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2. Information technology for planning distributed computations with regulated use of large language models

Pedepar:

1. XopkaHin M. 10. [HpopmaliifiHa TEXHOJIOTiS [1JIaHyBaHHS PO3MNOAiJIEHUX 00YMCIIEHD i3 KOHTPOJIbOBAaHUM
3aCTOCYBaHHSM BEJIMKMX MOBHUX Mogeneil. — KanidikaliliHa HaykoBa palls Ha [IpaBax pykomnucy. Jluceprarnis Ha
3100yTTSI HAYKOBOTO CTyIeHs gokropa ¢inocodii 3a cnenianpHicTio 126 «IHOpMaLifiHi cucTemMu Ta TeXHOJOrii» (12
- Inpopmariiini TexHosorii) HanionansHuil yHiBepcuteT «JIbBiBCbKa nostitexHika», JIbBiB, 2026. Y nuceprauiiiHii
POOOTi pO3B’s13aHO aKTyalbHE HAyKOBO-TIPAKTUYHE 3aBAAaHHs, CPOPMOBAHO CYKYIHICTb METO/IB, MOJieJIeN Ta
[IPOrpaMHUX KOMIIOHEHTIB, SIKi CKJIalal0oTh OCHOBY iH(OPMALiliHOI TEXHOJIOTII MJIaHyBaHHS PO3NOIiIEHUX
00YNCIIEHD i3 KOHTPOJIbOBAHNM 3aCTOCYBAaHHSIM BEJIMKUX MOBHHUX Mogesei (LLM). Y BeTymi po3risiHyTo i
OOI'PYHTOBAHO aKTyaJIbHICTb IIPOBELIEHHS AUCEPTALiIIHOIO JOCiI)KeHHS, 1[0 3yMOBJIEHa CTPIMKUM yCKJIaIHEHHSIM
apxiTekTyp iHpopMaLifHUX CUCTEM Ta NIEPEXOAOM IO KOHLENLii PO3NOAiIeHNX iHTeIeKTyalbHUX iHpOpMaLiliHIX
cucreM (PIIC). ChopmysibOBaHO METY Ta BifIIOBiIHI 3aBJJaHHS NOCJIiIKeHHS], PO3TJIIHYTO IPeIMeT Ta 00 €KT.

HasepneHo niepestik MeToiB AOCIiI)KEeHHS, 110 3aCTOCOBYBAJIUCS [1J151 PO3B'I3aHHS [1I0CTaBJIEHNX 3aBHaHb POOOTH.



Cdopmysib0OBaHO HAyKOBY HOBU3HY, BKa3aHO Ha MpaKTUYHE 3HAY€HHS OTPUMAaHUX PE3yJbTaTiB Ta BUCBITIEHO
0CcobHMCTHII BHECOK 37,00yBayva. Y repuioMy posfiiji MpoBefeHo aHali3 pobiieM yrpapiiHHs B rereporeHHux PIIC Ta
BA3HAYEHO IOTEHIIiaJl KOHTPOJIbOBAHOTO BUKOPUCTaHH LLM-areHTiB 171 aBTOMaTU3allii IPOLECiB JIaHYBaHHS.
[IpoaHasnizoBaHO Cy4aCHUI CTaH PO3BUTKY MYJIbTUAT€HTHUX CUCTEM Ta MOBHUX MOJIEJIEN, BUSBIEHO OOMEXKEHHS
TPAOULINHUX aITOPUTMIYHUX MiAXO0iB B yMOBaX BUCOKOI IMHAMiYHOCTI cepenoBumia. OGIPYHTOBAHO HEOOXIAHICTD
BIIPOBA/)KEHHSI MEXaHi3MiB «Iof1Ha B UKl kepyBaHHs» (HITL) 115 3abesneueHHs 6e31eKy, 3MEHIIIEHHS PU3UKIiB
3aCTOCYBaHHS F€HEPOBAHUX pillleHb Ta iX nepenoavyBaHoCTi. Y IpyroMy po3fisi po3po6seHo Ta TEOPETUYHO
OBI'PYHTOBAHO TiOPUAHY apXiTeKTypy MyJbTHareHTHoi cuctemu (MAC), mo iMIsieMeHnTye BifiToBiAHUI aNroputm
IIJIaHYBaHHS 004YMCIIeHb. 3alIPOIIOHOBAHO JIBOPiBHEBY CTPYKTYPY areHTiB, sIKa JO3BOJISIE PO3MIJIUTH BUCOKOPiBHEBE
CTpaTeriyHe IJIaHyBaHHS Ta HU3bKOPiBHEBE BUKOHAHHA onepaniii. OKpemy yBary nIpuiiieHoO METOAM B3a€MOJIiL
koMmnoHeHTiB PIIC Ta MexaHi3MiB OCTYIy [0 JOBFOCTPOKOBOI IaM’sITi areHTiB, 10 3abe3nedye y3roaXeHIiCTb Aiil y
posnogieHomy cepenosulli. Takox cpOpMOBaAHO CUCTEMY METPHK [1JIS1 MOHITOPUHTY SIKOCTI IJIaHyBaHHS
po3IofiseHnx o6urcieHb. 3alIPOIIOHOBAaHU MiXi/l BpaX0OBYy€e CTYIIiHb aBTOHOMHOCTI aJITOPUTMIB Ta iIHTEHCHUBHICTb
3asydyenHs ekcniepra 3 HITL. V TpeTboMy po3gini cpopMOBaHO KOHLENTyaIbHY MOJeb iHpOopMaLiliHO] TeXHOJIOTII,
IO peasti3ye IPOIIOHOBAHUI aJTOPUTM. PO31Iia MiCTUTh 06'€KTHO-OPiEHTOBaHE ITPOEKTYBAHHS OCHOBHUX O0€KTIB Ta
IIpoleciB IpeaMeTHOI 06J1acTi, ix B3aeMo[Iii Ha pi3HUX piBHSX. [leTaJlbHO ONMCAHO ajloKaLil Mmifg3anay, UKy
3aIyCKy iX BUKOHAHHS Ta B3aemoii monesielt 3 HITL koMIIoHEeHTO0. 3alIpOIIOHOBaHO METOAM peasidalii criocobis
IOCTYITy MOZEJIEN 10 BAXJIMBUX 11711 BUKOHAHHS, JAHUX 3 JOIIOMOIOI0 KOHTEKCTHUX 3MiHHUX. Y 4ETBEPTOMY PO3[iJi
peasizoBaHO IPOrpaMHi KOMIIOHEHTH po3pobiieHoi indopmaniiiHoi TexHosorii. OnrcaHo 0cobanBOCTi iHTerparii
LLM-areHTiB y icHYI04i pO3I0/iijieHi CTPYKTYPH, MiHiMaIbHO HEOOXifiHi y3araJbHeHHs! BXiIHUX iHCTPYKIIiil Ta
rpadonofibHy CTPYKTypy areHTiB cucteMu. [IpoBeieHO cepilo NOPiBHSIbHUX €KCIIEPMMEHTIB i3 BUKOPUCTaHHSIM
mogesneii cimeiictea Gemini Ta GPT. BecraHoBiieHo, o mogenb GPT-5.1 neMOHCTpye BUlLy MBUAKICTb TPUMHSITTS
pimens, Toxi sk mogesnb Gemini 3 Flash Busiiisie 6inpiy cTabinbHICTb IOBEiHKY Ta €KOHOMIYHY IlepeBary 3a
KpUTEpPieM BapTOCTi TOKEHiB. [lonaHo pe3yibTaTy IPaKTUYHOIO 3aCTOCYBaHHS 3aIIPOIIOHOBAHUX MOZEJIEN Ta
METO/IiB, 10 NiITBEPIKYIOTh €(PEKTUBHICTb riOPUAHOI apXiTEKTYPH B 33a4ax iHTEJIEKTyaIbHOTO IIJIaHYBaHHS
obuncieHb. Pe3ysbTaTul [OCTiIKeHb OTPUMaHi Iif] Yac HalMCcaHHs IUCEePTaLiitHOi po60TH, BIPOBAKEHI B
IepXOpKeTHIN TeMi "Po3pob6ieHHsI OHTOJIOTIYHOI 6231 3HaHb TEIJIOBUX NOPTPeTiB Ljineit” (Jep>kaBHui
peectpauiinuii Homep: 01240001222) y yacTuHi Basiganii OHTOJIOTII Ta IEPEBiIPKU €KCIIEPUMEHTAIBHUX AHUX 3
BMKOPHCTaHHSIM TEXHOJIOTi IIJIaHyBaHHS PO3IOLiNIEHNX 004MCIEeHb Y iH(pOopMaLiiHuX cucTteMax. Kito4osi cioBa:
IIJIaHYBaHHS OOYKMCJIeHb, iHTEJIEKTyaJIbHa CUCTEMA, PO3MOijIeHi 0GUMCIeHHS, BEJIVKI MOBHI MoAei, iHpopmaliiHi
TEXHOJIOTi, MyJIbTUAr€HTHi CUCTEMHU, JIIOJUHA B KOHTYPi KEPYBaHHS, aBTOHOMHI iHTEJIEKTyaJIbHi ar€HTH, ITYYHUI
inTenexr, iHpopmMalliiiHa cucTeMa, MallMHHE HaBYaHHS, PEKOMEHJALiiHA CUCTEMA, iHTeJIEKTyaIbHa KOMIIOHEHTA,

aBTOMAaTHM3allisl, IPUNHATTS PillleHb.

2. Khorkanin M. Information Technology for Planning Distributed Computations with Regulated Use of Large
Language Models Dissertation for the Doctor of Philosophy degree in the specialty 126 “Information Systems and
Technologies” (12 - Information Technologies) - Lviv Polytechnic National University, Lviv, 2026. This dissertation
solves a relevant scientific and practical problem by developing a set of methods, models, and software
components that form the foundation of an information technology for planning distributed computations with
the controlled use of large language models (LLMs). The Introduction examines and substantiates the relevance of
the research, driven by the rapid increase in the complexity of information system architectures and the transition
toward the concept of Distributed Intelligent Information Systems (DIIS). The goals and corresponding research
objectives are formulated, and the subject and object of the study are defined. A list of research methods used to
solve the tasks is provided. The scientific novelty is articulated, the practical significance of the results is indicated,
and the author's personal contribution is highlighted. The First Chapter analyzes management problems in
heterogeneous DIIS and determines the potential of the controlled use of LLM agents for automating planning
processes. The current state of multi-agent systems and language models is analyzed, identifying the limitations of
traditional algorithmic approaches in highly dynamic environments. The necessity of implementing «Human-in-
the-Loop» (HITL) mechanisms is substantiated to ensure safety, mitigate risks associated with generated solutions,



and improve predictability. The Second Chapter develops and theoretically justifies a hybrid multi-agent system
(MAS) architecture that implements a corresponding automated computational planning algorithm. A two-level
agent structure is proposed, allowing for the separation of high-level strategic planning from low-level operational
execution. Particular attention is paid to interaction methods between DIIS components and mechanisms for
accessing agents' long-term memory, ensuring consistency in a distributed environment. A system of metrics is
established to monitor the quality of automated planning, accounting for the degree of algorithmic autonomy and
the intensity of HITL expert involvement. The Third Chapter forms a conceptual model of information technology
that realizes the proposed algorithm. This includes the object-oriented design of key domain objects, processes,
and their interactions across various levels. The allocation of subtasks to DIIS clusters, the execution launch cycle,
and the interaction between models and the HITL component are described in detail. Methods for the practical
implementation of model access to confidential yet essential data using context variables are proposed. The Fourth
Chapter implements the software components of the developed information technology. It describes the specifics
of integrating LLM agents into existing distributed structures, the minimum necessary generalization of input
instructions, and the graph-like structure of the system's agents. A series of comparative experiments using
Gemini and GPT family models was conducted. It was established that the GPT-5.1 model demonstrates higher
decision-making speed, while the Gemini 3 Flash model exhibits greater behavioral stability and economic
advantage based on token cost criteria. The results of the practical application of the proposed models and
methods are presented, confirming the effectiveness of the hybrid architecture in intelligent computation
planning tasks. The research results obtained during the preparation of the dissertation have been implemented
within the state-funded project “Development of an Ontological Knowledge Base of Thermal Target Signatures”
(State Registration No. 01240001222), specifically in the part related to ontology validation and verification of
experimental data using the technology for planning distributed computations in information systems. Keywords:
computational planning, intelligent system, distributed computing, large language models, information
technologies, multi-agent systems, human-in-the-loop, autonomous intelligent agents, artificial intelligence,

information system, machine learning, recommender system, intelligent component, automation, decision making.
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