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Pedepar:

1. Inceprauifina po60Ta IpUCBIY€HA PO3pOOLi KOMIJIEKCHOTO METOAY afanTallii [IM60KMX HEMPOHHMX MEPEX, 10
IO3BOJISIE MiABUILUTY IPOLYKTUBHICTD Ta €(PeKTHBHICTb 06POOKY AAaHUX TTIMOOKNMU HEPOHHMUMH MepeskaMy Ha
arapaTHOMY 3abe3ledeHHi 3i clielianizoBaHo0 apXiTeKTypolo. Briepiue 6yy10 po3po6ieHO KOMILJIEKCHUI METOT,
ajanTanii rIM60KMX HEMPOHHMX MEPEX [JIs CIleliali30BaHUX OOUNCIIOBAJILHUX apXiTeKTyp. Po3po6yieHo MeTof,
AIaIITUBHOIO iTE€PATUBHOIO IIPYHIHTY 1151 3SMEHIIEHHS PO3Mipy MOJI€Iel HEMPOHHUX MEPEX 33 PAXYHOK
MTOCTYIIOBOT'O 3MEHIIEHHS PO3Mipy MepeXi NIJISIXOM BUJIQJIEHHS 3aiBUX KaHAJIIB y 3TOPTKOBUX LIapax Ta
IIOOATKOBOMY HaBYaHHI OTPUMMAaHOI 3MEHIIEHOI MOZEJIi IJ1S1 BILHOBJIEHHSI TOYHOCTI PO3Ii3HAaBaHHA. BinnosinHo 1o
PO3pO6JIEHOrO METOAY, rineprnapaMmeTpyu MEPEXi afalTUBHO 3MiHIOIOTbCS, 1100 KOMIIEHCYBATH BTPATH TOYHOCTI
micJis KOXKHOI iTepaii IpyHiHry Ta 3MeHINUTH Yac iTepatii 06po6ku naHux. Po3apobieHo MeToy, MiiBULLEeHHS

eeKTUBHOCTI IIpoLiecy 06POOKY JaHMX HEMPOHHMMU MePesKaMU Ha CIielliai3oBaHuX 00YMCIIIOBaIbHUX



apxiTeKkTypax, 10 BPaxOBye TEXHIYHI 0COGIMBOCTI 06POOKM JAaHUX 32 TOTIOMOIOI0 INIMOOKMUX HEPOHHUX MEPEeX Ha
crierjiayli3oBaHUX MPUCKOPIOBaYax, HAMIPUKIIA, iTepalliss BUKOHAHHSI 0649MCieHb. TakoX 1€l MeTO]T JO3BOJIsSIE
BM3HAUUTY NTAapaMeTPH TaKi, SIK pO3Mip NopuLii JaHUX, 1106 30i/IbIIUTH ITPOLYKTUBHICTh OOPOOKU JAHUX 32 PaxyHOK
3MEHIIEHHS BIJIMBY HAaKJIAHUX BUTPAT iHiljanisanii i nepegadi nanux. Po3po6aeHo MeTo MiABUILEHHS
edekTuBHOCTI iHdpacTpyKTypH 17151 0O6POOKY JaHMX 32 LOIIOMOTOI0 IITMOOKHX HEMPOHHNX MEPEX 32 paxyHOK 3MiHU
MIPOrpaMHoOi Ta arapaTHoi CKIa0BOi TaKoi, SIK oTnepalliiiHa cucreMa Ta iHtTepdeiicu migkimodeHHs. Lle mo3Bosise
301IBIIMTY IPONYKTUBHICTb Ta €(PEKTUBHICTb OOPOOKM IaHUX 32 IONIOMOTOI0 HEIPOHHUX MEPeX Ha LiJIbOBi
cucteMi. Po3pobieHo nporpaMHUil KOMIIOHEHT [1iarHOCTUKY JIETEHEBUX aHOMAJTii 32 JaHUMU PEHTIE€H 3HIMKIB /1151
IocriimkeHHs edeKTUBHOCTI poboTH crelianizoBaHoro npruckopiosaya Coral Edge TPU USB B 3azauax MeIu4HOTO
3aCTOCYHKY. B SKOCTi apxiTekTypu Ir;mb0Koi HepOHHOI Mepeki 17151 gaHoi 3amayi 6ys1o o6paHo ResNet50, sky 6yio
TPEHOBAHO Ha Habopi ganux ChestXray Ta aganToBaHo Mif crieliani3oBaHUI NPUCKOPIOBAY BiNOBITHO 1O
PO3p06IEHOr0 KOMILJIEKCHOTO MEeTOy aganTanii. [IpoBeeHo aHasi3 pe3ysbTaTiB 3aCTOCYBaHHS METOAY aarTarlii
IJIMO0KUX HEIPOHHUX MepeX, 1110 BKJI0Yae B cebe afaliTUBHUM iTepaTUBHUN NIPYHIHT, MifBUILIEeHHS e(eKTUBHOCTI
npolecy o6pobKy JaHUX HEMPOHHOIO MEPEXKEIO Ta MiABUILEHHS €(PEKTUBHOCTI IPOrpaMHO-aNapaTHOi CKJIal0BO]
L[i7IbOBOI XOCT-CUCTEMU. 32 PE3yJIbTaTaAMU 3aCTOCYBAHHS PO3POOJIEHOTO METOAY aIAlITUBHOTO iTEPATUBHOTO
IIPYHIiHTYy 6yJIO JOCSTHYTO NpUcKopeHHs 32,2 i3 TouHicTIO po3nidHaBaHHS 96,2% (10 iTepauiil mpyHiHry). 3a
pe3yJbTaTaMu aHali3y TEXHIYHUX 0COOJIMBOCTEN POOOTH Clieliai3oBaHMUX 06UKCIIOBAIbHUX apXiTeKTyp OyJ0
BUSBJIEHO, 10 3HA4Hi NTOKa3HUKYU IPUCKOPEHHS, Npy BukopuctanHi TPU y nopiBusHHI 3 GPU, nocsaraioTbcs Ha
ni3Hix iTepauisax (>3) BUKOHaHHS! 0OPOOKY IAaHNUX MOJIEJIIMU ITIMOOKMX HEIPOHHUX MepeX, KOJIM BUTPATH Ha
iHijjanizanio He BIJIMBalOTh Ha IPOJYKTUBHICTb. [laHMi1 pakTop Tpeba BpaxoByBaTU NIpY MifBULEHHI e(DeKTUBHOCTI
npolecy o6pobKy JaHUX HEMPOHHVMMU MEPEKaMU Ha IIPHCKOPIOBavax 3i CrelianizoBaHo0 apXiTeKTyporo. B
pe3yJbTaTi aHasli3y (PaKTOpiB, WO BIVIMBAIOTh HA MPOAYKTUBHICTD LiJIbOBOI iHPPACTPYKTYPU OOPOOKM JAHUX 32
IOTIOMOTOIO ITINOOKUX HEHPOHHUX MepesK, OyJI0 LOCITHYTO 3HAaYHUX Pi3HULIb B IPOAYKTUBHOCTI IIPY 3aCTOCYBaHHI
pi3HUX KOM6iHali}1 3a6e3neyeHHs LinboBoi iHpacTpyKTypu. [Ipy LIbOMy, HOCSITHYTE MPUCKOPEHHS CKjamo 8,7.
Po3po6eHi METOM € CKIa[I0BOI0 KOMIJIEKCHOTO METOAY aJanTallii [1160KMX HEMPOHHNX MEPEX i J03BOJISIIOTh
niarotyBaTy 06paHy MOZEs b HEMPOHHOI MepexXi 1714 ii 3aCTOCyBaHHS Ha 3a3HaY€HUX BUILIE IIPHMCKOPIOBaYax

HEMPOHHUX MEPEX 3i CIleliai30BaHO0 apXiTEKTYPOIO.

2. Thesis is devoted to the development of the complex adaptation method of deep neural networks, which allows
to increase productivity and efficiency of deep neural networks applications on the hardware with specialized
architecture. The complex deep neural networks adaptation method for specialized hardware was developed. The
method of adaptive iterative pruning for decreasing neural network model size was developed, which is based on
subsequent decrease of the model size by removing redundant channels in convolution layers and additional
model training for accuracy recovery. According to the proposed method, model hyper parameters are changed
after every iteration to compensate accuracy loss and to achieve time decreasing of data processing iteration. The
method of neural network data processing efficiency improvement for specialized accelerators was developed. It is
based on the technical aspects of deep neural network data processing on hardware with specialized
architectures, for example data processing iteration and allows to determine processing parameters for decreasing
influence of overheads. The method of neural network processing infrastructure efficiency improvement was
developed. It allows to optimize hardware and software configuration of the target system for increasing deep
neural network data processing productivity. The testing software for medical diagnostics in the context of edge
computing was developed. It utilizes the developed deep neural networks adaptation method and specialized
accelerator Coral Edge TPU. The result analysis of the deep neural network adaptation method application was
performed. It includes adaptive iterative pruning method, data processing efficiency improvement method and
computational infrastructure efficiency improvement method. The speedup up to 32,2 and 96,2% accuracy were
achieved after performing 10 iteration of the developed adaptive iterative pruning method. Based on the technical
processing properties analysis for specialized processing architectures, some factors were identified, which have
influence on the data processing. The considerable speedup values, while utilizing TPU compared to GPU, were
achieved on the later data processing iterations (>3) with deep neural networks models, when initialization



overheads had small influence on the accelerator performance. Such factor should be taken into account, while
improving deep neural networks data processing efficiency on the accelerators with specialized architecture.
Based on the deep neural network processing infrastructure analysis of factors, which had influence on the
processing productivity, the following was identified. Considerable productivity difference was achieved, while
utilizing different software and hardware combinations of the processing infrastructure. The achieved speedup
value was up to 8,7. Developed methods are parts of the complex deep neural networks adaptation method. It
allows to prepare the selected neural network model for application on the accelerator with specialized
architecture.
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