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1. IHTe]IeKTyaJIbHe dBTOMATHM30BaHE yr[paB]IiHHH ,lLeI_LeHTpa]IiSOBaHI/IMI/I CHCTEMaMU MOOiJIbHOTO 3B'5{3Ky

2. Intelligent automated management of decentralized mobile communication systems

Pedepar:
1. B pucepTaniifiHiii po60Ti BUpilIeHO HAyKOBO-TIPUKJIaAHY ITPO6IeMy PO3pO0JIEHHS METOiB, MOJiesIEN Ta 3aCObiB
iHTeJIeKTyaJIbHOTO YIIPaBJIiHHS AEeLeHTPaJi30BaHOI0 MYJIbTUOIIEPATOPHOIO iHPPACTPYKTYPOIO MEPEXK MOOIIBHOTO

3B'SI3KY, 3 METOIO MiJIBULIEHHS il TEXHIKO-eKOHOMIYHOi epeKTUBHOCTI [1J1s1 OIlepaTopiB Ta aDOHEHTIB, B YMOBax



BiIKPUTOTrO PMHKY PaJlio4aCTOTHOTO PECYPCY Ta MEPEXKHOI iIHPPaACTPYKTypH. 3allpONIOHOBAHO CUCTEMHUM MiAXin 0o
CTPYKTYpHO-(YHKI[{OHAJIbHOI'O CUHTE3Y AeLeHTPaJi30BaHUX MePesK MODOIJIbHOTO 3B'A3KY 3 iHTeJIeKTyalbHUM
aBTOMAaTH30BaHUM YIIPABJIiHHSM, KU NI0JISITa€ Y pO3PO0JIE€HHI MHOKMHU METOZiB iHTEJIeKTyabHOTO YIIPaBJIiHHS
MEPEXKHOI0 iHPPaCTPYKTYPOIO, 3aC06iB aBTOMAaTU3aLlii MEpEeXi 1J1s1 3a0e3eueHHs ii yHiBepCaJbHOCTI 10 OyAb-SIKUX
CTaHJAPTiB 6E3MIPOBiAHOrO 3B'SI3Ky Ta TUIIiB MOOIJIPHUX IIPUCTPOIB, a TAKOX MOJesiell IeleHTpatizanii
PazioyacTOTHOTO pecypcy Ta MepeskHOI iHpPacTPyKTypH i3 afalTUBHUM MYJIbTUOIEPATOPHUM OOCJIyTOBYBAaHHSIM
abOHEHTIB. Y po0OOTi pO3B’s13y€ThCS IPOTUPIYUS MIXK [IOTPEOOIO Y LIEHTPATi30BaHii MoJeJli yIpaBJliHHS
iH(ppacTPyKTypOIO Ta paflioYaCTOTHUMU PECypPCaMU B MepeXi MOOILIBHOTO 3B’13KY Ha OCHOBI LITyYHOTO iHTEJIEKTY,
17151 3a6e3nedenHs ii epeKTUBHOCTI 32 MHOXKMHOIO TeXHIYHMX ITOKA3HUKIB Ta IOTPe6oIo y AeleHTpaslizoBaHil
MOJeJli THY4KOrO pO3rOPTaHHS MEPEK MOOIIbHOTO 3B's13Ky B YMOBaXx BiJKPUTOTO PUHKY PajliouacTOTHOTO PeCypCy
Ta MEPEXHOI iHPPaCTPYKTYypH, IJ1s1 3a0e31eUeHHs ii €(PEKTUBHOCTI 32 MHOKMHOIO €KOHOMIYHUX ITOKAa3HUKIB. JI71s1
L[bOTO, 3aIIPOIIOHOBAHO HOBY KOHLIEIILIIO IelleHTPaIi30BaHOi Mepeski MOGIIbHOrO 3B'3Ky, SIKa iHTerpye
HalCy4yacHilli 3acCO0M WITYYHOTO iHTEJIEKTY Ta TEXHOJIOTI po3MnoAisieHnx peecTpis (6J10KYeH), 3 METOIO [10€JHAHHS
IlepeBar siK [JeHTPaji30BaHoi, TaK i AeleHTpasi30BaHoi 6i3HeC-Mozesli PYHKLIOHYBaHHS MEPEX MOOLJILHOTO 3B5I13KY,

yCyBalO4U IpU LIbOMY XapaKTEPHi iM HEJOIKY Ta OOME>XKEHHS.

2. The thesis solves a scientific problem of the development of methods, models and means for the intelligent
decentralized multi-operator infrastructure management in mobile networks, to increase its technical and
economic efficiency for operators and users in the scenario of open spectrum and infrastructure markets. This
work aims to resolve an uncertainty between the need of centralized management to enhance the technical
efficiency of the mobile network, and the demand for decentralized open spectrum market with flexible business
models for infrastructure deployment and sharing by operators to increase the economic efficiency of the mobile
communication system. In particular, we have developed a concept of a decentralized mobile network that
integrates the means of artificial intelligence and the blockchain technology to leverage the advantages of both
centralized and decentralized business models in the mobile network, while eliminating their corresponding
drawbacks and constraints. Such a solution allows to disrupt the mobile network market by enabling a trustable
spectrum and infrastructure sharing among operators, underpinned by economic and legislative mechanisms.
Thus, the key scientific contributions of the thesis are summarized as following. A new structural and functional
model of decentralized mobile network is proposed to decouple the user plane, the infrastructure plane, the
operator plane, the decentralization plane and the intelligent control plane to enable an automated coordination of
the spectrum and infrastructure sharing among operators based on the smart contracts, the assets tokenization
and the artificial intelligence. To enable the trading of a spectrum and an infrastructure among operators within
the decentralized blockchain system, we propose a tokenization model of spectrum and infrastructure based on
the non-fungible tokens, utility tokens and central bank digital currencies. Considering the demand for the
ubiquitous connectivity and the upcoming paradigm of the micro-operators in 6G, we propose a new model of
adaptive operator selection based on technical and economic criteria to enable seamless user connectivity across
multiple operators with flexible SLA smart contracts, negotiated and executed in quasi-real-time. A particular
attention in the thesis is given to the problem of decentralized coverage planning to allow operators extending the
network coverage by placing new base stations in the most optimal way, taking into account the existing network
infrastructure that has been built before. This challenge is solved by a modified version of the self-organizing maps
with a combination of immutable and mutable neurons to exhibit the positions of existing and potential network
infrastructure during the coverage optimization. An additional enhancement of the model has been done by
replacing the conventional metric of Euclidean distance to the metric of SINR that allows optimizing the network
coverage in a spatial domain, considering the impact of buildings in the urban environment on the coverage
quality. To resolve the problem of spectrum management in a current semi-centralized scenario, we have
developed a game theoretical model that allows big operators with a nationwide spectrum license to share it with
micro-operators in a local scale based on the smart-contracts. Such a solution allows both improving the
connectivity and experience of the end users as well as increasing profits of operators by sharing the spectrum
based on evolutionary stable equilibrium strategies. In addition, the challenge of unlicensed spectrum sharing with



interference mitigation is solved by the cooperative game model based on the trading of utility tokens among the
operators in a blockchain. The proposed model converges to the Nash equilibrium within few iterations that
ensures the fair utilization of unlicensed spectrum regardless of the number of operators. To further enhance the
efficiency of spectrum sharing among operators considering their time-varying demands, we have developed the
intelligent spectrum management model for mobile networks based on the recurrent neural networks, which
allows to predict a traffic demand of the particular network service and allocate enough spectrum in advance. This
allows operators to adjust their corresponding strategies to ensure the best tradeoff between technical end
economic efficiency of the mobile network. Finally, we have proposed a method of intelligent data flows
management in an optical transport network infrastructure. Proposed method implements a flexible data flows
multiplexing and aggregation across wireless and optical domain to support an adaptive end-to-end quality of
service provision for different network slices in the large scale decentralized mobile system.
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