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2. Method of increasing the efficiency of component deployment for embedded systems

Pedepar:

1. Inceprauiiina po60Ta IpUCBIYEHA PO3POOLi METOLly PO3rOPTaHHSI KOMIIOHEHT I1IaTGOPMU [1J151 BOYLOBAHUX
cucreM. 1o peadynbratam po6oTH 6yI0 PO3POOIEHO METO, PO3rOopTaHHs KOMIIOHEeHT [II-nimaTdopmuy Ha OCHOBI
OHTOJIOTIH IIPOIIECiB, SIKi BKJIIOYAIOTh B cebe MporpaMHO-anaparHi pilieHHs Ha OCHOBI MO€IHAHHS MOKJIUBOCTEN
BOYZIOBaHUX CUCTEM Ta XMapPHUX CUCTEM, Ta [IPOLIEC PO3rOPTaHHS Ta MOHITOPUHIY KOMIIOHEHT IIJ1aTGOpPMU
BOY[IOBAaHUX, SIKUM BUKOPUCTOBYE MOINQIKOBaHUI anropuTM i3 3actocyBaHHIM Cl/CD KoHBeepa 1151 IOCTIHOI
HiATPYMKY Ipane3naTHOCTI 11aTGopmMu 3 ypaxyBaHHSIM KOHKYPEHTHOI 300pKH Ta MPYHIHT'y KOHTEMHEPIB.
Cy4vacHuii nporpec B cdepi po3pooku BOYJOBAaHMX IIPUCTPOIB 3yMOBJIIOE ITOMUT Ha iX IIMPOKE BIIPOBAIKEHHS B
pi3HUX cdepax, HaIPUKJIaZ B CACTEMAX BileOCIIOCTEPEXXEHHS, aBTOHOMHUX aBTOMOOIJISIX, POEBUM iHTEJIEKT B
0€e3MiJIOTHUX anaparax, Touo. Lle 3yMOBJII0€ MOMUT Ha PO3POOKY METO/IA PO3TOPTAHHSI KOMIIOHEHT IJIaT(QOPMU

BOYIOBaHUX [IPUCTPOIB, SIKUH [103BOJISIE MIBUIKO IIPOBOJUTY CHHXPOHI3allil0 KOMIIOHEHT I1aTGOPMH, BPaXxOBYIOUH



ocobymBocTi 3amau 1111, Taki 9K HeOOXigHICTh OHOBJIEHHSI MOJIEJIi 3 TMOSIBOI0 HOBUX O1/IbIII TOUHUX MOJIEJIel Ta
BHCOKOI IIOTpe6U B pecypcax cucteMu. Bukopucrano npouec MLOpS B SIKOCTi OCHOBU METOZYy PO3TOPTaHHSI
KOMIIOHEHT IJIaT(OpMU BOYLOBaHUX cUCTeM. Lleil minxin BUKOPUCTOBYETHCS [J1s1 iHTerpaliii MamMHHOTO HaBYaHHS
B IUKJIM PO3POOKMU IPOrPaMHOro 3a6€e3Ne4YeHHs Ta 3a0e3MeueHHs €(PeKTUBHOTO YIIPABJIiHHS [IPOLECaMH, IO
BKJIIOYAIOTh HABYAHHA MOJIEJIEeN, iX TECTYBaHHS, pO3TOPTaHHS Ta MOHITOPUHT. BipoBagykeHHsa MLOps f03BoJisge
ONTMMi3yBaTU B3a€EMOZII0 MK Pi3HMMU €TanlaMU KUTTEBOT'O LIMKIIy MAIIMHHOTO HaBYaHH4, 10, B CBOIO YEPTY,
3abe3rnevye BUCOKUI piBEHb aBTOMATHU3allii Ta 3HIKy€e NMOBipHiCTh NOMUIIOK. OCHOBOIO 1iiei MeTozoJiorii €
3abe3nedyeHHs 6e3nepepBHoOi iHTerpatii Ta 6e3nepepsHe nocradanHs (CI/CD) monenedt 11, a TakKoK MOSKIIMBICTB iX
IIBUJIKOI ajanTalii 10 3MiHIOBaHUX YMOB Ta BUMOT. [IpoaHasni3oBaHo, 1m0 6ibIIOCTI Cy4YaCHUX CUCTEM Ta pillleHb Ha
ocHOBi MLOps nputamaHHe BUKOPUCTaHHS PECYPCHO-IHTEHCUBHUX APXITEKTYPHUX PillleHb, IK BAKOPHUCTaHHS
Cloud a6o cnenianizoBanoro o6aagHaHHs. Po3p0o6seHO METO, pO3rOpTaHHsI KOMIIOHEHT IJIAT(OPMU BOYLOBAHMX
CHCTEMH Ha OCHOBI OHTOJIOTII npoueciB. OHTOJIOrII MPOLECiB, IpeJCcTaBIeHi Yyepes rpadoBi CTPYKTYpH, TaKi K
Iepesa bema, 103BosII0TE popMaidyBaTy KOHLEITH i iX B3aeMoii B paMKax CUCTeM, 10 CKJIaJaloTh IJ1aTPopMmy,
1110, Y CBOIO YEPTY, CIIPUSIE TOUHOMY BilOOPaKEHHIO CEMAHTUKHU BCiX CUCTEMHUX CKJIAJ0BUX. 3a OIIOMOIOI0
TaKCOHOMIN i O-TE€PMIB, 1I0 PEaTi3yI0Th CEMAaHTHUYHY 3B'SI3HICTb, MOKHA JETAJIbHO OIMCATU B3aEMOIi MK
KOMIIOHEHTaMH, 1110 103BOJISIE He TiJIbKY 3HIKYBaTH MMOBIPHICTh IOMUJIOK, ajie ¥ IinBulyBaTy e(peKTUBHICTD
IIPOLIECIB, 1110 Bil0YBaIOThCS B MeXaxX KOMIIOHEHTIB Is1aT(opMu BOYLOBaHUX cucTeM. Ha OCHOBI 3aIIpOIIOHOBAHOTO
METOJly MO>KHA PO3TOPHYTH KOMIIOHEHTU TE€CTOBOI I1JIaT(POPMY, TOTOBI 4O TPAKTUYHOTO BUKOPUCTAHHS Ta
BUKOPUCTAHHS 3 BiINOBiIHNM anlapaTHUM Ta MPOrPaMHUM 3a06€3I1€4Y€eHHi, y BilTIOBIAHOCTI 3 ONIMCAaHMMU BUMOTaMU.
YnockoHaneHno koHBeep CI/CD nin npouec MLOps 71151 3alIpOIIOHOBAHOI'O METOY PO3TOPTaHHSI KOMIIOHEHT
nsaTdOpMHU Ha OCHOBI BOY[IOBaHUX cucTeM. Bukopucranns konseepy CI/CD 11 po3ropTaHHs KOMIIOHEHT,
BifmoBifganpHUX 3a 3a4adi I, Ha 0CHOBI BOYZJOBaHUX CUCTEM MalOTh OCOOJIMBOCTI SIKi BUMaraioTb Moaudikariito
IIpolLiecy, ceper, iHIIOoro, NelleHTPali30BaHy 300PKy B yMOBaX reTepOreHHoi IPUPOY CUCTEMH, aBTOMATH30BaHe
TECTYBaHHS TOYHOCTi MOJieJli, MOHITOPUHT BOYZOBaHUX IPUCTPOIB i aHasIi3 Ta BepuQikallito IpOLyKTUBHOCTI
mogeni. Bukopucranusg kouseepy CI/CD y CyKynHOCTi 3 METOIaMU ONTUMi3allii 300pKY KOHTENHEPY, JO3BOJISIOTh
3MEHIINTH YaC PO3rOPTAHHS CUCTEMU B IIOPIBHSHHI 3 CUCTEMAMU QHAJIOTIYHMMU MiTXO4AMU BUCBITJIEHUMU B
JliTepaTypi, BUBHaU€HUMU SIK 6a30Bi. Ha 0CHOBI 3alIpONIOHOBAHUX MiIXO[iB 3 BUKOPUCTAHHS [IPYHIHTY Ta
KOHKYPEHTHO] 360pKH, 0yJ10 NifiBAIIEHO €(EKTUBHICTb IPOLECY PO3rOPTAaHHS KOMIIOHEHTIB IJ1IAT(MOPMHU 32 PaXyHOK
3MEHIIEeHHS Yacy 300pKU KOHTENHEPIB. 3a JOTIOMOTO0I0 TPOLeCy NPYHIHTY, MOXKJIMBO AOCATHYTA MEHIIOIO PO3Mipy
KOHTEWHEePY IpHU OiybIIif IBUIKOCTI 300PKY, KU BKJIIOYa€ B cebe BUAATIeHHS JOaTKOBUX 3aJIe)KHOCTEN Ha eTarti
300pKU KOHTENHepy Ta Ha eTalli po3ropTaHHsl. JJaHni1 MeTOJ, I0Ka3ye PHUCKOPEeHHS 300pKU 5.79%, B [IOPIiBHSIHHI 3
3aIPONIOHOBAHMMU pillleHHSIMU. [IpUCKOPEHO yac 300pKU KOHTENHEPY A0 16.24%, NOPIiBHSHO 3 iCHYI0YMMU
pilleHHsIMU, TPU 3MEHILIEHHI BUKOpUCTaHHS nam’ati Ha 11.15%. Po3po6yieHo nporpaMHuil 104aTOK /17151 IEPEBIPKU Ta
IleMOHCTpallii po60TH KOMILJIEKCHOT'O METOJY /111 PO3TOPTaHHS CUCTEMU Ha NPUKJIA/i AePEBOBUIHOI CTPYKTYpU 3
IeOpyIHiBCbKUMU 3B's13KaMU. [IporpamMHuil 1OJATOK la€ MOXJIUBICTb ITEepEeBIpUTUA POOOTY IJIAT(POPMHU Bif, IOYATKY
IIO KiHIIg Ta MPOTECTYBAaTU MOKJIMBOCTI pOOOTH B YMOBaX BUCOKOi 3aBaHTaK€HOCTi CUCTEMU. 32 IOITOMOI0I0 JAHOTO
nipxony, matgopma 103BOJIsSI€E BUKOHYBATH [IepEeHAJIAIlTYBaHHS y Pasi BiAMOBU [1€BHOTO B3Iy, TUM CaMUM
IepeHanpaByuBIIY NIOTIK 3alIUTIB Ha iHIIMI By30J1, 6€3 IIOBHOI 3yIMHKM CUCTEMU Ha NepeHaslalliTyBaHHS. B xozi
TeCTyBaHHS1 0yJI0 BUKOPUCTAHO JI€KiJbKa Pi3HUX MOJesel mTy4yHoi HelipoHHOoI Mepexi (LLTHM): MobileNet, ResNet
ta InceptionNet Ha nataceti ANIMALION.

2. The dissertation is devoted to the development of a method for deploying platform components for embedded
systems. Based on the results of the work, a method was developed based on process ontologies, which include
software and hardware solutions based on a combination of embedded and cloud systems capabilities, and a
platform deployment plan that uses a modified algorithm using the CI/CD pipeline to constantly maintain the
platform's performance, taking into account competitive assembly and pruning of containers. Modern progress in
the field of developing embedded devices determines the demand for their widespread implementation in various
areas, for example, in video surveillance systems, autonomous cars, swarm intelligence in unmanned vehicles, etc.

This determines the demand for the development of a method for deploying platform components based on



embedded devices, which allows for rapid synchronization of platform components, taking into account the
specifics of Al tasks, such as the need to update the model with the emergence of new, more accurate models and
high demand for system resources. The MLOps process was used as the basis for the method of deploying
components of the embedded systems platform. This approach is used to integrate machine learning into software
development cycles and ensure effective management of processes that include model training, testing,
deployment, and monitoring. The implementation of MLOps allows you to optimize the interaction between
different stages of the machine learning life cycle, which, in turn, provides a high level of automation and reduces
the likelihood of errors. The basis of this methodology is to ensure continuous integration and continuous delivery
(CI/CD) of Al models, as well as the ability to quickly adapt them to changing conditions and requirements. It was
analyzed that most modern systems and solutions based on MLOps are characterized by the use of resource-
intensive architectural solutions, such as the use of Cloud or specialized equipment. A method of deploying
components of the embedded systems platform based on process ontologies was developed. Process ontologies,
represented through graph structures such as Bohm trees, allow us to formalize concepts and their interactions
within the systems that make up the platform, which, in turn, contributes to the accurate reflection of the
semantics of all system components. Using taxonomies and o-terms that implement semantic connectivity, we can
describe in detail the interactions between components, which allows us not only to reduce the probability of
errors, but also to increase the efficiency of processes occurring within the components of the embedded systems
platform. Based on the proposed method, we can deploy test platform components that are ready for practical use
and use with appropriate hardware and software, in accordance with the described requirements. The CI/CD
pipeline for the MLOps process has been improved for the proposed method of deploying platform components
based on embedded systems. The use of the CI /CD pipeline for deploying components responsible for Al tasks
based on embedded systems has features that require process modification, including decentralized assembly in
the conditions of the heterogeneous nature of the system, automated testing of model accuracy, monitoring of
embedded devices, and analysis and verification of model performance. The use of the CI/CD pipeline in
conjunction with container assembly optimization methods allows reducing the system deployment time
compared to systems with similar approaches highlighted in the literature, defined as baseline. Based on the
proposed approaches using pruning and competitive assembly, the efficiency of the platform component
deployment process was increased by reducing the container assembly time. Using the pruning process, it is
possible to achieve a smaller container size with a higher assembly speed, which includes removing additional
dependencies at the container assembly stage and at the deployment stage. This method shows a 14.52% assembly
speedup while reducing the image size by 11.15%, in contrast to the basic approach shown in the literature. The use
of competitive assembly shows a 14.7% speedup, reaching a 19.21% speedup in combination with pruning. A
software application has been developed to verify and demonstrate the operation of the integrated method for
system deployment on the example of a tree structure with de Bruijn connections. The software application makes
it possible to verify the platform from start to finish and test the capabilities of operation under high system load
conditions. Using this approach, the platform allows for reconfiguration in the event of a failure of a particular
node, thereby redirecting the flow of requests to another node, without completely stopping the system for
reconfiguration.
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InenTudikarop ROR: He zacrocosyerscs

VIII. 3ak1104YHi BiZOMOCTI

BsiacHe IIpizBuie Im'sa ITo-6aTbKOBI I'no6a Jlapuca CepriiBHa
TOJIOBH paju

Biacue IpizBume Im's ITo-6aThKOBI I'no6a Jlapuca Cepriipaa
TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUI 3a HiATOTOBKY Pycinos Bonognmup Bosogumnposny

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




