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Pedepar:

1. Incepranifina po60Ta IpUCBSIY€HA BUPIlIEHHIO MPO6IeMY aBTOMAaTH3allii yIIpaBsIiHHS 064N CII0BAIbBHUMU
pecypcamu B kiactepax Kubernetes. O64nciioBasbHi Ta piHaHCOBI pecypcy € 0OMEKEHUMY, 110 BUMarae
IIOCTIMTHOTO IMOIIYKY 6alaHCy MK piBHEM IOCJIYT Ta 06'eMOM pecypciB. ABToMaTu3allis npouecis ynpasiiHas IT-
iHpacTpyKTYypoOIO J03BOJIsIE NiABUIUTY €(PEKTUBHICTh BUKOPUCTAHHS O0YMCIIIOBAJIbHUX PECYPCIB KjlacTepa pu
IOTPMMaHHi HEOOXiTHOTO PiBHS SIKOCTI MOCJIYT, 1110 HalaloThCs. [IpoBeeHO aHasi3 iCHyI0UMX METOIiB
IIPOTHO3YBAHHSI YaCOBUX PSJIiB B KOHTEKCTI pOO0YMX HABAHTAKEHb Ha JAOLIJIbHICTD iX BUKOPUCTAHHS 17151
IIPOAKTMBHOTO MaciiTabyBaHHs. [IpoBesieHi ekcriepruMeHTaNbHi JOCTiI)KEHHS OL[iHKYA TOYHOCTi 00paHUX METOIiB Ha
TUTOBUX I1a6JI0HaX POOOYMX HABAaHTAXKEHb HA OCHOBI iCTOPUYHUX JAaHUX Pi3HOI TOBXKMHU. Ha OCHOBI MpoBeeHnx
€KCIIEpMMEHTIB 06paHO MHOKMHY METOJIB [1JIs IPOTHO3YBAHHS POOOYMX HABAHTaXEHb B IPOAKTHBHOMY

MaciTabyBaHHi. 3alIpONIOHOBAHO METOJ, KOMOIHOBAHOTO IIPOTHO3YBaHHSI 3 IO€JHAHHSIM KOMIIOHEHTIB



IOBrOCTPOKOBOTO Ta KOPOTKOCTPOKOBOTO NepenoadyeHHs. HaBaHTaXXeHHs 3aCTOCYHKIB MOK€ BKJIIOYATU aHOMAJIi,
110 IPU3BOAUTD IO HEKOPEKTHOTO PO3IOLiIy O0YMCIIIOBAIbHUX PECYPCiB IIPY IIPOAKTUBHOMY YIIPABJIiHHI.
[IpoBeneHO eKClIepUMEHTAJIbHE TOCIiIKEHHS 3alIPOIIOHOBAHOTIO METOy. Pe3ysibTaTi €MOHCTPYIOTH IiJJBULEHHS
3arajibHOI TOYHOCTI 3 91% 110 95% Ha TeCTOBUX IaHUX 32 YMOBU HAsSIBHOCTI aHOMaJIbHUX IIA0JIOHIB B iCTOPUYHUX
IAHMX. 3aIPOIIOHOBAHO METO, IIPOAKTUBHOTO MacIITabyBaHHS OGUMCIIOBAIBHUX pecypciB. OnmcaHo
BUKOPHUCTaHHS METO/ly B YMOBaX BiICYTHOCTi JaHWUX 200 HU3bKOi TOYHOCTI OTPUMaHUX ITPOTHO3iB. PeasizoBaHo
IIPOrpaMHU MOZYJIb 1711 TOPU3OHTAJIbHOTO NIPOAKTUBHOIO MacuTabyBaHHs B Kubernetes 3 BUKOpUCTaHHSIM
BOYZIOBaHUX iHCTPYMEHTIB. IIpoBefieHO eKcliepruMeHTabHe JOCTiIKEHHS PO3pO6JIeHOr0 IIPOrPaMHOTO MOTYJIS Ha
kiacrepi Kubernetes 1151 HOpiBHSHHS 3i CTATUYHUM Ta PEaKTMBHUM ITiX04aMU MacIITabyBaHHS. Y IIOPiBHSIHHI 3
HAJIJINIIKOBAM CTaTUYHUM IIiTXOIOM OTPMMAHO aHAJIOT{YHUI PiBEHb IKOCTI [IOCJYT [P BUKOPUCTaHHI Ha 46%
MEHILIOro 06’eMy pecypciB. Y NOPiBHSIHHI 3 PEAaKTUBHUM MiTX0L0M CEPEeIHil Yac BiANOBifi 3aCTOCYHKY 3MEHIINBCS 3
160 mc 10 23 Mc. 3arpoNnoOHOBAaHO Ti6PUAHMI METO/, MacCIITabyBaHHS, 10 BKJIIOYA€ PEAKTUBHUI i IPOAKTUBHUN
KOMITOHeHTU. KoMbiHallisi JaHUX METOiB 103BOJIsSl€ BUKOPUCTOBYBATU IIPOAKTHUBHE YIIPABJIiHHS [IPY HAsSIBHOCTI
TOYHUX [IPOTHO3iB. 3alIPOIIOHOBAHO IHAUKATOP E€PEXOAY MK IIPOAKTMBHYM i pEAaKTMBHUM YIIPABJIHHAM Ha OCHOBI
MOPiBHSIHHS BiITIOBiHOCTI OTPUMAHUX IIPOTHO3iB 10 IIOTOYHOI'O HABAHTAKEHHS HA 3aCTOCYHOK. PiB€Hb TOYHOCTI
IIPOTHO3iB BU3HAYAETHCS MPOTITOM 33JaHOI KiJIbKOCTI iTepaliil. PeasizoBaHOo MporpamMHuil MOYJIb 3
BHUKOPHCTaHHSIM PO3POO6JIEHOrO [IPOAaKTHBHOIO METOAY i BOYJOBAHOTO PillleHHs /1J11 peaKTUBHOIO MaclITabyBaHHS B
Kubernetes. [IpoBefieHO eKCIEpPUMEHTaJIbHE JOCJIIKEHHS PO3p006JIEHOr0 IPOrPaMHOI0 MOJYJIsl. 3allpOIIOHOBAHO
ribpuHMIT METOJ, MacIITabyBaHHS, 110 JO3BOJISIE KOOPINHYBATH POOOTY TOPU30HTAIBHOTO i BEPTUKAJIbHOTO
KOMITOHEHTIB MacuTabyBaHHs. 3alIPOIIOHOBAHO MOYJIb KOOPIAMHAL 17151 y3roJKeHHs KoHirypariii
BEPTUKAJIBHOIO i FTOPM30HTaJILHOTO KOMIIOHEHTIB. PO3po6s1eHO nporpaMHuil MonyJib AJ1st po6oTtu B Kubernetes,
KUY BUKOPUCTOBYE 3alIPONIOHOBAHUI METO,. Pe3ysibTaTy MpoBeieHUX €KCIIEPUMEHTIB J€MOHCTPYIOTh 3MEHIIIEHHS
30MTKOBOTO pe3epByBaHHS 00UNCIIOBAIbHUX PEeCYPCiB Ha 65% y MOPIBHSIHHI 3i CTATUYHUM MiAXOI0M Ha
CHHTETUYHUX JaHuX. CTBOPEHO iHPOpMaLiliHy TEXHOJIOTiIO YIIPaBJliHHS 064N C/II0BaJIbBHUMU PECYPCaMU B KJIaCTepi.
3anponoHOBaHO 3ilICHIOBATY JE€KOMIIO3ULI0 iH(POpMaLIIHUX CUCTEM Ha OKpeMi MOIyJli. BusHaueHO (PyHKLiOHA
KOKHOT'O MOJIYJIS i KOMYHIKallil0 MK MOZYJIIMU Ta KjacTepoM. Ha OCHOBI 3ar1poroHOBaHOI apXiTEKTYpU ONKUCAHO
peamnizauito iHpopmaniiiHoi TexHosorii B knactepax Kubernetes. 3arpornoHoBaHo 37iliCHIOBATY iHTerpariio
BOYIOBaHUX iHCTPYMEHTIB 7151 MOHITOPMHIY CTaHy, aHaJi3y JaHUX i pO3rOpTaHHs eJIEMEHTIB yrpaBiiHHS. ONUCcaHo

IIPOLIECH YIIPABJIiHHS OOUNCIIOBAILHUMY PECYPCAMU.

2. The dissertation work is devoted to solving the problem of automating the management of computing resources
in Kubernetes clusters. Computing and financial resources are limited, which requires a constant search for a
balance between the level of service quality and the amount of resources. Automation of management processes
allows for an increase in the efficiency of using the cluster's computing resources while maintaining the required
level of quality of services provided. The existing forecasting methods are analyzed for the feasibility of their use
for proactive scaling. Experimental studies of the accuracy of the selected methods were conducted on typical
workload templates based on historical data of various length. Based on the experiments, a set of methods was
selected for predicting workloads in proactive scaling. A hybrid forecasting method with a combination of long-
term and short-term forecasting components is proposed. An experimental study of the proposed method was
conducted. The results demonstrate an increase in overall accuracy from 91% to 95% on the test data, provided
that there are anomalous patterns in the historical data. A method for proactive scaling of computing resources is
proposed. An architecture that includes data, forecasting, application, and decision-making modules is proposed.
An approach for the method to work in the absence of data or low accuracy of the obtained forecasts is describedA
software module for horizontal proactive scaling was implemented in Kubernetes using built-in tools. An
experimental study of the developed software module on a Kubernetes cluster was conducted to compare it with
static and reactive scaling approaches. Compared to the redundant static approach, a similar level of service
quality was obtained using 46% less resources. Compared to the reactive approach, the average application
response time decreased from 160 ms to 23 ms. A hybrid scaling method is proposed that includes reactive and
proactive components. The combination of these methods allows the use of proactive control in the presence of



accurate forecasts. An indicator of the transition between proactive and reactive control is proposed based on
comparing the compliance of the obtained forecasts with the current load on the application. The level of accuracy
of forecasts is determined within a given number of iterations. A software module was implemented using the
developed proactive method and a built-in solution for reactive scaling in Kubernetes. An experimental study of
the developed program module was carried out. The results demonstrate the ability of the proposed method to
identify anomalies and transfer control between components according to certain rules. A hybrid scaling method is
proposed that allows coordinating the work of horizontal and vertical scaling components. A coordination module
is proposed to coordinate the configuration of the vertical and horizontal components. Based on the proposed
method, a program module for working in Kubernetes was developed. The results of the experiments demonstrate
a 65% reduction in unprofitable reservation of computing resources compared to the static approach on synthetic
data. The information technology for managing computing resources in a cluster is described. The decomposition
of information systems into separate modules is proposed. The functionality of each module and communication
between modules and the cluster are described. Based on the proposed architecture, the implementation of
information technology in Kubernetes clusters is described.

Jep>kaBHHHM peecTpaniiiHuii Homep [iP:
IIpiopuTeTHHH HANIPSIM PO3BHTKY HayKH i TEXHIKHU: [HdopmauiiiHi Ta KoMyHiKawiiiHi TexHOIOTil

CrpareriyHu# NpiOpUTETHUI HAIIPSIM iHHOBALLiMHOI JiSJIBHOCTI: PO3BUTOK Cy4acHUX

iHpopmaLiiiHUX, KOMyHIKaLiTHUX TEXHOJIOTiA, pPOOOTOTEXHIKN
ITizcyMKH BOCIiI>KEHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIAHHS

Iyo6sikaii:

¢ Omelchenko V. Automation of resource management in information systems based on reactive vertical
scaling / V.V. Omelchenko, O.I. Rolik // Adaptive systems of automatic control. - 2022. - Vol. 2, No. 41. - P.
65-78. - DOI: 10.20535 /1560-8956.41.2022.271344

e Omechenko V. Integration of proactive and reactive approaches to scaling in Kubernetes / V.V. Omelchenko,
O.I. Rolik // Scientific notes of Taurida National V.1. Vernadsky University. Series: Technical Sciences. - 2023.
- No. 5. - P.193-198. - DOI: 10.32782 /2663-5941,/2023.5 /30

¢ Omechenko V. Proactive horizontal scaling method for Kubernetes / O.1. Rolik, V.V. Omelchenko // Radio
Electronics, Computer Science, Control. - 2024. - No. 1. - P. 221-227. - DOI: 10.15588 /1607-3274-2024-1-20

¢ Omelchenko V. Forecasting-at-scale algorithms for prediction cluster workload / V.V. Omelchenko, O.I. Rolik
// The International Conference on Security, Fault Tolerance, Intelligence: Te3u nomnosigeit MixkHap. KOH. -
Kwuis, 2023. - C. 1-5

¢ Omelchenko V. Workloads prediction methods for proactive resource scaling in Kubernetes / V.V.
Omelchenko, O.I. Rolik // III International Scientific Symposium «Intelligent Solutions» (IntSol-23): Te3u
nomnosinet MixkHap. KoH®. - Kuis, 2023. - C. 44-53

e Omelchenko V. Combined forecasting method for cloud workloads / V.V. Omelchenko, O.I. Rolik //
Problems of Infocommunications. Science and Technology (PIC S&To2024): Te3u nonosineit MixHap. KOHO. —
Xapkis, 2024

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILisL: meTonu, Teopii, rinoresu
Comnia;ibHO-€KOHOMIYHA CIPSIMOBAHICTb: Mi/iBUIIEHHS aBTOMATU3A1lii BUPOOHUYMX TIPOLIECIB

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEPTallii: BuposamkeHo

3B's130K 3 HAYKOBUMH TeMaMH: 0121U110810



VI. BizoMocTi mpo HayKOBOT0 KEPiBHUKA /KEePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im's I10o-6aThKOBI:
1. Posik Onekcangp IBaHoBu4

2. Oleksandr I. Rolik

KBasigikamnis: n. 1. u., npodecop, 05.13.06
InenTudgikarop ORCID ID: 0000-0001-8829-4645
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHu#t TexHiuyHuil yHiBepeuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHMI IHCTUTYT iMeHi Irops Cikopcekoro”

Kog 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OTIOHEHTH
Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. Jllo64yeHko Bipa BikTopiBHa
2. Vira V. Liubchenko

KBasigikamis: 1. 1. 1., npodecop, 05.13.06
InenTudikarop ORCID ID: 0000-0002-4611-7832

JonaTkoBa iHdopmaris:
;https:/ /scholar.google.com /citations?user=igCycUUAAAAT;https: / /www.scopus.com /authid /detail.uri?authorl
d=56667638800;https://orcid.org/0000-0002-4611-7832

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuii yHiBepcuteT "OfiechbKa MoTiTexHika"
Kopg 3a €IPIIOY: 43861328

Micue3HaxoaKeHHS: np. llleByenka, 6yx. 1, Oneca, 65044, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Yymauyenko Imutpo Iroposuy

2. Dmytro I. Chumachenko



KBasigikamis: . t. u., gouenrt, 05.13.23
I,quTmbiKaTop ORCID ID: 0000-0003-2623-3294
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: HaujoHanbHuil aepokocMiuHumii yHiBepeuter im. M. €.

JKykoBcbKoro "XapkiBCbKUM aBiallilHUI iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micue3Haxoa>KeHHS: By Ukanosa, 6y, 17, Xapkis, Xapkiscbkuii p-H., 61070, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenzeHTu

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. JlopomeHko AHaroutin OxumoBny

2. Anatolii Y. Doroshenko

KBasigikanis: n.¢.-m.H., npodecop, 01.05.03
Imentudikarop ORCID ID: 0000-0002-8435-1451
JopaTrkoBa inpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHNN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

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

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Bsacue IlpizBuuie Im's Ilo-6aThKOBI:

1. ’KapikoB Enyapn B'siuecnaBoBud

2. Eduard V. Zharikov

KBasigikamis: n. 1. 1., npodecop, 05.13.06
Imentudikarop ORCID ID: 0000-0003-1811-9336
JopaTrkoBa indpopmamnis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHM iHCTUTYT iMeHi Iropst Cikopcbkoro”
Kopg 3a €IPIIOY: 02070921

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



dopma By1acHoCTI:
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akar04Hi BimoMocTi

Biacue IlpisBuie Im's Ilo-6aTbKOBI Teneunuk Cepriit Penoposuy
rOJIOBH pajgu

Byiacue IlpizBumie Im's I1o-6aThKOBI Tenenuk Cepriit enopoBuy
rOJIOBYIOYOrO Ha 3aCiflaHHi

BiznoBigansHHI 3a MiATOTOBKY OmesnbueHKo Bitamniit BikropoBuy

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




