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PEDEPAT

[TosicHIOBaTbHA 3alycKa J0 TUTIOMHOTO MPOEKTY MicTuTh 88 ctop., 31 puc.,
1 nonmaroxk, 11 mxepen.

OO6'eKT MOCTIHKEHHS — MPOIIEC PO3Mi3HaBaHHs 00pa3iB.

[IpeameT gocmipKeHHsT — MOZEII Ta METOIM pealiizallii HeUPOHHUX MEPEeX s
po3Ii3HaBaHHA 300paKeHb.

MeTtorw JOCHIIKEHHS € MIABUILECHHS €(PEKTUBHOCTI Ta TOYHOCTI MEIUYHOI
JIarHOCTUKH MUISIXOM BUKOPUCTAHHS IITYYHUX HEHPOHHUX Mepex Ui Kiacudikaiii
MEJIMYHUX 300paKEeHb.

JIns JOCSTHEHHS TMOCTABJICHOI METH HEOOXIJHO BHUPIIIUTUA PN 3aBIaHb:
MIPOBECTH OTJISiJ] TA aHAJI3 ICHYIOUMX aBTOMATHYHUX 3aCO0IB MEAUYHOI J11arHOCTUKY;
MIPOBECTH OTJISAJ Ta aHAI3 CTPYKTYPH IMITYYHUX HEHUPOMEPEK, iX BUIIB Ta 3a1ad, 10
SKUX BOHU MOXYTh OYTH 3aCTOCOBaHIi; pO3pOOUTH HEHPOMEPEKEBY CHUCTEMY IS
kiacuikarii poro3o0pakeHb MIKIPHUX YTBOPEHB; MEPEBIPUTH €HEKTUBHICTH POOOTH
MepeXi Ha TPEHYBAIbHUX T TECTOBUX JIAHUX.

Metoau gociiKeHb. Y po0oTi 0yJI0 BUKOPUCTAHO METOAN aHAII3y, CHHTE3Y,
CUCTEMHOT0 aHaJi3y, MOPIBHSAHHA Ta JOTIYHOTO y3arajJbHEHHS PE3yJbTAaTiB.

Hayrxosa nosuszna. Bmepiie po3poOieHO Mojenb kiaacu@ikaiii MeIUuYHHUX
300pakeHb, SIKa HA BIIMIHY BiJI ICHYIOUMX BUKOPHCTOBYE IITY4YHI HEUPOHHI MEPEKHU
3211 IPOTHO3YBAHHS 1O POTO300pAKEHHIO UMOBIPHOCTI (Y TIPOIIEHTAX ) 3JOSKICHUX
MIKIPSHUX YTBOPEHB, IO JAa€ 3MOTY JIarHOCTYBATH BHJ IIKIPSHOTO YTBOPCHHS
JIFOTUHHU.

Ilpakxmuuna 3nHauumicms ompumanux pe3yaromamis. B pesynbTaTi poOOTH
pO3pO0ICHO HEHpOMEpeKEeBY CHUCTEMY JUIsl JIarHOCTYBAaHHS IIKIPHUX YTBOPEHb

JIIOJTUHU TI0 (POTO300paXKEHHIO.

HEMPOHHI MEPEXI, IITYYHWUN IHTEJIEKT, PO3II3HABAHHS
30bPAXEHDB, MEJIMYHI 30bPAKEHH I, TENSORFLOW, PYTHON



ABSTRACT

Explanatory note to the master’s thesis 88 pp., 31 fig., 1 app., 11 sources.

The object of study - the process of pattern recognition.

The subject of research - models and methods of implementation of neural
networks for image recognition.

The aim of the study is to increase the efficiency and accuracy of medical
diagnostics by using artificial neural networks to classify medical images.

To achieve this goal it is necessary to solve a number of tasks: to review and
analyze existing automatic medical diagnostics; to review and analyze the structure of
artificial neural networks, their types and tasks to which they can be applied; to develop
a neural network system for classification of photographic images of skin formations;
check the effectiveness of the network on training and test data.

Research methods. The methods of analysis, synthesis, system analysis,
comparison and logical generalization of results were used in the work.

Scientific novelty. For the first time, a model of classification of medical images
was developed, which, unlike the existing ones, uses artificial neural networks to
predict the probability (in percent) of malignant skin formations, which allows to
diagnose the type of human skin formation.

The practical significance of the obtained results. As a result of work the neural
network system for diagnosing of skin formations of the person on a photoimage is

developed.

NEURAL NETWORKS, ARTIFICIAL INTELLIGENCE, IMAGE
RECOGNITION, MEDICAL IMAGES, TENSORFLOW, PYTHON



3MICT

[TEPEJIIK YMOBHHMX ITO3HAYEHb, CUMBOJIIB, OJMHULb, CKOPOYEHD I
TEPMIHIB ..ot 8

..................................................................................................................................... 12
1.1 3aranpHa 1HOOPMALIIST TIPO HEHUPOMEPEIKI .vvvreirvrrreirrrressirnnesssrneesssneesssneessseesssseees 12
1.2 Teopist POMIZHABAHHS OOPABIB ..c.vvevriiuriaiiesieesieesiresreesteesseessnesssesseesseessessnnesnnens 13
1.3 Anani3 iCHyr0OUHX 3aC001B MEAUIHOT TIATHOCTHKH 1.evvvvveeisvreesssveeesssrenesssnesssssnnenns 14
| IR0 1 (003 2 & (0): 3 @ V2 Vi F: L & KR 18
1.5 BUCHOBKH TI0 POBIIITY 1 1.vvvieiiiiiiiiiieiiiie ettt sttt 19

2 JOCJHKEHHS IITYYHUX HEMPOHHUX MEPEX JUTST KJIACUGIKALIT

MEJIMYHUX 3OBPAKEHD ......oooiiiiii e 20
2.1 BUHM HEHPOHHEX MEPEIK. 1. eeuversreaureaseasseesseeasseasseasseessessseesssessseessesssesssnessesnseenses 20
2.1.1 OTHOIIAPOBT MEPECIKI ...veevveeieeririauteeteesteesieessseesseesseesseesseessseasbeesbeesbeesnnesnneenreenes 20
2.1.2 BaraTOMIAPOBI MEPEIKI .....vvevreririsureeteesteesieesseeasseasseesseesseesiresbeesbeesieessnesnneereenes 32
A\ (0D (534 30 116 Y45 5 (0 WO R0 = (53710101 = - IR 33
2.3 KOHBOJIOIIHHT HEHPOHHT MEPEIKL ...veevveerrieirerireesrieieesieesieessnesseesseesieessnesnnesneennes 40
2.4 HaBUYAHHS HEHPOHHIX MEPEIK ...veeruveearrrresuriessreessreesseessseeessseesssesssseessessssesesseeessnes 43
P2 S N 2= Y0 3 200 00705070 Y (= Ko )1 S 44
2.4.2 METOA TPAMIEHTHOTO CITYCKY .vveuvveantrresureessreessseesseessseesssneessssessesssessnsesesseeessnes 45
2.4.3 Metoa 3BOPOTHOTO HOIIUPEHHS TTOMUIIKH .....vvvenrressreeessneessneesnneesnessssesesseeessns 48
2.4.4 TlepeHaBUAHHS Ta HEHOHABUAHHST «...vvveeervvreessrreeessseessssseesssssnsssssnsssssesesssesessssees 50
2.5 BUOIP TATACETY ..uveeeieieiiiiesiiiesteeaiee ettt esieeessteessbe e s st e s bt e e ssaeessseessbeesnbeeanbeeenneeesenas 52

2.7 BUCHOBKH TIO POBILITY 2 .vveteitriaurtateesieesseessseasseesseesseesssessssaseessessssssnnessesssesssesns 54



3 PO3POBKA HEMPOMEPEXEBOI CUCTEMHU JUISl KJIIACU®IKALLI

®OTO30BPAXEHD HIKIPHUX YTBOPEHD .......c.cccciiiiiiiiiiiieee e 55
3.1 ®opmyBaHHS BUMOT IO TTPOTPAMHOL CHCTEMH .vvvervvreessriesssreessssnesssssnesssssesesssnes 55
3.2 Orsiz1 3ac001B MPOTPAMHOTO 3A0C3TIEUCHHS ......vveenveerriesieesireasreesteesseessnesnneenneens 66
3.3 PO3POOKA MPOTPAMHOT CHCTEMUE ....vvveisvveeesssireessiressssseesssssessssssesssssessssssssssssesssnsnens 67
3.3.1 [TomepeTHSI THATOTOBKA JIAHKIX .. ..vveesvveeereessresssresssessssessssnsesssessssesssessnsessssessssnes 67
3.3.2 IIpOCKTYBAHHS HEHPOHHOT MEPEIKT 1.vvvrerrrrreeiireessstieessireeesssnesssssnessssssnssssnesssssnes 70
3.4 BUCHOBKH TTIO POBJIITY 3 .vvveiiuiiieeiiriesiireeesssteesssseesssseesssssenssssssssssssssssssssssssesssssenes 81
123 (@ 5 (057 2 Z TSR 82
[TEPEJIIK TTOCHIJIAHD ....ccviiiiiiie ettt e 83

D100 )1 N X0 /NSO 85



INEPEJIIK YMOBHHUX ITIO3HAYEHBb, CUMBOJIIB, OAUHUILb,
CKOPOYEHD I TEPMIHIB

[13 — nporpamue 3a0e3MeyeHHs.
[1IT — mporpamMHui1 IPOIYKT.

[ITHM — mTy4H1 HEUpOHHI MEPEXKi.



BCTYII

HTyyHi HEHPOHHI MEpeXki - e OAWH 3 PO3/UIB MAIIMHHOTO HABYAHHSA, SKUN
OyB 3arnouatkoBaHuii 1me y 1940-x poxkax. Lleit miaxin 6epe 3a oCHOBY O10JI0T14HI
HEHPOHHI MEpexXi y TBApHUH, AKl CKJIAJalOThCSl 3 HEUPOHIB TOJIOBHOIO Ta CIIMHHOIO
MO3KY ILIEHTpPaJIbHOI HEPBOBOI CHUCTEMH. 3BHYAWHO, IITY4YHI HEHPOHHI Mepexi €
HabaraTo CIPOIICHOI0 IHTEPIPETAIli€r0 O10JIOTTYHUX Ta JIUIIIE IPArHyTh 10 BUPIIICHHS
3aJ1ay, sIK1 Halll MO30K BUPIIIY€E KOXKEH JICHb.

HeiiporiogiOH1 Mepexi NpoNIuIM JOBIUM MIJISX CTAHOBJICHHS 1 PO3BUTKY, Bij
MOBHOI'O 3allepeueHHs] MOXJIMBOCTI iX 3acCTOCYBaHHsS 1O BTUIEHHA B Oarato cdep
JISTIBHOCT1 JoAuHU. Halinepin AoCHiPKeHHS Yy 111€1 raigy3i, OCHOBHI IOJIOKECHHS
Teopii MisUIBHOCTI TOJOBHOTO MO3KY 1 BJJaCHE MaTeMaTU4YHY MOJIEib HEHpOHa, sKa
BKJIIOYAJIa MEXaH13M HaBuaHHs, Oyiu po3pobiieHi Y. Makkanokom i Y. [Titrcom B 1943
poui [1]. Taka mMoxens mana Ha3By (opMajabHOro HeipoHa, Ta ii Hamaai OyayTh
BUKOPUCTOBYBATH 1HIIII JOCTITHUKY IMTYYHUX HEUPOHHUX MEPEK.

BuByeHHss MexaHi3MiB (YHKLIOHYBaHHS HEPBOBOI CHUCTEMHU JIOAUHU Ta
B3a€MO/IiT HEHPOHIB € TyKe BOKIIMBUM 3aBJIaHHSIM, aJ[Ke JIJISI BAKOHAHHS CKJIaIHIIITHIX
3aja4 Tpeda Ie Jajil BJIOCKOHAIIOBATH MOJENb HEPBOBOI CHCTEMHU. AJje Ie 10
CHOTOAHIIIHBOTO JHS JIFOJICTBO HE Ma€ TOYHOI Ta MOBHOI 1H(opMmarlli npo Te, siK
IIPALIFOE JTFOJICBKUN MO30K.

HepBoBa cucrema noguHu o0y J0BaHa 3 HEPBOBUX KIIITHUH - HEHPOHIB, MO30K
MictuTh npubmuzHo 10 meliponis, sxi crBoprorots Gmuspko 10% cumancis (micue
nepemadi iHGopmairii Mk kritTaHamM#). CaMi Mo co01 HEPBOBI KIITHHU PO3AUISIOTHCS
Ha JICKUTbKa BHUIB, MAlOTh JOCUTh CKJIQJHY CTPYKTypy. BukopucraHHsS HaBiTh
HAWTIPOCTIMIOT MOJEN HEHpOHa HEe J03BOJISIE MOOYIyBaTH MOJAEIb MO3KY, IO
HaOmmkanacs O 3a CBOIMH TIJIOOAQJbHMMH TIOKa3HUKAMHU JI0 peanbHOro o0'ekTa
MOJICTIOBaHHS, OT)KE IITYYHI MEpeXki € OUIBIIT TPOCTO CTPYKTYPOIO 3a pealibHi. [[o
TOTO K, IITY4YHI HEHPOHHI MepeXi MICTATh Ha0araTo MEHIY KUIbKICTh HEHPOHIB Ta

CHHAIICIB.
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Jlns 30unpieHHss a00 3MEHIICHHS AaKTHMBHOCTI MEBHOTO HEHpOHA I1HIIMMU
HEHpPOHAMHM ICHYIOTh TaK 3BaH1 CHHAIICU. BOHU NepeHOCATh BEIMUMHY aKTUBHOCTI BiJl
HEHpoHa-BIANPAaBHUKA O HEHpOHa-oJepKyBady. SIKio cuHamnc € 30yJIUBHM, TO
BEJIMUYMHA AaKTUBHOCTI HEWpOHa-BiAMpaBHUKA 301IbIIyE aKTUBHICTh HeHWpoHa-
oJlepKyBaua. SIKIIO CHHANC € TajJbMIBHMM, TO BEJIMYMHA aKTUBHOCTI HEWpoHa-
BiJITPaBHHUKA 3MEHIITy€ aKTUBHICTh HEHpOoHa-oiep:kyBadya. CHHAIICH BIIPI3HAIOTHCS HE
TIJIBKH 32 O3HAKOIO rajibMyBaHHs a00 30y/’KeHHsI HEHpOHa-oAepKyBaya, ajie TAKOX 1
3a CyMapHUM BIUIMBOM (CHMHANTUYHA TMOTYXHICTh). BUXIIHMI CHUTHal KOXXHOTO
HEHpOHa NMEPEAETHCS TI0 TaK 3BAaHOMY aKCOHY, SIKUi 3aKiHuyeThes Oinbm Hixk 10000
CUHAIICaMU, 110 BIUTUBAIOTH HA 1HIII HEUPOHHU.

Icnye neBHa knacudikailis 3aady, 3 HAUOPOCTIMIMX JI0 HAWCKIAAHIIIUX.
Haiinipocrimn 3aBmaHHs, SIK OT BHUPIIMIEHHS MPOCTUX PIBHSHb, JPYK JTOKYMEHTIB,
noOyayBaHHs TpadikiB, MOXYTh OYTH pO3B'sI3aHI MPOCTOK KOMII'FOTEPHOIO
nporpamoro. biabmn ckiagHi 3agayi, MOB'S3aHl 3 MPOCTUM MPOTHO3YBAHHSM a0o
BUPIIIECHHSM OB CKJIaJIHUX PIBHAHbB, TAKOK MAIOTh BIIOM1 QJITOPUTMH BUPIIICHHS.
Heiipomepeki BUKOPHUCTOBYIOTH JJIA 3ajad, A SIKHX MNOOyAyBaTH ajiTrOpUTM
BUPIIIEHHS - CKJIa/IHA Ta TpUBaja JJIs JIIOAWHM 3a7a4a. [Ipukinaay Takux 3a1a4:

- aHaJi3 300pakeHb, B TOMY YHUCJI1 pO3Mi3HABAHHS O0JIHY;

- pO3Mi3HaBaHHS MOBH;

- CKJIaJJHE TIPOTHO3YBAaHHS Y BEJIMKUX MacIlITadax;

- kiacuikauisg iHpopMalii B peaJbHOMY MaciTadl yacy.

Hacammnepen 1ie akTyanbHO B cdepl MeIUIIMHT, 00 MPOTrHO3YBaHHS J1arHO3y Ha
OCHOBI aHami3iB (B TOMY 4YHCII 300pa)keHb) € Hapa3i peaiCTUIHO 3a7adero. Aue ii
BUKOHAHHS TMOTpeOy€e JOCHTh BEJIMKHX OOUYMCIIOBAIBHUX IMOTYXHOCTEH Ta
BJIOCKOHQJICHHSI ICHYIOUMX aJropuTMmiB. Po3poOka aBTOMAaTH30BAaHMX CHUCTEM
MEUYHOI JIIaTHOCTUKY € HAJ3BUYAHO BAYKJIMBUM 3aBIaHHSIM, a/[KE JIJIs1 TOCTAHOBKU
J1arHo3y JIKapr0 HEOOXIJHO OIpaloBaTH BeJIMYE3HY KUIbKICTh i1HGopmarlii Ta
MOCTIfHO TpuMaTu 1i Ha yBa3i. 30uTbleHHS I1i€i 1H(OpMAIi TPU3BOIUTEH 0

BTOMJICHOCTI Ta MOMJIMBUX PpO3JIaJIIB TCUXIKM Y JIIOAWHU, SIKI Y CBOK Yepry
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OpU3BOJAATH O TMOMHJIKOBHX a00 HEJOCTaTHHO TOYHMUX aHali3iB. 3a JOMOMOTOIO
BUKOPHUCTAHHS KOMITHOTEPHUX TEXHOJOTIH y MeauuHid cdepl MoKkHaA 30UIBIIUTH
KIJIBKICTh Ha IIBUAKICTH IIOCTABJIEHHUX A1arHO31B, MIABUIIUTHA HAAIMHICTh Ta TOYHICTD
J1arHOCTUKH, aBTOMAaTH3yBaTH 1 IPOLIeC TOIIIO.

06'exm docnidicenHs — IPoOIEC Po3Ii3HABaHHS 00pa3iB.

IIpeomem docnidxcenns — MOZEII Ta METOAM pealtizallii HeHPOHHUX MEPEX IS
po3Mi3HaBaHHA 300paKeHb.

Memoro Oocnidxcenns € TMIIBUIIECHHS €(PEKTUBHOCTI Ta TOYHOCTI MEAUYHOL
JIarHOCTUKH LUISIXOM BUKOPUCTaHHS IITYYHUX HEMPOHHUX MEPEX I Kiacudikaii
MEJTUYHUX 300pakeHb.

JIns JOCSTHEHHS TMOCTaBJICHOI METH HEOOXIJHO BHUPIIIUTUA P 3aBIaHb:
MIPOBECTH OTJISiJ] TA aHAJI3 ICHYIOUMX aBTOMATHYHUX 3aCO01B MEAUYHOI J11arHOCTUKH;
MIPOBECTH OIJIAJ Ta aHAJ3 CTPYKTYpH IITYYHUX HEHMpOMEpex, iX BUAIB Ta 3a1ad, J0
AKUX BOHU MOXYTh OYTH 3aCTOCOBaHI; PO3POOUTH HEHPOMEPEKEBY CHUCTEMY JJIS
kiacudikarii porozo0pakeHpb MIKIPHUX YTBOPEHB; IEPEBIPUTH €PEKTUBHICTH pOOOTH
MepeXi Ha TPEHYBAIbHUX Ta TECTOBUX JIAHUX.

Memoou docnioxcens. Y po00Ti OyJI0 BUKOPUCTAHO METOJIM aHaJi3y, CHHTE3Y,
CUCTEMHOTO aHaJi3y, MOPIBHSHHSA Ta JOTIYHOTO y3arajJbHEHHS PE3yJIbTATiB.

Hayrxosa Hosuszna. Bnepiie po3po0OiieHO Mopenb kiacudikaiii MeIUYHUX
300pakeHb, SIKa HA BIIMIHY BiJ] ICHYIOUUX BUKOPUCTOBYE IITYYHI HEUPOHHI MEPEKHU
3211 TPOTHO3YBaHHS MO (OTO300pKEHHIO HMOBIPHOCTI (Y MPOLIEHTAX ) 3I0SIKICHUX
MIKIPSHUX YTBOPEHB, IO Ja€ 3MOTY JJIarHOCTYBaTH BHJ IIKIPSHOTO YTBOPCHHS
JIFOJTUHHU.

Ipaxmuuna 3nauumicms ompumanux pezyivmamis. B pe3ynbTaTti poboTH
pO3pO0ICHO HEHpOMEpEeKEBY CHUCTEMY IS JIarHOCTYBaHHS IIKIPHUX YTBOPCHb

JIIOJIMHU TI0 POTO300paKEHHIO.
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1 AHAJII3 TIPEJMETHOI TAJTY3I TA TIOCTAHOBKA 3AJIAY
JOCJIIKEHHS

1.1 3aranbHa indopmauisi npo Helipomepe:xi

BpaxoByroun Te, 1m0 HeWpomepexki € TaKk 3BaHMM aHaJoroM O10JIOTTYHOL
HEHPOHHOI Mepeki y TBapWH, TO MEPII 3aCTOCOBYIOTH IMEBHI MPHUHIMINA POOOTH
npyrux. HailBaxMBIlIUMHU OCOOJIMBOCTSMHU JISIIBHOCTI O10JIOTITYHUX HEHMpOMEpex €
HABYaHHS, y3araJlbHeHHs Ta aOctparyBaHHs. Came Il IPUHIMIM JIEXKATh y OCHOBI
MIPOCKTYBaHHS IMTYYHUX HEUPOHHUX MEPEK.

OpHiero 3 HAMBAXKIIUBIIIMX 0COOJIMBOCTEN IITYYHUN HEHPOMEPEXK € MmapaseibHa
oOpoOka JaHMX, aJyk€ HEHpPOHHA MepeXa MICTUTh BEJIMYE3HY KUIBKICTh
MDKHEHPOHHHX 3B'A3KiB. KpiM TOro, mpu BEIMKOMY YHCII MIXHEHPOHHUX 3'€IHaHb
Mepexy HaOyBa€ CTIMKICTh JI0 MOMMIIOK, SIKI BUHUKAIOTh Ha JCIKUX JiHIIX. DYyHKIIIT
MOIIKOJIPKEHUX 3B'A3KIB OepyTh Ha ceOe CIpaBHi JIiHIi, B PE3yJIbTATI YOro JIsJIbHICT
MepeXi Maike He 3a3Ha€ 1ICTOTHUX 30ypeHb.

[HI1a HEe MEHIIT BaXKJIMBA BJIACTUBICTH - 3/IaTHICTh JI0 HABYAHHS 1 y3arajabHEHHS
HAaKOMWYEHUX 3HaHb. HeilipoHHa Mepeka Mae pPHUCH IITYYHOTO 1HTEJEKTY.
HaTtpenoBanuii Ha oOMEXeHI MHOXXHMHI JaHUX MEPEXy, 3/JaTHA y3arajibHIOBaTH
OTpUMaHy 1H(}opMalilo 1 MOKa3yBaTH XOpOILIl pe3ylbTaTH Ha JaHUX, IO He
BUKOPUCTOBYBAJIKMCS B TMpoOIleCi HaBYaHHS. BlacTuUBICTh y3arajabHEHHS Ja€
MO>KJIMBICTh HEUPOHHIN Mepexki 3HM)KYBATH YYyTJIMBICTh /10 HE3HAUHHUX BIIXWJICHb
BXIJIHUX CUTHAJIIB BiJ HOpMHU. Ll BIacTUBICTH AYy>Ke€ BaxiuBa sl 00'€KTIB, SKi
ICHYIOTh y peajJbHOMY CEepPEIOBHIIIL.

€ 1Ba OCHOBHHUX MIAXOAM JUIsl HABYAHHSI HEUPOHHUX MEPEXK: 3 YUUTEIIeM Ta 0e3.
HaBuanHs 3 yunTeneM o3Ha4a€ BUKOPUCTAHHS TaKOi TECTOBOI BUOIPKM JaHUX, SKa
MICTUTh TIApW BXIAHOTO 3HAYEHHS Ta OYIKYBAHOTO BHIXIJIHOTO: Hampukiax ¢GoTo

3a3jajeriabp Bu3HaueHi GoTo KOTIB Ta cobak. [[ami Ha OCHOBI BU3HAUYEHHMX O3HAK Ta
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MHOKHMHHU KJAciB, JJIi HOBOTO BXITHOTO ()OTO Hepomepexka BH3HAYAE HAMOLIBII
NpUOIMKEHUH IS HhOTO Kilac. Taka 3ajada TakoX Mae Ha3By 3ajadi Kiacudikarii.

HaBuanHs 6€3 y4uTens y CBOIO Uepry € CKIAIHIIITNM ITPOIIECOM, TaK, IIPH IIbOMY
MiaX0/1, BUOIpKa HE MICTUTh «IPABUIBLHOTO» KJacy, TOJ1 HEHpoMmepeka MOBHHHA
CaMOCTIMHO PO3JIUIMTH JIaH1 TECTOBOT BUOIPKU Ha KJIaCH 3a MOIIOHUMH 03HaKaMH. Taka
3aJ1aya Ha3UBAETHCS KIACTEPU3AITIETO.

BrnactuBicTh aOcTparyBaHHsI 103BOJIsi€E HEMPOHHINA MEpeKi CTBOPIOBATH HOBY
CYTHICTb, BUXOISIUM 3 aHamizy BXiaHoi i1H(opmaiii. Oco0auBO 1Sl BIACTUBICTH
MPOSIBIIIETHCS JJIS 3a]1a4 PO3Mi3HABaHHS 00pa3iB. 3aBAsku il HeHpomepeka MOXKe
CTBOPIOBATHU JIESKHUM 1/1€alibHUN 00pa3, KEPYIOUUCh BX1IHOIO 1H(POpPMAIIi€l0, sIKa Ma€e
JIesK1 BIIaCTUBOCTI IIOT'0 00pa3y.

Takox HelpoMepexi € Jayke CTIMKUMHU 10 NMoXUOOK y poboti. Tak, sKio
mTy4Ha HeHpoHHA Mepexka ckianaeThes 3 1000 HelipoHiB, To moxubka y o1HOMY ab0
HaBITh JIECATH HEWPOHAX HE MPHU3BENEC IO TOTAIBHOI MOMUJIKA pe3ynbrary. Jlis i€l
BJIACTUBOCTI € BaXKJIMBUM 1 TOHM (DaKT, 1110 HepoMepeka 3a3BHYai He J1a€ BIAMOBIAl Ha
100 BingcoTKiB, a JHIIe BUAAE MTPOLIEHT BIPOT1AHOCTI.

Henoniku BUKOprCcTaHHS HEHPOMEPEK:

- HeHpoMepeki HE MOXKYTh JaTH OJHO3HAYHY Ta TOYHY BIAMOBIAL (5K 1
MO3OK JIFOJUHH);

- HEMO>KJIUBICTh BUPIIITYBAaTU OOUMCITIOBANIbHI 3a/a4i;

HEMO>KJIUBICTh BUPILIYBATH 33/1a4y MOETAMHO (KPOK 32 KPOKOM).
Helipomepesxi BUKOPUCTOBYIOTHCS JIJIsl BUKOHAHHSI Py PI3HOMAHITHUX 3a/1ad,
TaKWX SK 3a7a4i TOB'sA3aHi 3 KOMITIOTEPHUM OaueHHsM (computer vision),

PO3Ii3HaBaHHSAM MOBJICHHS, TPOIO Y BiJ€OITpU, MAITMHHUM MEPEKIaI0M, COIIAIbHO-

MepeKeBUM (UTBTPYBAHHSAM Ta 30KpeMa MEAMYHUM J1arHOCTYBAaHHSIM.

1.2 Teopist po3nizHaBaHHs1 00pa3iB

PosniznaBanHs (knacudikarisi) o0'€eKTiB - OJHA 3 HAWBaXKJIMBIIIMX 3a7ad B

001acTi KOMIT'IOTEpHOTO 30py. X04a IIe 3a7a4a 3 sIKOI0 KOKHA JIF0JUHA CIPABIISETHCS
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aBTOMATUYHO (pO3Mi3HaBaHHS JIMIb, TBAPUH, OYAMHKIB TOIO), BOHA € HAJA3BUYAIHO
CKJIQJHOIO JIJIsi KOMIT'IOTepa. AJjie, BpaXOBYIOUH T€, IO JIOJIMHA BYUTHCS BIII3HABATU
(BUAUIATH) TIEBHI MPEAMETH 3 BEIUKOI IPYHH IHIIMX BCE CBOE JKUTTSA, TO MOXKHA
OPUMIHUTH TOMIOHMM MiAXiA y CTBOPEHHI CHUCTEM KOMI'IOTEPHOTO 30pYy.
Po3nizHaBaHHS MOXke YCKJIAIHIOBATUCh HEUITKUM 300paKEHHSIM, HAsIBHICTH IIYMIB,
HEPIBHUM OCBITIIEHHSM 1 T.1. [Ipukiagamu Takux 3amad €: po3mi3HaBaHHS OOJUY,
PO3Ii3HaBaHHS PYKOMUCHOTO TEKCTY, PO3MI3HABAHHS IITPUXKO/IIB.

HeoOximHICTh cHCTEM pO3Mi3HABaHHS BUHHUKAaE y 0aratbox cdepax KUTTS:
MEJUIMHI, BINCHKOBIN CIIpaBl, OXOPOHHUX CHCTEMaX, CUCTEMaX O€3MEKHU.

Brnache, npouiec po3ni3HaBaHHS CKJIaJIa€ThCS 3 HACTYITHUX €TaliB:

- 3HAXO/KEHHS TPEHYBAJIbHOTO jaTtacery (OaxaHo, 1mo0 BiH OyB J0BOJI
BEIIUKHM);

- momepeaHss o0OpoOKa MOTOYHOTO 300paKEHHS: 3MEHIICHHSA IIyMiB,
BUPIBHSIHHS KOHTPACTY, 3MIHA PO3MIpPY, CETMEHTALlIs Ta 1HIL;

- BHJIUICHHS HaWO1IbII 1HPOPMATUBHUX O3HAK IS TIOIAJIBINOI KiTacudiKallii,

- po3poOka mpaBuJl KiacuQikarii;

- BJIaCHE, HaBYaHHS CUCTEeMU (HEHpOHHA Mepeka, METO/ OIOPHUX BEKTOPIB,
JiHIAHA perpecis);

- HaJAIITyBaHHA MapaMeTpiB CUCTEMHU IIICJIA OLIHKKA SKOCTI POOOTH
kiacudikaTropa (KUIbKICTh TOMHJIOK, Yy TIUBICTD);

- wiacudikallisi HOBOro 300paXe€HHs BXX€ 3 TECTOBOIO J1aTaceTy.
1.3 Anaui3 icHyr0uMX 3ac00iB MeIMYHOI 1iarHOCTUKH

MenuyHa iarHOCTHKA BKJIIOYAE€ B ce0e 3acO00M Ta METOAU MJisi JOTIOMOTH Y
BUHECEHHI MEJIUYHOTO Jl1arHO3y a0o0 XK MOBHOT'O BCTAHOBJICHHS JI1arHO3Y Ha OCHOBI
NEeBHUX aHam3iB. JlilarHocTuka 0a3yeThCsl Ha BEJIMUYE3HIM KUTBKOCTI JaHUX: aHAMHe31
(irdopmarrisi, oTpuMaHa y pe3yabTaTi OMUTYBaHHS MaIlleHTa ab0 MOTo OTOUYIOUYHUX),
Oe3nocepeIHbO OaraTh0X JOCTIKEHHSIX CTaHy OpraHi3My, Ja0OopaTOpHUX aHali3ax,

peHTreHi, O101CiT Ta 1HIIe.
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Po3poOka aBTOMaTH30BaHUX CHUCTEM MEAMYHOI A1arHOCTUKH € HAA3BUYAIHO
BOXJIMBUM 3aBJaHHSM, aJpKe I I[IOCTAHOBKM [IlarHO3y JIIKapro HEoOX1JHO
OTpaIlfOBaTH BEIWYE3HY KUIBKICTh 1H(OpMallli Ta MOCTIMHO TpUMAaTH ii Ha yBasi.
30inbiIeHHs 11i€i 1HGopMaIlli MPU3BOAUTH A0 BTOMIJICHOCTI Ta MOKJIMBHUX PO3JIaJIiB
MICUXIKU Y JIIOJIMHU, K1 y CBOIO YEPTy MPU3BOJATH /10 TOMIIKOBUX 200 HETOCTATHBO
TOYHUX aHali3iB. 3rigHO migpaxyHKiB HamionanbHOI akaneMii Hayk, 1HXeHepli Ta
veaumuan  (NASEM) [3] Omusbko 10% malfieHTiB [MOMHPAIOTh BHACIIIOK
HEMPAaBWJIBFHO TIOCTaBJICHOTO [IarHO3y. 3 IIMM 3aBJaHHSIM MOXE HOyXe 100pe
BITOPATHUCS KOMI'TOTEPHE IpOrpaMHe 3a0e3MeUeHHS.

[lepmri mpocTi aBTOMaTU30BaHI CUCTEMHU MPAIIOIOTh 32 MEBHUM aJITOPUTMOM,
noOytoBaHUM JikapssMu. Tak 3BaHi MeauuHi aaroputMu (puc. 1.1) 3acTocoByrOThCS
JUTSI BEJIMYE3HOTO PSIAY 3a71a4: Bl BUpaxXyBaHHS 1HAEKCY MaCH Tija 10 MPOTHO3YBaHHS
KIIHIYHUX pe3ynbTariB. Haifuacrime Taki anropuTMU MNpeCTaBiIeH! Y BUAL OJOK-
CXEMH, Ta BIATAaK MOXYThb OyTH 3amporpamoBaHi. Ha BXiJg Takum anropuTtMam
MO/IAI0THCS TOTOBI Ta 3a3BUYall TEKCTOBI PE3yJIbTATH aHAJI31B Ta aHAMHE3Y.

binbur BnockoHanene 00JiaJHaHHsI BUKOPUCTOBYE METOAM IUITYYHOTO 1HTEIEKTY
(puc. 1.2). HaiironoBHilIow IMepeBarord TaKUX adrOpuTMIB Oyae 3AaTHICTB 0
HaBYaHHA. AJle Tpeba BpaxoOBYBaTH, IO JUIsl HABYAHHSAX TaKUX MPOTpaM HEOOXiIHa
JOCUTh BeJiMKa 0a3a aHai3lB Ta OYIKYBAaHUX PE3ysbTaTiB. bararo MenuuMHCHKUX
KJIIHIK CaMOCTIMHO pO3pOO0JISIOTh Take MpOrpaMHe 3a0e3MeueHHs IS MOJaIbIIoro
HOTO BUKOPUCTAHHS y CBOIX ITIJIAX.

BukopucTaHHs CHCTEM IITYYHOTO IHTEJIEKTY IIOB'S3aHE 31 3MCHIICHHIM
BapTOCTI JIIKyBaHHS JIJIs1 HACEJICHHS, TOKPAIICHHS] TOYHOCTI TOCTAHOBKH J[1arHO3Y, Ta
O1TBII paHHS TIOCTAHOBKA /IiarHO3Y, BJIACHE MPOTHO3YBAHHS, 3aBMISKH SKOMY MOXKHA
MOTIEPEIUTH TIEBHI XBOPOOHW. 3 PO3BUTKOM TEXHOJIOTIN pO3Mi3HABAHHS MOBH Ta
TEXHOJIOT1M KOMITFOTEPHHUX TOMIYHHKIB (TTUTATHHO-BIAMOBITAILHUX CHCTEM) aHAMHE3

TaKOK MOKHa OyJie MPOBOIUTH MOBHICTIO aBTOMATH30BAHO.
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Mowuitopunr BYT ta migrpumsa LNT

>60 MM pr. o1, (BamaHe KaTeTepuaauia wWnyHo4Ka)

\%

BYT >20-25mm pr. c1?

Tau

Openaw CMP (no momnueocTi)

v

Tau

BYT =20-25mm p1.c1?

Hi ————

Hi ——

\4

PexomengoBano
noeToputin KT

Mawiton BomocHo (0.25-1.0r/kr)
afio rNepTOHIYHWIA CONbOBIMIA PO34MH

Noctynosa eigMoea
gig Tepanii BYT

AN

Takx

V

Tax

BYT >20-25mm pr.c1.?

Hi —

Cegauin: HepeoBo-M AZ0Ba Bnokaga. PekoMeHayeTbeA He3HaYHa

rinepeentunauma (PaC0; 30- 35mm pr.cT)

Tax

v

BYT >20-25mm pr.c1.?

Hi

MNoganbwa Tepania: rinoTepMia, AeKOMNpPECUEHE
reMikpadioexTomMia, Gap6iTypaTHa KoMa

Pucynok 1.1 - Ilpuknan MEIUYHOTO aITOPUTMY



17

BA (GP): 13.49 y (13y6m) (M)
BASD:045y

BA SDS: -2.57 (CauEu)

BA (TW3): 1321y
Age:16:27 y

BHI: 4:77

BHI'SDS: -0.49 (CauEu)

BoneXpert: 2.4.5.1

Pucynok 1.2 - BuznaueHHsl BIKy KICTKH JIFOJIMHU Ha OCHOBI PEHTI€HIBCHKOTO 3HIMKY

O6umacti, 1151 IKUX BUKOPUCTOBYETHCS KOMIT'TOTEPHE YCTaTKyBaHHS:

- - IOJATKH 1 TPOrpaMHi MPOYKTH JIJIsl pO3ITI3HABAHHS MEITUYHUX 300Pa’KCHb:
3HiMKIB MPT, kapaiorpam, pe3ysibTariB KOMIT'IOTepHOT ToMorpadii abo Y3/1;

- CTapTanu /i1 BUBUCHHS €(EKTHBHOCTI MpemnapariB, MOMIYKY €(PEKTUBHUX

BaKIIMH;



18

- TMPOEKTYBaHHSI Ta poO3poOKa IMTYYHUX TMPOTE3IB 3 ypaxyBaHHIM
aHATOMIYHHUX OCOOJIMBOCTEH JIIOJIUHU;

- JIOAATKH JJIs BIAJAJICHOI JOMOMOTH MAIllEHTY, U1 HaJaHHA PEKOMEHIAIlii
TS JTIKYBaHHS MPOCTYAHUX XBOPOO a00 1HIIMX CTaHIB, 110 HE 3arPOXYIOTh KUTTIO, Y
BI/IJTAJICHOMY PEXHUMI;

- cTraprand 3 JiKyBaHHS PaKOBHUX 3axBopioBaHb (Hampukian, SOPHIA Al -
JIOAATOK IO J1arHOCTHUIN paky, sKuil mpuBepHyB 30 MIIH.J0JI. 1HBECTHIIIH, SKE BMIE
aHaNI3yBaTU KIIIHIYHY KApTUHY CTaHy MAalll€HTa 1 IPOMOHYBaTH €(EKTHBHY CXEMY

JIKYBaHHS)

1.4 ITocTanoBKka 3axayvi

MeTtor JOCHIIKEHHS € MIABUILECHHS €(PEKTUBHOCTI Ta TOYHOCTI MEIUYHOI
JIarHOCTUKH MUISIXOM BUKOPUCTAHHS IITYYHUX HEUPOHHUX MEPExX i Kiacudikarii
MEJTUYHUX 300pakeHb.

JI71s1 AOCSITHEHHS! TTOCTABJICHOI METH HEOOX1/THO BUPIIIUTH PsiJl 3aBJaHb:

— TPOBECTH OTJIAJl Ta aHajl3 ICHYIOUMX aBTOMATUYHUX 3aCO0IB MEAUYHOI
JIaTHOCTHUKH;

— MPOBECTU OTJIS Ta aHaNi3 CTPYKTYypU IITYYHUX HEHpPOMEpEexk, iX BUIIB Ta
3a/1a4, 0 SIKKX BOHH MOXKYTh OyTH 3aCTOCOBaHi;

— pO3pOOUTU HEWpOMEpekeBy cucCTeMy g kiacudikaiii (HoTorzoopakeHb
HIKIPHUX YTBOPEHB;

— mepeBipuTH €PEKTUBHICTH POOOTH MEpPEeXl Ha TPEHYBAIBHHX Ta TECTOBUX
JAHUX.

[1ix yac cTBOpeHHS HEUPOHHOI MEPEKI HEOOX1THO JTOCIIIIUTH BIUIUB TApaMETPIB
MOJIeJll Ha KiHIEBY €(EeKTHUBHICTb POOOTH MEPEXi Ha TPEHYBAJIbHHX Ta TECTOBHUX
JAHUX.

VY SKOCTI TpeHYBaJIbHUX Ta TECTOBUX JJAHUX HEOOX1JHO BUKOPUCTOBYBATH JIaHi
MixHapoHOT CHiIKK 300pakeHb. /[ oTpuMaHHS HaWKpamux pe3yJbTaTiB poOoTH

HEHpOHHOI Mepexi, Tpeba OpaTu A0 yBarm HEOOXIJHICTh MONEPeaHbOI 00pOOKU
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300paxKeHb Ta MPABUIBLHO PO3MOILIUTH J1aHl MIXK TPEHYBaJIbHUM Ta TECTOBUM CETOM,
TOOTO 3 PIBHUM PO3MOJIIOM J0OPO- Ta 370SKICHUX YTBOPCHbD.

VY pe3ynbTaTi HEOOX1THO OTPUMATH TaKy apXiTEKTypy HeHpoMepexi, sika Oye
HalKpale NpPHUCTOCOBaHA J0 BHOpaHUX JIaHUX: MAaTUME HaWBUIIl TOKa3HUKU
e¢()eKTUBHOCTI, HAWMEHIIIMM Yac TPEHYBaHHS, 3aiiMaTH HallMeHIe oOmepariiHoi

mam'sTi.

1.5 BucHoBku 1o posainy 1

B nepuiomy po3auii po3ryiIHyTO OCHOBHI HOHSTTS MPEIMETHOI 00JacTl 00
pO3Mi3HaBaHHs 00pa3iB, Ta 3aCTOCYBAaHHS anapary WTYYHOTO 1HTEJIEKTY JUIs 3aBAaHb
po3mi3HaBaHHs 300paxkeHb. [IpoBeeHO Orisi Ta aHali3 ICHYIOUMX aBTOMAaTHYHHUX

3ac001B MEIMYHOI J1arHOCTUKU. 3p00JIE€HO MOCTAHOBKY METH 1 3aB/IaHb JTOCIIKCHHS.
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2 TOCJIIKEHHSA IITYYHUX HEUPOHHUX MEPEX JJI51
KJIACU®IKAIIT MEJJUYHUX 30BPAKEHD

2.1 Buau HelipOHHMX Mepex

Po3auBUMOCh CTPYKTYpy MPOCTIIIOi HEMpOHHOI Mepexki. BoHa ckiamaerbes 3
BXITHOTO Ta BUXiAHOTO TmapiB. JlaHi, fKi MOAAIOTBCA HA BXil, OOPOOJSIIOTHCS
HEHpOHAMH MEpEeXi Ta MepeAaroThcs Ha HacTynmHul map. KoxkeH HelpoH mMae piBeHb
aKTHUBAIIIi, 1110 JEXKUTh B Jllalla30H1 Mi>k MAKCUMYMOM 1 MIHIMyMOM, OTX€, Ha BIIMIHY
BiJl OyJIeBOi JIOTIKHM, ICHye OUTbII HIX JBa piBHA akTuBauii. [Ipn koxxHOMY 3 HHX
NepexoiB, BXIJHE YHUCIO 30UTBIIYETHCS a00 3MEHIIYEThCA B 3aJI€KHOCTI BiJ Baru
(aHasor cuHanciB y OIOJOTIYHIA HEMpOMEpexi), sika HaJIAIITOBYETHCS IIJ Yac
HaBYaHHSI.

Ha Buxoji oTpumaemMo pe3yibTyrode YUCIO - BIATYK Mepexi. Jlami me 4yucio
MOMAEThCS Ha BX1J (YHKIIi-akTUBaTOpa, SKa IMEPETBOPIOE 3HAYEHHS Ha BUXIJ

HEUpOHa.
2.1.1 Ongnomaposi mepexi

B opHomapoBux HEWpPOHHHUX MeEpeKax CHUTHAIM 31 BXIHOTO IIapy OJpasy
nepearThes Ha BUXIAHUN (puc. 2.1).

OpHomapoBuil MEpUENTPOH 3AaTHUM pPO3MI3HABATH HAWMPOCTINIL 00pasu.
Oxpemuil HEWPOH OOUYHUCITIOE 3BAXKEHY CyMy CUTHAJIB BXIJHHX €JIEMEHTIB, B1IHIMAE
3HAUEHHA 3CYBY 1 MPOIYCKA€E pe3yibTaT Yepe3 KOPCTKY MOPOroBy (PYHKIIIIO, BUXIJ
K01 opiBHIOE +1 un -1. B 3a5e:KHOCTI BiJ] 3HAYEHHS BUX1HOTO CUTHAITY TPUHMAETHCS
pIIICHHS: CUTHAJ HAJIEXKUTH 110 Kinacy A yu b.

IlepuenTtpoH - oaHa 3 mNeplIMX MOJEIEH HEHPOMEpEeXkK, 3alpOlOHOBAHA
dpenkom Pozerdiaarom y 1957 porti [7].

AJNTOpUTM HaBYAHHSI OJTHOIIAPOBOTO MEPIENTPOHA!
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- 1HiI[aJi3alis CHHAITUYHMX Bar 1 3CyBY: CHHANTHYHI Bard MpUHMalOTh Mai
BUIIA/IKOBI 3HAYCHHS;

- TpeA'siBICHHS MEpexi HOBOTO BXIJHOTO 1 0a)KaHOTO BUXIJHOTO CHUTHAJIIB:
BXI1THHI CUTHAIT X=(X1, X2,..., Xn) TIPS ABJISIETHCS HEUPOHY Pa30M 3 Oa)KaHUM BUX1THUM
currasiom d.

- 00YHCIIeHHS BUX1IHOTO CUTHATY HEHpoHa:
n
y(©) = £ wi®x() = b)
i=1

- HaJlIallTyBaHHA 3HAYCHBb Bar:

wi(tt D)=w; (O +r[d()-y(O)]x; (1), =1, ..., N

d(t) = {

+1, BUxigHuH Ksac A
—1, BuxigHuu kaac b’

ne Wi(t) - Bara 3B'sI3Ky Bijg i-r0O €JIeMEHTa BXiJTHOTO CHUTHATY 10 HEHPOHA B MOMEHT
yacy t,

I' - IIBUAKICTh HaBYaHHs (MeHme 1),

d(t) - baxxaHMi BUXITHUN CUTHAJL.

SIkmo Mepeka mpuiiMae TMpaBWIbHE PIIIEHHS, CHHANTU4YHI Bark HE
MOAU(IKYIOThCS.

Po3mipHOCTI BXOAy 1 BUXOAY OOMEXEHI MpW MPOrpaMHii peanizailii TUIbKH
MO>KJIMBOCTSAMH OOUYHUCITIOBAIBHOT CUCTEMH, Ha K1 MOJIENIOEThCA HEHPOHHA Mepexa,
IIPU anapaTHii peanizauii - TEXHOJOTTYHUMU MOKJIUBOCTSAMH.

OO6umacTti 3acTOCyBaHHSI TaKMX MEPEX 3a3BUYail OUTBII MPOCTI 3a1adi, SK OT

po3mi3HaBaHHs 00pa3iB abo Kiacudikarris.
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Pucynok 2.1 - OgHomapoBa HEMpoHHA Mepeka

2.1.2 bBararomapoBi Mepe:ki

Bararomaposi Mepexi (puc. 2.2) BOJIOAIFOTh 3HAUHO OLIBITUMH MOMJIMBOCTSIMH,
HDK oAHomIapoBi. Ha BiMiHY BiJi OJJHOIIAPOBUX, BOHU MICTSATH OJMH 200 3BHYAIHO

O1JIbIlIE TPUXOBAHUX IIAPIB.

BxiaHui MpuxoBaHi (NpomixHi) BuxigHuit wap
ncesgoLap wapu

PucyHok 2.2 - bararomapoBa HelipoMepexa
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[Ipore OararomapoBi Mepexi MOXYTh TPHU3BECTH 10  301IbIICHHS
00YHUCTIOBANILHOT MOTY>KHOCTI B MMOPIBHAHHI 3 OJJHOIIAPOBUMHU JIMILIE B TOMY BUIAJIKY,
SKILO aKTUBAIITHA (PYHKIIIS MIXK [IapaMu Oyzie HEeTiHIHHOIO.

bararomniapoBi Mepexxi MOJIHA Y CBOIO Yepry MOJUIMTH Ha MEPEXi MPSAMOro Ta
3BOPOTHOTO MOUITUPEHHS.

Mepexi npsmoro nomupenns (Feedforward neural network) - mrydni HelipoHHI
MEpexXi, B IKUX CUTHAJ MOUIUPIOETHCS CTPOrO BiJ BXIAHOTO MIAPY O BUXIAHOTO. Y
3BOPOTHOMY HamNpsMKy CHUTHQJI HE TONMHUPIOETHCS. Taki Mepexi MIMPOKO
BUKOPUCTOBYIOTBCA 1 IIUIKOM YCHIIIHO BHpPIIIYIOTh TEBHUM KJac 3aBaHb:
MPOTHO3YBAHHS, KJIACTEPHU3allisd 1 PO3ITI3HABAHHS.

A B Meperkax 13 3BOPOTHUMH 3B'I3KaMU BUXOJIM HEMPOHIB MOXKYTh ITOBEPTATUCS
Ha Bxoau. lle o3Hauae, 1m0 BUXiJA SKOTOCh HEMpPOHA BU3HAYAETHCS HE TUIBKU HMOTO
BaraMu 1 BX1JIHUM CHUTHAJIOM, aje Ie 1 MOonepeaHIMU BUX01aMU (TaK K BOHH 3HOBY

MOBEPHYJIUCS HA BXOJIN).
2.2 Mojesb IITYYHOT0 HelpoHa

I Ty4HHil HEHPOH € CIPOIIEHO MOJIEIUTIO 010JIOTTYHOIO HEMpOHA, CKIIaJoBa
JacTHHA MITYYHOI HeMpoHHOT Mepexi. [lepiry MatemMaTH4YHY MOJIENIb TAKOTO HEHPOHA
Oyno mpencraBieHo y crarti Mak-Kanoka i [litrca [2]. T'o0BHUM TPUHITMIIOM i€l
TEOopIi € Te, 0 AOBUIbHI SBUILA, IKI CTOCYIOTHCSI BULIIO1 HEPBOBOT IISNIBHOCTI, MOXYTh
OyTH mpoaHaTi30BaHi 1 3p0O3yMIiJIi, SK JIesKa aKTUBHICTh B MEPEXKI, 110 CKJIAIA€THCS 3
JIOTIYHUX €JIEMEHTIB, K1 TPUIMAIOTh TIJILKH JIBA CTAHU «BCE 00 HIYOTO».

Lle o3Hauae, 110 B HAUMPOCTIMIHUX MOAEISIX HEMPOHIB BUX1IHUI CUTHAJI IPUKMAE
nBiiikoBi 3Ha4eHHs: 0 a60 1. 3Hauenns 1 BiANOBIAa€ NEPEBUIICHHS TTOpOTa 30y IKSHHS
HelpoHa, a 3HaueHHs 0 - 30y/pKeHHS! HUK4e MOPOroBOro piBHS.

MareMaTHYHO HEHpPOH SIBIILE€ COO0I0 3BaKeHHH cymarop (puc. 2.3), eauHHi

BUXI1]] IKOTO BU3HAYAETHCS YepPe3 WOT0 BXOJH 1 MATPUITIO Bar HACTYITHUM YHHOM:

y= fw),y = Xi_owix; + wox,,
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J€ Xj - CH'HAaJIM Ha BXO0JaX HeﬁpOHa, W; - Baru BXOI[iB.

Bxoabl CmMeweHue

Pucynox 2.3 - Mojenb mTy9HOTO0 HEUPOHY

®dyHKIlis U Ha3MBAEThCS IHAYKOBAHMM JIOKalbHMM mosiem, a f(u) -
nepeaaBaibHOl (QyHKIIE0 a00 (GyHKIIE akTUBAIli HelpoHa. MOXIIMBI 3HAYEHHS
CWTHAJIIB Ha BXOJlaX HEWpOHa BBaKalOTh 3amanumu B iHTepBaii [0,1]. Bouun MoxyTh
Oytu abo quckperaumu (0 a6o 1), abo anamoroumu. JlogaTKoBHIA BXiJT Xo 1 BIIOBITHA
oMy Bara Wp BHUKOPHUCTOBYIOThCS Uil 1HILIaNi3aiii Hevipona. Ilig iHimiami3ariero
Ma€ThCS Ha yBa3l 3CyB aKTUBAIlIHOT (QYHKIII HEMpOHA MO TOPU3OHTAIBHIN 0C1, TOOTO
dbopMyBaHHs TOPOTry YYyTIMBOCTI HelpoHa. KpiMm Toro, iHOAi A0 BUXOAYy HeEMpoHa
CHeIiaJbHO JOAAI0Th SKYCh BUITAJIKOBY BEIIMYWHY, SIKa HA3UBAETHCS 30YIKCHHS.
30ymKeHHS] MOYKHA PO3TJISIIATH SIK CUTHA Ha I0JAaTKOBOMY, 3aBXK/IM HABAHTAXKEHOMY,
CHHAIICI.

[TepenaBansua Gyukilis Hepona f(U) BU3HaYae 3a1€KHICTh CUTHATY Ha BUXOII
HeWpoHa BiJl 3BaKCHOI CYMH CUTHAJIIB Ha MOT0 BXOJ1ax. Y OUIBIIOCTI BUIA/IKIB BOHA €
MOHOTOHHO 3pOCTar4or 1 Mae obnacte 3HaueHb [0,1], omHaK ICHYIOTh BUHSTKH.
Takoxx myia AesiKuX ajaropuTMiB HaBYaHHS Mepexi HeoOXigHO, moO BoHa Oyrna

oesnepepBHO qudepeHIiHOBaHO Ha BCii uncioBii oci. LIITyuHnit HEMpOH MOBHICTIO
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XapaKTepU3yeThCs HOTo IepeaaBaibHO0 (QyHKIiEro [5]. Buxopucrans pi3HHX
nepeaBaibHUX (DYHKINIH J03BOJISE BHOCUTH HEIIHIMHICTH B pOOOTY HEHpoHa 1 B
1JIOMY HEUPOHHOT MEpPEeXKi.

HaiinommpeHimow HeIiHIMHOK aHAJIOTOBOK AaKTHUBAIIMHOI (YHKIIEID €
cUrMoinanbHa Jioriuna GyHkiis [6], if oomacTs 3HadeHb 3HaxoauTh y inTepBaii (0, 1)

(puc. 2.4). 3 mapamerpamu, b € i d, GyHKIIIFO 32/1a10Th BUPA30OM:

ne b, ¢, d - BiabHI mapameTpu QyHKIIII.

[Tpu omuHMYHUX 3HA4YEeHHsX napametpi b =1, ¢ =1, d = -1 ogepxkyemo:

Pucynok 2.4 - CurmoinanbsHa jgoriyHa QyHKIIS

binbin npocToro € JiHiitHa nepenaBaibHa GyHKIsA (puc. 2.5), s AKOi CHrHAI
Ha BHUXOJ1 HEMpOHA JIIHIWHO MOB'I3aHUH 13 BArOBOIO CyMOIO CUTHAIIB Ha KOO BXOJI.

OO64YHCITIOETHCS 32 HACTYITHOIO (POPMYIIOLO:
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f(x) = tx,

ne t — mapameTp QyHKIIIi.

Pucynox 2.5 - JliniitHa GyHKITIS

B mtyyHux HEHpOHHUX Mepekax 13 IapyBaTO CTPYKTYPOIO, HEHPOHH 3
nepeaBaTbHIMH (QYHKITISIMH TaKOTO THITY, SIK MPABUJIO, CKJIAIal0Th BX1THUH II1ap.

Kpim mpoctoi miHIHOT (QYHKIIT MOXYTh BUKOPHUCTOBYBAaTHUCH TaKOXK il
moaudikamii. Hanpukiman, HamiBiiHiiHA QYHKIIA (SKIIO ii a@pryMEHT MEHIIEe HYJIs, TO
BOHA JIOPIBHIOE HYJIIO, & B IHIIUX BUIMAJKaX, TOBOAUTH ce0e sIK JIiHIMHA) a00 KpOKOBa
(TiHIMHA QYHKINS 3 HACUUEHHSM ), SIKY MOXKHA BUPA3UTH (HOPMYJIOH0:

[Ipu upomy MoOXIuBUNA 3CyB (yHKLII MO 000X ocsax (K 300paxkeHO Ha
MatoHKy). HemomikamMu KpOKOBOi1 1 HamIBIIHIMHUX aKTUBAIIWHUX (DYHKIH 11040
JiHIMHOT MOKHA Ha3BaTH T€, III0 BOHU HE € TU(EPEHITIHOBAaHUMH Ha BCii YU CIIOBIH OCI,
a 0TXKE€ HE MOXKYTh OyTH BUKOPUCTaHI IPU HABYAHHI 32 ACSIKUMHU aJITOPUTMAM.

[Toporosa nepenatouyna yHkiis (puc. 2.6) sBise codoro nepenaa. J{o tux mip
MOKY 3BaKCHWI CUTHAJ Ha BXOJIl HEWPOHA HE JOCITA€E TEBHOTO PiBHS [- CUTHAT Ha
BUXO/I1 IOPIBHIOE HYJIO. SIK TIIbKKM CUTHAJ HA BXO/Il HEHPOHA NEPEBUIILYE 3a3HAUCHUN

piBeHb, BUXIJHUN CHUTHal CTPUOKOMOMIOHO 3MIHIOETHCS HAa OJMHHINO. Brache,
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HalnepuInii mpecTaBHUK 0araTomapoBUX MTYYHUX HEHPOHHUX MEPEXK - EPLIETITPOH

[7] ckianaBcst BUKIIFOYHO 3 HEHPOHIB TAKOTO THUILY.

Pucynok 2.6 - [loporoBa ¢yHKIIis akTUBaIii

MareMatnyHuil 3anuc 1i€i GyHKIIT BUTIIAIA€ TaK:

e T = —Wp*Xo - 3cyB (yHKIIIT aKTHBAIII1 I10/10 TOPU3OHTAIBHOT OCl,
X - 3Ba)K€HA CyMa CHUTHAJIIB Ha BXOJaX HeHpoHa 06e3 ypaxyBaHHS bOTO JOJATKY.
3 orusAy Ha T€, 10 1 PyHKIIis He € nudepeHIiiioBaHoO0 Ha BCii ocl abcItuc, ii
HE MOXHa BUKOPUCTOBYBATH B MEPEXax, 110 HABYAIOTHCS 3a aJITOPUTMOM 3BOPOTHOTO
MOIIUPEHHS TTOMUJIKH.
Jlo Toro , MOporoBy (yHKIIii aKTUBaLlli MO’KHAa BUKOPUCTOBYBATH 3 1HILIUMHU
aNrOpUTMaMH, sIKI BUMararoTh, 100 nepeaaBanbHoi PyHKIIT Oyna nudepenuiiioBana,

SAK 3BOPOTHE ITOMIMPCHHA ITOMUJIKH.
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[HIIOI0O YacTO BUKOPHCTOBYBaHOIO (YHKIIE€IO aKTHUBAIll € TinepOoIiuHUiA
taurenc (puc. 2.7). Ls dyHkiie rpadikoM Harajaye curMoinaibHy (DYHKIIO Ta Mae

Taki caMi niepeBaru, ooyacte 3HaueHsb (-1, 1).

finrh hncbian

oe

0E!

ozt

LE
=

Pucynok 2.7 — I'inep6omniyanii TaHTEHC

Bapro BiA3HAauMTH, 110 HA BIAMIHY BiJ CUTMOIJaJIbHOT (YKHIII, TpagiEHT
rinepOo0IIYHOrO TaHT€HCA € OLIBIINM, TOA1 BUOIp MI>XK HUMU JABOMa OyJie 3anexaTH Bijl
BUMOT JI0 aMIUTITYIA TPAJIEHTY.

OcTaHHIM YacoM TakOoX cTae MomyJisipHor (yHkIis Bunpsmiasdy adbo RelLU -
rectified linear unit (puc. 2.8).

BaxxnuBotro nmepeBaroto 11i€i pyHKINi mepes; CHrMOigaIbHOO Ta TINepOOTIYHUM
TaHT€HCIB, € T€, III0 OUYUCIICHHS 3HAYEHb 11€1 (PYHKIIIT HE € TAKUM PECYPCOEMKHUM, TOXK

B1I0YBa€THCS IIBHULIE 332 HACTYITHOIO (POPMYIIOIO:

f(x) = max(0,x).

3 HenoikiB 11€i QYHKIIIT aKTUBaIll MOKHA BIA3HAYUTH MOXKJIMBE BIAMUpPaHHS
BEJIMKOI YAaCTUHU HEHPOHIB, TOOTO BHACTIOK BU3HAYECHHS BAariB, JAEsSKlI HEHPOHI

MOKYTb IIEPECTaTH aKTUBYBATHUCS. Taky nmpoOieMy MOXHa BUPIIIUTH BCTAHOBIIEHHSIM
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KOPEKTHO1 MIBUAKOCTI HaBYaHHs. ICHye Takox fekiibka Moaudikamii miel GyHKITii:
nmapaMeTpruYHa paHIOMIi30BaHA Ta HENIUIbHA, KOXKHA 3 HHUX 3aCTOCOBYETHCS IS

IICBHOT'O BUAY 3aJ1a4.

10

6

N

e e T T T T™™

-10 -5 5 10
Pucynok 2.8 - OyHKIi-BATIPSIMIITY

Heiipon 3Mmimenns (bias HeilpoH) - 11e BUI HEHPOHIB, 110 BUKOPUCTOBYETHCS B
O1nbIoCcTi Helipomepex. OcoOIUBICTh IBOTO TUITY HEUPOHIB MOJISATAE B TOMY, 1110 HOTO
BXI1JT 1 BUX1J] 3aBK/IM JOPIBHIOIOTH 1 1 BiH HIKOJIM HE Ma€ BXIJIHUX cHHAINCIB. Heitponn
3MIIIEHHS MOXYTb, 400 OyTH MPUCYTHIM B HEMPOHHOI MEpeXkI1 110 OJJHOMY Ha 1map, abo
OyTH MOBHICTIO BIICYTHIMHU. 3'€JTHAHHS Y HEMPOHIB 3MIIIEHHS TaKl X, K Y 3BUYATHIX
HEHPOHIB - 3 yciMa HEHPOHAMH HACTYITHOTO PIBHS, 32 BUHATKOM TOTO, III0 CUHAIICIB
MDK JIBOMa HEHPOHAMU 3MIIICHHS OyTH HE MOXKE.

Otxe, IX MOKHa PO3MINIYBAaTH Ha BXIJTHOMY Iapi 1 BCIX MPUXOBAaHUX IIapax,
ajie HIAK HE Ha BUXIAHOMY Ilapi, TaK sIK iM MPOCTO HeMa 3 4uM Oyzae (popmyBaTu
3B's130K. [lo cyTi, HEMpoH 3MIIIEHHS [03BOJISIE KiIacH(DIKaTOpy 3MIIyBaTH MEXY

pillIeHHS JTIBOpYY 200 MpaBopyd.
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2.3 KonBoJoniiiHi HeHpoHHI Mepe:xi

KonBomroriitHi, a0o 3ropTKoBi, HEHPOHHI Mepexi € MoaudiKalier
OaraTomapoBUX MEPLENTPOHIB, SKI YCHIIIHO 3aCTOCOBYIOTHCA [UIsi pPOOOTH 3
300pakeHHIM: Kiacudikaliii, Kjiactepusalli Ta mpoBeIeHHs 11eHTudiKkarii 00'eKTiB Ha
300pakeHH1. 3rOPTKOBI MEpeXi OyJIM CITPOCKTOBAH1 TAKO>K Ha OCHOBI MO3KY TBapHHH,
a caMe Tpolecax, ki BiI0yBarOThCs y HEHPOHAX 30pOBOi KOPU MO3KY.

[HHOBAIIIEIO 3TOPTKOBUX HEHPOHHHUX MEPEX € MOMIMBICTH aBTOMAaTUYHOTO
NapajieIbHOTO HaBYaHHS BEJIMKOI KUIBKOCTI (LIBTPIB, CEUU(DIUHUAX ISl HABYAIBHUX
JAHUX 32 OOMEXEHb KOHKPETHOI 3aJadl MPOTHO3YBaHHS, HANPHUKIAM, Kiacu]ikamii
300pakeHb. Pe3ynbrarom € myxe crnenudiydi 03HaKH, K1 MOXYTh OyTH BUSIBIICHI B
OyJIb-IKOMY MICII1 Ha BX1AHUX 300pKCHHSX.

ToOTo, MeTa KOHBOJIIOIINHOT Mepexki MOJsITrae y 3MEHIIEHHI 300paKeHHS y
dbopmy, Ky Jeriie oOpoOIsATH, He BTpavyal4d OCOOIMBOCTI, SKi € KPUTUUYHUMH JIJIs
OTPUMAaHHs XOPOIIOTO MPOrHo3y. Jlo TOro K, He3BAXKAIOYM Ha BEIUKUN po3MIip, I
MepeXi MalOTh HEBEJMKY KUIBKICTh TapaMeTPiB, 110 HACTPOIOIOTHCS.

KoHBosomiiftHi HeHPOHHI MepeXk1 MAtOTh BIAMIHHY Bl 3BUYATHUX HEHPOHHUX
Mepex apxiTekTypy [2]. PerymsipHi HeMpoHH1 MEpEXi MePETBOPIOIOTH BX1/, IPOBIBIIH
1oro yepes psii npuxoBaHux mapiB. KokeH map ckiamaerbest 3 HaOopy HEHPOHIB, 1€
KO>KEH IIap JI0C1 MMOBHICTIO 3'€IHAHUH 3 yciMa HEHpOHAMU IIapy - MOBHO3'€/IaH] IIapH.
Hapemiti, € ocraHHiii TOBHO3'€THAHWI IIAp - BUXIAHUKA IIap - SIKAW MPECTaBIISE
MIPOTHO3H.

ToOto, 1151 00poOKHU 300pakeHb, HA BXIAHOMY IIapl MOBUHHO OYTH CTIIBKH
HEHPOHIB, CKUIBKH € MIKCEIIB Y 300pa’kKeHH1, TOMY y BUIIA/IKY BEJIMKUX 300paKe€Hb Taki
Mepexi Jy>ke moraHo MacirtadyrooThes. Tak, skumo po3mip 300paxenHs 20 x 20
MIKCEJIB Ta MICTUTh 3 KaHAJIM KOJIHOPY, Y TIEPIIOMY MIPUXOBAHOMY IIIapi HEHPOH Oyie
matu Bary 20*20*3 = 1200. [Jo Toro x, BeluMKa KUTbKICTh 3T€HEPOBAHUX MEPEKEIO
napaMeTpiB MOKe IIBHIKO IPU3BECTH JI0 MIEPEHABYAHHSI.

OueBuaHO, 110 OararomapoBHil MEPCENTPOH HE € HaWKpaIow 11e€r0 A

00poOKu 300paxkeHb. OJIHIEIO 3 TOJIOBHUX MPOOJIEM € Te, 1110 MTPOCTOPOBa 1HGOpMAITIS
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BTPAUa€ThCS, KOJIM 300pa)KEHHS pO3rOrPaeThbCsi B OJAHOBUMIPDHHM MacuB B
nepcentpoHi. Tomy, Ko O0akaHuil 00'eKT 11 11eHTH(IKAIIT 3HAXOTUTHCS B PI3HUX
ByTJax Ha pi3HUX 300pakKeHHSIX, a00 K0 300pakeHHS IIEpPEeBEPHYTE JOTOPU HOTaMH,
OaratomapoBuid MEPCEeNTpoOH He OyJie KOPPEKTHO po3mi3HaBaTu 00'ekT. By3mwm, ski
3HaXOAATHCS OJIM3bKO, BAXKIIMB1, TOMY III0 BOHH JIOTIOMAratoTh BU3HAYUTH OCOOIMBOCTI
300paxeHHs (o3Haku). TakuM YMHOM, HaM TMOTPiOEH CMmocid BUKOPHUCTAHHS
IIPOCTOPOBOI KOpEJIsALlii 0COOMBOCTEN 300paskeHHs (IIIKCENIB) TAKUM YUHOM, 1100 MU
MOIJIM 0auuTH 00'€KT HA 3HIMKY, HE3aJIE’)KHO B1Jl TOTO, JI€ BIH MOXKE 3'SBUTHUCH.

[lepmr 3a Bce, mapu B KOHBOJIOIIHHUX MEpEXKax OpraHizoBaHi B 3 BUMIPH:
IMpUHA, BUCOTA 1 rubuna. Jlami, HelpoHU B OJTHOMY Iapi HE 3'€IHYIOTHCS 3 yciMa
HEWpoOHAMU B HACTYIMHOMY Illapi, ajie TUIbKM 3 HEBEJIUKOIO Horo obnactio. Hapermri,
KIHIIEBUM NporHOo3 Oyne 3BEAEHHM J0 OJHOrO BEKTOpa OILIHOK HMOBIPHOCTEM,
OpraHi30BaHUX MO IITMOMHHOMY BUMIPI.

3ropTKOBI MEpPEKI TAKOK MAlOTh BXIAHUI, BUXIJHUN Ta MPUXOBaHI mapu. Aje
came MepIIMM MPUXOBAHUM IIap - IIap 3TOPTKU - L€ Te, 110 POOUTH L0 MEPEXY
oco0mBoto (puc. 2.9).

3roptka - 1ie MpocTe 3acTOCyBaHHS (UIbTpa 10 BXOAY, L0 MPU3BOIUTH A0
axtuBailii. [loBTOpHE 3aCTOCYBaHHS OJHOTO 1 TOTO X (DUIBTPa 10 BXOAY TMPU3BOIUTH
710 KapTH aKTUBALiH, sIKI HA3UBAIOTHCS KApTOIO 00'€KTIB, 1110 BKa3y€e Ha PO3TAIlyBaHHS

1 CHITy BUSIBJIEHOT (DYHKIIIT HA BXO/I1, HATPHUKJIIA] 300pakKeHHS.

KapTtu o3Hak

K.O3HaK

K.O3HaK

--
e
"EmEm s - wowom -

3ropTku ArperyBaHHs 3ropTku ArperysaHHA [loBHO3'eAHaHUIA

Pucynok 2.9 - ApxiTekTypa 3ropTKOBOi HEHPOHHOT MEepexi
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Ha 3roptkoBomy mapi KOXKeH (UIbTp 3IIHCHIOE 3rOPTKY 3a LIMPUHOIO Ta
BHCOTOIO BXIJHOI €MHOCTI, OOYHCIIOIOYN CKAISIPHHUN JOOYyTOK AaHUX (UIBTPY Ta
BXOJy, 1 popMyroun 2-BUMIPHY KapTy 30y KEHHs (KapTy 03HaK) HpOro GiiabTpy. Yci
KapTu 30y1KeHHS POPMYIOTh TOBHY EMHICTh BUXO/Ty 3TOPTKOBOTO 1I1apy.

[Ticns 1mrapy 3ropTKW 3a3BU4Yail HACTymHUM Oyje miap arperyBanHs (pooling
layer). Lle#t map BigmoBimae 3a 3MEHIICHHS MPOCTOPOBOTO PO3MIpY 3HAiICHUX Ha
eTamni 3ropTkd 3Hak. Mera B ToMy 100 3MEHIIWTH OOYHMCIIOBAJIbHY MOTYXKHICTD,
HEOOX1HY It 0OpOOKM JTaHMX, IUISIXOM 3MEHIIECHHS po3MipHOCTI. Kpim Toro, 1e
KOPUCHO JJIsI BUJTyYEHHSI JOMIHYIOUHMX O3HaK, SIKI € POTALIMHUMU Ta MO3ULIAHUMU
1HBaplaHTaMM, TAKMM YHHOM M1ATPUMYIOUH MPOIeC €PEKTUBHOI MiITOTOBKU MOJIETII.

ArperyBanbHuil map 0a3yeTbcs Ha TOMY, IO IpyOe MOJIOKEHHS O3HAKU
BIJIHOCHO 1HIIUX € BAXKJIMBIIIUM, HDK 1i TOYHE MOJIOKEHHS Ha 300pa’kKeHHI, TOMY
MO’KHa 3MEHIIIYBaTH MPOCTOPOBUN PO3MIP O3HAK I MOKPALIEHHS MPOJYKTUBHOCTI.
TakuM 4MHOM, arperyBajlbHUH IIAap MOYKHA BCTaBIIATH MOMDXK MOCIIJOBHUX IIapiB
3TOPTKH.

BuninsioTe Aekiibka BUAIB arperyBaHHs: MakcuMizamiiae (max pooling),
ycepennbioBanbhe (average pooling) Ta L?-mopmose arperysanns. Makcumizaniiine
arperyBaHHs 3aJlMIIA€ MaKCHMMajbHE 3HAueHHS mikcens 3 rpynu (puc. 2.10),

yCepeaHIOBAIbHE - BIJIMOBIIHO CEPEIHE 3HAUCHHS MIKCENB IPYIIH.

OauH 3piz ranbuHK

.
1 0 2 3
X
6 6 8 6 8
o
3 1 1 0 3 4
1 2 2 4
=
Y

Pucynok 2.10 - Makcumizaiiiiine arperyBadss 3 GpiabTpoM 2X2 Ta KPOKOM 2
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[Ipu L2-HOpMOBOMY arperyBaHHi 3HA4Y€HHS OOYMCIIOETHCS 32 (HOPMYIIOKO

Hopmu L? a6o EBK1izI0BOi HOpMHU:

”f” = 2o X%

7ie BEKTOP X 337a€Thest 51K X — (X1s ) Xn),

Takum yuHOM, rinepnapamMeTpaMu bOTo Mapy (K0 BiH BUKOPUCTOBYETHCS Y
MEpEexXi, Mo po3po0sSEThCs, € Tl GiIbTPY (X0ua, 3a3BHUaid, HAUOLTHI e(HEKTUBHUM
€ MakcuMizaitifiauii [8]), po3mip simpa GiabTpy Ta 3HAUCHHS KPOKY.

Opnak, 6arato po3poOHUKIB HE MOJIOOJSAIOTH ONEPALiI0 arperamii 1 yMaroTh,
10 MOKHA OOIUTHCA 1 0€3 Hel Ha KOPUCTh apXITEKTYPH, SIKa CKIAJAEThCS TUIBKH 3
NOBTOPIOBAaHUX 1IapiB 3ropTKu. 11100 3MeHIINTH po3Mip MOAAHHS, BOHU IPONOHYIOTh
BUKOPUCTOBYBATH OUTHIIWH IIAr B IIapax 3rOPTKHU Yac Bijg yacy. Takoxk BUSABIEHO, IO
BIJIKM/IAHHS IIIapiB arperaiii € BaKJIMBUM Yy HaBYaHHI XOPOIIMX TI'€HEPATHUBHUX
MoJIeIel, TaKuX K BapianiiiHi aBrokoaepu (VAE) abo reHepaTHBHI 3MarajibHi MEpexi
(GAN). HmoBipHO, mo MaiibyTHI apXiTeKTypH OyIyTh MaTH JIHIIE HeGAarato mapis
arperariii a0 He BUKOPUCTOBYBATH 1X B3arai.

[licns mapy akTuBamii MOXE€ 3HAXOJWUTUCh IWIap HOpMali3aiii, AKUN
BUKOPHUCTOBYE OJHY 3 (DYHKIIIH, ONTMCAHUX Y MOMEPEIHBOMY MIIPO3/ii. AJle, 3 4acoM
Iap HopMaJi3ailii mepecTarTh BKIIOYATH J0 MEPEKi, 00 YacTiiie HOoro BHECOK € JyKe
MajuM, ab0 HaBITh HYJIbOBUM.

OcTtanHIM TIapOM € TIOBHO3'€JJaHUM MIap, SKUW 31HCHIOE BHUCOKOPIBHEBI
CYJDKeHHS Y Mepexi. HelipoHu y 11boMy 11api MaroTh 3'€IHaHHS 3 yciMa 30y IKCHHIMU

MOTIEPETHBOTO TIapy, K 11e MOKHA 0aYUTH Y 3BUYAHUX HEUPOHHUX MEpexkKax.
2.4 HaByaHHSI HEIiPOHHUX MepPexK

Hapuanus Helipomepexi € BJacHe OCHOBHUM MPOLIECOM ii pO3pOoOKH. Y 1IbOMY
po3aum Oyne po3TIITHYyTO METOAM HAWOLIbI €EeKTUBHOTO HAaBUYAHHS Ta OMTHUMI3allii

MEpEexKi.
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2.4.1 EBoarouiiHuii MeTOx

Lle#i meron Oa3yeTbcsi Ha MeXaHI3Max CHAJAKyBaHHS O3HAaK Yy MPUPOTHUX
MOMYJIAIISIX opraHi3MiB. ['imoTe3a cenexiiii Moxe 100pe OyTH 3aCTOCOBaHa 0 MEPExKi
IMITYYHUX HEUpOHIB. UMM BHIIlE MPHUCTOCOBAHICTh OCOOWHM, TUM BHIIE MMOBIPHICTD,
10 B 11 MOTOMCTBI O3HAKH, SIKI BU3HAYAIOTh MPUCTOCOBAHICTh, OYIyTh BUPAXKEHI IIIC
OlbIIIe.

J11st BU3HauYeHHsI €()eKTUBHOCTI TPOBEICHOI0 HABYAHHS BUKOPUCTOBYIOTHCS TaK
3BaHa (PYHKIIISI BTpaTu. SIKIIO alrOpuTM Mpairoe ao0pe, ToOTO, Micias HaBYaHHI 3
BUUTEJICIICM Ha TECTOBUX JAHHWX MPOTHO3YBAaHHS € KOPEKTHHUM, 3HAYCHHS (QYHKIII €
ManuM. [Ipu 3MiHI 9acTUH ajaropuTMa came 3a JOMOMOror (GyHKIII BTpaTH MOKHA
CTE&XXUTH 32 €(EKTUBHICTIO aaropuTMmy. Toxl, HaBYaHHS MeEpEexXl € 3aJayero
onTHMI3aIlli, METOIO SIKOi € 3MEHIIIEHHS 3HaueHHs (PyHKIIIT BTpaTH.

OpHa 3 HAUTIPOCTIMUX (PYHKITIH BTPATH - CepeAHbOKBaIpaTHIHa moxuoka (MSE

- Mean Squared Error). 3agaerscst HacTYITHOIO (GOPMYJIOFO:

MSE ==Y (yi — 1)?

n

Iie N - KIJIBbKICTh TECTOBUX JAHUX,

Y - 3HA4YCHH:, IIPOTHO30BAHC AJITOPHUTMOM,

Y. peanbHe 3HaUCHHS.
Yacrime st 0OYMCIEHHS BTpaT BUKOPHUCTOBYETHCS (YHKIIS MEPEXPECHOl
errporii (cross entropy, log loss), sika € norapudpmiunoro Mogudikamiero GyHKI

MPaBAOMOAIOHOCTI Ta U1 BUNIAAKY O1HapHO1 Kiacu(ikailii Mae HaCTymHy GOpMyIy:

H=-(y*log(p) + (1-y) log(1 - p)).

A€ P - 3HAYCHHsI, IPOTHO30BAHE aJITOPUTMOM,

Y - peajbHE 3HAYEHHS.



45

OyHKIIII0 MOYXKHA 3aIMCATH MPOCTIIIe HACTYITHUM YHHOM:

g = _{108(39), y=1
log(1-p),y =0

®OyHKIIIA MepeXpecHOl EHTPOIii BUKOPUCTOBYETBCS JJI BUXITHUX 3HAUCHb Y
nianasoni Bix 0 go 1. Benukoro mepesaroro miei GyHKIIIT € Te, M0 32 MalTy TOMIJIKY
(0,1-0,2) mrrpad dynkiii Oyae Maaum, a 3a Benuky moxuoky (0,9-1,0) - qyxe BemukuM
(puc. 2.11).

B
=0

0.0 0.2 04 0.6 08 1.0

Pucynok 2.11 - I'padik pyHkii mepexpecTHoi eHTporii
2.4.2 MeToa rpalieHTHOTO CIYyCKY

['pagieHTHUHN CIyCK - OJIMH 13 METO/IIB aJITOPUTM HaBUaHHS, 3aCTOCOBYETHCS Y
0aHaTHOX MOJICIAX MAIIMHHOIO HaBYaHHS, 30KpeMa MpH HaBYaHHI TJIMOOKHX
HEHPOHHHUX MEPEK, TAKOX BIJOMHH SK METOJ 3BOPOTHOTO IONIMPEHHS ITOMUJIKA
(backpropagation).

Ile anroput™m onTUMIi3aIlii, 3aCHOBAaHUI Ha OMYKJIOT (PYHKITIi, IKWI 1TepaIiitHo

3MIHIOE TapaMeTpPH, 11100 MIHIMI3YBaTH 3aJ1aHy (QYHKIIIIO J0 ii JOKAJIbHOTO MIHIMYMY.
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CyTHICTb METOJy TPAAIEHTHOTO CIIYCKY - MOIIYK MIHIMAJIbHOTO 3HAYEHHS
(GyHKIIT BTpaTH s BU3HAYECHHS ONTHMAJIbHUX MapaMeTpiB CTBOPIOBAHOI MOJEN]
(Baru Ta 3CyBH), BUKOPUCTOBYIOUH TpamieHT ¢yHKuii Brpatu [9]. BpaxoByroun, mo
noxijaHa GyHKII1 BIIHOCHOTO OJTHIET Baru - 1€ T€, KyJI1 MOTPiOHO 3MICTUTH Bary, 1moo
MIHIMI3YBaTu ii JUIsl OrO MPHUKIATy HABYaHHs, TO BJACHE, TPAJIEHT JOIOMAarae
BHU3HAYUTH BIUIMB KOXKHOI Baru 3'€JHaHb HEHPOHHOI MEpeXi Ha 3HAUYCHHA (YHKIIT
BTpPATH.

HackinbKy BEIMKUMU € KPOK, Ha SIKHUW KOKHUW pa3 CXOAUThH alrOPUTM B OIK
MICLIEBOTO MIHIMYMY, BU3HAYA€ThCSl TaK 3BaHUM KOE(IIIEHT MIBHAKOCTI HABYAHHS.
Bin Bu3Havae, HaCKUIBKU IIBUIKO a00 MOBUIBHO MU PyXaTHUMEMOCS /10 ONITUMAaJIbHUX
Bar.

[Ilo6 moyaTw MONIYK MPaBWIbHUX 3HA4Y€Hb, MM IHIIiami3yeMo 3HaueHHs W
(Baru) 1 B (3cyB) neIKMMHU BUMAJKOBUMHU YUCIAMU, MICIS YOTO TPATIEHTHUN CITYCK
MIOYMHAETHCS 3 Mi€i TOUKH (7ech Yy BepXHii 4acTtuHi Ha puc. 2.12). [ToTim BiH 3aiimae
OJIMH KPOK 32 1HIIMM y HAMKPYTINIOMY HAampsIMKy BHHU3 (HAlpUKIIAJ, 3BEpXy BHU3),

MOKHY BIH HE JOCSITHE TOYKH, /1€ (PYHKI[Isl BUTPAT J € IKOMOTa MEHILOIO.

J(w, b)

Pucynok 2.12 - 3nauenns ¢yHKIii, 10 SIKOTO MparHe rpaJi€eHTHUNA CITyCK
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Jlnis Toro, mo0 CIycK rpajii€eHTa JOCSIraB JIOKAIbHOTO MIHIMyMY, MU MOBHHHI
BCTAHOBUTHU HIBUKICTh HABYAHHS JI0 IEBHOT'O 3HAUYCHHS. AJDKe KO0 el KoeilieHT
3aHAJTO BEJMKHI, MU MOJ0TAEMO MIHIMYM: TOOTO MpOiieMo MOB3 MIHIMyMY. Ko
3aHAATO Majiuid, TO OyJie BUKOHAHO HAATO Oarato iTeparliid, o0 micTaTucs 10
MiHIMyMy. To0TO, HEOOX1IHO EMIIPUYHUM METOJOM Ha KOHKPETHUX JTaHHUX
BCTAHOBHUTH 3HAUEHHS TAKUM YMHOM, 110 BOHO HE Oyje 3aHaJATO HU3bKUM YU 3aHAATO
BHUCOKHM.

YacTo BHUKOPUCTOBYIOTHCA PIZHOMAaHITHI MOAMQIKALII METOLY TIpalEHTHOTIO
CITyCKY, OJIUH 13 HUX - CTOXacTUUHUH rpanieHTHui ciyck (SGD - Stochastic Gradient
Descend). Ilro moamdikaiiro 4acTo BHUKOPHUCTOBYIOTh, KOJH TPCHYBaJIbHUH CET
MICTUTh Ayke€ Oarato gaHux. ['oJoBHa HOro OCOONMBICTH y MOPIBHSHHI 3 BUIIE
ONKCAaHUM QJITOPUTMOM € BHUKOPUCTAHHS OJHOIO BHIIAJKOBOTO TPEHYBAJIBHOTO
JTAHOTO, @ HE CYMHU TPaJIi€EHTIB, BUKIMKAHUX KOXHUM €JIeMEHTOM HaB4aHHs. Toni
CTaHJAAPTHOMY I'PaJlEHTHOMY CITYCKY MMOTPIO€H OJIMH MPOXiJ1 O TPEHYBAJIbHUM JaHUM
JI0 TOTO, SIK BIH 3MO’K€ 3MIHIOBAaTH MapaMeTpH, a MPU CTOXaCTUYHOMY - MapaMmeTpH
MOJIE1 3MIHIOKOTBHCS MICHIS KOKHOTO 00'€KTa HaBYaHHS.

Tomy st BEMKUX MAacUBIB JJAaHUX CTOXACTHUECKHUH IPaJIIEHTHUN CITYCK MOXKeE
JaTH  3HA4YHy TlepeBary B IIBUJAKOCTI B  TIOPIBHSHHI 31  CTaHJapTHUM
rpajieHTHUMCITyCKOM. OJIHaK, TPU CTOXaCTUYHOMY BapiaHTI JIiHIA CIIyCKY Oy/ie OLIbI
NePEPUBYACTOIO BHACIIIOK BUOOPY BUMAAKOBUX AaHuX (puc. 1.13).

YacrTiie BUKOPUCTOBYETHCS MIEBHY KOMOIHAI[1}0 000X METO/1B, IKUM MICTUTH iX
nepeBark, CTOXaCTUYHUN TPalieHTHUN CIYCK MaJeHbkuMHU maprismu (Mini-batch).
Bin mossirae B 004ncieHH1 rpajieHTa IPOTH OUTBIN HIK OJTHOTO MPUKIIATy HaBUAHHS
(BacHe, mapTii) Ha KOXKHOMY Kpoiii. [{eit MeTo 1 Moske TpaltoBaTH 3Ha4HO Kpallle, Hix
CHpaBXKHIN CTOXaCTUYHUM IPallEHTHUN CITYCK, OCKIIBKH KOJI MOYKE€ BUKOPHUCTOBYBATH

010,TI0TeKH BEKTOpH3allii, a HE O0YHCIIOBATH KOXKEH KPOK OKPEMO.
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Gradient Descent "~

Pucynok 2.13 - KpuBi 3Hax0/)keHHSI MiHIMyMY (DYHKIIi{

2.4.3 MeTo/ 3BOPOTHOT0 MOMIUPEHHSA MOMMUJIKHU

3BOpPOTHE MOILIUPEHHS, a00 3BOPOTHE TMOIIUPEHHS TOMUJIOK - aJITOPUTM
HABYAHHS IITYYHUX HEHPOHHUX MEPEK 3 BUKOPUCTAHHIM TpajaieHTHOro criycky [10].
BpaxoByrour MmTy4yHy HEWpPOHHY Mepexy Ta (YHKIIIO BTpaT, METOJ OOYHCIIIOE
rpagieHT GyHKIII BTpaT MIOJI0 Bar HEMpoHHOI Mepexi. Lle y3araibHeHHsS mpaBuiia
JEBTH JIJIs1 IEPCENTPOHIB 10 OaraTomapoBUX HEUPOHHUX MEPEK.

Heiiponna mepeka mommproe curHan Bximaux nanux Brepen (feed-forward
propagation) depe3 cBoi mapamMeTpH J0 MOMEHTY MNPUHHATTS PIIICHHS, a TMOTIM
PO3MOBCIOIKYE 1HPOPMALIIIO MTPO MOMUJIKY Y 3BOPOTHBOMY HampsiMi 4epe3 MEpPExKYy,
JUUIS1 3MIHU OJTHOTO TIapaMeTpy 3a pas.

@OyHKIIST 3BOPOTHOTO PO3MOBCIOKEHHS MNpHUIIMae IMOMWIKY, MOB'SI3aHy 3
HENPAaBWJILHUM MepeI0aYeHHSIM HEHPOHHOIO MEPEKEI0, | BUKOPUCTOBYE ITI0 IIOMUJIKY,
00 HaJalITyBaTU MapaMeTpy HEHPOHHOT MEpeXi B HANPSIMKY MEHIIOI MOMMJIKH, a
camMe (aKTUYHHN BUXIJ MEPEXi BITHIMAEThCA 3 OaKaHOTO, B PE3yJbTaTl 4YOTO

dbopmMy€eThCsl cUTHA TOMMJIKH. [leli cUrHam 3rooM TOIIMPIOETHCS MEPEXKEI B
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HAnpsSMKy, NPOTHICKHOMY HANpPSIMKy CHHANTHUYHUX 3B'SI3KiB, 3BIICK 1 Ha3Ba.
AJITOPUTM 3BOPOTHOTO TOIITUPEHHS MTOMUJIKH HACTYITHUM:

a) IHIMami3yBaTH  CHHANTHYHI  Bard  MaJCHBKHUMH  BHUMNAJIKOBUMU
3HAYCHHSIMH;

0) BUOpaTH 4YEeproBy HaBYajbHY IMapy 3 HaBYaJbHOI MHOXXHHH; TOJATH
BXIJTHUH BEKTOP Ha BX1JT MEpPExKi;

B)  OOYMCIMTH BUXI1J MEPEXKi;

T) OOUYHCIUTA PIZHUIIO MIXK BHUXOJAOM MEPEXl 1 HEOOXITHUM BUXOJOM
(LTBOBMM BEKTOPOM HAaBYAJILHOI ApH);

) MIJIKOPUTYBATH Barv MEPeski IJIsd MiHIMI3allli MOMIJIKH;

€)  TOBTOPIOBATH KPOKM 3 0) MO 1) Il KOKHOIO BEKTOpa HaBYaJIbHOI
MHOKHHH JIO0 THX ITip, TTOKM MTOMHUJIKA Ha BCI MHOXHHI HE JOCSTHE NMPUHHATHOTO
PIBHSL.

Kopexkiiis BariB BUXOuTh HEUPOHIB 32 (POpMYIIOIO:

1ie Wi - Bara i-To 3B'SI3Ky J-r0 HEHpOHY,
N - mapameTp IMIBUAKOCTI HAaBYaHHS,
E - 3HaueHHs BUX1IHOT TOMWJIKH HEHpOMEpEKi.

3 orjisAy Ha Te, 110 BUXIiJHA CyMa |-T0 HEeHpOHa JTOPiBHIOE

Sj = Xi=1 WijXi,
MO2KHa I10Ka3aTu, 1o:
OE _ OE 0S; _  OE
aWU B 6.5'} aWU B xia_Sj
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3 1pOro BUpa3zy BUILTUBAE, MO mudepeHmian ¢yHkmii akrusarii mepexi f(S)
MIOBUHEH ICHYBaTH 1 He OyTH PIBHUM HYIIO B Oyab-fiKiii Todlll, TOOTO (PYyHKIIIS
aKTUBallli MOBUHHA OyTH nudepeHiiiiioBana B KOXkKHIM TOUIl YMciIoBoi oci. Tomy st
3aCTOCYBaHHSI METOJy 3BOPOTHOTO TMOIIUPEHHS BUKOPUCTOBYIOTh CHUTMOIaNIbHI
aKTHBaIllHI QYHKIIT, TaKl SK JIOTICTUYHA a00 TinepOoTIYHUN TaHTEHC.

Ha mpaxkTuiii, HaBYaHHS MPOJOBXKYIOTh HE 10 TOYHOI HACTPONKH MEpexi Ha
MIHIMYM (PYHKIII1 TOMUJIKH, & 10 THX Mip, TOKKU He Oye TOCATHYTO JOCUTh TOYHE HOT0
HaOmmxeHHs. [le 103BoIUTh 3 0THOTO OOKY, 3BMEHIIUTH YUCIIO 1Tepalliii HABUYaHHS, a 3

1HIIOTO - YHUKHYTH MIEPEHABYAHHS MEPEKI.
2.4.4 TlepenaBYaHHS TA HeIOHABYAHHSA

Metorw xopomioi MoOJedi MAaIlMHHOTO HaBYaHHS € Yy3arajJlbHEHHS BIJ
HaBYaJIbHUX JIAHUX JI0 OY/Jb-IKUX JaHUX 3 TpoOiemMHoi obacti. e no3Bossie pooutu
MPOTHO3UW B MaWOYTHbOMY IOJO JaHUX, SKMX MOJENb HiKoau He Oauwmna. IcHye
TEPMIHOJIOTS, TKa BUKOPUCTOBYETLCS B MAIIMHHOMY HaBUYaHHI, KOJU TOBOPSTH PO
T€, HACKUJILKH JOOpe MOJIeTh MAIIMHHOTO HABUYAHHS BUBYAE 1 y3araJlbHIOE HOBI JaHi, a
came Tak 3BaHi nepeHaBuanHs (overfitting) 1 Hemonasuyanus (underletting) - Bonwm €

JIBOMa HaWBAKJIUBIIIMMU MPUIUHAME JJIS TIOTAHOT POOOTH aJTOPUTMIB MAIIMHHOTO

HaBuaHHs (puc. 2.14).

HenoHaBYaHHA [locTaTHE HaBYaHHA [lepeHaBYaHHA

Pucynok 2.14 - Pi3Hi cTyneHi HaBYaHHS MOJIeI
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HenonaBuanHs BinOyBa€eThCs, KOMM BCE 1€ € MOKJIUBOCTI JUIS TOJITIIICHHS
pe3yibTaTiB TECTOBOro MporoHy. lle Moxe cratucs 3 psay NPUUMH: SKIIO MOJENb
HEJIOCTaTHhO TMOTY)KHA, BOHA HAJAMIPHO PETYIIOEThCA ab0 MPOCTO HETOCTATHBO
niarotorieHa. lle o3Hauvae, mo Mepeka HE BHUBYMIIA BIJAMOBIIHUX IIA0JIOHIB Yy
HABYaJbHUX JIAHUX.

Sxmo TpeHyBaTH MEpEeXy 3aHAATO JIOBrOo, BOHA TOYHE TEPETOBHIOBATH 1
BHUBYATHME I111a0JIOHU 3 HAaBYAIBHUX JIAHUX, SIK1 HE MAXOAATH A0 TeCTOBUX AaHuX. Lle
O3Hayae, MO IIyM a00 BUIMAAKOBI (UIyKTyalli B HaBYaJIbHUX JaHHUX MIAIOpaHi 1
3acBO€H1 3a jomomoror Mojeni. IIpoGnema mossirae B TOMY, IO Il MOHSTTS HE
MOIIUPIOIOTHCS HA HOBI JIaHI 1 HETaTMBHO BIUIMBAIOTh HA 3JIaTHICTh MOJENEH 10
y3araJbHCHHS.

ToOro, mpu HaB4YaHHI MNOTPIOHO JOCATTH iFealibHOrO OamaHcy. 3 dYacom
HABYAHHS AJITOPUTMY, IOMUJIKA JIJI MOJIEJl Ha TPEHYBAJIbHUX JTAHUX 3HUKYETHCA, TaK
caMo SIK 1 TOMUJIKa Ha TECTOBOMY Ha0O0pi1 1aHuX. K10 HaBYaHHS MPOXOIUTH 3aHAITO
JIOBTO, MPOJAYKTHUBHICTh TPEHYBAJIBLHOTO HA0OPY MPOAOBKYE 3MEHIITYBATHCS, OCKUTBKH
MO/IeJIb IEPEHABYAETHCA 1 BUBUAE HEPEJIEBAHTHI JIETajl Ta IIyM Y HAaBYaJIbHOMY Ha0op1
TaHuX. Y TOW e Yac MOMMJIKA JIJIi TeCTOBOTO HAOOpYy 3HOBY IMOYMHAE 3POCTATH,
OCKIJIbKU 3/IaTHICTh MOJIEN1 Y3araJbHIOBATUCS 3MEHIITYEThCSI.

[neanbHuil OasaHC € BIACHE TOYKOIO MEpe]l TUM, SIK MOMHJIKA Ha TECTOBOMY
Ha0Op1 JaHWUX TTOYMHAE 30UTBITYBATUCS, TOOTO KOJIM MOJIENb Ma€ XOPOIIIl HABUYKHU SIK
JIJIs HABUAJIBHOTO HAOOPY MaHUX, TaK 1 JJIs1 HEBUJIMMOTO PaHIIIe TECTOBOTO.

Haitnpocrimmm criocoboM 3amobiraHHsi epeHaBYaHHS € 3MEHIICHHS PO3MIpY
MOJIeJTi, TOOTO KIJTbKOCTI MapaMeTpiB, M0 3MIHIOIOTHCS (KA BU3HAYAETHCS KUIBKICTIO
mapiB 1 KUIBKICTIO HEMpPOHIB Ha map). Y mpolieci rIuOOKOro HaBYaHHS KUIBKICTh
O3HAK, SKI MOHA JI3HATHUCA B MOJIEN, 4acTO Ha3MBAIOTh «PO3MIPHICTIO» MOJIEI.
[aTYyiTMBHO, MOIEns 3 OUIBIIOI KUIBKICTIO MapaMeTpiB Oyae Math Ouibiie
"MOXKJIMBOCTEHM 3amaM'sTOBYBaHHS" 1, OTXKEe, 3MOXKE JIETKO BUBUUTU 3B'S30K MIXK
HAaBUYAJBPHUMHU 3pa3KaMH Ta IXHIMH IIJISIMHU, 3B'SI30K 0€3 Oynb-sIKO1 3MaTHOCTI 0

y3arajbHEHHS, aje 11e Oy/e HeIOIIIBLHO ISl TPOTHO31B HA HOBUX JaHUX.
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[ToTy>kHOIO 3amO0IX)HOIO MIPOIO MPOTH TEpPEHABUAHHS € IS 3armoOiraHHs
NIEpeHaBUaHHS € Kpoc-Bamijaiis. [mes y Tomy, mo0 reHepyBaTH 3 TPEHYBaJIbHHX
JaHUX JICKUTbKAa HEBEJIUKHUX CETiB JaHUX Ta BUKOPHCTOBYBATH IIi CETH IS
HAJTAIITYBaHHS MOJIETII.

VY cranpgaptHiid kpoc-Bamigamii K-fold mani posminsiors Ha K migBuOipku, Ha
SKHX TIOTIM ITEPaTUBHO TPEHYEMO anropuTM Ha K-1 minBuOipKax, BHKOPHCTOBYIOUH

OCTaHHIN y SKOCT1 TECTOBOTO.

2.5 Bubip naracery

VY saxocTi gatacety Oyna BuOpaHna 6aza MiHapOAHOI CHIIKK 300paKE€Hb MIKIPU
(ISIC - International Skin Imaging Collaboration) [4]. ITpoekT «Menanoma» y Ik
oprasizaiii - I¢ HayKoOB€ 1 rajgy3eBe MapTHEPCTBO, CIPSMOBAHE Ha MOJIETTICHHS
3acToCyBaHHs IU(MPOBUX 300pa)keHb MIKIPU [JIi 3MEHIIEHHS CMEPTHOCTI BiJl
MenaHomu. [Ipu giarHocTyBaHHI 1 JIIKYBaHHI Ha PaHHIX CTaJisX MeJaHOMa JIETKO
BUJIIKOBYETHCHI.

Le#t apxiB MicTUTh OMU3BbKO 23 THUCAYl 300pakeHb KIACH(DIKOBAHUX ypPaKEHb
HIKIPH, K1 OyJK 310paHi y NpOBIIHUX KJIIHIYHUX LIEHTPaX M0 BCbOMY CBITY 1 CKAHOBaHI
3 PI3HUX TPUCTPOIB Y KOXKHOMY IIEHTPi. 300pa)KEHHsI 3HAXOAATHCS y BIIKPUTOMY
JOCTYIIl Ta MOXYTh OyTH 3aBaHTaKeH1 y IUIAX HaB4yaHHA. JlaTaceT MICTUTH SIK
3JI0SIKICHI, TaK 1 T0OPOSKICHI MPUKIA]IH.

He3pakarouu Ha Te, 0 ypa)K€HHS LIKIPH BUIHO HEO30POEHUM OKOM, MEJTAHOMU
Ha paHHIN cTajli MOXYTh OYTH BaXXKKO BIIPI3HUTHU BiJ JOOPOSIKICHUX YPaKE€Hb IIKIPH
3 noxioHumu Buctynamu. lle npusBeno a0 6aratbox MNPONYIIEHUX MEJIaHOM,
HEe3BaXKaro4yM Ha emijemito 6iomciid mkipu. KiapkicTh HeMOTPIOHMX O10TICIH 3aJICKUTh
BiJl KJIIHIYHUX YMOB, JIOCBIJYy €KCIlepTa Ta 3aCTOCYBaHHs TexHoJjorii. Hanpuknaz, y
JTeH, y KX Y9acTOTa MEJIAaHOMHU HH3bKa, a 3MiHa POJUMOK € MOIIUPEHO0, Ha PIK
icaye monay 500 000 Gionciit mist miarHocTrky mpubauzHo 400 meraHOM.

[IpuitHATTS TEXHOJIOTTYHUX 3aCO0IB JIJIsl BUSBIICHHS] MEJIAHOMU JIEPMATOJIOraMu

B 3arajbHiil IPaKTHIIl Ta JIKapsSIMU MEPBUHHOI METUYHOI JTOMOMOTH - SIKI CTAHOBJIATH
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JiHII0 (POHTY y BUSBIECHHI MEIaHOMH - MTOBLIbHE Yepe3 BapTiCTh Ta HE3py4yHOCTI. Lle
3MIHIOETBCS BHACIIJOK MOOLIBHOI PEBOJIONIT, OCKUIBKM Ha MPOQECiiHUN PUHOK
BUXOJATH IIU(PPOBI (hoToanapatu Ha 0a3i cMapTHOHIB 1 JEPMATOCKOTIH.
VY KOXHOMY TPHUKJIAAl MICTUTBCS 300paKeHHS ypa)K€HHs, 1HHOPMAIIIIO 11010
ypakeHHs (BKJII0YAI0YM KiIacu(iKaIliio 1 CerMEHTAIllI0) 1 MeTajaH1 [0JI0 MallieHTa.
300pakeHHsT MOXKHa 3aBaHTaXuUTU y (opmati JPG, pazom 3 MeTagaHUMH Y
dopmari JSON. [Ilpuknang 300pakeHb Ta MPEAOCTABICHUX METAJlaHUX Ha

puc. 2.17, 2.18.

Pucynox 1.17 - [Ipuknan 300pakeHb qaTaceTy

KpiM npsiMmoro 3aBaHTaxeHHs 3 CAUTy CIHIIKH, TAKOX MPEJOCTABICHUN CKPUIT
Ha Python, 3a 1onoMororo SKkoro MoxHa poOOTH aBTOMAaTU30BAHE 3aBAHTAXKCHHS Yepe3
API.

VYci 300pakeHHs MalOTh ogHaKoBI po3mipu: 1022 Ha 767 mikceniB. BiactuBicth
meta.clinical.benign_malignant mo3Hayae Ha Te, Yd € YTBOPEHHS JOOPOSKICHUM
(benign) a6o 3nosikicauMm (malignant).

B nannomy gociipkeHi He Oy1eMo BUKOPUCTOBYBATH Taki MapaMeTpH, sk cTath ('Sex’),

Bik (‘age_approx') ta sakmrounuii miarao3 (‘diagnosis confirm type'), Tomy mio 1iei
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napameTp s OiIbIIOCTi JaHuX He € iHpopMaTuBHIM a0 Mae 3HadenHs Null. Tooro,
JUI BU3HAYEHHS, YU € YTBOPEHHS 3JIOSIKICHHM, Oy/IeMO BUKOPUCTOBYBATH, BIIACHE,

300paKeHHS, Yy IKOMY HEMpOHHA Mepeska OyJie TyKaTH TIEBHI 03HAKU

{8
"_1d":"5436e3acbae478396759f0d9",

"name":"ISIC 000QEO5",
"meta":{ B
"acquisition":{ @
"image_type": "dermoscopic"”,
"plxelsXx":1022,
"plxelsY":767
}s
"clinlcal":{ =@
"benign_malignant":"benign"”,
"age_approx":40,

sex":"female",

"dlagnosis": "nevus",
"dlagnosis_confirm_type":null,
"anatom_site_general":"anterior torso",

"melanocytic":true

Pucynox 2.18 - IIpukian metaganux 300pakeHHs

2.7 BUCHOBKM 1O po3iiy 2

B npyromy po3miii 3po6JieHO OTis/l Ta aHai3 IITYYHUX HEHPOHHUX MEPEXK IS
3a/lay po3IMi3HaBaHHA Ta 1AeHTU(IKaIii 300paxeHb. Po3riasHyTo BUAM HEWPOHHMX
MEpeX Ta MeTOAW iX HaBuaHHA. JIJis BHpilIeHHs MOCTaBIeHOi 3adadi oOpaHi
KOHBYJISILIIMHI IITY4YHI MEPEXKH.
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3 PO3POBKA HEHPOMEPEXKEBOI CUCTEMH JJ151 KJIACU®IKAIIIT
®OTO30bPA’KEHb IIKIPHUX YTBOPEHb

3.1 ®opmyBaHHSI BUMOT 10 POrPaMHOI CHCTEMH

VY xoni ¢popmyBaHHS BUMOT OyB MPOBEACHUIN pETENIbHUM aHai3 MOCTaBICHOI
3a/mayi, 30KpeMa MOXJIMBOCTI TMPOTPAMHUX 3ac00iB Ta MOMUIMBI OOMEKCHHS,
BUPIIIEHHS SKUX HE BXOJIUTh JIO OOCSTIB I[LOTO JOCTIIKCHHS.

OT1xe, po3pobieHa cucTeMa OBUHHA OyTH Mpe/ICTaBIeHA Y BUTIISA A1 0107110 TeKH
(MOYJII0) 3 3aCTOCYBaHHSM MOBHM TporpamyBaHHS Python Ta iHIMUX JTOJaTKOBHX
010J110TEK MAaITMHHOTO HABYAHHSI.

Bumoru 1o 616;1i0TeKu:

- MOBUHHA OYTH FHYYKOIO Ta BUIBHOIO JI0 CTOPOHHIX HaJAIITYBaHb;

- HaJ[aBaTH MOXJIMBICTh TEPETJISiy pe3yibTaTiB MPOTHO3YBaHHS, TOOTO,
HaIpUKIIaJ, 3 IKOK MMOBIPHICTIO (Y MPOIIEHTAX) POJIUHKA € 3JI0SKICHOIO;

- HEHWpOHHA Mepexka y sipi 610J1I0TEKH MOBUHHA TTOKA3yBAaTH TOYHICTH HE
Meniie 70% Ha TECTOBHX JTaHUX;

- MIHIMI3yBaTH TPOLEHT XHOHO TO3UTHUBHUX TPOTHO31B, TOOTO KOJHU
37I0SIKICHA POJIMMKA BU3HAYAETHCS CUCTEMOIO SIK JOOPOSKICHA;

OOMexeHHSs TIpU pO3poOIIL:

- CUCTeMa MpUHMae Ha BX1J 300paKCHHS SKUMH BOHU HAJlalOThCS Ha
BUOpaHOMY pecypci, JHIIe 3 MIHIMAJIbHOIO MONEPEAHBOI0 OO0pOOKOI0, amKe
npoOIeMaTHKa KOMITFOTEPHOTO 30pYy HE € IIEHTPAIBHOIO JIJIsl JAaHHOTO JTOCHIKCHHS,

- JUTS TIOKPAIIEHHS] KOPEKTHOCTI MMPOTHO3YBaHHSI, MO’KHA BUKOPUCTOBYBATH
JMIIE TapaMeTpy HEUPOHHOI MEPEXKi, Ta HE BUKOPUCTOBYBATH BUCOKOPIBHEBI 3ac00U
KOMI'FOTEPHOT0 30pY;

- HEHWPOHHA Meperka MOBHHHA MPAIIOBATA HA KOMIT'tOTEpl 3 6 rirabaitamu

orepariiitHoi mam'sTi, MoTyKHicTIo mporecopa 2.5 rirarepi (Intel i5);
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- HEWpOHHAa Mepeka HaBUa€ThCsl 3 YyUMTEJEeM, HasBHA JIMIIEe 3ajada
Kiacudikarii.

Jlns toro, mo0 cucTreMa 3aJ0BOJIBHSIIA IOCTAaBJIICHUM BHMOTaM, HEOOXITHO
MiCTIsl IEPBICHOT PO3POOKH CUCTEMH MTPOBECTH AOCIIIPKEHHS 3 MPUBOTY HAIAIITYBAHHS
napameTpiB HEHPOHHOT Mepeski Ha poOOTY 3 TaHUM JIaTaCETOM.

[lapametpu, sKi HEOOXITHO MIAOMPATH EKCIEPUMEHTAIBHUM  IUIIXOM,
HA3MBAIOThCS TiNeprapaMerpamMu. Y JIaHOMY KOHTEKCTI BOHM BKJIIOYAIOTh B cebe:
KUIBKICTh MPUXOBAHUX IIAPIB MEPEkKI Ta KUIbKICTh HEMPOHIB HA KOXHOMY 3 HHX,
MIBUIKICT, HABYaHHs, CHIBBIJHONIEHHS TPEHYBaJbHOI JaTW JO TECTOBOi, BHJ
HAaBYaHHSA Mepexi, (YHKIS akTuBallii, HEOOXIJHICTh BUKOPUCTaHHS HEUPOHIB

3MIIIEHHS.

3.2 Orasia 3ac00iB MPpOrpaMHoro 3ade3neyeHHs

TensorFlow - 6i6mioTeka 3 3aco0aMu MaIlIMHHOTO HAaBYaHHS, sSKa po3po0IieHa
komnaniero Google Ta BHKOPHUCTOBYETBCS y TOMY YHCIII CaMOIO KOMITAHIEKD IS
pO3pOOKM Ta TMPOBEACHHS MOCHTIKEHb. 3ale3mneuye mporpamMHuil iHTepdeiic s
Python, Java, C++ Ta iHIHX.

Keras - Bigkpura O0i0mioTeka, ska mpamtoe Ha MoBi Python, Hamae
BucokopiBHeBuil APl mis pobGoTu 31 MTYYHUMHU HEUPOHHUMHU Mepexamu. 3a
JIOTIOMOTOI0  I1i€l  O10J10TEKM MOXHA KOHCTPYIOBaTHM BJAacHI HeHpoMepexi 3
PI3HOMaHITHHX €JIEMEHTIB: OINTHUMI3aTOPIB, IIJILOBUX Ta MepeAaBajbHUX (DYHKIIIH,
mrapiB. Xoya 0i0mioTeka MOXe (QYHKIIOHYBATH SIK pO3IIUpeHHs s TensorFlow a6o
Theano, 3 2016 micas Toro, sk BoHa Oyna mpuabaHa kommnaniero Google, i crama
a/lalTOBAHOIO SIK OCHOBHE Ha UTaIITyBaHHs Haz TensorFlow.

Keras Hajgae MOXIUBICTH JIETKO 1 HMIBUAKO POOWTH MPOTOTUIYBAHHS (depe3
MOBHY MOMAYJBHICTh, MIHIMAJI3M 1 PO3IIUPIOBAHICTh). BiH MATpUMY€E SK 3rOPTKOBI
MepEexXi, TaK 1 peKypeHTHI MEpexKi, a TAKOK KOMOIHAITIT IIUX ABOX.

biomioreka Torch € HaykoBOHO OOYMCIIOBAIBHOK 0a3010 3 MIHPOKOIO

MIITPUMKOIO aJITOPUTMIB MAIIMHHOTO HaBYaHHS, IO B TMEpIIy depry 0a3yeTbcsl Ha
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BukopuctanHi GPU. Bona mpomonye mpocTuii y BHUKOPHCTaHHI Ta €(EeKTUBHHI
iHTepdeiic CBOIM KOpHUCTyBadam, 3aBJSKH JIETKIM Ta IMIBHAKIA CKPHUIITOBIM MOBI,
LuaJIT, ta nexauiii B ocHoBi C / CUDA. KopuctyBaui TOrch 3sMoxyTh CKOpUCTATHUCS
OCHOBHUMHM (DYHKITISIMH, TAKUMHU K MOTYXKHUKW N-MipHUI MacuB, 6arato mpouemyp
JUISL 1HJIeKcallli, Hap13Ky, TPAHCIIOHYBAaHHS Ta 1HIIMMH.

Theano - e 6i6mioreka Python, ska 103BoJsie KOpHCTYBaYaM BCTAaHOBITIOBATH,
ONTUMI3YBaTH 1 OI[IHIOBATH MaTEMaTU4H1 BUpPa3u, OCOOJIMBO Ti, III0 BUKOPUCTOBYIOTh
OaraToBuMipHUN MacuB. MOXKHa JAOCATTH HIBHUAKOCTI, IO KOHKypye 3 pyuHumu C
peanizalfisiMu JJisi Ipo0JIeM, MOB'sI3aHUX 3 BEJIMKUMH 00CSTaMu JaHUX 3a JOTIOMOTOI0
Theano. Bona takoxx moxe nepeBepiutd npoayktuBHicth C Ha CPU y nekinbka
pasiB, BUKOPUCTOBYIOUH repeBark HOBiTHIX GPU. Theano moemnye acniektu cuctemMu
KOMI'FOTEPHOI airedpu 3 aCeKTaMH ONTUMI3YI0UOro KoMIuisitopa. Bona Takox Mmoxe
reHepyBatu 1HauB1AyanbHU koA C i 6aratbox MaTeMaTUYHUX OTIEPAIliii.

Python - mmpoko BUKOpHCTOBYBaHA MOBA IIPOTPaMyBaHHS BHCOKOTO PiBHS JIJIs
porpamMyBaHHS 3arajibHOTO Mpu3HadeHHs. KpiM MOBH mporpamyBaHHS 3 BIIKPUTUM
BUXITHUM KozioM, Python € 4ynoBoro 00'eKTHO-Opi€EHTOBAHOIO, IHTEPIIPETOBAHOIO Ta
IHTEpaKTUBHOIO MOBOIO MporpaMmyBanHs. Python moeanye B co0i 4ya0BY MOTYXHICTb
3 JIy’K€ YITKIM CHHTAKCHCOM.

o poOutTh 10 MOBY MpOrpaMyBaHHS HAA3BUYANHO TPHUBAOIMBOIO ISt
pPO3pOOKHM 3acTOCyBaHHS TJIMOMHHOTO HAaBUaHHS, 1€ MEpII 3a BCE AYKE IPOCTH
cuHTakcuc (y nopiBHsSHHI 3 Java a6o C++), o cripusic HU3bKOMY TOPOTY BXOJIXKCHHSI.
Takox, Python wmoxe B3aemomisitu 3 Oaratbma iHImMMH OiOmioTekamu. Hapasi
OCHOBHUMH 010J110TE€KaMH, K1 BUKOPUCTOBYIOTHCS y MAIIMHHOMY HaBYaHHI, OKpPIM

sraganux Buie, € NumPy, SciPy, MatPlotLib, Scikit-learn, Pandas Ta imui.

3.3 Po3po0Oka nmporpamMHoi cucTeMu
3.3.1 IlonepeaHs MiAroTOBKA JaHUX

ISIC apxiB Hajae 300pakeHHs Yy HACTYIMHOMY (popmati JJisi KOKHOTO JIaHOTO:

300paxenHs y ¢opmati JPG a6o PNG Tta JSON-¢aiin 3 meta iHdopMmarliiero mpo



68

300pakenHs. BracHe, 3 meTa iHbopMarlii Hac MIKaBUTh TIIBKA OCTATOYHUH J11arHO3:
YU € POJAMMKaA 3JI0SKICHOI abo mo0posikicHO0. ToOTO, mpuHAWMHI JiJIs TTIEPBUHHOL
IMITJIEMEHTAITllT MepPeXi, €MUMHOIO BX1THOIO 03HAKOIO Oye (PoTo poauMKH 3 MOOIH3Yy.

BiaMmiHHOIO XapaKTepHOIO PUCOIO 3JIOSKICHOIO POAMHKH, SIKa MOXKE MPU3BECTH
JI0 PAKOBOT'O YTBOPEHHs, € ii «HempaBuibHa» (popma, TOOTO, AKIIO POJMMKA HE €
CUMETPHUYHOIO, a TAKOXK, SKIIO 1110 (hOPMY CKJIQTAI0Th Pi3HI KOJIhopH. To0TO, Oe3meuna
poauMKa Oyie MaT OLTbII MEHIII OHOPIIHE 3a0apBICHHS.

Bigomo, mo yci 300pa)k€HHsI MarOTh Pi3HI PO3MIpH, ajieé Mporopili GoTo €
onnakoBumH. 11100 po3mipu He Oy TOCUTH BEJIUKUM JJIs OTIPAI[IOBAaHHS 3BUYaiHUMU
HEUPOHHUMH MEpPEKaMu, TOMY Y SIKOCT1 ITOTIEpPeTHBOT 00POOKH HEOOX1JHO 3MEHIIIUTH
PO3MIPHICTh 300pa)KE€HHSI, MEPEBECTU MOro y YOpHO-OuIe (711 TOro, 100 KOXHUN
HiKCeJb MOXKHA OYJI0 TIpeACTaBUTH Y 3HaYeHHS Bix 0 10 255) Ti 301IBIIMTH KOHTPACT
300pakeHHsT (UIsl YCYHEHHSI HECYTT€BHX O3HAK, SIKI MOXYTh JIMIIE€ 3HU3ZUTU
€(EeKTHUBHICTb POOOTH MEPEXK1).

Yceworo 3 caiity ISIC [4] Oynmo 3aBanTaxkeHo 2774 daiinmu, T006TO 1387
300pakeHHs Ta iX MeTagadi. 3 Hux 908 qoOposikicHux Ta 479 37104KICHUX (CalT TaAKOXK
BUJA€ POAMMKH 3 HeomHo3HayHuM giarHo3oM (‘benign_malignant’), ane B oGmacti
JAHOTO JTOCIHKCHHS MH HEe OyJIeMO ITpUHMAaTH JI0 yBaru Iii JaHi.

Tak sk, 300pakeHHs, sIKI WIyTh MO MOPSIKY, € 3 OJHOTO M TOTO X pecypcy
(KTIHIKHA, JIOAWHH 1 T.J.) 1 € CXOXHMH 3a MacmTaboM, KOJbOpaMH Ta IHIIUMU
O3HAKaMH, X HEOOX1HO MOMEPEeAHBO MepEMIIIAaTH, 00 PI3HI TUIIK 300pakeHb OyIu
HasBHI Y TPCHYBAJIbHHUX Ta TECTOBHX JaHUX.

Hactymaum kpokoM HEOOX1AHO KOPEKTHO PO3MOIIIUTH JaH1 Ha TPEHYBaJIbHY Ta
TecToBy BHOIpKY. Posnmoaummmo maHi TakuM umHOM, 1o 80% maHux OyayTh
BUKOPHCTOBYBATHUCS K TpeHYBasIbHI Ta 20% sik TectoBi. [Ipu mbomy 06uaBi BUGIipKku
MMOBUHHI MaTH OJTHAKOBY K1JIBKICTh 300pakeHb TOOPOSKICHHUX Ta 3JIOSKICHUX POJTUMOK
(Tabm. 3.1).

Jlam mepeinemo 10 HopMatizailii K0OKHOTo 300paxkeHHs1. Koxkne qane moTpioHO

NEePEeBECTH B OJHAKOBE PO3IIMPEHHA. SIKIIO po3Mmip Oyle 3aHaATO BEIUKHM, TO
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00YHCIIOBAJIbHA CKJIAAHICTh MIABHUIIUATHCS, BIAMOBIAHO OOMEXKEHHS Ha IIBHUAKICTH
BIAMOBIAI OyAyTh MOPYIIEHI, BU3HAYEHHS PO3MIPY B JaHIM 3a7adi BUPIIIYETHCS

METOJIOM TTiI00PY.

Ta6muis 3.1 - CiBBIHOIIICHHS TPEHYBAJIBHUX Ta TECTOBUX JTAHUX

JloOposikicHi 310sIKiCH1 Bceroro
Beboro 908 479 2774
TpenyBanbumii HaOlp 375 (41.3%) 390 (81.4%) 765 (80%)
TecroBuii Habip 103 (11.3%) 89 (18.6%) 192 (20%)

Sxmo BUOpaTH po3Mip 3aHANTO MAJICHBKUN, TO MEpeka HE 3MOXKE BUSIBUTH
KJIFOUOBI O3HAKHU.

[lepen TuMm, sIK HamaBaTH BXIJHOMY IIapy HEUPOHHOI Mepexki, HEeOOXITHO
NIEPETBOPHUTU 300paKeHHs Y YOpHO-Oisie, 301pmmTH Horo KoHTpacTHicTh Ha 4.0 (3a
TepMiHoJioriero 6i0miorexu PIL, puc. 3.1) Ta nepeBecTH 3HAYCHHS MIKCETIB B IPUIATHI
11 00poOku HerpoHamu. OTKe, BXiAHI JaHI KOXXKHOTO KOHKPETHOTO 3HAYCHHS

MiKCeJsl HOpMaTi3yroThes B fiama3oH Big 0 1o 1, 3a hopmyrioro:

p—min

f=

max—min’

ne p - 3HaueHHs mikcens (Big 0 mo 255),
min - MiHiMasibHe 3HaueHHs mikcens (0),
max - MakcuMalibHe 3HadeHHs mikcens (255).
OuikyBaHHUii pe3yJbTaT pOOOTH MEPEKI TAKOXK TpeOa MepeBeCTH y MPUAATHI JJIs
00poOku HelipoHamu. [losnaummo modOposkicui (benign) poaumku sik 0, 37M0sKiCHI
(malignant) stk 1. TakuM YUHOM, SKIIO Y BUXITHOMY IlIapi HEHPOHY Ma€eMO 3HAYCHHS

meHnte 3a 0.5, To poauMka € 10O6pOsSKICHOI, Y IPOTUBHOMY pasi - 3710SIKICHOIO.
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Takum YWHOM, IJIT KOKHOTO JAHOTO Ha BXIiJT MEPEXKlI MAEMO MATPHIIO 3

HOPMaJIi30BaHUMHU 3HAYEHHSIMHU IIKCEIIB, Ta BIAMOBAHUHN pe3yiabTat: 0 um 1.

(¢ (=

ISIC_0000006.jpg  ISIC_0000007,jpg  ISIC_0000008.jpg

ISIC_0000018jpg  ISIC_0000019jpg  ISIC_0000020.jpg

Pucynok 3.1 - O6po06ieH1 300paskeHHs

3.3.2 [IpoekTyBaHHS HeliPOHHOI Mepexi

[Tepuroro cripo6or0 po3poOKK cUCTeMH OyJIO CTBOPEHHS 3BUYANHOT HEHPOHHOL
MepeXi 3 BUKOPUCTAHHSIM BXIJHOTO MIapy 31 CTUIBKOX HEHPOHIB, CKUIBKU MIKCEIB
Oyrno y 300paxkeHH1. AJle, TAKUM YUHOM, MOJIeNIb Maibke HE BHJIaBaJia MPaBHIILHUX
pesynbrariB. Tox, Oyno npuilHATE pIlIEHHS BUKOPUCTOBYBATH 3TOPTKOBY
HEUPOMEPEKY.

[TouaTkoBa CTpyKTypa Mepexi mpeacTaBieHa Ha puc. 2.2. BOHA MICTUTH JIBa
1iapy 3ropTKH, IIap, SIKUM MepeTBOPIOE ABOBUMIPHI MAaCHMBH Yy OJHOMIpHI (omeparis
CIUTIOIIICHHST) Ta BUX1IHUM TOBHO3B'I3aHUM 11ap, IKUI HA BUXO1 MOKE IMOKa3yBaTH 2
3HayeHHs: | ym 0.

Jlns mepeBipku pobotu mojaeni, y meron fit y sxocTi maHux mjas Bamigariii
nepenaeTbest TecToBuil maracer. Jlo Toro xk, Keras Hamae MOXIUBICTh 3YNUHUTU

HAaBYaHHS y TOMY MOMEHTI 4acy, KOJIM METPUKH MOJIEN] HE MOKPALTYIOThCS.
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Jlnst maHoi Mojeni BUKOPHUCTOBYEMO HACTYIHY YMOBY: 3yNHHUTH HaBYaHHS,
KOJIM 3Ha4YeHHs (PyHKI BTpaT JJIg JaHMX Bamigamii (y IbOMY BHUIIAJKY, TECTOBHX

JTAHUX ) TIEPECTA€ 3MEHIITYBATHUCS.

406212752

mput: (None, 64, 85, 1)
output: | (None, 62, §3, 64)

conv2d_1: Conv2iD

mput: | (None, 62, §3, 64)
output: | (None, 60, §1, 32)

conv2d 2: Conv2D

mput: | (None, 60, §1, 32)
output: (None, 155520)

flatten 1: Flatten

h J
mput: | (None, 155520)
dense 1: Denge
output: (None, 2)

Pucynok 3.2 - [lepBuHHa CTPYKTypa Mepexi

Toxai meTon TpeHyBaHHS MOIEII BUTIIATHME HACTYITHUM YHHOM:

VY sikocTi onTHMi3aTopy BUKOpucTOBYeThCst Adam (adaptive moment estimation)
- 11e MoaM(}IKOBaHUI METOJ] CTOXAaCTUYHOTO I'paJieHTHOro cmycky. Ha BinMiHy Bin
I'PAJIIEHTHOTO CITYCKY, SIKMi BHKOPHCTOBYE IMOCTIHHY IIBHIKICTh HaBuaHHs, Adam
3MIHIOE MIBHAKICTH MiA Yac HaB4aHHiA. Jlo Toro 3k, 3a3Bu4ail He mOTpedye
HAJTAIITYBAaHHS, TaK SK MapaMeTpy HOTro poOOTH 32 3aMOBUYYBAaHHS, TIOKa3yIOTh JOCUTh

rapHy e(peKTUBHICTb.
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early stopping = EarlyStopping(
monitor='val_acc’,
patience=10,
mode="max"',
verbose=1l)
history = model.fit(train_images,
train labels,
epochs=50,
validation_data=(test_images, test_labels),

callbacks=[early stopping])

I'padixu mporpecy HaBuaHHS Mojell Toka3aHi Ha puc 3.3, puc. 3.4. Ha oci X
B1JI00payk€Ha KUIBKICTh €M0X TPEHYBaHHS - TOOTO ITepaliid HABYAHHSA CUCTEMH (I
KO’KHOI €MOXHM BCl TPEHYBaJIbHI JIJaH1 IPOXOIATh Yepe3 MOJIeNb Ta MPOXOJUTh 3MiHA

BariB HEHPOHIB), HA OC1 Y - TOUHICTh Ta 3HaUYCHHS (DYHKIIIT BTpaT.

Model accuracy

— Train

0.80 1 Test

0.75 A

0.70 4

0.65

Accuracy

0.60

0.55 4

0.50 +

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Epoch

Pucynoxk 3.3 - I'padik TouHOCTI Iepe0aueHb
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Model loss

—— Train
1.0 - Test

0.9 1

0.8

LA I

0.7 4

0.6 +

0.5

0.4 -

T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Epoch

Pucynok 3.4 - I'padix BTpar

Pe3ynbpTyroua edekTUBHICT, POOOTH HA TECTOBUX JaHUX JOpiBHIOE 64%
NpaBUIBHUX pe3ynbTaTiB. Llell moka3sHUK € He JOCTaTHhO BHUCOKUM, TOX Oyaemo
MOKPAIIyBaTU CTPYKTYpPY HEMpoMepexi sl OTPUMaHHS KpalluX pe3yJIbTaTiB.

Ha pucynky 3.3 MoxHa mo6auyuTH, 110 KOJIM TOYHICTH Mepe10adeHb MPOI0BKYE
3pOoCTaTd Ha TPEHYBAJIbHMX JaHMX, TO TOYHICTh MependadyeHb Ha TECTOBHX BXKE
MOYMHAE craaatu (micast TpeThoi enoxu). [limcyMmKkoBa TOUHICTE MOJIETi HA TECTOBHUX
JAHUX CTaHOBUTH Onm3bko 64%, Ha TpenyBanbHUX - 82%. ToOTO BiAOYyBaeThCA
NepeHaBYaHHS CUCTEMHU.

Ha pucynky 3.4. MokxHa MOOayUTH Takuill CaMHil TpeHI, KOJW BTpPaTH Ha
TECTOBHX JIAHUX TTiIBUIILYOTHCSI.

Crpobyemo noxaartu trapu arperyBanus (MaxPooling2D) micis kKoskHOTO mapy

3ropTku. KoskeH 1map arperyBanss € MakCUMIi3alliiiHUM arperyBaHHs 3 PO3MIpOM siipa
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2X2, METOIO SIKOTO € 3MEHIICHHS IPOCTOPOBOTO PO3MIPY BUAICHOI HA TIOTIEPETHEOMY

mapi 03HaKH Ta, K HACIIJI0K, 3MEHIIICHHS He00X1JHOT 00UHCITIOBAIBLHOI IMMOTYKHOCTI.

CrtpykTypa Mepexi Ha puc. 3.5, pe3ynpTaTtu podoTH Ha puc. 3.6, puc. 3.7.

e

conv2d 1: Conv2D

mput:

(None, 85, 64, 1)

output:

one, 83, 62, 64
(N

'

max_poolng2d 1: MaxPoolmg2D

mput: | (None, 83, 62, 64)

output: | (None, 41, 31, 64)

'

conv2ld 2: Conv2D

mput:

(None, 41, 31, 64)

output:

(None, 39, 29, 32)

'

max_pooling2d 2: MaxPooling2D

mput: | (None, 39, 29, 32)

output: | (None, 19, 14, 32)

'

mput: | (None, 19, 14, 32)
flatten_1: Flatten
- output: (None, 8512)
mput: one, 8512
dense 1: Dense ! l )
output: (None, 2)

Pucynok 3.5 - CtpykTypa HeHpomepexi, eTar 2
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Pesynbrat pob0oTH HEWpoMEpeKi MiCHs JaHUX IMEPETBOPEHb HA TECTOBOMY CETI
ctaHoBUTh /1.9%, Ha TpeHyBanbHOMY - 75%. Bce ke Mo)kHa BIAMITUTH, 10 MOJICIIb
Kpare ce0e MmoKkasye Ha TPeHYBaIbHUX JaHUX, HIXK HAa TECTOBUX, aJI€ PO3PUB MK ITUMU

MoKa3HUKaMu cKopoTuBcs 3 18% o 3.1%.

Model accuracy

0.750 4 —— Train
Test /

0.725

0.700

0.675

0.650 -

Accuracy

0.625

0.600

0.5375 A

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Epoch

Pucynox 3.6 - I'padik TouHOCTI TepenOaveHb, eTar 2

Hani cnpoOyeMO BHU3HAUUTH ONTUMAlbHY KUIBKICTh €MOX TpPEHYBaHHS,
MIJBUIIMBIIY KUTBKICTh 1Tepalliii Ha nonepeaniit moaeni ao /0. Ha puc. 3.8 moxHa
no0aunuTy, WO MOAENb 3 TNepediroM Yacy IOKa3ye Kpalll pe3yJbTaThd Ha
TpPEeHyBaJbHOMY CETi, ajle¢ Ha TECTOBOMY CETl HE BHUJIHO 3HAYHUX IMOKpAILEHb JECh

MICIIS IBALISITOI €MOXH, TOOTO MEepEeHaBYaHHS JIUIIIE TPOTPECYE.



Model loss

—— Train
0.6754 — Test

0.650

0.625

0.600

0.575 4

0.550

0.525

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Epoch

Pucynok 3.7 - I'padik BTpar, etan 2

Model accuracy

1 T T 1 T T 1 T

0 10 20 30 40 50 60 70
Epoch

Pucynox 3.8 - [Iporpec HaBuaHHS MOJIEN1 HAa BEJIUKIN KUTBKOCTI iTepartin
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[Ticas nexiTbKOX €KCIIEPUMEHTIB 3 METOIAMHU PeTyisipu3aliii, y tomy uucii L1 -
ta L2-perymspusarnis, makerHa Hopmamizamis (Batch normalization) Ta Texnika
BukitoueHHs1 (Dropout) MoskHa 3poOWTH HACTYIHI BUCHOBKHU JUIS TaHUX METUYHUX
300paKeHb:

— TaKeTHa HOpMai3allis Juiie 30UIblIye TepeHaBYaHHs, Ha TECTOBOMY CETI
MOJIEJTb TMIOKa3y€e pe3ysbTar 0Jau3bpko 96%, y TOl yac Ha TpeHyBaJbHOMY - HE OLIbIIe
65%;

— L1- ta L2- perynasgpuszauii He MOKa3ylOTh BEJIMKOIO MOKPALIEHHS Y
MOPIBHSHHI 3 IapamMu 0€3 3aCTOCYBaHHS METO/IIB PEryJIsipU3alLlii;

—  HaiOlIbIIIe TOKPAIIeHHS MOMITHE MPU 3aCTOCYBaHH1 TexHIKH Dropout, sikuii
JOJAEThCS SIK JAOJATKOBUM IIap Micis JAPYroro Ta TPETbOro IIApiB 3TOPTKH, 3
MIPOIIEHTOM HEHPOHIB, SIKI BUJAISIOTHCS, piBHOMY 25%.

Cytp Dropout mossirae y ToMy, 0 HpH HaBYaHHI MEpEXl TpPAIUIAE€THCS
BUKJIFOYEHHS 3 HEi HEHPOHIB 3 MEBHOIO MMOBIPHICTIO P, TAKUM YHMHOM, BIPOT1IHICTb
TOTO0, IO HEHPOH 3aJMIIUTLCSA B MEpeki, craHoBUTh = 1 -p [11]. "Buxnrouenns"
HEWpoHa o3Ha4yae, MO0 TpH OyIb-IKUX BXIJHUX JaHWX a0o TMapamerpax BiH
noBeptae «0».

BuxkitoueHi HelipoHU HE pOOJISThH CBIM BHECOK B MPOLIEC HABYAHHS HA KOJAHOMY
3 €eTamiB aJrOpPUTMYy 3BOPOTHOIO MOUIMPEHHS MOMUJIKH; TOMY BUKIIOYEHHS Xoua O
OJIHOTO 3 HEWPOHIB PIBHOCHJIBHO HABYAHHIO HOBOI HEHPOHHOI MEPEXI.

VY dxocTi omTuMizaTopa Kpamie ceOe MOoKa3aB 3BUYAWHHMI CTOXAaCTHUYHUI
TPaIlEHTHUN CIOYyCK 3 HACTyMHUMH mapamerpamu: mBUAKICT, HaBuyanHs 0.01
(3HaueHHs 3a 3amoBYyBaHHAM y Keras), 3HaueHHs immynbcy 0.6 (ske o3Havae, mo
anroputM Oyzne BHUKOPHCTOBYBaTH pe3yJIbTaTH IONEPENHbOrO  eTamy s
nependoadyeHHs) Ta ociabysieHds mBuakocti HaBuaHHs 0.01 posmgineHe Ha KiIBKICTh
ernox (mpumipao 20).

o Toro x, OyB MAOJaHW{ 1€ OJWH IIAp 3TOPTKH, aje Bxke Oe3 Imapy
arperyBaHHs, aJ)Ke KUIbKICTh O3HAK MICJIsl HbOTO BXKE JOCTaTHHO Maia. OTpumani

pe3yabpTaTH nmokaszasi Ha puc. 3.9, puc. 3.10.
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Hatikpamuii pesynpratr pobotn Mozeni (emoxa 22) Ha TPEHYBAIbHUX JaHUX
ctaHoBUTh (4%, Ha TectoBux - /5%. @DiHambHAa MOJEIL HEUPOHHOI MEpexi
npeJcTaBieHa Ha pucyHKy 3.11.

Mepexa MICTUTD TPH IIapU 3TOPTKH, KOKEH 3 SKUX CYNPOBODKYETHCS IIAPOM
BUJIAJICHHS! HEUPOHIB Ta IapoM arperyBaHHsg. OCTaHHIM iiJle TTOBHO3B'SI3aHUI 11ap,
mrap BHJAJICHHS HEWpOHIB, Ta BuXimHud map. I[licnms mapiB 3ropTKd € Mepiiui
MOBHO3BSI3HUU 1Iap Ta BUX1IHUM MMOBHO3B'SI3HUM. B1IbI 1eTanbHO CTPYKTYpa MEpexi
HaBEJCHA Y TOJATKY A.

Kpim EarlyStopping, no konbekie 0yB momanmii ModelCheckpoint, sxwmii
30epirae MoIelb 3 HAMKpaIIuM MOKa3HUKOM €(PEeKTUBHOCTI Ha TECTOBUX JIAHUX Y (aiin
HDF5. Leit popmar daitniB cTBOpeHUH 1 30€piraHHs 1y>Ke€ BETUKHUX JTaHUX, 3MICT
SKUX OpPraHi30BaHO fAK iepapxiyHa (aitnioBa cuctema. Po3mip (aitity ctaHOBUTH 5.5

MeTa0a|T Ta 3 HbOTO MOKHA y 6y,I[B SIKUM 4ac 3aBaHTaXXUTU HaTpCHOBAaHy MOACIIb.

526064752

mput: | (None, 8§35, 64, 1)
output: | (None, 85, 64, 64)

convzd 1: ConviD

mput: | {(None, 85, 64, 64)
output: | {(None, 85, 64, 64)

dropout_1: Dropout

mput: | (None, §5, 64, 64)
output: | (None, 42, 32, 64)

max_pooling2d 1: MaxPooling2D

Pucynok 3.11 — Ctpyktypa Mepexi Ha 3-My eTarii, apKyu 1



Y

mput: | (None, 42, 32, 64)
output: | (None, 42, 32, 32)

l

mput: | (None, 42, 32, 32)
output: | (None, 42, 32, 32)

'

conv2d 2: Conv2D

dropout_2: Dropout

mput: | (None, 42, 32, 32)
output: | (None, 21, 16, 32)

max_pooling2d 2: MaxPooling2D

l

mput: | (None, 21, 16, 32)
output: | (None, 21, 16, 32)

l

mput: | (None, 21, 16, 32)
output: | (None, 21, 16, 32)

l

mput: | (None, 21, 16, 32)
output: (None, 10752)

conv2d 3: Conv2D

dropout_3: Dropout

flatten_1: Flatten

Y
mput: | (None, 10752)

output: (None, 64)

dense 1: Dense

mput: | (None, 64)

dropout_4: Dropout -
output: | (None, 64)

l

mput: | (None, 64)

output: | (None, 2)

denze 2: Dense

Pucynok 3.11 — CtpykTypa Mepexi Ha 3-My eTari, apKymr 2
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3.4 BucHoBKHM 10 po3aiay 3

B tperbomy po3aini Oysio po3poOJeHO MTYYHY HEHPOHHY MEPEKY MOBOIO
nporpamyBaHHs Python, BHKOpHCTOBYIOYM O0i0MIOTEKY MAIIMHHOTO HABYaHHS
TensorFlow ta Keras. Mojenb HEHPOHHOT MEPEeXKi MICTUTh TPH IIAPH 3TOPTKH, IAPH
arperyBaHHs, apyH BHJAJICHHS «3aiiBUX» HEHpPOHiB. Byno mpoBeneHo MOCTiHKeHHS
poboTH MOAEI 3 PI3HUMH TTapaMeTpaMH Ta BUOpaHi HaMKpaIl 3a 03HaAKOI TOYHOCTI
MOKAa3HUKIB MeEpeki Ha TecToBHX JaHux. KiHmneBa e(eKTUBHICTH poOOTH

nopiBHIOE 75%.
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BUCHOBKH

[lim 9ac BWKOHAHHA HAyKOBO-AOCHITHHUIILKOI poOOTH Oyna IOCHiKeHa
CTPYKTypa IITYYHUX HEHpOMEpEeXk, IX BUAM Ta 3a/adi, 10 SKUX BOHH MOXYTb OyTH
3aCTOCOBAHI.

HeniniiiHiCTh HEHPOHHUX MEPEX JO03BOJSIE BCTAHOBIIOBAaTH HENIHIMHI
3aJIEKHOCTI MK MaiOyTHIMU Ta (PAKTUYHUMHU 3HAYEHHSIMHU TmpoleciB. [Hmmmu
BKJIMBUMHU I€pEBAraMyd € MacIITa0OBAHICTh - MapajielibHa CTPYKTypa MITYYHUX
HEHPOHHHUX MEPEXK MPUCKOPIOE OOUHCIIEHHS, 110 € BKpail akTyaJIbHUM B TPOMHCIOBHX
MaciTadax, Kojau HeoOX11HO 00po0IsTH TepabdaliTh JaHUX.

bys BuOpanuii naracer 3 pecypcy MiXHapOJHOI CIUIKK 300pakeHb LIKIpU
(ISIC Archive), a came mpoekt «Menanomay. Yepes Te, 110 1151 6a3a MICTHTh BEITHKY
KUIBKICTh 300pa’K€Hb 3 BIANOBIISAMH HA T€, UM € IIKIPHE YTBOPEHHS 3JI0SIKICHUM YU
NO0OpOSIKICHUM, MOKHA BUKOPHUCTOBYBATH M1JIX1] HABYAHHS 3 YUUTEIEM, Ta OJHY 1 TY
caMmy 0a3y JJis TPEHYBaHHS 1 TeCTyBaHHS Mepexi. poTo300paxkeHHs y 0a3i TaHUX €
CTaHJAApTU30BaHUMHU Ta OUTbIIA X KUIBKICTh MAa€ OJIMHAKOBI PO3MIPH.

VY pe3ynbrari BUKOHAaHHS poOOTH OysO PO3POOIEHO IUTYy4YHY HEHPOHHY
MEpeKy MOBOIO IporpamyBaHHs Python, BUkopHCTOBYrOUM 0i0IIOTEKY MAIMHHOTO
HaBuaHHs TensorFlow ta Keras. Monenb HEHpOHHOI MepeXi MICTHTh TPH IIApH
3rOPTKH, IIAPH arperyBaHHsl, lapy BUAAICHHS «3aliBUX» HEHPOHIB. byno npoBeneHo
JOCIIIJIKEHHST pOOOTH MOJIEeNl 3 PI3HMMM [apaMeTpaMu Ta BUOpaHi Hailkpami 3a
O3HAKOI0 TOYHOCTI MOKAa3HUKIB Mepexi Ha TecToBUX AaHuX. KiHieBa e(heKTUBHICTD

pobotu nopiBHIOE 75%.
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JTOJNATOK A

Dpacmenmu npozpammnozo Kooy didoariomeKu

[TepBunHa 06pOOKa 300paKEeHb
import json
import 0s
from PIL import Image, ImageEnhance
from scipy.misc import imread
IMAGES_PATH = 'D:/uni/cancer_data/'
RESIZED IMAGES_PATH ='D:/uni/cancer_data/resized/'
def resize_all():
target_image width = 85
target_image_height = 64
if not
os.path.exists(RESIZED IMAGES_PATH):
0s.mkdir(RESIZED_IMAGES_PATH)
for file in os.listdir(IMAGES_PATH):
filename, extension = os.path.splitext(file) if
extension ==".jpg":
im = Image.open(IMAGES_PATH + \\' + file).convert('L")
enhancer =  ImageEnhance.Contrast(im) im =
enhancer.enhance(6.0)
imResize = Im.resize((target_image_width,
target_image_height), Image. ANTIALIAS)
imResize.save(RESIZED_IMAGES_PATH + \\' + file, 'JPEG', quality=90)
return target_image_width, target_image_height
def get_diagnosis(filename): with open(IMAGES_PATH +\\' +
filename + ".json’, 'r') as json_file:

data = json.loads(json_file.read())
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return O if data['meta’]['clinical']['benign_malignant’] == 'benign' else 1
def get_image(file): return imread(RESIZED IMAGES_PATH + '\\' + file
+'.jpg’, flatten=True)
HiI[FOTOBKa TPCHYBAJIbHUX Td TCCTOBUX JAHUX
import os from random
import shuffle
import numpy as np from cancer_recognition.resize_images

import get_diagnosis, get_image,

IMAGES_PATH
def
format_data():
train_images = []
train_labels =[]
test images = []
test labels =[]

benign_images = []
malignant_images =
[1 data = {}
for file in os.listdir(IMAGES_PATH):
filename, extension = os.path.splitext(file) if
extension ==".jpg"
if get_diagnosis(filename) == 0:
benign_images.append(filename)
else:
malignant_images.append(filename) print('Total
benign:  %s' % len(benign_images)) print(‘Total
malignant: %s' % len(malignant_images))
shuffle(benign_images) shuffle(malignant_images)
benign_images = benign_images[:len(malignant_images)] for

Image in benign_images:
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data[image] = 0 for image in
malignant_images:
data[image] = 1 images =

list(data.keys()) shuffle(images)

for i1 in range(0, len(images)-1): if i % 5 ==

test_images.append(get_image(images[i])) test_| abels.

append(data[images[i]]) else:

train_images.append(get_image(images[i]))
train_labels.append(data[images[i] ])

print(‘Total train: %s' % len(train_images)) print(‘Total train benign:

%s' % train_labels.count(0)) print("Total test: %s' %

len(test_images))  print(Total  test  benign: %s' %

test_labels.count(0))

return np.asarray(train_images) / 255.0, np.asarray(train_labels), \
np.asarray(test_images) / 255.0, np.asarray(test_labels),
Cmeopenus ma mpenys8anHs HeupOHHOI MepediCi
import numpy import tensorflow as tf
from keras.callbacks import EarlyStopping, ModelCheckpoint
from keras.layers import Dense, Flatten, Conv2D, MaxPooling2D, Dropout
from keras.models import Sequential
from keras.optimizers import SGD
from keras.utils import to_categorical
from cancer_recognition.data_preprocessing import format_data
numpy.random.seed(41)
callbacks = [ EarlyStopping( monitor="val _acc', patience=10, mode="max’,
verbose=1), ModelCheckpoint('./fm_cnn_BN.h5', monitor="val_acc',
save_best_only=True, mode="max’, verbose=1)
]
def
create_and_train_convolutional_neural_network(width, height):
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(train_images, train_labels, test images, test labels) =
format_data() print(‘Train data amount: ', train_images.shape)
print(‘Test data amount: ', test_images.shape)
train_labels = to_categorical(train_labels) test labels = to_categorical(test_labels)
train_images = train_images.reshape(len(train_images), width, height, 1)
test_images = test_images.reshape(len(test_images), width, height, 1)
model = Sequential(] Conv2D(64, kernel size=3, use bias=False,
padding="'same’, activation=tf.nn.relu,
input_shape=(width, height,
1)), Dropout(0.25),
MaxPooling2D(pool_size=(2, 2)),
Conv2D(32, kernel_size=3, activation=tf.nn.relu, padding='same’,

use_bias=False,

)
Dropout(0.25),
MaxPooling2D(pool_size=(2, 2)),
Conv2D(32, kernel_size=3, activation=tf.nn.relu, padding='same’,

use_bias=False,
Dropout(0.25), Flatten(),
Dense(64, activation=tf.nn.relu), Dropout(0.25),
Dense(2, activation=tf.nn.softmax)
)
sgd = SGD(Ir=0.01, decay=0.01 / 15, momentum=0.9)
model.compile(optimizer=sgd,
loss="binary_crossentropy', metrics=['accuracy'])
history = model.fit(train_images, train_labels, epochs=50,
validation_data=(test_images,  test_labels),  callbacks=callbacks)
test_loss, test_acc = model.evaluate(test_images, test_labels) print("Test accuracy:’,

test_acc) return model, history



