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AKTYA/IbHICTbh TeMH JHCEPTANil.

[lixBuIeHHs NPOAYKTUBHOCTI Ta e)eKTHBHOCTI pobOTH Mojeneit € ofHiclo i3
KJIIOYOBHX 337124 y Cy4YacHiH NpPaKTHIli BUKOPUCTAHHS TTTHOOKHX HEMPOHHUX MEpPEK.
3a3Buuaii noJiOHI HEHPOHHI Mepexi MPalOTh Ha MOTYKHHUX OOUMCIIIOBAIBHHUX
CHCTEMaX 13 BHKOPHMCTaHHAM rpadiyHuX mnpuckoprooBauiB. [Ipu 1poMy, noxmiGHi
MPUCKOPIOBaYi MOXYTh CIIOXKHBATH 3HAYHI OOCSTHM eJeKTPOEHeprii, mo s 3a1ay
Edge Computing ne npucyTHi 30inbIIeHi BUMOTHM [0 anapaTHHX pecypciB Ta
CHEProe()eKTUBHOCTI € 3aHAATO BEJNHKHM. B IBOMYy KOHTEKCTI IIMPOKOTO
PO3MOBCIO/UKEHHS. OTPUMYIOTh IMPHCKOPIOBadi TIIMOOKHX HEMPOHHHMX Mepex 3i
Crewiani3oBaHol  apxitekrtyporwo 7PU. J[lani apxiTekTypH, y MOpIiBHSHI i3
apXiTeKTyporo rpagiyHuX MpHcKoproBavis GPU, MaloTh crewiaibHi 004NCIIOBaTbHI
MOJLyIi, 110 3a6e3meuyroTh Oiblly eeKTHBHICT Ta IPOLYKTUBHICTE 0OPOOKH JaHUX
rIIHOOKUMH HEHPOHHMMH Mepexamu. Lle crae MOKIMBHM 3a paxyHOK TOro, mo 7PU
CreUiaibHO TPU3HAYEHHUH U1 BUKOHAHHS OMepaliil rIMOOKHX HEHPOHHHUX MEpEK.
['0/I0BHOI0 CKJIa/I0BOIO CHELiali30BaHUX OOYKMCIIOBAIBHUX aAPXITEKTYpP € TEH30pHI
aapa. lLle amapatHuii KOMIIOHEHT JUISl NPUCKOPEHHS MaTeMaTHYHHMX oOrepaiii i3
MaTPULIAMH, 110 IIUPOKO 3aCTOCOBYIOThCA y TIMOOKHX HEHPOHHHX Mepexax. Aje
0OMEXEHHAM MOAIOHNX npHcKopioBayiB 7PU € HEOOXiAHICTH B afanTallii HeHpOHHUX
MEpeX IUIAXOM KOHBEpTalii apXiTeKTypu Mepexi y ¢opMar, HiITpUMyBaHHUi
KOHKPETHHM IIPUCTPOEM, 200 3MEHIIEHHS 1X po3Mipy, OcKiibkH mam'ste TPU € 3HaUHO
MEHIIIOK Yy MOpiBHAHI 3i 3BUYaiiHuMu GPU. Tomy apanraunis mozjenei riambokux
HEHPOHHUX MEPEX /Ui CHCTEM i3 IKOPCTKUM OOMEKEHHSIM OOYMCIIIOBAIBHUX
pecypciB, 30kpema Juig BOYyI0BaHHX MPUCTPOIB, Ma€ 3HAUHYy aKTYaJbHICTb.

Ouninka OoOIpYHTOBAHOCTI HAYKOBHX pe3yabTaTiB  JaMcepramii, ix
JAOCTOBIPHOCTI TA HOBH3HH.

HaykoBa HOBM3HA pe3ysbTaTiB AMCEPTALIHHONO MOCHIIKEHHS TMOJArae B
HACTYITHOMY:

Briepnie 3anponoHoBaHO MeTOX ajanTaiii riIMOOKMX HEMPOHHMX MEpEeK, II0
Ha/Ia€ MOKIIMBICTh 3aCTOCOBYBATH KOMIUIEKCHHIA MiIXi/l B afanTaii i, Ha BiAMiHy Bij
ICHYKOYHX ITiIXOJ1iB, JO3BOJIAE MiArOTYBATH MOJENb IIMOOKOT HEHPOHHOT Mepexi U1




OnpuawaHeHHs pe3yabTaTiB AucepTauiiiHol poboTH

HaykoBi pesynbTatd auceprauii BucBiTIeHI y 12 HaykoBux myGmikauisx
3n00yBaya, cepel AKUX: 6 crared y mepiogMYHMX HAYKOBHMX BHIAHHAX 1HO3EMHHX
nepkaB, mMpoiHaekcoBaHux y 0azax Scopus / WoS, 3 HHX | craTrs y BHJaHHI,
BigHeceHOMY a0 mepuoro kBaptwmo (Q1) Bignosinuo no wiacupikauii SCImago
Journal and Country Rank / Journal Citation Reports, Ta 4 cTarTi B ABOX HOMEpax
)KypHaJIiB; 6 Te3 BUCTYIIB Ha HAYKOBHX KOH(pepeHwisx. Takox pe3yabTaTi AucepTauii
Oynn anpoOoBaHi Ha 4 HayKOBHUX (PaxOBUX KOH(EPEHIIIAX.

TakuM YMHOM, HAYKOBi pe3yJIbTaTH ONMCaHi B AWCepTaLiifHii poOOTi MOBHICTIO
BUCBITJICH] Y HAYKOBUX myOikarisx 3100yBava.

Henoniku Ta 3ayBakeHHs 10 AucepTaniiHoi podoTH.

1. B poGoTi aBTOp pO3riIsaae TOMOJOrI JIKIIE 3TOPTKOBUX HEHPOHHUX MEpexK, AKi
BUKOPHCTOBYIOThCA JUIA 3a7a4y KOMII'FOTEPHOTO 30Dy, 3aIMIIAKYM 11033 YBarow
3aCTOCYBaHHs 3allpONIOHOBAHMX METOMIB [0 I[UMPOKOBKMBAHHX PEKYPEHTHHX
HEHPOHHUX MEPEK.

2. 3ampomnoHoBaHH B po0OTI METOA aJanTHBHOIO iTEPaTUBHOIO IPYHIHTY
BHKOPHCTOBYE MMapajurmy, sika Bi/joMa B aHTJIOMOBHi# iteparypi “transfer learning”.
IcHYIOTH HAYKOBI AOCIIPKEHHS, AKi MOKA3yI0Th, L0 TPH HAABHOCTI 3HAYHUX 00’ €MiB
JIaHUX U HaBYaHHA — BUKOPHCTaHHA BHUITaJKOBOI iHiliai3alii mapaMeTpiB Mepexi
NaTh Kpalli MOKAa3HUKK SKOCTI MOJeNi. 3riHO IMX JOCIIIKEHb BUKOPHCTAHHS
BHBYEHHX IapaMeTpiB OJHIET MO iHILIOK MOXKE 3HU3UTH (iHATIBHY AKICTH POOOTH
mozeni. Ockinbku B poOOTiI Taka mpoueaypa BUKOHYETHCA MHOTOKPATHO — OaxaHo
Oyno © AOCHIAMTH Led BIUIMB, NMPOBIBIUM JOJATKOBI EKCIIEPUMEHTH 3 JOAaHHAM
BUIIAIKOBOT0 LIYMY [0 MapaMeTpiB MOJENI nepel KOXKHOK ITepali€ro Tak, K 1e, Ha
Miii orsizt, MOTJIO O 3HAYHO MOKPALUTH (PiHATBHY AKICTH POOOTH AJITOPHUTMY.

3. B nyHkTi 2.1 npu onuci TeH3opa BkaszaHo, mo “ C — kinbkicts KOJIBOPIB
nanux”. Ha wmorw aymky, gpouiisHo 3aMinuti Tepmin “KOJIIP” nHa Oiabin
y3araabHeHuit Tepmin “KAHAJI” ToMy, MO BiH € 3araJibHOBXXHBaHUM 1 He 0OMEXye
THI BXITHUX JaHUX.

4. B po3aini 3 O6yno 6 noOpe Oinbin AeTaibHille PO3MJIAHYTH ICHYIOUYH MiIXO01H
NPYHIHTY HEHpOMEpeK, apryMeHTYIO4H BHOIp.

5. B myHkTi 3.1 3anpornoHoBaHi aganTHBHI 3aKOHH 3MiHHU TrineprnapaMerpis, alie
He HaBeJIeHO NMpuKkaa yM THI (yHKUii £ ( cTeneHeBa, Noka3HUKOBa, ["ayciaH, TOLLIO).

6. B Tabmuii 4.4 HaBeneHo nmopiBHAHHS npoaykTtuBHOCcTi podotn Coral Edge
TPU ta NVIDIA A100. Byno 6 nouijabHime NOpiBHATH 3 iHIIUMH OLIbII J1OCTYITHHMH
npuckoproBayamu, Hanpukaaa: Nvidia Jetson AGX Xavier, RK3399, i T.1.




MogBa Ta CTH/Ib BHKJIAJICeHHA Pe3yJIbTaTIiB

Jlucepraiiis HanmMcaHa YKPaiHChKOI0 MOBOIO.

Juceprauis Tapana B.I. € nobpe crpykrypoBanow. OdopmieHHs poboTu €
MOC/TiIOBHUM Ta YiTKO MiJKPECTIOE HANBAXKIHBILII Pe3yabTaTH, IO OYJH OTPUMAHI.
Jluceprauis CKIAQgaeTbcsi 3 BCTYINY, YOTHPbOX pO3AUTIB, BUCHOBKIB, CIHCKY
niTepaTypHUX JDKepeNn Ta MO0JaTKiB. 3aradpHUi oOcsAr auceprauii cTaHOBUTH 152
CTOpPiHKH, 3 AkHX 103 CTOpiHKM OCHOBHOrO TEKCTY, 2 JOJATKU Ha 24 CTOpiHKax, Ta
MICTUTH 58 pUCYHKIB, 24 ¢opmyin, 6 TaOIHLb.

Y BCTymi po3riasfaeThes aKTyalbHICTh JAMCEPTAI[IHHOrO JOCHTIDKEHHSA, 3B 30K
po0OTH 3 HAyKOBHMH MpOrpaMaMH, IJIaHaMH Ta TemMamMu. POpMyIIOETHCS MeETa,
3aBJaHHA, O0’€KT Ta MpPeaMET JOCHIKeHHS, HAyKoBa Ta IpPaKTHYHA HOBH3HA
OTPUMAaHHX pe3ynbTariB. [IpUBOAATECS BIIOMOCTI PO 0COOUCTHI BHECOK 3100yBaya
Ta anpoOarlio pe3yabTaTiB JUCepTaIlii.

YV nepmioMy po3aiti NMPOBEACHO AHATITHYHHUN OIJIAJ CYYaCHMX TEXHOJIOTIH
3MEHILIEHHS TIMOOKMX HEHMPOHHMX MEpex s MiJABHIICHHS NPOAYKTHBHOCTI Ta
epekTuBHOCTI 00poOKH AaHuX. OOIPYHTOBYETHCS MOIUIBHICTH aganTailii riiMOOKuX
HEHPOHHUX MEPEexk I Creliani3oBaHuX 00UYHUCITIOBAIBHUX apXITEKTYP.

VY apyromy po3aiii npuBoasThCsS (akTOpH, ki Tpeba BpaxoByBaTH IPH afanTanii
rIMOOKMX HEMPOHHHX MEpeX, B TOMY YHMCII i3 3aCTOCYBaHHAM CIELiali30BaHUX
npUcKoproBaviB. POOUTbCA TEOPETHYHE MPUITYLIECHHS, IO MPOLEC alanTallii TOBUHEH
OyTH KOMIUIEKCHUM 1 moTpebyBaTuMe aganTanii Mojesi rimibokoi HEHPOHHOT Mepexki
32 PaxyHOK ii 3MEHILEHHS, MiJBUIICHHS e()EeKTUBHOCTI mpouecy oOpoOKM AaHuX
HEHPOHHOI0O MEpEeXKEel Ha Creliali3oBaHuX NPUCKOPIOBAYaX Ta  MiJABHUILECHHA
e(eKTHBHOCTI MPOTrPaMHOI Ta anmapaTHOi CKJIaI0BOI LIbOBOI CHCTEMH ISl TIMOOKUX
HEHPOHHHUX MEPEXK.

Y TperboMy po3Aili  A€TanbHO  HABOAWTHCA  [OETanHa  peajizalis
3anpONOHOBAHOIO METOJY ajanTainii rIMOOKMX HEHPOHHMX MEpeX, L0 TOEAHYE
aJlaNTUBHUM ITEPAaTUBHUM MPYHIHT, MiABUIICHHSA e€(EeKTUBHOCTI mpoiecy 00poOku
JJAHHX HEHPOHHUMH MEpPEeKaMHU Ha CIeliali3oBaHuX 00YMCIIIOBAIbHUX apXITEKTypax,
MJBUILIECHHSA €(QEKTUBHOCTI  1H(pacTpykTypu OOpoOkM JaHuX TIMOOKMMH
HeHpOHHUMH  Mepexxamu. [IpuBOAMTBCS  UTIOCTpalisi  piBHIB  3aCTOCYBaHH:A
KOMIUIEKCHOTO METOAY ajanTaimii rIMOOKMX HEHMPOHHMX MEpexX. 3acTOCYBaHHs
po3po0JIEHOr0 METOJy AEMOHCTPYETHCS B KOHTEKCTI BHUKOPUCTAHHS TIJIMOOKHX
HEHPOHHHUX MEPEeX [UIsl MEAMYHOT JIarHOCTUKH JTFOAHHH.

VY yeTBepTOMY pO3AiTI aHANI3YIOTHCA PE3YJIbTATIB 3aCTOCYBAHHS PO3pO0IEHOTO
METOAy axanTaiii riTMOOKMX HEHpOHHHMX Mepe Ha mnpukiaai mepexi VGG-16,
ResNet5(0) ta cnieuianizoBaHoro npuckopioBaua Coral Edge TPU.

Juceprartiitna po6ora odopmiaeHa BianosiaHo 10 BUMor Hakasy MOH VYkpainu
Big 12 ciunst 2017 p. Ne 40 «IIpo 3aTBep/pkeHHS BUMOT 70 0GOPMIICHHS THCEPTALD.




MPUCKOPIOBAYIB 31 CMEia1i30BaHOI0 aPXiTEKTYPOKO, BKIKOYHO i3 i BAKOPUCTAHHAM Ha
piBHi nepudepiitunx obuncnens (Edge Computing).

Bnepie po3po6ieHo MeTo 1 MmiABUILEHHs e(eKTHBHOCTI Ipoliecy 00poOKH JaHHUX
rIMOOKMMHM  HEHPOHHMMHM MEpeXaMHM Ha  CHELiali30BaHUX  O0YMCIIIOBAIbHHX
apxiTeKkTypax, 110 BpaxoBye HaKJIaJHi BHTpaTH iHiwiami3alii Ta nepeaayi 1aHUX Ha
crieniani3oBaHuX MPUCKOPIOBAaYax Ta, HA BiAMIHY BiJ iCHYHOUMX MiIXOIB, J03BOJISE
BH3HAYWTH TrirneprnapaMeTpd Mepexki, mo6 MiJIBUIIMTH MPOAYKTHBHICTE POOOTH
MEPEXKI 38 PaXyHOK 3MEHIICHHS HAKJIaJHUX BUTPAT MPU 00poOiti AaHuX.

Briepiie po3poGieno meron migBuILeHHS e(pEeKTHBHOCTI iH(pacTpyKTypH s
00poOKHM NaHMX 3a pPaXyHOK 3MiHM NPOrpaMHOi Ta amapatHoi KoH}irypauii i, Ha
BIAMIHY BiJ iCHYIOUMX IiJIXOZiB, JO03BONSE 3MEHUINTH Yac BHUKOHAHHS iTepaiii
00poOKH naHUX ITMOOKOK0 HEHPOHHOIO MEPEKEIO Ha LiJIbOBIH CHCTEMI.

Habys mnonanbmoro po3BUTKy METOJ MPYHIHTY 3a pPaxyHOK iT€PaTHBHOIO
3MEHILEHHs1 po3Mipy Mozeni riaubokoi HEeHpOHHOI Mepeki Ta aJanTHBHOI 3MiHM
rineprnapameTpiB 104aTKOBOrO HABYAHHS, WIO J[O03BOJISIE KOMIIEHCYBATH BTPATH
TOYHOCTI IMiC/IA KOKHOT iTepawil NPyHIHTy Ta 3MEHIIHMTH Yac iTepamii 06poOku JaHuX
rM00KO0 HEHPOHHOK MEPEXero.

JlocToBipHICTE OTPpUMAaHMX B pOOOTI HAYKOBMX pE3y/IbTATIB Ta BHCHOBKIB
3a0e3nevyeTbcss ~ BHUKOPHCTAHHAM  KIaCHYHMX  METOMIB  JOCHiIKEHb  Ta
MiATBEP/UKYETHCS EKCIEPHMEHTANIBHO. B 1iIOMy CyKYIHICTB pe3yIbTaTiB JOCITiKEHD
€ iIHHOPMATUBHOIO Ta Y3rOKYEThCS 13 CYYaCHMMH TEOPETHYHHUMH TTOJIOKEHHAMH.

Omxke, B auceprauiiiHiii pobOTI MOCTaBji€HE HAYKOBE 3aBJaHHS BHKOHAHO
MOBHICTIO, 3100yBay NOBHOIO MipOIO OBOJIOIB METOMOJIOTIEI0 HAYKOBO] Jis/IBHOCTI.

Ouinka 3micty amcepraumii, ii 3aBepuieHiCTb TA JOTPHMAHHS NPHHIMIIB
akazgemiuHol 1o6poyecHocCTi.

3a cBoiM 3MmicToM aucepraumiiiHa poGora 3q00yBaya Tapana B.l. mosHicTiO
Biznosiznae CraHaapTy BHILOT OCBITH 3i criewianbHOCT 123 - KoM 1oTepHa iHxkeHepis
T4 HanpsAMKaM JOC/Ii/DKEHb BIAMOBIJHO 10 OCBiTHBROI mporpamu Komm’rorepHa
1H)KeHepis.

Hucepraiiiina po6oTa € 3aBepIIEHOI0 HAYKOBOK Mpalel i CBIIYUTH Ipo
HasABHICTh 0COOMCTOrO BHECKY 37100yBaya y HaykoBuii Hanpsm “I'uGoKi HeipoHHi
Mepexi’”.

PosrnanyBmm 3BiT mofiGHOCTI 3a pe3ynbTaTaMM MEPEBIpKH JUCEPTALiHHOT
poOOTH Ha TEKCTOBI CHiBMajAiHHA, MOXHA 3pOOMTH BHCHOBOK, INO JMCepTaliiiHa
pobora Tapana Bnagucnasa IropoBuua € pe3ysbTaToOM CaMOCTIMHUX JOCIiKEHD
3100yBaya i He MiCTHTb eeMeHTiB danbeudikalii, koMminsuii, pabpukanii, miariaty
Ta 3ano3uueHb. Bukopucrani inei, pe3ynbTaTM i TEKCTM iHIIMX aBTOPIB MAawOTh
HaJIeXKHI OCWJIAHHA HA BiANOBIIHE JKEPEIIO.




BBaxaro, 1110 BHCIIOBJIEHI 3ayBa)kK€HHS HE € BU3HAYAJIbHUMH | HE 3MEHIIYIOTh
3arajlbHy HayKOBY HOBHM3HY Ta IPAKTHYHY 3HAYMUMICTh PE3yJIbTATIB Ta HE BILUIMBAIOTh
HA MO3UTHUBHY OLIIHKY AMCEepTaliiHOl poOOTH.

BucHoBoK npo Aucepraniiiny podorty

BBaxaro, mo jauceprauniiina pobGora 3100yBava cTyneHs JokTopa ditocodii
Tapana Bnaaucnasa IropoBuua Ha Temy «Meroa amanTaumii rimMOOKUX HEHPOHHHMX
MEpEK /10 anapaTHOro 3abe3nedyeHHs 31 CHeliali3oBaHO0 apXiTEeKTYpOK» BHKOHAHA
Ha BMCOKOMY HayKOBOMY piBHi, HE IMOPYIIY€E MPUHIMIIB aKaAeMi4HO1 J00pOYeCHOCTI
Ta € 3aKIHYEHHUM HaAYKOBUM JIOCIIKEHHAM, CYKYITHICTh TEOPETHYHHX Ta MPAKTHYHHUX
pe3ybTaTIB IKOTO PO3B'A3y€ HAYKOBE 3aBAAHHS, 1110 Ma€ iCTOTHE 3HAYCHHS IS TaTy3i
3HaHb [Hdopmauiiini TexHomorii. JlucepramiiiHa po0GoTa 3a aKTYaJIbHICTIO,
NPaKTUYHOK WIHHICTIO Ta HAYKOBOK HOBH3HOIO TOBHICTIO BIiINOBIJa€E BHMOram
YMHHOI0 3aKOHO/ABCTBA Y KpaiHu, 10 nepeadaveHi B 1.6 — 9 «Ilopsaky npucymkeHHs
cTyneHs AoKropa (inocodii Ta ckacyBaHHs pillIEeHHS pPa30BOi CIIeliaTi30BaHOi BYEHOT
paaM 3aKiaay BUILOI OCBITH, HAYKOBOT YCTAHOBH MPO MPHUCYKEHHS CTYNEeHs J0KTOpa
¢inocodii», 3arBepmxenoro [Tocranosoro Kabinery MinictpiB Ykpainu Bix 12 ciuns
2022 p. Ne 44, '

3n00yBau Tapan Bnagucnas IropoBud 3aciayroBye Ha MPUCY/DKEHHS CTYNEHS
nokropa ¢uiocodii B ramy3si 3Hanb 12 - [HpopmaniiiHi TEXHOIOrIT 3a CreiabHICTIO
123 - Komn’roTepHa iHXeHepis.

Odinifinuii onoHeHT:

3aBigyBau kadeapu MaTeMaTU4HOT iHPOPMATUKH,

KuiBchkuil HalliOHAIBHUI YHIBEPCUTET

imeHi Tapaca IlleBuenka,

JDOKTOP (hi3MKO-MaTEeMaTHYHHUX HAYK,

npodecop Bacuns TEPEIIIEHKO
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