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1. Inceprauiiina po60Ta IPUCBAYEHA ONTUMI3allii 6e3cepBEpHUX 00YMCIIEHb Y XMAPHUX CEPEIOBUIIAX B YMOBax

HEPIBHOMIPHOIO HaBAaHTAKE€HHSI TAa HEONHOPLAHOCTI BXiHNX IIOTOKIB 3aBaaHb. Cy4acHi niaxony 10 aBTOMAaTUYHOIO

MacumTabyBaHHS MalOTh [IEPEBAKHO PEAKTUBHUM XapaKTep, 10 IPU3BOAUTD 10 MPobJIeM X0JI0LHOI0 CTapTy Ta

30iJIbIIEHHS 3aTPHUMOK. MCTOILI/I MalllMHHOTO HaBYaHHS HOTpe6yIOTb 3HAaYHUX OOCHTIB iCTOpI/I‘{HI/IX JaHNX iHe

320€31e4yI0Th AaHAJIITUYHUX FapPaHTiN SKOCTiI 06CIyrOByBaHHS. Y POOOTi pO3B'sI3y€ThCsl HAYyKOBO-IIPUKJIAHA 337a4a

po3pobku iHpopmaniitHoi TexHoIorii onTuMizanii 6e3cepBepHUX 064KCIeHb HA OCHOBI TEOpii cCCTEM MacOBOTO

00CJIyTOBYBaHHSI HEOOHOPiLHOI CTPYKTypU. O6'€KTOM IOCIIiIPKEHHS € NPOLeCU PO3IOoJieH0i 00pOOKU JaHUX Y

XMapHUX CEPENOBUIAX 3 BUKOPDUCTAHHAM 663C€pBepHI/IX TE€XHOJIOTi! Ta CUCTEM KE€pyBaHHA Y€EPraMu HOBi,HOM]IeHb.

[TpenMeToM IOCITIIPKEHHS € METOLIM Ta MOJIeJli ONTUMi3aliii 6e3cepBepHUX 064KCIIEHb HA OCHOBI Teopii cuctem

MacoOBOT0 0OCIyroByBaHHS HEOJHOPIAHOI CTPYKTYpHU. MeTOI0 HOCIIIPKEHHS € po3po0Ka MifxoiB onTuMizariii



6e3cepBEPHUX 00YMCIIEHb Y XMAPHUX CepelOBUILAX, 10 3a0€311e4yIOTh IiIBUIIEHHS TPOLYKTUBHOCTI, 3HIDKEHHS
BUTpAT i MiHiMi3allil0 X0JI0OHUX CTaPTiB MIJIIXOM MTOOY0BY iHGOPMaLiliHOI TeXHOJIOTil Ha OCHOBI Teopii MacoBoro
00CJIyrOBYBaHHSI [1J151 IPOTHO3YBaHHS HaBaHTaKE€HHSI Ta IPOAKTUBHOTO MacCIITa0yBaHHSI 064K CIII0BAIbBHUX PECYPCIB.
Y po60Ti 3HaYHO yIOCKOHAJIEHO MaTeMaTUYHy MOZEJIb 6€3CEePBEPHOI OOUMCIIIOBAJIBHOI CUCTEMHU Ha NIPUKIaai AWS
Lambda sik HeopHOpigHOi CMO 3i 3MimaHnMu pexXruMamMu poObOTH, Y SIKill BXiHUI NIPOLLEC BU3HAYAETHCS CYMIlIIIIO
He3aJIeXXHUX HEOQHOPITHUX IIyaCCOHIBCbKUX IPOLIECiB 3 pi3HUX JKepeJi ofill. BcTaHOBIEeHO HeOOXinHY Ta
IOCTaTHIO YMOBY OOMEXXEHOCTi 4epru. Briepiie noBeeHo rpaHAYHi €BOJIOLI IIpoLeCy JOBXUHU YEPry y cxemax
ycepenHeHHs Ta Audy3iiiHoi arnpokcuMaliii 3 BUKOPHUCTaHHSAM anapaTy HalliBMapKOBCHKUX BUIAJKOBUX €BOJIIOLIIM.
Cxema ycepegHEHHs BU3HA4Ya€ AeTePMiHOBaHY TPAeKTOPIl0 CepelHbOr0 HaBaHTaXKEeHHS, a JudysiliHa
arpokcHUMaliist ONycye BUNIAAKOBI BiIXMJIEHHS Yepe3 CTOXaCTUYHe nudepeHLiaibHe piBHSAHHS ITO, 1110 € OCHOBOIO
L7151 IPOTHO3YBAHHS IOBEIiHKU CUCTEMHU aBTOMACHITA0yBaHHS. YIOCKOHAJIEHO aJITOPUTM NIapaMEeTPUYHOI OLIiHKY Ta
onrtuMisauii KoHQirypatii 6e3cepBepHOi CUCTEMHU, SIKUIA, HA BiIMiHY BiJ] MigX0iB HA OCHOBI ML, BUKOPUCTOBYE
aHaJIITU4HI OLIIHKM Teopii MacoBOro 0OCIYTOBYBaHHS i 03BOJIsSlE OTPUMATH SIBHI OPMYJIM 11711 ONTUMAJIbHUX
napaMeTpiB 6e3 NoTpedU y BeJIMKUX Habopax JaHux. Po3pobsieHo apXiTeKTypy PperMBOPKY 1151 PO3MOAiIeHOI
00po6KY AaHuX Ha I1atdopmi AWS, 0COOIUBICTIO SIKOi € BUKOPUCTAHHS CUCTEMU YEPT MOBiIOMJIEHD, CJ1abKa
3B'I3HICTb €JIeMEHTIB, He3aJieXKHe MacCIITabyBaHHS Ta ONTHUMi3allisi BAKOPUCTaHHS pecypciB. Po3pobyieHo Ta
peasizoBaHo iHpOpMaLifiHy TEXHOJIOTIIO 3 IPOAKTUBHUM aBTOMACIITAOyBaHHSIM, 110 € OCHOBOIO CTBOPEHOTO
IIPOrPaMHOro 3a6e3neyeHHs. [I[pakTyHe 3Ha4Y€HHs] OTPMMAHUX Pe3yJIbTaTiB [oJIsirae y peasnisauii iHpopmaninHoi
TEXHOJIOTii Ta IPOrpamMHOro 3abe3nevYeHHs! 17151 IPOTHO3yBAaHHS HaBaHTAKEHHS i MPOAKTUBHOIO MAaCIITa0yBaHHS
pecypciB. ExcriepyumeHTasnpHa anpobaliist Ha peajibHUX JaHUX [TPOIEMOHCTPYBAa, 10 aHaliTUYHa MOJeJlb
3abe3neyunsa NpUCKOpeHHs 06pobKY Ha 25,8%, 3pOCTaHHS MPOIYCKHOI 30aTHOCTI Ha 21,3% Ta 3MEeHIIEeHHS
XOJIOOHUX CTApTIB 10 3% MOPIiBHSHO 3 PEAaKTUBHUM MACIITA0yBaHHSM. AHAJIITUYHA MOZEJb [IEPEBUIIy€E aJITOPUTM
Ha OCHOBi MalIHHOT'O HaBYaHHS 32 OCHOBHMMM [TOKa3HMKaMU [IPOAYKTUBHOCTI Ta 3ab6e3redye rapaHTii IKOCTi
00CJIyroByBaHHS 6€3 I0TpedU y BeJIMKUX 00csrax iCTOpMYHUX JaHuX. JlucepTalist CKIagaeTbes 3i BCTYILY, YOTUPbOX
PO37iJliB, BUCHOBKIB, IT€pesiKy BUKOPUCTAHUX IKEPETl Ta YOTUPLOX LOAATKIB. Y MEPLIOMY PO31ijli BUKJIALEHO
TeopeTUYHi OCHOBY He3cepBepHUX OOUNCIeHb Ta BUBHAUEHO BiAKPUTI ITpobaemMu. Y Ipyromy po3ziii po3po6ieHo
apxiTekTypy ¢ppeiiMBOPKY Ha OCHOBI CUCTEMU Yepr MOBiJOMJIEHb. Y TPETbOMY PO3iji 106YL0OBaHO MaTeMaTU4Hy
Mozesib HeogHopingHoi CMO, noBeneHo rpaHu4Hi TEOPEMHU Ta 3aIIPONIOHOBAHO aHAJITUYHUN aJITOPUTM ONTUMI3aLii
KOH@iryparii. ¥ 4eTBepTOMy pO3aiji 30iliICHEHO €KCIIEPUMEHTAIbHY Bepudikalio Ha naaTtdopmi AWS y Tppox
cepisix ekcriepuMeHTiB — 3 ML-Monesio DeepAR, aHaIITUYHOIO MOAEIIO Ta iIMITalliiHUM MOZE/TI0BAaHHSIM
MmeTonoM MoHTe-Kapso. 3anporoHoBaHa iHdopMalifiHa TeXHOJIOTisl BAKOPUCTOBYEThCS Y po6oTi komnaHii Finker
Finance B.V. ta ®OII Bep6uupkoi C.I. PesysbTaTl JOCTiIKEHb TaKOXK BUKOPUCTOBYIOTBCS Y HAaBYaJIbHOMY IPOLECi
YepHiBenbKOro HallioHalIbHOTO yHiBepcuTeTy iMeHi Opis GenpkoBuya. Kio4osi cyioBa: iHpopmMallifiHa TEXHOJIOTis,
XMapHa matdopma, ONTUMi3allisl, MOJeJsib, aJITOPUTM, MalllUHHE HaBYaHHS, HEMPOHHI MepeXxi, ITYYHUHN iHTeJIeKT,
CHACTEMa Yepr, iHTeJIeKTyaJlbHa CUCTEMA, IHTeJIEKTYaJIbHUI aHasli3 JaHuX, MapKOBChKi Ta HalliBMapKOBCbKi

JIAaHIIIOTH, ITPOTHO3yBaHHA, Ha6ip HaHUX, IIPOTPaMHE 3abe3re4eHHs.

2. This dissertation addresses the optimization of serverless computing in cloud environments under conditions of
uneven workloads and heterogeneous incoming task streams. Existing approaches to automatic resource scaling
are predominantly reactive, leading to cold-start problems and increased latency. Machine learning methods
require large volumes of historical data and do not provide analytical guarantees of quality of service. The
dissertation addresses the scientific and applied problem of developing an information technology for serverless
computing optimization based on the theory of heterogeneous queueing systems. The object of the study is the
processes of distributed data processing in cloud environments using serverless technologies and message queue
management systems. The subject of the study is the methods and models for optimizing serverless computing in
cloud environments using the theory of heterogeneous queueing systems. The study aims to develop approaches
to optimizing serverless computing in cloud environments that improve performance, reduce costs, and minimize
cold starts by creating an information technology based on queueing theory for workload prediction and proactive
scaling of computing resources. The dissertation has significantly further developed and improved the



mathematical model of a serverless computing system, using AWS Lambda as an example, by representing it as a
heterogeneous queueing system with mixed operating modes, in which the input process is defined as a mixture of
independent non-homogeneous Poisson processes generated by different event sources. A necessary and
sufficient condition for the boundedness of the queue is established. For the first time, limiting results for the
queue-length process are obtained under both the averaging and diffusion approximation schemes, using the
framework of semi-Markov random evolutions. The averaging scheme defines the deterministic trajectory of the
mean workload, whereas the diffusion approximation describes random deviations from this trajectory through an
It0 stochastic differential equation, providing the foundation for predicting the behavior of the autoscaling system.
The algorithm for parametric estimation and configuration optimization of a serverless system has been improved.
Unlike ML-based approaches, the proposed algorithm uses analytical estimates derived from queueing theory and
yields explicit formulas for optimal parameters without the need for large datasets. An architectural framework for
distributed data processing on the AWS cloud platform has been developed, whose distinctive feature is the use of
a message queue system, loose coupling of components, independent scaling, and efficient use of computing
resources. An information technology with proactive autoscaling has been developed and implemented, forming
the basis of the software created in this research. The practical significance of the results lies in the
implementation of the information technology and software for workload prediction and proactive resource
scaling. Experimental validation on real-world data showed that the analytical model achieved a 25.8% increase in
data processing speed, a 21.3% increase in throughput, and a reduction in cold starts to 3% compared with reactive
scaling. The analytical model outperforms the machine-learning-based approach in the main performance
indicators while providing quality-of-service guarantees without requiring large historical datasets. The
dissertation consists of an introduction, four chapters, a conclusion, a list of references, and four appendices. The
first chapter presents the theoretical foundations of serverless computing and identifies open problems. The
second chapter develops the framework architecture based on a message queue system. The third chapter
constructs the mathematical model of a heterogeneous queueing system, proves the limiting theorems, and
proposes an analytical algorithm for configuration optimization. The fourth chapter presents experimental
verification on the AWS platform in three series of experiments - with the DeepAR ML model, the analytical model,
and Monte Carlo simulation. The proposed information technology is used by Finker Finance B.V. and Individual
Entrepreneur S.I. Verbytska. The research results are also used in the educational process of Yuriy Fedkovych
Chernivtsi National University. Keywords: information technology, cloud platform, optimization, model, algorithm,
machine learning, neural networks, artificial intelligence, queuing system, intelligent system, data mining, Markov
and semi-Markov chains, forecasting, dataset, software.
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