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1. Mogzesni Ta METO[, aBANITUBHOI 0OPOOKY 3aIUTiB IJIs1 CAaliKap-KOMIIOHEHTA Y PO3IOiIeHUX MIKpOCEPBICHUX

CHUCTEMAxX

2. Models and method of adaptive request processing for a sidecar component in distributed microservice systems

Pedepar/anoTanis:

1. Inceprauiiina po60Ta NpUCBSYEHA BUPIIIEHHIO aKTyaJIbHOI HAYKOBOI 3ajaui — po3po6KM MaTeMaTUYHUX MOJesein
Ta METOAY aJlallTUBHOI OOPOOKM 3aMUTIB /1715 CcailIkap-KOMIIOHEHTa y PO3IOAiJIeHUX MiKpOCEepBICHUX cUCTeMaX.
O6'eKT DOCiIKEHHS — NIPOLeC alallTUBHOI OOPOOKM 3aMUTIB y CaliIkap-KOMIIOHEHTi PO3IOJiIeHNX
MiIKpOCepBiCHUX cucTeM. [IpegMeT fociimpKeHHS — MaTeMaTUYHI MOJIeJli KelyBaHH s, MapLIpyTU3aLllii, yrpaBliHH
[IOTOKaMU JIaHUX Ta METOJ, aIalITUBHOI O6POOKY 3aIUTIB Y CAaliAKap-KOMIIOHEHTI pO3INOiIeHNX MIKpOCEepPBiCHUX
cucteM. MeTolo fucepTaliiiHoi po60TH € MifBUILIEHHS MBUAKOCTI 06POOKY 3allUTiB AJ1s1 CalIkap-KOMIIOHEHTA Y
PO3I0AiNeHNX MiKPOCEPBICHUX CUCTEMAX. 32 pe3ysIbTaTaMU JOCIIiI)KEHHS] OTPMMAHO TaKi HAayKOBi pe3ysbTaTu: 1)
YAOCKOHaJIEHO MaTEMATUYHY MOJ€JIb aalITUBHOTO KEIYBaHHS JAHUX CalIKap-KOMIIOHEHTA, SIKa BiPi3HSIETHCS Bif

BiZJOMOi BpaxyBaHHSIM I1apamMeTpa aKTUBHOCTI TEHaHTiB Y GOpPMYJIi yIIPaBIliHHS [IPIOPUTETaMH, 1110 LO3BOJISIE



HigBUIUTY KoeQillieHT BIy4yeHb [1J15 MyJIbTUTEHAHTHUX CEPELOBUIL; 2) BIieplie po3p06IeHO MaTEMAaTUYHY MO b
aJanTyUBHOro rpady MapuIpyTUsaLii 06poOKY 3aNUTIB calikap-KOMIIOHEHTa Ha OCHOBI ayiroputmy JleikcTpu 3
IVHaMiYHMMU Baramu pebep, sika BpaxoBye CTaH MepexxXeBoi iHppacTpyKTypu, HaBaHTaXEHHS Ha MiKpocepBic
po3IozineHoi MiKkpoCcepBiCHOI CUCTEMHU Ta BUMOTH 1OJI0 MYJIbTUTEHAHTHOCTI, IO 103BOJIS€ aJallTUBHO 00paTU
ONTVMMAaJIbHMI MapLIPYT PYXy 3aIMUTY IO MIKPOCEPBICY PO3NOIiIEHOI MIKDOCEPBICHOI CUCTEMU Y PEATIBHOMY
macuTabi yacy; 3) Brepiie po3po6eHo MaTeMaTU4Hy MOJieJib aiallTUBHOTO YIIPaBJiHHS IOTOKAMU IaHUX B
caiiIkap-KOMIIOHEHTI, SKa AMHaMiYHO MaclITabye ix 4epry Ta BiHOBJII0O€ OOPOOKY 3aIIUTiB, 3aJI€5KHO BiJl IOTOYHOTO
HaBaHTa)KeHHS CalIKap-KOMIIOHEHTA, 10 103BOJISIE MiIBUIINTY MBUIKICTb 06POOKY 3aUTIiB B HECTAOIIbHUX
yMOBax; 4) BIleplie po3po6sieHO MeTOZ, alaliTUBHOI 0OPOOKY 3aMUTIB [1Jis CcailIkap-KOMIIOHEHTa y PO3IOJiIeHUX
MIKpOCEPBiICHUX CUCTEMAX, SIKUH 3abe3reuye afalTUBHICTb 1I€PEXO/IiB MK CTpaTerisiMu po6oTH (CTabisbHa,
€KCIIOHEHIil1HA Ta a[JallTUBHA) 3QJIE5KHO BiJl 3aBaHTA)KEHOCTI Yepru 0OpOOKU 3aluTiB, AUHAMIUHY 3MiHY ii po3mipy
Ta BU3HAYEHHS 3aTPMMOK BiIHOBJIEHHSI IIOTOKIB IaHUX HA OCHOBi METPUK POOOTH caiIKap-KOMIIOHEHTA, 110
II03BOJIsIE 326€3T1eYUTU CTabiIbHy 00POOKY MapajiesibHUX 3aluTiB. [IpakTuyHe 3Ha4eHHs OTPUMaHUX pe3ysbTaTiB
II0JISITa€ Y TOMY, 110 pO3p006JieHi y AucepTalii MaTeMaTU4Hi MOZIEJli Ta METO/L, € OCHOBOIO [1J151 CTBOPEHHS
CTabiJIbHUX i BUCOKOWBUAKICHMX CaliIKap-KOMIIOHEHTIB Y PO3MOAiJIEHUX MiKPOCEPBICHMX CUCTEMAX, IO [03BOJISE
MiJBULINTY aJaNTUBHICTh B3aEMOIii MiKpOCEpBiCiB, MBUAKICTh 06POOKH 3aMUTIB CalIKap-KOMITIOHEHTOM,
BpPaxOBYIOUM NIPIOPUTETHICTb OOpaHUX TEHAHTIB, CTabiIbHICTh PO6GOTU PO3IIOLiNIeHO0I MiKpOCEepBiCHOI CUCTEMU Ta

3MEHIUINTHY CIIOKMBAHHS ONI€PATHUBHOI I1aM 'SITi.

2. Dissertation work is devoted to solving the actual scientific problem - development of mathematical models and
a method of adaptive request processing for a sidecar component in distributed microservice systems. The object
of research is the process of adaptive request processing in the sidecar component of distributed microservice
systems. The subject of research is mathematical models of caching, routing, data flow management and a method
of adaptive request processing in the sidecar component of distributed microservice systems. The goal of the
dissertation is to increase the request processing speed for the sidecar component in distributed microservice
systems. Based on the research results, the following scientific contributions were obtained: 1) the mathematical
model of adaptive data caching of the sidecar component was improved, which differs from the known one by
taking into account the tenant activity parameter in the priority management formula, allowing to increase the
cache hit ratio for multi-tenant environments; 2) for the first time, a mathematical model of the adaptive routing
graph for request processing of the sidecar component was developed based on Dijkstra's algorithm with dynamic
edge weights, which takes into account the state of the network infrastructure, the load on the microservice of the
distributed microservice system and multi-tenancy requirements, allowing to adaptively select the optimal request
route to the microservice of the distributed microservice system in real time; 3) for the first time, a mathematical
model of adaptive data flow management in the sidecar component was developed, which dynamically scales the
queue and restores request processing depending on the current load of the sidecar component, allowing to
increase the request processing speed under unstable conditions; 4) for the first time, a method of adaptive
request processing for the sidecar component in distributed microservice systems was developed, which ensures
adaptive transitions between operating strategies (stable, exponential and adaptive) depending on the request
queue load, dynamic change of its size and determination of data flow recovery delays based on the sidecar
component metrics, allowing to ensure stable processing of parallel requests. The practical significance of the
obtained results lies in the fact that the mathematical models and method developed in the dissertation form the
basis for creating stable and high-speed sidecar components in distributed microservice systems, allowing to
increase the adaptability of microservice interaction, the request processing speed of the sidecar component
taking into account the priority of selected tenants, the stability of the distributed microservice system and reduce
RAM consumption.
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InenTudgikarop ORCID ID: 0000-0003-0358-7516

JopaTrkoBa indpopmamnist:

IToBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA YHIBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUNA IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninyosa, Xapkis, XapkiBcbkuii p-H., 61002, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo ocBiTH i HayKu YKpainu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's Ilo-6aThKOBI:
1. Kosnominues Onekcint BooguMuposuy

2. Oleksii Kolomiitsev

KBasigikamis: g. 1. u., npodecop, 20.02.14

I,ILeHTI/I(I)iKaTOP ORCID ID: 0000-0001-8228-8404

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=57211278112

IToBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninyosa, Xapkis, XapkiBcbkuii p-H., 61002, Vkpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiniiiHi OIOHEeHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. MoxkaeB Onekcangp OneKkcaHIpOBAY

2. Olexandr Mozhayev

KBasigikanis: 1.1, npodecop, 05.13.05

InenTudikarop ORCID ID: 0000-0002-1412-2696

JoparkoBa inpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKMil HalliOHALHUI yHIBEPCUTET BHYTPIlIHIX CIIpaB
Kopg 3a €IPIIOY: 08571096

Micue3Haxoa>KeHHs: np-1 JI. Jlanzay, Xapkis, XapkiBcbkuii p-H., 61080, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO BHYTPIlHIX cripaB YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Kocenko Biktop BacunpoBuy

2. Viktor V. Kosenko

KBasigikamis: n. 1. 1., npodecop, 05.13.06
InenTudgikarop ORCID ID: 0000-0002-4905-8508

JoparkoBa iHdpopmauist: https://www.scopus.com/authid /detail.uri?authorld=57190443921;
https:/ /scholar.google.com /citations?hl=uk&user=Y93d7YEAAAA]

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "[10TaBChKa NOJITEXHIKA iMEH]
IOpia Kongparioka®

Kopg 3a €IPIIOY: 02071100

Micqesﬂaxon)KeHHﬂ: npocnekt Birtanis I'puniaenka, Iosarasa, [lonrascekuit p-H., 36011, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: 0554d9k40

PeueHnzeHTn

BiacHe Ilpi3Bue Im'sa I1o-6aTbKOBI:
1. [ToBOpO3HIOK AHaTOIi!1 IBAaHOBUY

2. Anatolii I. Povoroznyuk

KBasigikamis: x. 1. 1., npodecop, 05.13.06



InenTudikarop ORCID ID: 0000-0003-2499-2350

JoparkoBa iHpopMauist: https://www.scopus.com/authid /detail.uri?authorld=55225664000);
https: / /www.webofscience.com /wos /author /record /2204478;
https:/ /scholar.google.com /citations?user=g6S23QsAAAAJ

IloBHE HaliMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa KeHHS: Bys. Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa Ilo-6aThKOBI:

1. Jleonos Ceprin IOpiitoBud

2. Serhii Y. Leonov

KBasigikanis: 1.1, npodecop, 05.13.05

Imentudikarop ORCID ID: 0000-0002-0698-1538

HoparkoBa iHpopMmawist: https://scholar.google.com.ua/citations?user=V4UPJc4AAAAJ&hl=uk

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBEpCUTeT "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa KeHHS: By Kupnuyosa, Xapkis, XapKiBCbKuii p-H., 61002, Ykpaina
dopma BiracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmOMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI 3axosoporhuit Onexkcausp FOpifiosny
rOJIOBH paau

BsacHe Ilpi3Buiie Im's ITo-6aTbKOBI 3axosoporhuit Onexcauzp FOpifiosud
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBigaibHHUH 32 MiZTOTOBKY Hocko Cepriit Bikroposuy
00JIiKOBUX JOKYMEHTIB

PeecrpaTop Opuenko TersiHa AHaToJIiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




