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1. Incepraujiiina po60Ta IPUCBAYEHA aHAJIi3y METOiB ONTUMI3allii HEMPOHHMX MEPEX i po3pooLii NporpaMHUX
3aco0iB 117151 301/1bLIEHHS IIBUIKOLIl HEMPOHHNX MEPEX Mif, YaC HaBYaHHS i BUKOHAHHS. Y Cy4aCHOMY
BHCOKOTEXHOJIOTIYHOMY CBiTi, HEPOHHI Mepe>Xi BUMIIIM Ha NIepeIHiN IJIaH SK KJII0Y0Ba TeXHOJIOris. Lg Bapianis
MaTeMaTUYHUX MOJIEeJIEN TPOJIEMOHCTPYBaJla BUCOKY €(EKTUBHICTb y 6araTbox 3ajavax, o BapiloIoThCS Bif,
KOMII'FOTEPHOTO 30PY A0 PO3yMiHHS IIPUPOLHIX MOB, TUM CaAMUM CTaBIIU HEBiJl'€MHOIO YACTUHOIO IOLEHHOTO
JKUATTS. BTiM, pO3TOPTaHHS HEMPOHHUX MEPEXK Y PEAJIbHUX CLIEHAPISIX 4aCTO YCKIIATHAETLCS IXHBOIO

004K CIII0BAIbHOIO CKJIAJIHICTIO Ta PECYPCOEMHICTIO. Besnkuil 06'eM eHeprocro>XXuBaHHS, 10 IOTPeOYeThCs 1S



HaBYaHHS i BUKOPHCTaHHS BEJIMKUX MOJEJel HEMPOHHUX TaKOXX Ma€ HeraTUBHUY BIIJIMB HA HABKOJIUIITHE
cepenosuiie. O6YUCIIOBAIbHA CKIAAHICT YACTO IIPOSIBIISIETHCS Y BUTJISLZ] BEJIUKOI KiIbKOCTI TapaMeTpiB Ta
IJIMOOKUX apXiTeKTYP, sIKi BUMaraioTb 3HAYHOTO 00’eMy 00U CIIIOBaIbHOI IIOTYXHOCTI SIK 17151 HAaBYaHHSI, TaK i st
MOJAJIbIIOrO BUKOPUCTAHHS Ha KiHLIEBUX MPUCTPOSIX. LI CKIagHICTh € 0CO6IUBO IPOOIEMATUYHOIO B
3aCTOCYBaHHSX HEIPOHHUX MepeX Ha IpUcTposix IHrepuHerty peueii (I0T), ne 0649uCIOBaIbHI pecypcu 4acTo
obMesxeHi. PecypcoeMHi XapaKTepUCTHUKM BKJIIOYAIOTh B cebe 00UUCIOBAIbHY ITOTYKHICTb i BAKOPUCTAHHS [aM'sSTi.
Lle nuTaHHs € 0COOJIMBO aKTyaJbHUM Y MOOIIBHUX Ta BOYIOBAaHUX [IPUCTPOSIX, [I€ [1aM'SITh € OOMEXKEHUM PECYPCOM.
Binbie Toro, 3aTpuMKa, CIpUYMHEHA HECTAYEI0 PECYPCIB, YaCTO € HENIPUMHATHOIO B PAMi 337124, 110 BKJIIOYA€E B cede
CHCTEMU aBTOHOMHOI'O KEPYBaHHS, [I€ HaBiThb HEBEJIMKA 3aTPUMKA B IPUIHATTI pillleHb MOXKE MaTU CEPHO3HI
Hacigku. OnTruMisanis HEMPOHHUX MEPEX € aKTyaJIbHOIO 33/1a4€I0 B TEXHOJIOTIYHIN rajysi, o MmigKpeCaoeTbCs
eMnipruyHuMHU ganumu. O6’eM 0OUYNCIIIOBAJIBHUX PECYPCiB, HEOOXiIHUN /1711 HABYAHHS HalCy4aCHIIUX HEMPOHHUX
MepeX, IIOJIBOI0BABCS NMPUGIN3HO KOKHI 3 Mmicaui 3 2012 poky. Lle ekcrioHeHIifiHe 3pOCTaHHS 00YUCIIIOBATIbHIX
BHMOT He € CTaJIMM Ha JI0BIOCTPOKOBY II€PCIIEKTUBY, OCOOJIMBO 3 ypaXyBaHHSIM €HEepProCloXUBaHHS Ta
€KOJIOTiYHOrO BIJIMBY, [IOB'I3aHOTO 3 aTa-LeHTpaMu. MeToro nuceprallii € 30i1bl1eHHS e(pEeKTUBHOCTI Mozesei
HEIPOHHUX MEPEK, a CaMe 3MEHIIEeHHS BTPaTy TOYHOCTI IpU 30iJbII€HHI IBUKOAII, [TiCJIs1 3aCTOCYBaHHSI METOIiB
onTuMizaLlii Moziesiel IIM6MHHOT0 HaBYaHHS, CTBOPEHUX JJ1s1 BUPILIEeHHs 3a/1a4 KOMITIoTepHOro 30py. Haykosa
HOBH3HA O€P’KaHUX PE3YJIbTATIB I10JISITA€ B HACTYIIHOMY. Y IOCKOHAJIEHO MOJIeJIb HEMPOHHOI MepexXi 115
BUSIBJIEHHA 007114 RetinaFace, ska Ha BiIMiHY Bif] iCHyI0YMX BUKOPUCTOBY€E MeTO/, IPyHiHry SNIP 1y ontumizaii,
110 [103BOJISIE BUKOPUCTOBYBATH PO3PilpKeHi MaTpui 15 306epiraHHs i BUKOHAHHS MEPEXi 3 METOIO TI01aJIbIIOTr0
yIOCKOHAJIEHHS Ta 30i/bLIeHHS MBUAKOIIL. YIoCcKoHaneHo MeTog, IpyHiHry SNIP s Mozesi BUsiBJieHHS 00114
RetinaFace, sikuil Ha BigMiHy Bif icHYlOUMX lepef6ayae MOKJIMBICTb BUKJIIOUEHHSI KOHTEKCTHUX MOJYJIiB 3 IPOLIECY
IPYHIHTy. BIOCKOHaIeHUI METOJ JO3BOJISIE LOCSTTH OiIbIIOI TOYHOCTI TPY HE3MIiHHIN KiJIbKOCTI BUKJIIOUEHUX
napaMerTpiB. Briepiie po3po6sieHO MeTog, IPYHIHTY Iepel, HaBYaHHSIM [Jis MoZesiel apXiTeKTypu TpaHnchopMmep,
SIKMI Ha BiMIiHY Bif iCHyI0UMX BpaxOBye BaXJIMBICTb ME€XaHi3My «yBarm». BukoprucranHs po3po6ieHOro MeTony
II03BOJISIE 3HAYHO 30i7IbIIUTU TOYHICTh Kylacudikaliii KiH1ieBoi Mozei B HopiBHSHHI 3 MeTogoM SNIP. Bnepiie
PO3PO6JIEHO APXITEKTYPY IPOrPAMHOrO 3a6€3Me4eHHs [JIs1 MOJEeII0OBAHHS Ta JOCiIPKEHHSI METOiB IPYHIHTy nepe],
HaBYaHHSIM HEMPOHHUX MepeX, sIKa Ha BiMiHY BiJ] iCHYIOUMX JJO3BOJIsl€ IPUBOAUTYU MATPULli BaroBUX KoeilieHTiB
Mepexi 4o po3pimkeHoro GpopmMary, BAKOPUCTOBYIOUHU 3alIPOIIOHOBAHMI MEXaHi3M OLIIHKY BaKJIMBOCTI BariB.
OnrumiszoBana Mmepeska RetinaFace mictuTh Ha 68% napaMeTpiB MeHIIEe HiXK [104YaTKOBAa MEpesKa IIpyY BTPaTi
TOYHOCTI Ha nuie 1.4%. BoockoHaneHui MeTo, JO3BOJIUB 3MEHIIUTH BTPATU TOYHOCTI 3 1.4% 1o 0.7% MOPiBHSIHO 3
meTonoM SNIP nnpu nopiBHSIHHI 3 HEOOPi3aHO MOAEJIIIO, P CKOPOYEHHI napaMmeTpiB Ha 68%. Peasnizaliis meTony
IIPYHIHTY 1J151 apXiTeKTypu TpaHCGOpPMeEp A03BOJINIA HATPEHYBAaTU MEPEXY 3 IOKPALIEHHSIM TOYHOCTI 10 37%
nopiBHSHO 3 MeTogoM SNIP rpu nopiBHSHHI 3 HEOOPI3aHOK MOJEJLIIO, [IPY CKOPOYEHHI KiJIbKOCTi TapaMeTpiB Ha
90%. BctaHoBieHO, 1110 pe3y/bTaTyd BU3HAUEHHS KPUTEPIiB BasKJIMBOCTI BariB, OTPUMaHUX PO3POOJIEHUM
aJITOPUTMOM, MOKYTb OYTU BUKOPUCTAaHI /1JIs1 TiJIBUIEHHS MBUIKOi HEMPOHHUX MepeX Bif 20% 10 65% koM
BMKOPHMCTaHHS PO3PiIpKeHUX MaTpulb GopMmarty 2:4, B 3aJ1€XKHOCTI Bif, rpadivHOro npouecopa. BctaHosieHo, 10
IOATKOBI BUXOIU [1JIs1 CiaMCBhKUX HEMPOHHUX MEPEeX, IPU3HAYEHUX [JIs1 BCTAHOBJIEHHS CXOXKOCTi IBOX 300pa’KeHb,

He JJAl0Th [IPUPOCTY B MIBUIKOCTI CXOIKEHHS i TOYHOCTI MOZEI.

2. This dissertation is devoted to the analysis of neural network optimization methods and the development of
software tools to increase the performance of neural networks during training and execution. In today's high-tech
world, neural networks have come to the forefront as a key technology. This variation of mathematical models has
demonstrated high performance in many tasks ranging from computer vision to natural language understanding,
thereby becoming an integral part of everyday life. However, the deployment of neural networks in real-world
scenarios is often hampered by their computational complexity and resource intensity. The large amount of power
consumption required to train and use large neural models also has a negative impact on the environment.
Computational complexity often manifests itself in the form of a large number of parameters and deep
architectures that require a significant amount of computing power both for training and for further use on end
devices. This complexity is particularly problematic in applications of neural networks on Internet of Things (IoT)



devices, where computing resources are often limited. Resource-intensive characteristics include computing
power and memory usage. This issue is particularly relevant in mobile and embedded devices where memory is a
limited resource. Moreover, the latency caused by a lack of resources is often unacceptable in a number of tasks,
including autonomous control systems, where even a small delay in decision-making can have serious
consequences. Optimization of neural networks is an urgent task in the technology industry, which is emphasized
by empirical data. The amount of computing resources required to train state-of-the-art neural networks has
doubled approximately every 3 months since 2012. This exponential growth in computational requirements is not
sustainable in the long run, especially considering the energy consumption and environmental impact associated
with data centers. The purpose of this thesis is to increase the efficiency of neural network models, namely, to
reduce the loss of accuracy while increasing performance, after applying methods to optimize deep learning
models created to solve computer vision problems. The scientific novelty of the results is as follows. An improved
model of the RetinaFace neural network for face detection is proposed, which, unlike the existing ones, uses the
SNIP pruning method for optimization, which allows the use of sparse matrices for storing and executing the
network for further improvement and performance. An improved SNIP pinning method for the RetinaFace face
detection model is proposed, which, unlike the existing ones, provides for the possibility of excluding contextual
modules from the pinning process. The improved method allows achieving higher accuracy with the same number
of excluded parameters. For the first time, a pre-training tuning method for transformer architecture models has
been developed, which, unlike the existing ones, takes into account the importance of the "attention" mechanism.
The use of the developed method allows to significantly increase the accuracy of classification of the final model
compared to the SNIP method. For the first time, a software architecture for modelling and studying pre-training
methods for neural networks has been developed, which, unlike existing ones, allows to reduce the matrix of
network weights to a sparse format using the proposed mechanism for assessing the importance of weights. The
optimized RetinaFace network contains 68% fewer parameters than the original network, with a loss of accuracy
of only 1.4%. The improved method reduced the accuracy loss from 1.4% to 0.7% compared to the SNIP method
when compared to the uncropped model, with a 68% reduction in parameters. Implementation of the pruning
method for the transformer architecture allowed to train the network with an accuracy improvement of up to 37%
compared to the SNIP method when compared to the uncut model, while reducing the number of parameters by
90%. The results of determining the criteria for the importance of weights obtained by the developed algorithm
can be used to increase the performance of neural networks from 20% to 65% by using sparse matrices of 2:4
format, depending on the GPU. The study established that additional outputs for Siamese neural networks
designed to establish the similarity of two images do not increase the speed of convergence and model accuracy.
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Micue3HaxoaKeHH: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi
ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI
TOJIOBH paju

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI
rOJIOBYIOYOTO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIIBHOCTI

Cripenko Cepriii ['puroposuy

Cripenko Cepriit I'puroposuy

MenbHYeHKO ApTeM BacuiboBuy

VKpIHTEI

[Opuenko TersHa AHaTosiiBHA



