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1. Y cdepi posnoineHnx NporpaMHUX CUCTEM 3HAYHY YBary 30CepepKeHo Ha 3abe3redeHHi cTabisibHoi poboTu
3aCTOCYHKIB IIOTOKOBOT'O OIPAlOBaHHS JAHUX 33 YMOB 3MiHHOTO HaBaHTaXXeHHs1. Taki cucTeMu MMUPOKO
3aCTOCOBYIOTbCS y (PiHAaHCOBUX MJIATHOPMAX, TEJIEKOMYHIKALiSIX, CACTEMaX MOHITOPUHTY Ta aHaIiTUKH, [e
KJIIOUOBMMU BUMOTaMU € BUCOKA MPOIyCKHA 3,aTHICTh, MiHIMaJIbHI 3aTPUMKU Ta JOTPUMAHHA LisIel piBHS
obcyroByBaHHS (SLO). XapakTepHOI0 0COOJIMBICTIO IOTOKOBUX CUCTEM € HEPIBHOMIPHICTD i CKJIafHa
IIPOTHO30BAHICTh iHTEHCUBHOCTI BXiJHUX JAHUX, 10 YCKJIANHIOE MIIATPUMKY LiJIbOBUX [TIOKA3HUKIB IIPOIYKTUBHOCTI
y DOBrOTpUBAJiil nepcrekTysi. TpaguuiiiHi migxonyu no aganraunii — macmrabyBaHHs iHPPaCTPyKTypu abo cTaTuyHe
HaJIallITyBaHHs KOHQIrypauiHux rapaMmeTpiB — He 3a0e31e4y0Th HaJIeXKHOI €(PeKTUBHOCTI B JMHAMIYHUX YMOBAX:
MaciTabyBaHHS CyIPOBOIKYETbCS 3HAUHUMM iHPPACTPYKTYPHUMU BUTPATaMU Ta IPOOIEMAMU Y3TOIKEHOCTI
CTaHy, TOZi K CTaTU4Hi KOH}Iirypatii He BpaxOBYIOTb 3MiHM XapaKT€PUCTHUK BXiJHOTO MOTOKY Ta CEpeLOBUIIA

BUKOHaHHS. HasBHi METOOUN aBTOMATHN30BAHOI'O HaJIAIITYBAHHS, 30KpEMa Ha OCHOBi MalIMHHOTO HAaBYaHHS Ta



rJIMO0KOrO HAaBYaHHS 3 MiIKPIIJIEHHSIM, IOTPEOYIOTh 3HAUHUX O0YMCIIIOBAJIbHUX PECYPCIB, IONEPEIHbOrO
(dopMyBaHHS HaBYAJIbHUX BUOIPOK i peTyJIIpHOro NepeHaByaHHs Moiesiel, o0 0OMesKye iX IpakTU4He
3aCTOCYBaHHS. 3aCTOCYBaHHS BEeJIMKUX MOBHUX Mogeselt (LLM) niisg aHasnizy cTaHy CUCTEMHU Ha OCHOBI METPUK
BiIKpMBa€e HOBI MOXJIMBOCTI IJIs1 iHTeJIeKTyali3alii mpouecy afanTUBHOI KOHQIrypaii 6e3 HeoOxiJHOCTI
mopudikanii anropuTmivyHOi 6231 Ta TOLATKOBUX BUTPAT Ha HaBYaHHS. O6'eKTOM JOCIIiIKEHHS € MPoIec
KoHirypauii napameTpiB po3noijieHUX IPOrpaMHUX CUCTEM ITIOTOKOBOIO OIpalloBaHHs AaHuX. [IpenmeTom
IOCJTiIKEHHS € METOIY Ta 3aco0M aallTUBHOI KOHPirypauii po3nofizieHnx NporpaMHUX CUCTEM ITIOTOKOBOTO
ONPALIOBaHHS JAHUX 32 YMOB 3MiHHOTO HAaBAaHTAXEHHS B PEXXUMIi peasbHOTO 4acy. MeTow poboTH €
yIOCKOHaJIeHHS Ipoliecy KoHQirypauii mapameTpiB po3nofiseHux IPorpaMHUX CUCTEM IIOTOKOBOTO OIPAllOBAaHHSI
IAHWX Ha 6a3i NoAiiHO-0pieHTOBAHOI apXiTEeKTYPH 3 BUKOPUCTAHHSM aIallTUBHOIO METOY Ha OCHOBI BEJIMKUAX
MOBHUX MoJjesielt. IIpy npoBefeHHi TOCiI)KeHb BUKOPUCTAHO TaKi METOM: METOAY aBTOMAaTUYHOTO KEPYBAHHS —
17151 pO3pO0JIEHHSI apXiTEeKTypU afalTUBHOI CUCTEMU Ha OCHOBI LIMKJTy 3BOPOTHOTO 3B's13Ky (MAPE-K); meTonu
BHMKOPHCTaHHS MOBHUX MOJieJIel — 1JI1s1 aHaJli3y CTaHy CUCTEeMHU Ha 0a3i MeTPUK, BUSIBJIEHHS 3aJI€)KHOCTEN Ta
re”epaii napameTpiB KOHQIrypatiiif; MeToAu MOJeloBaHHs Ha 6a3i MoB UML Ta npyuHLMANY 06'€KTHO-
OPIEHTOBAHOIO IPOTPAMYBAHHS — JJI IPOEKTYBAHHS Ta PO3POOJIEHHS [IPOrPaMHOi cucTeMU. Bepie po3pobaeHo
METOJ, aaNTUBHOI KOHDIirypaii mporpaMHUX CHCTEM IIOTOKOBOTO OIPALIOBAHHS JAHMUX HA OCHOBI OL[iHKYU IXHBOTO
CTaHy 32 JOIIOMOT0I0 METPHUK, SIKUI1 6a3yeThCsl HA 3aCTOCYBAHHI IeTePMiHOBaHUX IPaBUJ Ta BEJIMKUX MOBHUX
mogeneit (LLM), mo gae 3MOry BU3HAUUTU NTapaMeTpU KOHQIrypariil Takux CUCTeM i MiIBULIUTY iX MIPOAYKTUBHICTb
32 YMOB HEBU3HAYEHOCTI 6€3 104ATKOBOTO alapaTHOro 3a6€e3Me4eHHs Ta JIACHKOro (GakTopy. Po3po6aeHo MeTos,
BUSIBJIEHHSI 3aJI€5KHOCTI Mi’K METPUKaMU Ta IapameTpaMu KOoHpirypariiii cucteM OTOKOBOIO ONPall0OBaHHS JaHUX,
30KpEMa — CXOBHUIIA iXHbOTO CTaHy, IKUI 1a€ MOXKJIMBICTb BU3HAYATU YMCJIOBi 3HAU€HHS KO€(illieHTiB BIUIMBY LIUX
[IapaMeTpiB Ha 3HAYEHHSI METPUK TaKUX CUCTEM. YIOCKOHAJIEHO METOJ, apXiTEKTYPHOI €BOJIOLi [IEHTPai30BaHUX
CHCTEM JI0 PO3MOJiIEHNX IPOTPAMHUX CUCTEM Ha OCHOBI MOZiHO-OPi€HTOBAHOI apXiTEKTYPH, SIKUH, HA BiIMiHY Bif]
HasBHUX METOJiB, BUKOPUCTOBYE IIiIXi/l [IOTOKOBOTO OINPALIOBAHHS NAHUX, IO 1a€ 3MOI'Y i30JIbOBAHO OTPUMYBATH
IaHi BiJl HE€HTPasi30BaHOI CUCTEMU Ta YHUKATH pU3UKY ii Mogu@ikauii. OTpuMas noganbmuil pO3BUTOK METO],
OLIiHIOBAHHS CTaHYy IPOTPAMHUX CUCTEM IIOTOKOBOI'O OINPALIOBAHHS [JAHUX, SIKUH, HA BiIMiHY Bif] BiJOMUX METOZ|B,
Ila€ 3MOT'y BpaxOBYBaTH L1iJli piBHSI 00CJIyrOByBaHHS, 3a3Ha4€Hi 3allikaBJleHUMHU 0CcO0aMH, 110 A€ MOKJIMBICTb
OLIiHIOBATU BiJXMUJIEHHS IIOTOYHOIO CTaHYy CMCTEMM BiJ] OYiKyBaHMX YMOB €KCILnyaTauii. PesyibraTi gucepraniinHoi
pPO6OTH BUKOPUCTAHO Y AEPKOIOIKETHII HAyKOBO-IOCIigHII po6OTi, y HaBYaJIbHOMY Npoleci kKagenpu
IIpOrpamMHoOro 3abesneyeHHs HanjoHanpHOTro yHiBepcuTeTy «JIbBiBChKa MOJIITEXHIKa», a TAKOXK y OistmpHOCTI TOB
«DKEHIOCI VKPATHA». V IycepTalii JOCATHYTO IIOCTaBJIE€HOI METU NOCJIIIKEHHS 00 YIOCKOHATIEHHS IIPOLIECY
KOH@iryparii napaMmeTpiB pO3NOAiIEHUX IPOrPAMHUX CUCTEM IIOTOKOBOIO ONPALIOBAHHS JAHUX 33 PAXYHOK
N0OYI0BY HOBHUX Ta Y OCKOHAJIEHHS HasSIBHUX METO[IiB aJaTUBHOIO KEPYBAaHHS HA OCHOBI BEJIMKMX MOBHHUX
MOJIeJIEN Ta NETEPMIHOBAHUX [IPAaBUJL, IO 4AJI0 3MOT'Y MiIBUIIATYA CEPEHIO IIPOIYCKHY 30aTHICTh CUCTEMHU L0 17%,
3a0€3Me4YUTH IBOKPAaTHE 3HMDKEHHSI HAaBAaHTAXEHHS Ha AMCKOBY IiICUCTEMY Ta 3al106IirTH aBapilHUM 3yIIMHKaM 3a

YMOB OOMEXEHHUX PECYPCIB.

2. In the field of distributed software systems, significant attention is focused on ensuring the stable operation of
stream data processing applications under variable workloads. Such systems are widely used in financial platforms,
telecommunications, monitoring and analytics systems, where the key requirements are high throughput, minimal
latency, and compliance with Service Level Objectives (SLOs). A characteristic feature of stream processing
systems is the irregularity and complexity of predicting input data intensity, which complicates maintaining target
performance indicators over extended periods. Traditional adaptation approaches - infrastructure scaling or static
configuration tuning - do not provide adequate efficiency under dynamic conditions: scaling entails substantial
infrastructure costs and state consistency challenges, while static configurations fail to account for changes in
input stream characteristics and the execution environment. Existing automated tuning methods, including those
based on machine learning and deep reinforcement learning, require significant computational resources, prior
training dataset preparation, and regular model retraining, which limits their practical applicability. The
application of large language models (LLMs) for system state analysis based on metrics opens new possibilities for



intellectualizing the adaptive configuration process without the need for algorithmic base modification or
additional training costs. The object of the research is the parameter configuration process of distributed stream
data processing software systems. The subject of the research is the methods and tools for adaptive configuration
of distributed stream data processing software systems under variable workloads in real time. The aim of the work
is to improve the parameter configuration process of distributed stream data processing software systems based
on event-driven architecture using an adaptive method based on large language models. The following research
methods have been employed: automatic control methods - for developing the adaptive system architecture based
on the MAPE-K feedback loop; language model methods - for system state analysis based on metrics, dependency
identification, and configuration parameter generation; UML-based modeling methods and object-oriented
programming principles - for designing and developing the software system. For the first time, a method for
adaptive configuration of stream data processing software systems based on their state assessment through
metrics has been developed, which relies on the application of deterministic rules and large language models
(LLMs), enabling the determination of configuration parameters for such systems and improving their performance
under uncertainty without additional hardware resources or human intervention. A method for identifying
dependencies between metrics and configuration parameters of stream data processing systems, particularly their
state stores, has been developed, enabling the determination of numerical values of influence coefficients of these
parameters on system metrics. The method of architectural evolution from centralized to distributed software
systems based on event-driven architecture has been improved, which, unlike existing methods, employs a stream
data processing approach that enables isolated data retrieval from the centralized system while avoiding the risks
of its modification. The method for evaluating the state of stream data processing software systems has been
further developed, which, unlike known methods, enables consideration of service level objectives specified by
stakeholders, allowing assessment of deviations of the current system state from expected operating conditions.
The results of the dissertation have been used in state-funded research, in the educational process of the Software
Engineering Department of Lviv Polytechnic National University, and in the activities of GENUSY UKRAINE LLC.
The dissertation has achieved the stated research goal of improving the parameter configuration process of
distributed stream data processing software systems through the development of new and improvement of
existing adaptive control methods based on large language models and deterministic rules, which enabled an
increase in average system throughput of up to 17%, a twofold reduction in disk subsystem load, and prevention of

emergency shutdowns under resource-constrained conditions.
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