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1. METOJ] IOTIOBHIOBAJIbHVX HABAHTAKEHD 17151 PO3IIOZILTY 3AZIAY B XMAPHMX CICTEMAX

2. Method of complementary loads for task distribution in cloud systems

Pedepar:

1. OnTMMisalis BUKOPUCTaHHA PECYPCIiB XMapHUX CUCTEM Ma€ BUCOKUI IIPIOPUTET Yepe3 IUPOKE
PO3MOBCIOJKEHHS LMX TexHoJIorii. [TosiBa Docker Ta Kubernetes cripoctuiia TeCTyBaHHS Ta pO3rOPTaHHS XMapHUX
3aCTOCYHKIB, 301IbLIIMBIIY IIOIIUT Ha XMapHi pecypcH Ta MiKpeCJAUBIIY BaXKJINBICTb iX €(PeKTUBHOTO BUKOPUCTAHHSI.
YMHHI NiAX00M A0 PO3MOAiNy HAaBAHTKEHHS MAIOTh CYTTEBI HEJOJIIKU. BUMOTY KOHTEMHEPHUX 33724 OLiHIOIOThCSI
3a JOIIOMOTOI0 NapaMeTpiB requests Ta limits s RAM i CPU, sKi BU3HA4al0Th NIPiOpUTET 3a1a4i Ta MIMOBIPHICTS {i
BUJIyY€HHS IIPU [I€PEBAHTAXXEHHI By3J1a. [HIIOI0 MP0o6s1eMO0 € Hee(eKTUBHE BUBiNbHEHHS RAM npy 3MeHIIeHH]
noTpebu B Hiil. B quceprauii nponoHyeTbcsi TpaHCPOPMYBATH POJIb 6aKaHUX Ta MAKCHMaJIbHUX 3Ha4€Hb PECYPCIB 3
BUpilIaZIbHOTO (PaKTOpa Ha KOOPAVHALIMHMI TapameTp. [nes nossirae B aHasisi iCTOpUYHUX JAHUX [JIs1 OLIiHKU
notpe6 3a7a4 y pi3Hi nepioiy Ta MOLIYKY JOMNOBHEHD [0 "MPOrajiH" y HaBaHTAKEHHI MIJIIXOM KOMOiHyBaHHS 3a11a4.

3anpornoHoBaHa MaTeMaTU4Ha MOJesib 6a3yeThCsl HA IPUHIUII JONIOBHIOBAIbHOCTI Ta Teopii HeUiTKMX I'paTok. BoHa



Bpaxosye OII, LTI, mepeskeBi pecypcu Ta AUCKOBUM IIPOCTIP. MeTO, ONOBHIOBAJILHMX HABAHTAKEHD CIIPSIMOBAHUN
Ha GOopMyBaHHS Pyl 3i cTabinbHUMY 1abJI0HAMY HaBaHTaXXEHHS Ta 3MEHIIEHHS BUKOPUCTAaHHS PeCypciB.
OnucaHuil MeTo, BKJII0Ya€E KlacTepusallilo MikpocepBiciB BuisA0YM NoAi6HI 1a6JI0HU pOGOTU OOUUCTIOBAIBHUX
3a/1a4, COPTYBAHHY iX YaCOBUX PJIiB 332 aMILIITY0I0 BUKOPMUCTAHHS PECYPCIB Ta NOLIYK Iap 3 rpyI MabJIoHiB,
IIPOTWJIEKHHUX 32 YACOM CIIOKMBAHHS PECYPCiB (aKTHMBHI BHOYI Ta IIACHBHI BAEHb MAIOTh 3iCTaBUTHCS 3 TACUBHUMU
BHOUI Ta aKTUBHUMU BZieHb). [Ipu peasnizaiii BUKOpUCTOBYBaucs Z-MacuTabyBaHHs, Kjaactepusauist KMeans,
anroputmu FastDTW ta PCA. Ilpu 3acTocyBaHHI IPMHLUITY JONIOBHIOBAJIbHUX HABAHTaKEHb MOKHA OCATTH
[OKpallleHb B aBTOMACIITA0yBaHHi: 1) y BUIIaAKy 3alIOBHEHHSI KJIaCTepa JIMILIE JONOBHIOBAJIbBHUMY HABAaHTAKEHHSIMY,
3MEHIIYETHCS CIIOKUBAHHS €JIEKTPOEHEPTii. 2) y BUNIaJIKy YaCTKOBOTO 3alIOBHEHHS C€PBEPA AONOBHIOBAJIbBHUMU
HaBaHTaK€HHSIMU MO>XJIMBO 3MEHIIUTH 3arac pecypcis cepsepa (headroom) i B pe3ysbTaTi - 3MEHIIUTH KiJIbKIiCTb
cepsepiB y kyacrepi. CTaTUCTUYHUI aHAaJIi3 [T0Ka3aB 3HAYHi IOKPAILEHH: 3MEHIIEHHS KiJIbKOCTi TEXHIYHOTO
o6s1aiHaHHS Ha 8-17% 3aJ1e’KHO Bifi KJIIOUOBOTO KPUTEPIIo, MifBUIleHHS eHeproedekTuBHOCTI Ha 10-15%,
3MEHIIEHHS KiJIbKOCTi NepenianyBaHb pO3MillleHHs 3aa4 Ha 25-35% Ta 3HMKEHHS [TOTped B aBTOMacIITabyBaHHI
1o 20%. Ha By3siax 3 JOTIOBHIOBAJIbHUMU I'PYIIaMU 3aIlaCHUN PECYPC MOKHA 3MEHIINTU 110 20%. 3anpOIOHOBAHUM
iAXiz 3aCTOCOBYETHCS IO MiKPOCEPBICiB, MOHOJIITIB Ta 6€3CEPBEPHUX TEXHOJIOTIH, IO POOUTDL IOTO YHIBEPCATIbHUM

iHCTpYMEHTOM JJ1s1 ONITUMI3allii XMapHUX iHPPaCTPYKTYP.

2. Optimizing cloud system resource usage is a high priority due to the widespread adoption of these technologies.
The emergence of Docker and Kubernetes has simplified testing and deployment of cloud applications, increasing
demand for cloud resources and highlighting the importance of their efficient utilization. Existing load distribution
approaches have significant drawbacks. Container task requirements are evaluated using RAM and CPU requests
and limits parameters, which determine task priority and the likelihood of eviction during node overload. Another
problem is the inefficient release of RAM when demand decreases. This dissertation proposes transforming the
role of desired and maximum resource values from a decisive factor to a coordination parameter. The idea involves
analyzing historical data to assess task needs during different periods and finding complements to "gaps" in
workload by combining tasks. The proposed mathematical model is based on the principle of complementarity and
fuzzy lattice theory. It considers RAM, CPU, network resources, and disk space. The complementary loads method
aims to form groups with stable loading patterns and optimize resource utilization. The described method involves
clustering of microservices based on similar work patterns, sorting them by resource usage amplitude, and finding
pairs with opposite load patterns for efficient resource use. In the implementation, Z-scaling, aKMeans clustering,
FastDTW algorithms, and PCA were used. When applying the principle of complementary loads, it is possible to
achieve improvements in autoscaling: 1) in case of filling a cluster with only such loads the electricity usage
reduces. 2) in case of partial filling of a server with complementary loads it's possible to reduce the server's
headroom and in the result - reduce the number of servers in the cluster. Statistical analysis showed significant
improvements: 8-17% reduction in technical equipment depending on the key criterion, 10-15% increase in energy
efficiency, 25-35% decrease in task placement rescheduling, and up to 20% reduction in auto-scaling needs. On
nodes with complementary groups, the headroom reserve resource can be reduced by up to 20%. The proposed
approach applies to microservices, monoliths, and serverless technologies, making it a universal tool for optimizing
cloud infrastructures.
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