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2. A comprehensive approach to designing computational infrastructure in a heterogeneous multi-cloud

environment

Pedepar:

1. IHTeHCUBHUI PO3BUTOK XMapHUX 064KCieHb TpaHCOPMYBaB Ipoliecy 36epiraHHs Ta 06pOOKYU NaHUX,
IIPOIIOHYIOUY MacClITabOBaHICTh, EKOHOMIUHY €(EeKTUBHICTb Ta JOCTYIHICTb. [IpoTe 3pocTaioya CKIaHICTh

004K CII0BAIbHUX 3aBJIaHb Ta PO3NOBCIOIKEHHS MYJIbTUXMAPHUX CEPEOBUL BUMAarae iHHOBaLiHUX MiIXOZiB 10
pO3IIoziny 004YMCIIIOBAJIbHUX HABAHTAXEHb Y reTePOreHHUX XMapHUX cucTemax. JJaHa pucepTaiiilina pobora
IIpeJCTaBIsie KOMILJIEKCHE JOCIiKEHHS Cy4YaCHUX MYJIbTUXMapHUX apXiTeKTyp, METOJiB 6araToKpuTepiaabHOi
onTUMi3zallii Ta iHTeJIeKTyaJbHAX CUCTEM IIPUIHSATTS PillleHb, 0 3aBEPUIYEThCS PO3POOKOI0 iHHOBALIIHOTO
KOMILJIEKCHOTO MeTOAy (POPMYBAHHSI OOUMCIIIOBA/IbHOI iHPPACTPYKTYpU Y F€TEPOT€HHOMY MYJIbTUXMAPHOMY
cepenosuuli. Oco6iMBY yBary B poOoTi IIpUisieHO poJii XMapHOi 00YKCIII0BaIbHOI iIHPPACTPYKTYPH Y Cy4acHUX



iHpopmMaLiiHO-KOMyHiKaLiHuX Mepexax (IKM). 3anponoHoBaHnuil Niaxin 4EMOHCTPYE, WO MyJIbTUXMAapHi
apXiTeKTypH € KJII0YOBUMM [1JIs1 3a6e31e4eHHs MaclITab0BaHOCTi, THYYKOCTI Ta HaJlifHOCTi 064YKMCIIeHb, HEOOXiTHUX
17151 QYyHKIiOHYBaHHS T€JIEKOMYHIKaLiTHMX CUCTEM HOBOTO IIOKOJIiHHS, 30KpeMa y cepenoBui 5G.
CdopmyiboBaHO Ta peasi3oBaHO METOJ, IMHAMIYHOIO PO3ITO/iy O6YMCIIOBAIbHUX 33/1a4 Y MYJIbTUXMapPHOMY
cepenoBuUlli 3 ypaxyBaHHAM crienyiky TeeKOMYHIKaliiHUX HaBaHTaKeHb, 110 J03BOJISIE TiIBULINTH
eeKTUBHICTb yIpaBiiHHA pecypcamu B IKM. MysibTUXMapHi 00YUCIIEHHS CTaly AOMIHYIOUUM MiAXOI0M IJ1s1
PO3rOpTaHHS Ta HalaHHSI IIOCJIYT Yyepes I106ajbHi Mepexi. [x nepesaru crpusioTh IIMPOKOMY BIIPOBA/I)KEHHIO B
pi3Hux ranyssx. OfHaK €BOJIOLiS XMAapHUX 00YMCIIeHb, 10 XapaKTePU3YEeThCs Pi3HOPIIHICTIO CEepBICiB,
HecyMicHicTIo iHTepdeiiciB Ta BapiaTUBHICTIO YMOB PO3rOPTaHHS, CTBOPIOE 3HAYHI BUKJIMKY B YIIPABJIiHHI

004N CIIIOBAIbHUMMU Mpoliecamu. [lnHaMigHa IPUPOJAa XMapHUX CepeloBulll, TOETHAHA 3 MHOXUHOIO
B32€MO3aJIEKHUX (PAKTOPIB, 10 BIJIMBAIOTh HA IPOAYKTUBHICTh Ta EKOHOMIYHY €(DEKTHUBHICTD, IOTPEOYE
iHHOBaLIHYX MiAXOIB KO oNTUMI3alLil po3roziny 069MCIIOBAIbPHUX 3aBlaHb Ta BUOOPY XMapHUX IIPOBaKiEePiB.
[Tpob6sema posmnoginy o6uncieHb y MyJIbTUXMapHUX CepelioBUILaX € 6araTrorpaHHor0. OCKibKY opraHisaliii Bce
yacTille BIPOBAXYIOTh CTPaTerii BUKOPUCTAaHHS KiJIbKOX XMAapHUX NIPOBaNIepiB /1J151 OTPMMaHHS KOHKYPEHTHHUX
nepeBar, BOHU CTUKAIOThCS 3 BUKJIMKAaMU 3a6e31e4eHHs ITPOIyKTUBHOCTI, ONITUMi3alii BUTpaT, 6e3MeKku JaHux Ta
eeKTUBHOrO yIIpaBiiHHA pecypcamu. CKIIagHICTh BUHUKAE 3 HEOOXiHOCTI 6aslaHCyBaTH MK KiJIbKOMa LIiJISIMH,
TaKUMMU SIK MiHiMi3alisl 3aTpMMOK, MaKCHAMi3allisi IPOIyCKHOI 31aTHOCTI, 3a6e31e4eHHs HaJiliHOCTi CUCTEMU Ta
IOTPUMAaHHS PETryJISITOPHUX BUMOT, IIPU LIbOMY aJaNTyO4YUCh 10 AUHAMIUYHUX 3MiH y IapaMeTpax XMapHUX CEPBICIB.
Tpapuuifini migxonu 10 PO3NOoAiNy O6YKCIIOBAIbHYX 3aBIaHb Y XMaPHUX CEPEeIOBHUINax YacTO He 3[1aTHI aieKBaTHO
BUPIIIMTH 1Ii BUKJIMKHY, 110 IPU3BOAUTH [0 Hee(PEeKTUBHOIO BUKOPUCTAHHS PeCyPCiB, IiABULLIEHHS BUTPAT Ta
IIOTEHLiTHMX Bpa3JnBOCTeN. [y BUpillleHHs IUX BUKJIMKIB, y AMCepTaLiliHill po60Ti po3p006JeHO KOMIIJIEKCHUMI
MeToH, GOpMyBaHHS OOUUCIIOBAIbHOI iHYPACTPYKTYpPH, 1110 iHTErpye iHTeNEeKTyalbHy MyJIbTUATEHTHY CUCTEMY Ha
OCHOBI BeJIUKMX MOBHUX Mogesel (LLM) 3 MeTofamu 6araTokpurepiajibHOI onTuMizalii. 3arrporioHOBaHUM METO],
BKJIIOYA€E MaTeMaTU4YHe MOJEeJII0OBaHHS iHTErpOBAaHOI0 MMOKa3HUKA e(PeKTUBHOCTI BUKOHAHHS O0UYMCITIOBAIbHUX
3aBfaHb, popMarizallilo IPOCTOPY CTaHIB Ta Aill [JIs1 AMHAMIYHOTO PO3IOAiNy OOUMCIIEHD, @ TAKOXK aJITOPUTMU
OITUMI3alii, 0 MOEIHYOTh HABYaHHS 3 MiAKPIIJIEHHSIM Ta €BOJIOLiNHI aJITOPUTMHU IJ1S ITOLYKY ONITUMAJIbHUX
pilieHb Y AMHaMiYHOMY reTepOreHHOMY cepeloBHUlli. MeTOI0I0TisI TOCTiIPKEeHHSI OXOILII0e BCeOiuYHMI aHai3
icHylOuHMX IiAXO[iB 10 MYyJIPTUXMApHOI iHTerpalii, popmanisaliitio KpUTepiiB €(PeKTUBHOCTI, PO3POOKY apXiTEKTypHu
MyJIbTUAr€HTHOI CUCTEMU Ta €KCIIEPUMEHTAJIbHY [1ePEBIPKY 3a[IPOIIOHOBAHOTO METOLY B PEAJIbHUX CLieHaPisax
BHUKOPHCTaHHS. MyJIbTHareHTHa CUCTeMa BKJII0Ya€ TEXHIYHOTO, EKOHOMIYHOIO Ta 6€311eKOBOr0 areHTiB,
KOOpAMHALLI0 IKUX 3a0e3leuye clieliani3oBaHui areHT-KOOPAUHATOP, 1110 BUKOPUCTOBYe LLM 11 06rpyHTYBaHHS
IIPUMHATUX pillleHb Ta (GOPMYBaHHS peKOMEH AL, Pe3ybTaTy eKCIIepUMEHTAIbHOTO JOCHiIKEHHS
HiATBEPIXYIOTh €(PEKTHUBHICTD 3alIPOIIOHOBAHOTO METOLY, IEMOHCTPYIOUM 3HAYHE IIiIBULEHHS [I0KA3HMKIB
eeKTUBHOCTI IOPIiBHSIHO 3 TPAOULIHUMY MiAXOaMU: 3HKEHHS BUTPAT Y cepellHboMy Ha 47 % Ta IoKpalleHHsI
IPOAYKTUBHOCTI Ha 25 %. [IpakTU4YHe BIIPOBA/IKEHHS B IPOMUCJIOBOMY CEPeIOBUILi TaKOK BUSIBUIIO BUCOKY
AANTUBHICTh CUCTEMMU [0 Pi3HUX CLIEHAPiIB BUKOPMCTAHHS Ta 3[ATHICTh BPaXOBYBATH JUHAMIYHI 3MiHU BUMOT

KOPUCTYBauiB Ta IapaMeTPiB CEPENOBUILA.

2. The rapid development of cloud computing has transformed data storage and processing, offering exceptional
scalability, cost-efficiency, and accessibility. However, the growing complexity of computational tasks and the
proliferation of multi-cloud environments demand innovative approaches to workload distribution in
heterogeneous cloud systems. This dissertation presents a comprehensive study of modern multi-cloud
architectures, multi-criteria optimization methods, and intelligent decision-making systems, culminating in
developing an innovative integrated method for building computational infrastructure in a heterogeneous multi-
cloud environment. Particular attention is paid to the role of cloud computing infrastructure in modern
information and communication networks (ICNs). The proposed approach demonstrates that multi-cloud
architectures are key to ensuring the scalability, flexibility, and reliability of computing required for next-
generation telecommunications systems, particularly in the 5G environment. A method of dynamic distribution of

computing tasks in a multi-cloud environment, considering the specifics of telecommunications loads, is



formulated and implemented, increasing resource management efficiency in ICN. Multi-cloud computing has
become the dominant approach for deploying and providing services over global networks. Their advantages
contribute to widespread adoption in various industries. However, the evolution of cloud computing,
characterized by service heterogeneity, interface incompatibility, and variability in deployment conditions, creates
significant challenges in managing computational processes. The dynamic nature of cloud environments,
combined with a multitude of interdependent factors affecting performance and cost-effectiveness, necessitates
innovative approaches to workload distribution and cloud provider selection. The problem of computation
distribution in multi-cloud environments is multifaceted. As organizations increasingly adopt strategies involving
multiple cloud providers to gain competitive advantages, they face challenges in ensuring performance, cost
optimization, data security, and effective resource management. The complexity arises from the need to balance
multiple objectives, such as minimizing latency, maximizing throughput, ensuring system reliability, and complying
with regulatory requirements - while adapting to dynamic changes in cloud service parameters. Conventional
methodologies for workload distribution in cloud environments exhibit significant limitations in addressing these
multifaceted challenges, resulting in inefficient resource use, increased costs, and potential vulnerabilities. To
address these challenges, this dissertation proposes a comprehensive method for building computational
infrastructure that integrates an intelligent multi-agent system based on large language models (LLMs) with multi-
criteria optimization techniques. The proposed method includes mathematical modeling of an integrated
performance indicator for computational tasks, formalization of the state and action space for dynamic workload
distribution, and optimization algorithms that combine reinforcement learning and evolutionary algorithms to
search for optimal solutions in a dynamic heterogeneous environment. The research methodology encompasses a
thorough analysis of existing approaches to multi-cloud integration, formalization of efficiency criteria,
development of the multi-agent system architecture, and experimental validation of the proposed method in real-
world scenarios. The multi-agent system includes technical, economic, and security agents, whose coordination is
managed by a specialized coordinator agent that uses LLMs to justify decisions and generate recommendations.
The results of experimental research confirm the effectiveness of the proposed method, demonstrating significant
improvements in efficiency indicators compared to traditional approaches: average cost reduction of 47%, and
performance improvement of 25%. Practical implementation in an industrial setting also revealed high system
adaptability to various usage scenarios and the ability to account for dynamic changes in user requirements and

environmental parameters.
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