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Jluceprartiiiina pobota IPUCBSIYCHA BUPIIICHHIO aKTyalbHOI
HAYKOBO-TIPUKJIATHOT 33/1a4l Cy4acHOT rajiy3i MTYyYHOTO 1HTEJIEKTY — 3a0e3MeUeHHS
ABTOHOMHOI HaBiramii Ta B3a€MOJIIi areHTIB 13 AUHAMIYHUMHU CEpPEIOBUINAMHU. Y
po6oTi po3pobieHo 1H(pOpMAIlIHY TEXHOJIOTIIO JIs MPOEKTYBAaHHS Ta HaBUYAHHS
ABTOHOMHHX 1€papXiYHMX areHTIB, sIKI 0a3yIOThCS HAa BEIMKUX MOBHHMX MOZEISIX
(LLM).

Y po0oTi TpeAacTaBICHO apXITEKTypy I1€papXidHOTO areHTa, sKa BKIIOYa€e
MOJyJ1b TUIAHYBAaHHS Ha OCHOBI BEJTMKOI MOBHOI MOj€Nl Ta pe(IeKCUBHY MaM ATb.
3anpornoHoBaHO MeETOI pedUIeKCHBHOI ajamnTallli areHTa, sKuid Oa3yeTbcs Ha
ABTOMATUYHOMY BHUSBIICHHI NTOMWJIOK IJIAHYBaHHS B 1CTOPIi €Mi30/11B Ta reHepanli
KOPUTYBaJILHUX TPAaBWJI NPUPOJHOI MOBOIO. [IpoaHasnizoBaHO BIUTMB MOBHHX
IHCTPYKIIIA Ha TOKa3HUKA €()EKTUBHOCTI areHTa y JBOBHUMIPHOMY CEpEeIOBHIII
Minigrid. Ilokpameno mnpouec MjaHyBaHHsS i areHTa HUIIXOM BHUKOPHUCTAHHS
METOAY JEKOAYBAaHHS 3 OOMEKEHHSIM IPaMaTUKH.

VY nuceprauiiiHiii poOOTI MPEACTABICHO pPE3yJAbTaTH, SIKI MICTATh HAyKOBY
HOBU3HY Ta MAalTh MPUKIATHY IIHHICTh JUIS TPOEKTYBAaHHS Ta PO3POOKH
ABTOHOMHMX IHTEJIEKTyaJbHUX CHUCTEM YIpaBIiHHA, $AKI (YyHKIIOHYIOTh Y
NpOLEAYPHO-TEHEPOBAaHUX CEpPEAOBHIAX 1 MOXYTh OyTH BHUKOPHUCTaH1 MAJis
KepyBaHHS POOOTOTEXHIYHUMU CUCTEMAaMH.

3micT gucepramii. Betyn npucBsueHO OOIPYHTYBAaHHIO aKTyallbHOCTI OOpaHOi
TEMH, BU3HAYEHHIO METH Ta OCHOBHHX 3aBJIaHb JIOCTIIKCHHSA. Y PO3AUI TaKoX
BUCBITJICHO HAYKOBY HOBHU3HY Ta NIPAKTUYHE 3HAYEHHS JJOCIIIIKSHHS.

VY po3niai 1 mpoaHanizoBaHO akTyajlbHI HAyKOBI JiXKepesia, MPUCBIYEHI MOJEIISIM
Ta METO/IaM CTBOPEHHS areHTIB, IOYMHAIOUH B1Jl METO/11B HABYAHHS 3 M1KPIMICHHSIM

1 IO Cy4YacHUX areHTIB Ha OCHOBI BeJMKHX MOBHHMX Mojaeneit (LLM), npobiemam



HAJIMHOCTI Ta TJAIONMHAIIN y BEIWKUX MOBHHMX MOJEISIX, 30KpeMa y 3ajaadax
TJIaHyBaHHS, MojessiM TtaM 11 LLM-areHTiB Ta MeTomam KepyBaHHs naM’ aTTio. Ha
OCHOBI aHAJI3Y JKepelt c(hpopMyIbOBaHO 3aBAaHHS 10 CITIIKEHHS.

Po3nin 2 mpucBiueHO METOAaM KEpyBaHHS arecHTaMH Ha OCHOBI BEITHUKHX
MOBHHUX MOJICJICH 3a JOTIOMOTOI0 MOBHHX 1HCTPYKIIiH. Po3miIssHyTO iHCTpyMEHTapii
JUIE  CTBOPEHHS TIPOIeAypHO-reHepoBaHuX cepenoBuin Minigrid. IlpoBeneno
EKCIIEpUMEHTANIbHI JOCTIIPKEHHS 3 OI[IHKH BIUIUBY METOAIB ()OpMYBaHHS MOBHHX
IHCTPYKIIIM Ha TMOKAa3HUKU ePEeKTUBHOCTI areHta. OOrpyHTOBaHO BHOIp METOIY
pPO3pPOOKM MOBHHX IHCTPYKIIH JUIsi aBTOHOMHHMX 1€papXiYHUX areHTiB B 3ajadi
HaBlraiii.

Y po3aiai 3 po3mIAHYTO TPOOJEeMYy CHHTAKCHYHHUX TaJFOIMHAINNA BEJIMKUX
MOBHHUX MOeNel B 3a7a4l IUIaHyBaHHA J1{ 1€papX14YHUX areHTiB. 3alpOIOHOBAHO
BUKOPUCTAHHA METOAY JEKOAyBaHHA 3 OOMEKEHHSM TpaMaTUKH JI0 IIPOIECY
IJIaHyBaHHS BUCOKpPiBHEBUX Al LLM-areHToMm, 10 103BOJISI€ BUPIIIATH IPOOIEMY
CHHTaKCUYHMX TamonuHaiii LLM. BukonaHo ekcriepuMeHTa bH1 JOCTIKEHHS 3
BUSIBJICHHS BIUTMBY JCKOAYBaHHS 3 OOMEXKEHHSAM rpaMaTUKU Ha MOKa3HUKHU SKOCTI
TJIaHyBaHHS J1i areHTa.

Y po3aini 4 3anpornoHOBaHO MOJENb CTPYKTYPOBAHOI pedIeKCUBHOI mam’sTi
Ta apXiTEKTypy 1€papXidyHOTO areHtra 3 po3poOsIeHOI PEedIECKCUBHOIO IaM’STTIO.
[IpoBeneHo ekcnepuMeHTa IbHI TOCIIKEHHS Ta MOPIBHSUIbHUN aHa3 MTOKa3HUKIB
e(peKTUBHOCTI areHTa 3 pi3HUMHU MOJACIISIMHU T1aM’SIT1, SIK 3 pedICKCUBHOIO IMaM’ SITTIO,
TaK 13 TPOCTIIITUMHU MOJICIISIMH TTaMm’ SITi.

VY BHCHOBKAaX BiJ0OpaXeHO TOJIOBHI i71e1 Ta pe3ysbTaTu AUCEPTAIiiHOT POOOTH.
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ABSTRACT

Omelchenko I.V. Methods and models for controlling hierarchical intelligent
agents based on large language models in planning and navigation tasks. —
Qualification scientific work with the manuscript copyright.

Dissertation for a Doctor of Philosophy Degree by specialty 122 Computer
science (Field of knowledge 12 Information Technologies). — V. N. Karazin Kharkiv
National University of the Ministry of Education and Science of Ukraine, Kharkiv,
2026.

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
1s 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.



