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1. Inceprauiiina po60Ta NpUCBSIYEHA PO3POOLi METOAY PO3rOPTAHHS KOMIIOHEHT ILIaT(GOPMU [1Jis1 BOYJOBAHUX
cucreM. 1o peaynbratam poboTH 6ysI0 PO3PO6IEHO METOL PO3ropTaHHs KOMIIOHeHT IlII-nisaTdopmu Ha OCHOBI
OHTOJIOTI} IIPOLIECIB, SIKi BKJIIOYAIOTh B c€0€ IPOrpaMHO-anapaTHi pilleHHs Ha OCHOBI NO€IHAHHS MOKJIMBOCTEN
BOYJOBAaHUX CUCTEM Ta XMAPHUX CUCTEM, Ta [IPOLLEC PO3TOPTAHHS Ta MOHITOPUHTY KOMIIOHEHT IJIAT(QOPMU
BOYIOBaHUX, SIKUM BUKOPUCTOBYE MO QiKoBaHUI anropuTM i3 3actocyBaHHsIM Cl/CD KoHBeepa [ij1s1 IOCTiMHO{
HiATPUMKY NPaLle3aTHOCTI 171aT(POPMHU 3 ypaxyBaHHSIM KOHKYPEHTHOI 300pKU Ta MIPYHIHTy KOHTEHEPIB.

CyvacHuil nporpec B cdepi po3po6Ky BOYL0BaHUX NPUCTPOIB 3yMOBJIIOE MOMUT Ha iX IIMPOKE BIIPOBAIKEHHS B



pi3HUX cdepax, HapUKJIaZ B CUCTEMAX BileOCIIOCTEPEXKEHHS, aBTOHOMHUX aBTOMOOIJISIX, POEBUM iHTEJIEKT B
0e3IiJI0THUX anaparax, Toio. Lle 3yMOBJIIO€ IIONIUT Ha PO3POOKY METOZa PO3rOPTaHHS KOMIIOHEHT I1yIaTpopmu
BOY[IOBaHUX IIPUCTPOIB, SIKUH J03BOJISIE€ MIBUIKO IIPOBOJUTH CHHXPOHI3allil0 KOMIIOHEHT I1aTGOPMH, BPaXxOBYIOUN
ocobsmBocTi 3a7ay4 1111, Taki 9K HeOOXigHICTh OHOBJIEHHSI MOJIEJIi 3 TTOSIBOI0 HOBUX O1/IbI TOUHUX MOJIEJIEl Ta
BUCOKOI IOTpebu B pecypcax cucreMu. Bukopucrano npounec MLOpS B SIKOCTi OCHOBU METO/ly PO3TOPTaHHS
KOMIIOHEHT I1J1aTOpMU BOYIOBaHUX cUCTeM. Llei minxin BUKOPUCTOBYEThCS 17151 iHTerpalii MalMHHOTO HaBYaHHS
B LIUKJIM PO3POOKY IPOrPaMHOro 3abe3nedyeHHs Ta 3abe3neueHHs: €(PeKTUBHOTO YIIPaBIliHHS [IPOLecamH, 110
BKJIIOYAIOTh HaBUYaHHS MOJIeJIel, iX TeCTyBaHHS, pO3TOPTaHHS Ta MOHITOpUHT. BiipoBamkeHHss MLOps 103BoJIsI€
ONTMMI3yBaTU B3a€EMOZIIO MK Pi3HMMH €TanlaMy KUTTEBOTO LIMKIIy MAIIMHHOTO HaBYaHH4, 110, B CBOIO YEPTY,
3abe3rnevye BUCOKUII piBeHb aBTOMATHU3allii Ta 3HWKY€e MMOBipHiCTh NOMUIJIOK. OCHOBOIO 1iiei MeTof010rii €
3a6e3nevyeHHs 6e3nepepBHOi iHTerpalii Ta 6e3nepepsHe nocradyaHHs (Cl /CD) mopenei 111, a TakoX MOKIUBICTB ix
IIBXJIKOI ajanTauii 10 3MiHIOBaHUX YMOB Ta BUMOT. [IpoaHani3oBaHo, 1o 6ibIIOCTI Cy4YaCHUX CUCTEM Ta pillleHb Ha
ocHOBi MLOps nputamaHHe BUKOPUCTaHHS PECYPCHO-IHTEHCUBHUX APXITEKTYPHUX PillleHb, IK BAKOPHUCTaHHS
Cloud a6o cnenjanizoBanoro o6saagHaHHs. Po3po6eHO METO, pO3ropTaHHs KOMIIOHEHT IJIaT(GOPMU BOYLOBaHUX
CHACTEMU Ha OCHOBI OHTOJIOTiH npoueci. OHTOJIOrii IpoLeciB, IpefCcTaBieHi yepes3 rpadoBi CTPYKTYPH, TaKi SIK
IepeBa bema, no3BosII0TE PoOpMaidyBaTy KOHLEIITH i iX B3aeMoii B paMKax CUCTeM, L0 CKJIaNaloTh IJ1aTPopMy,
1110, Y CBOIO YEPTY, CIIPUsIE TOUHOMY BilOOpa’K€HHIO CEMAHTUKHU BCiX CUCTEMHUX CKJIAJ0BUX. 3a JOIIOMOI 00
TaKCOHOMIN i 0-T€PMIB, 1110 peasi3yloTb CEMaHTUYHY 3B'S3HICTb, MOXKHA JAETAJILHO ONMCATU B3aEMOZII MK
KOMIIOHEHTaMH, 110 03BOJISIE€ HE TiJIbKU 3HUKYBATH MMOBIPHICTb IIOMUJIOK, aJle 1 MigBUILYBAaTH €(PEKTUBHICTD
IIPOLIECiB, 1110 Bil0YBaIOTHCS B MeXaxX KOMIIOHEHTIB Iy1aTopmu BOYZOBaHMX cucTeM. Ha OCHOBI 3aIIpOIIOHOBAHOTO
METOJly MO>KHA PO3TOPHYTH KOMIIOHEHTU TE€CTOBOI [1J1aT(POPMY, TOTOBI 4O TPAKTUYHOTO BUKOPUCTAHHS Ta
BUKOPMCTAHHS 3 BiJJTOBITHAM arlapaTHUM Ta IPOrPaMHUM 3a0e3MNe4YeHHi, Y BiATIOBiIHOCTI 3 OIMCaHUMU BUMOTaMMU.
YnockoHaneHno koHBeep CI/CD min npouec MLOps 71151 3alIpOIIOHOBAHOI'O METOY PO3TOPTAHHSI KOMIIOHEHT
nsaTdOpMHU Ha OCHOBI BOY[IOBaHUX cucTeM. Bukopucranns konseepy CI/CD 11 po3ropTaHHs KOMIIOHEHT,
BiAnoBiganpHUX 32 3a4a4i 111, Ha OCHOBI BOYLOBaHMX CUCTEM MalOTh OCOOJIMBOCTI 5IKi BUMAaraloTb Mogu@ikanio
npolecy, cepes iHIoro, JeleHTPali30BaHy 300pKy B YMOBaxX reTepOreHHOI IPUPOJY CUCTEMH, aBTOMATHU30BaHe
TECTYBaHHS TOYHOCTi MOJieJli, MOHITOPUHT BOYZLOBaHUX IPUCTPOIB i aHasi3 Ta Bepudikallito IpOLyKTUBHOCTI
mogeni. Bukopucranusg konseepy CI/CD y CyKynHOCTi 3 METOIaMU ONTUMi3allii 300pKY KOHTENHEPY, JO3BOJISIOTH
3MEHIINTU YaC PO3rOpTaHHS CUCTEMU B MIOPiBHSHHI 3 CUCTEMaMM aHAJIOTIYHUMU MTiX0laMU BUCBITJIEHUMU B
JliTepaTypi, BUBHaU€HUMU SIK 6a30Bi. Ha OCHOBI 3a1IpONIOHOBAHUX MiXOiB 3 BUKOPUCTAHHS IIPYHIHTY Ta
KOHKYPEHTHO] 360pKH, 0yJ10 NifiBUleHO e(PEeKTUBHICTb NPOLEeCY PO3rOPTaHHS KOMIIOHEHTIB IJ1IaTQOPMHU 32 PaXyHOK
3MEHIIEHHS 4acy 300pKU KOHTENHEPIB. 3a JOIOMOIOI0 IIPOLECY IIPYHIHTY, MOXKJIMBO JOCSITHYTH MEHIIOTO po3Mipy
KOHTEWHEPY IpHU OinbIIif IBUIKOCTI 300PKH, SIKUI BKJIIOYA€E B cebe BUAATIeHHs JOIaTKOBUX 3aJIe)KHOCTE! Ha eTarli
300pKU KOHTENHepy Ta Ha eTalli po3ropTaHHs. JJaHni1 MeTOJ, I0Ka3ye MIPHUCKOPEeHHS 300pKU 5.79%, B [IOPIiBHSIHHI 3
3aIPONIOHOBAHMUMU pillleHHSIMU. [IpUCKOPEHO yac 300pKU KOHTeNHEPY A0 16.24%, NOPiBHAHO 3 iCHYI0YMMU
pillleHHsIMU, TPU 3MEHIIEHHI BUKOpUCTaHHS nam’ati Ha 11.15%. Po3po6sieHo mporpaMHuil 104ATOK [1Jis1 IEPEBIpKU Ta
IeMOHCTpalii po60TH KOMIIJIEKCHOTO METOZY /1Sl PO3TOPTaHHS CUCTEMH Ha NPUKJIA/li AePEBOBUIHOI CTPYKTYpH 3
IeOpyIHiBCbKUMU 3B's13KaMU. [IporpamHmii 1OJATOK la€ MOXJIUBICTb IlepeBipUTU POOOTY IIaT(GPOPMHU Bif, IOYATKY
IIO KiHLISl Ta IPOTECTYBAaTH MO>KJIMBOCTI pOOOTH B yMOBaX BUCOKOI 3aBaHT)KEHOCTI CUCTEMHU. 3a JOIIOMOTIOI0 1IaHOTO
nigxony, miatgopma J103BOJIsSI€E BUKOHYBATH IIepeHaJIAlTYBaHHS y Pasi BiAMOBU [1€BHOTO BYy3Jly, TUM CaMUM
IepeHanpaByuBIIY NIOTIK 3alIUTiB Ha iHIIMI By30J1, 6€3 TIOBHOI 3yIMHKY CUCTEMU Ha NepeHaslalliTyBaHHS. B xoxi
TeCTyBaHHsI 0yJI0 BUKOPUCTAHO JI€KilbKa pisHUX MoJesel mTy4yHoi HelipoHHOI mepexi (LITHM): 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
(C1/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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Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KoBanb Osnexkcanap BacuiboBuy

2. Oleksandr V. Koval
KBasigikamis: 1. 1. n., npodecop, 01.05.02
InenTudikarop ORCHID ID: 0000-0003-0991-6405

JoparkoBa iHdpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH: YHIBEPCUTETCHKUI

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IlpizBume Im's ITo-6aTbKOBI ['mo6a Jlapuca CepriisHa
rOJIOBH pagu

BnacHe IlpizBuie Im's [10-6aTbKOBI I'noGa Jlapuca CepriisHa
rOJIOBYIOYOTO Ha 3aCiflaHHi

BiamoBiganbHUH 32 MiATOTOBKY Pycinos Bonongnmup Bonogumnposny

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKOBOi IOpuenko TeTsHa AHaToiiBHA

OisSIIBHOCTI




