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2. Methods and models for controlling hierarchical intelligent agents based on large language models in planning
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Pedepar/aHoTanis:

1. Inceprauifina po60Ta IPUCBAYEHA BUPIIIEHHIO aKTyaJbHOI HAyKOBO-TIPUKJIAJIHOI 3a7a4i Cy4acHOi ramysi
IITYYHOTO iHTEeJIeKTy — 3a6e3re4eHHs] aBTOHOMHOI HaBirallii Ta B3aeMOii areHTiB i3 InHAMIYHUMY CepeoBUILAMU.
Y po6oTi po3pobseHo iHPpopMalliliHy TEXHOJIOr0 [J1s1 IPOEKTYBaHHS Ta HABYaHHS aBTOHOMHUX iepapXiuHux
areHTiB, sIKi 6a3yI0ThCSl HA BEJIMKKUX MOBHUX MogeJisix (LLM). Y po6oTi npefcTaBieHo apxiTeKTypy iepapxiyHOro
areHTa, sIKa BKJII0Yae MOJYJIb [IJIaHYBAHHS HA OCHOBI BEJIMKOI MOBHOI MOJIeJli Ta pe(JIEKCUBHY I1aM'SITh.
3anponoHOBaHO MeTo, peIeKCUBHOI alanTalii areHTa, SIKuii 6a3yeTbCsl Ha aBTOMAaTUYHOMY BUSIBJIEHHI IOMUJIOK
IIJIAaHYBaHHS B iCTOPIi €Mi30/1iB Ta reHepallii KOPUIyBaJIbHUX IIPABUJI IIPUPOIHOI MOBOIO. [IpoaHasi3oBaHO BILJIMB
MOBHUX iHCTPYKLIIi{l HAa TOKa3HUKMU €(PEKTUBHOCTI areHTa y IBOBUMipHOMY cepeposuii Minigrid. [TokpameHno
npolec IJIaHyBaHHS Jill areHTa IUISIXOM BUKOPUCTAHHS METOAY JE€KOAYBaHHS 3 0OMEKEHHSIM rpaMaTUKu. Y

IycepTauiiiHiil poboTi IpeCTaBIeHO Pe3yJbTaTH, Ki MICTATh HAYKOBY HOBM3HY Ta MAIOTh IIPUKJIAAHY LiHHICTb JIS



IIPOEKTYBAaHHS Ta pO3POOKU aBTOHOMHUX iHTE€JIEKTyaJIbHUX CUCTEM YIIPaBJliHHS, IKi QYHKLIOHYIOTh y IPOLeAYPHO-
reHepOBaHUX CEePelOBUIIAX i MOKYTh OyTH BUKOPUCTaHI /1151 KEPYBaHHS POOOTOTEXHIYHUMU CUCTEMaMU. 3MicT
nycepraii. BeTyn npucBsueHo o6IPyHTYBaHHIO aKTyalbHOCTi 0OpaHOi TEMU, BUBHAYEHHIO METH Ta OCHOBHUX
3aBaHb JOCIiIKEHHS. Y pOo3/iJi TAKOXX BUCBITJIEHO HAyKOBY HOBU3HY Ta IIPAKTAYHE 3HAYEHHS NOCIIiIKEHHS. Y
po3zini 1 mpoanasni3oBaHO aKTyaslbHi HAYKOBI JIKePesia, IPUCBIYEHI MOJEJISIM Ta METOLAM CTBOPEHHS areHTiB,
[TOYMHAIOYY Bifl METOLiB HABYaHH4 3 MiIKPIIJIEHHSIM i 10 Cy4YaCHUX areHTiB Ha OCHOBI BEJIMKMX MOBHUX MOZ el
(LLM), npo6JsiemaM HaZAiHOCTI Ta [VIaloLMHAL} y BEJIMKUMX MOBHMX MOJIEJISIX, 30KpeMa Y 3aa4ax IJIaHyBaHHS,
Mopensam nam'ati LLM-areHTiB Ta MeToflaM KepyBaHHS Nam'aTTio. Ha 0cHOBI ananisy mxepes chopMyIbOBaHO
3aBJAHHS AOCIIIKEeHHS. Po31in 2 NpUCBIYEHO METOJAM KEPYBAHHS ar€HTaMM Ha OCHOBI BEJIMKMX MOBHUX MOZ el
3a IOTIOMOT'0I0 MOBHUX IHCTPYKLi/A. PO3IJISIHYTO iHCTpyMEHTapiii [J11 CTBOPEHHS NIPOLIEAYPHO-T€HEPOBAHUX
cepenosui Minigrid. [IpoBeieHO eKCIIepUMEHTAJIbHI AOCIIPKEHHS 3 OLIiHKY BIJIMBY METO/IB (DOPMYBaHHSI MOBHUX
iHCTPyKLiil Ha TOKA3HUKY €(PEKTUBHOCTI areHTa. OGIPyHTOBAaHO BUOIP METOAY PO3POOKM MOBHUX iHCTPYKLiH 17151
aBTOHOMHUX iepapxiuHux areHTiB B 3a7ay4i Hasirauii. ¥ po3aisi 3 posrisiHyTo pobjeMy CUHTaKCUYHUX
rayIIOLIMHALIY BEJIMKUX MOBHUX MOJEJIEN B 3aa4i [IJIAHYBAHHS [1il iepapXiYHMX areHTiB. 3alpOIIOHOBAHO
BUKOPMCTaHHS METOZlY IEKOAYBaHHS 3 0OMEKEHHSIM rPaMaTUKy [0 MPOLIeCy MIaHyBaHHS BUCOKPiBHEBUX Aili LLM-
areHToM, IO JT03BOJISIE BUPIMINTH ITPOGIEMYy CUHTAaKCUYHUX rajmonuHaniii LLM. BukoHaHO ekcriepyuMeHTasbHi
IOCJIiI)KeHHS 3 BUSIBJIEHHS BIUIMBY JI€KOJyBaHHS 3 OOMEKEHHSIM IPaMaTVKU Ha ITOKa3HUKU SIKOCTI IJIaHyBaHHS il
areHTa. Y po3fisi 4 3anpoloHOBaHO MOJIeJlb CTPYKTYPOBAHOI pe(pIEKCUBHOI ITaM'qTi Ta apXiTEKTypy iepapXidyHOro
areHTa 3 po3po6JieHo0 pedIeKCUBHOIO NaM'ITTio. [IpoBeieHO eKCIiepruMeHTaJIbHI TOCTiI>KeHHS Ta IOPiBHIbHUI
aHaJIi3 MOKa3HUKIB e(DEeKTUBHOCTI areHTa 3 Pi3HUMU MOJEJISIMU MaM'sITi, 1K 3 pepIeKCUBHOIO MMaM'ATTIO, TaK i 3
IIPOCTIIMMU MOJEJISIMU IIaM'aTi. Y BUCHOBKaX Bilo6pa>XeHO IOJIOBHI ifjei Ta pe3y/bTaTy JucepTauiiiHoi poOooTH.
Kn1040Bi cyi0Ba: IITYYHUI iHTENEKT, [JIMOOKE HaBYaHHS, HEMPOHHI MepeXi, MalllMHHE HaBYaHHS, CTOXaCTUYHA
rpajlieHTHa ONTUMI3allisl, HABYaHHS 3 MiIKPinJeHHIM, 06POOKa MPUPOIHOI MOBHU, BEJIMKA MOBHA MOJIEJIb,

transformer, npoMIIT, iHTepIIpETOBAHICTh, MIPUMHSATTS pillleHb, ar€HT, BipTyaiabHe cepenosule, Minigrid.

2. The dissertation is dedicated to solving an important scientific and applied problem in artificial intelligence field:
ensuring autonomous navigation and agent interaction within dynamic environments. The work develops an
information technology (framework) for the design and training of autonomous hierarchical agents based on Large
Language Models (LLMs). The dissertation presents a hierarchical agent architecture that includes an LLM-based
planning module and reflective memory. A method for reflective agent adaptation is proposed, based on the
automatic detection of planning errors within the episode history and the subsequent generation of corrective
rules in natural language. The influence of linguistic instructions on agent performance metrics is analyzed within
the 2D Minigrid environment. The agent's action planning process is enhanced through the integration of
grammar-constrained decoding. The dissertation presents results characterized by scientific novelty and applied
value for the design and development of autonomous intelligent control systems. These systems function in
procedurally generated environments and might be applicable to the control of robotic systems. Dissertation
Content. The introduction justifies the relevance of the chosen topic, defines the research goals and primary
objectives, and highlights the scientific novelty and practical significance of the study. Chapter 1 provides an
analysis of current scientific literature regarding models and methods for agent development, ranging from
Reinforcement Learning to modern LLM-based agents. It examines issues of reliability and hallucinations in LLMs,
as well as memory models and memory management techniques for LLM agents. Based on this analysis, the
specific research objectives are formulated. Chapter 2 is dedicated to methods of controlling LLM-based agents via
linguistic instructions. Framework for creating procedurally generated Minigrid environments is reviewed.
Experimental studies are conducted to evaluate the influence of instruction-forming methods on agent efficiency.
The selection of a linguistic instruction development method for autonomous hierarchical agents in navigation
tasks is substantiated. Chapter 3 addresses the problem of syntactic LLM hallucinations in action planning for
hierarchical agents. The use of grammar-constrained decoding is proposed for the high-level action planning
process, which effectively resolves the issue of syntactic hallucinations. Experimental studies show the impact of
grammar-constrained decoding on action-planning quality metrics. Chapter 4 proposes a structured reflective



memory model and a hierarchical agent architecture incorporating this memory mechanism. Experimental
research and a comparative analysis of performance metrics are conducted, both for the agent with reflective
memory and simplified memory models. The Conclusions section summarizes the key ideas and results of the
dissertation. Keywords: artificial intelligence, deep learning, neural networks, machine learning, stochastic
gradient optimization, reinforcement learning, natural language processing, large language model, transformer,
prompt, interpretability, decision making, agent, virtual environment, Minigrid.
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