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Tema (YKp.)

MeTop aganTanii rIM60KMX HEHPOHHUX MEPEX 10 alTlapaTHOro 3a6e3neyeHHs 3i crieuianizoBaHo0 apXITEKTYPOIO

Tema (aHIJI.)

Method of deep neural networks adaptation for hardware with specialized architecture

Pedepar (yxp.)

JuceprauifiHa po6ora npucBsuYeHa po3pobli KOMIJIEKCHOTO METOMY aganTaiil rIM60KMX HEAPOHHHMX MEpEeX, WO [03BOJIE
NiABMIUTH NMPOAYKTUBHICTb Ta eeKTUBHICTh 06POOKHM JaHUX rIM60KMMKU HEHPOHHMMH MEPEXAMH Ha anapaTHOMY 3abe3rneyeHHi
3i Crewiani3oBaHoI0 apXiTeKTypoio. Briepie 6y/0 po3po6ieHO KOMIUIEKCHUI METOZ, afialTallil rIM60KNX HENPOHHMX MEPEX I
CreuianisoBaHnX OBYMCIOBANILHUX apXiTeKTyp. PO3po6eHO METOZ aianTHBHOIO iTepaTMBHOrO OpPYHIHTY [/ 3MEHLIEHHS
PO3Mipy MOZieTIell HEMPOHHMX MEPEX 3a PAXYHOK MOCTYTIOBOTO 3MEHIIEHHs PO3Mipy Mepexxi LJISIXOM BUAATIEHHS 3aifBUX KaHAaJiB
y 3rOPTKOBMX lIapax Ta [O[AaTKOBOMY HABYaHHI OTPMMaHOl 3MeHmeHol Mozesi s BigHOB/IEHHS TOYHOCTI DO3Mi3HaBaHHA.
BiznoBifHO K0 po3po6eHoro MeTomy, rimeprapameTpu Mepexi afanTHBHO 3MiHIOITHCS, W06 KOMIIEHCYBaTH BTPATH TOYHOCTI
micis KoXHOI iTepauii npyHinry Ta ameHmuTH yac itepauii 06po6ku HaHMX. PO3pO6NEHO METOJ MifBMIIEHHS e(EKTUBHOCTI
nmpoliecy 06po6KM AaHMX HEHPOHHMMHM MEPEXAMK Ha CIIeLjaTi30BaHMX O6YMCIIIOBATIbHUX apXIiTEKTypax, W0 BpaXoBye TEXHi4Hi
0cobaMBOCTI 06PO6KM aHMX 32 OTIOMOTOK0 IMIMGOKMX HEHPOHHMX MepeX Ha CIelliani3oBaHMX MPHCKOPIOBayax, HaNpHKIan,
iTepallisn BMKOHaHHS O64uCiieHb. TaKOX Ll MeTon MO3BOJISIE BM3HAYMTH MapaMETpM Taki, K pO3Mip nopuii AaHuX, o6
36UIBIIMTH IPOAYKTMBHICT, OGPO6KM JaHMX 33 PAXYHOK 3MEHIIEHHs BIUIMBY HAKIAAHMX BUTPAT iHiujanisauii i mepenayi nanux.
Po3po6eH0 METON MiBuIIeHHs edeKTMBHOCTI iHPPacTpyKTypu misi 06pobKu AaHWMX 3a [OMOMOroi0 IIMEOKMX HEHPOHHHMX
MEpEeX 3a paXyHOK 3MiHM IIpOrpaMHOI Ta anapaTHoi CKJIafoBOl TaKol, K onepalifiHa CUCTEMa Ta inrepdercn nigxmoyeHHs. Le
7l03BOJIsi€ 36IBMWINTYA MPOAYKTUBHICTh Ta epeKTUBHICTL 06PO6KM AaHMX 33 JOMOMOrOI0 HEMPOHHMX MEPEX Ha LiJIbOBIM CHUCTEMI.
Po3po6s1eHO NporpaMHMit KOMMOHEHT MiarHOCTMKM JlereHeBMX aHOMaJsliii 3a [aHMMKM PEHTreH 3HIMKIB IJIsl NOCTiZDKEHHS
edexruBHOCTI poboTH crieujanizoBanoro npuckopiosaya Coral Edge TPU USB B 3ajauyax MeJM4HOro 3aCTOCYHKy. B skocri
apXxiTeKTypy IMGoKoi HeipOHHOI Mepexi s maHol 3ajadi 6yno obpaHo ResNetS0, siky 6y0 TPeHOBaHO Ha Habopi HaHMX
ChestXray Ta aganToBaHO Mif crewiani3oBaHWM MPUCKOPIOBaY BiAMOBIAHO A0 po3p0o6JIeHOro KOMIUIEKCHOTO METOAY afjamnTauii.
IIpoBeneHo aHasi3 pe3ysIbTaTiB 3aCTOCYBaHHS METOAY aianTauii IM60KMX HEHPOHHMX MEpeX, I0 BKIIOYae B cebe aflanTUBHUM
iTepaTMBHMIA MPYHIHT, MiABUIIEHHS edEeKTUBHOCTI npolecy 06po6KM NaHWX HEAPOHHOIO MEpeXelo Ta MiABULIEeHHS e(peKTUBHOCTI
MPOrpaMHO-anapaTHol CKJIaloBol UiJIbOBOI XOCT-CHCTEMH. 3a pe3yJibTaTaMM 3aCTOCYBaHHS pPO3PO6JIEHOr0 METOAY afallTUBHOIO
irepaTMBHOro mnpyHinry 6yso JOCATHYTO NpuCKopeHHs 32,2 i3 TouHicTio poanisHapaHHs 96,2% (10 irepauiit mpyHinry). 3a
pesysbTaTaMy aHaJI3y TEXHIYHMX OCO6iMBOCTeR Po6OTH CreuianizoBaHMX O6YMCIIIOBATIBHMX aApXITEKTYp 6YJI0 BUSIBJIEHO, 1O
3Ha4Hi MOKA3HMKM NPUCKOPEHHs], Mpu BUKopucTanHi TPU y nopisusHHi 3 GPU, gocaraioTbes Ha misHix itepauisx (>3) BUKOHaHHs
06pOo6KM aHMX MOZEJIAMH ITIMOOKMX HEAPOHHMX MEPeX, KOJIM BATPATH Ha iHiujanisaliio He BIUIMBAIOTh Ha NPOXYKTUBHICTB.
Hanunit ¢paxrop Tpe6a BpaxoByBaTH NpH MiABMIIEHHI €(pEKTUBHOCTI mpouecy o6po6KM AaHMX HENPOHHUMM MepexaMu Ha
NPHCKOPIOBaYax 3i crienianisaoBaHolo apxiTekTypoio. B pesysbTati aHanisy $pakTopis, mo BIIMBAIOTL HA NPOAYKTUBHICTh LiIbOBOI
inppacTpykTyps 06pO6KM MHaHMX 33 JOMOMOrol0 IJMGOKMX HEAPOHHHMX MepeX, 6yJl0 HOCATHYTO 3HAYHMX pisnuup B
NPOAYKTMBHOCTI NPY 3aCTOCYBaHHI DisHMX KoMGiHaui# 3abesneveHHs uUUTLOBOI indpacTpykrypu. Ipm UbOMY, MOCATHYTE
TNPUCKOPEHHS cKajio 8,7. Po3pobiieHi METOAM € CKJIafioBOK KOMIUIEKCHOTO METOAY aflanTauil riaM6oKux HENPOHHUX Mepex i

JO3BOJIAIOTh IArOTYBaTH O6paHy MOJie/ib HEMPOHHOI Mepexi Mt 11 3aCTOCYBaHHS Ha 3a3HAYEHMX BUIIE TIPHCKOPIOBaYax
HEMPOHHUX MepeX 3i creljasi30BaHoI0 apXiTEKTYPOIO.

Pedepar (anr.)

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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