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OnpeaeneHue

Obnooknte HM (Deep-Learning) ce otnmMyaBart OT NO-4YECTO CpeLLaHnTe
nnntkn HM ¢ bposi crnioeBe, Npe3 KOUTO AaHHUTE NpeMUHaBaT B
MHOIOCTENEHEH NPOLIEC Ha pa3no3HaBaHe Ha LWabroHW.

C noBeye OT 3 cno4a (BKIMHOYUTESNTHO BXOAEH N N3XOOEH) MPEXNUTE Cce

kKBanuduumpa KaTto ,AbfN00KN . TepMnH, KOWTO O3Ha4YaBa noseye oT 1
CKPWUT CNOMW.
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Mepapxmsa Ha XxapaKTepUCTUKUTE

B abnbokute mpexu npu odbyvyeHne BCEKU Crou OT Bb3nu ce oby4vyaBa Ha
oTaeneH Habdbop oT PyHKUMK, BasmpaHn Ha n3xoga Ha NpPeguLLHUSA CIon.

KornkoTto noseye ce Hanpegsa B HM, TonikoBa No-croXHu ca pyHkuumTte,
KOUTO Bb3NUTE MoraT ga pas3no3HadaT, Tb KaTo Te obeamnHaBaT U
KOMOUHMPAT XapaKTePUCTUKN OT NpeanLLHUSA CIoN.

ToBa e n3BeCcTHO KaTo uepapxus Ha XxapakTepucTukuTe (nepapxus c
HapacTBalla CNoXHOCT 1 abcTpakuma). ToBa npaBu ObNIOOKUTE MPEXN
cnocobHu ga obpaboTBaT rofieMn MacuBu C MUIMapan napameTpu, KOUTo
npemMunHaBaT nNpe3 HeENMUHENHU PYHKL N,
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Apxutektypa Ha Abnooka HM
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PyHKUMOHUpPaHe Ha Abnooka HM

Makap anroputmuTte 3a Obf1boko oby4eHne ga ca camooby4daBallu ce, Te
3aBUCAT OT CTPYKTyparta Ha HM.

[lo Bpeme Ha TPEeHMPOBBbYHUS NPOLIEC HA MHOXKECTBO HMBA anropuTMmTe
N3Mnon3Bar:

* HEen3BeCTHu erieMeHTU BbB BXOOAHOTO pasnpeneneHne 3a n3siimndaHe Ha
PYHKLNK;

* rpynupaHe Ha 0beKkTu;

* OTKpMBaHE Ha norie3Hn Mmogesin Ha AaHHN.

Bbnpekn 4ye HUKost Mpexa He ce cyuTa 3a nepdekTHa, HAKOM anropuTMmm ca
No-noaxoasLn 3a U3nbrHeHne Ha KOHKPETHM 3aga4vn. 3a aa ce usbepart
npaBunNHUTE, TpsAbBa f0Ope Oa ce no3HaBaT NoOHe OCHOBHUTE.
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TunoBe AbLNO6OKU HM

« Convolutional Neural Networks (CNNs) — koHBOSMOLUMOHHN HM,;
* Recurrent Neural Networks (RNNs) — nosTapswm ce HM,;

* Long Short Term Memory Networks (LSTMS) — 4brocpo4HO NOMHELLN
MPEXMU;

« Generative Adversarial Networks (GANS) — reHepaTUBHU CbCTe3aTeNHU
MPEXMU;

* Multilayer Perceptrons (MLPS) - MHOrOCNouHM nepuenTpoHU;

« Radial Basis Function Networks (RBFNS) - mpexun ¢ pyHKUMA Ha
paguanHa OCHOB3;

« Self Organizing Maps (SOMS) - camoopraHusnpalum ce KapTu;

« Deep Belief Networks (DBNS) - mpexu ¢ 4bnboko BSApBaHe.
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Convolutional Neural Networks, CNN

CBbCTOAT Ce OT MHOXECTBO CIOEBE M Ce MU3NOS3BarT rMaBHO 3a 0bpaboTKa
Ha N300paxeHnAa U OTKPMBaAHE Ha OOEKTM.

1988 r.Yann LeCun pa3paboTsa nbpBaTta CNN, Hape4yeHa LeNet 3a
pasno3HaBaHe Ha 3HaUM KaTo NOLLEHCKN KoaoBe U umdopu.

CNN ce n3non3sBar 3a:

* MAaeHTUdUUMpaHe Ha caTenmMTHN U30bpaxkeHuns;
* 0bpaboTKka Ha MeaULIMHCKN U300paXKeHUs;

* OTKpMBaHE HA aHOManuu;

* MPOrHo3MpaHe Ha BpeMeBU peaoBe (NocrneaoBaTesiIHOCT OT JaHHW,
n3MepeHn oOMKHOBEHO B nocrieaoBaTenHn BpeEMEBN MOMEHTN) - 3a
npeaBmxgaHeTo Ha 6baeLn CTOMHOCTU, ba3npaHo Ha NPeaxoaHU
HabngaBaHM CTONHOCTMN.
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CnoeBe Ha CNN

 KOHBOMOUMOHEH CNON - MMaA HSAKOMKO pmnTbpa 3a N3BbPLUBAHE HA
onepaunsita KoOHBonUMA (B MatemMaTukaTa KOHBontounsita € yHKUNS
Ha OTMeCTBaHe);

* PexktudmumpaHa nmHenHa eamHmua (RelLU) - cnon 3a naebpluBaHe Ha
ornepaunn BbPXy enemMeHTn C Lesn KopurmpaHe KkaprtaTa Ha
XapaKTePUCTUKNTE.

 ObOepguHABaLY CNON - HAaManNgaBaT ce pa3MepuTe Ha KapTaTa Ha
XapakTeEPUCTUKUTE M ce NpeobpasyBaT NonyyYyeHnTe ABYMEPHU MacuBU OT
obegnHeHaTa KapTa Ha eNeMEHTUTE B ObIbl, HEMPEKbCHAT, NIMHEEH
BEKTOP, KaTo ro n3paBHsBaA.

 HanbnHO cBBLpP3aH Crou — NIMHEWHUAT BEKTOP Ce NogaBa KaTo BXOA,
KOMTO Knacunduuupa n ngeHtnduympa nsobpaxeHuaTa.
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[Tpumep 3a n3oobpaxeHne, oopadoreHo Ype3 CNN
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[loBTapsawm ce HM, RNN
3xon

RNN vmaT Bpb3Kkn, KOMTO 00pasyBaT HACOYEHU LMK, KOUTO NO3BoONsiBaT
n3xoguTe Oa ce nogasart KaTo BXOO4OBe KbM TeKkylwata pasa. M3xoawT ce
npeBpbLla BbB BXOA 3a Tekyllarta dpasa n Moxe aa 3arnoMHu npeguLlHu
BXOJ0BE Nnopaan CBosATa BbTPELUHA NaMmer.

NMpunoxeHue:

3a HagnuceaHe Ha N3obpaXeHus;

* aHanu3 Ha BpeMeBU PeaoBe;

e 00OpaboTka Ha eCTECTBEH €3UK;

* pa3rno3HaBaHE Ha PBbKOMC,

* MallMUHEH MNpeBoa. BX(J'E"
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[loBTapsawm ce HM, RNN

Recurrent Neural Network

. Input Layer O @ Hidden Layers Q Output Layer

dataaspirant.com
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OrpaHnyeHus Ha RNN

RNN 3anomHsi HewlaTta camMo 3a KpaTbK nepuop oT Bpeme, T.€e. ako MMame
Hy>XOa OT MHpopmaunsTa creq KpaTko Bpeme, T Moxe aa bbae
Bb3Mpoun3BoamMma, Ho crieq KaTo ce BKapat MHOro AymMu, Tasm MHdopmMauus
ce rybu Hakbae.

To3un npobnem moxe ga O0bae paspeLlleH Ypes npurnaraHe Ha neko
npomeHeHa Bepcud Ha RNN - mpexuTe 3a obnrocpoyHa namer.
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INbnrocpo4yHo nomMHelwmn mpexu, LSTM

Bua nosTapsdwa ce HM, Koato Moxe ga y4n 1 3anoMHA ObNroCpOYHuU
3aBMCMMOCTU Ha Ba3a MMHana nHgopmauusa 3a abnrm nepuogm (3anassa
NHpopMaunsTa C TEYEHNE HA BPEMETO).

LSTM nma BepuronogobHa cTpykTypa oT 4 B3aMModencTBally Cu Crnog.

[MpunoxeHue:

* MpU NPOrHo3vpaHe Ha BpeMeBU pPeaoBe;
* 3a pas3no3HaBaHe Ha pev;

* 32 KOMMO3NLUA HA MY3UKA;

* 3a papMaueBTUYHO pa3BUTHE.
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INbnrocpo4yHo nomMHelwmn mpexu, LSTM
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[eHepaTBHU cbCTe3aTenHun mpexu, GAN

GAN ca reHepaTuUBHU anropuTtMm 3a AbnOOKO 00y4yeHne, KOUTO cb3daBaT lNpunoxeHue:

HOBW eK3eMMNMsipy OT JaHHW, KOUTO NPUNNYaT Ha AaHHUTE OT 0Oy4YeHUETO.
* 3a nogobpsiBaHe Ha aCTPOHOMMUYECKUTE N300paXKeHUs N CUMYIMpaHe Ha

GAN nmaTt ABa KOMMNOHEHTA: rpaBMTaALMOHHA NeLla 3a u3crnegBsaHe Ha TbMHaTa MaTtepus.

* reHepartop, KOUTO Ce y4n aa reHepupa daniunBn aHHW; * 3a yBenunyaBaHe 2D TeKCTypu C HUCKa pasgenuTteriHa crnocobHOCT B
cTapu BUgeourpu, Kato nporpamncTmTe rm npecwb3gaBaT C MNo-BUCOKMK

* ANCKPUMWHATOP, KOMTO Ce y4n OT Tasu HeBsipHa MHopMaums. DE30MIOLMM Upe3 0ByUeHe Ha M30BPaKeHMS.

* 3a reHepupaHe peanmcTuiHn n3obpakeHnst 1 aHUMaLMOHHN repoun, KaTo
ce cb3[aBaT CHUMKWN Ha YOBELLKM Nnuia n ce nsobpasssat 3D obekTtu.
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MHorocnouvHu nepuentpoHu, MLP

MLPs npuHaanexart kbm knaca HM 3a npeHaco4yBaHe ¢ MHOXECTBO CloeBe
nepcenTpoHn, KOUTO NMaT akTuBmpallm QyHKUnn. Hamat obpaTtHmn BPb3KM.

ToBa e Mpexa 3a npeHaco4yBaHe, YUSTO LEer e aa Ao0nmxun HAKakea
doyHKums f *.

[Mpumep: pyHKuMA 3a knacudukatop y = f * (X) npeobpasyBa BXxoa X B
kaTeropua y. Mpexarta 3a npeHaco4BaHe ageduHupa y = f (x; 8) n Hay4yaBa
CTOMHOCTTA Ha napamMeTpuTe B, KoUTo BOAAT A0 HAan-gobpOoTO
npmnbnmkeHne Ha yHKUKUATA.
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MHorocrnouHu nepcenTtpoHu, MLP

lNpunoxeHue:
* 3a pasno3HaBaHe Ha peuy;
* 3a pasno3HaBaHe Ha N30D0paXkeHus;

* 3a MallUHEH MnpeBoa.

Korato HM 3a npeHaco4BaHe ce pa3wmpsBart, 3a [Ja BKo4vBaT odbpaTHU
BPb3KN, CE HapMiaT NOBTaAPALUN Ce HEBPOHHU MPEXM.
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[Mpumep 3a MLP 3a knacudpumumpaHe Ha n3obpaxeHUsa Ha KOTKU U Ky4eTa

BxonoeH criou CKkputu cnoese N3xooeH criou
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ApXUTeKTypa Ha Mpexa 3a npeHacquaHe

IINNENENEE

BxoasiLy, BeKTop )
BXO,IJFILIJ, cnon CkpuT crnow
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Teopema 3a yHuBepcanHa anpokcumMmauyus

Hornik and Cybenko, 19809.

[lpeHaco4Balla Mpexa C NIMHEEH NU3X0oAEeH CMon 1N NOoHE 1 CKPUT Crown, C
KOATO M Aa € YHKUKUA 3a akTMBUpPaHe (Harnp. curmougHa) Moxe ga
NpmMbnmxmn Bcsika namepuma pyHkuma Ha bopen (dpp.maremaTumk: 3a BCsiKa
doyHkumsa f € Cla,b] n Bcako usano HeoTpulaTenHo YMCro N CbLleCcTByBa
NOSIMHOM OT N-Ta CTErNeH Ha Hanu-4o0bpOo paBHOMEPHO NMpobnmxeHue Ha f) oT
eOHO KpanHO N3MEPUMO NPOCTPAHCTBO B APYro C BCSKO XenaHo HEHYNEBO
KONMYECTBO IPELLKU, MPU YCIIOBME Ye Ha MpexaTa ce npeaoctaBaT
OOCTaTb4yHO CKPUTU €OUHULIN.

T.e. cbllecTBYBa Mpexa, 40CTaTb4yHO ronsima, 3a NocTUraHe XxenaHara
cTemneH Ha TOYHOCT, HO TeopeMaTa He Ka3Ba KOJIKO ronsima e obae
Tasn Mpexa.
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