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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaJbHiCTh TeMH. Ha ChOTOHIINIHIN IEHh OJHUM 3 HAYKOBUX 1 TEXHOJOTTUHHX
HaIpPSMKIB, sIKI HaOLIbII IHTEHCUBHO PO3BHBAIOTHCS, € 00poOKa 1 aHami3 300pakeHb. 3a
OCTaHHI pOKH OyJIO MPEJCTaBICHO pAJl METOAIB Ta aJIrOPUTMIB, 3aCTOCOBYBAaHUX MJIs
BUPIIICHHS ILMX 3aBJiaHb, Cepejl SKUX OJHHMHM 3 HaHOLIbII e(PEKTUBHUX € IITYy4HI
HetiponHi Mepexi (IIIHM). Buxopuctanus mnepcentpoHa, paaiaibHO-0a3UCHUX MEPEK,
aBTOCHKOJIEpa, HEOKOTHITpoHa, imoBipHicHHX Mepex (PNN) BusBmiIocs JTOCUTH
e¢eKTHBHUM TPU BHPIMIEHHI MAPOKOTO Koja 3aBaaHb. OmHAK HOBUM TOIITOBX JI0
1HTepecy JOCTiKeHh B NaHii obyacTi manma mosiea B 1998 p. HOBOro tuimy Mepex —
3ropTkoBuX HelipoHHUX Mepex (CNN).

[Ipu cunTe3i a6o Bukopuctandi [ITHM BuHMKarOTH 3aBIaHHS CTPYKTYpHOI Ta
napamMeTpUYHOl ONTUMI3Allli, BIAMOBIAHI BUOOPY ONTHUMAJIBHOI TOMOJIOTII Mepexi 1 1i
HaBYaHHs (HaJamTyBaHHS mapaMeTpiB). CiiJ TakoX 3a3HAYUTH, IO HA CHOTOJHINIHIN
JIEHb ICHY€ BEJMKA KUIbKICTh CTAaHJAAPTHUX apXITEKTyp MOOYA0BH HEUPOHHUX MEPEXK, IO
ICTOTHO TOJIETIIye 3aBJaHHs MOOYAOBH HEHPOHHOI MEpexi 3 HyJs 1 3BOJUTH MO0 /10
nia00py MIAXOJANIO JUIsi KOHKPETHOTO 3aBJIaHHSI CTPYKTYPU Mepexi. SIKIo 3aBIaHHS
BU3HAYCHHS CTPYKTYpHU € JUCKPETHOIO ONTHUMI3AIIHHOI (KOMOIHATOPHOIO), TO MOIIYK
ONTUMAJIBHUX TapaMeTpiB 3IIHCHIOEThCS B O€3MEPEPBHOMY MPOCTOPI 3a JOMOMOTOIO
KJIACHYHUX METOJ1B ONTUMI3allii.

Jlns HaB4yaHHS (OIL[IHIOBAHHSI MapaMeTPiB) MEPEkKI 3aCTOCOBYIOTHCS, SIK MPABUIIO,
METO/IM, IO BUMAararoTb OOYHMCIEHHS TrpadleHTa 0oO0paHoro (yHKLIOHANYy (aJIropuTMm
3BOPOTHOTO TIOIIMPEHHS TMOMHUJIKHA, METOJl CIOJYyYeHHX TpPaJi€HTIB, aaropuTtMm [ayca-
Herorona, JlesenOepra-MapkBapara Toiio). OJHUM 3 HaWOUIBII BaXKIMBUX KpPUTEPIiB
OLIIHKHA pOOOTH HEWPOHHOI MEPEXKI € SIKICTh PO3Ii3HaBaHHA 300paxeHb. BapTo 3a3HaunTH,
o0 [ KUIBKICHOI OLIHKK $KOCTI pO3Mi3HAaBaHHS 300paKeHHs 3a JIOMOMOTOI0
GyHKIIOHYBaHHS HEHPOHHOI MEPEKI HAWYaCTIIIEe 3aCTOCOBYETHCS AJTOPUTM MiHIMIZAIll
CEPEeNHBbOKBAIPATUYHOT TOMUIIKH.

BigomMuMm 0OMEXEHHSIM pO3BUTKY HEWPOMEPEKEBUX TEXHOJOTIA CiiJi BHU3HATHU
BHUCOKI OOYHCITIOBAJIbHI BUTPATH HA peajizailito TakKux MeToiB. Jlo TpaauiiiiHux croco0iB
BUPIIIEHHST JaHOi MpoOJieMH BIAHOCATH OpPTaHi3allil0 MapajelbHUX 1 PO3MOAUICHHUX
00YHMCIIEHh Ha CIEIiali30BAaHOMY amapaTHOMY 3a0e3MedYeHH], TAKOMY SIK HEHPOHHI YiMH,
CHCTOJIIYHI HEHWpoIpoliecopH, mporpamoBani Joriuni mpuctpoi (PLD), posmnomineHi
KJacTepHl  cucteMu.  AmapatHo-mporpamHuii  kommiekc ~ CUDA  po3Bossie
BUKOpUCTOBYBaTH Tipouecopu BigeokapT (GPU) sk mnpuckoproBadi HayKOBHX 1
1HKEHEPHUX PO3PAXYHKIB 1 MPOBOJUTU OOYHUCICHHS, SIKUX 32 MaJIMBHOI €(PEKTUBHICTIO
MO>KHA IMOPIBHATH 3 CYYaCHUMH KJIACTEPHUMHU CHCTEMaMH.

Opnak iCHYIOUl TpOrpamHi peanmi3aili HEMPOHHUX MeEpeX HE pO3paxoBaHl Ha
BUKOPUCTAHHS TiepeBar 0araTONMPOIICCOPHUX CHUCTEeM. Tomy, s e()EKTUBHOTO
BUKOPUCTAHHS OOYMCITIOBAILHUX MOKJIMBOCTEH BUCOKOMPOAYKTUBHUX CHCTEM IMOTpiOHA
PO3poOKa METOJMK pO3TapasIe/IIOBaHHS, Ha OCHOBI SIKMX MOJXKE 3IHMCHIOBATHCS peali3allis
HEHPOHHMX MEpPEeXK. 3aCTOCYBaHHS JIaHUX METOJUK JO3BOJIUTH 3HAYHO IMiJIBUIIUTH
MPOYKTUBHICTH MPY BUPIIIIEHH] Oaratb0X MPakTHYHUX 3aBJIaHb.

VY 3B'SI3Ky 3 IIUM MIiJBUIIEHHA TOYHOCTI 1 IIBHIKOCTI OOpOOKM 300pakeHb, IO
JT03BOJISIIOTH BHSIBJISITH 3MIHY 1X XapaKTEPUCTHUK, € aKTyaIbHOIO HAYKOBOIO 331a4€TO.
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3B'130k po0oTH 3 HaykoBMMHM mnporpamamu. [lucepramiiiHa poOoTa BHKOHaHa
BUIMIOBIIHO JI0 IJIaHY HAyKOBO-JOCTITHUX poOIT XapKiBCBKOTO HAIIOHAJIBHOTO
YHIBEPCUTETY paJllOCICKTPOHIKH B paMKax Takux nepxoOromxetrHux teM: HJP «Cunres
MeTO/IIB 00poOKku iH(opmMallii B yMOBaX HEBH3HAYEHOCTI Ha OCHOBI CaMOHABYaHHS 1
M'SIKMX O0OUYMCIIeHB»; po3ain «['10pwaHi Mojeni, IO CaMOHABYaKOTHCS, B 3ajJadax
00po6ku HewiTkoi 1Hpopmartiii» (Ne P 0107U003028); HAP «EBomtouiitai riGpuaHi
CUCTeMH OOUYHMCIIOBAIBLHOTO 1HTEIEKTY 31 3MIHHOIO CTPYKTYPOIO ISl 1HTEIEKTYyalbHOTO
aHaI3y JaHUX, po3mn «EBosrortifiHi TiOpuaHI METOaW 1 MOJei 1HTCJICKTyaJII>H01
00poOku iH(popMalii 31 3MIHHOIO CTPYKTYpOIO B yMoBax HeBu3HaueHoOcT» (Ne JIP
0110U000458); HIP «Hetipo-ha33i cuctemun sl MOTOYHOI — KjacTepusamii 1
kinacu@ikaiii TOCHIJOBHOCTEM JaHUX 3a YMOB iX BHKPHUBJICHOCTI BIJCYTHIMH Ta
AaHOMAJIBLHUMH CIIOCTEPESKCHHSIMMY, PO3IIUT « AJTAITHBHI METOIM Ta MOJENI Kiacudikarii
JAHUX 1 MPOTHO3YBAaHHS YacOBHX PSAIB 3a YMOB iX BHUKPHBJIEHOCTI BIJCYTHIMH Ta
aHOMAJIbHUMU CIOCTEPEKCHHSIMU Ha OCHOBI IMITY4YHUX IMyHHUX cuctem» (Ne JIP
0113U000361)., 3atBepmKeHrMr MiHICTEPCTBOM OCBITI 1 HAyKu YKpaiHu. ABTOp OYyB OJTHUM 3
BHKOHABITIB pOOIT 3a JAHUMU TEMaMHU.

Merta Ta 3aga4i JOCJIIIKeHHS.

Merorw aucepraiiiiHoi poOoTH € po3poOka HEHPOMEPEKEBUX METOJMIB 1 3ac00iB
00pOoOKM Ta OIIHIOBAaHHS 3MIH BJIACTUBOCTEH 00’€KTa 3a 300paKE€HHSAM IS IT1IBUIICHHS
TOYHOCTI KOHTPOJIIO 3MIHU PO3MIPIB 1 HEOJHOPIAHOCTI 3a0apBIICHHS CIOCTEPEKYBAHUX
00’€KTIB Ta €PEKTUBHOCTI iX KJIacuiKalli.

JI71s1 AOCSITHEHHS TTOCTABJIEHOI METH HEOOX1/THO BUPIIIUTH TaKi 3aBIaHHS:

— IIpoaHadi3yBaTH CTaH TMpoOJeMHu 1 OCOOJMBOCTI 3aBlaHb KJiacudikaii,
KJIacTepu3allii Ta po3Mi3HaBaHHS 300pa’KEHb;

— PO3IISIHYTH METOJIM BU3HAUEHHS 3MIHM XapaKTEPUCTUK 300paKeHHs 1 pO3poOUTH
METOJ KOHTPOJIIO 3MIHU PO3MipiB 00’ €KTa HA OCHOBI IIA0JIOHA;

— PO3BUHYTH HEHPOMEPEKEBHM METOJ BHU3HAYCHHS HEOJHOPITHOCTI 3a0apBiICHHS
JOCITIKYBaHOTO 00'€KTa;

— po3pobuT poOacCTHUN METOJ MPUCKOPEHOTO HABYAHHS HEUPOHHUX MEpEex
MPSIMOTO TOIIUPEHHS;

—ynockoHanut  meton  amantamii  [IIHM  mpsmoro  mommpenHs — min
BHCOKOTIPOYKTHBHI OOYHCITIOBAIBHI CHCTEMH 13 3araJIbHOI0 Ta PO3MOIUICHOO TTaM ATTIO,

— PO3BUHYTH  HEWpoMepexeBuil  MeTojn  Kiacudikalli, Kiactepusaimii Ta
pO3IMi3HaBaHHA 300paKeHb HA OCHOBI 3rOPTATbHUX HEHPOHHUX MEPEK;

— PO3BUHYTH HEHPOMEpPEXKEBUW METOJl PpO3MI3HABAHHS 3MIHM  IapaMeTpiB
300pakeHb Ha MPUKJIaal MedaHoMu 3 BUKopuctanHsM Mepesxxk PNN 1 CNN;

— IPOrPAMHO  pealli3yBaTH 1HTEJIEKTyaJbHy CHUCTEMY J1arHOCTUKH TEPBUHHOI
MEJIaHOMHU IIKIpH, 10 CKianaeTbes 3 ancamoOmo mepexk PNN u CNN, ska Ha miacTasi
OMUTYBAHHS MAalll€EHTa Ta OOpPOOKU AUISHOK IIKIPHUX HOBOYTBOPEHb J03BOJHUTH JIKapEBI
MOJICTIIUTH MOCTAHOBKY J1arHO3Yy.

O00'exkT MoCHiAKEeHHS — MPOIECH PO3Mi3HABaHHS 3MiH BJIACTHBOCTEH O0’€KTIB 3a
300paKeHHSIM.

IIpeaMer aociaixKeHHsT — METOIM Ta MOJEII PO3IMI3HABAHHS 3MIH BIACTUBOCTEHN
00’ekTa 3a 300paXKEHHSIM Ha OCHOBI IITYYHUX HEHPOHHUX MEPEK.

MeTtoau mOC/iIAKeHHNA: TPYHTYIOTbCS Ha Teopii OOUMCIIOBAIBHOIO IHTENEKTY, a
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caMe, Ha METOJax Teopii IMTYyYHWX HEHPOHHHX MEPEeXK, SKa JI03BOJMIA CHUHTE3yBaTH
HEHpoMepex eBl MOJIeJl Ta OTpUMATH NPOUEAYypUM iX HaBYaHHS; METOAU Teopii
ONTUMAJILHOCTI, 3a JIOTIOMOIOI SKOi OyJIM CHHTE30BaHI IIBHJKOJAIIOUl IPOIEAypH
HaBYaHHS; METOJW Teopil po3mi3HaBaHHS o00OpasiB, Ha OCHOBI SKHUX OYyJHM CHHTE30BaHI
MOJIeN1 aHaTI30BaHUX 00'€KTIB, III0 HACTPOIOIOTHCS; METOAU IMITAIIITHOTO MOJICTIOBAHHS,
0 J03BOJWIN MATBEPAUTH €(PEKTUBHICTh OTPUMAHMUX pE3yJIbTaTIB Ta PO3POOUTH
peKOMEeHJIaIlli 1010 iX MPaKTUYHOTO BUKOPUCTaHHS. EkcriepuMeHTanbH1 JOCITIIKEHHS
IIPOBOIMIINCS B JTAOOPATOPHUX YMOBAX 1 Ha peajbHUX 00'€EKTaxX.

HaykoBa HOBHM3HA pe3yJbTATiB qUcepPTalliiiHOI pO0OTH:

— enepuie 3apoOTIOHOBAHO METO ] KOHTPOJIIO 3MIHU PO3MIpiB 00’ €KTa 3a JTOTTOMOTOIO
mabyioHa, SKAH Xapakmepu3yemvcs BUKOPUCTAHHSIM BJIACTHBOCTEH TEPETBOPCHHS
no/116HOCTI 00’ €KTIB, 1110 TO3BOJISIE MIABUIIUTH TOYHICTH BUMIPIOBAaHb,

— @nepuie 3arpoIOHOBAHO MPOIIEAypYy HAaBYAHHS 0araTomapoBOro MepcenTpoHa, 1o
aBJigs€ Cco00r0 MaTpuuHui BapianT mpouenypu Kaumaxka (Yimpoy-Xodda), ska
Xapaxmepuzyemuvcsi BAKOPUCTAHHAM 30HU HEYYTJIMBOCTI, HAJAIITYBAaHHA SIKO1 3a0e3meuye
OTpUMaHHS pOOACTHUX OIIHOK IITYKAHHUX MapaMeTpiB MEPEKi;

— YOOCKOHANeHo HEUPOMEpEeKEBUM METOJ[ pO3Mi3HABaHHA 3MIHM [apameTpiB
300pakeHb, KUK GidpizHaembcss BUukopuctaHHsaM Mepexk PNN 1 CNN, mo mo3Bossie
MIJBUIIUTH TOYHICTH KOHTPOJIO 3MIHM PO3MIpPIB  CIOCTEPEKYBAHUX O0’€KTIB 1
e(EeKTUBHICTb iX Kiacudikarrii;

— ompumag nooaIbWULL  PO36UMOK  HEUPOMEpEKEeBUM MeTol  Kiacugikarii
300pakK€Hh Ha OCHOBI 3rOPTKOBMX HEUPOHHHX MEPEXK ULIAXOM BUKOPUCTAHHS B PI3HHUX
mapax pi3HUX (QYHKUIA aKTHBaLli 1 poOAaCTHOrO HaBYaHHS MapaMeTpiB MEpexi, IO
JTO3BOJISIE MIABUIITUTH TOYHICTh Ki1acu(iKallii.

IIpakTHyHe 3HA4YeHHS1 OJepP:KAaHUX pe3yabTaTiB. 3almpoONOHOBaHI METOIU Ta
3aco0u po3IMi3HABAHHS 3MiH BJIACTUBOCTEN 00’€KTa 3a 300paKEHHSAM JOBEIEHI 10 PIBHS
MPaKTUYHOI peasizallii 1 J03BOJISIOTh:

— KOHTPOJIIOBATH PO3MIpH 00’€KTa 3a JONMOMOTOI IaljoHa, KUK Moxe OyTu
BUKOPHCTAaHWUW IS JUCTAHIIMHOTO BH3HAYCHHS 3MIHM po3MipiB  00'ekTa, 110
cnoctepiraetecsi (mateHT Ha BuHaxig Ne 84380 A mo MIIK (2006) GO1C 11/00 Bix
10.10.2008. Brox. Ne19.);

— BUSBJISITH Ba)XKKE 3aXBOPIOBAHHS IIKIPH HA paHHIA CTajli 3aBASKA KOHTPOIIIO
3MIHU PO3MIpIB IIKIPHOTO HOBOYTBOPEHHS, Ha IIJICTaBl YOTrO MOYKHA MPU3HAYUTH W
IIPOBECTH CBOE€YACHE JIIKYBaHHS;

— HAKOMWYYyBaTH JOCBIA MJisg OUIbII TOYHOI JIarHOCTUKH XBOPUX 32 PaxXyHOK
BUKOPUCTAHHS IITYYHUX HEHPOHHHX MEPEXK, IO € aKTyaJIbHHM IS JaHOT TPEIMETHOI
00J1acTI;

— BUKOPHUCTATH PO3POOJICHI METOIU B TEJIEMEIUIIMHI, 110 JIO3BOJUTH CBOEYACHO
KOHTPOJIIOBATH 3MIHU J€(EKTIB HIKIPH.

Ha ocHOBI po3po0iieHMX METOMIB Ta QJIrOPUTMIB TIPOTPAMHO PEaTi30BAHO
IHTEJNIEKTyallbHy  CHCTEMY  [JIarHOCTYBaHHsS  IEPBUHHOI  MEIAHOMH  IIKIpH 1O
HEOHOPIAHOCTI 3a0apBiieHHs 3 BUKOpUCTaHHSIM aHcaMO:ro mepesk PNN 1 CNN.

Pesynbrat nmucepraiiiinoi poOOTH BOPOBAKEHI: B IHCTUTYTI JepMaToJiorii Ta
Beneposiorii AMH Vkpainu (akt mpo BmpoBamkenns Bin 05.11.2007); y npaktuuny
TSTBHICTD TOBApUCTBA 3 OOMEXEHOI BiamoBimanbHiCTIO «CaHa-mMem» (akT mpo
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BrpoBakeHHs Big 01.07.2009); y mpakTu4Hy iSTIBHICT TOBapuCTBA 3 OOMEKEHOIO
BiAMOBIAaNBHICTIO «Inpa-cod1» (akT nmpo BrpoBakeHHs Bia 17.05.2018).

OcoOuctuii BHecok 3700yBaua. Bci OCHOBHI pe3ysibTaTd, 110 BUHOCSTHCSA Ha
3aXUCT, OTPUMAHO aBTOPOM CaMOCTIHO. BHecok aBTopa B myOmikaiisiXx, HamUCaHUX Y
CIIBaBTOPCTBI Takuii: B [1] 3aMpornoHOBaHO allrOPUTM PO3II3HABAHHS PO3MIPY Ta KOJIBOPY
00’ekTa 3a 300paXEHHSIM 3 BUKOPUCTAHHSM 3aropTKOBOI HEHPOHHOI Mepexi; B [2]
3aMpONOHOBAHO CUCTEMY MEIUYHOI JIarHOCTUKHU MEJIaHOMM IS JIarHOCTUKH 3JI0SKICHUX
HIKIDHUX HOBOYTBOPEHb, B [3] 3ampomoHOBaHO MOJENb peamizalii 0araTomapoBOro
NepCcenTpoHa Ha 6AraTompoIeCOPHii cucTeMi I PO3Mi3HaHHS 00’ €KTa 32 300paKEHHSIM;
B [4] 3ampomoHoBaHa TiOpuaHA MOjeahr Ha 0a31 IMOBIPHICHOT HEHPOHHOI MeEpexi 3
MiJICYMOBYBAHHSIM pE3yJbTaTIB €KCHEpPTIiB Ui IarHOCTUKK paKy MKipu; B [5]
3allpOTIOHOBAHO BUKOPUCTAaHHS OiHApHUX HEHPOHIB Juis OOpOOKM HAMiBTOHOBUX
300pakeHb, B [6] 3ampONOHOBAHO BHUKOPHCTAaHHSA apxiTekTypu cloud-fog-dew s
HaJaHHS MEAMYHUX mochayr; B [7] 3ampoloHOBAHO CHUCTEMY  BIJJAJICHOTO
HEHpPOMEPEKEBOTO PO3Mi3HABAHHS MEJNaHOMHM; B [8] 3alpOlIOHOBAHO MOJAENb ajanTarlii
MeauuHoro IHrepHer-pecypcy; B [9] po3poOieHO Mojeni MNPOIyKTUBHOCTI CHUHTE3Y
HEHPOANTOPUTMIB Ha BUCOKOMPOAYKTUBHUX apxiTeKTypax; B [10] 3ampornoHoBaHO METO]
ajanTtaiii Mojenel HEeWpPOHHOI MepeXi MEepPCEeNTPOHHOTO THIY I PO3Mi3HABaHHS
MeJaHOMM Ha OaraTosiiepHI OOYMCITIOBaNIbHI CUCTEMHU Ha OCHOBI ctannapty OpenMP; B
[11] po3pobiieHo TiOpuJHI HEWMpPOHHI MOJENl IS PO3Mi3HaBaHHSA 300pa)keHb, B [12]
3aMpOINOHOBAHO Yy3arajbHEHY MOJIETb PO3IMi3HABaHHS aHTponoMopdHUX 00’€kTiB; B [13]
3anpornoHoBaHo Cloud-Fog-Dew apxiTekTypy Ijisi cepBiC-OpIEHTOBaHUX CUCTEM; B [14]
3alPONIOHOBAHO METOJ KOHTPOJIIO 3MIHM pPO3MIpIB IIKIPHOTO HOBOYTBOPEHHS 3a
JornoMororo mabnoHy; B [15] 3anmpornoHOBaHO CHCTEMY I1HTENEKTYaJbHOTO aHAJI3Y
MEIUYHUX JaHHuX; B [16] 3ampomnoHOBaHO areHTHO-OPIEHTOBaHWN MeauyHuil [HTEepHeT-
pecypc; B [17] mpoBeneHo aHami3 cnocoOiB TMPUCKOPEHHS HEUpOaNropiTMiB s
pO3Mi3HaBaHHA KOXXHMX  3aXBOPIOBAaHb HAa OCHOBI  TEXHOJOTIH  MapajeibHOTO
nporpamyBadHs; B [18] po3pobiieHO Mojeni NPOAYKTHBHOCTI HEHPOAIrOpUTMIB Ha
BHUCOKOIIPOJIYKTUBHUX apXiTekTypax; B [19] peamizoBaHO po3mi3HaBaHHS 300paKeHb
00’€KTIB Ha OCHOBI 0araToIIapoBOTO MEepCenTpoHa 3a jonomoroto cranaapty MPI; B [20]
po3po0iieHO Mozeni OoOpoOKHM BEIWKMX JaHWX JUIS MEIWYHMX 3akiafiB; B [21]
3aMpONOHOBAHO HEUPOMEPEIKEBY MEIAUYHY EKCIIEPTHY CHCTEMY MIITPUMKU MPUNAHSATTS
pimeHs; B [22] peanizoBaHO OararomiapoBUil TMEPCENTpOH Ha 0araTOMpPOIECOPHUX
cuctemMax Ha oOcHOBI crtaHmapty OpenMP; B [23] mpoBeaeHO aHali3 3acTOCYBaHHS
HEHPOHHUX MeEpeX Ui CTBOPEHHS MEIUYHHUX CHUCTEM pO3Mi3HABAaHHS IIKIPHUX
HOBOYTBOPEHB; B [24] 3alIpONOHOBAHO BUKOPUCTAHHSA HEUPOHHUX MEpex Uil (iabTpaiii
CITIAM mnoBiOMJICHb MpH Opraizamii BiJJaJC€HOr0 MOHITOPHHIY MaIli€HTiB; B [25]
3aMpoOMOHOBAHO CHUCTEMY BIJIaJICHOTO JiarHOCTYBaHHS MEJAaHOMH 3 BUKOPHCTAHHSIM
nmoBipHicHOT PNN Ta 3roptkoBoi CNN HEHpOHHHX Mepex.

Amnpo0auis pe3yJbTaTiB JUCepPTAMLil.

OCHOBHI TIOJIOKEHHSI AUCEPTAIIMHOI POOOTH ampoOOBaHI Ha TaKWUX MIKHAPOIHUX
koH(pepenmisx 1 dopymax: Ha 9th IEEE Mixnaponniit koudepeniii «International
Conference on Dependable Systems, Services and Technologies» (DESSERT 2018, Kyiv,
Ukraine); Ha 2-ii MixHaponHiii HayKOBO-TexHIUHIA KoH(pepeHmii «Komm’'toTepHi Ta
iHdopmartiitni cuctemu 1 TexHonorii», (XapkiB, 2018); Ha MixHapOmHIA HAYKOBO-
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TeXHIYHIH koHpepeHuli «IHpopMaliiiHl cucTeMu Ta TEXHOJOTIl B MeauUuHD» (XapKiB:
ISM-2018); na 2-i1 Mi>xxHapoaHili HayKOBO-TIpakTU4HINA KoHPepeHIi «OouucaoBaibHUN
1HTeNeKT (pesynabTaTd, mnpoOnemu, mnepcrnektuBn)» (Yepkacu, 2013); mwa 10-i
MixunapoHiii HayKoBO-TeXHIUHIM KoHpepeHuli «CucteMHui aHanmi3 Ta 1H(OpMaIiiHi
texnonorii»  (KuiB, 2008); wHa 7- 1 8- MDKHapogHUX  KOH(EPEHIIIIX
«BBICOKONIPOU3BOUTENbHBIE TapaJJICIbHbIE BBIYMCICHUS HAa KIACTEPHBIX CHUCTEMaxX»
(Pocis, ™. Canxt-IletepOypr, 2007, m. Kazanp, 2008); na 22-y MixHapogHOMY
MostoaixHOMY dopymi «Pamioenekrporika i mononb y XXI cropiuui» (Xapkis, 2018); Ha
8-1 MuixHapoaHiil HayKoBO-TexHIUHINH KoH(pepeHii «CydacHi HampsIMKH PO3BUTKY
1H(pOpMaLIHHO-KOMYHIKALIMHAX TEXHOJIOTIH Ta 3aco0iB ympaiiHHs» ([lonraBa—baky—
Xapkip—Kwumina, 2018); na 8- MikHaponHii HayKOBO-TPAaKTUYHIN KOH(epeHIl
«CyuacHi iHpopMamiiHi Ta enekTpoHHi TexHosorii» (Omeca, 2007); ma 9-ii 1 10-k
MixHapoJHUX HAYKOBO-TEXHIYHMX KOH(pepeHUisx «Teopis 1 TexHika nepenayi, npuiomy
Ta 00poOku 1Hpopmartii» (Xapkis, 2003, 2004).

ITyo6aikanmii.

3a martepiasiaMu JucepTallii omyOJIiKOBaHO 25 JPYKOBAaHUX Mpailk, 3 HUX — 12y
(daxoBUX MEPIOAMYHUX BUIAAHHSAX YKpaiHU 3 TEXHIYHMX HAyK; 7 CTaTed BKIIOYEHO Y
MDKHApOJIHI HaykKoMeTpu4Hi 0a3u, 13 Te3 jomoBinel y MarepiajgaXx MIKHAPOJIHHUX
HAYKOBUX KOH(EPEHIIiH, OJIHY 3 SIKHX BKJIIOYEHO y 0a3y SCOpUSs.

Ctpykrypa Ta 06caAr podoru. [ucepraiisi ckianaeTbcs 31 BCTymy, 4 poO3AiIiB,
BHUCHOBKIB, CIIMCKY BUKOPUCTaHUX JKEpEN, JOJATKIB. 3arajlbHU 0OCAT pOOOTH CKJIaaae
177 cropiHOK TEeKCTy, IO MicTATh 148 CTOpPIHOK OCHOBHOTO TEKCTy, aHOTarii Ha 16
CTOpIHKaX, 32 PUCYHKH, 7 TaONMIlb, CIUCOK BUKOPUCTAHUX Jixkepen 3 141 HaliMeHyBaHHS
Ha 14 cTopinkax, 5 nogaTtkiB Ha 15 cTopiHKaXx.

OCHOBHUMH 3MICT POBOTH

Y Beryni OOTpYyHTOBAaHO aKTyalbHICTh JHMCEPTAIIAHOT PoOOTH, CHOPMYIHLOBAHO
npobJjieMy, METy 1 OCHOBHI 3aBJaHHS JOCIIDKCHb, HaBEJIEHO BIJOMOCTI IIOJO0 3B’SI3KY
qucepTaiii 3 IUTaHaMHM OpraHi3ailii, Je BHKOHaHa poOora. J[aHO CTUCIY aHOTAIlilo
OTPUMAHMX y JUCEPTAIlli Pe3yNbTaTiB, BII3HAYEHO iX HAYKOBY HOBHU3HY Ta MPAKTUUHY
I[IHHICTh, HABEJICHO JIaH] 111010 BUKOPUCTAHHS PE3YNbTATIB IPOBEACHUX JAOCIIHKCHb.

VY mepmomy po3aiji mpoaHasizoBaHO CTaH MPoOJIeM po3Mi3HaBaHHs, Kiacudikarii 1
KJlacTepu3alii Ta OCOOJMBOCTI BUKOPUCTAaHHS JIA iX PIMIEHHA IITYYHUX HEUPOHHHUX
Mepex. lIpoBenenuii aHami3 IMokaszaB, IO 32 OCTaHHI POKH OYB MpPEICTaBICHUN PNl
METOJ[IB Ta ajJrOpPUTMIB, 3aCTOCOBYBAaHUX I BUPIIMICHHS IMX 3aBIaHb, CEpell SKUX
OJIHUMHM 3 HalOubll e(eKTUBHUX € IITy4HI HelpoHHl Mepexi. Cepea iCHyr4oi B
TEMepilHii 4Yac BENUKOi KUIBKOCTI MEpPEeXEBUX CTPYKTYp Uil 3afad Kiacudikaumii 1
pO3IMi3HaBaHHSA 3a3BUYail BUKOPHUCTOBYIOTH cTaTuuHi [IIHM npsmoro mnommpeHHs:
OararomrapoBuit mepcentpoH (BIIII), pamiansHo-0a3ucHy wMepexy (PBM), Mepexy
KoxoHnena, aBTOEHKOJEp, HEOKOTHITPOH, CTOXACTHYHI Ta 3TOPTKOBI Mepexi. Homui
MIOIITOBX JIO 1HTEPECY MOCIIKEeHb B JaHid obmacti gana mosisa B 1998 p. HOBoro Tumy
Mepex — 3roptkoBux HeiiporHux Mepex (CNN).

3niificHeHa MaTeMaTHYHAa TOCTAaHOBKA 3ajavl pO3Mi3HABaHHS 0O0pa3iB (30pOBUX,
MOBHUX 1 T.1.). [IpoanamizoBaHo 0coOIMBOCTI 3aaad po3Mi3HABaHHS, Kiacudikaimii Ta
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knactepizauii. [IpoananizoBano BiactuBocti IIIHM, siki BUKOPUCTOBYIOTH JISl PIILICHHS
nux 3aaad. Ha »xanb, B 3acTOCyBaHHI HEHPOHHHUX MEPEXK B MPAKTUUYHHUX 3aBJIAHHIX
BUHHUKAE psja npooOiem. Ilo-mepine, 3a3ganeriip He BIIOMO, SKO1 CKJIQJIHOCTI (po3Mipy)
MOXe 3HaJ0OOUTHUCS Mepexka JIJIsl TOCUTh TOYHOI peanizalii BimoopaxkeHHs. s ckinaaHicTh
MO>K€ BUSIBUTHUCS HAJIMIPHOIO, IO MOTPeOy€e CKIATHOI apXITEKTYpU MEPEXK.

OpHi€elo 3 OCHOBHMX 3aBlaHb npu 00poOli 300paxkeHb (0cOOIMBO B
HECTAI[lOHAPHUX YMOBax) € OI[IHKa 3MIHM PO3MIpiB AOCHipKyBaHoro o6’ekra. Coiia
3a3HAYUTH, 110 JaHa mpobdiaemMa 0coOIMBO BaXIIMBA MPHU MOCTAHOBIII MEJUYHOTO J1arHO3y.
VY 3B’S3Ky 3 IIUM B JJAHOMY PO3LT 3aIPOITOHOBAHUN METOJI KOHTPOJIO PO3MIpiB 00’ €KTa
3a JIOTIOMOTOI0 I1a0JIOHA, SIKHH BUKOPHCTOBYE BIIACTHUBOCTI MEPETBOPEHHS MOIIOHOCTI
00’€KTiB 1 MOXe OyTH BUKOPUCTAHUM A AUCTAHLIMNHOTO BU3HAYEHHS 3MIHHM PO3MIpIB
00’€KTIB, 110 CIOCTEPIraeThCs, HAMIPHUKIA/, B MEAMUIIUHI JJI1 KOHTPOJIIO IEPMATOIOTTUHUX
3aXBOPIOBaHb.

BenbMy BaXIMBHM 1 CKJIQJHUM 3aBAaHHSIM € PO3Mi3HABaHHS HEOHOPITHOCTI
3a0apBIeHHS JOCIIKYBAaHOTO 00’€KTa, sIKa MICTUTH 1H(GOpPMAIIIO PO KOTO CTaH 1 MOXKeE
CBIJIYUTH MPO HEraTHBHI TEHJIEHIIII B 3MIiHI I[bOTO CTaHy (OCOOJMBO 1€ XapaKTEpPHO s
3a7lad  MEAMYHO1 MiarHOCTUKK). OJHAaK BHU3HAYUTH HEOJHOPITHICTH AJITOPUTMIYHUM
[UIIXOM JIOCUTh CKJIagHO. TOMy TMpeACTaBISEThCS JOIUIBHUM 3aCTOCYBaHHS IS
BUpIIICHHS 11b0r0 3aBaanHs [ITHM.

VY apyromy po3aiii 3anponoHoBaHo nporeaypy HaBuanHs BIIII, o sBisie co6oro
MaTtpuuHuid BapianT mnpoueaypu Kaumaxka (Yigpoy-I'odda), sika BUKOPHUCTOBYE 30HY
HEYYTJIMBOCTI, HAJAIITYBaHHS SKOi 3a0e3leuye OTpUMaHHs pOOACTHUX OLIHOK IIYKaHHX
napameTpiB MepexXi, a TaKoX JOCIHIIKYeTbcad epeKTHBHICT, BHKopucTanHs BIIIIT B
3a/layax po3Mi3HaBaHHs 00pas3iB 1 KjIacugikaii.

BIIIIT BUKOpUCTOBY€E HACTYIIHY alPOKCUMAIII0 HETIHIHHOTO orepaTopa:

§(k)=f (k)= fq[(wq)T fq—l[(wq—l)T f a2 [ fl[(wlx(k)+bl)1...ﬂ +by, (1)

e W'- BEKTOp BaroBUX MapameTpiB HEUPOHIB 1-TO MIapy MEPExi; fi[O]- aKTHBaIliitHa
¢ynukuis (AD) i-ro mapy; b; - 3MiteHHs i-ro HelpoHa.

Hagpuanus BIIII — itepatuBHuii nporiec, 1110 MOJsArae B KOPEKIIii HOro napaMeTpis 3
METOI 3MEHIIECHHS MOMMIKKA MK (DAKTUYHUM MEPEKEBUM BHUXOIOM (yﬁp)(i =1..N"Y) i

uinboBMM BuxonoM d; , st naxoro 3paska p (tyt N " _ KiIBKiCTB HEHPOHIB Y BUXimHOMY
(L —my) mapi.

[IpumycKaeThes, IO BUXIMTHMN CUTHA]I BUMIPIOETHCS 3 AEAKOIO 3aBanoro &. Ilpu
upoMy 3anaya HaBuaHHs BIUII monsirae y BU3HAaueHHI BeKTOpa HOro mapametpiB (Bar,

napaMeTpiB aKTUBALIHHUX (PyHKIIIH, 3CYBIB TOILO), IO 3a0e3Meduye MIHIMYM (PyHKII1OHATY
P N-

E=23 T o(es) @
p=1li=1

ne p(ei,p) — mesika (yHKIig BTPaT, IO 3AJICKHUTH Bill BUIY 3aKOHY PO3HOALTY 3aBaiu( |

&.p =0, — Y, — MOMHUJIKA peaKIlii MEPEKi Ha i-My BUXOJIi NPHU TIO/IAHHI 3pa3Ka.

Hespakatoun Ha mmpokomacimiTabHe 3acTOCYBaHHA B SIKOCTI (yHKIID, sKa
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MIHIMI3YEThCS, KBaJpaTHUHOI, BOHA Ma€ HHU3KY HEJOJiKiB. TOMy OCTaHHIM YacoM BcCe
YacTillle BUKOPUCTOBYIOTHCS ANbTEPHATHBHI (PYHKII MOMHIKH, IO JO3BOJISIOTH
MOTIMIIUTH TPOIIEC HABUYAHHS MeEpeXkl 1 3a0e3MEUUTH BUXIJ 3 JIOKAIHBHOTO MIHIMyMY,
30KpeMa, (QYHKIIIT MOMUIIKH 3 B3aEMHOI €HTPOITIE€I0

P Nt d —d

L )% L 3

E:_Zzln[(yi,p) p(l_yi,p)‘ p} 3)
p=li=1

JlocutimkeHo muTanHs Bu6opy (yHKIii akTHBarii HefiponiB f' [0] . [IpoananizoBano

BJIACTUBOCTI TPaAULIAHUX (QYHKIIH (CUTMOIAANBHOT 1 TiNepOOiYHOrO TAHTeHCAa), & TAKOXK
GyHKIN, sKI OoAepKalld OCTaHHIM YacoM IIMpOKe momwupeHHs, — @yHkmii ReLU
-1

L . . . co .
>'e* | ). Ha BigmiHy Bix TpapuuifiHux xasi

(f(z) =max(0,z)) ta SoftMax (f; =e"

(GyHKLII HE BUMaraloTb BUKOHAHHS PECYpCHOMICTKHX omnepatiii. KpiMm toro, (yHkiis
ReLU moxe OyTu peanizoBaHa 3a JOINOMOIOK IPOCTOrO MOPOTrOBOTO MEPETBOPEHHS
MaTpulll aKTHBAIlli B HYJIl 1 HE CXWIbHA 0 HacuueHHsA. DyHKIi0 aktuBaiii SoftMax
3py4HO 3aCTOCOBYBATH Uil 3a7ad Kiacudikalii, TOMy 110 BOHa J03BOJISIE TPAKTyBaTH
BUXIJHI 3HAYEHHS HEHUPOHIB SIK WMOBIPHICTH NPHHAJIECKHOCTI JTAHOMY Kjacy, a TaKOX
3a0e3neuye OJM3BKICTh JO HYJSI TUIBKK OJHOTO BUXIJIHOTO 3HaueHHs. Jljisi oOGuucieHHs
IpajieHTIB 1€l (QYHKINI, SIKI BUKOPUCTOBYIOTHCS MPU HaBYaHHI, MOXKHA 3aCTOCYBaTU
cremiaipHi 01010TekH, Taki ik Theano 1 TensorFlow.

[IpoBeneno anamiz anroput™miB HaB4yaHHs bBIIIII, 3acHoBaHMx Ha o0OYMCIEHHI
rpajieHTa (QyHKIIOHANTY, [0 MiHIMI3yeThes. [lokazana e(eKTUBHICTh BUKOPUCTAHHS
METOJMIB JIPYroro TMOPSAKY 3aBIASKH iX BHUCOKIA IMIBHAKOCTI 30DKHOCTI. Po3pobieno
npouenypy HaBuanHs BIIIIL, mo mpencrtaBisie co000 MaTpu4HI BapiaHTU MPOLEIypU
Kaumaxxa (Yigpoy-I'odpda), 3anponoHoBana ii Moaudikaiisi, siKa MICTUTh 30HY
HEYYTJIUBOCTI, 1 pO3MIISIHYTI MPOIEAYPH HAJIAIITYBaHHS I1€1 30HU.

Posrnsnyro waBuanus BIIIT 3 M Bxomamu i S Buxomamu, L mrapamu, dmciiom
HEHPOHIB BUX1IHOTO 11apy P, npuxoBaHoro — N, BCl HEMPOHU SIKOTO MarOTh aKTUBALIIHY

. _ -1
¢ynkuiro Buxy f(X)= (1+e “X) .

I'panienTHl Tpoueaypd HaBYaHHA MaTpulp Bar BuxigHoro (L-ro) Tta i-ro
npuxoBaHoro mapy BIIII, ski MiHIMI3yIOTh KBaJpaTUUHUNA (PYHKILIOHAT 1 PEACTABISIIOTh
c00010 TMpoLEIypPY 3BOPOTHOIO MOIIMPEHHS MOMIJIKKA 1 MOXYTh OyTH 3alMCaHi TaKuM
YUHOM:

Fo(xwh(k=1))e" (k)

WH(k) =W"(k=1)+7,. (k) —
o HFL(X,WL(k—l))‘ “@
W) =W (k1) 47, ) T OO ED)TORCC) [ ©)
HVf (x(k).W' (k —1))x(k)‘

€ MaTpUYHUMU BapianTtamu nponeaypu Kaumaxa (Yigpoy-I'odda).
Tyt y,,.(K)i 7,,:(k), i #L - xoediuienTn HaBYAHHS;
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FLoows) = (L (x(K)  FEOEEROXK) o AT (k)x(K)))|

— BEKTOP aKTUBAIIMHUX (DYHKIIIH HEUPOHIB BUXITHOTO mapy Lx1;
VE (x,w) = diag [ VF (w] k), x(K))  VF (W] (K), x(K)) .. VF Q] (K), X(K)) ]
VE (W' (k),x(k)) — mepura moxinaHa akThBaIiiiHoi QyHKIT i-ro HeifpoHa;

e(k) =d(k) —d(k) - y(k) + & (k) + &, (k);
& (k), & (k) — BexTopu MOXMOOK BHXIJIHOTO CHTHAIy Ta HEHpOMepexkeBol alpoKcuMaii

BIIIIOBITHO.
JIist migBUIEHHS OOYHMCIIIOBaIbHOI CTikocTi (4), (5) BOHM MOXYTh OyTH
Mou(pikoBaHi, TOOTO PErysIpU30BaHi:

Fo(x,w (k-1))e" (k)
B () +]FH (xwH (k-1
VF (x(k),w (k—1) )e(k)x" (k)
B (K)+ [V (W (k1)) x(k)|
ne B,.(k)=0, £, (k) >0,i#L — napameTpu perynspusarii.

WH(K) =W (k =1) +7,,. (k) 6)

Wi(k) =W'(k -1)+,, (k) #L, (7)

Cnin, onHak, BiA3HAYMTH, AKIIO craTUcTH4HI BiaactuBocTi 3aBan & (k), &, (k) He
B1JIOMI, a BIJJOMO, 1110 BOHU OOMEXKEH1 3a aMILTITY1010, TOOTO

SO ®)

TO JaH1 MPOIeAYyPH CIIi MOAU(]PIKYBATH NMUITXOM BUKOPUCTAHHS B HUX 30H HEUYTIMUBOCTI,
HaIPUKIIA], HACTYITHUM YHHOM:

(KF" (x,wh(k-1))e" (k)

W (K) =W (k—1) + 7, (k)22

Au 0+ [ (xw G-n)] ©
IS
) :{g(e(k),Aws(k)), eca |e(k)] > A, (k): -
0, ecru |le(k)|| < A, (k).

VY 3B’s3Ky 3 TUM, IO TpU OOYUCIEHHI OIIHOK Matpuili W BHKOPUCTOBYETHCS
noxijiHa (yHKII akTUBAIlll, TapaMeTp 30HU HEUYTJIMBOCTI MMOBUHEH MICTUTU KOE(IIIEHT,
SIKMY BU3Ha4Ya€ HaXujia CUTMOIIHU

&, (OVE (x(K),W' (k ~1))e(k)x" (k) i
i 00 +VF (x ' (k=) x(0]

g(e(k), A, (K)), ecru %||e(k)||>AWi(k);

W' (k) =W'(k =1) + 7, (k), (11)

ne o (K) = (12)

0, ecnu m||e(l\‘f)||SAWi(k),
a

ne VE . =min[Vf,(k), Vf,(K),..., Vf, (k)] > 0.

HanamtyBannss 30H HeuyTiauBocTi mia npouenyp (9) 1 (10) 3ampornonHoBaHO
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3I1ACHIOBATH 3a JJOTIOMOTOI0 HACTYMHHUX MPOLEAYD:

o (k)|le(k =)

B (k=1 +[F (x Wi k-1
a, (k)[le(k —1)|

B (k=D +[VF (x W (k=D) x|

Mertoau naBuanHs [ITHM, 3acHoBaH1 Ha MiHIMI3aIlli KBaJpaTUYHUX (HYHKI[IOHATIB,
HE € CTIMKUMH, SKIIO B BUMIpax NMPUCYTHI BUKUIW a00 3aBaju, SIKI MalOTh PO3MOJILIH,
BIJIMIHHI BIJ TayCiBCbKMX. B SKOCTI aJbTepHAaTHBHU, IJIs 3a0e3MedyeHHs poOacTHOCTI
HUIbOBY GYyHKIIO (2) MOAU(IKYIOTh TAKUM YHUHOM, 1100 OOMEXHUTH BIUIMB HAWMOUIBIIMX
BUMIpiB. Po3risHyTo HaWOIBII momuMpeHi KomOiHOBaHI (yHKIIOHATW XbroOepa 1
XewMriena, K1 CKJIaIal0ThCs 3 KBaJAPATUYHOTO, 1110 3a0e3Ie4y€e ONTUMANbHICTD OLIHOK JJIs
rayciBCbKOro pO3IMOALLY, 1 MOJYJbHOIO, IO JO03BOJISIE OTPUMATH OUIBII poOACTHY 10
PO3MO/ILIIB 3 BAXKKUMU «XBOCTaMMW» (BUKUJAMHU) OIIHKY.

Bigznauumo, 1o asis 3a6e3nedeHHs poOacTHUX BIACTUBOCTEN OACPKYBaHUX OILIIHOK
napameTpiB Mepekl JOCUTh €(PEKTUBHUM € 3aCTOCYBaHHS KOMOIHOBAaHOTO (PYyHKIIOHATY
HaBYaHHS

A, (K) =4, (k-1)+ (13)

A, (K)=A,, (k-1)+ a4

Fle(k)]= 2e* (k) + (1— 2)[e(K)|, (15)
I'paJIIEHTHUHN aJTOPUTM MiHIMI3allli SIKOT'O0 Ma€ BUTIISI
6(k) = O(k —1) + y (k) [ 12e(k) + (L— ) sign e(k) | x(K). (16)

ne A€[01].

BuByeHo nuTaHHS 301KHOCTI AaHOI MPOUEAYPH, IO MOETHYE BIACTUBOCTI METOLY
HallMEHIIUX KBaJpAaTiB 1 METOY HAMMEHIIMX MOJYJIB, 1 BU3HAYEHI YMOBH il 301)KHOCTI B
CEepEeIHBOMY 1 CEpEIHHOKBAAPATUUHOMY.

Posrasnyto nutanns ananraiii BILIT Ha 6araTonporiecopHi cuCTeMH Ta POBEICHO
aHai3 MPOAYKTHBHOCTI Ta pe3yJbTaTaMH TECTyBaHHS po3poOieHoi cuctemu. B
CKCTICPMMEHTI TTOPIBHIOBABCS Yac, BUTPAUYCHWM Ha BUKOHAHHS OTieparlii akTUBAIlli OJHOTO
HEHpOHA TMPHUXOBAHOrO MIApy O0€3 BHUKOPHUCTAHHS poO3MapaieNtoBaHHs (MOCIiIOBHI
oOuucieHHs), a TakoX 3 BukopucranHsMm Oararosgepuux CPU 1 GPU (rexmosorii
OpenMP 1 Cuda). [Iyig ekcnepuMeHTaIbHOI OLIIHKKA OOpaHuX CEepeAOBUIL MapayebHOTO
porpaMyBaHHsI BUKOPUCTAH1 JIB1 T€TEPOre€HH1 OHOBY3JI0B1 CUCTEMHU:

— IntelXeonE5-26502 v4 i Intel XeonPhi 7120P - 244 siapa 3 yactortoro 1.2 GHz.

— IntelXeonE5-26502 v4 1 GeForceGTX 1070 GPU - 24 mnoToKOBHX
MmynbTHnponecopa (Streaming Multiprocessors - SM), 1920CUDA sgep 3 4acToToro
1.5GHz.

Pesynpratu cBiguaTh Mmpo Te, IO HE3BaKAIOUW Ha T€, IO PO3MApaNeTIOBaHHS 3
BukopuctanusamM CPU (OpenMP) nae 3HauHMil mpUpiCT B IPOSYKTUBHOCTI, MAaKCUMAaJIbHE
MPUCKOPEHHST Bce X gocsaraethcs 3 Bukopuctanusm GPU (Cuda). Anami3 pesynbTatiB
JI03BOJISIE OTPUMATH OLIHKY MOTEHUINHO MOXJIMBOIO BHIpally B NPOAYKTHBHOCTI B
3aJIEKHOCTI BiJl BUKOPHUCTOBYBAaHUX PECYpPCIB, a TAKOX PO3MIPHOCTI JOCTIIHKYBaHOTO
300pakKeHHS.

Sx BUAHO 3 TPOBENEHUX EKCIEPUMEHTAIBHUX JOCHIIKEHb, TMPU poOOTI 3
300pa)KEHHSIMU HU3BKOI PO3MIPHOCTI TMEpeBard mapajieibHoi OOpPOOKH HIBEIIOIOThCS
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HaKJaJAHUMU BHUTpaTamu, a BukopuctanHi OpenMP 1 Cuda crae pamioHanbHUM MpH
BUPIIIICHH] 3aJ1a4 3 mapameTpamu 300paxkeHHs 100 * 100 1 GibIe.

Ha ocHOBi oTpuMaHux JaHuUX OyJ0 BHUKOHAHO PO3PaXyHOK TPHUCKOPECHHS,
JIOCATHYTOTO B pe3yJIbTaTi po3napaleioBaHHs, PE3yJIbTaTH SKOTO HaBeAeHI B Ta0uI. 1.

Taomurg 1
[TprckopeHHs, OTpUMaHe 32 PaXyHOK pO3MapaseItOBaHHsI
[TpuckopeHHs1, OTpUMaHe 3a PaXyHOK
po3mnapalieNIIoBaHHs y MOPIBHSHHI 3 TIOCIITOBHUM
BUKOHAHHSIM
[Tapamerpu 300paxenns: | [Ipuckopenns mis Cuda Tp H‘gggﬁ&l{; e
32*32*3 0.7748 0.3653
50*50*3 0.7453 0.3428
100*100*3 4.6841 1.5289
150*150* 11.6659 2.00185
200*%200*3 22.1113 2.0503
250*250*3 36.7053 2.3531
300*300*3 47.0793 2.6590
350*350*3 67.2240 2.2721
400*400*3 103.9566 2.1720
450*450*3 125.6840 2.0842
500*500*3 151.8955 2.0514
550*550*3 203.7810 1.9532

Y TperboMy PpoO3aiii JOCTIIKYEThCS HEUpPOMEpe:KeBUM MeToj Kiacudikarii
300pakeHb Ha OCHOBI 3ropTKOoBUX HeHpoHHUX Mepek CNN, sikuii BUKOPUCTOBYE B PI3HUX
mapax pi3Hi QyHKIIA akTuBaiii 1 poOacTHE HAaBYAHHS TapaMeTpiB MEPEexXi, a TaKOoXK
BUKOPUCTAaHHSA IMOBIpHICHUX HeWpoHHUX Mepexk PNN s po3mizHaBaHHS 3MiHH
napameTpiB 300pakeHb, 110 JO3BOJISIE MIABUUIMTH TOYHICTH KOHTPOJIO 3MIHHM PO3MIpPIB
CIIOCTEPEKYBAHUX 00’ €KTIB 1 €PEKTUBHICTD 1X Ki1acuikarii.

3ropTKoB1 HEUPOHHI Mepexki 3a0e3MeUy0Th YaCTKOBY CTIMKICTh A0 3MIH MacIiTady,
3CYBIiB, MMOBOPOTIB, 3MiHI PaKypcCy 1 1HIIUX CIIOTBOpPEHb 300pakeHHs. Lle mocsiraeThes 3a
PaxyHOK 00’€THaHHS B HUX TPbOX apXITEKTYPHUX 1JICH:

— JIOKaJbHI PELENTOpHI ToJigd (3a0e3MeuyroTh JIOKaJbHY JIBOBHUMIPHY 3B'S3HICTH
HEHPOHIB);

— 3arajibHi BaroBi KOe(MIIiEHTH CUHAICIB (3a0€3MeUyIOTh IETEKTYBaHHS AKX PUC
B OyJIb-IKOMY MicCIIi 300pakKeHHS 1 3MEHIIIYIOTh 3arajbHe YHCIIO BarOBUX KOC(IIIEHTIB);

— lepapXxiyHa opraHizailis 3 MPOCTOPOBUMHU MiABUOIPKAMH.

PosrasinyTo ocobmmBocTi 00poOku 300paxkens Ha ocHOBI CNN, siki 103BOMSIIOTH
OTPUMATH Ha CHOTOJHINIHIA JIEHb Kpalll pe3yJbTaTH B PO3Mi3HABaHHI 300pa)keHb 1
MPECTaBIAIOT, CO00I0 KIOUoBY TexHonorito Deep Learning. [lns opranizamii CNN
3aCTOCOBYETHCSI TP OCHOBHI IIApH: 3rOPTKH, IMyJTiHTa (MiaBuOipku abo cyOaucKpeTizaltii)
1 TOBHO3B’s3aHUN 1Iap. Bu3HaueHHS TOMOJIOTIT MEpPEXi OpIEHTYEThCS Ha 3ajaady, sKa
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NOBUHHA pilIaTUCA, JaHl 3 HAYKOBHUX CTaTe€d 1 BIACHUM EKCIIEPUMEHTAIbHUN JOCBII.
Omnucana 3arangpHa apxiTektypa CNN 1 oco6imBoCTi T00y10BH ii mIapiB.

Hassricte B CNN 1mrapiB pi3HOro TUIy HTPU3BOJAUTH JO TOTO, IO JJIsi HaBYAHHS
HEWPOHIB IIUX IIApPiB MOXXYTh BUKOPHCTOBYBATUCS Pi3HI PyHKINIT akTHBalii. Po3riasHyTo
BUMOTH, 110 TIpeJ AIBJISIOTHCSA 10 (PYHKIIIT aKTUBAIlll IPY BUPIIICHH] 3a/1a4l Kiacudikariii.
[Ipu cunTe3i CNN moxiMBe 3acToCyBaHHsS BCiX (DYHKIIN akTHUBAIlli, PO3TISHYTUX Y
JIPYroMy pO3/iTi, OJJHAK BHACTIOK ICTOTHUX MO3UTUBHUX BJIACTUBOCTEH /I MPUXOBAHUX
1I1apiB BUKOpUCTOBYeThCs Relu, a s moBHO3B si3HOTO mapy — ¢yHkuiga SoftMax (mpu
BUpIIICHHI 3a7a4 kiacu@ikarii, ToMy 10 BOHA J03BOJISIE TPAKTYBAaTH BHUXIJHI 3HAYCHHS
HEHPOHIB SIK KWMOBIPHICTh NPHUHAJECKHOCTI JAHOTO KJacy, a TakoX 3a0esnedye, 00
TITBKH OJHE BHXITHE 3HA4YeHHS Oyno ONM3bKE 10 OJWHHMIN 32 PaXyHOK 3aCTOCYBaHHS
eKCMOHEHTH). €IMHOI0 CKJIAJHICTIO MPH BUKOpUCTaHHI i€l (QyHKUIl € oOumcieHHs i
MOX1AHUX, HEOOXITHUX JJIsl peai3alii alroputMy HaBuyaHHs. OJHaK Ii TPYJIHOII HE €
OPUHIIUIIOBUMH, OCKIJIBKM JJIi OOYMCIICHHS TpPAJIIEHTIB MOKHAa BHKOPHCTOBYBATHU
crnemiaipHi 010m0TekH, Taki ik Theano 1 TensorFlow.

IIpu cunte3si CNN B skocti ¢yHKiii BTpar (2) BUKOPUCTOBYIOTH 3a3BHUYall
KBaipaTiyHy (yHKII0 a0 mepexpecHy eHTporito. [lepiia BUKOPUCTOBYEThCS B IIapax
3rOPTKH 1 MyJniHra (miaBuOipku ado cyOaucKpeTi3allii), Apyra — B BUXIJTHOMY IIapi, SIKIIO
B SIKOCTI (PYHKIIIT aKTUBAIIil B I[bOMY IIap1 3aCTOCOBY€EThCs PyHKIIA SoftMax.

Posrasinyro nutanns HaB4aHHs Beix mapiB CNN Ha 0OCHOBI alroputMy 3BOPOTHOTO
MOIITAPEHHS TTOMUJIKA

AO(K) = -1V 53 (6(k)); (17)
Ok +1) = 0(k) =1V 43 (0(k)), (18)
ne € — mapaMeTpu Mepexi (eeMEHTH BaroBUX MaTpHllb, 3CYBIB, KYTIB HaXWITy

akTuBamiiianX ¢QyHkmin Tomo); J(6(K)) — uinboBa ¢yHkiis (dyHKIS BTpar); 1 —
napameTp MBUIKOCTI HABYAHHS.
Sxmo B sikocTi (PyHKIT BTpaT (2) Mepexi oOpaHa kBaapaTHuHa QyHKUis £, a B

. s e e ~ . e -_— _l
SKOCTI aKTHBaIliiHOI (YHKIIT HEHPOHIB — CHUIrMOizanbHa f(X)=(1+e “x) , TO JIst

HaJallITyBaHHs MaTpULl Bar BUX1THOTO ( L —ro) mapy BUKOPUCTOBY€ETHCS

L L L
voiw)=TE _EN K 5 O _ sy
" aWki 8yi 8Xi aWki aWki (19)
Vie(0,..,N"),Vk €(0,...,N"),
1e
L_OE Q. OB L 4. Mg
o = Py axiL’ Py =yi —d;; Xt =Yy -yi). (20)
SIKII0 * B SIKOCTI aKTHBaliWHOI QyHKIIIT HelipoHiB oOpana SoftMax, To B (20) ciin
N- L
B3STH 8EL = 8EL 6ij d=(1,...,N"Y).
ox; = 0y; X

AHaNOriyHO MO’KHa OTpUMATH MNPOUEAYpY HaNalITyBaHHS 3CYBIB Il HEWPOHIB
noBHO3B s13H0TO ( L —T10) mapy


https://www.ics.uci.edu/~pjsadows/notes.pdf
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OE  OE oy" ox'

abiL - ayiL aXiL abiL ' (21)
[pu BuGOPI B sIKOCTI (DYHKIIIT BTpAT (PYHKIIIT IepeXpecHOl €HTPOITII:
C=->.d;logy;, (22)
j=1
nporieaypa HaB4aHHs BUX1IHOTO (MMoBHO3B s13aHor0) mapy CNN npuiime BUTIIST
AG(k) =-nV,C(O(k)); (23)
O(k +1) = 6(K) -1V ,C(O(K)), (24)

e O(K) = (w, b)

T
oC oC oC
owy, o of -

B poGoTi oTpumaHi BUpa3u JJsl BCIX YaCTUHHUX MOXIAHUX, 110 BUKOPUCTOBYIOTHCS
y mporenypax HaB4daHHs Bcix mapiB CNN, ski depe3 iXHIO TPOMIZIKICTH TYT HE
HaBOAAThCSA). Posrmsinyto ocoOnuBocTi HaBuanHs CNN Ha OCHOBI CTOXaCTHYHOTO
rpaaienta. Hemomiku 1boro mMeromy (3acTpsiraHHs B JIOKQJIBHUX MIHIMyMax, MOBUIbHA
30DKHICTh  BHACHIJOK  CKJIQJAHOTO JIaHAmadTy UUIbOBOI  (PYHKINI, MOXKJIUBICTD
nepeHaBYaHHs TOINO), a TaKOX OOYHMCIIOBAJbHA CKIIAIHICTh METOIIB JIPYroro MOPSIKY
MIPUBEIN 10 PO3POOKH METOIB, 3aCHOBAHMX HA METOJII CTOXAaCTUYHOTO TPaJi€HTa 1 SIKi
BOJIOZIIOTh B TMOPIBHSHHI 3 HHAM IUIAM PSJIOM IepeBar 1 BUKOPUCTOBYIOTH 1JICHO
nHakonnueHHs immynscy (NAG, Adagrad, RMSProp, Adadelta, Adam, Adamax, Nadam).
BiamiueHo oco0auBOCTI peanizallii JaHuX METO/I1B.

Sx 1 B pasi HaBuanHa bBIUII, nns waBuyanas mmapiB CNN mpu HasBHOCTI
HEerayCiBChKHMX 3aBaJl Ha BUXO/l MEPEXk1 MPOMOHYETHCS 3aCTOCOBYBATH POOACTHUH MIJIXiJ,
3aCHOBaHMI HA BUKOPUCTaHHI KOMOIHOBaHUX (PyHKITIOHANIB XbloOepa 1 Xemmena.

[Ipu BuOOp1 manux GyHKIIOHATIB B SKOCTI (YHKIIM BTpaT M TPaTi€HTHOTO
(y3araapHEHOTO) JIeNIbTa MIpaBuiia HAaBYaHHS BUKOPUCTOBYETHCA MOX1THA

E  9p oyt oxt
ows oyt ot ow) (25)

V,C(0(k)) {

ne s pyHkiioHana Xsrobepa
op _ di_yi! |di_yi |£C;
8YiL_1 CSign(di - Yi)n c >| di —Yi |1 (26)

a i pyHKiioHana Xemrena
d'_yiv |d; —y; [<b;
bsign(d; —y;), b<|d;-y|<c;

op
= b(|d, - y;|-d
(| [ y|| )sign(di—yi), Cg|di—yi|<d;

0, d<|d -yl

(27)
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Tyt a, b, ¢ i d — koHCTaHTH, IO BU3HAYAIOTH CTYITIHb 3aBaIOCTIHKOCTI.
OtpumaHe B poOOTi y3arajabHEHE JeibTa-MPAaBUIIO HABYaHHS Bar i 3CyBy HEHPOHIB
MTOBHO3B SI3aHOTO IIIAPY MA€ BUTJIST
AWin- = 75iL YiL_l;
AbL = 55", (28)

Py P
OX; oy

3a aHanoriefo 3 HaB4yaHHAM TpanuiiitHoro bBIIII, 3aGe3nedeHHss poOacTHHX
BJIACTUBOCTEH 0JIep>KYBaHHUX OIIHOK ITapaMeTPiB MEPEkK MOKIIUBO IUITXOM BUKOPHUCTAHHS
KOMO1HOBaHOT'O (byHKuiOHaJIy HaBYaHHS

E-= zzz(d,,, Vo)’ + (- ﬂ)ZZId ~Yoib (29)

p=1l j=1 p=1 j=1

ne & =—

ne Ae[0,1], 1o NpUBOAUTH [0 IPaAIEHTHOTO aAITOPUTMY BUAY (16).
B npoMy BUIaKy A1 HABYAHHS MEPEKI 3aCTOCOBYETHCS MOX1HA
OE _ OE oy ox"
ow; oy ox owy (30)

OTtpumani BUpa3u ISl BCiX, BAKOPHUCTOBYBAHMX ITPU HABYAHHI, MOX1JHUX, 30KpEMa,

8_E =2(d" —y- Ty + (1- A)sign(d -y ). (31)

OcTaTo4HO Yy3arajbHEHE JeNbTAa-MPAaBWIO HABYAHHS Bar 1 3CyBY I JaHOIO
(dbyHKUI0HATY HA0y1e BUTTISAY
L L,,L-1.
AW =707y
Ab" =y, (32)

IS 5L=—§ (X )—

st CTaHI[apTHOFO QITOPUTMY 3BOPOTHOIO TMOIIMPEHHS, KOJM MOMMJIKA
NOIIMUPIOETHCS Bl BUXOAY A0 BXOAY MEPEXI 1 Barv MONEPEAHbOr0 IIapy O0OUHCIIOIOTHCS
"epes yXKe BiJIOMi Bard HACTYITHOTO IIapy, BEIMYNHA &, BU3HAYAETHCS HACTYITHUM YMHOM:

N L+1

_ — f (X )Z5L+l L+1. (33)

Crnig TakoXX 3a3HAYUTH, IO PO3TISHYTI poOaCTHI MPOUEAYpU HABYAHHS MOXKYTb
OyTH MOAM(IKOBAHI NIJISXOM BUKOPUCTAHHS B HUX 1/1€1 HAKOMMYEHHS IMIYJbCY, K 1€
3p00JIeHO B MOAM(DIKAIISAX aITOPUTMY CTOXAaCTHYHOTO TPaJIIEHTA.

YerBepTHii po3aial MPUCBIYCHHUN IMITAIITHOMY MOJICTIOBAHHIO Ta BUPIIICHHIO
MPAKTUYHUX 33724 MEIUYHOTO IarHOCTYyBaHHS. 3IMCHEHO IMITAIliiiHE MOCITIOBAHHS
HEHPOMEpPEIKEBUX METOJIIB PO3IMI3HABAHHS 3MIHM IMapaMeTpiB 300pakeHb Ha MPUKIIAII
MesnaHomu 3 BukopuctanusMm mepesk PNN 1 CNN, Ha ocHOBI pe3ynbTaTiB SIKMX BU3HAUYCHI
BUMOTH J10 TlapameTpiB mepex. [lokazano, mo Mmepesxa CNN € mocuth edexkTuBHOWO mpu
kiacudikauii 00’ ekTiB, 0 HajexaTh ABoM kiacaM, a CNN ycmimHo Bupillye 3aBIaHHS
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kiacudikaiii py HasIBHOCTI OUTBIIOT KIIBKOCTI KJIaciB.

HocmimkeHo edexTtuBHICTh Mepexi PNN s pimieHHsS 3a7a4i  BU3HAUYCHHS
HEOJHOPIMHOCTI 3abapBieHHs. BuBYeHO 0COOJMBOCTI BHOOPY pO3MIPY MEpexi B
3QJICKHOCTI  BiJl PO3MIPHOCTI BXIIHOTO BEKTOpa, a TaKoX IHUTaHHSA BUOOPY
BUKOPHCTOBYBAHOTO IMapamMeTpa 3MIaJKyBaHHSA G. JlOCHIIKEHO 3aJIeHICTh TOYHOCTI
kinacudikaili BiJ MapaMeTpa 3rJIa)KyBaHHA G 1 3alpONOHOBAHI HAOJIMKEHI METOIU
BU3HAYEHHS IILOTO MapaMeTpa.

Bim3navaerbcs, mo omHiero 3 ocHOBHUX mepeBar PNN mepex € Toil (akt, mio
Mepeka HaBYAeThCs AyXKe IMBHAKO. Tak A HaBYaHHS MEpExi, ska 3aiimae 1gb mam'sTi,
noTpioHO MeHmie 1.5 cexkynmau. Ha mifcTtaBi pe3ysibTaTiB MOJETIOBAHHS POOUTHCS
BUCHOBOK, 10 Mepeka PNN BiAMIHHO MiIXOAWTh IS 3a1ad, B SAKUX MOTPiOCH
BUCOKOTOYHMI KiacudikaTop 3 IyKe MIBUIKAM YacOM HaBYaHHS 1 JI€¢ HE HACTUIBKH
MPUHIUAIIOBOIO € TIOBUIbHA IIBHUJIKICTH caMoi kiacudikamii. Ilpu upoMy mnmotpiOHO
BPaXxOBYBAaTH PO3MIPHICTh BEKTOpa BXIIHUX IMapaMeTpiB 1 KIUIbKICTh MPUKIAAIB, IO
BUKOPUCTOBYIOTHCS [IJISl HABUAHHS, BiJ SIKUX O€3MOCEpEHbO 3aJCKHUTh Yac BIATYKY Ha
eTari Kiacudikalii, a Takox miciie, 1o BuAIsseTbes ais [ITHM.

[Ipu monemtoBanHi nporecy posmizHaBaHHs 1 kiacudikamii CNN BupinryBanacs
3a/ladya pO3Mi3HABAHHS 3aXBOPIOBAHHS IIKIPU — MEJIAHOMH 3TOPTKOBOIO HEUPOHHOIO
mepexero MaskRCNN. B skocti HaB4aiabHOI BHOIPKM BHKOPHCTOBYBaBCS HaOip
dotorpadiit 3 konkypcy «ISIC 2016: Skin Lesion Analysis Towards Melanoma
Detection». HaBuanHst Mepex1 NpoBOAWIIOCS 3 BUKOPUCTAHHSM Bar 3 MepeJHAaBYaHHSIM Ha
BuGOipm «Coco» (http://cocodataset.org) mepexi resnet-101. HapuanHs mpoBoauiocs
npotarom 30 enox, i Horo pe3ynbTaTy HaBeAeH1 Ha puc. 1.

Ha puc. 1-a) nokazanuii rpadik 3MIHM 3arajbHOiI TMOMUJKA HaBYaHHS, IO
CKJIaJIa€ThCs 3 MOMUJIKHM JeTekTopa «BoundingBox» (puc.1-6), momuinku kiacudikatopa
(puc.1-B), MOMMJIKK TPOBICHUKA Macku (puc.l-T) 1 TOMWJIKH MOJIYJsl, IO MPOIOHYE
perioHu, K1 MICTATh 00’ €KTH JIJIsl po3mi3HaBaHHs (puc.1-1).

Otpumani pe3yiabTaTd CBiguaTh mpo Te, 1o Mepeka MaskRCNN  3miiicHioe
edeKTHUBHE PO3IMI3HABAHHS TMONIKOHKCHHS IIKIPH, BKa3ylOud OOJACTh MOIIKOKEHHS 1
MPOTMOHYIOYHM TOYHY MOMIKCENIbHY MacKy. J[aHa Mepexa TakoK J03BOJISE BIACTEKYBaTH
3pOCTaHHsl TMOIIKO/DKeHHS. Sk BUAHO 3 puc.2, Mepexka posmi3Haia JBa PErioHH —
NEPBUHHUYN 1 BTOPUHHHM, SKUH € pe3yJIbTaTOM 3POCTaHHS HOBOYTBOPEHHS.

VY HacTymHOMY €KCHEpPUMEHTI KpIM BHUPIMICHHS 3aja4l BUSBJICHHS MIKIPHOTO
YIIKOJP)KEHHS BUpIIIyBaiacs 3ajgadya kiacugikallli 3aXBOprOBaHHs (JOOpPOSKICHA MyXJIMHA
abo 3noskicHa). [[ns HaBuaHHS BHUKOpUCTOBYBadacsi 0Oasza ¢ortorpadiii 3 MIKIpHUMHU
VIIKO/DKEHHAMHU 3 ekcriepuMmenTy 1. Jlo miei 6a3u nmomaBanacss Macka, IO J03BOJISE
BU3HAYUTH MEXI1 MOLIKOHKEHHS 1 OMHKC, 10 MICTUTH 1H()OPMAILIIO PO TUM 3aXBOPIOBAHHS.
YactuHa pe3ynbTaTiB Kiacu(ikaili MpeacTaBieHa Ha puc. 3 3eJEeHUM KOJIbOPOM
MO3HAYAJIMCS YIIKOJKEHHSI, 110 He OyJIM PO3Mi3HAaHI MEPEXKEr0 SK 3J0sKICHI (puc. 3 a),
YEPBOHUM — TIOIIKO/KCHHS, SIKI 3 BUCOKOIO MMOBIPHICTIO € 3j0sKicHUMHU (puc. 3 6). Ha
NESKNX 300paKeHHSIX MWMOBIPHICTh 3JIOSIKICHOCTI HOBOYTBOpPEHHs Oynia OJu3bKa 10
MOPOTOBOTO PIBHS, aJie HE TMEPeBUIyBajia Horo. Taki BUNIAJKK MMO3HAYATIUCS OJTaKUTHUM
KoJb0poM (puc. 3 B). TouHicTh kimacudikairii micis 70 enox HaB4aHHS ckiana 85,63%.

OTpumMaHi pe3ynpTaTH MOCIYXHJIA OCHOBOIO JJIi  PO3POOKH  MOIYJIBHOI
HelipomepexeBoi ekcriepTHoi cuctemu (EC) nmiarHocTukM MenaHOMU, MPEACTaBICHOI Ha
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puc. 4. Po3risiHyTO 0COOIMBOCTI (DYHKIIIOHYBaHHsS JaHOi CHUCTEMHU Ta 3iilCHeHa i
nporpamHa peamzaiis. EC 1o3Bosisie 00YMCIUTH MPOIEHTHE CHIBBIIHOIICHHS PO3MIpiB
IUSIMHA Ha TTOYATKOBIM CTaaii 3aXBOPIOBAHHS 1 HA JaHUW MOMEHT, IO JOMOMAarae JiKapro
BU3HAYUTH MPOTPECYE 3aXBOPIOBAHHS UM HI.

a) 3arajibHa NOMMJIKA b) nomunkamoyms B) IOMUJIKA MOJYJIsI
cnn_bbox_loss cnn_class_loss
r) moMmiKa Moayssicnn_mask_loss 1) omMmIiika moyJist rpn_bbox_loss.png

Pucynok 1 - Pe3ynpTaTty HaBYaHHSA MEpEXI.

Pucynox 3- Pe3ynbratu kinacudikaiii

B mpoueci TectyBanHss EC oTpumaHi HAcTymHI pe3yibTaTH, sIKI MPEICTaBICHI B
Tabmn. 2 (A-menanoma, B-nenrtiro, C-HeByc, E HOBOYTBOpEHHS HE pO3II3ZHAETHCS).
TounicTh cknagae 0au3pk0 89%.
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Bu3Ha4yeHHs HeOOHOPIOHOCTI
3abapBneHHs
,;,> PNN — Bu3Ha4eHHs giarHosy
BekTop Bupiwysay HiarHos
300paxeHHs [ ?
CNN X PNN -
—
—
C:> Br3Ha4yeHHA 3MiHU
posmipy
CNN
BekTop

OnUTyBaHHA

Pucynok 4 -Apxitektypa EC niarHoCTHKY IEpBUHHOT MEJIAHOMH HIKIpU

Tabmuis 2
Pe3ynpTaTi TECTYBaHHS
Hominanenuii | KinbkicTh Pesynbrat po3mnizHaBaHHs
KJ1ac TECTOBUX KIIaC
PUKIIAAIB A B C E

A 3000 2631 0 0 369

B 3000 72 2518 101 309

C 3000 53 0 2947 0

B nomarkax HaBeieHO 10Ka3 301KHOCTI TPaJIEHTHOI MPOIEAYpPH MiHIMIZaIll
koMOiHOBaHoTO (QyHKIioHany (HaByanHs [IIHM), indopmaris mpo po3BUTOK Ta
O0COOJIMBOCTI 3TOPTKOBUX HEHPOHHHUX MEPEXK, aKTH MPO BIPOBAIHKECHHS PE3YJbTATIB
JIYcepTaliifHoi poOoTH, CIMCOK MyOTiKallii 3100yBaya.

BUCHOBKHA

VY nuceprauiiiHiii poOOTI HA OCHOBI OTPUMAHUX TEOPETUUYHMX 1 EKCIEPUMEHTAITBHUX
JOCTi/PKeHb ~ BHUpINIEHA  aKTyajdbHa  HAyKOBO-TIPAKTHYHA  3a7aya  MoOyaoBU
HEHPOMEpPEKEBUX METOJIB pO3Mi3HABaHHS 1 Kiacudikamii 3MiHM BJIACTUBOCTEH
300paXkeHb, SKI Ha BIAMIHY BiJ ICHYIOUMX, 3MEHUIYIOTbH TOMHITKY pO3Mi3HaBaHHA 1
30UIBIITYIOTh TOYHICTh Kiacudikalii 300pa)kKeHb B YMOBax ampiopHoi 1 TOTOYHOL
HEBU3HAYEHOCTI 1 HAsIBHOCTI 3aBa/l.

[Ipu 1bOMy OTpUMaHO HACTYIHI OCHOBHI pe3yJbTaTH:

1. IlpoBeneHo anami3 cTaHy mpoOyeM po3mi3HaBaHHs, Kiacudikaii, Kiractepuzariii
Ta 00poOKHM 300paxkeHb. PO3INIIHYTO NMHUTaHHSA 3aCTOCYBAaHHS HEWPOHHUX MEPEX s
plllIeHHs] WX 3aBJaHb 1 omucaHi ocHoBH1 Tunu IIIHM, chopmynboBana mMera i1 3amadi
JOCTIKEHHSI.

2. Brepmie po3po06sieHO METOJ; KOHTPOJIIO 3MIHM PO3MiIpiB 00'€KTa 3a JIOIOMOI0K0
mabioHa 3 BUKOPHCTAHHSIM BJIACTUBOCTEH NEPETBOPEHHS MOMAIOHOCTI 0O0'€KTIB, WIO
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JI03BOJISIE TABUILUTH TOYHICTh BUMIPIOBAHb.

3. OpepxaB mNOAANBIIMK PO3BUTOK HEUpOMEpEKEBUH METOJl BHU3HAUYCHHS
HEOHOPITHOCTI 3a0apBiieHHs 00'€KTa, 3aCHOBAHUI Ha BUKOPUCTAHHI PO3/IJIEHOTO Ha JIBa
KJIaCK HaBYaJIbHOIO HA0OpYy JaHUX, IO J03BoJig€ 3MeHIUTH BuMoru no IIHM i
BUKOPUCTOBYBATH MEPEXY 3 IBOMA BUXITHUMU HEHPOHAMH.

4. Bmepmie po3poOneHo mpouenypy HaBudanHs bBIIII, mo mnpencrasise co6oro
MaTpuuHi BapiaHtd npoueaypu Kaumaxa (Vigpoy-T'odda), 3anpornonoBana ii
Monu(ikarlisi, ika MICTUTh 30HY HEUYTIMBOCTI, 1 PO3TJSHYTI MPOIEAypHU HaJAIITyBaHHS
i€ 30HU, 10 3a0€3MEYNII0O OTPUMAaHHS POOACTHHUX OLIHOK IIYKaHUX MapaMeTpPiB MEPExKi.

5. VYiaockoHaleHO MeTOA — ajanTaiii OaraTomiapoBOro IMepcenTpoHa Ha
0araTonpouecopHi CUCTEMH, IO JTO3BOJIMIO OTPUMATH OIHKY MOTEHIIIHO MOKJIMBOTO
BUTpAlly B MPOAYKTUBHOCTI B 3aJIEKHOCTI BiJi BUKOPHUCTOBYBAHHMX PECypCIB, a TaKOX
PO3MIPHOCTI AOCIIKYBAHOTO 300paKeHHS.

6. OtpumMaB mNOJANbIIMK PO3BUTOK HEHpoMepexeBU MeTo Kiacugikaiii
300pak€Hb Ha OCHOBI 3rOPTAJIbHUX HEHPOHHUX MEPEX 3 BUKOPUCTAHHSAM B PI3HUX LIApax
pi3HUX (YHKIIN akTHBAIlli 1 poOACTHOTO HaBUAaHHS IMapaMeTpiB MEPEXi, 110 J103BOJUIIO
MIJBUIIUTH TOYHICTh Kiacudikariii.

7. OTpuMaB MOAATBIINNA PO3BUTOK HEUPOMEPEKEBUM METOJ PO3Mi3HABAHHS 3MIiHU
napameTpiB 300pakeHb Ha MpUKiIaaAl MeraHoMu 3 BukopuctanusaMm mMepexk PNN 1 CNN, Ha
OCHOBI SIKUX PO3pO0JICHI HEMPOMEPEKEBUN METOJ| KOHTPOJIIO 3MIHU PO3MIPIB MIKIPHOTO
YTBOPEHHS 1 pO3Mi3HABAHHS HEOJHOPITHOCTI 3a0apBICHHS MIKIPHUX 3MiH, IO JO3BOJISIIOThH
30UTBIIMTH  TOYHICTh KOHTPOJIIO 3MIHM PO3MIPIB  CIIOCTEPEKYBAHUX MITMEHTHHX
HOBOYTBOPEHb HIKIPU JJI1 PAHHBOI J1arHOCTUKU MEIAaHOMH 1 MIJBUIIUTH €()EKTUBHICTH
KJacudikauli moixxpomii HNiIrMEHTHUX HOBOYTBOPEHb LIKIPH.

8. IIporpamHo peasiizoBaHa HeHpoMepekeBa CUCTEMa BU3HAUYCHHS HEOHOPIAHOCTI
3abapBieHHs ckiagaeThes 3 aHncamOmro PNN i CNN, mo 103Bossie MiABUIIMTH TOYHICTh
JIarHOCTYBaHHSI, 3MEHIIIUTH Yac HABYAHHS 1 3HU3UTU PU3UK HAIMIPHOTO HABYaHHS, a
TaKOX TOJIETIIYE JIIKaPEBl MOCTAHOBKY J11arHO3Y.
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AHOTAIIA

HoBocenbies [.B. Metoau Ta 3acobu po3mni3HaBaHHS 3MiH BJIACTUBOCTEH 00’ €KTa 3a
300pakeHHSIM Ha OCHOBI IITYYHUX HEUpOHHUX Mepexk. — Ha nmpaBax pykomnucy.

Hucepraiiss Ha 3700yTTS HAYKOBOTO CTYNEHS KaHAWAATa TEXHIYHUX HAyK 3a
criemianpHicTIO 05.13.23 — cuctemMu Ta 3aco0M IITYYHOTO IHTENEKTY. — XapKiBCbKUM
HaIllOHAIBHUI YHIBEPCUTET Pai0CIEKTPOHIKH, MIHICTEPCTBO OCBITH 1 HayKd YKpaiHW,
Xapkis, 2019.

VY nucepTariiiHiit poOOTI HA OCHOBI OTPUMAHUX TEOPETUYHUX 1 EKCTIEPUMEHTAIBHUX
JOCT/DKeHb ~ BHUpINIEHA  aKTyajdbHa  HAyKOBO-TIPAKTUYHA  3a7aya  MoOyaoBU
HEHPOMEpPEKEBUX METOMIB PpO3Mi3HABaHHS 1 Kiacudikamii 3MiHH BJIACTUBOCTEH
300paxeHb, SIKI Ha BIAMIHY BiJ ICHYIOUMX, 3MEHIIYIOTH MOMMJIKY pO3Mi3HABaHHA 1
30UTPIIYIOTh TOYHICTh KJacH]ikaiii 300pak€eHb B yMOBaxX ampiopHOi 1 IOTOYHOI
HEBU3HAYCHOCTI 1 HASIBHOCTI 3aBajl.

VY nuceptaniiiHii poOoTI Brepie po3poO0JIeHO METO] KOHTPOJII 3MIHM PO3MIpIB
00’ekTa 3a JOMOMOrOI0 IIa0JioHA 3 BUKOPUCTAHHSIM BIACTUBOCTEH TMEPETBOPEHHS
noai0HOCTI 00 ’€KTIB, IO JO3BOJSE MIJABUIIMTH TOYHICTh BHMIPIOBaHb. 3 METOIO
HiBUIIEHHST pobacTHOCTI omiHOoK napameTpiB BILII, po3pobieHo mpoienypy HaBYaHHS
BIIII, mo sBisie coboro MatpuuHi Bapiantu mpouenypu Kaumaxka (Yiapoy-I'odda),
3amnpornoHoBaHa il Mojudikalis, sKa MICTUTh 30HY HEUYTJIIMBOCTI, 1 PO3IJIIHYTI IPOLIEypHU
HaJAIITyBaHHS I[1€1 30HU.

OTpumaB NoAaNbIINI PO3BUTOK HEMPOMEPEKEBUN METOJ Kiacuikalli 300pakeHb
Ha OCHOBI 3TOPTAJIBHUX HEUPOHHUX MEPEK 3 BHUKOPHUCTAHHSAM B PI3HHUX LIApax pI3HUX
GyHKUIM akTUBaLli 1 poOACTHOTO HAaBYaHHS NapaMeETPIB MEPEKI.

OTpumaB MNOJANBIIMA PO3BUTOK HEHUPOMEPEKEBUN METOJ PO3MI3HABAHHSA 3MIHH
napameTpiB 300paKeHb Ha PHUKIaal MeranoMmu 3 BukopuctanHaM Mepesxk PNN i CNN, Ha
OCHOBI SIKUX PO3POOJICHI HEMPOMEPEKEBUI METOJ] KOHTPOJIIO 3MIHUA PO3MIPIB MIKIPHOTO
YTBOPEHHS 1 pO3ITi3HAaBaHHS HEOJHOPITHOCTI 3a0apBIICHHS IIKIPHUX 3MiH.

[Iporpamuo peanizoBaHa HEMpOMEpEKeBa CHUCTEMa BU3HAYECHHS HEOIHOPITHOCTI
3a0apBieHHs, ska ckiagaerbess 3 ancamOmro PNN 1 CNN, mo m03Bojise€ MiIBHIIUTH
TOYHICTh A1arHOCTYBaHHS, 3MEHIIIUTH Yac HaBYaHHS, 3HU3UTH PU3UK HAJMIPHOI HABYAHHS
Ta TOJICTIIYE JIIKAPEB1 MOCTAHOBKY /I1arHO3Y.

KimtouoBi cnoBa: 300paxeHHs, kiaacudikalls, KpUTEpiii BTpar, akKTUBaIliiiHa
(GyHKIIs,, HABYaHHS MEPEXkK1, pOOACTHICTh, 3rOPTKOBA HEUPOHHA MEPEKA.

AHHOTALIUS

Hogocensiier U.B. Metospl 1 cpeacTsa pacro3HaBaHusI M3MEHEHHUI CBOMCTB 00BEKTa
10 M300pa’KEHUIO HAa OCHOBE UCKYCCTBEHHBIX HEMPOHHBIX ceTeid. — Ha mpaBax pykonuch.

Jluccepranys Ha COUCKAaHHWE YYEHOM CTENEHM KaHAUAATa TEXHUYECKHX HAyK I10
cnequanpbHocT 05.13.23 — cucreMa M CpeACTBa MCKYCCTBEHHOTO HWHTEJUIEKTA. -
XapbKOBCKMM  HAIIMOHAJBHBIM  YHUBEPCHUTET  PAAUOINIIEKTPOHUKH, MUHUCTEPCTBO
o0pa3oBaHus ¥ HAYKH Y KpauHbl, Xapbkos, 2019

B nauccepranmMoHHOl paboTe Ha OCHOBE TOJYYEHHBIX TEOPETUYECKUX H
DKCIEPUMEHTAJIBHBIX HCCIIEIOBAHUMN PEIICHA aKTyaJlbHAs HAYYHO-IIPAKTHYECKas 3aaada
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MOCTPOCHHUSI HEHPOCETEBBIX METOJOB pACHO3HABaHUS M KilacCU(PUKAIMM H3MEHEHHS
CBOMCTB H300paXeHHI, KOTOphle, B OTJIMYME OT AaHaJIOrOB, YMEHBILIAIOT OUIMOKY
pacro3HaBaHMsl M YBEIWYUBAIOT TOYHOCTh KJIacCHU(UKAIIMM H300paKEHUM B YCIOBHUAX
anpUOPHON U TEKYIIEH HEONPEIeICHHOCTU U HAJTUYHSI TIOMEX.

B nmuccepranmonHoil paboTe BHEpBble pa3padOTaH METOJ KOHTPOJISI M3MEHEHMUS
pa3MepoB OOBEKTAa C MOMOIIBIO 3TAJIOHA C HMCIOJIb30BAaHUEM CBOMCTB MpeoOpa3oBaHUs
noso0usi 00BEKTOB, TMO3BOJIAIONIMM TMOBBICUTH TOYHOCTH u3MepeHuil. C  1embio
MOBBINICHUS POOACTHOCTH OIIEHOK TMapaMeTpoB MHorocioiHoro mepcentpona (MCII),
pa3zpaborana mpouenypa obydenuss MCII, koropas mpeactaBisieT co0OMl MaTpUUYHBIC
BapuaHThl Tporenypbl Kaumaxka (Yumpoy-Xodda), mpemmokeHa ee MoaudUKaIms,
coJiepkalasi 30Hy HEUYyBCTBUTEIBHOCTH, PACCMOTPEHBI MPOLEAYyphl HACTPOMKH 3TOMN
30HBI.

[lomyunn  panpHEWIIee pa3BUTUE HEHWPOCETEBOM  METOJ  Kiaccu(UKaluu
N300paKeHU Ha OCHOBE CBEPTOUHBIX HEHPOHHBIX CETEH C MCIOIBb30BAaHUEM B Pa3IMYHbBIX
CJIOSIX Pa3IMYHbIX (QYHKIUH aKTUBALMU U POOACTHOrO 00OyUYEHHUsI TapaMEeTPOB CETH.

[Tomyunn panpHelIIee pa3BUTHE HEUPOCETEBOM METOJ PACcIO3HABAHUS MU3MEHEHMUS
napaMeTpoB H300paKEHUI Ha NMpUMEpPEe MEIaHOMBbI C HCIoJib30BaHHEeM ceTeil PNN u
CNN, Ha ocCHOBE KOTOpBIX pPa3pabOTaHbl HEHPOCETEBOW METOJA KOHTPOJII HU3MEHEHMS
pa3MepoB KOKHOTO OOpa3oBaHMsI U PACHO3HABAHMSI HEOAHOPOJHOCTU OKPACKH KOXKHBIX
V3MEHEHUN.

[IporpaMMHO peanu3oBaHa HEHpoOceTeBask CUCTEMa ONpPEAeNeHUS] HEOTHOPOIHOCTH
okpacku, cocrtosmas u3 ancamOmst PNN m CNN, 49To Mo3BOJII€T TMOBBICUTH TOYHOCTH
JTMArHOCTHKHU, COKPAaTUTh BpeMs OOydYeHHWs, CHH3UTh PHUCK UYPE3MEPHOr0 OOYy4YEHHUS U
oOJeryaeT Bpady OCTaHOBKY JIMarHo3a.

KintoueBbie  cioBa:  u3o0paxkeHue,  KilaccUPUKauus, KpPUTEpUidl  MOTEPB,
aKTHUBALIMOHHAS PYHKIMS, OOYUYEHHS CETH, pOOACTHOCTb, 3rOPTKOBUX HEUPOHHAS CETh.

ABSTRACT

Novoseltsev 1.VV. Methods and means for recognizing the changes of the object
properties through images based on artificial neural networks. — Manuscript.

Thesis for the degree of candidate of technical sciences in specialty 05.13.23 — the
systems and means of artificial intelligence. - Kharkiv National University of Radio
Electronics, Ministry of Education and Science of Ukraine, Kharkiv, 2019

The actual scientific and practical problem of developing neural network methods
for the recognition and classification of changes of the image properties based on the
received theoretical and experimental researches is solved. In contrast to the existing
methods, they allow reducing the recognition error and increasing the accuracy of the
image classification in the conditions of a priori and current uncertainty and the presence
of interference.

A new method for controlling the change of an object size using a reference with the
introduction of the properties of the transformation of object similarity is developed,
which allows increasing the accuracy of measurements. In order to increase the robustness
of BP parameters estimates, a training procedure for BP is developed, it is a matrix version
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of the Kaczmarz's procedure (Widrow-Hoff), its proposed modification contains a zone of
insensitivity; the procedures for adjusting this zone are considered.

The training methods of ANNSs based on minimization of quadratic functionals are
not stable, if there are emissions in the measurements or the distributions have
distributions other than Gaussian ones. Alternatively, to ensure robustness, the target
function is modified in such a way as to limit the influence of the largest measurements.
The most common combined Huber and Hempel functionals, consisting of a quadratic,
providing optimal estimates for the Gaussian distribution, and modular one, allowing to
obtain a more robust distribution with heavy tails (outliers), are considered.

The neural network image classification method, based on convolutional neural
networks, has been further developed using various activation functions and robust
learning of network parameters in different layers.

The questions of training of the CNN are considered, which is similar to the training
of INS of direct distribution and consists in correction of its weight parameters on the
basis of minimization of some of the above considered loss function. The gradient
procedure for training the output (full-band) network layer is described, with the choice of
the cross-entropy loss function as a function of it.

The study of the CNN based on a stochastic gradient is considered. The
disadvantages of this method (stuck in local minima, slow convergence due to the complex
landscape of the target function, the possibility of retraining, etc.), as well as the
computational complexity of second-order methods led to the development of methods
based on the stochastic gradient method and having a whole a number of advantages and
uses the idea of accumulation (NAG, Adagrad, RMSProp, Adadelta, Adam, Adamax,
Nadam). Features of implementation of these methods are noted.

The procedures for the training full-convex and convolutional layers are used by
gradient algorithms for minimizing the quality functionals representing either a quadratic
function or a cross-entropy function that are optimal for the Gaussian distribution and will
be unstable in the presence of disturbances of measurements whose distributions are
different from the normal one. In connection with this, it is proposed to use the robust
approach to study the CNN layers and to obtain robust training procedures based on the
generalized delta rule.

The neural network method for recognizing the change of image parameters on the
example of melanoma using the PNN and CNN networks has received further
development on the basis of which a neural network method for controlling the change in
the size of each formation and recognition of the heterogeneity of the color of skin
changes has been developed.

Simulation of neural network methods for recognition of changes in image
parameters using the example of melanoma has been carried out. The software-
implemented neural network system for determining the heterogeneity of color consists of
the PNN and CNN ensemble, which allows increasing the diagnosis accuracy, reducing
learning time and risk of over- training.

Keywords: image, classification, loss criterion, activation function, network
learning, robustness, convolutional neural network.



