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1. ’Kapikos E. B. IngopmauiiiHa TexHOJIOTis yrpaBaiHHA [T-iHppacTpyKTypoo XMapHOTo LEeHTPY 00pO6IeHHS
nanux. Ha npaBax pykonucy. Jlucepranist Ha 31,06yTTSI HAYyKOBOTO CTYIIEHSI JOKTOPA TEXHIYHMX HAyK 3a
crienianbHicTio 05.13.06 - iHpopmaliiiHi TexHosoriil. - HaljioHanbHUI TexHiYHUI YHiBepcUTeT YKpainu “KuiBcbkuii
HoJliTeXHiYHMI iHCTUTYT iMeHi Irops Cikopcbkoro”, MiHicTepcTBO OCBiTH i Hayku Ykpainu, Kuis, 2020. Y
IycepTauiiiHiil poboTi BUPilIEeHO HAYKOBO-TIPAaKTUYHY ITpobiieMy 3abe3nedeHHs epeKTUBHOro PpyHKLioHyBaHHS IT-
indpacTpykTypu xmapHoro LIO]] yepe3 cTBOpEHHSI METOJ0JIOTii yIIpaBliHHS Ta Ha ii OCHOBI pO3p06JIEHHS i

3aCTOCYBaHHS iH(POPMALiHOI TEXHOJIOTi YIIPaB/IiHHS 3 METOIO HAIAaHHS XMAPHUX IIOCJIYT i3 3aJaHNMU



[IOKa3HUKaMU SKOCTi KiHI[eBOMYy KOpUCTyBaueBi. Po3pobiieHo iHdopMaLiliHy TeXHOJIOTiIo, o 3abe3nevye
edexruBHe ¢yHKIioHyBaHHS [T-iHdpacTpykTypu IOl nmpoBaiifiepa XMapHUX [IOCJIYT, SKa Ha BiIMiHY Bif Bizomux
0a3yeTbCs Ha MeToZoJ10rii yrpasiiHHs IT-iHppacTpyKTypoOIo, a TaKO>XK BPAXOBY€ CYyTTEBi XapaKTePUCTUKU XMaPHUX
064KCyIeHb, reTeporeHHicTh IT-iH(pacTpyKTypH, HOBI apXiTeKTypy OpraHisallii 06uncieHs, ii 6araTopiBHEBICTb Ta
iepapxi4yHiCTb i BAKOPUCTOBYE a[arTallilo 10 Henepen6ayyBaHUX HAaBAaHTAKEHD 32 PAXyHOK 3aCTOCYBaHHS
PO3pO6JIEHUX aJlallTUBHOIO METOAY KOMOIHOBAHOTO [TIPOTHO3YBaHHS Ta METOIiB YIIPABJIiHHS 1S Pi3HUX CTpaTeriii
yIpaBJIiHHS, 10 JO3BOJIMIIO 3206€3MeYUTH BUKOHAHHS 3a/IaHUX BUMOT yTOJiy IIPO piBe€Hb 0OCIYTOBYBAaHHS Ta
3HIDKEHHS ON€paLifiHUX i KaliTaJbHUX BATPAT. [IpakTyyHa LiHHICTb iH(QOpMaLIIMHOI TEXHOJIOTI, a TAKOX
PO3pO6JIEHUX aJITOPUTMIB, METOIB i IIiAXOIIB MOJIITa€e Y CTBOPEHHI METOL0JIOTiYHOI 6a3u po3pobieHHs i peanizanii
cucreMm ynpasiidHs [IT-iHppacTpykryporo xmapHux LIO]] i ninBuieHHs epeKTUBHOCTI iX QyHKI[iOHYBaHHS 3
NOJAJIbIINM iX 3aCTOCYBaHHSIM [171s1 PO3PO6JIE€HHS MiJCUCTEM, KOMIIOHEHTIB Ta iHIMX CKJIaJJOBUX CUCTEM
ynpasiiHHs [T-iHdpacTpyKTypoOlo poBaiepiB XMapHUX MOCYT. Kito4oBi cyioBa: LeHTp 0OpO6IeHHS IaHNUX,
XMapHi 004YMCIIeHHS, CUCTeMa yIIpaBJliHHS, IPOrHO3YBaHHSI, CTOXaCTUYHUI IOUIYK, OIITUMIi3allisl, IBOpiBHEBE
CXOBHUIIE 3 PEIVIiKaLi€lo, iIHTEPHET pevyen.

2. The dissertation solves the scientific and practical problem of effective management of the IT infrastructure of
cloud data centers under conditions of uncertainty and variable workloads by creating a management
methodology and on its basis the development and application of management information technology to provide
cloud services with specified quality indicators to the end user. The proposed information technology is developed
ensuring the efficient functioning of the IT infrastructure of the cloud service provider's data center by increasing
the resource usage efficiency under conditions of variable workload, which unlike the known methods takes into
account the developed methodology, essential characteristics of cloud computing, heterogeneity of IT
infrastructure, its multilevel and hierarchy and uses adaptation to unpredictable and mixed workloads at the
expense of forecasting, which allowed to ensure SLA requirements while reducing operating and capital costs. The
developed information technology is based on the concept of management of IT infrastructure of a cloud data
center, which combines the following developed findings, approaches, and methods: the operator form of setting,
analyzing and solving problems of IT infrastructure of the cloud data center; identifying and implementing
dedicated resource and workload management strategies, as well as their implementation schemes; decomposition
of cloud IT infrastructure at three levels (infrastructure, platforms, and applications); taking into account
traditional, convergent and hyperconverged architectures of modern cloud data centers; application of the
adaptive method of combined workload forecasting to determine the control influences on the IT infrastructure of
cloud data centers; developing the Method of Integrated Resource Management for heterogeneous data centers
based on SLA violations, power consumption and required power at the next management step; application of
stochastic methods (beam search, simulated annealing, reinforcement learning) for implementation of particular
strategies for IT infrastructure management of cloud data centers; application of a distributed two-level storage
management method for hyperconverged systems; taking into account new metrics of the IT infrastructure state
namely instantaneous and average viability coefficients of virtual machine, physical server imbalance indicator, the
ratio of necessary resources to the average available resources, threshold of available resources) to determine the
current management strategy; accounting of software-defined controllers for management of three primary data
center resources namely computing, storage, network; the combination of centralized management using global
data center manager and the decentralized management on the physical server level, depending on the chosen
management strategy at the current management step. To solve the problem of effective management of the IT
infrastructure of the cloud data center and solving the correspondent set of tasks, the following were used:
systems theory, methods of hierarchical systems theory, methods of mathematical programming, methods of
operations research and decision theory, methods of mathematical and simulation modeling, methods of artificial
intelligence theory, stochastic and heuristic search methods, forecasting methods, mathematical statistics
methods, and cloud service models. The reliability and validity of the obtained results are conditioned by the
correct use of the mathematical apparatus and are confirmed by the results of computational experiments. The
scientific novelty of the obtained results is determined by the following theoretical and practical results obtained



by the author. For the first time the following has been developed: a methodology for managing the IT
infrastructure of a cloud data center; a structural and functional model of a multilevel hierarchical software-
defined system for managing the IT infrastructure of a cloud data center; an original information technology for
managing the IT infrastructure of a cloud data center; an adaptive method of combined workload forecasting for
cloud data center computing resources; a method for integrated management of IT infrastructure of cloud data
center; a distributed datacenter cloud management method; a cloud datacenter power management method. The
following has been further improved: the decomposition-compensation approach; the algorithms and methods of
stochastic local search; an IT infrastructure management model with a coordinator. Keywords: data center, cloud
computing, management system, forecasting, stochastic search, optimization, two-level storage with replication,
internet of things.
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