shape=(784,))) model.add(Dense(32, input_dim=784))

Tema 12.3. Komnunsyus

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ouynasa: Jlekyuonnvie 3amamus - 0,3u.; Ilpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)

[lepen moarotoBkoi MoJeNu HEOOXOJUMO HACTPOUTH MPOIECC OOyUEeHHUs, KOTOPBIM BBIOIHSIETCS C
MTOMOIIBIO MeToAa compile. ITOM METOI UMEET TPH apryMEHTa:

*  Ontumuzarop. IT0 MOXKET OBITh CTPOKOBBIN HJIEHTU(UKATOP CYIIECTBYIOIIETO ONTHMHU3aTOpa
(manmpumep, rmsprop wiu adagrad) nim sx3emIusip kinacca Optimizer.

* DyHKUUS BBIUUCICHUS OMUOOK. DTO 1eb, KOTOPYIO MOJEINb MOMBITAETCS CBECTH K MUHUMYMY.
OH MOXeT OBITh CTPOKOBBIM HIACHTHU(UKATOPOM CYIIECTBYIOMmEH (yHKIMH OMIMOOK (Harmpumep,
categorical crossentropy Wi mse) UM MOXKET OBITh 11eTIEBOM (QYHKITHEH.

. Cnucox merpuk. Jns mo0oii mpobnembl KiIacCU(PUKAUMU BBl 3aXOTUTE YCTAHOBUTH 3TO
metrics=['accuracy']. MeTpuka MOXeT OBITh CTPOKOBBIM HJICHTU(PUKATOPOM CYIIECTBYIOIICH
METPHUKH WU CTICIUAIbHON METPUIECKON (PyHKITHEH.

[Tpumepsi:

1. st 3amaumn kiaccu(uKaIuy Mo HECKOJIBKUM Kilaccam

model.compile(optimizer="rmsprop', loss='categorical crossentropy', metrics=['accuracy'])

2. Hns  3amaunm OwHapHoW — kimaccudukanmmu — model.compile(optimizer="rmsprop',
loss="binary_crossentropy',

metrics=['accuracy'])

3. Hnst perpeCCUOHHBIN 3a1a4u co CpeAHEKBaPaTUIHOM OIMOKOM
model.compile(optimizer="rmsprop', loss="mse")

[Tpumep co3manusi M KCTIOIB30BaHUS COOCTBEHHON METPHUKH:

import keras.backend as K

def mean pred(y true, y pred): return K.mean(y pred)

model.compile(optimizer="rmsprop', loss='binary crossentropy', metrics=['accuracy', mean_ pred])

Tema 12.4. Obyuenue
(3aounas: Jlekyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
Mogenu Keras 00y4aroTcst MacCHBaM BXOJIHBIX JAHHBIX U IEJICBBIX 3HAYCHHH.
J1J1s1 5TOr0 HEOOXOAMMO HCTIONB30BaTh (QYHKIHIO fit.
PaccMotpum pumMep cozmaHus MOAETH i OMHAPHOW KIIacCU(pUKAIUH.
model = Sequential()
model.add(Dense(32, activation="relu', input _dim=100)) model.add(Dense(1, activation="sigmoid'"))
model.compile(optimizer="rmsprop', loss='binary crossentropy', metrics=['accuracy'])
# Co3naeM (DUKTUBHBIC TaHHBIC
import numpy as np
data = np.random.random((1000, 100)) labels = np.random.randint(2, size=(1000, 1))
# O6yudaem mozenb B 10 smox mo 32 mpumMepa B akere
model.fit(data, labels, epochs=10, batch_size=32)
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Tema 12.5. Ilpumep muozocnotinoz2o nepyenmporna (MLP) 01 MHO2OKIACCOB80U Kaaccugurkayuu
(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas

paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

import keras

from keras.models import Sequential

from keras.layers import Dense, Dropout, Activation from keras.optimizers import SGD

import numpy as np

x_train = np.random.random((1000, 20))

y_train = keras.utils.to_categorical(np.random.randint(10, size=(1000, 1)), num_classes=10)

x_test = np.random.random((100, 20))

y_test = keras.utils.to_categorical(np.random.randint(10, size=(100, 1)), num_classes=10)

model = Sequential()

model.add(Dense(64, activation="relu', input_dim=20)) model.add(Dropout(0.5))
model.add(Dense(64, activation="relu')) model.add(Dropout(0.5)) model.add(Dense(10,
activation="softmax"))

sgd = SGD(1r=0.01, decay=1e-6, momentum=0.9, nesterov=True)
model.compile(loss='categorical crossentropy', optimizer=sgd, metrics=['accuracy'])
model.fit(x_train, y train, epochs=20, batch size=128) score = model.evaluate(x test, y test,
batch size=128)

Paszoen 13. KIACCH®HKAIIUA H30BPAJKEHHH C HCIIOJIb30BAHHEM CBEPTOYHBIX
HEHPOHHBIX CETEH B KERAS

(Baounan: Jlekyuonnvte 3amamus - 0,09u4.; Ilpakmuueckue 3anamus - 0,274.;
Camocmosamenvnan paooma - 2,74.; Ounan: Jlekyuonnvle 3anamusn - 0,9u.; Ilpakmuueckue
3anamusn - 0,94.; Camocmosamenvnan paboma - 1,8u.)

Tema 13.1. Ceepmounas HeupoHHas cemb

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ouynasa: Jlekyuonnvie 3amamusn - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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CBeproyHble HEHPOHHBIE CETU SIBIISIOTCS OJHON U3 (POPM MHOTOCIIONHBIX HEUPOHHBIX CeTel. 3/1ech
npuseneHa cxema TunnyHoro CNN. IlepBast yacTs cocTout

U3 CJIOEB CBEPTKHU U MAKCUMAJIBHOTO ITyJIa, KOTOPBIE BBICTYIIAIOT B KAYE€CTBE DKCTPAKTOPA IIPU3HAKOB.
Bropas 4acTh COCTOMT U3 MOJHOCBSI3HOTO CJIOSI, KOTOPBIN BBIIOIHACT HETMHEHHBIE TIPE0OPa30BaHUS
M3BJICYCHHBIX MPU3HAKOB U JIEHCTBYET KaK KJaccu(puKaTop.

Ha npuBeneHHO# BBIIIE quarpaMMme BXOJ MOJAETCS B C€Th MocleaoBaTenbHbIX ciioeB Conv, Pool u
Dense. BoixomHo# cUrHam MOKET OBITH ciioeM softmax, yka3pIBaloIuM, €CTh JIM KOIIKAa UIH YTO-TO
eme. Takke, a KauecTBE BBIXOJAHOTO MOXKET OBITh WCIOIB30BAaH CUTMOWIHBIA CIIOHM, HA BBIXOIE
KOTOPOTO OyIEeT BEpPOATHOCTh TOTO, YTO H300paxkeHHWe OyleT Komkoil. Paccmorpum criou Gornee
noApoOHO.

CBepTOUHBIH €10 MOXKHO paccMaTpUBaTh Kak Ivla3a CBEPTOUYHOM HEHPOHHOU ceTu. HelipoHsl B 3TOM
CJIO€ WIMYT OmpeaeNieHHbIe 0COOCHHOCTH. CBEPTKY MOKHO pAacCMaTpUBaTh KaK B3BEIICHHYIO CyMMY
MEX/Ty JAByMS CUTHaIaMu Wi QyHKuusMu. [IpumMep onepamnmu CBepTKU Ha MaTpHUIIE pPa3MepoM 5 X 5
C sSApoM pazmepoM 3 X 3 mokaszaH HUXKe. SApo CBEPTKU CKOJB3UT 1O BCEM MaTpuue AJis

MOJIYYCHHA KapThl AKTHBALIUU.

[Ipeamnonoxxum, 4To BXOJHOE M300pakeHHEe MMeeT pasMep 32x32x3, T.e. 3TO TPEXMEPHBI MacCHB
nryounsl 3. JIr000il (GMIBTp CBEPTKH, KOTOPBIM MBI ONpEneiseM Ha 3TOM CJOe€, JODKEH HUMETb
nIyOuHy, paBHYIO0 IIyOuHe BBOjAa. [1o3ToMy MBI MOXeM BBIOpaTh (HIBTPHI CBEPTKH TNIIyOMHBI 3
(marmpumep, 3x3x3 umu 5x5x3 wnm 7x7x3 u 1. [1.). Beibepem QuinbTp cBepTku pasmepa 3x3x3, T.e
CBEPTOYHOE A7IpO OyJAeT KyOOM BMECTO KBaJIpara.

Ecnu MBI CMOXXEM BBITNIOJIHUTH OTEPALMI0 CBEPTKH, CIBUHYB GMIBTp 3x3x3 Ha Bce M300pakeHUe
pazmepoM 32x32x3, To MBI OJTy4YUM n300paskeHue ¢ paspemenuem 30x30x1. DTo cBa3aHO C TeM,
YTO OIEpalusi CBEPTKM HEBO3MOXKHA JJIS TOJOCHI IIUPUHOW 2 THKCENS BOKPYr H300paKeHHS.
@unbTp Bcerna HaXOAWUTCS BHYTPH HM300paXeHUS M MOATOMY | TNHKCeNb yaalseTcss OT JIEBOM,
NIPaBOii, BEpXHEH U HIKHEH YacTu H300paKeHusl.

Jns BxogHoro wusobOpaxkenust 32x32x3 u pasmepa ¢unbtpa 3x3x3 y Hac ecth 30x30x1
MECTOIOJIIOKEHNUS, U AJI KaKIOr0 MECTONONIOKEHUs cymecTByeT HelpoH. Torma Beixoas! 30x30x1
WM aKTHBALIMU BCEX HEHPOHOB HA3bIBAIOTCS

KapTaMu akTuBanuu. Kapra akTMBalluy OHOTO YPOBHS CIIY>KUT BXOJIOM ISl CJICAYIOIIETO CIIOS.

B namem npumepe ects 30 x 30 = 900 HelpoHOB, IOTOMY UYTO €CTb MHOIO MECT, IJ€ MOXKET
npuMeHsaTbes GuibTp 3x3x3. B ommumMe OT TpaAMLIMOHHBIX HEWPOHHBIX CETEH, Iae Beca U
CMEIICHUS HEHPOHOB HE3aBHCHMBI ApPYr OT Jpyra, B CiIydae CBEPTOYHBIX HEHPOHHBIX CETeH,
HEHPOHBI, COOTBETCTBYIOIINE OIHOMY (QWIBTPY B CJI0€, UMEIOT OAMHAKOBHIE Beca U cMelleHus. B
MPUBEACHHOM BBIIIE CIIyyae Mbl CIBUTaeM OKHO Ha | muKcenb 3a pa3. MBI Takke MOXKEM CIBUHYTb
OKHO OoJiee yeM Ha 1 mHKceNTb. DTO YUCIO HAa3bIBAETCS IIATOM.

Kak npaBuiio, ucnons3ytoT 6osee ofHOro (GUIbTpa B OJHOM  CJIO€ CBEPTKU. Ecim Mbl Hcmonb3yem
32 ¢unsrpa, y Hac OyaeT kapTa akTuBauuu pazmepom  30x30x32.

OOparuTe BHHMaHHE, YTO BCE HEWPOHBI, CBSI3aHHBIE C OJHHUM W TEeM e (UIBTPOM, HMEIOT
OZMHAKOBbIE Beca W CMeEIIeHus. TakuMm o00pa3oM, KOJHMYECTBO BECOB IPH HCIOIb30BAaHUH 32
¢ubTpoB - 310 3x3%x3x32 = 288, a uncio cMmenieHui - 32.

Ha xapTunke nokaszansl 32 KapThl aKTUBALIUH, TTOJTyYEHHBIE OT IPUMEHECHHS

CBEPTOYHBIX SIZIEP.

Kak BbI MOXKeTe€ BUIETH, MOCIE KAKIOW CBEPTKU pe3yJbTaT YMEHbBIIAETCS MO pa3Mepy (Tak Kak B
3TOM city4yae Mbl mepexoauMm oT 32 x 32 mo 30 x 30). /lna ymoOcTBa cTaHAapTHas MpakTHKa
3aKITIOYAETCsl B TOM, YTOOBI HAKJIabIBaTh HYJIM Ha TPAHUILy BXOAHOTO CIIOS TaKUM 00pa3oM, YTOObI
BBIXO/I OBUI Takoro ke pa3Mepa, Kak W BXOAHOW. MTak, B 3TOM mpumepe, eciau Mbl 100aBUM
JIOTIOJIHEHUE pa3MepoM | o

0o0e CTOpOHBI OT BXOIHOTO CJIOS, pa3Mep BBIXOAHOTO ypoBHsS Oynmer 32x32x32, 4TO YHpPOCTHUT

CaJIn3aluio.
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Tema 13.2. Habop dannvix - CIFARI0

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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Ha6op nmanueix CIFAR10 mocraBmsiercst BMecte ¢ Keras. On mmeer 50 000 yueOHBIX 00pazoB u
10000 TecToBbIX M300paxkeHwWit 10 KiIaccoB, TaKUX KaK CaMOJIEThI, aBTOMOOWIIM, NTHIIBI, KOIIKH,
OJICHH, CO0aKH, JIATYILIKH, JIOIaaAn, Kopadiu U rpy30BUKUA. C MOMOIIBIO CIEAYIOIIEro MPOrpaMHOro
KOZIa MOYKHO OCYIIECTBUTH 3arpy3Ky u noarotoBky ganHeix CIFAR10 ans nanpHeier o0paboTKu ¢
IIOMOILBIO HEMPOHHBIX CETEH:

from future import print function import keras

from keras.datasets import cifar10

from keras.preprocessing.image import ImageDataGenerator from keras.models import Sequential
from keras.layers import Dense, Dropout, Activation, Flatten from keras.layers import Conv2D,
MaxPooling2D

import os batch_size = 32

num_classes = 10

epochs = 100

num_predictions = 20

save dir = os.path.join(os.getcwd(), 'saved _models') model name
'keras_cifar10_trained model.h5'

# Paznensem nanHple Ha oOyd4aromuii M TecTOBBIM HaOOpwl: (X train, y train), (X test, y_test)
cifar10.load data() print('x_train shape:', X train.shape) print(x_train.shape[0], 'train samples')
print(x_test.shape[0], 'test samples')

#  IlpeoOpa3oBaHMe  BEKTOPOB  KJIacCOB B JBOMYHBIE  Marpuipl  y train =
keras.utils.to_categorical(y train, num classes) y test =  Kkeras.utils.to categorical(y_test,
num_classes)

N300paxkenus umerot pazmep 32 x 32. Ha pucyHke npuBeIeHbl HECKOJIBKO TPUMEPOB.

CBepTouHass HEMpPOHHAS CETh OyHAET COCTOSTH M3 CBEPTOUHBIX ClloeB, M cioeB MaxPooling. Mel
Takke BKIOYNM Dropout cnoif must  u3bexanusi nmepeoOydeHus. Ha BbIxone ceTw Mbl J00aBUM
NOJHOCBs3HBIN cioit (Dense), 3a koTOpbIM ciieayet cinoit softmax. 3xech mpuUBeeH MPOrpaMMHBIA
KOJI CO3/1aHUsl CTPYKTYPBI MOZIEH. B IIpHuBeIeHHOM BBIIIE KOZE MBI HCTIONIb3YeM 6 CBEPTOUYHBIX CIOEB
u | momHocBsa3HBINA cioi. CHavana B Mojeib J00aBisieM CBEpTOUHbIE ciIou ¢ 32 duisrpamu ¢
pa3mepoM okHa 3 x 3. Jlanee Mbl 100aBiIsieM CBEPTOUHBIN cioi ¢ 64 ¢puibTpaMu. 3a KaXIbIM CI0EM
n00aBIeH CJI0H MaKCUMAJIBHOTO MyJUTUHTA C pa3MepoM okHa 2 x 2. Takxke nobasnens! cion Dropout
¢ ko3¢ punmentamu 0,25 u

0.5 nmnst Toro 4uroObl HE MPOM3ONUIO TepeoOydeHue ceTH. B 3aKIouMTeNnbHBIX CTPOKAX MBI
nobaBnsieM IUIOTHBIA cioil Dense, KOTophlii BhIMONHSAET Kiaccupukanuio cpenu 10 kimaccoB c
MCTIOJIb30BaHNEM (DYHKIIMU aKTUBAIIUH Softmax.

model = Sequential()

model.add(Conv2D(32,(3,3),padding='same’, input_shape=x_train.shape[1:]))
model.add(Activation('relu'))

model.add(Conv2D(32, (3, 3))) model.add(Activation('relu'))

model.add(MaxPooling2D(pool_size=(2, 2))) model.add(Dropout(0.25)) model.add(Conv2D(64, (3,
3), padding='same')) model.add(Activation('relu')) model.add(Conv2D(64, (3, 3)))
model.add(Activation('relu')) model.add(MaxPooling2D(pool size=(2, 2)))
model.add(Dropout(0.25))

model.add(Flatten()) model.add(Dense(512)) model.add(Activation('relu')) model.add(Dropout(0.5))
model.add(Dense(num_classes)) model.add(Activation('softmax')) model.summary()

Ecimu ™Mbl BbIBeZieM HH(OpMAIMIO O CTPYKTYpE MOJCIH, Mbl YBUAUM CJCIYIOIIYIO TaONHIly C
MOAPOOHBIM OMHUCAHUEM KaXIOTO CJIOSL.

Layer (type) Output Shape Param #

TTonrorosgepo B cucreme 1C:Yuusepcurer (000Q07684) . . Crpanuria 41 u3 73



Tema 13.3. Obyyenue cemu

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

[Tockomeky 31O mpobnema kinaccupukanmmu 1o 10 kmaccam, Mbl  OyneM  HCIONB30BaTh
KaTerOpUIEeCKYyI0 TIOTEPIO SHTPOIUHU U HCIIONIB30BaTh ontuMu3atop RMSProp ans oOyueHus cetw.
# initiate RMSprop optimizer

opt = keras.optimizers.rmsprop(Ir=0.0001, decay=1e-6) # Let's train the model using RMSprop
model.compile(loss='categorical crossentropy',optimizer=opt,metrics=['accuracy']) X_train
x_train.astype('float32")

x_test =x_test.astype('float32') x_train /=255

X_test /=255
//3ammycTUM €ro Ha KOJIM4eCTBO 310X epochs.
model.fit(x_train, y train, batch size=batch size, epochs=epochs, validation data=(x_test,

y_test), shuffle=True)

# CoxpaHsieM MOJIeJIb U Beca

if not os.path.isdir(save dir): os.makedirs(save_dir)

model path = os.path.join(save dir, model name) model.save(model path)
print("Saved trained model at %s ' % model path)

# IIpoBepsieM TOYHOCTH PaOOTHI MOJEIIH.
scores = model.evaluate(x_test, y_test, verbose=1) print('Test loss:', scores[0])
print("Test accuracy:', scores[1])

Pazoen 14. PACIIO3BHABAHHUE PYKOIIHCHBIX I[H®P C HCIOJIB30O0BAHHUHEM
CBEPTOYHBIX HEHPOHHbBIX CETEH

(Baounan: Jlekyuonnvte 3amamus - 0,124.; Ilpakmuueckue 3anamus - 0,364.;
Camocmosamenvunasa paooma - 3,6u.; Ounan: Jlekyuonnvie 3anamua - 1,2u.; Ilpakmuyeckue
3anamusn - 1,2u.; Camocmoamenvnaa paboma - 2,44.)

Tema 14.1. Onucanue nabopa oannwvix (Oamacem) MNIST

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpaxmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ouynasa: Jlekyuonunvie 3amamusn - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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MNIST - s10 Habop nauHbIX, pa3padoTanublii uHoM JleKynom, Kopunnoii Koprec u Kpucrodep
Byprec mis oueHku Mmojeneil MammMHHOTO OOy4deHHs MO MpobieMe KIacCH(PUKALUU PYKOHCHBIX
udp. Habop maHHBIX OBUT MOCTPOEH U3 pAa OTCKAaHUPOBAHHBIX HAOOPOB TOKYMEHTOB, TOCTYITHBIX
B HammonanesnoM uHctuTyTe cranaaproB u texnonoruit (NIST). M3o00paxenus uudp ObLTH B3ATHI
U3 MHOXECTBAa OTCKaHMPOBAHHBIX JIOKYMEHTOB, HOPMHPOBAaHHBIX 1O pa3Mepy U MO LEHTPY. IDTO
JelaeT ero OTIMYHBIM Ha0OpOM JaHHBIX JJIi OLIEHKM MOJENeH, I03BOsAsA Pa3paboTUUKy
COCPEIOTOYMTHCS HAa MeXaHU3Me OOy4eHHS C OueHb HEeOONBIION OYMCTKOW MaHHBIX WIIH
HEOOXOIMMON TOATOTOBKOM.

Kaxnoe m3oOpaxkeHue npencTaBisieT coOoi KBajapar pasmepoM 28 Ha 28 mukceneil (Bcero 784
nukcens). B arom Habope 60 000 m300paskeHUI HUCMIONB3YIOTCS NIl OOyYeHUs MOJAENH, U IS ee
TECTHUPOBAHUS HCTIONB3YETCs OTACIbHBIN HA0Op U3

10 000 m3o6pakenuit. 1o 3amada pacrno3HaBanus 10 mudp (ot 0 mo 9) wnu knaccudukanus Ha 10
KJIACCOB.

bubmuoreka riybokoro oOyuenusi Keras mpemocrasnser ymoOHbIH MeTox mnist.load data() mms
3arpy3ku Habopa nanabix MNIST. HaGop naHHBIX 3arpyaeTcs aBTOMaTHUECKU TPU TIEPBOM BBI30BE
3TOl (DYHKIIMM M COXpaHSETCS B BalleM JoMailiHeM kartanore B ~ / .keras /datasets /mnist.pkl.gz B
Buzge ¢aitna 15 MbB. D10 odeHp ynoOHO Ui pa3pabOTKH W TECTUPOBAHUS MOJAEIEH TITyOOKOTro
o0y4eHHsI.

YroObl MPOAEMOHCTPUPOBATH, HACKOJBKO JIETKO 3arpyxarb Habop naHHbIX MNIST, mbl cHauana
HamuuieM HeOOJBIIOW CKPUNT JUIS 3arpy3KH M BH3YaJIM3allMU TEPBBIX YEThIPEX HM300pakeHH B
Habope y4yeOHBIX MaTepHaoB.

from keras.datasets import mnist import matplotlib.pyplot as plt

# load (downloaded if needed) the MNIST dataset (X train, y train), (X test, y test) =
mnist.load_data() # plot 4 images as gray scale

plt.subplot(221)

plt.imshow(X_train[0], cmap=plt.get cmap('gray")) plt.subplot(222)
plt.imshow(X_train[1], cmap=plt.get cmap('gray")) plt.subplot(223)
plt.imshow(X_train[2], cmap=plt.get cmap('gray")) plt.subplot(224)
plt.imshow(X_train[3], cmap=plt.get cmap('gray')) # show the plot
plt.show()

3armycTUB NPUBEACHHBIN BBIIIE TPUMED, BBl JOJDKHBI YBUIACTh N300pakeHHE HIDKE.

Tema 14.2. basoeas mooenvb ¢ MHO2OCIOUHBIM NEPYENMPOHOM

(3aounas: Jlekyuonnvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvras
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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YroObl OHATH JEMCTBUTENLHO JIM HAM HY)KHA CJIOXKHAsi MOJIENb, TaKas KaKk CBEpTOUHAs HEHpOHHAs
CeThb CHauaja MompolOyeM HCIONb30BaTh OYEHb IPOCTYI0 MOJEIb HEWPOHHOW CETH C OJHUM
CKPBITBIM cJI0eM. MBI OyZ1eM HCIIOIBb30BaTh 3TY

CEeTh KaK OCHOBY JJIsl CPaBHEHHS 00JIee CIIOKHBIX CBEPTOYHBIX MO HEHPOHHBIX CeTeH.

Haunewm ¢ ummnopra ki1accoB U (pyHKIUH, KOTOpbIE HAM TTOHAA00STCS.

import numpy

from keras.datasets import mnist from keras.models import Sequential from keras.layers import
Dense from keras.layers import Dropout from keras.utils import np_utils

VY4eOHbIil HA0OP JAHHBIX CTPYKTYPHPOBAH KaK TPEXMEpPHBIH MaccuB. UTOOBI MOATOTOBUTH JTaHHBIE,
criepBa MbI MPEICTAaBUM H300paKEHHUS B BUJEC OJHOMEPHBIX MACCHBOB (TaK KaK CUYMTAEM KayKIbIH
MTUKCEIb OTJCIbHBIM BXOAHBIM IPU3HAKOM). B aTOM ciydae u3o0paxeHus: pasmepom 28 x 28 OynyT
peoOpa3oBaHbl B MACCUBEI, cofiepikaiue 784 3IeMeHTOB.

MpbI MOJKEM clienaTh 3TO Tpeodpa3zoBaHHe, HCMONb3ys GyHKIHO reshape() Oubnmuorexkun NumPy.
Jlnst yMeHbIIEHHSI TOTPeOIeHUs] ONePaTUBHOM MaMATH Mpeodpa3yeM TOYHOCTh 3HAYCHUH MHUKCeTel B
32.

(X train, y train), (X test, y test) = mnistload data() num pixels = X train.shape[l] *
X_train.shape[2]

X train = X train.reshape(X train.shape[0],  num_pixels).astype('float32') X test =
X test.reshape(X_test.shape[0], num_pixels).astype('float32')

3Ha4yeHHs TTHKCENIeH 3a/laHbl B OTTEHKax ceporo co 3HaueHusMu ot 0 go 255. Jlns s dexruBHOTO
oOydyeHus HEWPOHHBIX CeTell MpaKTHYECKHW BCErna pPEKOMEHAYETCs BBINOIHATH HEKOTOPOe
MaciITabMpOBaHHE BXOAHBIX 3HAYCHHUH. MBI MOXKEM HOPMAaJIM30BaTh 3HAYCHMS IHMKCEICH B
nuana3one 0 u 1, pa3nenuB KaxJ10€ 3HaYeHUE HA MaKCUMaJIbHbIe 3HAUeHUs 255.

X train =X train/ 255 X test=X test/255

BreixomHass mepeMeHHass TpenacTaBisier coboi memoe umcno or 0 go 9, T.K. 3TO 3amaua
KJ1acCU()UKAIIUK ¢ HECKOJIBKMMU KJIaccaMu. XOpoIlIei MPaKTHKOM SIBIsSeTCS

WCTIOJIb30BaHNE KOAMPOBAHUS 3HAYCHUN Kjacca mpeoOpa3oBaHMEM BEKTOpa LIEJbIX YHCEN Kiacca B
JBOUYHYIO MaTpPUILLY.

MBI MOXeM JIerKO CclelaTh 3TO, MHCIOJb3ysS BCTPOSHHYIO BCIIOMOTATEIbHYIO (DYyHKIIHIO
np_utils.to_categorical () B Keras.

y train = np_utils.to_categorical(y train) y test = np utils.to categorical(y test) num_classes =
y_test.shape[1]

Tenepp co3gaguM Hamy MPOCTYIO MOJEIb OJHOCIOWHOW HEMPOHHOM CETHU U ONPEICIUM €€ B
byHKIUH.

def baseline_model(): # create model

model = Sequential() model.add(Dense(num_pixels,input dim=num_pixels,

kernel initializer="normal’, activation="relu'))
model.add(Dense(num_classes,kernel initializer="normal’,

activation="softmax')) model.compile(loss='categorical crossentropy',optimizer="adam’,
metrics=['accuracy']) return model

Mopnenb mpeacraBisier co0oi MPOCTYI0 HEHPOHHYIO CETh C OJHUM CKPBITBIM CJIOEM C TaKUM XKe
KOJIMYECTBOM HEHPOHOB, YTO M KOJIMYECTBO BXOAOB (784). B CKpbITOM CJ0O€ HCMONB3yeEM
MOJTYJIMHEHHYI0 (PYHKITUIO aKTUBAIUH relu.

Ha BbIxomHOM croe ucnonb3yercss (pyHKIMS akTHBaUuHU softmax st mpeoOpa3oBaHHs BBIXOIOB B
BEPOSITHOCTHBIC 3HAYCHUS U MO3BOJISIET BHIOPATh OJMH KIIACC u3 10 B KauecTBe
BBIXO/THOTO 3HAUCHUS Mmozenu. Ternepb HaM OCTaNOCh TOJIBKO OMPEAESIIUTh (QYHKIUIO TIOTEPH,
QJITOPUTM ONTHMH3ALUU M METPUKH, KOTOpble MBI OyaeT cobuparb. B 3amadax ¢ BepOATHOCTHOM
KiIaccuukanuei, B kauectBe (YHKLUMU TOTEPh JIy4YIlE BCErO0 HCIHOJIb30BaTh HE KBAJPATHUHYIO
omnOKy, a TMepeKpecTHylo »HHTpomuio. [lorepu OyayT MeHbIIEe A BEPOATHOCTHBIX 3a]ady
(HampuMep, C JOTHCTUYECKOM/softmax

(byHKLHMEH 17151 BBIXOTHOTO CJIOST), B OCHOBHOM M3-3a TOTO, YTO JJaHHasl (DyHKIMS MMpeJHa3HaYeHa s
MaKCHMHM3ALUU YBEPEHHOCTH MOJETH B IPAaBHJIBHOM OIpEIENeHHH Kiacca, U ee He 3a00TUT
pacripesieieHue BEpOSITHOCTEH MomagaHus oOpaslia B Jpyrue Kiacchl. Mcmonb3yemblil anroputm

OIITHUMM3aUMU OyaeT HAIlOMHHATL KaKyIO-TO (OpMY ajlropuTMa I'PagUEHTHOIO CIIYCKa, OTIHYHE
H(mr()TOBJIeHOBIC_II/ICTeMe Pg:[YHnBepcheT,(OOOOO7684) Y (b Fp y “p pali _ Y C
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Tema 14.3. Ilpocmas ceepmounas netiponnas cems 011 MNIST

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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Mpbl y3Hanu, Kak 3arpy3utb HaOop aaHHeix MNIST u kak 3amporpaMMHUpOBATh IPOCTYIO
MHOTOCJIOHHYIO MOJIENIb IMEPCENTPOHa, W TEHeph HAcTalo BpeMs pa3padboTarh Oosee CIOKHYIO
CBEPTOYHYIO HEMPOHHYIO CETb.

B stom paznene mbi co3mamum npoctyio CNN qist MNIST, kotopass mpoaeMOHCTPHUPYET, Kak
HCIIOJIb30BaTh BCE aCNEKThl COBpeMeHHOM peanu3anuu CNN.

[1epBbIii mar - UMOOPTUPOBATH HEOOXOIUMBIE KITACCHI U (PYHKITUH.

import numpy

from keras.datasets import mnist from keras.models import Sequential from keras.layers import
Dense from keras.layers import Dropout from keras.layers import Flatten

from keras.layers.convolutional import Conv2D

from keras.layers.convolutional import MaxPooling2D from keras.utils import np_utils

from keras import backend as K K.set image dim_ordering('th")

Jlanee MHUIUAIN3MPYEM TeHEpaTop CIydyalHBIX YHCENl Ha TMOCTOSHHOE HayalbHOE 3HAYCHUE IS
BOCIIPOM3BOAUMOCTH PE3YJIBTATOB.

seed = 7 numpy.random.seed(seed)

3areM HaM HYXXHO 3arpy3uTh Ha0Op naHHbIX MNIST u U3MEHUTH €ro, 4To0bl OH ObLT MOAXOASIIUM
st ooyuenust CNN.

(X train, y train), (X test, y test) =  mnistload data() # reshape to be
[samples][pixels][width][height]

X train = X_train.reshape(X_train.shape[0], 1, 28, 28).astype('float32")

X test = X test.reshape(X test.shape[0], 1, 28, 28).astype('float32") Kak u npexae Hopmamuzyem
3HaueHus nukcene B nuanazone 0 u 1. X train = X _train / 255

X test=X test/ 255

y train = np_utils.to_categorical(y train) y test = np utils.to categorical(y test) num_classes =
y_test.shape[1]

3areM MbI onpesiessieM MoJieNib HeWpoHHOU ceT. CBepTOUYHbIE HEHPOHHbIE CETH 00JIee CIOKHBI, YeM
CTaHJApTHBIC MHOTOCIIOWHBIE MEPCENTPOHBI, MO3TOMY MbI HAauHEM C HCIOJIb30BAaHHUS IMPOCTOU
CTPYKTYPBI

Hwxe npezacraBieHa apXUTeKTypa CETH.

1. TlepBblil CKpPBITHII CIOM - 3TO cBepTOuHBIN cioi, Convolution2D. Dtot cnoit umeer 32 KapThl
byHKLUH, pa3Mep KOTOPBIX paBeH 5 X 5 u QpyHKIMK akTUBanuu relu.

2. 3arem MBI onpezaensieM cioi mynuHra maxPooling2D ¢ pa3smepom myma 2 X 2, KOTOpBIA J1aeT
MaKCHMaJbHbIC 3HAYCHUSI.

3. Cuenyromuii ypoBeHb - 3TO YpOBeHb perymsipusanuu Dropout. OH HacTpoeH Ha ciiydaiiHoe
uckioueHue 20% HeHpOHOB B clloe, YTOOBI YMEHBIITUTH IEPEOOyUCHHE.

4. Jlanee - cioM, KOTOpbI mpeoOpasyeT NaHHBbIE ABYMEPHOW MaTpPHUIbl B BEKTOp, HA3bIBAEMBIiA
Flatten. On mo3Bossier 00padaTbIBaTh BBIXOJHBIC TaHHBIC CTAHAAPTHBIMH MTOJTHOCBA3HBIMH CIOSIMH.
5. 3areM NOMHOCBA3HBIN oM ¢ 128 HelipoHamu U (QyHKLIMEH akTUBAIUH relu.

6. Haxonen, BeixonHoii cnoii umeet 10 HeiponoB i 10 kmaccoB M GyHKUIMIO aKTUBAIMK softmax
IUIS1 BBIBO/Ia BEPOSITHOCTHBIX PE3YJBTATOB PACIIO3HABAHMUS JUISI KAXKIOTO Kilacca.

def baseline_model(): # create model

model = Sequential()

model.add(Conv2D(32, (5, 5), input_shape=(1, 28, 28), activation="relu'))
model.add(MaxPooling2D(pool_size=(2, 2))) model.add(Dropout(0.2)) model.add(Flatten())
model.add(Dense(128, activation="relu')) model.add(Dense(num_classes, activation='softmax')) #
Compile model

model.compile(loss='categorical crossentropy',optimizer="adam',metrics=['ac curacy'])

return model

Kak 1 B mpumMepe ¢ MOHOTOCIOWHBIM MEPCENTPOHOM 3Ta Mojenb 10 31mox oOydeHus:, Mpu KakaoM
00HOBJIEHNHU BecoB ucnonb3yercs 200 n3o0paskeHH.

model = baseline_model()

model.fit(X train, y train,  validation data=(X test, y test),  epochs=10, batch size=200,
verbose=2)

scores = model.evaluate(X test, y test, verbose=0) print("CNN Error: %.2f%%" %

IOO-scoresLleL* 100
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Tema 14.4. bonvwas ceepmounas netiponnas cemo 0nsi MNIST

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

Tenepsp, korna Mbl yBUEIH, KAK CO3AATh IPOCTYIO CBEPTOUHYIO HEMPOHHYIO CETh, JaBaUTE CO31a UM
MOJIeJb, KOTOpasi MOXKET OBITh OJIM3Ka K HOBEHITUM HAay4YHBIM Pe3yJIbTaTaM.

B navane mporpamMMbl UMIOPTUPYEM KJIacChl M (DYHKILIMH, 3aT€M 3arpy’kaeM U TOTOBUM JIaHHBIE TaK
ke, Kak B npeabiayniem npumepe CNN.

import numpy

from keras.datasets import mnist from keras.models import Sequential from keras.layers import
Dense from keras.layers import Dropout from keras.layers import Flatten

from keras.layers.convolutional import Conv2D

from keras.layers.convolutional import MaxPooling2D from keras.utils import np_utils

from keras import backend as K K.set image dim_ordering('th") seed = 7

numpy.random.seed(seed) # load data

(X train, y train), (X test, y test)y =  mnistload data() # reshape to be
[samples][pixels][width][height]

X train = X_train.reshape(X train.shape[0], 1, 28, 28).astype('float32")

X test = X test.reshape(X test.shape[0], 1, 28, 28).astype('float32") # normalize inputs from 0-255
to 0-1

X train =X train/ 255 X test=X test/255

y_train = np_utils.to_categorical(y train) y test = np utils.to categorical(y test) num classes =
y_test.shape[1]

Ha otor pa3 ™Mbl co3gamuMm  OONBIIYIO apXHUTEKTYpY CBEPTOYHOM HEHPOHHOM ceTh ¢
JOTIOJTHUTEIBHBIMA CBEPTOYHBIMH CJIOSIMH, CIOSIMH IYJUIMHTA M TIOJTHOCTBIO CBSI3aHHBIMH CIIOSIMH.
CeTeByI0 TONOJIOTHIO MOXKHO PE3IOMUPOBAThH CIIEAYIOLUIMM 00pa3oM.

1. Cgeprounslii cioit Conv2D ¢ 30 QpyHKIIMOHAIEHBIMU KapTaMH pa3MepoM 5 x 5.

Croit makcumanbsHoro nmynuara MaxPooling2D pasmepom 2 * 2.

Cseprounsiii cioit Conv2D ¢ 15 kapTHHHBIMU KapTaMu pazmepom 3 x 3.

Croit makcumanbsHoro nmynuara MaxPooling2D pasmepom 2 * 2.

Croii uckmouenus Dropout ¢ BeposiTHOCTBIO 20%.

Croii Flatten.

[MonmHocBs3HEIH cinoit Dense ¢ 128 neiiponamu u pyHkumeit aktupanuu relu.

[MonmHocBs3HEIH cinoit Dense ¢ 50 Heliponamu 1 pyHKLMEH akTuBaIyy relu.

. BrixomHo# nonHocBsA3HBIN cioit Dense ¢ ¢pyHKIuel aktuBanuu softmax.

def larger model():

# create model model = Sequential()

model.add(Conv2D(30, (5, 5), input_shape=(1, 28, 28), activation="relu'))
model.add(MaxPooling2D(pool_size=(2, 2)))

VPN L AW

model.add(Conv2D(15, (3, 3), activation="relu'))

model.add(MaxPooling2D(pool_size=(2, 2))) model.add(Dropout(0.2)) model.add(Flatten())
model.add(Dense(128, activation="relu')) model.add(Dense(50, activation="relu'))
model.add(Dense(num_classes, activation='softmax'))

model.compile(loss='categorical crossentropy',optimizer="adam',metrics=['ac curacy'])

return model

model = larger model()

model.fit(X_train, y train, validation data=(X test, y test), epochs=10, batch size=200)
scores = model.evaluate(X test, y test, verbose=0) print("Large CNN Error: %.2%%" %
(100-scores[1]*100))

OTa Mozenb yKe TOCTUTAaeT YpoBHs omnOku kinaccugpukanuu 0,89%.
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Pazoen 15. IIPE/ICTABJIEHHUE CJIOB B BEKTOPHOM ITPOCTPAHCTBE

(Baounan: Jlekyuonnvte 3anamus - 0,094.; Ilpakmuueckue 3anamus - 0,274.;
Camocmosamenvnan paooma - 2,74.; Ounan: Jlekyuonnvie 3anamusn - 0,9u.; Ilpakmuueckue
3anamusn - 0,94.; Camocmosamenvnan paboma - 1,8u.)

Tema 15.1. Bexkmopusayus cnos

(3aounas: Jlekyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

Bekropuzanust cnoB (world embeding) - 3TO Kimacc MOXXOMOB Al TNPEICTAaBICHHUS CIOB H
JOKYMEHTOB C HCIIOJIb30BaHHEM BEKTOPHOTO TMPEACTABICHUS. DTO YIydlICHHE MO CPaBHEHHIO C
TPaJAUIIMOHHBIMU CXEMaMU KOAUPOBAHUS, TAC ISl MPEACTABICHHUS KaXKIOTO CJIOBa MCIOIb30BAIHCH
OoJbIIe pa3peKeHHBIC BEKTOPHI WIIH OI[CHKA KaXIO0TO CIIOBA B BEKTOPE IS MPEACTABICHUS IEJIOTO
CJIOBAPHOTO 3amaca. DTH MPeACTaBICHUS ObUIH CKYTHBIMU, IOTOMY YTO CIIOBapH OBLIH OOIIUPHBIMH,
U JIAaHHOE CIIOBO WJIM JIOKYMEHT TPECTABISLIOCH ObI OOJBIINM BEKTOPOM, COCTOSIIIIUM B OCHOBHOM
W3 HYJIEBBIX 3HAYCHHUIA.

Bmecto storo B world embeding cioBa mpencTaBieHbl IUIOTHBIMH BEKTOpPAMH, IJ€ BEKTOP
MPEJICTABIISIET MIPOCKITHIO CIIOBA B HETIPEPHIBHOE BEKTOPHOE MIPOCTPAHCTBO.

[IpencraBnenue ciioBa B BEKTOPHOM MPOCTPAHCTBE IOJY4YaeTCs M3 TEKCTa U OCHOBBIBACTCS Ha
CJIOBaxX, KOTOPBIE OKPYXKAIOT CIIOBO, KOTJa OHO HCIIONb3yEeTCsl.

JIBa MOMyJISIPHBIX IPUMEPa METOAOB BIOKEHHS CIIOB B TEKCT BKJIIOYAIOT:

* Word2Vec.

* GloVe.

B nomonHeHue kK 3THM paHee pa3paOOTaHHBIM METOAAM, BEKTOPHU3ALMIO CIOB MOXHO M3Y4YHTh KaK
94acTh MOJIEIIH IITyOOKOTO O0yUeHHUSI.

Tema 15.2. Embedding cnoii Keras

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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Keras npemnaraer cioit Embedding, koTOpbIii MO)XKHO HCIIOJIB30BaTh B MOJIENAX HEHPOHHBIX CETEH
s 00pabOTKM TEKCTOBBIX JaHHBIX. OH TpeOyeT, YTOObI BXOIHbBIC JaHHBIC ObUIM 3aKOJHPOBAHBI
LEJIBIMUA YHCIIaMH, TAaK YTO Ka)KJ0€ CJIOBO MPEJCTABICHO YHUKAIbHBIM IIEJIBIM YHCIOM. DTa CTaaus
IIOATOTOBKM MAaHHBIX MOXKET OBITH BBINOIHEHA ¢ wHcrnoiab3oBanueM APl Tokenizer, Takke
npenocrasisieMoro Keras.

Cnoit Embedding nHunmanusupyercs cirydyailHBIMH BeCaMH M IPOM3BOIAUT BEKTOPU3ALIUIO IS BCEX
CJIOB B HA0Ope yueOHBIX TaHHBIX.

310 THOKUI1 CTI0H, KOTOPBIA MOKHO HCIIOIB30BATh PA3IMYHBIMU CIIOCOOAMH, TAKUMH KaK:

1. Ero MO>XHO HCIIONIB30BaTh OTAEIBHO, YTOOBI U3YUUTh BEKTOPU3ALIUIO CJIOB, KOTOPOE MOXKET OBITh
COXPaHEHO U UCIIOJIb30BaHO B IPYTOi MOJENHN MO3XKE.

2. OH MOXET HCHOJIb30BaThCA KaK YacTh MOJENH ITyOOKOro oOy4eHus, B KOTOPOH BEKTOPH3ALHIO
U3y4yaeTcs BMECTE C CaMO MOJIENbIO.

3. Ero MOXHO wuCHIonmp30BaTh JUIsL 3arpy3Kd IPEIBApPUTENBHO MOJTOTOBICHHOM MOJenu
BEKTOPH3AIIMHU CJIOB, TUIA Mepeaayn 00ydeHusI.

Croit Bexktopuzauun Embedding onpenensiercs kak NepBblid CKPBITHINA ypoBeHb ceTH. OH UMeeT Tpu
apryMeHTa:

. input dim: 31O pasmep cioBaps TEKCTOBBIX JaHHBIX. Hampumep, eciam wnesible JaHHBIC
Koaupytotcs 3HadeHussMu ot 0 1o 10, To pazmep cioBaps OyneT coctaBisaTh 11 cios.

* output dim: 3T0 pa3MepHOCTh  BEKTOPHOTO  MPOCTPAHCTBA, B  KOTOpoe OyayT
BEKTOPH3UPOBAThCs ciioBa. OH ompenensieT pa3Mep BBIXOAHBIX BEKTOPOB 3TOTO CJIOS ISl KaKI0TO
cioBa. Hanpumep, 310 MmoxkeT ObITh 32 nimu 100 unu naske Gonpiie.

* input length: OTo AMMHA BXOTHBIX MOCIEIOBATEIBHOCTEH, KaK BBl OBl ONPENeNIIN IS TI000r0o
BXozHOTO cnos Monenu Keras. Hanpumep, ecinu Bce BxogHble JOKyMeEHTHI cocTosT U3 1000 cios, 310
oyner 1000.

Hanpumep, Hmwke Mbl ompenenseMm cinoii Embedding co cmoBapem B 200 cnoB (Hampumep,
LEJIOYUCIICHHbIE KoIUpoBaHHbIe ciioBa OT 0 10 199 BKITIOUUTENBHO), BEKTOPHOE MPOCTPAHCTBO U3 32
U3MEpPEHUi, B KOTopoe OyIyT BEeKTOPHU30BAaHBI CJIOBA, M BXOAHbBIC JTOKYMEHTHI, K&XKAast U3 KOTOPBIX
conepxut 50 cios.

e = Embedding(200, 32, input length=50)

B cnoe Embedding comepskatcst Beca, KOTOpble MOKHO BIOCTEICTBHM MOXKHO aHAJIM3UPOBaTh. Eciu
BbI COXpaHUTE MOJIeNb B (paiisie, 3To OyaeT BKIItoUaTh B ceds Beckl i ciost Embedding.

Brixonom cnost Embedding siBnsiercst 2D-BeKTOp € OHUM BEKTOPOM ISl KXKIOTO CJIOBA BO BXOAHOM
MOCJIEI0BATEIBHOCTH CJIOB (BXOAHOU TOKYMEHT).

Ecnu HeoOXoAMMO MOAKIIOYUTH MOJHOCBSA3HBIN CIIOW HEMOCpeACTBeHHO K cnoro Embedding, To BB
JOJDKHBI CHaYaja criaguTh Matpully 2D-BeiBona Ha 1D- BekTop, ucnons3ys cinoit Flatten.

Teneps naBaiiTe MOCMOTPUM, KaK MBI MOXKEM HUCHOIB30BaTh ci1oit Embedding

Ha MpaKTHKe.

Tema 15.3. Ilpumep obyyenus sexmopuzayuu

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ouynasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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Mpl co3naauM HeOOMNBIIYIO 3a7a4y, B KOTOpoil y Hac ecTh 10 TeKCTOBBIX JOKYMEHTOB, KaXIIbId U3
KOTOPBIX MMEET KOMMEHTapuil O 4acTu padOThl, BBIIOJHEHHOW CTyAeHTOM. Kakablii TEKCTOBBIN
JOKYMEHT KJacCU(PULUpPYyeTCs KakK MOJOXKUTENbHBIH «1» miau orpunarenbHbiii «0». CHadama MBI
OIPEJEINM JOKYMEHTBI U X METKH KJIaCCOB.

from numpy import array

from keras.preprocessing.text import one_hot

from keras.preprocessing.sequence import pad_sequences from keras.models import Sequential

from keras.layers import Dense from keras.layers import Flatten

from keras.layers.embeddings import Embedding

docs = ['Well done!', 'Good work', 'Great effort', nice work', 'Excellent!', "Weak', 'Poor effort!", not
good', 'poor work', 'Could have done better.']

labels = array([1,1,1,1,1,0,0,0,0,0])

3aTeM MBI MOXKEM 3aKOJMPOBATh KaXKIbId ITOKYMEHT LEJIBIMH YHCIaMH. DTO O3HA4YaeT, 4TO B
KauecTBE BXOJHBIX MaHHBIX cioii Embedding Oymer mmeTh mocienoBaTeIbHOCTH LENBIX
yucen. Keras mpenocrasiser ¢yHkuuio one hot(), KoTopas co3maeT XdII KaXJO0TO CJIOBa Kak
3 PEeKTUBHOE IETOUYUCICHHOE KOAUpOBaHHWE. MBI OlneHMM pa3Mep cioBapst 50, 4To HaMHOTO
Oosiplie, 4eM HEOOXOIMMO Ui CHIDKEHHSI BEpPOSTHOCTH CTOJKHOBEHHMN COBIAJACHUN OT XOIl-
byHKIUH.

vocab_size = 50

encoded docs = [one_hot(d, vocab_size) for d in docs] print(encoded docs)

[TocnenoBaTrenbHOCTH MMEIOT PA3HyI0 JUIMHY, M TO3TOMY MBI Oy/leM 3aroiHSATh BCE BXOAHBIC
MOCIIEIOBATEIILHOCTH 10 JUIMHBI 4. DTO MBI MOXKEM CJEJaTh 3TO cO BCTpoeHHOU (ynkimen Keras
pad_sequences().

max_length =4

padded docs=pad sequences(encoded docs,maxlen=max_length, padding="post")
print(padded_docs)

Teneprs MbI TOTOBBI ompenenuTh Hal cioii Embedding xak yacTh Hameil Mojenu HEHpOHHOH CeTH.
Mogens mpeacTaBisier co00i MpOCTYI0 MOAENh ABOUYHOU KiacCUpUKalMu. BaKHO OTMETUTH, UTO
BbIxox u3 ciosi Embedding Oyner 4 BekTopa mo 8 M3MEpeHHH Ka)/blif, 0 OTHOMY JAJIS Ka)JIOTO
CIIOBA.

model = Sequential()

model.add(Embedding(vocab_size, 8, input length=max_length)) model.add(Flatten())
model.add(Dense(1, activation="sigmoid'))

model.compile(optimizer="adam’, loss="binary_crossentropy’, metrics=['acc'])
print(model.summary())

HaxkoHerr, MbI MOXXEM TOATOHSAThH U OIIEHUBATh KJIacCU(PUKAITHOHHYIO MOJICITb.
model.fit(padded docs, labels, epochs=150, verbose=0)

loss, accuracy = model.evaluate(padded docs, labels, verbose=0) print('Accuracy: %f %
(accuracy*100))

3anyck mpuMepa CHavasla reyaraeT LeJIOUUCIIEHHOE KOJUPOBaHUe TOKyMeHTOB. [[42, 38], [24, 27],
[26, 11], [3, 27], [36], [42], [28, 11], [8, 24], [28, 27],

[23, 4, 38, 31]]

3areM TMeyYaTaroTCs 3alOJHEHHBIC BEKTOPA KaXI0TO JOKYMEHTA, 3allOJHCHHBIC HYISIMUA YTOOBI OHH
ObUIH OJIMHAKOBOM JINHBI.

[[42380 0]

(2427 0 0]

[26 11 0 0]

[327 0 0]

[360 0 0]

[420 0 0]

[28 11 0 0]

[82400]

[2827 0 0]

[23 438 31]]

Ilocne ompenenneHusa ceTu OydeT HamedaraHa HHGOpMAIUI O CTPYK e cetn. Kak u oxxumanoch
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Paszoen 16. LSTM HEHPOHHBIE CETH H ITPOT'HO3HPOBAHHUE BPEMEHHBIX PA/OB
(Baounan: Jlekyuonnvte 3amamus - 0,21u.; Ilpakmuueckue 3anamus - 0,634.;
Camocmosamenvnan paooma - 6,3u.; Ounan: Jlekyuonunvie 3anamusn - 2,1u.; Ilpakmuueckue
3anamusn - 2,1u.; Camocmoamenvnaa paboma - 4,24.)

Tema 16.1. Pexyppenmuvie HelpoHHble cemu

(3aounas: Jlekyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

PexyppenTHsie HelipoHHble ceTr (aHrI. Recurrent neural network; RNN) — Bux HEHpPOHHBIX CETEH,
IJe CBSI3U MEXIYy 2JIEMEHTaMu 0o0pa3yloT HampaBlIEHHYIO MOCJIEeNIOBaTeIbHOCTh. braromapst sTomy
MOSIBIIIETCS. BO3MOXKHOCTh 00padarhiBaTh CEpUU COOBITHI BO BPEMEHHM WIIM IOCIIEI0BATEIHHBIC
MPOCTPAHCTBEHHBIE IICTIOUKH.

B omnmune OT MHOTrOCIOWHBIX NEPLENTPOHOB, PEKYPPEHTHBIE CETH MOIYT HCIOJIb30BaTh CBOIO
BHYTPEHHIOIO MaMSATh JJIs1 00pabOTKH MOCIEN0BATEIbHOCTEN MPOU3BOIbHOM JAUHEIL. [ToaToMy cetn
RNN npuMeHMMBI B TakMX 3ajadax, IJ€ HEYTO ILEJOCTHOE pa3OUTO HAa CETrMEHTHI, Hamlpumep,
pacro3HaBaHME PYKOIHMCHOTO TEKCTAa WM PpacliO3HABaHUE peud. bBbpUlo MpenokeHO MHOro
Pa3IMYHBIX ApXUTEKTYPHBIX PEIICHUH JUIsl PEKyPPEHTHBIX CETEHl OT IMpPOCThIX N0 CIIOXKHBIX. B
nocienHee BpeMs HauOoNbIIee pAcIpOCTpPaHEHHE TMONyYWIM CeTh C JIONTOBPEMEHHOH U
KpatkoBpeMeHHOM namsaTeio (LSTM) u ynpasnsiemsiit pekyppentHsiii 610k (GRU).

B nuarpamme Bblllle y4acTOK HEHPOHHOW ceTH A MOJIy4yaeT HEKHUE JAaHHble X Ha BXOJ U MOAAET
Ha BBIXOJ HekoTopoe 3HayeHue H. Lluximdeckas cBA3b MO3BOJSET MepenaBarb WH(POPMALHUIO OT
TEKYILEro 11ara CeTH K CIEAYIOLIEMY.

CymecTtByeT MHOIO pa3sHOBUJHOCTEW, PELIEHMH M KOHCTPYKTHBHBIX 3JIEMEHTOB PEKYyPPEHTHBIX
HEHUPOHHBIX ceTei. TpyAHOCTb PEKypPPEHTHOM CETH 3aKJIKO4aeTCs B TOM, YTO €CJIM YYUTHIBATh
Ka)X/Iplii I1ar BpEMEHHU, TO CTAHOBUTCSI HEOOXOAUMBIM JJISl K&XKAOTO I1ara BpEMEHH CO37aBaTh CBOM
CIIOH HEWpPOHOB, UTO BBI3BIBAET CEPbE3HBIE BBIYUCIUTENBHBIE CIOXKHOCTH. Kpome Toro,
MHOT'OCJIOMHBIE peAIN3alUU OKAa3bIBAKOTCS BBIYMCIUTEIIBHO HEYCTOMYMBBIMM, TAK KaK B HUX Kak
MPaBUJIO UCYE3AI0T WJIH 3alIKAINBAIOT Beca. Eciu orpaHMuuTh pacyér (PMKCUPOBAHHBIM BPEMEHHBIM
OKHOM, TO TOJIy4Y€HHBIE MOJIEIA HEe OyAyT OTpakaTh JOJITOCPOYHBIX TPEHIOB. PazmuuHbie MOAXOBI
IBITAIOTCS YCOBEPIUICHCTBOBATH MOJEIb HCTOPUYECKOM NaMATH M MEXAHU3M 3allOMUHAHUA U
3a0BIBAHMSL.

PexyppeHTHBIE HEHPOHHBIE CETH HE TaK YK CHJIBHO OTIMYAIOTCS OT OOBIYHBIX HEHPOHHBIX ceTel. Mx
MOJKHO TPEICTaBUTH ce0e, KaKk MHOXKECTBO KON OJHOU U

TOW ke CeTH, NMPHUYEM, KaXKaas KOMus mepenaer cooliieHue crueayromeil konuu. [locmoTpute, uTo
IIOJIYYUTCS, €CIIU Mbl Pa3BEPHEM LIMKIL:

Takast “nenHas” CyIIHOCTb IOKa3bIBAET, YTO PEKYPPEHTHHIE HEWPOHHBIE CETU IO NPHUPOJE CBOEH
TECHO CBSI3aHBI C IIOCJIEA0BATEILHOCTSIMU U CIIUCKAMHU.

Tema 16.2. Ilonnocmyuio pekyppenmuas cembu

(3aounas: Jlekyuonnvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvras
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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Oto 6a3oBas apxuTekrypa pazpadboraHa B 1980-x. CeTb cTpoHTCS U3 y3JI0B, KXl M3 KOTOPHIX
COCIMHEH CO BCEMHU JAPYIMMH Yy3laMHU. Y KaXIOro HEWpOHA IOpOr aKTUBALMM MEHSETCA CO
BPEMEHEM U SIBIISCTCS BEIIECTBEHHBIM YHCIOM. KakIoe coeluHeHHEe HUMeeT IepeMEHHBIN
BEIIECTBEHHBIN BeC. Y3JIbI pa3esOTCs Ha BXOJHBIC, BEIXOAHBIE U CKPBITHIC.

Jlns o0y4yeHHs C y4YHTENeM C JUCKPETHBIM BPEMEHEM, KaXbli (IUCKPETHBIN) IIar BpeMEHH Ha
BXOJHBIC Y3JIbl MOJAIOTCS JaHHBIC, a MPOYHE Y3JIbl 3aBEPIIAIOT CBOIO AKTHBALMIO, U BBIXOJHBIC
CHTHAJIBI TOTOBATCS ISl TIEpeAay HEHPOHOM clieaytomiero yposHs. Eciu, HanpuMep, ceTh 0TBEUaeT
3a pacro3HaBaHUE PEUM, B PEe3yNbTaTe Ha BBIXOJHBIC Y3JIbI MOCTYHAIOT YK€ METKH (paclo3HaHHbIE
CJIOBA).

B oOyuenun ¢ moakpersienueM (reinforcement learning) HeT yuuTesns, 00eCcIeUnBaIONIETO IIETIEBbIC
CUTHAJIBI JUIS CETH, BMECTO 3TOT0 MHOTAA MCHONb3yeTrcs (yHKuus rogHoctu[en] wim (yHKUUS
oueHku (reward function), mo KOTOpPOH MPOBOAMTCS OIEHKA KayecTBa pabOTHl CETH, MPU 3TOM
3HAUEHMs Ha BBIXOJE OKa3bIBAaeT BIMSHUE Ha MOBEJCHUE CETH Ha BXoje. B wacTtHocTH, ecnu ceTh
peam3yer Urpy, Ha BBIXO/I€ M3MEpSETCs KOJMYECTBO ITYHKTOB BBIMIPHINIA WM OLIEHKU TO3UIUH.
Kaxnas memnoyka BBIUMCISAET OIIMOKY KaKk CyMMapHYIO JEBHALMIO IO BBIXOJHBIM CHUTHAJaM CETH.
Ecnmu umeercs Habop 00pasnoB oOydeHUs, OMIMOKAa BBIYUCISAETCS C YYETOM OIIMOOK KaXKIAOTo
OTAEIBLHOTO 00pa3ia.

Tema 16.3. IIpoonema doneocpounvix 3aeucumocmelt

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ouynasa: Jlekyuonnvie 3aumamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)

Opna u3 uaet, koropas aenaer PHC cTons nputaratenbHbIMH, COCTOUT B TOM, YTO OHU MOTJIA OBI
WCIIOJIB30BaTh MOTYYEHHYIO B MPOILJIOM MH(OpMaIMIo JUisl TeKYIUX 3a1ad. Hanpumep, oHM MOTH
OBl HWCIIOJIB30BAaTh MPEABIAYIINE KaJIphl BHICO UId TMOHUMaHUs mocienyromux. MHorma Ham
JOCTATOYHO HeAaBHEH MHGOpMaIK, 4ToObI BRIMOIHATE TEKYIIyI0 3aaa4dy. Hampumep, npeacraBum
MOJIEJTb sI3bIKa, KOTOpas MBITAETCS MPEACcKa3aTh CICAYIONIee CJI0BO, OCHOBBIBASICH HA MPEABIAYIINX.
Ecam MBI ieITaeMcst ipeAcKasarh mocieaHee ciaoBo B mpemitokennu “Tyun Ha HeOe”, HaM He HY)XEH
0O0JIbIIIe HUKAKOM KOHTEKCT - JOCTATOYHO OYEBHIHO, YTO B KOHIIE MIPEIJIOKEHUS pedb uaeT o Heoe. B
TaKUX CIy4asiX, IJie HEBEIUK MPOMEKYTOK MEXIY HEOOXOAuMou MH(pOpMalue U MECTOM, TAe OHa
HyxHa, PHC MoryT Hay4uThCs MCIIONIB30BaTh HHPOPMAIIHIO, TIOTYUYEHHYIO paHee.

Ho Ttaxke ObIBalOT ciyuau, KOra HaM HyXeH Oojiee MUPOKUN KOHTEKCT. [Ipeamnmonoxum, Hyx HO
MpecKa3aTh MOCJeNHee CIO0BO B TekcTe “S Bbipoc Bo Ppanmuu... I cBOOOIHO TOBOPIO IO
¢bpanyscku”. HegaBHsas uHpopMalus MoacKa3bIBaeT, 4ToO CIEAYIOLIee CJI0BO, BEPOSTHO, HA3BaHUE
SI3bIKA, HO €CJTU MBI XOTUM YTOUHHUTH, KAKOTO UMEHHO, HAM HY>KE€H IPEIbIIyIINH KOHTEKCT BIUIOTH JI0
nHpopmaruu o Opannuu. CoBCeM HE PENKO MPOMEXYTOK MEXTy HeoOXomuMon wHbOpMaluen u
MECTOM, IJIe OHA HY>KHA, CTAaHOBUTCS 04eHb OomnbinM. K cokaneHuto, Mo Mepe pocTa MpoMexyTKa,
PHC cranoBsiTCcs HECTIOCOOHBI HAYYUTHCS COSTUHATH HH(POPMAIIHIO.

Teopernuecku, PHC cnocoOHbl 00pabaThiBaTh TaKHe IOJTOBPEMEHHBIE 3aBUCUMOCTH. YenoBeK
MOXKET TIIATEeIbHO MOM00paTh WX MapaMeTpbl, YTOOBl peliaTh HrpylIeyHble MPOOJEeMbl TaKOM
dbopmbl. OnHako, Ha ipakTuke, PHC He clOCOOHBI BBIyYUTH TaKoOE.

Tema 16.4. LSTM cemu

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamusn - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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Ceru ponro-kpatkocpoynort mamsité (Long Short Term Memory) - 0OBIMHO TPOCTO HA3BIBAIOT
“LSTM” - oco6brii Bug PHC, cnocoOHbIX K OOY4YEHHIO JOJITOCPOYHBIM 3aBUCHUMOCTSIM. OHHU
paboTaroT HEBEPOSTHO XOPOILO Ha OOJIBIIOM pazHOOOpa3uu MpobiaeM U B JAHHBIA MOMEHT IIUPOKO
npumMenstorces. LSTM cnenuanbHO CHPOEKTUPOBAHBI TAKUM 00pa3oM, YTOObI M30ekaTh MpoOIeMbl
JOJTOCPOYHBIX 3aBUCUMOCTEH. 3allOMUHATh MH(POPMAIIUIO HA JIUTEIbHBINA NEepuoj BPEMEHH - 3TO
IIPAKTUYECKH UX TIOBEJEHHUE N10-YMOJYAHUIO, & HE YTO-TO TAKOE, YTO OHU TOJIBKO IBITAIOTCA CIEIIATh.
B LSTM cetsx ynamoch OOOWTH MpoOieMy HCUE3HOBEHMS WJIM 3allKaJMBaHHUS TPAJUCHTOB B
nporecce OOydeHHs MeTonoM obparHoro pacrpoctpaneHuss ommoOku. Cerb LSTM  o0br4HO
YIOPaBIsAETCS C IOMOULIbI0 PEKYPPEHTHBIX BEHTUJIEH, KOTOpBIE HA3bIBAIOTCA BEHTWIM (gates)
«3a0piBanus». OmMOKK  paclpoCTpaHSIOTCS Ha3ajJd [0 BPEeMEHH dYepe3  IMOTCHLHUAIbHO
HEOrPaHNYEHHOE KOJIMYECTBO BUPTYAIbHBIX ClIOEB. Takum oOpa3om npoucxoqut odyuenue B LSTM,
IIPY 3TOM COXpaHss MaMsTh O ThICAYAX U JaKe MWIJIMOHAX BPEMEHHBIX MHTEPBAJIOB B IPOLLIOM.
Tononoruu cereit Tunma LSTM MoryT pa3pabaTbiBaTbcs B COOTBETCTBHHU CO crienupuKoi 3anauu. B
cetu LSTM naxe Gonbline 3aepKKi MEKAY 3HAYMMBIMH COOBITUSMU MOTYT

YUUTBHIBATbCA, M TEM CaMbIM BBICOKOYACTOTHBIE M HHM3KOYACTOTHbIE KOMIOHEHTHI MOTYT
CMEIUBAThCS.

Bce pexyppeHTHBIE HEHpOHHBIE CETH HMMEIOT (OpMy LENH MOBTOPSIOMMX Momayneil (repeating
module) neiiponnoit cetu. B cranmapraoit PHC sti moBropstoniye Moaynu OyayT MUMETh OY€Hb
MIPOCTYIO CTPYKTYPY, HAPUMED, BCEr0 OAMH CJIOU Turepoonmueckoro Tanrenca (tanhtanh).

LSTM TOXE UMEIOT TaKyro LENHYIO CTPYKTYpPY, HO IIOBTOPSIOIINI MOIYJIb UMEET APYTrOo€ CTPOCHHE.
BMmecTo 01HOro HEHPOHHOTO €0 UX YETHIPEe, IPUYEM OHU B3aUMOACHCTBYIOT OCOOBIM 00Pa30M.

31ech BBEIEHBI CIIEAYIOMIe 0003HAUCHUS:

B numarpamme Bblllie KakJas JIMHUSA NEepeNaeT LEIbl BEKTOP OT BBIXOJAa OJHOIO y3Jia K BXOAAaM
npyrux. Po3oBble Kpyru NmpeiCcTaBiIsiOT MOTOYEUHBIE OMEPATOPhl, TAKUE KaK CIOKEHHE BEKTOPOB, B
TO BpeMsi, KaK JKeITble

NPSMOYTOJIBHUKH - 3TO OOy4YeHHbIE CJIOM HeWpoHHOW certu. CnMBaromiyecss JTUHUA O0O3HAYAIOT
KOHKaTECHAIUIO, B TO BpeMs KaK BETBALIMECS JIMHUM 0003HAYAIOT, YTO UX COACPKUMOE KOITUPYETCs,
Y KOIIMH OTIIPABIISIOTCA B pa3sHbIE MECTa.

Tema 16.5. Iasuas uoess LSTM

(3aounas: Jlexyuonnvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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Kitou k LSTM - knerounoe coctosinue (cell state) - ropuzoHTaIbHAS TUHUS, TMPOXOASIIAS CKBO3b
BEPXHIOIO 4YacTh AMarpaMMbl. KileTouHOE COCTOSHHUE - 3TO 4TO- TO THIIA JIEHTHl KOHBeiepa. OHa
JBIDKETCSI TIPSIMO BJIOJb BCEH LEMM TOJNBKO JIUIIB C HEOONbUIMMHU JTUHEHHBIMU B3aMMOICHCTBHUAMHU.
Wudopmarus MOXET MPOCTO TeUb MO0 HeW 06e3 N3MEHEHHI.

LSTM wumeer crnocoOHOCTh YHAlsATh WIM T00ABIATH MHPOPMALMIO K KIETOYHOMY COCTOSHHIO,
OHAKO 3Ta CHOCOOHOCTH TINATEIBHO PETYAUPYETCS CTPYKTYPaMH, HA3bIBAEMbIMH BEHTUJISIMH
(gates). Bentunu - 310 cnoco® m3bMparenbHO mporyckartk HH(popMmarmio. OHH COCTaBICHBI W3
curmougHoro ciost HC u onepannu notouednoro ymHoxkeHus (pointwise multiplication).

CurMouIHBIN €0 MOJAET HA BBIXOJ YHCIIA MEXKAY HYJIEM M €IUHMIICH, ONMCHIBAs TAKUM 00pa3oM,
HACKOJIPKO Ka)KJbIi KOMIIOHEHT JOJDKEH OBITh NPOIYIIEH CKBO3b BEHTWIb. Homb - “HuYero He
NpomycKarh’, OAuH - “mpomyckarh Bce”. LSTM mMeeT TpM TakMX BEHTWJIA, YTOOBI 3alUINATh U
KOHTPOJINPOBATh KJIETOYHOE COCTOSIHUE.

[TepBbiM marom B Hameit LSTM Oyaet pemuTs Kakyo HHPOPMAIUIO MBI COOMpaeMcs BHIOPOCUTH U3
KJIETOYHOTO COCTOSHHS. JTO pEUICHHE NPUHUMACTCS CUTMOHMJIHBIM CJIOEM, Ha3bIBaeMbIM
“3abpIBaromuM BeHTHiieM  (“forget gate layer”). OH mosyuaeT Ha Bxoje 3HaueHus ht—1u xt u monaet
Ha BbIxoa uncio mexay O u 1. Eaunania o3Havaer “coxpaHu 3TO MOJHOCTHIO, B TOT BpeMsI KaKk HOJIb
O3Ha4aeT “n30aBbCS OT ATOTO MOJIHOCTHIO .

JlaBaiiTe BepHEMCs K HalleMy IPUMEPY SI3BIKOBOM MOJEIIH, NBITAIOIIECHCS MPEACKa3aTh CIEAYIOIIee
CJIOBO, OCHOBBIBASICh Ha BCEX MNpeAblIyluX. B Takol mpobieMe KIETOUHOE COCTOSHHE MOXKET
BKJIIOYaTh POJ MOAJICKAIIETO, YTO TO3BOJIUT HCIOJIb30BaTh MPABHIbHBIE (POPMBI MECTOMMEHMH.
Korna MbI BUIMM HOBOE TOAJIEKAIIEE, MbI 3a0bIBa€M POJI MPEIBIIYIIETO MOJJICKAIIETO.
Crnenyronmm marom OyleT pemuTb, KaKyl0 HOBYIO HH(OpMAIMIO MBI cOOMpaeMcs COXPAaHUTh B
KJIETOYHOM COCTOSHMU. OJTOT IAr COCTOUT M3 JBYX 4YacTed. Bo-nepBbIX, CUIMOWIHBIA CIIOH,
Ha3bIBaeMBI “BXOJHBIM BeHTHiIeM” (“input gate layer”), pemiaer, kakue 3Ha4YCHUS Mbl OOHOBHM.
Janee, cioil THPNEOOIMYECKOrO TAaHTEHCA CO3JaeT BEKTOP KaHAWIATOB HAa HOBBIE 3HAUEHHs Ot,
KOTOPBIH MOXeT OBbITh J00aBiIeH K cocTossHUI0. Ha criemytomieM mare Mbl CO€IMHUM 3TH JIBE YacTH,
4TO0OBI CO3/1aTh OOHOBIICHHE Il COCTOSIHUSI.

B npumepe ¢ Hameil sS3bIKOBOM MOJENBIO MBI ObI XOTEIHM JAOOABUTH POJ] HOBOTO IMOIEKAIIETO K
KJIETOYHOMY COCTOSIHUIO, YTOOBI 3aMEHHUTD POJI CTAPOT0, KOTOPOE MBI JIOJKHBI 320bITh.

Teneps npurnuia mopa 0OHOBUTE CTAPOE KIETOUHOE COCTOSHUE, Gt-1 HOBBIM KJIIETOYHBIM COCTOSTHHEM
ot. Bce pemieHus yxe NPUHATHI HAa MPEABIAYLIMX LIarax, OCTaJOCh TOJNBKO CHENaTh 3TO. Mbl
YMHOXaeM cTapoe cocTosiHue Ha ft, 3a0bIBas Bce, 4TO MBI paHee pemwid 3a0biTh. B cimywae c
A3BIKOBOM MOJIENBIO, 3TO KaK pa3 TO MECTO, IJe MbI TepseM HH(}OpMaIHio O poae CTaporo
MOJIEKAIIEero U 100aBiIsieM HOBYIO HH(POPMALINIO, KaK PEIIMIN Ha MPEAbIIyIUX Iarax.

Haxkoner, HaM HY>KHO peIINTh, KAaKOH Pe3yJIbTaT Mbl cCOOMpaeMcs MoJaTh Ha BBIXOJ. DTOT pe3yabTaT
OyZeT OCHOBAaH Ha HAIlleM KJIETOYHOM COCTOSHHUH, HO OyIeT ero OT(UIBTPOBAaHHON BepcHEH.
CHauasna MbI 3aIlyCKaeM CUTMOMJIHBIN CJIOM, KOTOPBIN pEelIaeT, KAKUe YaCcTH KJIETOYHOTO COCTOSTHUS
MBI COOMpaeMcsi OTIPAaBUTh Ha BBIXOA. 3aT€M Mbl NPOIYCKaeM KJIETOYHOE COCTOSIHHUE CKBO3b
runepOonuueckuil TanreHc (tanhtanh) (4roObl yMecTUTh 3Hau€HHsI B MPOMEXYTOK OT —110 1) u
YMHOXKaeM €ro Ha BBIXOJl CATMOUIHOTO BEHTHJIS, TAK YTO MBI OTIPABIISEM Ha BBIXOA

TOJIBKO T€ YaCTH, KOTOPBIE MBI XOTHM.

B mpumMepe ¢ S3bIKOBOM MOJIENBIO, €CIIM OHA TOJIBKO YTO BHJIEJNA MOAJIEKalee, OHa Moryia Obl MoJaTh
Ha BBIXOA MH(OPMAIMIO, OTHOCSIIYIOCS K IJAroiy (B cilydae, €CiIM CIEeAylollee CJIOBO MMEHHO
riaron). K mpumepy, oHa, BO3MOXKHO, MOAACT HA BBIXOJ YUCIO MOMJIEKAIIEro (€AMHCTBEHHOE WM
MHOXecTBeHHOe). Takum oOpazoMm, Mbl OygeMm 3HaTh, Kakas (opMa Iiaroia JOJDKHA OBITh
NojicTaBJeHa (€CIM KOHEYHO JaJble UAET UMEHHO IJ1arod).
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Tema 16.6. Paznosuonocmu LSTM cemet

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

B onmnom u3 momynspueix BapuaHToB LSTM nobGapnstorcst “rmaskoBble coenuHenus” (“peephole
connections”). DTO 3HAYUT, YTO MbI IIO3BOJISIEM BEHTWISAM “TIOAMISAJBIBATE’ 3a KICTOYHBIM
COCTOSTHHEM.

Jlpyras Bapuanus - MCIOJIb30BaHUE CTIAPEHHBIX 3a0BIBAIONINX W BXOIHBIX BEeHTHIIEH. BmecTo Toro,
4T0OBI HE3aBHCHUMO pEIIaTh, YTO 3a0BITh M KyJa Mbl JOJDKHBI JOOABUTH HOBYIO MH(OPMALIUIO, MBI
MPUHUMAEM 3TU PEIICHUs OTHOBPEMEHHO. MBI 3a0bIBa€M YTO-TO TOJHKO B TOM CIydae, KOTJa MBI
MoJTlydaeM 4YTO-TO APYroe Ha 3TO MecTO. MBI MoiydaeM Ha BXOJ HOBBIC 3HAYCHHS TOJIBKO KOTIa
3a0bIBa€M YTO-TO CTapOeE.

Heckonbko 6onee cymectBenHo omuyaercs or LSTM BeHTmiibHas pekyppenTHas eaununa (Gated
Recurrent Unit) wim GRU. Ona coBMmemniaeT 3a0bIBaloOIlMe W BXOJHBIC BEHTWJIM B OJUH
“obHoBsIIOMMI BeHTHIB” (“update gate”). OHa Tak)Ke CIMBAET KJICTOUHOE COCTOSHUE CO CKPBITHIM
CJIOEM U BHOCHUT HEKOTOpbIC Jpyrue u3MeHeHus. Moiesb, MoayJaromascs B pe3ysbrare, Ipoliie, Yem
oObrunast Mmoaenb LSTM u oHa HaOupaeT momyaspHOCTb.

OTO TONBKO HEKOTOphle M3 Hambonee 3ameTHbIX BapuaHToB LSTM. EcTh MHOXECTBO ApYTHX,
Hanpumep, rryouHHo-BeHTwibHbEIE PHC (Depth Gated RNNs). CymiecTByeT U COBEpPIIICHHO APYToi
MOAXO/ K M3YyUEHHIO TOJITOBPEMEHHBIX 3aBUCHMOcCTe, Hanpumep, yacoBele PHC (Clockwork RNNss)

Tema 16.7. IIpocrno3uposarnue 8pemeHHbIX pa008

(3aounas: Jlexyuonnvle 3auamusa - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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3amauy TPOTHO3MPOBAHUS BPEMEHHBIX DSJIOB - CIOXKHBIM THII TPOOIEMBI MPOTHOZUPYIOIIETO
MOJEIUPOBaHusA. B omiMune OT PerpecCUOHHOIO MPEACKa3aTeIbBHOIO MOJEIUPOBAHUS BPEMECHHBIC
PAIBI TaKXKe TOOABIISAIOT CIIOKHOCTh 3aBUCHMOCTH MTOCIJIEAOBATEIBHOCTH OT BXOIHBIX TEPEMEHHBIX.
MoIHbIi THIT HEHPOHHOM CeTH, NpeAHa3HauYeHHBIN 17151 00paboTKH

IIOCJIEIOBATENBHOCTEN HA3bIBAETCSA PEKYPPEHTHBIMU HEUPOHHBIMU ceTAMU. CeThb ¢

84

JUINHHOM KOpOTKOM mnamsATei0 win cetb LSTM - 3T0 Tum peKyppeHTHOW HEHpOHHOW CeTH,
UCTIONB3yeMOil B TIyOOKOM OOydY€HHH, MOTOMY YTO MOXHO YCIEIIHO O00ydYaTh OuY€Hb OOJbIINE
apXHUTEKTYPBHI.

B »stom pasnmene mbl paszpaboraem psg LSTM ans crangapTHOM 3amaudl MPOTHO3WPOBAHHS
BPEMEHHBIX  pAZOB. OTH TNpUMEpPsl NOMOTYT BaM  pa3paboTaTb CBOM  COOCTBEHHBIE
cTpykTypupoBaHHbsle LSTM-cetu ajis 3a1a4 IpOrHO3UPOBAHUS BPEMEHHBIX PSAJIOB.

3amaya, KOTOPYIO MBI pPAacCMOTPUM 3TO - MpoOieMa MPOTHO3UPOBAHHS —MACCAKUPCKUX
aBHANEpeBO30K. 3ajaua COCTOUT B TOM 3Has TOJ M MECALl MPEACKa3aTh KOJIMYECTBO MACCaXUPOB
MEXTyHapOIHBIX aBHaKOMITAaHHA.

Ha6op JAHHBIX JNOCTYIIEH OecruiatHoO MO’KHO CKauaThb c azpeca
https://datamarket.com/data/set/22u3/international-airline-passengers-monthly-totals-
in-thousands-jan-49-dec-60#!ds=22u3&display=line ¢ umenem daiina

« international-airlines-passengers.csv ». JlaHHble BapbupyloTcsi oT stHBaps 1949 ronma mo nexadps
1960 roma wmu 12 ner c¢ 144 naOmiomeHusiMH. MBI MOXXEM 3arpy3uTh 3TOT HaOOp JAHHBIX C
nomonipio O6ubnuorekn Pandas. Ham He mHTepecHa mara, Y4uThIBas, 4TO KaXJ0€ HaOIIOICHUE
paszzensieTcss OMHUM M TEeM XK€ MHTEpBaJioM B onuH Mecsl. [loaTomy, Korma Mbl 3arpyxaeM Habop
JAHHBIX, MBI MOXKEM HCKJIIOYUTH MepBblid cronben. [locne 3arpy3ku Mbl MOXKEM JIETKO TOCTPOUTH
Bech Ha0op nanHHbIX. Kox /ist 3arpy3Ku ¥ MOCTPOEHUS HAOOpa JaHHBIX PUBEICH HIKE.

import pandas

import matplotlib.pyplot as plt

dataset = pandas.read_csv('international-airline-passengers.csv', usecols=[1], engine="python',
skipfooter=3)

plt.plot(dataset) plt.show()

C TeyeHHeM BpEMEHH MOXKHO YBHJIETh BOCXOSIIUI TpeHI B HaOOpe NaHHBIX U HEKOTOPYIO
NEPUOUYHOCTh Ui Habopa JaHHBIX, KOTOPBIM, BEpPOSTHO, COOTBETCTBYET NEPHOAY OTIIyCKa B
CEBEPHOM TOJIYIIAPHH.

Msl MoxkeM chopMynHpoBaTh 3Ty 3agady Kak 3anady perpeccuu. To ecTb, yuuThIBas KOJIWYECTBO
MacCCaAKUPOB (B ThICAYAX E€AMHUI]) B ITOM MeECSIE MPOTHO3UPOBATH KOJIWYECTBO MACCAXKHPOB B
crenylomeM Mecse. Mbpl MOXXEM Hamucarth HPOCTYIO0 (YHKIHIO, 4TOOBI NpeoOpa3oBaTh Halll
eIMHCTBEHHBIN CTOJ0EI] JAHHBIX B JIBYXCTOJOLOBBIN HAOOp aHHBIX: MepBasi KOJIOHKA, CO/IeprKalas
KOJIMYECTBO MACCAKUPOB U BTOPOH cTOJI0EI], KOTOPBIN OyJeT copepkaTh KOJTMYECTBO MMAaCcCaXKUPOB B
CIIEIYIOILIEM MecsLE.

[Ipexne yeM Mbl HauHEM, JaBaliTe CHayajla MMIIOPTHPYEeM Bce (DYHKLIHU M KIAcChl, KOTOPHIE MBI
HaMepEeHBI HCIIOIb30BAaTh.

import numpy

import matplotlib.pyplot as plt from pandas import read _csv import math

from keras.models import Sequential from keras.layers import Dense

from keras.layers import LSTM
from sklearn.preprocessing import MinMaxScaler from sklearn.metrics import mean_squared error
[Ipexne yeM MBI UyTO-IMOO cHeNaTh HHULUAIM3UPYEM TEHEpaTop CIy4YalHbIX 4YHCEN, YTOOBI
rapaHTUPOBaTh, YTO HAIIU PE3ybTaThl OyyT BOCIPOU3BOAUMBIMH.

numpy.random.seed(7)

Hcnonb3yem Kof U3 MpEeIbIAYIIero paszena JUls 3arpy3ku HaOopa JaHHBIX B BUjAE AaHHBIX Pandas.
3aremM MBI MOXeM u3BJIeyb MaccuB NumPy u3 ¢peiima naHHBIX M MPeoOpa3oBaTh LENTOYHCICHHbIE
3HAYCHUS B 3HAYCHHS C TUIABAIOIICH 3aIlATOM, KOTOphIE 0oJiee MOAXOAAT i paboThl C HEUPOHHOM
CETBIO.

dataframe = read_csv('international-airline-passengers.csv',usecols=[1], engine='python’,
skipfooter=3
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Pazoen 17. KIACCH®HKALIHA ITOCHEJOBATEJIBHOCTEH C HCIOJIB30BAHHEM
LSTM HEHPOHHBIX CETEH

(Baounaa: Jlekyuonunwvie 3anamua - 0,06u.; Ilpakmuueckue 3anamus - 0,184.;
Camocmosamenvunasa paooma - 1,8u.; Ounan: Jlekyuonnvie 3anamua - 0,6u.; Ilpakmuyeckue
3anamusn - 0,6u.; Camocmosamenvnan paboma - 1,2u.)

Tema 17.1. IIpoonema xraccuguxkayuu nociedo8amenbHOCmel, ee CLOHCHOCMb U peudemas 3a0ayd
(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamus - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)

Knaccudukanus mocnenoBaTenbHOCTEH - 3TO MpobiemMa MPOTHOZHPYIONIETO MOACIUPOBAHUSA, B
KOTOPOM Yy Bac €CTh HEKOTOpas TOCJIEIOBATEIbHOCTh BXOJIOB MO MPOCTPAHCTBY WJIM BPEMEHH, U
3a/1a4a 3aKJII0YaeTCsl B MPOTHO3UPOBAHUHN KaTETOPHUH JIJIs TTOCIIEI0BAaTEIHHOCTH.

CnoxXHOCTh 3TOM MPOOJIEMBI 3aKIIOYAETCS B TOM, YTO TOCJIEIOBATEIIbBHOCTH MOTYT BapbUPOBAThCS
10 JUTMHE, COCTOSTh W3 OYEeHb OOJIBIIOTO CIIOBAPHOTO 3amaca BXOJHBIX CHUMBOJIOB W MOTYT
nmoTpeOoBaTh OT MOJEIM HW3YYEHHUS JOJITOCPOYHOTO KOHTEKCTAa WM 3aBUCUMOCTEH MEXKIY
CMMBOJIAaMH BO BXOJHOH TOCJIENOBaTeIbHOCTH. B 3TOM pasmene ™Mbl paszpaboraem LSTM
PEKYPPEHTHYIO MOJICIIM HEUPOHHOM CETH IS 3a]1a4 KJIacCU(PUKAIIUU TTOCIIET0BaTEILHOCTEH.

3amaya, KOTOPYIO MBI OyleM pemiarh - 3TO 3ajladya KJIacCH(PUKAIMA TOHAIHHOCTH OT3bIBa (DriibMa
IMDB. Kaxnpiii 0T3bIB TpeaCTaBiIseT COOO0W TMEpPEMEHHYIO IMOCJIEI0BaTeIbHOCTh CJIOB, U
TOHAJIBHOCTH KaXJ0TO OT3bIBa (hUIIbMa JOJKHA OBITh KJIacCHU(PHUITMPOBaHA.

Tema 17.2. Onucanue nabopa 0aHHLIX U peueHUs 3a0a4u

(3aounas: Jlexyuonnvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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Hab6op nannbix cogepxut 25 000 BEICOKOTOISIPHBIX OT3bIBOB (DMIIBMOB (XOPOIIHME WX TIOXHUE) IS
oOy4eHHUsI M TOTO K€ KOoJM4ecTBa sl TecTupoBaHus. Keras comepxut ¢ynkmus imdb.load data (),
KOTOpasi MO3BOJISIET 3arpyarb HaOOp NaHHBIX B (hopmare, KOTOPBIA TOTOB Ui MCIIOJIB30BaHUS B
HelipoHHo# cetr. CroBa OBLIM 3aMEHEHBI LIEJIBIMU YHCIAaMH, KOTOPbIE YKa3bIBAIOT YHOPSIOYCHHYIO
YacTOTy KaKJI0To ciioBa B Habope naHHbIX. [loaToMy mpemiokeHust B KaXJI0M 0030pe COCTOST U3
MIOCJIEJOBATENBHOCTH LIEJIBIX YHUCEIL.

Bynem oroOpakaTh Ka)k7oe CIOBO Ha 32-3HAUHBIA BEIIECTBEHHBIH BEKTOp. MBI Takke OrpaHUYHM
o0111ee KOJMYECTBO CIIOB, KOTOpble Hac MHTEPECYIOT B MonenupoBaHuu, 10 5000 nambonee wacto
BCTpPEYAOLIMXCs cNOB. M Tak Kak JJIMHA MOCIIEA0BATEIbHOCTH (KOJIMYECTBO CIIOB) B KaXJIOM 0030pe
MEHSIETCSI MBI OyJIeM

OrpaHUYMBaTh KaxIblid 0030p 500 cnoBamu, ycekas ATUHHBIE 0030pbI U 3aIONHASA OoJiee KOPOTKHE
0030pbI HYJIEBBIMH 3HAYCHUSIMH.

HauneM kak OOBIYHO C WMIOPTa KIaccoB W (PyHKUIWH, HEOOXOAMMBIX MJsi ITOW MOIEIH, U
MHHUIMAIN3AMA  TeHeparopa CIy4alHBIX 4YHCEN, YTOObI MBI MOIVIM JIETKO BOCHPOHM3BECTH
Pe3yJIbTATHI.

import numpy

from keras.datasets import imdb from keras.models import Sequential from keras.layers import
Dense from keras.layers import LSTM

from keras.layers.embeddings import Embedding from keras.preprocessing import sequence
numpy.random.seed(7)

Jlanee HaM HYXHO 3arpy3uTh HaOop maHHbiX IMDB. Mbl orpannuuBaeM Habop naHHbIX 10 5000
cJI0B. MBI Takxke pasfaenuin Habop AaHHbIX Ha moe3n (50%) u tect (50%).

top_words = 5000

(X_train, y_train), (X test, y test) = imdb.load data(num_ words=top words)

3areM HaM HYXKHO ycedb HJIU JOIOJHUTH BXOJHBIC TOCJIEIOBATEIBHOCTU TaK, YTOObl OHHM OBLIH
OJIMHAKOBOM JUTMHBI 1J1si 00y4YeHHs] HeUPOHHOM ceTr. max_review length = 500

X train =  sequence.pad sequences(X train, = maxlen=max_ review length) X test =
sequence.pad_sequences(X _test, maxlen=max_review_length)

Tenepr MBI MOXXEM CO3/1aTh, CKOMITMJIMPOBATh U 00y4nTh Halty Moaeiab LSTM.

I[TepBeriit cnoii - 3ro Embedded cioif, kotopslit ucrionb3yet 32 BeKTOpa I MPEACTABICHHUS KaXI0TO
cioBa. Cnenyromuii cioi - 3to cinoit LSTM coneprxamuii

100 mHe#ipoHoB. HakoHeln, TMOCKOIBKY 3TO mpoOiemMa KJIacCU(pHKAIUU, MBI HCIOJIb3yeM
MOJTHOCBS3HBIM Dense BBIXOJHON CJOH ¢ OAHUM HEHPOHOM U (PYHKIMEH aKTHBALMUM CUTMOM[A,
4TOOBI MOMYYUTh Ha BbIXoJe 0 uiau 1 U1t mpeacka3zaHust IBYX KJIACCOB (XOPOIIUX U TUIOXHX).

[TockonbKy 310 TpobiieMa TBOMYHON Ki1acCU(UKAIMU, HCTIONB3YeTCs IorapudMuieckas moreps Kak
¢ynkuus ommbok ( binary crossentropy). Mcmonb3yercst 3pQeKTUBHBINA aarOpuT™M ONTHMU3ALUU
ADAM. Mopens noaxoaut o0ydeHue 3a 3 3MOXH, TOTOMY 4TO OHA OBICTpO mepeolyyaeTcs.
embedding vecor length =32 model = Sequential()

model.add(Embedding(top_words, embedding_vecor length, input length= max review_length))
model.add(LSTM(100)) model.add(Dense(1, activation='sigmoid'))

model.compile(loss="binary crossentropy’, optimizer="adam’, metrics=["accuracy'])
print(model.summary())

model.fit(X _train, y_train, epochs=3, batch_size=64)

[Tocne oOyueHHs CEeTH MBI OLICHUBAEM Ka4e€CTBO MOJIEIH 110 TECTOBBIM JIAHHBIM.

scores = model.evaluate(X test, y_test, verbose=0) print("Accuracy: %.2f%%" % (scores[1]*100))
BeimonHeHue 3Toro mpuMepa NpUBOAUT K CICAYIOIIEMY PE3yIIbTaTy.

Epoch 1/3 16750/16750 [ 1-107s - loss: 0.5570 - acc: 0.7149 Epoch 2/3 16750/16750
[==========] - 107s - loss: 0.3530 - acc: 0.8577 Epoch 3/3 16750/16750 [==========] - 107s -
loss: 0.2559 - acc: 0.9019

Accuracy: 86.79%
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Pazoen 18. HEHPOHHBIE CETH HA OCHOBE BHBJIHOTEKH TENSORFLOW

(Baounaa: Jlekyuonunwvie 3anamua - 0,24u.; Ilpakmuueckue 3anamusa - 0,724.;
Camocmosamenvnasa paooma - 7,2u.; Ounan: Jlekyuonnvie 3anamua - 2,4u.; Ilpakmuyeckue
3anamusn - 2,4u.; Camocmoamenvnaa paboma - 4,84.)

Tema 18.1. Hauano pabomei ¢ TensorFlow

(3aounas: Jlekyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)

TensorFlow - 310 OuOMMOTEKa NPOrpaMMHOTO OOECHEUEHHS] C OTKPBITBIM HCXOAHBIM KOJIOM,
co3nanHas Google, koTopas WCHONB3yeTcs MJIsi BHEAPEHHUS CHUCTEM MAIIMHHOTO OOyYeHUS U
IyOOKOTOo 00yueHHs. DTH JIBa UMEHU COAEPIKAT PSII MOIIHBIX aJITOPUTMOB, KOTOPBIE Pa3delisioT
o0mIyr0 3a7ady - MO3BOJIUTH KOMITBIOTEPY Y3HATh, KaK aBTOMATHYECKU OMPEACISATH CIOKHBIC
a0JI0HBI U / WK

NPUHUMATh HAWJTy4IlIue BO3MOXHBIE pemeHus. TensorFlow, B ocHOBe cBoeid, siBisieTCs: OMOIMOTEKOM
111 IPOTPaMMHUPOBAHUS TOTOKA JaHHBIX. OH UCHOIB3YET pa3IMyHbIe METO/IbI ONTUMH3AIINU, YTOOBI
ClIeNaTh BBIYMCICHUS MaTeMaTHYeCKUX BhIPAKECHHUN TpoIe 1 3P PeKTUBHEE.

HexoTopsie u3 kimoueBbix ocodenHocreit TensorFlow:

* DOddextuBHO paboTaeT C MareMaTUYeCKHUMHM BBIPAKECHHUSIMHU, BKIIOYAIOIIUMH MHOTOMEpPHBIE
MacCHBBI

+ Xopomias mojiepkka IITyOOKHX HEHPOHHBIX ceTell M KOHIENIUH MAITMHHOTO 00y4YeHuUs

*  Hcnonws3zoBanue GPU / CPU, rae oaMH M TOT K€ KOJ MOXET OBITh BBINOJHEH Ha 00eHXx
apXUTEKTypax

* Bricokast MacIITaOUpyeMOCTh BBIYMCICHUN HA MAIIMHAX U OTPOMHBIE MacCHUBBI JAaHHBIX
YcranoButh TensorFlow MOXKHO BBITTIOJIHUB KOMaHTTY:

3arpy3ka u coopka TensorFlow MoeT 3aHATh HECKOTBKO MUHYT.

Tema 18.2. Ocnoswvl pabomuwi 6 TensorFlow

(3aounas: Jlekyuonnvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvras
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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B TensorFlow BbumcieHune onmuchiBaeTcs ¢ UCHOIB30BaHHEM rpadoB MOTOKOB JaHHBIX. Kaxmbrit
y3en rpada mpeAcTaBiseT COOON SK3EMIUIAP MaTeMaTHYECKOW omepanvu (Hampumep, CIOKEHHE,
JeTICHHE WM YMHOXEHHE), U KaXJa0e pedpo MpencTaBiseT coO0H MHOTOMEPHBIM HAaOOp JaHHBIX
(TeH30p), Ha KOTOPOM BBITIOJHSIOTCS OlEpaIUU.

[Mpexne yem nepeiit k o0cyx)aeHuo aeMeHToB TensorFlow, Mbl cHavana co3mnaaum ceanc padoThl
¢ TensorFlow, 4To0ObI MOHATH, KaK BRINIAAUT Iporpamma TensorFlow.

B TensorFlow koHCTaHTBHI co3maloTCs ¢ UCHONb30BaHMEM (yHKmH: constant(value, dtype=None,
shape=None, name='Const', verify shape=False), rae value nmocrosHHOe 3HaUeHHE, KOTOpoe Oyaer
WCTIONB30BaThCs MPH AaTbHEHIINX BBIYMCICHUAX, dtype sBIsieTcs  mapamMeTpoM, yKa3bIBaIOUIMM
Tan naHHBIX (Hampumep, float32/64, int8/16), shape sBuseTcs HeoOsA3aTENBHBIM MAPAMETPOM,
YKa3bIBAIOLIMM pa3Mep MaccuBa JIaHHBIX, name SIBIISETCS  HE0OsA3aTeNbHBIM 3aal0IIUM HMS
s TeH3opa. Eciny BaM HYXXHBI KOHCTAHTBI C OINPENEICHHBIMU 3HAYEHUSIMH BHYTPH Ballei
oOyyaroleif Mojenu, Toraa 0ObeKT TUMa constant MOXXET UCIIOJIb30BaThCs KaK B CIEIYIOIIEM
npuMepe:

z = tf.constant(5.2, name="x", dtype=tf.float32)

Ilepemennsie B TensorFlow sBnstorcst Oydepamu B MaMATH, COIEP)KAIIUMHU TEH30pbI, KOTOPHIE
JIOJDKHBL  OBITh SIBHO WHHULIMAIM3HPOBaHBL. [IpocTO BBI3BIBasS KOHCTPYKTOpP, MBI J00aBisieM
NEPEMEHHYIO B BBIYHCIUTENbHBIHN rpad. [lepemenHbie

0COOEHHO TOJIe3HBI, KaK TOJILKO Bbl HAUMHAETe C Mojeleld OoOydeHHus, U OHM HCHOJb3YIOTCS JUIS
XpaHeHHs1 U OOHOBJIEHUS MapameTpoB. HauyanpHoe 3HaueHHe, NMEpeAaHHOE B KaueCTBE apryMeHTa
KOHCTPYKTOpA, MPEICTaBIsAET cO00M TEH30p WM OOBEKT, KOTOPBIH MOXET ObITh peoOpa3oBaH WM
BO3BPAIICH KaK TEH30p. DTO O3HAYAET, YTO €CIM MbI XOTHM 3allOJHUTH MEPEMEHHYIO HEKOTOPHIMH
OpPEIONpPEACICHHBIMI WM CIy4alHbIMH ~ 3HAYEHUSIMH, KOTOpble OyIyT  HCIIOJIB30BaThCS
BITOCJIC/ICTBUHU B TIpolecce oOy4eHUS M OOHOBJICHBI MPH UTEPALUAX, MBI MOXKEM OIPENEIUTh ee
CJIEIYIOIUM 00pa3oM:

k = tf. Variable(tf.zeros([1]), name="k")

Hpyroii cmoco6 wucnonb3oBaHus nepeMeHHbIX B TensorFlow - 5To BblumcieHus, korga 3Ta
nepeMeHHas He SBIsEeTCsl 00yyaeMoil 1 MOXKET ObITh ONpeieieHa CIEAYIOINUM 00pa3oM:

k = tf. Variable(tf.add(a, b), trainable= False )

Ceanc TensorFlow wuHKamcymupyeT ymnpaBieHHE M COCTOSHHE cpenbl BbimoiaHeHus TensorFlow.
Ceanc 0e3 mapameTpoB OyzeT MCIOIB30BaTh rpad Mo yMOIYaHHIO, CO3JAHHBIN B TEKYILEM CEaHCE,
MHa4ye KJIAcC ceaHca NMPUHMMAET MapaMmeTp rpada, KOTOpPBIA HCIONb3yeTCs B ATOM CEaHCe JUIA
BbIMoyiHeHHst. Huke mpuBeneH kparkuil (parmMeHT Koma, B KOTOPOM IOKa3aHO, KaK TEPMUHBI,
OIpeesIeHHbIE BBIIIE, MOTYT HCIONb30BaThesi B TensorFlow s BeIYMCICHUS MPOCTON JTHMHEHHOU
byHKIMu y=a*x+b:

import tensorflow as tf

x = tf.constant(-2.0, name="x", dtype=tf.float32) a = tf.constant(5.0, name="a", dtype=tf.float32) b =
tf.constant(13.0, name="b", dtype=tf.float32) y = tf. Variable(tf.add(tf.multiply(a, x), b))

init = tf.global variables_initializer() with tf.Session() as session:

session.run(init) print(session.run(y))

Tema 18.3. Onpeodenenue gvruuciumenvuvix epagos ¢ TensorFlow

(3aounas: Jlekyuonnvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szamamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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[TpeumymiecTBo npu padore ¢ rpadaMu NOTOKOB JTAHHBIX 3aKIJIFOYAETCS B TOM, YTO MOJIEIb OT/IEJIEeHA
OT €€ UCHOJHEHUS, T.€6. HEBAXKHO HAa KaKOM BBIYUCIUTEIBHOM YCTPOWCTBE BBINOIHSACTCS
NpOTpaMMHBIM KOJ, Ha Tpoleccope, rpapuyeckoM Mpoueccope WM HEKOTOPOH KOMOWHAIIHH.
ITIporpamma B cpene TensorFlow MoXeT BBIOMHATBCA Ha IMpOLECCOpe WIM TpapuuecKoM
IpoIieccope, a BCs CIIOXKHOCTh, CBA3aHHAS C KOJOM MCIIOJHEHHUs CKpbITa OT mojib3oBarens. [pad
BBIUMCIICHUS - 3TO BCTPOEHHBIH  TpoIliecc, KOTOPBII UCTIOJIb3YET 6ubnoTeKy, HE
TpeOysl mpsiMOro BbI3oBa 0OBeKkTa rpada. I'pad BbIUMCICHHN MOXET OBITH MOCTPOEH B Ipoliecce
ucnonb3oBanus 6udmoreku TensorFlow 6e3 HeoOxonmumocTu sIBHO co3aaBath 00beKThl Graph.
Oo6bext Graph B TensorFlow moxer ObITh co31aH B pe3yabrare mpocToil cTpoku koaa ¢ = tf.add(a,
b). OTO0 KOA CO37ACT OMNMEPALMOHHBIA y3€l], KOTOPbI NMPHHHMAeT Ba TEH30pa a M b KOTOpbIe
BBIUUCIISIOT UX CYMMY C B KaU€CTBE pe3yibTara.

[Tneficxomnnep - 3T0 crocod, MO3BOISIOMUI pa3paboTYMKaM BBOIUTH TaHHBIC B Ipa(UK BHIYUCICHUI
Yyepe3 3al0THUTEINH, KOTOPhIE CBS3aHbl BHYTPH HEKOTOPHIX BhIpaxkeHuil. CUrHaTypa rencxomnaepa:
placeholder(dtype, shape= None , name= None )

rae dtype - TUI 2JIeMEHTOB B TEH30pax.

[TpenMy1IecTBO TUICHCXONAEPOB 3aKII0YAETCSA B TOM, YTO OHHU TO3BOJISIIOT pa3paboTYMKaM CO3/1aBaTh
oTepaIy B BEIYUCIUTEIHHOM Tpade BooOIie, 6e3 HeoOX0AMMOCTH 3apaHee MPeA0CTaBIsATh JaHHEIE,
U JIaHHBIE MOTYT OBITh 100aBJICHBI BO BPEMsI BHITIOJHEHUS U3 BHEITHUX HCTOYHHUKOB.

PaccmoTpuM mpocTylo 3ajady YMHOXEHHs JABYX Lenblx uucedl X Uy B TensorFlow wu
MCTIOJIb30BaHUEM TUIeHcXonIepa:

import tensorflow as tf

x = tf.placeholder(tf.float32, name="x") y = tf.placeholder(tf.float32, name="y")

z = tf.multiply(x, y, name="z") with tf.Session() as session:
print(session.run(z, feed dict={x: 2.1, y: 3.0}))

Tema 18.4. Buzyanuzayus sviyuciumenvhozo epagha ¢ nomowwto TensorBoard

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvuas
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamusn - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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TensorBoard - 310 MHCTpYMEHT BU3yanu3ally Ui aHAJIKW3a TpapuKOB MOTOKA JaHHBIX. OH MOXET
OBITH TOJIE3HO I JyYIIero MOHUMaHus Mojenedt mamuHHOro oOydenusi. C TensorBoard BwI
MOXETE TMOJIYYUTh MPEICTaBICHUE O Pa3IMYHBIX TUIAX CTATHCTUKU O apaMeTpax U MoAPOOHOCTAX
O yYacTAX BBIYHCIUTENBHOTO rpada. Imybokas HeHpoHHAs ceTh MMEET OOJIBbLIOE KOJIMYECTBO
y3110B. TensorBoard nmo3Bossier pa3paboTyrKaM MOTYYHUTh MPEACTABICHUE O KaXKIOM y3JI€ U O TOM,
KaK BbIUMCIIEHHE BBIMOIHSACTCS BO BpeMs BoinonHeHus TensorFlow.
Teneps naBaiiTe BepHEMCs K HaIlleMy NPUMEPY T€ MbI ONPEAeIWIN JUHEHHYI0 QYHKIHIO Y = a*X +
b.
YroOBl perucTprpoBaTh COOBITUS C CEaHCa, KOTOPBIE TO3Ke MOTYT HCIob30BaThes B TensorBoard,
TensorFlow npenocraenset kinacc FileWriter. Ero moxHO HCIIOJIL30BaTh IS CO3IaHusA
¢aiina COOBITHIA JUIs XpaHeHHus cBOJOK M coObITHil. Konctpykrop FileWriter mpuanmaet
IIECTh TAPAaMETPOB U BBIIVISIUT TaK:

init (logdir, graph=None, max_queue=10, flush_secs=120, graph def=None,
filename suffix=None) - rme TpeOyercs yka3aTh oOsi3arenbHBIA mapamerp logdir, a mpyrue -
3HaueHWs 1o ymosyanuio. Ilapamerp rpada Oymer mepenan u3 oObekTa ceaHca, CO3JaHHOTO B
nporpamMe. I1oHBIN Ko IpUMepa BBIIVIAIUT TaK:
import tensorflow as tf
x = tf.constant(-2.0, name="x", dtype=tf.float32) a = tf.constant(5.0, name="a", dtype=tf.float32) b =
tf.constant(13.0, name="b", dtype=tf.float32) y = tf. Variable(tf.add(tf.multiply(a, x), b))
init = tf.global variables_initializer()

with tf.Session() as session:

merged = tf.summary.merge all()

writer = tf.summary.FileWriter("logs", session.graph) session.run(init)
print(session.run(y))

Mps1 100aBUIM JIBE€ HOBBIE CTPOKH B KOTOPBIX CO3/IAaeTCs U HCHOib3yercs o0bekT FileWriter must
BBIBOJIA COOBITHH B (haiiyl, Kak ONMMCAHO BHIIIIE.

[Tocne 3amycka mporpaMMbl y HAac MOSBISIETCST (ailll B KypHAIax KaTaJoOroOB, M ISl TOTO YTOOBI
MIOCMOTPETH COAEPKUMOE 3TOro (Qaiia HeoOX0auMO 3amycTHTh tensorboard:

tensorboard --logdir logs/

[Tocne otkperTus http://localhost:6006 n HaxkaTust Ha MyHKT MeHIO «I padukm»

(pacmoyio)KeHHbI B BepXHEH YacTH CTPAHMIIBI) BBl CMOXKETE YBUAETh IpaduK, KaKk Ha KapTHUHKE
HIDKE:!

TensorBoard mapkupyeT KOHCTaHTBI M CBOAHBIC Y3JIbI KOHKPETHBIMH CHMBOJIAMH, KOTOpPBIE
ITOKa3aHbl HUXKE.

99

Tema 18.5. Mamemamuxa c TensorFlow

(3aounas: Jlexyuonnvle 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmosmenvras
paboma - 0,94.; Ounasa: Jlekyuonnvie 3amamusn - 0,3u.; I[lpakmuueckue szanamus - 0,3u.;
Camocmosmenvras paboma - 0,64.)
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Tenzopsl - 3TO OCHOBHBIE CTPYKTyphl aaHHBIX B TensorFlow, u oHM npeacTaBisior coboit
COEMHUTENIbHBIC TPaHU B Tpade MoToKa JaHHbIX.

Tenzop  mpocto  MAEGHTHPHUUUPYET  MHOTOMEPHBII  MaccuB WM CIIUCOK. TeH30pHYIO
CTPYKTYpPY MOXHO MIEHTH(PULIUPOBATH TPEMs ITapaMeTpaMH: PAHTOM, Pa3MEPOM M THUIIOM.

. Panr: Ompenenser koiauuecTBO HM3MEpeHUIl TeH3opa. PaHr H3BECTEH Kak NOPSAAOK WIH
n-pa3MepHOCTU TE€H30pa, I7ie, HallpUMep, TEH30p paHra | sSBJIsSEeTCs TEH30pOM BEKTOpa MJIU paHra 2,
SIBJISIETCSI MATPULEH.

» Pasmep: Pa3zmep TeH30pa - 3TO KOJIMYECTBO CTPOK U CTOJIOIIOB.

* Tun: Tun KaHHBIX 27IEMEHTOB TEH30PA.

YroOsl moctpouth TeH30p B TensorFlow, Mbl MOXeM MOCTPOUTH N-MEPHBIH MAacCHUB. DTO MOXKHO
clenarh JIeTKO, UCIoJb3ysl Oubianoreky NumPy, nim mytem nmpeoOpa3oBaHUs N-MEPHOTO MacCHBa
Python B Tenzop TensorFlow.

YroObl MOCTPOUTH 1-MepHBII TEH30p, MBI OyZIeM HCIIOIb30BATh MACCUB

NumPy:

import numpy as np

tensor 1d = np.array([1.45, -1, 0.2, 102.1])

PaboTa ¢ momoOHBIM MacCHBOM aHajloTHYHA paboTe co BCTpoeHHBIM crmrckoM Python. OcHoBHOe
OTJIMYME COCTOMT B TOM, 4TO MaccuB NumPy Takxke COAEPXUT HEKOTOPHIE OIMOJHHUTEIbHbIC
CBOMCTBa, TaKue Kak pazmep, popma 1 TUII.

>> print tensor_1d

[ 145 -1.0.2102.1]

>> print tensor_1d[0] 1.45

>> print tensor_1d[2] 0.2

>> print tensor _1d.ndim 1

>> print tensor 1d.shape

4.
>> print tensor _1d.dtype float64

Maccus  NumPy MOXHO JIETKO npeoOpa3oBaTh B TeH3op TensorFlow wucnonb3ys
BCIIOMOTaTeIbHYI0 (YHKLIHMIO convert to tensor, YTo MoMoraer pa3padoTdunkaM IpeoOpa3oBHIBATH
o0bekTel Python B 00bekThl TeH30pa. OTa (YyHKIMS NPUHUMACT TEH30pHbIE OOBEKTHI, MACCUBBI
NumPy u cniucku Python.

tensor = tf.convert to tensor(tensor 1d, dtype=tf.float64)

Teneps, ecniu MBI IPUBSHKEM HaIl TEH30p K ceaHcy TensorFlow, MbI cMOXkeM YBUAETH Pe3yiabTaThl
HAIlIero peoopa3oBaHusl.

import numpy as np import tensorflow as tf

tensor 1d =np.array([1.45, -1, 0.2, 102.1])

tensor = tf.convert to tensor(tensor 1d, dtype=tf.float64)

with  tf.Session() as session: print(session.run(tensor))  print(session.run(tensor[0]))
print(session.run(tensor[1]))
2391:10): §

[ 145 -1.0.2102.1]
1.45
‘1.0

MEI MOXkeM cosnath 2-i TEH30D WK MATPHITY aHAIOTHIHBIM o0pazom:
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Tema 18.6. Tenszopmuvie onepayuu

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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B mpuBeneHHOM BbIIIE pUMEpe MbI BBOIUM Heckonbko omepauuii TensorFlow st BekTopoB u
Mmarpuil. Omnepanuu BHIONHSAIOT ONpe/AeieHHbIe BhIYMCcIeHUs Ha TeH3opax. Oynknuu TensorFlow
IIPUBEICHBI B TAOJINLIE HUKE.

Omneparop TensorFlow Omnucanue

tf.add

Xty

tf.subtract

Xy

tf. multiply

x*y

Omneparop TensorFlow Omnucanue
tf.div

x/y
tf.mod
x% 'y
tf.abs

| X |
tf.negative
-X

tf.sign
sign (x)
tf.square

X *x
tf.round
round(x)
tf.sqrt
SQRT (x)
tf.pow
XNy
tf.exp

e x
tf.log

log (x)
tf.maximum
max (X, y)
tf.minimum
min (X, y)
tf.cos

cos (x)
tf.sin

sin (x)

Omnepamnu TensorFlow, nepeunicnennbie B TabMuIle BbIIIE, pab0OTaIOT C TEH30PHBIMU OOBEKTAaMHU H
BBITOJIHSIOTCSL TO3JIEMEHTHO. [l03TOMY, €ciM BBl XOTHUTE BBIYUCIUTH KOCHHYC JUIS BEKTOpa X,
orepauusi TensorFlow OyaerT BBIMOMHATH BBIUMCIEHUS IS KaXJIOTO 3JIEMEHTa B IEpPEeJaHHOM
TEH30pe:

tensor _1d = np.array([0, 0, 0])

tensor = tf.convert to_tensor(tensor 1d, dtype=tf.float64) with tf.Session() as session:

print session.run(tf.cos(tensor)) Beison:
[1.1.1.]
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Tema 18.7. Mampuunvie onepayuu

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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MarpuuHble onepanuy O4eHb BaXKHBI JJISi MOJENEH MAalIMHHOTO OOy4YeHMs, TaKUX KaK JIMHEHHas
perpeccusi, TOCKOJIbKY OHHM 4YacTO HCHONB3yloTcs B HUX. TensorFlow mopnepxwuBaer Bce
HanOoJee pacrlpoCTpaHEHHbIE OMNEepaly € MaTpULAMH, TaKue KaK YMHOXXEHHE, HHBEPCHS,
BBIYUCIICHUE OIPENEIINUTENs, PEeLICHUE JIMHEMHBIX YPAaBHEHUM U MHOroe apyroe. JlaBaite HanuiieMm
HEKOTOPBIH KOJI, KOTOPBIH OyJeT BHIMOIHATH 0a30BbIe MATPUUHBIE ONEpAIUY, TAKHe KaK YMHOXXEHUE,
TPAHCIIOHUPOBAHUE, BBIYUCIICHUH ONPEACIIUTENS, YMHOKCHHUS U APYTHE.

Huke npuBeeHbl OCHOBHBIE IIPUMEPHI BBI30BA 3TUX OIEPALUi.

import tensorflow as tf import numpy as np

def convert(v, t=tf.float32):

return tf.convert to tensor(v, dtype=t)

ml = convert(np.array(np.random.rand(4, 4), dtype='float32")) m2 =
convert(np.array(np.random.rand(4, 4), dtype='float32")) m3 = convert(np.array(np.random.rand(4,
4), dtype='float32')) m4 = convert(np.array(np.random.rand(4, 4), dtype='float32')) m5 =
convert(np.array(np.random.rand(4, 4), dtype='float32')) m_tranpose = tf.transpose(m1)

m_mul = tf. matmul(m1, m2)
m_det = tf.matrix_determinant(m3) m_inv = tf.matrix_inverse(m4)
m_solve = tf.matrix_solve(m5, [[1], [1], [1], [1]])

with  tf.Session() as session: print(session.run(m_tranpose))  print(session.run(m_mul))
print(session.run(m_inv)) print(session.run(m_det)) print(session.run(m_solve))

TensorFlow mnonnep:xuBaeT pazinuuyHble BUABI PEIyKIHMHU. Penykimms - 3TO omepauusi, KOTopas
yIaJsieT OlMH WM HECKOJIBKO U3MEPEHUN U3 TEH30pa, BBINOJIHSAS OIPEAECIICHHbIE ONIEPALlMU 110 ITUM
n3MepeHUsIM. MBI IpeIcTaBUM HECKOJIBKO U3 HUX B IIPUBEJIECHHOM HIKE IPUMEPE.

import tensorflow as tf import numpy as np

def convert(v, t=tf.float32):

return tf.convert to_tensor(v, dtype=t) x = convert(
np.array( [ (1,2, 3), (4,5,6),(7,8,9) ]), tf.int32)

bool tensor = convert([(True, False, True), (False, False, True), (True, False, False)], tf.bool)
red sum_ 0 = tf.reduce sum(x)

red sum = tf.reduce sum(x, axis=1) red prod 0 = tf.reduce prod(x) red prod = tf.reduce prod(x,
axis=l) red min 0 = tfreduce min(x) red min = tfireduce min(x, axis=1) red max 0 =
tf.reduce _max(x) red max = tf.reduce_max(x, axis=1) red mean_ 0 = tf.reduce _mean(x)

red mean = tf.reduce mean(x, axis=1) red bool all 0 = tf.reduce all(bool tensor) red bool all =
tf.reduce all(bool tensor, axis=1) red bool any 0 = tfreduce any(bool tensor) red bool any =
tf.reduce any(bool tensor, axis=1) with tf.Session() as session:

print("Reduce sum without passed axis parameter: ", session.run(red sum_0)) print("Reduce sum
with passed axis=1: ", session.run(red_sum))

print("Reduce product without passed axis parameter: ", session.run(red prod 0)) print("Reduce
product with passed axis=1: ", session.run(red prod)) print("Reduce min without passed axis
parameter: ", session.run(red min 0)) print("Reduce min with passed axis=1: ",
session.run(red_min))

print("Reduce max without passed axis parameter:

with passed axis=1: ", session.run(red _max))

print("Reduce mean without passed axis parameter: ", session.run(red_mean_0)) print("Reduce mean

with passed axis=1: ", session.run(red_mean))

print("Reduce bool all without passed axis parameter: ", session.run(red bool all 0))
rint("Reduce bool all with passed axis=1: ", session.run(red_bool all))

, session.run(red max_0)) print("Reduce max
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Tema 18.8. IIpumep netiponnoti cemu @ TensorFlow

(3aounas: Jlexyuonnwvie 3auamus - 0,03u.; Ilpakmuueckue 3anamus - 0,094.; Camocmoamenvuas
paboma - 0,94.; Ounasa: Jlexyuonnvie szanamus - 0,3u.; Ilpaxmuueckue 3anamus - 0,3u.;
Camocmosmenvuas paboma - 0,64.)
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Paccmotpum npumep npumenenusi TensorFlow s co3maHus mpoCTOM TPEeXCIOWHOM HEHpOHHOM
cetu. B aTrom mpumepe Mbl OyzmeM wucmonb3oBaTth Habop naHHeIXx MNIST (u cBs3aHHBIA ¢ HUM
3arpy34mK), KOTOpbIi npenocrasiseT nakeT TensorFlow. Otot Habop narnaeix MNIST npeacrasnser
coboii Habop u300pakeHWII B OTTEHKaX ceporo pasMepom 28 X 28 mnwMKcenel, KOTOphIe
npeacTaBisitoT co0oit pykonucHele nugpsl. O umeer 55 000 yuyeOuwpix psgos, 10 000 ctpok
tectupoBanus U 5000 cTpok MPOBEPKH.

MBI MOXKEM 3arpys3uThb JaHHBIC, 3allyCTUB:

import tensorflow as tf import numpy as np
from tensorflow.examples.tutorials.mnist import input data

mnist = input_data.read_data sets("MNIST data/", one_hot=True)

One hot=True - apryMeHT yKa3bIBaeT, YTO BMECTO METOK, CBSI3aHHBIX C Ka)IbIM IPOCIMPOBAHUE
n300pakeHus, cama udpa, To ecTh «4», TO eCTh BEKTOP C

«OIMH TOPSYMID) y3€l U BCe OCTalbHBIE Y3JIbl paBHO HYIO, TO ecTh [0, 0, 0,0, 1, 0, 0, 0, 0, 0]. D10
II03BOJISIET HaM JIETKO MOJAaBaTh €r0 B BBIXOJHOM CJION HAlIe HEMPOHHOM CETH.

3areM MBI MOXXEM HACTPOMUTH INMEPEMEHHBIC-TIICUCXOAEPHl I JaHHBIX OOy4eHus (M HEKOTOpbIe
napameTpsl 00y4deHus):

# Python optimisation variables
learning_rate = 0.5

epochs = 10

batch size = 100

# declare the training data placeholders # input x - for 28 x 28 pixels = 784
x = tf.placeholder(tf.float32, [None, 784])

# now declare the output data placeholder - 10 digits y = tf.placeholder(tf.float32, [None, 10])
OOparuTe BHHMMaHHE, 4YTO BXOAHOM ypoBeHb X TMpPEACTaBIsAET coAepxkur 784 y3na,
cooTBeTcTByoumMx 28 x 28 (= 784) mnukcenam, a BBIXOAHOH YypoBeHb Y- 10 y310B,
cooTBeTCTBYIOIMX 10 BO3MOXHBIX pa3psgoB. Onsate ke, pasmep X paseH (? X 784), roe ?
00O3HaYaeT elie He 3aJaHHOE KOJMYECTBO BBIOOPOK, KOTOpBIE HYXHO BBECTH - 3TO (DYHKIHSA
IIEPEMEHHON-TUIEUCXOIAepa.

Tenepp HaM HY»XHO HAaCTPOUTH IIEPEMEHHBIE BECA U CMEILECHHUS Ul TPEXCIOMHOW HEMPOHHOU CETH.
Bcerna momxao ObITh L-1 KonmuecTBO TEH30pOB Beca / cMerieHwus, rae L - KOJIM4ecTBO CIOEB.
IToaToMy B 3TOM cilydyae HaM HY’»KHO HACTPOMTb JIBa TEH30pA IS KaXK10I0:

# now declare the weights connecting the input to the hidden layer

W1 = tf Variable(tf.random normal([784, 300], stddev=0.03), name='W1') bl
tf. Variable(tf.random normal([300]), name='b1")
# and the weights connecting the hidden layer to the output layer

W2 = tf. Variable(tf.random normal([300, 10], stddev=0.03), name="W2")
b2 = tf.Variable(tf.random normal([10]), name="b2")

B sToM kozme MBI 00BsBIsIEM HEKOTOpbIe iepeMeHHble it W1 u bl, Beca u cMmelieHus ais cBs3en
MEX]y BXOTHBIM M CKPBITBIM CJIOSIMU. DTa HEHpOHHAsA ceTh OyaeT umeTh 300 y3J10B B CKPBITOM CIIOE,
nmosTOMy paszmep BecoBoro tenzopa W1 pasen [784, 300]. Mbl MHUIIMANTU3UPYEM 3HAUEHUS BECOB,
UCIOJB3ys CIydyallHOE HOPMAaJbHOE pPACHpPEACIEHUE CO CPEIHUM 3HAYEHHUEM DPABHBIM HYIIO M

cranaapTHeiM oTKJIoHeHueM 0.03. TensorFlow wuMeeT permuupoOBaHHYIO BEPCHIO cn}/qaﬁHoﬁ
Tlonrorosnedo B cycreme 1C:YHuBepcurer (060007684) C
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6. OnleHOYHbIE MaTePUAJIbI TEKYLIEr0 KOHTPOJIA
Pazoen 1. HEHPOHBI H HCKYCCTBEHHBIE HEHPOHHBIE CETH
Dopma KOHMPOA/0OYeHOYHOe cpedcmeo. 3adaua
Bonpocul/3adanus:
1. HEIPOHbI U UCKYCCTBEHHbBIE HEMPOHHBIE CETH
HENPOHBI M KICKYCCTBEHHBIE HEMPOHHBIE CETU
Paszoen 2. HCTOPHA HEHPOHHBIX CETEH
Dopma KOHMPoAs/OYeHouHoe cpedcmso: 3adaua
Bonpocwi/3aoanus:
1. UCTOPUS HEMPOHHBIX CETEHN
MCTOPH S HEMPOHHBIX CETEN
Pazoen 3. KTACCU®HKAIIUA HEHPOHHBIX CETEH
Dopma KOHMPOA/0YeHOYHOe cpedcmeo. 3adaua
Bonpocul/3adanus:
1. KTACCUDUKALMS HEMPOHHBIX CETEN
KIIACCUDUKALIMS HEMPOHHBIX CETEN
Paszoen 4. APXHTEKTYPbI HEHPOHHBIX CETEH
Dopma KOHMPOAs/OYeHouHoe cpedcmso: 3adaua
Bonpocwi/3aoanus:
1. APXUTEKTYPbI HEUPOHHBIX CETEN
APXUTEKTYPBI HEMPOHHBIX CETEN
Paszoen 5. ®OPMAJIbHbIF HEHPOH
Dopma KOHMPOA/0YeHOYHOe cpedcmeo. 3adaua
Bonpocul/3adanus:
1. ©OPMAJIBHBIN HEVPOH
®OPMAJILHBIN HEVPOH
Pasoen 6. O/THOC/IOHHAS HEHPOHHASA CETh
Dopma KOHMPOAs/OYeHouHoe cpedcmso: 3adaua
Bonpocwi/3aoanus:
1. OIHOCJIOMHA S HEUPOHHAS CETh
OJIHOCJIOMHAS HEMPOHHAS CETh
Paszoen 7. OBYYEHHE HEHPOHHOH CETH
Dopma KOHMPOA/0YeHOYHOe cpedcmeo. 3adaua
Bonpocul/3adanus:
1. OBYYEHUE HEMPOHHOU CETH
OBYYEHUE HEUPOHHOW CETU
Paszoen 8. MHOTOCJIOHHAA HEHPOHHAS CETh
Dopma KOHMPOAs/OYeHouHoe cpedcmso: 3adaua
Bonpocwi/3aoanus:
1. MHOT'OCJIOMHA S HEUPOHHAS CETh
MHOTOCJIOMHA Sl HEUPOHHAS CETh
Pazoen 9. BBEJIEHHE B KERAS H EI'O OCHOBHBIE ITPUHHITHIIbBI
Dopma KOHMPOA/0OYeHOYHOe cpedcmeo. 3adaua
Bonpocul/3adanus:
1. BBEAEHUE B KERAS 1 ET'O OCHOBHBGIE IMTPUHIIAIIBI
BBEJIEHUE B KERAS U ET'O OCHOBHBIE TTPUHITUIIBI
Pazoen 10. MOAEJIU KERAS
Dopma KOHMPOAs/OYeHouHoe cpedcmso: 3adada
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Bonpocul/3adanus:
1. MOJIEJIN KERAS
MOJIEJIN KERAS
Pazoen 11. CJIOU B KERAS
Dopma KOHMPOAs/OYeHouHoe cpedcmso: 3adaua
Bonpocwi/3aoanus:
1. CJIOU B KERAS
CJIOU B KERAS
Pazoen 12. OCHOBBI PABOTHI C ITOCTEJOBATE/IbLHOH MOJEJTBIO KERAS
Dopma KOHMPOA/0YeHOYHOe cpedcmeo. 3adaua
Bonpocui/3adanus:
1. OCHOBBI PABOTbI C ITOCJIEJJOBATEJILHOM MOJIEJIBIO KERAS
OCHOBBI PABOTHI C ITOCJIEJIOBATEJILHOM MOJIEJIBIO KERAS

Paszoen 13. KTIACCH®HUKAIIUA H30BPAJKEHHH C HCITOJIb30BAHUEM CBEPTOYHBIX
HEHPOHHBIX CETEH B KERAS

Dopma KOHMPOIA/0YeHOYHOe cpedcmeo. 3adaua

Bonpocul/3adanus:

1. KIIACCUDUKALIUS W3OBPAXXEHUI C WCIOJB30BAHUEM CBEPTOYHBIX
HEMPOHHBIX CETEM B KERAS

KIIACCUOUKALIMS  W30BPAXKEHWM C  UCHOJB30BAHUEM  CBEPTOYHbBIX
HEMPOHHBIX CETEM B KERAS

Pazden 14. PACIIO3HABAHHE PYKOIIHCHBIX IIH®P C HCIIO/Ib30BAHUEM
CBEPTOYHBIX HEHPOHHBIX CETEH

Dopma KOHMPOA/0OYeHOYHOe cpedcmeo. 3adaua

Bonpocul/3adanus:

1. PACIIOSHABAHME PYKOIIMCHBIX LIM®P C  UCIOJB30BAHUEM
CBEPTOYHBIX HEMPOHHBIX CETEM

PACIIOSHABAHUE PVYKOIIMCHBIX IIU®P C WCHOJB30BAHUEM CBEPTOYHBIX
HEMPOHHBIX CETEN

Pazoen 15. IIPE/ICTABJIEHHE CJIOB B BEKTOPHOM ITPOCTPAHCTBE
Dopma KOHMPoAs/OYeHouHoe cpedcmso: 3adada
Bonpocwi/3aoanus:
1. TIPEJJCTABJIEHUE CJIOB B BEKTOPHOM ITPOCTPAHCTBE
I[MPEJJCTABJIEHUE CJIOB B BEKTOPHOM ITPOCTPAHCTBE
Pazoen 16. LSTM HEHPOHHBIE CETH H ITPOT HO3HPOBAHHUE BPEMEHHBIX PAJIOB
Dopma KOHMPOA/0OYeHOYHOe cpedcmeo. 3adaua
Bonpocul/3adanus:
1. LSTM HEMPOHHBIE CETH 1 ITPOT'HO3UPOBAHUE BPEMEHHBIX PSJIOB
LSTM HEMPOHHBIE CETU U ITPOT'HO3MPOBAHUE BPEMEHHBIX PSIJIOB

Pazden 17. KIIACCH®HKAIIUA INOCIAEJOBATEJIBHOCTEH C HCIIOJIB30BAHHEM
LSTM HEHPOHHBIX CETEH

Dopma KOHMPOA/0YeHOYHOe cpedcmeo. 3adaua

Bonpocul/3adanus:

1. KIIACCUDUKALMS TTOCJIEJOBATEJIBHOCTEN C UCIIOJIB30OBAHUEM LSTM
HEMPOHHBIX CETEN

KJIACCUOUKALIMS  TIOCJIEJOBATEJIBHOCTE C  WCIOJIB30OBAHUEM  LSTM
HEMPOHHBIX CETEN

Paszoen 18. HEHPOHHBIE CETH HA OCHOBE FUB/IHOTEKH TENSORFLOW
Dopma KOHMPOAs/OYeHouHoe cpedcmso: 3adada
Bonpocwi/3aoanus:
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1. HEUPOHHBIE CETU HA OCHOBE BUBJIMOTEKU TENSORFLOW
HEMPOHHBIE CETU HA OCHOBE BUBJIMOTEKH TENSORFLOW

7. OueHoYHbIE MATEPHAJIbI IPOMEKYTOUHOM aTTeCTAlUM

Ounas popma obyuenus, Tpemuti cemecmp, 3auem

Konwmponupyemwie HJ[K: TIK-I111.1 TIK-1112.1 IIK-1115.1 IIK-111.2 TIK-1112.2 [IK-I115.2 TIK-I11.3
IIK-1T12.3 TIK-1115.3

Bomnpocei/3ananus:
1.3. KIACCHU®UKALIMSI HEMPOHHBIX CETEM
3. KIIACCU®UKALIMS HEMPOHHBIX CETEN

3aounas gpopma obyuenus, Yemsepmoiii cemecmp, 3auem

Koumponupyemvie H/[K: [IK-111.1 [IK-1112.1 IIK-1115.1 IIK-111.2 [IK-1112.2 TIK-1115.2 1IK-111.3
HIK-1112.3 [IK-1115.3

Bonpocsl/3ananus:

1. Kimaccudukanusi HEHpOHHBIX ceTel
Knaccudukarus HepoHHBIX ceTei

2. Peanuzyiite paboTraromuii mpuMmep HelpoHHOU ceTtu B TensorFlow
Peanuzyiite paboratomuii npumep HeviponHoii cetu B TensorFlow

3aounas gpopma ooyuenusn, Yemsepmoiti cemecmp, Konmponvuas paboma

Konwmponupyemwie HJ[K: TIK-I111.1 TIK-1112.1 IIK-1115.1 I[IK-111.2 TIK-1112.2 [IK-I115.2 TIK-I11.3
IIK-1112.3 TIK-1115.3

Bomnpocsei/3ananus:

1. Tme HaiiTm 3amaHHE-MHCTPYKLHMIO MO pPa3pabOTKe COOCTBEHHOTO HHTEIIEKTYaJIbHOTO
0051ayHOT0 DUT0C-TIPUIIOKEHHUS AJIs1 KOHTPOJIBHOM paboThI?
3amaHue-UHCTPYKLIMS 1O  pa3paboOTKe  COOCTBEHHOTO  MHTEIUIEKTYyaJlbHOTO  OOJIa4HOTrO
DUI0C-TTPUIIOKEHUS
DOI: 10.13140/RG.2.2.27946.44488, License: CC BY-SA 4.0
http://Ic.kubagro.ru/aidos/How to make your own cloud Eidos-application.pdf

8. MarepuajibHO-TeXHHYECKOE U Y4eOHO-MeTOAuYeCcKoe odecneyeHue QU CIUTIIUHbI
8.1. IlepeyeHb OCHOBHOM M JONOJHHUTEILHON Y4eOHOH JTUTEPaTypPbI

Ocnognas numepamypa

1. ®umunnoB ®. B. HeiipocereBbie TexHomoruu: ydyeOHoe mocodue / PumunmoB P. B.. -
Cankr-IlerepOypr: CIIGI'YT um. M.A. bonu-bpyesuua, 2020. - 129 c. - Tekct: 31€KTPOHHBIN. //
RuSpLAN: [caiir]. - URL: https://e.lanbook.com/img/cover/book/180056.jpg (mara oOpamieHus:
19.06.2025). - Pexxum noctyna: 1o NoAmnucKe

Hononnumenvnas numepamypa

1. @ununmnos @. B. HeiipoceTeBbie TexHoMoruu: sadoparopuslii npaktukyM / @unumnmos @. B.. -
Cankr-IlerepOypr: CIIOI'YT um. M.A. bonu-bpyesuua, 2021. - 50 c. - TekcT: 31IeKTPOHHBIN. //
RuSpLAN: [caiir]. - URL: https://e.lanbook.com/img/cover/book/279539.jpg (mara oOpamieHus:
19.06.2025). - Pexxum noctyna: 1o noAmnucKe

8.2. [IpodeccuonanbHbie 6a3bl JAHHBIX U pecypcbl «UHTEepHET», K KOTOPHIM 00ecneuynBaeTCs
AOCTYN 00YYAKOIIMXCS
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IIpogpeccuonanvuvie 6azvl OaHHbIX

1. https://kpfu.ru/staff files/F1493580427/NejronGafGal.pdf - I'agapo ®.M. HckyccTBeHHBIE
HEHpOHHBIE CeTH U IpuwiokeHHs: yueb. mocodbue / @.M. TI'adpapo, A.®D. I'anumsaHoB. — Kazans:
W3n-Bo Kazan. yn-ta, 2018. — 121 c.

2. http://lc.kubagro.ru/Installation_Eidos.php - Bcerma akryanbHas wuHpopManus 00
YCTaHOBOYHBIX (paifyiax cucteMbl Dia0c
3. http://lc.kubagro.ru/Source data applications/WebAppls.html - AxTyanpHbIli  KaTayior

MHTEJUICKTYaJIbHBIX O00JaYHbIX DUIOC-IPUIOKEHUH (aTaceThl + OMHMCAHUS PEIICHHs B CHUCTEME
Ditoc):

4. http://Ic.kubagro.ru/Video lessons by Prof.E.V.Lutsenko/Catalog.php - Bcernma axryanbHbIf
karanor BuaeosansaTuil mpod.E.B.JIlynenko no ACK-ananusy u cucreme Iiaoc

5. https://www.researchgate.net/profile/Eugene-Lutsenko - Crpanuuka mnpod.E.B.JIynenko B
Peceul eiiT

6. http://www.researchgate.net/publication/340000414 - Jlynenxo E. B. HaTennexryaibpHbIC
nHpopmarmonnsie cucteMsl : yaeOnuk / E. B. Jlynenko. — Kpacuomap : BLHCKU «3iimocy, 2021. —
529 c. http://www.researchgate.net/publication/3400004 14

7. http://www.researchgate.net/publication/365302016 - Jlyuenxko E. B. Meroasl
MCKYCCTBEHHOTO MHTeIIekTa : yueOHuk // E. B. Jlynenko. — Kpacuonap : BLUICKU «Qiinocy, 2020. —
520 «c¢., November 2022, DOI: 10.13140/RG.2.2.23807.07847, License CC BY 4.0,
http://www.researchgate.net/publication/365302016

Pecypcor « Unmeprem»
He ucnonb3yrores.

8.3. IIporpamMHoe oGecnieyeHre U MH(POPMALIMOHHO-CIIPABOYHBIE CHCTEMbI, HCIIOJIb3yeMble
MPH OCYLIEeCTBJIECHHH 00pPa30BaTeIbHOIO NMpoLecca Mo JUCHUIIINHE

Ilepeuens npoepammHozo obecneyeHus

(0bHOBNIeHUe NPOU3BOOUMCS NO Mepe NOSABNIeHUs HOBbIX 8EPCULL NPOSPAMMDbL)
He ucnonb3yercsi.

Ilepeuens uHghopmayuoHHO-CRPABOUHBIX CUCEM

(0OHOBIeHUE BLINONHAENICS €XHCEHEDENbHO)

He ucnonb3zyercsi.

8.4. CnenuajbHbIe NOMELIEHUs, J1A00PaTOPHH U J1a00paTOpHOe 000py10BaHUe

9. Metoanuyeckue yKa3aHHus 10 OCBOCHUIO JUCUMILIMHBI (MOLYJIs1)

10. MeTonn4yeckue peKOMeHIAMUM 110 OCBOCHUIO TUCUMIIJIMHBI (MOLYJIs1)
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