PELIEH3ISI

Ha auceprauiiny pobory
Tapana Baaaucaasa Iroposuya
Ha TeMy «MeTon aganTtauil MMOOKHX HEHPOHHHUX MEpesK [0 anapaTHOro
3a0e3neyeHHs 3i creuianizoBaHolo apXiTeKTypOIO»,
NpeiacTaBleHy Ha 3000y TTs cTyneHs gokTopa (inocodii
B rainy3i 3HaHb 12 - IHpopmauiiini TexHomorIi
3a cnediayibHicTiO 123 - KoM’ rotepHa iHxeHepis

AKTyalbHICTh TeMH AUcepTAii.

[TpoTsroM OCTaHHBOTrO JAecATUpidds o6pobka AaHMX TMAGOKMMH HEHPOHHHMH
MepexaMu 6ynma  HeBin'eMHo mnoB’s3ana i3 rpadidHMME  OOUMCIHOBANBHHMH
npuctposMu  GPU, sixi 3acTocoByBalMCh B SIKOCTI TPOLIECOPIB  3araibHOrO
upusHaveHHs. CyTHICTB Ijiei apXiTeKTypy MONATae y BHYTPIIIHIA MOMIMBOCTI
BUKODHCTOBYBAaTH Tapaleli3M [aHHX Ta oOumcieHb. Uepes me, rpadidsi
IPHCKOPIOBaYi CTaau Ae-hakTo CTAHAAPTHOK OGYUCIIOBAIIBHOK apXITEKTypOrO I
3a/1a9 MaIlMHHOIO Ta IMHUOOKOro HaBYaHHs.

3a ocTaHHI POKH CKIAAHICTh MIMOOKMX HEMPOHHHX MEPEeX 3HaYHO 3pOCia, IO
JO3BOMMIIO AOCATTH BHCOKMX IOKAa3HHKIB TOYHOCTI y Pi3HMX 3aja4ax TaKHX, AK
KOMIT’FOTepHHIA 3ip, po3IizHABaHHS Ta AeTeKI(is 06’ ekTiB, 06pobKa NPUPOJHOT MOBH,
MaIIMHHM [epeKnaj, Ta iHnn 3aa4i. 3 iHWoi cTOpoHH, 3pocia motpeba y OLIbIIIHA
ITBHIKOCTI HABYAHHS 1 ONpALOBAHHA JAaHMX HEHPOHHHMH MEPEeXaMM, IO TICHO
MOB’s3aHA i3 BHMOraMH IO OiNBIIMX OGUHCIIOBAILHAX MOTYXKHOCTEH Ta 06’eMiB
maM’sTi. Y Bigmoeime Ha i moTpebM CTPIMKOro PpO3BHUTKY OTpPUMAlM HOBI
CreriaTizoBaHi apXiTeKTypHd TEH30DHHX IIpHcKopioadis. Jlaui creniani3oBaHi
apXiTEKTypH MICTATh OGUMCIIOBANBHI MOAYIL — TCH30PHI /P2, npHU3HAYeHi s
IIPHCKOPEHHS OGYHCIeHb MeBHMX IapiB MEPex, HaMpUKNal, 3TOPTKOBHX mapiB. Lle
J03BOJIAE 3HAYHO INPHIUBHAUMTA 0OOpoOKYy MHaHMX TTHOOKHMH HEHPOHHHMH
mepexamn. CyTTeBUM OGMEKEHHAM MOXIOHUX Creliali30BaHUX apXiTeKTyp €
HeoGXimHICTh amanTalil HelPOHHMX MEpEX HIUIIXOM KOHBEpTaLli Mepexi y ¢opmar,
NiATpUMYBaHMI IEBHUM IPUCKOPIOBAYEM.

BpaxoBylouHdl BHIIE CKa3aHe, aKTyalbHUM € po3pobka MeTody ajamTalil
IMGOKHX HEHPOHHMX MEpEeX AN Creliali3oBaHux OGYHCIIOBANIBHMX apXITEKTYD,
[0 [JO3BOJNMUThH MiAroTYBaTH OOpaHy HEHUPOHHY MEpEeXy IJIs il 3acTOCyBaHHS Ha
TeH30pHOMY MPHUCKOPIOBAYi, | B Pe3yNbTaTi JOCATTH 30LIbIICHHS MPOAYKTHBHOCTI Ta



eerruBrocti o6poGicn panmx HEHPOHHUMK MepexcaMu 3a PaxyHoK 3acTocyBamms
CICUIANIZOBAUHX NPHCKOPIOBAYIB.

Ouinka  o6rpynrosanocri HAYKOBMX  pesyanTariB - auceprauii, ix
NOCTOBIPHOCTI TA HOBH3HH.

Haykosa wHoBu3na pesynbratis AMCEPTAUiMHOro [OCHi/UKEHHs Monsrac B
HacCTymHOMY:

Bniepwme 6yno po3pobneHo  KoOMIIEKCHMIA MeToJ afanTalii raIMbokux
HEHDOHHHX Mepex s CrieLlani3oBaHiX 06uKMC/IIOBaNTBHUX apXiTeKTyp.

Pospobneno Merop apantusnoro ITepaTUBHOIO MPYHIHTY /JiA 3MeHIleHHd
PO3MIPY MoZe/el HelfpOHHMX Mepek 3a paxyHOK IIOCTYTIOBOT'O 3MeHILIeHHsI PO3Mipy
MEpPeXI IIIXOM BUZIAIeHHA 3alBUX KaHaslip y 3rOPTKOBMX Il1apax Ta JOAAaTKOBOMY
HaBYaHHI OTPUMAHOI 3MeHIIeHoT Mogest A/is BiJHOBJIEHHA TOYHOCTI PO3ITi3HaBaHHsI.

Po3pobiieHo MeTon TiJBHINeHHA e(eKTHBHOCTI Mporecy o6pobku JaHux
HEHDOHHMMU Mepe)kaMu Ha creriagizoraHux OOUMCTIOBATEHUX apXiTeKTypax, Lo
BpaxoBye TeXHiuHi ocobiuBocTi 06poOKM HaHMX 3a JONOMOIOK TIMGOKHX
HEeHPOHHMX MepeX Ha Criewiai3oBaHKX IIPHCKOPIOBaYaX.

Po3pobiieno Mertoy migsuienns edekTHBHOCTI iH(pacTPyKTYpH Ams 06poGku
AdHHX 3a JOTIOMOTOI0 ITIMGOKMX HEMPOHHHMX MEpeX 3a paXyHOK 3MiHM MPOrpaMHoi Ta
arapaTHOI CK/IaZioBol Takoi, 5K orepaiiiida cucreMa Ta iHTepgeiicH MK IoueHHs.

JOCTOBIpHICTE HAyKOBHX pe3y/bTaTiB 3afe3leuyeThcs 3HAUHOIO KiMBLKICTIO
EKCIIEPUMEHTA/IbHUX  TOC/Ii/PKEHb, MPOBeJEHUX i3 BHMKOPHUCTAHHAM CY4aCHOTO
obnagnanna. Hasesieni y poGoTi HaykoBi IMOOXKeHHs, BUCHOBKM Ta IIPaKTUUHI
peKoMeHJjaLlil [JoCTaTHLO OOIpyHTOBaHi, 6a3yloThCcd Ha GAKTHUHHUX [aHHX, SKi
npeAcTassieHi y poboTi B Tab/muHOMYy Ta rpagiyHOMY BUTII.

Hayxosi  pocmimxenHs Gymu  BukoHani 3mo0yBaueM wHa  kadenpi
obuncmoBansHol TexHIKH KIII iM. Irops CikopchKOro 3rifiHO 3aTBEPKEHOTO IIaHY
HayKoBol poOoTH Kadenpu, mo BpaxoBye posmnopsmxeHHs Kabinery MinicTpis
Vkpaiam Big 2 rpymnsa 2020 p. Ne 1556-p npo cxBanenHs Konnenuii posBuTky
INTY4YHOTO IHTENeKTY B YKpaiHi, I=iJi KepiBHULTBOM Tpodecopa Kadeapu
0OYHCITIOBANBHOI TEXHIKM, JOKTOpa (i3MKO-MaTeMaTHYHHX Hayk, Iopmienko FOpis

I puroposuya.

3anpomoHOBaHi y JUcepTalil MeTOIY BHKOPHCTaHI y HayKOBO-IOCTiIHI#H poGoTi
H®OY «Hayka ans Gesnmekd JIOJUMHH Ta CycCHiIbCcTBa» — mpoekT «ILmardopma
[ITYYHOTO IHTENeKTy [UIi JUCTAHIIHHOTO aBTOMAaTH30BAHOIO BHUSBIICHHS Ta
JiarHOCTHKH 3aXBOPIOBaHb JIOJHHKW» peecTpaliiiHui HoMep npoekty: 2020.01/0490.

Orxe, B AucepTalliiHiii pobOTi MoCTaBleHe HayKOBe 3aBAAHHS ananTtauil
rMOOKHMX HEHpOHHHMX Mepe)k O amapaTHOro 3abesleveHHs 31 Creliani3oBaHOIo
apXiTeKTypOX0 BHKOHAHO IIOBHICTIO, 3700yBau IOBHOIO MIpPOIO  OBOJIOAIB

METO0JIOTI€I0 HAYKOBOI AiSIBHOCTI.



Ouinka 3micry auceprauii, i 3JABCPIUCHICTL TAa JOTPUMAHNA NPUHUMIIB
aKaaemivnol robpouecnocri.

. 3a CBOIM 3MICTOM aucepraliiHa pobora 3106yBaya Tapana B.I. nosuictio

f}tnnorsinae Cranpapry Buwoi ocBiTH 3i cneuwianbhocTi 123 - Komm’rotepha
IIKEHEpIsl Ta HanpAMKaMm [JOCMiJUKeHb BIANMOBIAHO [0 OCBITHBOI IPOrpPaMu
Komn’toTepHa inxenepis.

Jmuceprauifina po6oTa € 3aBepIileHOI0 HAYKOBOIO Mpalelo i CBITYMTH MPO
HaABHICTb OcOBHCTOro BHecky 3m06yBava y HaykoBui Hanpsm “TnubGoki HeipoHi
Mepexi”.

Posrisuysim 3BiT mopi6HocTi 3a pesynsTaTamu HepeBipKM AMcepTaLiifHO!
pobOTH Ha TEKCTOBI CHiBMamiHHS, MOKHA 3poGHTH BHCHOBOK, LIO AMCEepTalliiHa
pobora Tapana Branucnasa Iroposuda € pe3sysnbTaToOM CaMOCTIHHMX JIOCIiIKeHDb
3100yBaya i He MICTUTh €JIEMEHTIB danscudikauii, koMminsnii, padbpukanii, mwiariaty
Ta 3ano3udeHb. Bukopucrani inei, pesymbTaTH 1 TEKCTM IHINIMX aBTOPIB MaloOTh
HaJEXH] ITOCUJIaHHS Ha BiNMOBigHe IDKEpEIo.

Moga Ta CTHJIBL BUKIaNEeHHSA pe3yJbTaTiB.

Hucepraniiina po6oTa HamicaHa yKpaiHCEKOIO MOBOIO.

Marepian BHKNaJeHO MOCHIJOBHO Ta JOCTYIIHO, Y HAYKOBOMY CTHIIi MOBJIEHHS
i3 NOTPUMaHHAM Cy4acHOI 3aralbHONPUHHATOT TEPMiHOJIOTII.

JlMcepTauis CKIafgacTbCs 3 aHOTAllli, HAaMCcaHiil yKpalHCBKOIO Ta aHTIIIHCBKOO
MOBaMH, BCTYIY, 4 pO3ZiliB OCHOBHOI YaCTHHH, BMCHOBKIB, CITUCKY JIiTepaTypH I3
118 mxepen Ta momaTkKiB. 3arajbHuii o6car AMCEpTallil CTAHOBHTE 152 CTODIHKH, 3
skuX 103 CTOpIHKH OCHOBHOTO TEKCTY, 2 JIOJaTKH Ha 24 CTOpiHKaX, Ta MICTHTh 58
PHUCYHKIB, 24 hopMmyn, 6 Tabnuis.

Y BCTymi OOIpYHTOBaHa aKTyalbHICTE TeMHM, 3B’S30K POOOTH 3 HAYKOBHUMH
oporpaMaMH, IruiaHamMu Ta TeMamH. ChopMynpoBaHI MeTa Ta 3aBIaHHA, 00’€KT,
IpeaMeT Ta MEeTONW JAOCIi/DKeHHs, HayKoBa Ta NpaKTHYHa HOBHM3HA OTPHMAaHMX
pesynbrariB. HaBeneri BimoMocTi 3 anpo6aiil Ta my6uikalii pe3yabTaTiB AucepTalii
i3 3a3HaYeHHAM 0COGHCTOTO BHECKY 3/100yBaya.

VYV nmepiioMy po3mijii TNpOBEAEHO aHANTHYHMH OIJIAf CydacHl TEXHOJOr1l
3MEHIIIeHHs IMHOOKHX HEHPOHHHX MEPEX 13 BUKOPHCTaHHAM METOJIB IPYHIHTY Ta
KBaHTHU3aIll Ul IiJBHINEHHS IPOLYKTHBHOCTI Ta €(eKTHBHOCTI OOpPOOKM maHHX.
PosrasHyTo crieuianizoBaHi 00YUCTIOBaNBHI apXiTeKTYpH Ald IMHO0KMX HEHpOHHMX
Mepek, CydacHi apxiTeKTypH ITIMOOKMX HEHpOHHMX Mepex, HabopiB JaHHX Ta
nporpaMuux 6i6mioTex A pobOTH i3 HEHPOHHHMH MEPEXKAMHU.

Y apyroMy po3gini IIpoaHami3oBaHi OCOONMBOCTI afanTamii IIMOOKHX
HeHpOHHMX MepeK Ui CIelliani30BaHuX OOYMCIIOBANIBLHMX apXiTeKTyp. 3pobneHo

TeopeTH4He MPHUITYIIEeHHs, MO JUIA 30iNbIIeHHs NPOXYKTHBHOCTI Ta €()eKTHBHOCTI
06po6KH JaHHX NpH afantalii IIMOOKMX HEMPOHHMX MEpPeX I CTeliali3oBaHHX



OOMNCMOBANLIMX APXITEKTYP HEOOXIMIO POIPOGHTH KOMILIEKCHMH MeTOI aarnTalii
TIOOKUX HEHPOUHMX MEPEX JUIst CreLiatizoBauX o6UUCITIOBANTLHUX apxiTekTyp.

Y tpetbomy posaini pospobneno Metoa aganraitii rinGoKux HeHpoHHUX MepeK
no anapatHoro 3abesneucHHs 3i crnewianizoBaHoI0 ApXiTEKTYPOIO, IO BKIOYAE B
cebe  ananTMBHME  iTepaTuBHMI npyninr. Metos 3abesnedye  MifBULIEHHS
e(heKTUBHOCTI npoliecy 06pobKH NaHHX HEHPOHHUMH MepeXaMH Ha CrieLiaTi30BaHuX
OOYHCNIOBANIBHUX apXITEKTypax Ta MHiABMILEHHS e()EKTHBHOCTI OOYMCIIOBANBHOT
IHQPacTPyKTYpH AN rIMGOKUX HeHpOHHHMX Mepex. [l KOXCHOro eTamy MeTojy
ananTalil HaBOJUTHLCS AETATBEHU OIMC TA OSCHEHHS.

Y 4eTBepTOMY DO3AiNi NpOBEIEHO aHali3 pe3yJbTaTiB 3aCTOCYBaHHS METOAY
amanTauii TITHOOKMX HeWpOHHMX Mepex. JOCTiDKEHO BHKOPUCTAaHHA eTaniB
3MEHIIEHHs PO3MIpy Moneni Mepexi, ajamTaiii Mojeli HEHpOHHOI Mepexi Mt i
CYMICHOCTI i3  crmemianisoBaHuM [pPMCKOpIOBAaYeM, LIIAXOM  IEPETBOPEHHS
npenctasnends 3 FP32 y INT8 wmerooMm KBaHTH3alil, 3MEHINCHHA BIUIHBY
amapaTHOTO Ta IIPOrpaMHOro 3abesmedeHHs Ha e(eKTUBHICTH OOpOOKM JaHMX
MOJIENIIMU TTTHOOKUX HEHPOHHUX MepeK.

V JlonaTkax HaBOJMTHCA NpPOrpaMHMH KOJ IOPTATHMBHOIO J1arHOCTHYHOTO
KOMIIOHEHTY, po3pobneHoro B pamkax mpoekty H®AY «Hayka mus 6e3mexu
JIOOUHM Ta CYyCHUTBCTBa» — INpoekT «IlnaropMa INTYYHOTO IHTENEKTY A
JMUCTAHI[IAHOTO ABTOMATH30BAHOIO BHABJIEHHS Ta [IaTHOCTHKM 3aXBOPIOBAHb
moguHm» - 2020.01/0490.

Hucepraniiiaa po6ota odopmiena BianosigHo fo puMor Hakasy MOH Ykpainu
Bix 12 ciunst 2017 p. Ne 40 «IIpo 3aTBepMKeHHs BUMOT 10 ODOPMIIECHHS JUCEPTALID».

OnpuaroJHeHHA pe3yJibTaTiB JucepTaniiHol poboTH.

HaykoBi pesynsTaTd Aucepralii BHeBiTHeHI y 12 HaykoBux IyOIiKamisx
306yBada, cepell AKHX: 6 cTaTedl y NepioJMYIHMX HAYKOBMX BHIAHHAX IHO3EMHHX
JepXaB, HpoiHAekcoBaHHX y 6asax Scopus / WoS, 3 Hux 1 crarra y BH/IaHH]1,
BiTHeceHOMy 0 Mepmroro kpaptwio (Q1) Bimmosigso no kmacudixauii SCImago
Journal and Country Rank / Journal Citation Reports, Ta 4 cTaTTi B JBOX HOMepax
JKypHaiB; 6 Te3 BUCTYIIB Ha HAYKOBHX KOHQEPEHILIX.

Takox pe3yisTaTH auceprauil Gymu anpoGoBadi Ha 4 HayKOBHX (axoBHX
KOH(epeHIIIIX.

Vci my6nikauii 3106yBada MaloTh BUCOKUH HAYKOBHH piBeHBb, B HUX NOCTaTHBO
[TOBHO Ta BCceBigHO ONMHCcaHi roJOBHI HAyKOBi 3400yTKH, IO MpeAcTaBieHi y 3 Ta 4
posainax mucepranii. OcoGUCTHH BHECOK 300yBaya 0 BCiX HAyKOBHX MyOuikalliH,
omy6/1iKOBaHMX Yy CITIBABTOPCTBI Ta 3aPaXOBaHUX 32 TEMOIO axcepTalii, € BaroMuMm. B
ycix my6nikarisx [0TpUMYIOTECS IIPUHLIMIHA aKaJeMi4Hol 10OpOUECHOCTI.

TakUM YHHOM, HAYKOBi Pe3yNbTaTH ONKMCaHi B AMCEpTaLliiHiiA poboTi NOBHICTIO
BHCBITIIeHI y HayKoBHX IyOuiKaniiax 3700yBaua.



Hepodnikn Ta saysaxcenus jpo aucepranilinoi poGoru.
[. Asropom posrnspacrbes npouec apanrtauii Moaeni HeipoHmof Mepexki B
KonTeketi il 3acTocysaHus B cepi nepudepiiinnx obuncnens. JouinsHo Gyno 6
MPOBECTH BHMIPH TPOAYKTUBHOCTI IS IHMIUMX THITiB MOPTaTUBHUX TEH30PHHUX
npuckoptoBadis. Hanpuwnaa, i3 Bukopucranusam Mo6insnux SoC, Takux sk Huawei
HiKey 970 na nnargopmi ARM.

2. B cBoemy meTogi ajanTalii aBTOpPOM BUKODHCTOBYETHCS KBAHTM3ALs Micis
HaBYaHHA (post-training quantization), opHax GinblI TMOKA3HUKH 3MEHLIEHHS
po3Mipy Mopneni HelpoHHOT MEpEeXI MOXYTh OYTH OOCATHYTI i3 BMKOPUCTaHHAM
KBAHTH3AUII i Yac HaBYaHHA (quantization aware training).

3. B cBoili po6ori aBTop BuKOpPHCTOBye mume omun (peiiMBopk TensorFlow
Lite nns poGotn i3 rmmboxumu HeMpoHHMMH Mepeskamn. Jlin GiNbII TIOBHOTO
TMOPIBHAHHS OTPHMAHMX pe3yNbTAaTiB JOLINEHO 6YI0 6 nepeBipaTH po3pobIeHUH
METOA ajanTaili 3 iHmmMu GppelMBopkax TakuMu, ax PyTorch, MXNet, Towlo.

4. B po6oTi BUKOHYETECS afanTailis rIHGOKMX HEHPOHHHX Mepesk 3TOPTKOBOTO
Ty (CNN) i 3a3Ha4aeTscs, UI0 BMKOPUCTAHHA NMOAIOHMX 3TOPTKOBHMX IIApiB B
apXiTeKTypi Mepexi HPH3BOAMTE IO MaKCHMAJIHFHOTO 36ilbIIeHHA OOYMCIIOBAIBHOI
ciknaanocTi. OTpuMaHi B po6GOTI pe3ybTaTH AOBOAATE e(eKTUBHICTH PO3POBIEHOro
MeToly, anme OakaHo Oyno 6 NepeBipUTH METOJ ajanTanii s IHIOWX THIB
[ITAOOKKMX HEHPOHHUX MEPEeX.

5. B MeToai ajanTHBHOTO iTEPaTHBHOIO MPYHIHIY aBTOPOM BHUKOHYEThCH 10
iTepalliif 3MeHIIEHHs Mepexi, ame B poGOTI He 30BCIM [eTai30BaHO NPHYUHY
3aBepIUeHHs MpYHIHry camMe Ha 10 iTepamisx, a He Ha OUIBININ 4¥ MeHImiH IX
KUTBKOCTI.

BBaxaro, 110 BHUCJIOBJIEH] 3ayBa)KEHHS HE € BU3HA4YalbHAMH 1 HE 3MEHIIYIOThH
3arallbHy HayKOBY HOBH3HY Ta IMPaKTHYHY 3HAYAMICTH pe3ybTaTIB Ta He BIUIMBAIOTH
Ha IIO3UTHUBHY OLIHKY AKCEpTaliHHOI poOOTH.

BucHoBok npo gucepTauiiiny podory.

BBakaro, 10 aucepraniiiHa poboTa 3m00yBada CTyTeHA AOKTOpa (imocodii
Tapana BrnagucnaBa IropoBuya Ha Temy «Metos ajganrauii rM6oKUX HeHpOHHUX
Mepex /10 arnapaTHoro 3abesneueHH: 3i Crieljjai30BaHOI0 apXiTEKTYPOKO» BUKOHAHA
Ha BHCOKOMY HayKOBOMY piBHIi, He IOpYILlye NPHUHLHIIB aKaleMiyHol 106podecHOCTI
Ta € 3aKiHYEHHUM HAYKOBHM JIOCIIIKEHHAM, CYKYTIHICTh TEOPETUYHUX Ta MPAKTHUHHX
pe3yJBTATiB AKOTO PO3B'SA3ye HAYKOBE 3aBJaHHsA, IO Ma€ iCTOTHE 3HAYEHHS AT
ramysi 3HaHp [HdopMmauifiHi TexHomorii. Jlucepraniiina po6oTa 3a aKTYyalbHICTIO,
NpPAaKTHYHOIO I[iHHICTIO T4 HayKOBOIO HOBH3HOIO IIOBHICTIO BIJIOBIJAE BUMOIraM
YMHHOIO 3aKOHOJABCTBa YKpaiHH, w0 mnepeabaveHi B n.6 — 9 «lopsaky
NpUCY/KEHHS CTyneHs Jokropa ¢inocodii Ta ckacyBaHHsl pillleHHS pa30BOl



CrieuianizoBaHoi BYEHOT paju 3aKiajsy BHILOI OCBITH, HayKOBOI yCTaHOBH IIPO
MIPUCYJUKCHHSA cTynest jlokTopa (inocodiin, 3aTeepmietoro [Toctanosoro Kabinery
Minicrpis Yipaiuu i 12 civuns 2022 p. No 44,

3nobysau Tapan Buajucaas Iropouu 3aciyroBye Ha nmpuCymKeHHS CTyMeHs
noxropa (urocodii B ranysi 3uaub 12 - Indopmariiini TexHosorii 3a crnemiaibpHICTIO
123 - KoMn’toTepHa iHxeHepis.
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